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THE

BRAIN AS AN ORGAN OF MIND.

CHAPTER 1.
THE USES AND ORIGIN OF A NERVOUS SYSTEM,

A LIFELESS object makes no appreciuble response to ex-
ternal impressions. If we touch a rock or a stone, no
answering movements follow. Day and night, summer
and winter succeed one ancther, and yet, though inani-
mate objects undergo imperceptible molccular changes,
they yield no active and visible response either to diurnal
or to seasonal vicissitudes.

It is wholly different, as we know, with the members
of the vegetable kingdom existing around and amongst
these inanimate things. The seasonal changes shown by
them are familiar to all. The putting forth of the leaf,
the period of active growth, the bloom of flowers, the
shedding of seed, the fading and fall of leaves, are so
many manifestations of an internal activity which dis-
play themselves with never-failing regularity.
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Plants respond, however, to more definite external
changes than those dependent upon seasonal mutations.
Their flowers open and shut at particular hours of the
day, in accordance with the varying amounts of heat and
sunlight falling upon them. They grow more rapidly
by night than by day, though as a general rule the activity
of their internal changes is closely related to the degree
of heat to which they are subjected. Again, whilst they
generally grow best in directions where they meet with
most air and light (not becauseé of the latter agency, but
rather on account of the heat which goes with it), many
of them will, in the course of a few days or within
shorter periods, bend very perceptibly, so as to bring them-
selves more under the influence of this latter agent.

Amongst some representatives of plant life, the corre-
spondence between internal and external changes is
undoubtedly less obvious than in many of the instances
just referred to. Thus is it with the black or grey film
of Lichen which marks as with a patch of paint the damp
surface of some weather-beaten rock. Yet, watch it carve-
fully from time to time, and, even in this lowly form of
life, responsive though sluggish changes may be detected,
sufficient to remove it from the category of inanimate
things to which the rock itself belongs.

The comparative complexity of life exhibited by mem-
bers of the vegetable kingdom is, however, small; and
for this two principal causes may be cited.

(1.) As a rule—to which there are only few though
interesting exceptions, to be mentioned further on—they
subsist on inorganic materials, deriving their food from
the gaseous or dissolved mineral elements existing in the
air or water with which their surfaces are bathed. In
their natural or healthy state plants decompose carbonic
acid, fixing its carbon and setting free its oxygen. They
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decompose water, so as to retain its hydrogen; whilst
they also abstract nitrogen either directly from the
atmosphere, or indirectly from the nitrate of ammonia
formed thercin and brought to the soil in refreshing
showers. This work of decomposition, under the in-
fluence of light and heat, goes haud in hand with one of
an opposite kind, resulting in the elaboration of those
organic and living compounds which enter into the com-
position of vegetal tissues.

(2.) Then again, as a rule, plants exhibit no inherent
powers of movemeént other than those connected with
their growth. The movements of the Sunflower and its
allics are exceptional; and there are very few plants
which more or less immediately respond to a touch by a
movement, in the way that the Sensitive-plant or the’
Venus fly-trap is known to do. To this subject, however,
and to the causes of such motions in plants, it will be
necessary to return. For the present it is of importance
to recollect that plants do not move at all in search of
food.

The comparative simplicity of the life-processes of
plants is in the main due to these two peculiarities. They
are also, perhaps, the most fundamental attributes of
plants as distinguished from animals. This subject is
well worthy of our brief attention, since if its considera-
tion should lead us to anything like a correct apprecia-
tion of the mode in which some of the simplest vegetal
organisms differ from some of the simplest animal organ-
isms, this insight may—apart from its own intrinsic
interest—prove ot the highest importance in regard to
our present inquiry. It may enable us, in a measure, to
comprehend why a Nervous System is absent from Plants,
and why it comes into existence in Animals. It may help
us further to comprehend why this nerve tissue gradually
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incrcases in complexity in ascending to more and more
highly organized types of animal life.
* * » » »

In the present day it is commonly admitted that many
of the lowest forms of life cannot positively be assigned
either to the Vegetal or to the Animal Kingdom. Their
characters as living things are not sufficiently specific or
constant to enable us to say that they belong to one king-
dom rather than to the other. In some of their life-phases
such organisms scem to display the attributes of vegetal
life, whilst in others those of animal life are no less
pronounced. They constitute, in fact, an wunderlying
indeterminate plexus of changeable and more or less
related forms, appearing now as animals, now as plants—
and they may give rise to descendants, or to & series of
them, totally unlike themselves and their own immediate
ancestors. Amongst such forms variability reigns supreme.
These creatures of circumstance, which become metamor-
phosed in a most striking and apparently irregular manner,
the writer has proposcd* to include under the general
designation of ¢ ephemeromorphs.” True ¢specics,” in
the strict acceptation of the tcrm, are not to be found
amongst them.

Starting from this neutral and changeable ground,
however, forms of life appear that habitually reproduce
their like, either directly or indircctly ; some of which are
unmistakably members of the vegetal kingdom, whilst
others are no less characteristic representatives of the
animal world.

Owing to the frequency and rapidity with which transi-
tions from vegetul to animal, or from animal to vegetal,
modes of growth have been observed to occur amongst

* ¢ B ginnings of Life,” 1872, vol. ii. pp. 559, 571.
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¢ ephemeromorphs,” we are compelled to believe that
such passages from the one mode of molecular composition
and activity to the other, may be determined without any
great difficulty by internal clhemico-nutritive changes,
whether these latter have or have not been in part induced
by external influences. Such transitions from vegetal to
animal modes of life, or the reverse, are regarded by the
writer as comparable with some well-known metamor-
phoses of form and nature amongst simpler kinds of matter.*

It is certain, as Prof. Graham showed, that one and the
same saline substance may exist with its molccules now
in the crystalloid and now in the colloidal mode of agare-
gation, according to the different influences under which
it has been produced, or to which it has been afterwards
subjected. This, for instance, is the case with silica, with
the sesquioxides of chromium and iron, and with other
mineral substances. On the contrary, it is also known that
certain typical colloids may, under some conditions, be
converted into erystalloids.

Again, transformations of a similar order, though of
different degrees of complexity, are met with amongst
saline and clementary substances, when these assume
different ¢ allotropic’ conditions. Well known illustrations
of this kind of metamorphosis are met with in the dif-
ferent interchangeable states of carbon, of phosphorus,
and of sulphur. The passage from one to the other
allotropic state amongst these elementary substances may
take place either with difficulty or with comparative readi-
ness, though the ease and celerity with which analogous
transformations are effected in the case of certain saline
substances is still more interesting in its bearing upon the
transformations of simple living units. No better instance

# “Beginnings of Life,” vol. il. pp. 38, 5, 82.



6 THE USES AND ORIGIN

can be sclected than the case of mercuric iodide, a sub-
stance well known to exist in two totally distinct crystalline
forms which differ alsoin colour. Watts says—*¢ The red
crystals turn ycllow when heated, and resume their red
tint on cooling. The vellow erystals obtained by subli-
mation retain their eclour when cooled ; but, on the
slightest rubbing or stirring with a pointed instrument,
the part which is touched turns scarlet, and this change
of colour extends with a slight motion, as if the mass were
alive, throughout the whole group of crystals as far as
they adhbere together.”

Thus, it would appear that the phenomena of allo-
tropism and dimorphism, and the fluxes from the ecrys-
talloid to the colloid state and the reverse, are strictly
comparable with the transformations from the vegetal to
the animal, and from the animal to the vegetal, modes of
growth so common amongst ¢ephcemeromorphs.’ The
members of the animal and the vegetal worlds may be
regarded as sclf-multiplying and progressively varying
products, resulting from developments which are con-
tinually taking origin from what may be regarded as
different allotropic states of Living Matter.

» » » » -

Of the organisms appearing as constituents of the
ephiemeromorphic assemblage of vital forms, Amebae may
perhaps be cited as the simplest types of unquestionably
animal life; just as some of the smallest Conferve or
Moulds are amongst the simplest known forms of the
vegetal type or mode of growth.

Confervae or Moulds, after the fashion of plants generally,
feed upon the inorganic elcments existing around them
either in water or in air; Amabwx, after the manner of
animals generally, feed upon matter which is either living
or which has once lived, This difference between plants

o
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and animals in their mode of nutrition is so fundamental,
8o much depends upon it, that we shall find it worth our
while to inquire a little more particularly how the depar-
ture from the more primordial mode of nutrition, met
with amongst animals, can be accounted for.

If we examine some simple vegetal unit through a
microscope—the germ from which a Conferva grows, for
instance—we find it exhibiting no distinct changes of
form; and, if unprovided with one or more vibratile
filaments, it also shows no movements from place to
place. It manifests no tendency to secize, nor has it any
means of taking, solid food. As soon, therefore, as the
changes incident upon the active growth of such a unit
have ceased, the outer portion of its substance remains
constantly in contact with the medium in which it lives,
and shortly becomes moditied. It condenses and is
otherwise changed into an investing envelope, which
commonly goes by the name of a ¢cell-wall.” In the
Ameba, on the other hand, we have an organism which,
like the fabled Proteus, is for ever changing its form.
It is composed of a clear jelly-like material, endowed
with a superabundance of that intrinsic activity character-
istic of animal life generally. Those internal molecular
movements, indeed, which are inferred to occur to a
marked extent in all living matter, secm to take place in
it in & pre-eminent degree. Its whole substance shows a
mobility of the most striking kind. It continually moves
through the water or over surfaces, by alternate projec-
tions and retractions of its active body-substance.

Two consequences flow from this high inherent
activity of the Ameba. In the first place, owing to the
creature’s rapid alterations in shape, no one portion of its
substance is continuously exposed to contact with its
medium, and, as a consequence, that first step in orgun-
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ization, above referred to in connection with the Conferva
unit, does not take place. So long as the Ameeba remains
in full vigour and constantly changes its shape, a cell-wall
cannot be formed.

Secondly, during the movements of the organism from
place to place, portions of its projected body-substance
come into contact with other more minute organisms,
such as unicellular alge and distoms, or with small
portions of organic refuse, and these are oftentimes
drawn into its interior when the projections with which
they are in contact are retracted. The activity of the
Ameba and its allies is excited by contact with matter of
this and of other kinds, though inorganic fragments are
subsequently rejected.

The surplus inherent activity of the. Ameeba being,
therefore, one of the immediately determining causes of its
absorbing solid food, may also be regarded as one of the
causes of its dcparture from the more elementary mode
of nutrition met with amongst the simpler or less vitalized
organisms from which it has been derived.

A word, however, is required as to the ¢selective’
power which the Amaba scems to manifest.

A magnet ¢ selects’ minute fragments of iron or steel
from any hcap of heterogencous particles containing
such matter with which it may be brought into contact.
Certain plants, also, such as the Sun-dew and the Venus
fly-trap, ¢select,” and seem capable of discriminating,
nitrogenous from other substances with which they coms
into contact. Theleaves of these plants, however, possess
no nervous tissues of any kind ; so that the fact that they
scem to ‘select’ nitrogenous substances merely implies
the existence of some relation between the molecular com-
position and activitics of the leaves and those of such
substances—Dby virtue of which mutual contact keeps
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up a state of excitation in the tissues of the plant. Simi-
larly, there must be some definite molecular relation
between & magnet and pieces of iron or stecl, leading to
their ¢ selection’ whenever they come within certain degrees
of proximity. In the latter case we have, unquestionably,
to do with problems of molecular physics ; and in the case
of the affinity which seems to exist between the nerveless
Amaeba and the organic fragments or minute living things
which it absords as food, we probably have to do with an
allied problem. There may be diflerences of degree, but
noune of kind; all must be included as problems of mole-
cular physics.

At any rate, be the cause what it may, the coming into
contact of a fragment of organic matter with projected
portions of the substance of an Amaeba is followed by the
closure of this mobile substance round it. The organic
mass is gradually drawn into the interior of our Proteus,
where, after being thus appropriated, it slowly disappears
by a rudimentary process of ‘digestion.” After feeding,
in this way, and assimilating the organic matter tuken into
its interior, the Amceba rapidly increases in size, and per-
haps still continues its active movements. Or, as
happens at other times, its movements may cease : the
creature grows sluggish from over-feeding, and then, as a
consequence of its motionless condition, its outer layer
soon becomes differentiated into a cyst-wall.

Simple as this mode of nutrition may appear to those
who are familiar with it, its initiation in the Amcba is
followed by consequences of the most profound importance.
The assimilation, after such a fashion, of already elaborated
organic matter is strongly calculated to increase that high
degree of vitality which originally led the organism to
take in solid food. This mode of nutrition, in fact, entails
a liberation within the organism of much of the molecular
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motion which was potential in its food ; and molecular
motion thus liberated becomes a cause of further active
movements in the organism—yprovided its constitution is,
at the time, able to accommodate itsclf to such powerful
internal causes of change. Where it is not in such a
condition the assimilation of much solid food is followed by
an interval of apparent rest, during which a thorough re-
adjustment of the molecular constitution of the organism
occurs. In the latter case the encysted mass of living
matter may after a time divide into a swarm of smaller
though most active Monads. Or else traces of higher
organization may reveal themselves in the encysted mass
as a whole—so that the previous Amaba shortly emerges
from its cyst as an active creature of larger size and higher
type.

Ciliated Infusoria, Rotifers, and other forms of animal
life of different degrees of complexity, may take origin in
such encysted masses of protoplasm, forming the resting
stages of previously active Ameebe.* The extent to which
this occurs, however, and the real significance of the pro-
cesses, are subjects upon which all naturalists are far
from being of the same opinion.

Be the interpretation, however, what it may, the fact
remains that Ciliated Infusoria, Rotifers, and other
organisms may be scen to develop directly from encysted
matrices of vegetal or of Ameboid origin. Nay more, any
forms of the animal scries thus initiated exhibit, in an
even more marked degree, the fundamental properties of
the Amceba—the power, that is, of executing well-
marked independent movements and of feeding wupon
solid food. And as channels for the reception of such food
become more and more formed, we may find the organ-

* « DBeginnings of Life,” vol. ii., chups. xxi. and xxii,

- A
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ism's increasing powers of movement more definitely
ministering to this capacity. Its motions, instead of
being wholly at random, show more and more signs of
purposiveness—they become, to an increasing degree,
subservient to the capture of food.

Look, then, at the differences already indicated both in
grade of organization and mode of life, by virtue of which
even the simpler kinds of animals become strikingly un-
like vegetal organisms.

The unit of vegetal life before it has attained any great
size exhibits, by reason of its lower degree of inherent
activity, a tendency to undergo the first stage of organiza-
tion, that is, to develop a cell-wall which imprisons the
more active living matter within and causes it to under-
go certain secondary modifications. Before this occurs,
however, the vegetal unit, if it does not divide, may seg-
ment or bud; the bud grows into a unit similar to its
parent, and this in its turn may also segment or bud. By
repetition of such a process motionless cellular organisms
are produced, which, though presenting almost endless
differences in form and in the ultimate arrangement of
their units, are in the main composed of mere aggrega-
tions of similar parts—these being not solid units of pro-
toplasm, but mostly vesicular elements, in which a cavity
filled with fluid contents is bounded by a layer of pro-
toplasm and outside this by an inert cell-wall. We may
have, in the more simple combinations, long strings of
such elements forming cellular filaments, as in the Con-
ferve and other thread-like alg®; or we may have flat
cellular expansions, such as exist and brighten many a
rock pool, in the rich green fronds of Ulva. Organisms like
this present us with life changes of extreme simplicity.
If they move it is becanse they are swayed to and fro by
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the elements. They require not to seek their food, since
the inorganic materials and simple compounds sufficing
for their nutrition habitually exist around and in contact
with them.

On the other hand, in animal organisms next above tho
Amaba—such as the various forms of Ciliated Infusoria
and Rotifers—well-marked powers of locomotion are dis-
played, and we have to do with creatures which, if they
do not ‘seek,’ at all evenis scize and swallow solid food.
We find in the latter of these forms of pond life, distinet
channels through which food is taken in and absorbed ;
we have glandular structures of various kinds; we have
organs of locomotion, internal and external. Thus, though
we have not yet been able to detect with any certainty
even the rudiments of a nervous system, the grade  of
vitality of these animal organisms must be at once ad-
mitted to be notably higher than thatr of plants. The
degree of correspondence existing between such creatures
and their surroundings is already much more varied
than that existing between vegetal organisms and their
medium ; and this kind of complexity of relation steadily
increases in animal organisms only a little higher than
those to which we have already referred. Their responses,
moreover, to the varied external influences to which they
have become amenable are effected by movements direct,
rapid, and comparatively complex—the motions them-
selves being brought about by muscular contractions, partly
simultaneous and partly successive, and mostly occurring
in groups which are definitely related to different external
impressions. Reference to a few of their common muscular
actions will illustrate this.

Conjoined movements of the head and its appendages
are needed for the scizure of fragments serving as food ;
and theso motions must be followed by certain others in
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the upper parts of the alimentary canal before the morsel
that has been captured can be swallowed. A series of
movements of this kind may occur in response to some
touch upon the external surface of such an organism;
and, after & rudimentary sense of sight has once been
established, impressions produced by an object not in con-
tact may lead to complex locomotions in pursuit, followed
by others for capture, and others again for the swallowing
of food or prey. The sight of a different object may, how-
ever, lead to movements of flight rather than to those
of pursuit. The organism may hasten away, to avoid a pos-
sible attack—since in the past this kind of experience may
often have followed the appearance of a similar object.

Again, the process of digestion in such animal organ-
isms is aided by certain accessory glandular organs, whose
activity is stimulated by the contact of food with different
portions of the alimentary canal. Absorption of the pro-
ducts of digestion is either simple and direct from the
alimentary canal into some general body-cavity whose
fluid comes into contact with most of the organs; or it
takes place through definite channels, and empties itself
into a circulatory system proper in which bLlood is pro-
pelled throughout the body by means of a contractile
heart containing one or more chambers. Glands also
exist whose office it is to modify the constitution of the
blood. There may be either gills or lungs to renovate
it by contact with oxygen and to get rid of effete products
—though in this latter function the organs of respiration
are powerfully aided by renal and other emunctorics.

All these are functions having to do with the preserva-
tion of the life of the individual, though another set of
activities also come into play in animals that have attained
a grade of organization of the kind to which we are refer-
ring. These new activities pertain to the sexual function—

2
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leading to the union of male and female, the begetting of
young, and the consequent perpetuation of the species.

Thus it may be dimly gathered how complex the relation
of the animal organism to its environment soon becomes,
and also what an amount of interdependence is established
between the actions of the several parts or organs of the
animal economy. The contrast between the animal and
the vegetal organism in both these respects becomes most
marked.

It is during the establishment of the complex relations
above indicated between an animal and its environment,
and between the several parts or organs of an animal, that
nervous tissues first take origin, develop, and subsequently
increase in complexity. How and why this should be may
become a little more plain after a brief consideration of
the nature of simple nervous functions and structures,
and after some reference to the manner in which these
increase in complexity, not only in the individual but (by
virtue of the principles of heredity and ¢ natural selection’)
during the life of that succession of individuals consti-
tuting the race or ‘species’ to which the organism
belongs.

From what has been already said it will be seen that
the preliminary conditions necessary for the initiation of
a Nervous System are, first, the existence of a living sub-
stance whose excitability is high ; and, secondly, the pos-
session by such substance of a well-marked contractile
power. This statement carries with it the implication
that the living matter in which a nervous tissue is to
develop must not, in the first place, subdivide itself very
minutely into separate units; or, at all events, that it
must not become differentiated into cells with fully de-
veloped cell-walls.  Much of the substance of the organism,
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if not comparatively structureless, must be composed of
plastic units of living matter, not marked off from one
another by definite and lowly vitalized cell-walls.

The vegetal mode of growth is, therefore, as already
indicated, precisely of such a kind as to unfit it in an
eminent degree for developing any notable power of appre-
ciating varied external impressions and yielding immediate
and discriminative responses thereto.

The nearest approach to such powers and actions in the
vegetal world is met with amongst the so-called ¢ Insec-
tivorous Plants,” upon whose peculiarities Mr. Darwin
has lately given us much information. If we dwell for a
few moments upon these highest manifestions of the kind
known to occur amongst plants, the reader may the better
comprehend the great gulf which separates the vegetal
from the animal world in regard to their respective powers
of discrimination and motor response.

‘When the three hair-like projections on the upper surface
of the leaf of the Venus fly-trap are touched, they almost
instantly communicate a stimulus to the cells on each
side of the mid-rib, whereby some change is induced in
them, and the two halves of the leaf are made to
approach one another. The nature of the change has not
yet been fully ascertained, though the evidence adduced
by Darwin seems to show that it is, at least in part, due
to the contractility of the cells above mentioned. A simi-
lar influence appears to be transmitted from the glands
that tip the hair-like projections fringing the leaves of the
Sun-dew, to certain cells near the base of these bodies,
whereby motion is produced. In this latter plant, a very
appreciable interval occurs between the time of irritation
and the answering movement. Mr. Darwin has never
known the interval to be less than ten seconds, though
even in the one case in which it took place so rapidly as
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this, two and a half minutes were needed for the hair, or
‘tentacle’ as it has been termed, to move through an
angle of 45°, As a rule, the rate of movement is even
much slower. The stimulus which provokes movement
may come to the base of a marginal tentacle either from
its own sensitive tip, or by radiation from some of the
shorter hair-like projections near the centre of the leaf
whenever their terminal glands have been excited by con-
tact with a foreign body.

The transmission of a stimulus from one of the glands
tipping a marginal tentacle in the Sun-dew, to certain cells
near its base, though consisting only of molecular move-
ments, becomes in & manner visible, owing to the fact that
during its passage the protoplasm within the cells of the
tentacle undergoes certain obvious changes. Protoplasm
previously in a state of uniform diffusion throughout each
cell, is caused to aggregate into masses of different size
and shape as the invisible wave of molecular movement
passes through it. This ‘aggregation’ is therefore a
visible sign marking the passage of the invisible stimulus.
And as Darwin points out, the phenomenon is analogous
in certain respects to that which occurs when, after
stimulus, an invisible molecular change traverses a nerve
in an animal organism.*

The same observer has discovered that the chief delay
in tho transmission of the stimulus along the tentacle
of the Sun-dew is caused by its having to traverse tho
successive cell-walls which lie across its path. At each
barrier of this kind an appreciable retardation occurs, a8 is
evidenced by the interval that elapses between the com-
pleted aggregation in one cell and the commencement of
the process in the protoplasm of that which stands next

“Insectivorous Planta” 1875, p. 63.
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along the line traversed by the stimulus. It has been
found that a stimulus radiated from the centre traverses
the leaf in a longitudinal more rapidly than it does in a
transverse direction—a circumstance apparently to be
explained by the fact that, in the longitudinal direction,
owing to the elongated shape and disposition of the cells,
the stimulus has to pass through a smaller number of
obstructive cell-walls.

The irritability and answering movements just described
are, however, altogether exceptional events in plant life ;
more especially if we refer, as at present, only to cases
where there is reason to suppose it possible that the move-
ments are in part due to contractility, rather than to mere
disturbance of tension in some of the cells—movements
of the latter order being not unfrequent in stamens, seed-
pods, or other parts of plants. Yet even in these plants,
where contractility appears to exist to & more marked
extent than in any other known members of the vegetal
kingdom, there is no development of a specialized con-
tractile tissue, and still less is there an appearance of any
nerve fibres along which the molecular disturbance consti-
tating the stimulus may be transmitted. The obstacles
opposing the passage of the stimulus, to which reference
has been made, would indeed also tend to impede the
formation of a special tissue along the line of discharge.

In Animal Organisms, however, we have a highly im-
pressible and very active variety of protoplasm, the units of
which, particularly as met with in the lowest forms of
animal life, do not go on to the formation of a distinct
cell-wall, and are for the most part aggregated into mere
semi-fluid or gelatinous tissues capable of transmitting
vibrations in different directions with the greatest ease.

This is the case, for instance, in Meduse, which are
perhaps the lowest animals in whom a nervous system is
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met with, The recent investigations of G. J. Romanes®
in regard to this subject are particularly interesting,
because they seem to show such a system actually in pro-
cess of evolution. The contractions of the bell-shaped
swimming disc of common Meduse must be familiar to
most dwellers by the scaside, and we now learn that this
part is lined internally by a very thin layer of highly
contractile protoplasm, not yet presenting the definite
characters of muscle. We learn also that this contractile
layer is permeated by a network of incipient nerve fibres,
in connection with rudimentary ganglia, near its free
margin. The degree of irritability of these altogether
elementary animal tissues, and the rate at which stimuli
traverse them, is alike remarkable, and far ahead of what
may be met with in the plants in which analogous
changes are most marked,—such as the Venus fly-trap
or the Sun-dew.

According to Romanes the molecular discharges issuing
from a single rudimentary ganglion, in the swimming bell
of alarge Aurelia weighing thirty pounds, were sufficient
to incite vigorous contractions throughout the whole mass
—though this mass weighed 80,000,000 times as much
as the ganglion itself. When all the ganglia have been
removed, he has found that a wave of contraction, starting
from any part of the disc which is touched, will travel
equally in all directions at the rate of a foot and a half
per sccond, so that the contraction of the whole bell is
practically simultaneous—and thercfore, in marked con-
trast with the very slow bending of the irritated tentacle
of a Sun-dew.

Thus the preliminary conditions already asserted to be
necessary for the initintion of a nervous system are here
present to a well-marked degree, and in notable contrast

# « Phil. Trans.,” Part 1., 1876,
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to what obtains amongst the members of the vegetable
world.

As to the mode by which, in Medusee or other low types
of animal life, the first rudiments of a nervous system are
evolved, only a few brief statements can be made. On
this subject inferences have only too often to take the
place of positive knowledge. Fortunately, however, the
data on which such inferences may be based are now fairly
well established, thanks more especially to the writings
of Herbert Spencer*—whose speculations on this subject
have been to some extent confirmed by the recent investi-
gations of Romanes and Eimer.

In the lower forms of animal life, we have to do with
a body substance composed, as already stated, almost
wholly of undifferentiated protoplasm. This substance,
if not ¢sensitive’ in the strict sense of the term, is
highly impressible—or capable of receiving a stimulus—
and is also highly contractile. But neither the impressi-
bility nor the contractility of the protoplasm in lower
forms of animal life is localized—both properties are, so
far as they exist, uniformly possessed by all parts of the
organism. In some of the larger Ciliated Infusoria, in
Gregaring, and in the hydroid Polyps, distinet rudimen-
tary ¢ muscles ’ become differentiated, and such tissues are,
moreover, now known to exist in many other organisms in
which no traces of a nervous systemm are to be found.
Muscular tissue, therefore, makes its appcarance before
nervous tissue, and it becomes developed in those situa-
tions where the protoplasm is stimulated to undergo
frequent contractions.

It is, in fact, one of the most fundamental truths in
biology that the performance of functions, or, in other

¥ ¢« Principles of Psychology,” vol. ii. p. 69.
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words, the occurrcnce of actions of any kind in living
matter, tends to occasion structural changes therein.
Such a fact is implied in the common statement that
living matter is an organizable matter. 'We suppose
nothing unusual, therefore, when we imagine that
frequently recurring contractions in any one portion of
living protoplasm will almost certainly lead to a structural
change therein. And, further, we are warranted in
supposing that such structural change will be of a kind to
favour the occurrence of the actions by which it has itself
been produced—that is, that the modified protoplasm will
be more highly contractile than the original protoplasm
from which it has been produced.

But what, it may be asked, is the cause of these locally
recurring contractions, the occurrence of which is supposed
eventually to lead to the production of muscular tissue ?
Contraction so invariably follows upon stimulation, that
we may safely say the cause in question can be no other
than the incidence of certain stimulations—and we pro-
bably shall not be very far wrong if we suppose that these
result from, or take their origin in, shocks or other physical
impressions upon definite though related parts of the
external surface of the organism. Its form or its mode
of progression by cilia may lead it to come into contact
with external objects most frequently by some particular
part of its surface, and such local shocks produce waves of
molecular movement, which pass more especially in some
one or more directions and act as stimuli.

It is pretty certain that impressions or shocks made
apon protoplasm, or even the incidence of physical agents
such as light or heat, liberate molccular movements
therein, and that these molecular movements may be
transmitted from their point of origin through it in all
directions. Yet it occasionally happens, owing to the

A
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shape of the part struck, or owing to the fact that an
impression made upon one rcgion—say a tentacle—is
usually followed pretty quickly by a second impression
made by the same moving object upon another surface
region, that an impression or stimulus comes, as Herbert
Spencer points out, habitually to traverse a certain path.
Much of the molecular motion consequent upon the ‘stim-
ulus’ is drafted along this path. This being so, the stim-
ulus necessarily tends to excite contractions in particular
parts, and thus leads to the differentiation of the pro-
toplasm of such parts into the more or less definito
Muscalar Tissue found in some of the lowest animal
organisms. .

This, however, is not all. The localization of the path
of the stimulus leads to structural results of another
kind. Whenever external impressions produce molecular
movements which traverse with frequency some definite
path, the transference of such movements is made easier
by each repetition, and there is a tendency to the initia-
tion of a structural change along this path. Just as the
frequent repetition of contractions in certain parts of the
protoplasm leads to the production of distinct muscular
tissues, so the frequent passage of a wave of molecular
movement along a definite track through protoplasm or
through juxtaposed plastides, leads to the differentiation
of the protoplasm thus acted upon. At first the actual
structural change may be unrecognizable, although a ¢line
of discharge’ may have become established along which
impressious are habitually transmitted with ease, as scems
to be the case with the majority of Meduse. Ultimately,
however, by the constant repetition of such a process, we
should have the gradual formation of an actual ¢Nerve
Fibre’—this being a tissue element whose special use and
duty is to transmit molecular movement, and which may
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These bodics are interposed so as to constitute part of the
actual path of the stimulus wave, and accordingly, they
may be, in effect, junctions for ingoing impressions or
dividing stations for out-going impressions. The matter
composing them seems to be endowed with extreme mole-
cular mobility. It is owing to the multitudinous com-
binations of these bodies with one another, and with
ingoing and outgoing fibres, in modes which will be
sketched in the next chapter, that the complex work of
the nervous system is enabled to be carried on.

Nerve tissue, in the lower forms of animal life, is
essentially subservient to the bringing about of move-
ments in more or less immediate response to external
shocks or other localized impressions, or of movements
and glandular activity as a result of impressions upon
internal surfaces. These various movements gradually
become more definitely related and appropriate as
responses, in proportion as the organism becomes better
able to discriminate the differences between the several
kinds of impressions made upon different parts of its
surface.

Even amongst Medus® definite responses to stimuli
are occasionally met with. Thus in the hemispherical
Tiaropsis, from the inside of which hangs a long funnel-
like body or polypite, this structuie, as Romanes says, is
found to be capable of ¢ localizing with the utmost pre-
cision any point of stimulation situated in the bell. For
instance, if the bell be pricked with a needle at any
point, the polypite immediately moves over and touches
that point. . . . If immediately afterwards any other
part of the bell be pricked, the polypite moves over to
that part, and so on.” From this it may be concluded
‘“that all parts of the bell must be pervaded by lines of
discharge, every one of which is capable of conveying a
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scparate stimulus to the polypiie. and so of enabling the
polypite alwass to determine which of the whole multi-
tude is being stimulated. . . . It is no doubt a
benefit to this Medusa that its polrpire is alle to localize
a scat of stimulation in the bell; for the end of the
polipite is provided with a stinging apparatus, and is,
besides, the mouth of the animal. Consequently, when
any living olject touches the bell—whetker it be an
ency or a creature serving as prey—it must alike be
an advantage to the Medusa that its polypite is able to
move over quickly to the right spot, in the one case to
sting away the enecmy, and in the other to capture the
prev.

It is, in all probability, the dclicate impressions pro-
duced by contact of the sea-water with the surface of the
organism, acting through the intermediation of the rudi-
mentary ganglia near the edge of the swimming-bell,
which tend to incite its apparently ¢spontaneous’
movements. At all events, when these little bodies are
removed the habitual rhythmical contractions of the
swimming-bell cease, and a single stimulation of any
portion of the bell is then followed by a single contraction.
The contrast between the behaviour of such an animal
and one which is uninjured, is very striking.+

Multiply the kind of corrclation above typified, and it
muay bo scen that as organisms, or their descendants,
incrense in their ability to discriminate different impres-
sions made upon them from without, so will there grow
up muscular responses suitable to each. And the struc-
turnl modifications, or ¢ tissues,” throngh the intervention
of which any of these impressions, discriminations, and
responsos are rendered possible, are no more isolated from
others which the creature is capable of receiving or making,

# ¢ Nature.” vol. xvi. p. 200, t Loc. cit., p. 289,




Caar. 1] OF A NERVOUS SYSTEM. 25

than is any one cause of impressions isolated from others
with which it may be associated in the complex web of
external occurrences. Each acquirement serves as a
stepping-stone to the next, and each new response is
made easier by those previously rendered possible. In
this way the correspondence between the organism and
the outside world gradually becomes, as Herbert Spencer
bas urged, both more precise and more complex. By
slow degrees a more and more harmonious relationship
between the two is brought about, the degree of complexity
of which we are left to gauge, principally by an esti-
mation of the character of the movements executed in
relation to the stimuli from which they immediately or
remotely proceed. We have at first to do with mere
simple ‘reflex’ actions; in higher forms of life some of
these actions increase so much in complexity as to become
worthy of the name ‘instinclive’; whilst in still higher
organisms we have what are called ‘intelligent’ actions
in increasing proportion, though always intermixed with
multitudes of others belonging to the ¢instinctive’ and
to the ‘ reflex’ categories.



CHAPTER 1L

TOF STRUCTURE OF A NERVOUS SYSTEM—NERVE FIBRE3,

CELLS, AND GANGLIA.

Tue Nervous System in all higher animals is composed of
nerve fibres and nerve cells, together with an intermediate
Lusis substance in those parts where the latter units are
priveipally clustered together.  The whole forms a con-
tinnous tissie, variously arranged and distributed through
the bodics of animals, and ditfering potably in its de-
velopment in accordance with the complexity of orraniza-
tion of the creature of which it forms part.

In ull animals a certain order or plan is, however,
recognizable in the mode of arrangement of the typical
elements of the nervous system.  Thus, without exception,
we find ingoing nerve-fibres proceeding from sense organs,
or from other sensitive parts,to groups of nerve cells more
or less frecly connected with one another in some  nerve
centre.,”  These cells are, in their turn, connected with
another set of inter-related nerve cells, situated either
closc to or at a distance from the first; and from this
sceoud group of cells a set of outgoing nerve fibres pro-
ceed, which are distributed to muscles or to glands in
varions parts of the body. Nerve elements so arranged
constitute the functional units of a nervous system. This
is the kind of mechanism by means of which ¢reflex
actions’ are bronght about ; and these form the ground-
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work of all simple modes of nervous activity. By an
indefinite multiplication of such combinations of nerve
units, variously arranged, stimuli or impressions (repre-
sented by molecular movements) are conducted from the
various sensitive surfaces or parts of the body to related
nerve centres, and are thence reflected so as to rouse the
activity of related muscles or glands.

The groups of nerve cells above referred to, together with
some portions of their related fibres, are usually aggre-
gated so as to form distinct and separate nodules known
as ‘ganglia.’ Those in connection with ingoing (or affe-

F10. 2.—8mall Sympathetic Ganglion (fluman) with Multipolar Cells. Magnified
about 400 diameters. (Leydig.)

rent) fibres are commonly spoken of as ‘sensory gan-
glia,” whilst those which lie at the roots of outgoing (or
efferent) ncrves are known as ¢ motor ganglia.’

Two or more sensory ganglia, or two or more motor
ganglia, may grow together into a single mass ; or what is
equally common, & sensory and its corresponding motor
ganglion, or two or more pairs of these, may fuse into a
single larger nodule, which may be called a ¢ nerve centre.’



28 THE STRUCTURE OF

The term ganglion is, however, commonly applied to
any round or ovoid nodule containing nerve cells, whatever
its size or degree of internal complexity. Many ganglia
in lower animals, which are typically deserving of the
name as regards mere form and separateness, are also,
by reason of their compound nature, true nerve centres.
The two terms are, therefore, to a considerable extent,
interchangeable.

Fusions of ganglia may occur during the development of
some animals, especially if they pass through distinct
phases of existence, as with Insects (figs. 39-41). Similar
changes are also presumed, by believers in the doctrine of
evolution, to occur during the development of the race, since
in many highly organized animals we may find a large
compound ganglion in the place of, and doing such work
as falls to, two or more smaller separate ganglia in simpler
members of the same class of animals—for example, in
different forms of Crustacea (figs. 84—86). This kind of
fusion or coalescence of primitive ganglia attains its maxi-
mum in the brain and spinal cord of vertebrate animals.

From their naked-eye appearances nerve tissues are com-
monly divided into ¢ grey’ and ¢ white’ matter. The grey
matter of the nervous system is, for the most part, gan-
glionic tissue, in which nerve cells are more or less thickly
clustered. The white matter, on the other hand, such as
we find in the brain and spinal cord, is composed of an
agaregate of nerve fibres. These tissues are of a soft
pultaceous or semifluid consistence, and are composed, in
the main, of water, of phosphoretted fats, and of protein
compounds. The araount, of water varies from 75 to 85
per cent. It is more ubundant in the grey than in the
white matter; more abundant in lower than in higher
avimals; and it likewise forms a larger proportion of the
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nerve tissues of younger animals than of those in whom
the nerve centres are more fully elaborated. The chemical
compounds, entering into the constitution of nerve tissues,
are also extremely complex and very unstable. Thus, both
from their physical and chemical composition, it is thought
that waves of molecular movement are easily initiated in
and easily propagated through nerve cells and fibres.
Whether these molecular ‘waves’ or ¢ currents’ in nerve
tissue are brought about by virtue of mere isomeric
changes or by actual decompositions occurring in their
substance is, for the present, extremely doubtful.*

Our knowledge of the exact arrangement of the ana-
tomical elements of nervous tissues, as well as of their
modes of development, is as yet merely in its infancy. We
have much to learn concerning the actual relation of
fibres and cells, and their different modes of continuity ;
our knowledge of the structural relations existing between
different centres in higher animals is most incomplete ;
and, concerning the various kinds of peripheral nerve end-
ings, much doubt and uncertainty also prevail. The more
difficultquestions touching nerve evolution and development
are proportionately further from their ultimate solution.

But, whatever the precise mode in which the nerve
cell is originally evolved in the race, or developed in the
embryo of any particular animal, it is perfectly certain
that many of these bodies are subsequently found in
organic continuity with nerve fibres and with one another;
go that (whatever other function they may fulfil) nerve
cells would seem to ‘form meeting-points or termini,
in which different nerve currents arriving at and passing
through clusters of such bodies, may be brought into
relation with one another, and whence they are certainly
capable of being diverted into new directions.

® Spencer, “ Principles of Psychology,” vol. i. p. 20.
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Without entering upon any discussion as to the differ-
ences existing between the nerve elements of higher and of
lower animals, and dwelling but briefly upon the many
differences of opinion which exist in regard to the actual
structure and relations of these elements, an endeavour
will be made to give the reader some notions concerning
their most probable arrangement—such notions as
may enable him to comprehend the descriptions given in
succeeding chapters of the different forms of the nervous
system, as well as of the nature and mode of composition
of that portion of it known as the ¢ brain’, in various orders
of animals till we come to man himself. In this way
it will be possible for the reader who bestows an adequate
amount of attention, to obtain a good insight as to the
nature of some of the most definite and best-grounded
notions, which are at present either actually held or
warrantable, concerning the structure and functions of
the ‘Brain as an Organ of Mind.’

Nerve Fibres.—At their commencement necar the
internal and external surfaces of the body, and also near
their endings in muscles and glands, nerves are repre-
sented by extremely fine, almost transparent ¢ fibrils’ from
sooooth t0 Toouooth of an inch in diameter. These
fibrils freely interlace with one another, so as to form
minute loops and plexuses, and, within short distances,
they often vary considerably in diameter (L. Beale).

Much might be written were we to attempt to discuss
the various modes in which the fibrils commence or termi-
nate, and their precise relation to other tissue elements in
various parts of the body; but, in spite of the great
interest attaching to these questions, they cannot be
entered upon in this work. A slight reference to the
subject is, however, made (p. 67) in the next chapter,
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The ultimate bundles of elementary °fibrils’ are
gradually aggregated into larger bundles, or ‘fibres,’ as
they recede from their seats of origin or termination and
approach the nerve centres with which they are in com-
munication. These smaller bundles soon become enve-
loped in a very delicate mewmbranous sheath (Schwann),
whilst the component fibrils fuse more or less completely,
so that the fibre appears either
structureless (fig. 3), or merely
shows signs of fibrillation. A little
further on these still small fibres
become enveloped by a layer of
white semi-fluid ‘ medullary sub-
stance,’” which lies beneath the
membranous sheath of Schwann,
and forms a white border to the
nerve as it is seen on micro-
scopical examination. Thus a
dark bordered, white, or medul-
lated nerve fibre is formed. Fic. 3. —Human Nerve Fibres

3 . of different sizes (Killiker).
Such dark-bordered fibres are ™ "L N hren, the

at first very slender; but by co- Iargest of which is *dark-bor
by dered.” b, b. Fibres altered by
alescence with others of the same exposure. Magnified 350 dia-
kind larger fibres are produced ™eters
(fig. 4), varying in man from y3555th to 34%pth of an
inch in diameter. The central portion of such a nerve
fibre, viz., that lying within the white medullary sheath,
is its most important constituent ; it is almost translucent,
and is known as the aris band or axis cylinder. In
the perfectly fresh state it shows faint traces of fibril-
lation, but unless examined with care it may appear
structureless, and yield no evidence te the microscopic
observer as to its compound nature. Under the influence
of slight traction, or by imbibition of water, these medul-




Digitized by GOOS[Q



Caar. 11.] A NERVOUS SYSTEM. 83

It is absent from the peripheral extremities of the nerves,
and it is absent also from their central extremities, at the
points where the fibres approach or depart from the nerve
cells. Both it and the membranous investing sheath have
been of late ascertained to be regularly interrupted at
comparatively short distances, so that such nerve fibres
have the appearance of being constricted in these situa-
tions (Ranvier).

Nearly all visceral nerves, as well as the fibres of the
olfactory and some others, do not possess this medullary
sheath, to which the dead white colour of the great ma-
jority of nerve fibres is due. They are, therefore, semi-
translucent or grey
in tint, and are
commonlyknown as
the pale, gelatinous
or non-medullated
fibres (fig. 5). Their
average thickness is
about gl5th of an
inch ; and they dif-
fer from the dark
bordered fibres prin-

cipally in the ab-

Fia. 5.—Gelatinous Nerve Fibres from the Calf
sence of the medul- 0 == oo out 00 dlamcters. A, Fibro
lary sheath, They showing its constituent fibrile (&); 4, «, Nuclef in

present a distinet membranous sheath.
appearance of fibrillation, are surrounded by a delicate
membranous envelope, and the larger fibres are similarly
formed by the running together of fibrils and smaller
fibres. :

Nerve fibres thus compounded, both dark bordered and
pale, similarly tend to aggregate into cords or bundles of
different sizes, the fibres of which run parallel to one
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another, and are invested by a sheath. These again, in
their course towards the centre, collect into larger and
larger bundles, the different elements of which are all
bound together into one white trunk or ‘nerve’ (fig. 6),
by means of a firm connective tissue envelope, which
sends thinner investing prolongations in amongst the
constituent cords.

These ‘nerves’ of various sizes frequently contain
within the same bundle both ingoing and outgoing fibres,
and are then known as ‘ mixed nerves’. Others contain
only ¢sensory’, or only ‘motor’ fibres. In their course
nerves often communicate freely one with another by

Fio. 6.—Portion of the Trunk of a Nerve, consisting of many smaller Cords
wrapped up in a common Sheath (Quain after Sir C. Bell.. A, the nerve; B, a single
cord drawn out from the rest.  Magaitied several diameters.

means of branches. Such communicating branches are
especially numerous in the course of the visceral nerves,
and, when many occur amongst some particular set of
cords, what is termed a ‘plexus’ is formed (fig. 7). In these
plexuses the individual nerve fibres do not undergo
division. Some of them merely leave one bundle or cord
and pass to another, with the fibres of which they are
ultimately distributed, either to muscles or to nerve
centres,

The smaller medullated nerve fibres unite, so far as we
know, only ncar their commencements, and the larger
motor fibres only undergo bifurcation near their termina-
tions in muscles or glands (fiz. 4). The fibrils or ele-
mentary constituents of the fibres probably do not divide



Digitized by GOOS[Q



Digitized by GOOSIG




Ciae. 11 A NERVOUS SYSTEM. 87

cesses,” which are either much branched (figz. 12)
(ramifying processes) or simple. It is by means of these
different kinds of processes that nerve cells are united
to the central extremities of the nerve fibres and to one
another. It is worthy of note that the substance, both of
the nerve cell and of its processes, when examined under
high magnifying powers can often be seen to be dis-
tinctly fibrillated in the same manner as the ¢ axis band’
of a nerve fibre, with which, or with the ramifications of
which, some o’ these processes are continuous.

If the fibrillations of the axis band, and of the nerve
process into which it may be continued, correspond with
functionally if not structurally distinet fibrils—that is, with
separate paths for stimulus waves—so, in all probability,
the fibrillations of the nerve cells will indicate as many
distinct paths of stimulus waves through them in different
directions. The appearances presented by the cclls are
quite consistent with this view (fig. 8).  Fibrillations, for
instance, can be seen passing from one nerve process
in a curved direction through the body of the cell and into
another process ; whilst others in the same process can be
followed through the cell in quite different directions.
There is no difficulty in supposing that many nerve currents
muay pass through one of these compound nerve fibres,
just as many electric currents might pass simultuncously
through a single telegraphic or telephonic wire.

These fibrillations of the nerve cell are probably sequen-
tial to, and gradually diffcrentiated in the course of, its
functional activity. It is not unreasonable to expect that
there would be a gradual marking out of the paths of
habitual nerve currents, through the previously structure-
less though slightly granular substance of the nerve cell,
during their passage from fibre to cell and from one of
these bodies to another,

3
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In accordance with this view, we should not expect to
find in the majority of ganglion cells terminations or origins
of such fibrils—whether in the nucleus or free in the body
of the cell. If the fibrillations are the structural correla-
tives of nerve currents, they should be generally as con-
tinuous and unbroken as the latter, and just as*devious,
winding and irregular in their path.

We should scarcely look for free ends or beginnings to
such fibrils elsewhere than at the periphery. And if the
semblance of free ends are ever recognizable within the
body of the cell, it will probably be in young cells in
which the functional (and therefore the structural) carrent
lines have not yet been sufficiently developed by constant
repetitions.  Much obscurity, however, still reigns in
regard to all these matters. We do not, indeed, know
dcfinitely how far this kind of fibrillation of the nerve cells
is general, and whether there may not be whole groups
of them in which no such arrangement exists. It is quite
conceivable that in some nerve centres, where ¢spon-
taneity’ of action appears to prevail (or, in other words,
whence widespread and sudden irradiations of motor
stimuli may emanate on slight provocation), we might
have a diflcrent kind of action altogether. The nerve
cells of such centres may approach nearer to H. Spencer’s
ideal, and be true ¢ libero-motor’ elements.

The Neuroglia, or intermediate substance, exists
most abundantly in the larger nerve centres, such as the
Brain and Spinal Cord. It has been most commonly
regarded as a comparatively insignificant connective tissue,
though some few physiologists have always been willing,
and even anxious, that it should be credited with higher
developmental and functional capacities.

It is composed in part of minute corpuscles or cells,




Crar. IL] A NERVOUS SYSTEM. 39

united to one another by means of a network of slender

ramifying fibrils (fig. 9),and in part of an interspersed homo-

geneous or simply granular basis substance. It bas been

long known to contain some small

branched corpuscles, almost indis-

tinguishable from young nerve

cells; and of late the much

branched processes of many fully

developed nerve cells have also

been thought to have a structural

continuity with this minute net-

work of the neuroglia. If these o
. . Fic. 9.—Portion of Neuroglia

observations are correct, portions from the Spinal Cord. Open

of the ‘intermediate substance’ Teoe s smen With wel

would often constitute part of the but at two places close lamelli-

circuits traversed by nerve currents (gotcer) ‘”;3:;2;3"’3;3”;‘}::

in their passage through the meters.

centres.

This intermediate tissueis, in short, the probable matrix
wherein and from which new nerve fibres and new nerve
cells are evolved in animals, of whatsoever kind or degree of
organization, during their advance in reflex, in instinctive,
or in intellectual acquirements. Some such process must
take place, pari passu with the acquisition of new know-
ledge and powers, of all kinds and howsoever acquired :
whether it comes, as in lower animals, from mere intercourse
with natural phenomena; or, as amongst ourselves, from
similar means, supplemented by individual application in
the mastery of educational or professional pursuits and of
all kinds of handiwork; or whether the new knowledge and
powers come to us as a result of that more general edu-
cation or ¢ experience ' whichis gained by daily intercourse
with the pleasures, troubles, turmoils, and exertions in-
separable from social life. The acquirement of new powers
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or accomplishments must correspond either with more
or less alteration of old, or with the development of
new structures, in one or more of the various nerve
centres.

The Structural Relations of Nerve Cells with Nerve
Fibres, and with one another.

Nerve cells are supposed to communicate with nerve
fibres and with one another in the following modes :—

1. The nerve cell occurs as a round or elongated swell-
ing in the course of a nerve fibre, as may be seen in figs.
10 and 11.

Here an undivided nerve fibre swells more or less abruptly
into the nerve cell, and similarly emerges therefrom, so
that the cell in this case is only a nucleated expansion of
the fibre. The fibrils of the axis band may be seen pass-
ing through the cell in a divergent and re-convergent
fashion, having the finely granular basis substance of the
ccll between them. The sheath of the fibre, though
usually not the medullary substance (fig. 10), also passes
over the cell.

A point which will be found more doubtful in other cases
is most distinctly illustrated here: viz., that a struc-
tural continuity exists between the substance of the cell
and that of the nerve fibre. There is no distinct line of
demarcation between the two. But, so far as we know at
present, this particular relation of fibre and cell exists
principally in ganglia peculiar to the ingoing ner ves and
situated near the great centres to which these are attached.
There is, it is true, some reason for believing that a
similar relationship may exist in some of the ganglia on
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Fio 10.—Three bipolar Gangliou Cells from the fifth nerve of the Iike (Stricker
after Bidder).

Fio. 11.—Three bipolar Gavglion Cells from the auditory nerve of the Pike: a,
entirely enclosed within the medullary sheath ; b, entirely, and ¢, partially, exposed,
to show that these ganglion cells are only expansions of the axis band.

the visceral nerves, and that something like it also exists,
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though on a much smaller scale, in the course of ultimate
peripheral nerve fibres (Beale).

2. The ingoing nerve fibre, on subsequently reaching its
centre, divides into its elementary fibrils, and these become
structurally continuous with a fine network of fibrils (Ger-
lach) forming the rootlets
of ramifying nerve pro-
cesses belonging to one
or more contiguous nerve
cells (fig. 12).

This kind of connec-
tion is thought to exist
not only in the spinal
cord, but also in the
superficial grey matter
of the brain (both cere-
brum and cerebellum),
though it is by no
means certain whether
the fibres which unite
with the cells in this
fashion in the latter or-
gans constitute ingoing
or outgoing channels.

Itisinto such a union / /
as this that the fibrils
and corpuscles of the e ——

¢ peuroglia’ (fig. 9)

Fi. 13.—Multipolar Ganglion Cell from an-
seem tO enter. Cer- terior grey matter of Spinal Cord of Ox. a,
tainly its network can- Axis cylinder process; o, branched processes.

not be distinguishe d or Magnified 150 diameters, (Deiters.)
clearly separated, in many nerve centres, from that formed
by the ultimate nerve fibrils and the branchlets of ramify-
ing cell processes.

e
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8. In other nerve cells, furnished with many ramifying
processes, one long simple process may be seen (figs. 13, a,
14), which is occasionally traceable into direct continuity
with the entire axis cylinder of a nerve fibre (Deiters).
This mode of union is now generally admitted to exist, and
it is not improbable that nerves so arising are, usually at
least, outgoing fibres. 'Whilst this view cannot be defi-
nitely verified, it is a fact that such processes have been
found principally in the spinal cord in connection with
the nerve cells of the anterior, or motor, regions of its
grey matter.

There is thus some ground for believing that ingoing
fibres, in the majority of cases, swell in the posterior spinal
ganglia and their analogues into nerve cells (fig. 10);
that within the larger nerve centres these fibres, which
convey ingoing currents, break up into a pencil of ultimate
fibrils, and that these ultimate fibrils may be partly in
structural continuity with the neuroglia, and partly with
the radicles of a much branched nerve process (fig. 12),
the divisions of which unite (like the radicles of a vein),
till they are gathered into one or more branches directly
continuous with the substance of the nerve cell. Such
arrangements may suffice to break the force of Ingoing Cur-
rents as they impinge upon highly excitable centres; or
their diffusion therein may thus be facilitated, and as a con-
scquence they may be enabled to come into relation with the
ultimate ramifications of processes pertaining to several cells,

On the other hand, there is ground for believing that
Outgoing Currents leave the cells of the spinal motor
centres by undivided processes, which are directly con-
tinuous with the-axis-bands of dark bordered nerve fibres.

Should these suppositions be correct as to the mode
in which currents impinge upon the sensory side, and
subscquently issue from the motor side of a nerve centre,
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then, in order to complete our mental survey of the path
of a stimulus wave through such a nervous arc as is called
into play in one of the higher animals during the perform-
ance of a ‘reflex ac-
tion,’ it only remains
to consider the modes
of connection exist-
ing between the
several cells  of
sensory groups and
of motor groups,

- together with the
kinds of communica-
tion existing between
these two orders of
nerve units.

4. Between the
contiguous cells of a
motor and perhaps
also of a sensory
group, union is
brought about in \
some cases by means Fia. 14.—Motor Nerve Cclls connccted by inter-

of a short Bimple cellular processes (b, b), und giving origin to outgo-

. ing fibres (¢, ¢, ¢, and a). 4. Multipolar cell contain-
intercellular process, ing much pigment around nucleus. Diagrammatic.

such as we sce repre- (Vogt.)

sented in figs. 1 and

14. But whether this is the most frequent means of union,

or whether, in the majority of cases, especially amongst

sensory groups, it is not rather by the inosculation of the

rootlets of ramifying processes (with the possible interme-

diation of the neuroglin) we cannot at present say. There

is reason to believe that both modes of union may exist.
5. The cells of a sensory group are united with the
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the surface substance of the same extremity of the cell,
whence, after twisting round it and the straight process
several times, they pass away in different directions.
Occasionally L. Beale has seen the spiral process con-
tinuous with a dark-bordered fibre, though in such cases
it is not certain whether the straight process is or is not
continuous with a fibre of the same kind. J. Arncld has
also described cells of this type, and believes that the pro-
cesses are in connection with the nucleus of the cell, an
arrangement which has not been confirmed by other
observers. The fig-
ures given by Axel
Key and Retzius
agree closely with
those of Beale.

7. But in the
¢ gsympathetic’ or
visceral ganglia of
man and other
higher vertebrates it
is most common to
find many simple
processes  issuing
from large and very
granular ganglion
cells. Whether
each is directly con-
tinuous witha single

nerve ﬁbre, after the Fic. 16.- -Multipolar Ganglion-cells from ‘Sympae

fashion diagramma- thotic’ of Man (Max Schultze'. Highly magnified. o,
. . . freed from capsule ; b, enclosed within nucleated cap-
t‘lcauy deplcted 10 sule. The processes of both broken off.

fig. 2, or whether
some of the processes end differently, has not as yet been
sufficiently ascertained. These large multipolar ganglion
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cells of the sympathetic, like those last described, are
enveloped by a fine membranous sheath dotted with many
nuclei, and the sheath is continued for some distance
along each of the nerve processes, in the form of a loose
envelope.

8. Lastly, unipolar nerve cells—that is, nerve cells

situated at the end of a single nerve fibre—-are alleged to
exist in the ganglia on the spinal nerves and elsewhere.
They have again recently been figured by Axel Key and
letzius, though many modern observers have been very
sceptical as to the existence of such bodies. Beale, for
instance, maintains that all nerve cells have at least two
processes.  Without attempting to explain their use or
mode of action, it seems to the writer that such unipolar
nerve cells certainly exist in some of the lower animals.
He has himself scen and figured such bodies as they occur
in Ascaris (Phil. Trans. 1866, Pl. xxiv.); and in many
other animals nerve units of the same kind have been
likewise recognized by competent observers.

Muany of the so called apolar nerve cells may, as
G. H. Lewes suggests in a recent work,* be nothing
more than imperfectly developed ganglion cells, in which
the processes, if not absent, are so abortive as to escape
observation. All who have examined nerve centres with the
microscope know that multitudes of such bodies are to be
found, though they are often very small—not much larger
than mere nuclci—and therefore liable to be regarded as
belonging to the neuroglia rather than to the nervous
tissue proper. And if some of the cells and nuclei usually
assigned to the ‘neuroglia’ are, in reality, potential or
embryo nerve cells, the importance of this intermediate
tissue as a formative matrix in which new developments
may take place, will at once appear.

® « The Physical Basis of Miad,” 1877, p. 234,

o
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Thus far concerning the simplest elements of a nervous
mechanism. It should now be stated, however, that even
when the Nervous System consists of a mere multiplication
of the simplest combinations necessary for the excitement
and execution of ‘reflex actions,” the groups of these
nervous arcs are almost always arranged in pairs, one on
each side of the middle line of the body. The body of aun
animal is for the most part divisible by a median longi-
tudinal plane into two symmetrical halves, and the integral
parts of the nervous system are, in the main, similarly
double. Insome lower organisms, such as certain Mollusks,
‘Worms, and Crustacea, these halves of the nervous system
are distinctly separated from one another (figs. 23, 82,
84), though in Vertebrate Animals they are always more or
less fused into one axial ¢ cerebro-spinal ’ system (fig. 20).

Fi0. 17.—Nervous System of one of the Eolidwe (Fiona atlantica). (Gegenbauer after
R. Bergh). A, Bupra-esophageal sensory ganglia, composed of two pairs of ganglia
fused, the cerebral in front and the branchial hehind ; each pair united by its own
commissure. B, Great motor ganglia, in conncction with the sensory ganglia, and
with one another by the commissure e. C, Buccal ganglia. D, Gastro-cesophageal
ganglia. a and b6, Nerves from the sensory tentacles. ¢, Nerves from the genital
organs. d, Principal motor nerves of the body. ¢, Commissure of the branchial
ganglia.

These lateral halves of the nervous system are connected
with one another by means of shorter or longer transverse
fibres, which, gathered into thick or thin bundles, are
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known as ‘commissures.” Such transverse commissures
always unite similar ganglia, whether these are so close
as to be more or less continuous, or distinctly separated
from one another. Two or three illustrations will suffice
to make these bilatersl arrangements more intelligible to
the reader.

In some of the Nudibranchiate Mollusks so common on
the sca-shore, there is in front and on each side a large
roundish though functionally compound ganglion receiving
numerous ingoing nerves and connected with its fellow
by means of a very thick and a thin commissure (fig. 17).
The sensory ganglion is also connected on each side by
means of a short commissure with its own motor ganglion,
from which outgoing nerves proceed to the muscles, and
the two motor ganglia are in their turn connected by a
longer transverse commissure (fig. 17, e).

Thus, in each half of the body of one of these ani-
mals tlere is a complex aggregate of the mechanisms for
reflex actions—represented by ingoing fibres entering a
sensory ganglion in connection with & motor ganglion,
together with outgoing fibres issuing from the latter.
Whilst in addition, the two halves of the nervous system
are united to one another by the above-mentioned trans-
verse commissures, It is by virtue of these connections
between the respective ganglia of the two sides that a
properly co-ordinated activity of the whole body is rendered
possible, in response to sensory stimuli.

In other animals, such as the Grasshopper, whilst the
bilateral symmetry of the nervous system (fig. 18) is just
as obvious, it is much more complex and more developed
longitudinally. The sensory and motor ganglia are nume-
rous and are arranged side by side in serial order, though
many of them are more completely fused with one another
and with those of the opposite side than is the case with

y
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the two pairs of gan-
glia of Eolis. Thus
median  compound
ganglia (fig. 18, g)
are formed, connected
with one another by
single, or it may be
by double (e, ) com-
missures. The ter-
minal double group
(A) represents the
brain of the animal,
and this is probably
capable of receiving
stimuli by some fibres
from the sensory por-
tion of each single or
double ganglion
throughout the body
of the Insect. It can
probablyalso transmit
motor stimuli along
other  commissural
fibres to each motor
division of the same
body ganglia.

In the Grasshopper
the brain is not more
than three or four
times as large as one
of the compound gan-
gliain communication
with the legs and
wings.

In Vertebrate Ani-
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Fi6. 18.—Nervous system of the Great Green
Grasshopper (Newport). A, brain; B, optic nerves;
D, antennal necrves; d, motor nerve of mandible
from sub-cesophageal ganglion ; g, first thoracic gan-

d is to

glion, ted to the
the third, by two commissures.

d, asthe
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In higher ver-
tebrates, such as
Birds and Mam-
mals, we have this
same fusion of gan-
glia in the spinal
cord(fig.19),whilst
a similar process
also displays it-
self to a more
marked extent in
the brain. Inthe
higher forms of
this series, and
above all in Man
himself, the gan-
glia of the brain
become more and
more integrated,
and some of these
parts also take
on an enormous
development.

The weight of
the entire Brain,
as compared with
that of the Spinal
Cord, indeed, un-
dergoes a great in-
crease in eachdivi-
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F16. 20.—General view of Nervons System of Man, from
behind, 1, Cerebrum ; 2, cerebellum ; 3, upper part of
spinal cord. (Mivart.)

sion of the vertebrates. In the Lamprey this relation is

said* to be as ‘013 to 1; in the Newt as *55 to 1; in the

Pigeon as 3'5 to 1; in the Mouse as 4 to 1; whilst in
* Marshall’s “ Outlines of Physiology,” vol. i. p. 406.
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Man it is about 40 to 1. Thus, whilst the Cercbrum
and the Cerebellum, which together constitute the Brain,
is actually much lighter in the Lamprey than the Spinal
Cord, these same parts in Man are found to attain com-
paratively enormous dimensions, and greatly to exceed in
weight the inferior, though highly important, spinal
centres.



CHAPTER III.
THE USE AND NATURE OF SENSE ORGANS,

Heat and light are physical influences to which even
the lowest units of living matter respond, whether their
mode of life and nutrition be most akin to that of Plants
or to that of Animals. These influences act upon such
organisms, either by stimulating, retarding, or otherwise
modifying the chemical changes occurring in their interior,
and upon the existence of which their Life depends.
‘Where the vital processes of the organism are stimulated
by these physical agencies, their incidence may, in many
instances, become the cause of so-called ¢ spontaneous’
movements. And some sort of foundation exists for this
popular mode of expression. A movement which follows
immediately upon some localized external stimulus is
not said to be ¢spontaneous:’ the term is generally
applied where the cause of the movement is not distinctly
recoguizable. In some of these cases—as when we have
to do with the influence of a diffused physical agent such
as heat—an undetected or unconsidered external cause
really exists, which, by stimulating the vital processes,
gives rise to movements seemingly spontaneous. Whilst in
other cases, movements apparently spontaneous are to
be referred to internal states or changes, that is to impres-
sions emanating from some of the internal organs which,
after passing through one or more ganglia, are trans-
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mitted along outgoing nerves to some of the organs of
locomotion.

Heat often acts upon organisms upon all sides alike ;
consequently, though it may stimulate their life-processes
generally and, in some instances, give rise to movements
—the latter are not determined in one more than in an-
other direction. It is well known to stimulate the ¢ to-
and-fro’ or the gyratory movements of Bacteria, and other
of the lowest organisms; and whilst it also renders more
striking and rapid those changes of form which all Amee-
boid Organisms are apt to display, the movements evoked
are similarly random and devoid of purpose.

It is not altogether similar with the influence of Light.
This agent almost always, and of necessity, falls more on
one side of an organism. Consequently it often suffices
to induce movements of the lower forms of life in definite
directions, just as it causes similar responsive movements
to be executed by the parts of any higher plants which may
come fully under its influence. In each case the move-
ment, or altered position, is due to some nutritive change—
that is, to some alteration, whatever its nature, in the
activity of the life-processes taking place in the part
impressed by the light. So that, whether we have to do
with the movement of a Sunflower or with the loco-
motions of minute living units, the essential mode of
production of the movement is probably similar.

Of such locomotions of minute living organisms under
the influence of light many instances might be cited; it
will suftice, however, to mention the fact that green
Zoospores, which may have been uniformly diffused
through the water, are very apt, when the vessel containing
them is placed near a window, to collect on the surface of
the water at the part where most light fulls, and the same
would hold good also for many Meduse. Minute animal
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organisms are, however, often affected quite differently by
this agent. They may move away from rather than
towards its source, and to this extent may be said to
¢ seek ' the shade rather than the glare of sunlight.

The operation of such influences and their results,
form the beginnings or substrata, as it were, of other
phenomena with which we are now more particularly
concerned. The unilateral influence of Light and the
movements to or from its source to which it gives rise,
afford a connecting link between diffused causes like
Heat, which operate generally and produce purely random
motions, and those more localized influences now to be
considered, by which, and the intermediation of a more
and more complex Nervous Syqtem, the various definite
or responsive movements of organisms have been gmdually
evoked and potentially organized.

Touch.—The first to be considered—because it is the
simplest—of these localized influences, is a shock on me-
chanical impact of some kind falling upon the external
surface of the organism. This is the primordial and most
general of all the modes by which the surface of an
organism is impressible. Its sensitivity to such stimuli
is—both in the stage of impression and in that of
reaction—closcly akin to the general organic irritability of
protoplasm, which unquestiondbly constitutes its starting
point. These modes of impression and reaction are the
first links towards the establishment of a correspondence
between the organism and the most common events or
properties of the medium in which it lives and moves.
It is, consequently, the kind of impressibility most exten-
sively called iuto play in all the lower forms of animal
life.

Although the whole or the greater part of the surface of
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an organism, in one of the simple animals to which we
are referring, may be more or less impressible to shocks or
impacts from contact with surrounding bodies, it often
happens that such impressions more frequently fall upon,
and are more readily received by, certain appendages
situated at the anterior extremity of the animal, in close
proximity to the mouth. These specialized parts, or
¢ tactile appendages’, are known as papille, set®, tentacles,
antenne, or palpi, according to the fmms which they
assume in different animals.

Why such organs should be developed so frequently at
the anterior extremity of the animal, and in the neigh-
bourhood of the mouth rather than on other parts of the
body, is not difficult to explain. Whatever the mode by
which they are called into being (and the most opposite
views are entertained upon this subject), it seems obvious
that, if organs of this nature are to be present at all,
they should be found in situations where they may be
put to most use. In an animal accustomed to active
locomotions, the mouth is, with only & very few excep-
tions, situated on the part of the body which is habitu-
ally directed forward. And of the diverse objects coming
into contact with it, some are of a nature to serve as food,
and some are not. A high degree of impressibility natu-
rally becomes developed, therefore, in this situation,
where the parts are exercised so largely with impressions
connected with the discrimination and capture of food.
These organs are, in fact, not unfrequently both tactile
and prehensile—this combination being more especially
met with in sedentary forms of life, like the Hydra, the
Sca-anemone, or some of the tentaculated Worms.

Taste.—But it often happens that the solid bodics
serving as food are more or less readily soluble, so that in
animal organisms comparatively low in the scalc of com-
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plexity, some of the tactile structures within or around
the mouth may undergo a further specialization, by which
they and their related nerve centres become fitted to dis-
criminate between impressions of a slightly different
nature. Such ¢ organs of taste’ would become sensitive
to the more refined kind of contact yielded by certain
dissolved elements of the food, whose local action is
perhaps attended by some slight chemical change in the
tissues of the part. Impressions are thus produced
whereby the ¢ sapidity ’ or flavour of bodies is appreciated ;
and such impressions gradually become associated with
definite related movements, partly of internal and partly of
external organs.

Although this mode of impressibility doubtless exists
in many of the lower forms of life, still no distinct organ
of Taste, or specialized gustatory surface, is as yet actually
known to occur among invertebrate animals, except in
Insects and in such higher mollusca as Snails and Cuttle-
fishes.

Impressions of the two orders already referred to—
more or less distinct from one another—are those by
which alone multitudes of the lower forms of animal life,
such as Polyps and various kinds of Worms, appear to
hold converse with the outside world. Seeing, however,
that tactile and gustatory impressions can only be made by
actual contact of external bodies with the specialized parts
of an organism, such impressions are not of a kind to
excite movements in ‘ quest’ of food; although they may
lead to correlated motions of parts adjacent to those
touched, as in the acts of prehension and swallowing.

Sight.—Movements in actual quest of food may, how-

ever, be excited in other animal organisms by impressions
bringing them into relation with more or less distant
bodies. The-way is paved for this result when some
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portion of the anterior and upper surface of the animal,
in which aggregations of pigment occur, becomes more
than usually sensitive to light. A dark body passing in
front of such a region alters or gives rise to certain
molecular changes therein, and these molecular changes
(produced by large or small, near or remote, bodies)
differing among themselves, become capable of exciting
dissimilar impressions which the organism is gradually
attuned to discriminate. The existence of such a power
of discrimination in this, as in all other like cases, is
indicated by the creature’s capability of responding to
impressions of this order by definite muscular movements
—as when the Opyster, having the valves of its shell
apart, instantly closes them as soon as a shadow falls upon
certain pigment-specks, or so-called ¢ eyes,’ at the edge of
its mantle.*

This beginning of visual impressions truly enough shows
itself as a very exalted appreciation of tactile impressions ;
and, inasmuch as such an appreciation of the presence
of near bodies would in so many instances be quickly
followed by a more gross mechanical contact, the rudimen-
tary visual impression is, as H. Spencer happily puts it, &
kind of *“anticipatory touch.” From a simple beginning
of this kind, in which bodies only slightly separated from
the impressible foci excite certain general or only vaguely
specialized impressions corresponding to light and shade,
organs of Sight at once more elaborate and more impres-
sible gradually appear. To rudimentary aggregations of
pigment, in some animals transparent media are added,

* Owen says (* Comp. Anat. of the Invert. Animals,” p. 512):—
“ Carlisle first showed that oysters were sensible of light; having
observed that they closed their valves when the shadow of an
approuching boat was thrown forwards so as to cover them, before
any undulation of the water could have reuched them.”
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serving to condense the light thereon; and these media
in still other organisms are sufficiently like a lens to
be adequate to form a definite image of an external body
on the layer of pigment, which (on its other side) is in
contact with a nerve-expansion directly communicating
with a contiguous ganglion. Numerous simple structures
of this kind may exist apart from one another, as in many
Bivalve Mollusks ; or they may be far more numerous and
closely aggregated, so as to form such compound-eyes as
are met with in Crustacea and in Inseets. Or individual
ocelli may be perfected, as in Spiders or lower Crustaces,
and most notably of all among the Cuttlefish tribe, in
the representatives of which two moveable eyes are met
with whose organization is just as perfect as those of Fishes.

The difference in degree and range of sensitiveness
between the simple eye-specks’ of some of the lower
Worms, and the elaborate visual organs of the highest
Mollusks and Insects is enormous. The range and keen-
ness of sight also become progressively extended, so that
creatures with the more perfect eyes are capable of
appreciating impressions from objects more and more
distant, and the various actions which become established
in response to impressions habitually made upon such
sensitive surfaces also increase enormously in number,
variety, and complexity. The relation between the keen-
ness of the sense of sizht and the great powers of loco-
motion possessed by Insects has long been recognized by
naturalists. Prof. Owen thus alludes to it: ¢ The high
degree in which the power of discerning distant objects is
enjoyed by the flving insccts corresponds with their great
power of traversing space. The few exceptional cases of
blind insccts are all apterous, and often peculiar to the
female sex, as in the Glow-worm, Cochineual-insect, and
parasitic Stylops.”
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As already pointed out, there are obvious reasons why
the principal specialized Tactile Organs that may present
themselves in lower animals, should be found in the
neighbourhood of the mouth ; and, for similar reasons, if
for no other, the anterior extremity of the body, or the
upper surface near this anterior extremity, is the most
advantageous site for Visual Organs. To an active animal,
eyes would not only be more useful at the anterior
extremity of the body than elsewhere, in relation to its
food-taking movements, but also in reference to all
other uses to which such organs may be applied during
active locomotions from place to place. And to this
situation of the eyes only two or three exceptions are met
with among animals endowed with powers of locomotion :
whilst the few cases of deviation are mostly explicable by
reference to some peculiarity in the habits and modes of
life of the organisms in question.

Smell.—In vision, as above stated, we have to do with
a refinement of the sense of touch, whereby the animal,
becoming sensible of impressions produced by ¢ waves ' of
light emanating from a distance, is brought into mediate
contact with certain distant objects. But a sort of refine-
ment of the organs of taste also occurs, whereby bodies
possessing sapid and other qualities are also capable of
impressing organisms still at a distance. Just as vision
is, in its most elementary phases, a sort of anticipatory
touch, so is smell a kind of anticipatory taste. Yet the
two cases are not altogether similar. In vision, the
contact—if it may be so termed—with the distant
body is mediate, through the intervention of ethereal
undulations; whilst in smell we have to do with a case
of immediate contact, not, of course, with the distant
body itself, but with extremely minute particles which
it gives off. An ‘emission’ theory serves to explain
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the diffusion of odours, though it will not hold for tho
diffusion of light.

From what I have said, it may be inferred that, as re-
gards the delicacy of their respective physical causes, the
sense of Smell occupies a strictly intermediate position
between those of Taste and Sight.

Although a rudimentary sense of Smell seems unques-
tionably to be possessed by such aquatic forms of the
invertebrata as Crustacea and the higher Mollusks, it is,
perhaps, a sense-endowment which generally exists to a
more developed and varied extent amongst air-breathing
animals. But in whatever forms of life it may be met
with, this sense-endowment seems to be always very
largely related to the detection and capture of food. In
this direction it comes to the aid of the already existing
senses of Sight, Touch, and Taste. It has, however, the
peculiarity of being scarcely otherwise called into
activity amongst invertebrate animals.

Although we have so little positive knowledge con-
cerning the situations of Organs of Smell in invertebrates,
there is good reason for believing that they will (when
present) always exist in close proximity to the mouth.
It seems possible that in Crustacea they are to be found
at the base of the antennules; that in Cephalopods they are
represented by two little fosse in the neighbourhood of
the eyes; and that in Insects a power of appreciating
odours may be possessed either by the antenne them-
selves, or by a pair of foss® ncar their bases. Another
cephalic organ has also been referred to as possibly en-
dowed with a power of being impressed by odours. Owen
says:* ¢ The application by the common house-fly of the
rheath of its proboscis to particles of solid or liquid food
before it imbibes them, is an action closely analogous to

* ¢ Comp. Anat. of Invertebrate Animals,” p. 368.
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the scenting of food by the nose in higher animals; and,
as it is by the odorous qualities, much more than by the
form of the surface, that we judge of the fitness of sub-
stances for food, it is more reasonable to conclude that,
in this well-known action of our commmonest insect, it is
scenting, not feeling, the drop of milk or grain of sugar.”

The part of the body bearing the mouth and the various
sensory organs already named, is familiar to all as the
‘head’ of the animal ; and it is owing to the fact of the
clustering of sense-organs on this part that the bead con-
tains internally a number of related nerve ganglia. This
agaregate mass of ganglia constitutes the ¢ Brain’ of
invertebrate animals. It forms a congeries of nerve
centres, differing much in different classes, as we shall
find, not only in regard to the disposition and size, but
also in respect to the relative proportions of its component
parts. The size of the respective ganglia, indeed, neces-
sarily varies in accordance with the relative importance
and complexity of the several sense organs already men-
tioned—those of Touch, Taste, Smell, and Sight.

The ganglia thus constituting the Brain of invertebrate
animals are not only in relation each with its own par-
ticular sensory organs, but, in addition, we find the
several ganglia brought into relation among themselves
and with their fellows of the opposite side by means of
connecting or commissural fibres. They are, moreover,
often connected, by means of much longer commissural
threads, with other nerve ganglia in different parts of the

body.

Hearing.— Another special sense endowment remains to
be referred to. This has to do with the organism’s power
of appreciating the vibrations causing ‘auditory’ impressions
—a power which is, however, probably possessed in only a
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low degree by most invertebrate animals. Even the most
perfect form of the organ of hearing among these
animals is but a very rudimentary structure. In this
respect a great difference exists between the sense of
Sight and that of Hearing. Whilst the eye of the
Cuttle-fish attains a degree of eluboration not fulling so
very far short of the most perfect fecrm which the organ
displays among vertebrate animals, the organ of hearing
throughout the Invertebrata is remarkable for its sim-
plicity, and remains in all of them notably inferior to the
very high type attained by this sensorial apparatus in
many Mammals and in Man.

Like the sense of Sight and the sense of Smcll, that of
Hearing, even in its simplest grades, serves to bring the
organism into relation with more or less distant bodics.
It is only necessary that these latter should be capable of
transmitting sonorous vibrations through water or air to
the auditory organs which become attuned to receive them.

It seems just possible, however, that the so-called
‘auditory saccules’ of the Invertebrata, may have more
to do with the ‘scnse of Direction,’ or of the organism’s
relations with space, than with the sense of Hearing.* In
Vertebrate Animals, it would appear, that both these
functions are associated with the auditory apparatus, and
it is by no means certain that the ¢ sense of Direction,’ or
of the organism’s space-relations, may not be an endow-
ment more primordial than that of Hearing.

No auditory perception seems to be present at all—
certainly none has as yet becn detected or inferred to exist
—in many of the lower forms of life; while in other
animals, though possibly existing, its organs remain as yet
unrecognized. The latter condition obtains, for instance,
with the majority of Crustacea, Spiders, and Insects.

* See p. 218.

BN
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Judging from the instances in which ¢ auditory sae-
cules’ have been detected in Mollusks, and in some few
representatives of the classes above named, it seems (and
the information may be novel to many readers) that the
endowment in question is not habitually, or even usually,
found in the head, or in direct relation with one of the
ganglia composing the brain of Invertebrates. In some
Heteropida, and their allies, however, the ¢ saccules,” what-
ever may be the function to which they are subservient,
seem to be in immediate relation with the brain ganglia.*
Further remarks on this subject must, however, be de-
ferred until a brief description has been given in future
chapters, of the nature and distribution of the nervous
system in some of the principal groups of the Invertebrata.

The foregoing are the commonly received modes by which
organisms are impressed from without, and by which they
attune themselves to the conditions and actions occurring
in their medium. It was recoguized by Democritus and
other ancient writers, that they are all of them derivatives,
or more specialized modes of a primordial common sensi-
bility, such as is possessed by the entire outer surface of
the organism. Touch, taste, smell, vision, and probably
hearing, are sense endowments, having their origin in
organs formed by a gradual differentiation of certain por-
tions of the external or surface layer of the body—that is,
of the part in which common sensibility is most frequently
called into play. And just as this common sensibility is a
crude or general sense of touch, so are the several specisl
senses to be regarded as more or less highly refined modes
of the same sense endowment. .

The distribution and arrangement of nerves in the
various impressible surfaces have certain characteristics

* Siebold, “ Manucl d’Anat. Comp.,” p. 309, Note 1.
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which have been clearly pointed out by Herbert Spencer.
¢ At the surface of the body,” he says,* ‘‘ where the ex-
tremities of nerve fibres are so placed as to be most easily
disturbed, we generally find what may be called multipliers
of disturbances. Sundry appliances, which appearing to
have nothing in common, have the common function of
concentrating, on the ends of nerves, the actions of ex-
ternal agents.” This effect is produced by lenses in the
eyes, otoliths and other bodies in the organs of hearing,
vibriss® and corpuscula tactis in the skin; all of which
serve to exaggerate the effects of incident forces upon
especially sensitive peripheral expansions of the nervous
system. ¢ The ultimate nerve fibrille, ramifying where
they are most exposed to disturbances, consist of nerve
protoplasm, unprotected by medullary sheaths, and not
even covered by membranous sheaths. In fact they
appear to consist of matter like that contained in nerve
vesicles, . . . . and may be regarded as, like it, more
unstable than the mutter composing the central fibres of
the fully differentiated nerve tubes. . . . This peri-
pheral expansion of the nerve on which visual images fall
contains numerous small portions of the highly unstable
nerve matter, ready to change, and ready to give out
molecular motion in changing. It is thus, too [in higher
animals], with those terminal ramifications of the auditory
nerve on which sonorous vibrations are concentrated.
And there is an analogous peculiarity in the immensely
expanded extremity of the olfactory nerve. Here, over a
large tract covered by mucous membrane, is a thick plexus
of the grey unsheathed fibres; and among them are
distributed both nerve vesicles and granular grey sub-
stance, such as that out of which the vesicles arise in
the nervous centres.”
* ¢ Principles of Psychology,” vol. i. p. 35.
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The movements of locomotion, or of limited parts of
the body, which become established in correspondence with
various kinds of external impressions, tend with time to in-
crease in number, definiteness, and complexity. They are,
for the most part, to be classified as actions subservient to
the pursuit and capture of prey, to the avoidance of enemies,
to the union of the sexes, or to the care of young.

All such movements are found, as & general rule, to
have the effect of prolongirg the action of any influences
which previous individual or race experiences have proved
to be favourable to the life and well-being of the organism ;
and, on the other hand, of cutting short or avoiding influ-
ences which past individual or race experiences have
proved to be contrary to its general well-being. The
capture and swallowing of food are ends to which a very
large proportion indeed of the definite motions of most of
the lower organisms are directed; and this direction of
their energies is only a special case to be included under
the rule above indicated—just as efforts to escape from
predatory neighbours, are other opposite instances of the
same rule.

Visceral Sensations and the ‘Muscular Sense’—
In addition to the various modes of impressibility by
external influence which we have hitherto been considering,
there are also certain other modes due to changes in the
condition of internal parts of the organism. These are
divisible into two categories: (1) impressions emanating
from one or other of the various sets of viscera—such
as the alimentary canal and its appendages, the respiratory
organs, the genital organs, or other internal parts; and
(2) impressions derivable from, or in some way attendant
upon, the contractions of muscles.

The first category of internal impressions—those eman-
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ating from the viscera—are undoubtedly very important
in relation to animal life generally. In part, they have
the effect of causing contractions of related muscular por-
tions of the viscera—as when the presence and pressure
of food in certain portions of the alimentary canal excites
— it may be through local ganglia—contractions by which
the food is propelled farther on. In part, however, they
act upon the principal nerve ganglia—those constituting
the brain—in such a way as to excite the external sense-
organs with which they are connected to a higher order of
activity. Visceral impressions of one kind may cause an
animal more eagerly to pursue prey, whilst those of
another sort may tend to an increased alacrity in dis-
covering a mate. In these, and in many other instances,
internal impressions, reaching the cerebral ganglia, would
scem to excite a higher receptivity for certain kinds of
external impressions and a corresponding increased readi-
ness to respond on the part cf the moving organs whose
activity is related to such conjoined impressions and
promptings.

With the second set of impressions, those of the so-
called ‘muscular sense,” we have at present nothing to
do. They differ altogether from others, whether of ex-
ternal or of internal origin, by the fact that they follow or
accompany movements whose intensity they are supposed
to measure, and do not of themselves incite movements.
Granting that such impressions have a real existence,
it is obvious we can know nothing about them among
Invertebrate Animals, since they have only a subjective
existence and do not of themselves alone lead to move-
ments. Our only knowledge of such impressions, as
subjective states, must be derived from our own sensations
together with what other fellow-men are able to describe.




CHAPTER IV.
THE NERVOUS SYSTEM OF MOLLUSKS.

For several reasons it will be advantageous to depart
from the usual zoological order, and consider first the
disposition of the nervous system in some of the principal
types of the sub-kingdom MoLrLusca.

These are animals mostly aquatic and wholly devoid of
hollow, articulated, locomotor appendages. Their organs
of vegetative life attain a disproportionate development,
as may be imagined from the fact that some of the
simplest representatives of the class consist of mere
motionless sacs or bags, containing organs of digestion,
respiration, circulation, and generation. The most complex
Mollusks, however, are active predatory creatures, endowed
with remarkable and varied powers of locomotion, and with
sense organs which are both keen and highly developed.
The simpler forms are represented by the motionless
Ascidian, and the higher by the active and highly endowed
Cuttle-fish.

It ehould be mentioned, however, that the tendency of
several recent investigations has been to separate the
class to which the Ascidians belong altogether from the
Mollusca, and to place them as an independent group,
having affinities to the lowest Vertebrates.

The solitary Ascidians may be taken as the type of
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the Tunicata. Their life of relation with the external
world is of the simplest description. They are sta-
tionary creatures, having even no prehensile organs—
their food being brought to the commencement of the
alimentary canal by ciliary action.
In correspondence with such a simple mode of life, we
might expect to find a very rudimentary
nervous system, and this expectation is fully
realized. The Tunicata possess a single
small nervous ganglion lying between the
bases of the two funnels through which
water is taken in and discharged (fig. 21, c).
This ganglion receives branches from the
tentacula guarding the orifice of the oral
funnel, and possibly from the branchial
chamber; whilst it gives off outgoing fila-
ments to the various parts of the muscular ,Fio. *- - An
. scidian, with
sac, and perhaps to the alimentary canal rough _ diugran.
and some of the other internal organs. In i, Xerous Sya.
some of the solitary Tunicata a rudimentary tem. (Solly after
. o . . Cuvier.) «, Bran-
visual function is presumed to exist. At chial orifice; 5,
all events, pigment-spots are situated on, or °cxcretory orifice;
. . . ¢, nerve ganglion
in very close relation with, the solitary with its afferent
. and efferent
ganglion. nerves.
The recent investigations of Kupffer tend
to show that this extremely simple nervous system, never-
theless, represents a decidedly higher type of organization
than had been previously supposed. Further details
cannot, however, here be given.*
The Brachiopods are among the oldest and most wide-
spread of the forms of life in the fossil state, and the
geographical distribution of their living representatives at

* See Gegenbauer’s “ Comp. Anatomy,” English Translation,
p- 395.
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the present day is also very wide. Like the Tunicata, they
are also headless organisms, and lead a sedentary existence,
attached to rock or stone either by a pedicle or by one
division of their bivalve shells, The mouth is unprovided
with any appendages for grasping food—nutritive par-
ticles being again brought to it by means of ciliary currents.
Numerous muscles exist which connect the valves of the
shell to one another, and with the enclosed animal.

Though the visceral organization of the Brachiopods
is somewhat complex, no definite Sense Organs have
yet been detected in any of them. The nervous system of
these sedentary animals, moreover, comprises nothing an-
swering to a ¢ brain’ as it is ordinarily constituted—though
ganglia exist around the cesophagus which must receive
afferent impressions of some kind, and from which
branches proceed to the various muscles and viscera of
the body.

Such low sensory endowments would be wholly
incompatible with that degree of visceral complexity of
organization which the Brachiopods possess, had it not
been for the fact that these animals lead a passive exist-
ence in respect to quest of food. The absence of sense-
organs and of a brain is, indeed, only compatible with
such a semi-vegetative existence.

The Lamellibranchs, or ordinary headless bivalve
Mollusks, also include some representatives—such as the
Oyster and its allics—which lead a sedentary life. The
valves of the shell in Lamellil ranchs generally are lateral,
instead of being dorsal and ventral as amongst the
curious Brachiopods above referred to.

The mouth of the Oyster is surrounded by four labial
processes whose functions are not very definitely known,
It presents no other appendages of any kind in the
neighbourhood of the mouth, and, as in the two types of
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Mollusca already described, the food which it swallows is
brought to the entrance of its msophagus by means of
ciliary currents. It has two small anterior or *labial’
ganglia (fig. 22, a, a,) one being situated on each side of the
mouth. They are connected by a commissure arching over
it, and also by a more slender thread beneath the mouth.
From this lower commissure,
filaments (e) are given off to the
stomach. The anterior ganglia
receive nerves (f) from the labial
processes which are probably for
the most part afferent in function
—at all events, these processes
have no distinct muscular struc-
ture. Two long parallel commis-
sures (d, d) connect the anterior
ganglia with a single large com-

Fio. 22. —Nervous System of an

pound ¢ branchial * ganglion (b), oguter. (Todd after Garner.) a, a,
situated posteriorly, and close to Auterior or labial ganglia; 4,
the great adductor muscle. It fammey: 5 bl merver o n
gives off branches to this muscle, preochial norves: d. d, commis
to each half of the mantle, and ganglia.

to the gills (c, ¢). -

Other more active Lamellibranchs possess a muscular
appendage known as the ‘foot’, which is in relation with an
additional single or double nervous ganglion (‘ pedal’), and
is used in various ways as an organ of locomotion. Speak-
ing of the diverse uses of the foot among bivalves, Prof.
Owen says:* ¢ To some which rise to the surface of the
water it acts, by its expansion, as a float; to others it
serves by its bent form as an instrument to drag

them along the sands; to a third family it is a

* « Lect. on Comp. Anat. of Invert. Animals,” p. 505.
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burrowing organ; to many it aids in the execution of
short leaps.”

The bivalves poasessing a foot, therefore, present threc
pairs of ganglia instead of two—the anterior or ¢ labial’,

Fio. 23.—Nervons System of th> Common Mussel. (After Owen.) {, Labial ganglia
connected by a short commissure above or in front of the mouth ; b, b, branchisl
ganglia similarly tod, and also united by very long cords (d, d) with the labial
ganglia; p, bilobed pedal ganglion sending branches to the lar foot (r), and
closely connected with the ‘auditory saccules’ (s); A, A’, circum-pallial plexus;
¥, byssus, by wlzlch the animal attaches itself to external substances.

the posterior or ‘ branchial’, and the inferior or ‘pedal’.
It occasionally happens that the ganglia of the posterior
or even of the inferior pair may become approximated and
fused into one.
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The fusion of the posterior ganglia tukes place, as in the
Oyster (fig. 22, b), when the branchie from which they
receive nerves (c, ¢) come close together posteriorly. On-
the other hand, in those Mollusks in whicbh the branchime
are farther apart, the two ganglia remain separate and are
connected by a short commissure, as in the Common
Mussel (fig. 23, b).

The separateness or fusion of the inferior or ¢ pedal’ gan-~
glia depends upon the size and shape of the foot, since
the nerves in relation with them are distributed almost
wholly to this organ and its retractor muscles. Where the
foot is broad the ganglia remain separate, and are merely
connected by a commissure. But where the foot is small
and narrow, as in the Mussel, the two ganglia become
fused into one (fig. 23, p).

Some of the special senses are unquestionably repre-
sented amongst these headless Mollusks, though the
distribution of the diffcrent organs is very peculiar.
Thus in Pecten, Pinna, Spondylus, Ostrea, and many
other genera, very distinct and often pedunculated ocelli are
distributed over both margins of the ‘ pallium’ or mantle.
These vary in number from forty to two hundred or
more, and are in connection with distinct branches of the
circumpallial nerves. In the Razor-fish, Cockle, Venus,
and other bivalves possessing prolongations of the mantle
known as ‘ siphon-tubes’, the occlli are situated either at
the base or on the tips of the numerous small tentacles
arranged round the orifices of these organs. And these
parts, in such bivalves as live in the sand, are often the
only portions of the body which appear above the surface.
The margins of the mantle are also garnished by a number
of short though, apparently, very sensitive tentacles, in
which the creature’s most specialized sense of touch secems
to reside.

¢
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Some of these tactile appendaces, as well as some of
the ocelli, send their nerves to the branchial ganglia,
while others, sitmated on the auterior borders of the
mantle, send filaments to the labial ganclia. The latter
also receive filaments from the so-called labial appen-
dages, whose function is uncertain, thongh it has been
sugzested that they may be organs of taste or smell.
Lastly, in close relation with the pedal ganglia or
ganclion, there are two minute saccules (fiz. 23, 5), to
which an auditory function is usually ascribed.

Thus we find amongst these headless Mollusks a distri-
bution of specially impressible parts or sensory organs,
such as canuot be parallcled among any other animals.
The functions which we shall find pertaining to the
‘brain’ in other creatures are in them distributed in a
very remarkable manner—so that such organisms may
be said to be brainless as well as headless.

The Pteropods constitute another interesting class of
Mollusks, which lead us on from the comparatively
sluggish  Lamellibranchs to the Gasteropods and the
Cephalopods—organisms which possess definite and wide-
reaching powers of locomotion, as well as a distinet head
carrying sensc-organs and a more or less developed
brain.

The possession, by many members of this class, of two
fin-like muscular expansions attached to the side of the
heud induced Cuvier to give them the above class name.
According to Owen, ““ All the species of Pteropoda are of
small size; they float in the open sea, often at great
distances from any shore, and serve, with the Acalephs,
to people the remote tracts of the ocean. In the latitudes
suitable to their well-being, the little Pteropoda swarm in
incredible numbers, so as to discolour the surface of the
_8ca for leagues; and the Clio and the Limacina con-
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stitute, in the northern seas, the principal article of food
of the great whales.”

Some of the least highly organized members of this
class, such as the Hyalleidwe, possess a bivalve shell, and
no distincet head ; but in other Pteropods devoid of a shell,
we meet with a higher organization. Thus in Clio there
is a distinct head bearing sensory appendages, in the form
of two tentacula and two eyes, and containing ¢a brain’
within, The brain is represented by two connected ganglia
above the esophagus, which are in relation, by means of
ingoing nerves, with the above mentioned sensory organs.
In connection with another commissure uniting these two
cerebral ganglia and which passes under the first part of the
alimentary canal, are two ‘pedal’ and two ‘branchial’ ganglia
pretty close together. These two pairs of ganglia exist
separately in Clio and its allies, though they are combined
into one quadrate mass in Hyalea. In Clio two ¢auditory
saccules’ are in connection with the anterior sub-cesopha-
geal ganglia—that is, with the pair which corresponds
with the ‘pedal’ ganglia of the common bivalve Mollusks.

Gasteropods constitute a class of organisms which, in
point of numbers, can only be compared with the still
more numerously represented class of Insects. Their
name is derived from the fact that they crawl by means of
a large muscular expansion or ¢ foot’ stretched out beneath
the viscera. The locomotion of members of this class
may be said to be, in the main, dependent upon their own
individual efforts, so that, in this respect, they differ
widely from Pteropods, whose movements from place to
place are brought about chicfly by winds driving them
along the surface of the water on which they float.

Some Gasteropods are terrestrial, air-breathing animals,
though by far the greater number are aquatic and breathe
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However small and undeveloped the duplex brain of
the Limpet may be, this organ exists in an even moro
sudimentary state in its close ally, the Chiton, which is
about the most simply organized of all the Gasteropods.
1t has neither tentacles nor eyes, and,
as a consequence, no distinct supra-
esophageal ganglia are found (fig. 25).
There is, in fact, nothing to which the
term ‘brain’ can be appropriately ap-
plied.

If we turn, however, to the very
active Snail, we find the nervous sys-
tem existing in a much more deve-
loped and concentrated form. There
is a large ganglionic mass (fig. 26, 1)
situated over the cesophagus, each
half of which receives a considerable
bundle of nerve-fibres (f) from the Fio. 2. — Nervous &ys.
eye (b) of the same side, Which is 51U~ (gurer w  Premaes
ated at the tip of the larger tentacle. ganglion (loft): 5, podul
It also receives another bundle of m";:nﬁﬁ? o
nerves (k) from the small tentacle on Pvrtion of escphag-al ring

ovoid of any distinct
each side, which has in all probability cercbral ganglia.
a tactile function. The ‘ auditory sac- ‘
cules’ are here in their exceptional position—that is in
immediate relation with the posterior aspect of the ganglia
constituting the brain, though in most other Gasteropods
they are, as in bivalve Mollusks, found in connection with
the pedal ganglia. There is one group, however—the
Heteropoda—in which the ¢ auditory saccules’ seem to be
always in direct relation with the cerebral ganglia, as in
Carinaria and Pterotrachea.*

® See Fig. 187, p. 354, Gegerbauer's “ Comp. Anat.” (Engl.
Transl.)
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the cesophagus. The branchial ganglia are, moreover,
fused with them, instead of with the cerebral as they are
in Eolis.

The nervous system in the Cephalopods presents
many peculiarities, which can, however, be only very
briefly referred to here. Owing to
an extreme amount of shortening
of their commissures, the principal
ganglia are closely aggregated in the
head. The nervous system is, in-
deed, more concentrated and com-
plex than in other Mollusks, and the
animals themselves are notable for
the high degree of development of
some of their sensory organs as
well as for their great powers of

locomotion. //
The body of the Pearly Nautilus,

contained within the last chamber of
its coiled and loculated shell, is en-

veloped by a muscular mantle open 7A
anteriorly, round the head and its

‘&
numerous sensory appeﬂdages- Ac- . 27.—Nervous System of
cording to OWGD,* “« the number of the Common 8lug (Solly after

. . Baly.) a A, Cercbral ganglia ;
tentacles with which the Pearly s 5, branchial ganglia and c,

pedal ganglia fused into one

Nautilus is provided amounts to no O ryngeal ganglia

Jess than ninety, of which thirty-

eight may be termed digital, four ophthalmic, and forty-
eight labial.” The eyes, not so well developed as in
the Cuttle-fish, are also in relation with smaller optic
ganglia (fig. 28, 0 0). Near them are two hollow bodies,
regarded by Valenciennes as olfactory organs, the nerves
from which join the same ganglia. The situation and

*  Lectures on Comp. Anat. aud Physiol of Invert.,” p. 581.
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relations of auditory organs in this animal have not been

definitely settled.

B
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Fio. 28.—Nervous System of
Pearly Nautilus. (Gegenbauer
after Owon.) a a, Cerebral gun.
glia, constituting the brain ; oo,
optic ganglia in communication
with cerebral ganglia, which are
also connected with alower gang-
lionic mass (% ), receiving nerves
(t t’) from the tentacles and other
parts about the mouth, partly
sensory and partly motor. The
cerebral ganglia arc in addition
united to a posterfor sub-oeso-
phageal mass (c ¢), supposed to
reprosent a pair of pedal and a
pair of branchial ganglia. m m,
Motor nerves; d d, branchial
nerves and ganglia.

In regard to organs of taste and
touch, Owen writes as follows,—
¢ The complex and well developed
tongue of the Pearly Nautilus ex-
hibits in the papill® of its anterior
lobes and in the soft ridges of its
root the requisite structure for the
exercise of some degree of taste :
. + . the sense of touch must be
specially exercised by the numer-
ous cephalic tentacles, which, from
their softness of texture, and
especially their laminated inner
surface, are to be regarded as
organs of exploration not less than
as organs of prehension.” The
nerves of these tentacles, must be
both sensory and motor ; they are
in connection with a large double
ganglionic mass (b b) situated
beneath the wsophagus but in
front of the other sub-esophageal
ganglion (c c), which is thought
by Owen to represent ‘‘the homo-
logues of both the branchial and
pedal ganglions in the inferior
Mollusca.” The latter pairs of
ganglia are clearly combined in
function, since the locomotions of
the Nautilus, like the much more
rapid locomotions of other Cepha-

lopods, seem to be principally effected *“in a succession
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of jerks, occasioned by the reaction of the respiratory
currents apon the surrounding water ”—these currents

Fia. 29.—Nervous System of the Common Cuttle-Fish (Sepia officinalis). (Owen.)
1, Double supra-esophageal ganglion developed from upper commissure; p p, cut
surheu of the cartilaginous cranfum ; 2 2, optic ganglia; 4 4, posterior sub-ceso-

ganglia (anterior sub- phageal ganglia in counection with nerves of feet
md tentacles, 6 6, not seen in this view) ; 7 and 8, ganglia in connection with the
pharynx and mouth, connected by nerves (5 5) with the cerebral lobes ; 13 18, great
motor nerves, of the mantle and other parts, with (d) their ganglia ; 14, ¢ ¢, respiratory
nerves ; k k, small tubercles in connection with optic ganglia.

being produced by the expulsive contractions of a powerful
mauscular funnel continuous with a portion of the mantle.
In the Cuttle-fish one of the most striking character-
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istics of the principal nerve-centres is the fact of the exist-
ence of a very large optic ganglion (fig. 29, 2) on each
side, in connection with an extremely well-developed eye.
Each optic lobe, according to Lockhart Clarke, is ¢ as
large as the rest of the cephalic ganglia on both sides
taken together.” From each of these lobes an optic
peduncle passes inward to join a supra-cesophageal gan-
glionic mass, which bears on its surface a large bilobed
ganglion (1), thought by Clarke to be homologous with
the cerebral lobes of fishes. It is connected, by means
of two short cords, with a much smaller bilobed ganglion,
known as the pharyngeal (7). This latter ganglion re-
ceives nerves from what are presumed to be the organs of
taste and smell, and gives off nerves to the tongue and
powerful parrot-like jaws with which the creature is pro-
vided.

The supra-eesophageal mass is connected by cords, at
the sides of the cesopbagus, with a very large ganglion
lying beneath it (4), which is partially divided into an
anterior and a posterior division. The anterior division—
regarded by Huxley as in part homologous with the pedal
gunglia of lower Mollusks—is in relation by means of
large nerves (8) with the feet and tentacles. A com-
missure also unites it with the pharyngeal ganglion, so
that the tentacles and arms are thus able to be brought
into correlated action with the jaws. The posterior
portion of the sub-cesophageal mass receives nerves from,
and also gives off nerves (14) to, the branchie and other
viscera, as well as to the muscular mantle (13,13).

The ¢auditory saccules’ and their nerves are connected
with this great branchio-pallial ganglion. These organs
are lodged in the substance of the cartilaginous framework
(p p) investing the nerve-ganglia—a structure which scems
to answer to a rudimentary skull or eranium.
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The locomotions of Cuttle-fishes are largely brought
about by contractions of the pallial chamber, though these
same contractions of the pallium are also subservient, as
in the Nautilus, to the respiratory function.

The large share, therefore, which the branchio-pallial
ganglia take in bringing about and regulating the move-
ments of these animals, would seem in part to explain the
connection of the ¢ auditory saccules’ with them, sinee in
the great majority of other Mollusks in which these
organs are known to occur, they are found to be in primary
reiation with the principal motor centres.  Whatever may
be the full explanation of these remarkable relations, the
fact remains that, even in the Cuttle-fish tribe, the super-
ficial connections of the so-called ¢auditory saccules,’ aro
still away from the brain.

5



CHAPTER V.,
THE NERVOUS SYSTEM OF VERMES.

Notuixe distinctly answering to a Brain is to be found in
some other of the lowest animals in which a nervous
system exists. It is thus, for instance, with Star-fishea
and the larger Nematoid Entozoa. What most nearly
resembles such an organ in Star-fishes, consists of a mere
band of nerve fibres, surrounding the comwmencement of
the esophagus, and containing a few nerve-cells partly
between its fibres and partly in groups slightly removed
therefrom. The absence of any distinct ganglia in the
neighbourhood of the mouth is doubtless due, in the main,
to the form of these animals, and their low type of organi-
zation. Each arm or ray contains its own nervous
system, so that the ring or band round the mouth seems
to be little more than a commissure connecting such
otherwise distinet parts of the common system. These
Echinoderms are, however, here only incidentally re-
ferred to.

In the larger parasitic Nematoids the nervous system is
more concentrated. The cesophageal ring and imme-
diately adjacent parts constitute almost all that is as yet
known of their nervous system, but it contains, or is in
relation with, a larger number of ganglion-cells than
the similar part in Star-fishes. Thus, in addition to the
cells intermixed with the fibres of the ring itself, there are
five or six groups adjacent to and in connection with it,
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which receive fibres from certain large papillee surrounding
the mouth. These papille would seem to be the principal
sensory organs of the Nematoid. By means of the connect-
ing nerve-fibres and ganglion-cells they are brought into
relation with the nervous ring, and from this latter out-
going fibres are, doubtless, given off to the four great
longitudinal muscular bands by which the movements of
the organism are effected. The distribution of such motor
nerve-fibres, however, has not been distinctly traced.

The absence of ganglionic swellings on, or in connec-
tion with, the ccsophageal ring of Nematoids is probably
dependent upon the comparative simplicity and limited
number of the impressions capable of being received
through their cephalic papille. '

Among other representatives of the sub - kingdom
VERr¥MES, the nervous system varies a good deal in minor
details, in accordance with the degree of organization, and
with the diversity of the sensory and locomotor endow-
ments of the several organisms. The broad features of
the nervous system, however, are comparatively similar
in all—especially in the most typical representatives of
this sub-kingdom, which contains so many aberrant types.
Only a very few forms will be here referred to.

The Nemerteans, a class of marine worms, possess
a very simple nervous system. They have soft, un-
segmented, and highly contractile bodics, covered with
cilia, but are otherwise wholly devoid of all external
appendages. On the anterior extremity of the body, a little
posterior to the mouth, two, four, or more specks of pig-
ment are met with (fig. 80, e, ¢), which are conjectured to
serve the purpose of rudimentary ocelli; and whilst the
animal is moving from place to place this anterior part of
its body doubtless acts also as its principal tactile surface.
Nerve-fibres proceed from these regions, and converge so
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along related channels in the great efferent bundles, the
fibres of which procced to the contractile proboscis and
also to the muscles on one or both sides of the body.
Other departments of the nervous system may exist in
these animals, though as yet none have been detected.

In the common Medicinal Leech the nervous system is
somewhat differently developed. The lateral ganglia of
the Nemertidie are replaced by two small
upper ganglia (fig. 81, a), connected by
lateral commissures with a single lower
ganglion (c) ; and, as a consequence of this
coalescence of the two sub-cesophageal gan-
glia, we have, instead of the two lateral
cords of the Nemertide, a double ventral
nervous cord traversing the whole length
of the body. The two cords approximate so
closely as to be almost fused into one, and
they bear a series of ganglia—one for every
three or four of the segments into which the
body of the animal is obscurely divided.

The bilobed ganglion above the wsopha-
gns, which is mainly sensory, receives fibres
from the tactile lips, togcther with ten dis-
tinet filaments from as many pigment-spots
or ocelli (b b), situated round the margin of
the upper lip. From this bilobed ganglion,
corresponding with the brain proper of
bigher animals, a cord descends on each
side of the cesophagus, and the two join the
heart-shaped sub-awsophageal ganglion (¢),
from which efferent nerves are given off to

Fia. 31.—Nervous System of the Medicinal Leech. (Owen.) a, Doublo supra-
esophageal ganglion connected by nerves with b, b, rudimentary ocelli ; ¢, the double
infra-csophagenl ganglionic mass, which is continuous with tke double vantral
cord, bonring distinct compound gunglia at intervals.
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the muscles whose business it is to move its three saw-
like jaws, as well as to the muscles of the oral sucker.
This lower ganglion is in part analogous to the *me-
dulla oblongata’ of vertebrate animals. It is continuous
with the double ventral cord, on which twenty equidistant
rhomboidal ganglia are developed. Each of these ganglia
gives off two nerves on either side, whose branches are
distributed to the parictes and the muscles of adjacent
segments.

In this animal a simple filament is also given off from
the posterior part of the supra-esophageal ganglion, which
is distributed along the dorsal aspect of the alimentary
canal. It foreshadows an important system of fibres in
higher arimals, corresponding partly with the pneumo-
gastric nerves, and partly with-the ¢ sympathetic system.”
As it exisis amongst the Invertebrates it is known as the
¢ stomato-gastric system’ of nerves. In other members
of the invertebrate series it frequently takes origin from
the commissures connecting the upper and lower @so-
phageal ganglia, rather than from the upper ganglia them-
sclves. In some of the worms, in which such an ar-
rangement exists, the stomato-gastric system is also more
complicated.

In the Earthworm the body is composed of a multitude
of ring-like segments, provided with lateral sete which
the animal calls into play during its subterranean loco-
motions. It possesses no distinet ocelli, and, having
regard to its mode of life, this is not surprising.

The supra-cesophageal ganglia, which together represent
the brain of the Earthworm, receive a nerve trunk on each
side, composed of fibres coming from the tactile upper lip;
and, as no sensory filaments of a different order are known
to be immediately connected therewith, the functions of
the brain in this animal must be comparatively simple.
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The lip is regarded as an organ of touch, but it is
equally probable that it is capable of receiving more
special impressions representing rudimentary tastes. The
separation between these modes of sensibility in such low
organisms is probably somewhat indefinite.

The double ventral cord has a fibrous structure along
its upper surface, whilst below there is
an irregular stratum of ganglion cells.
These cells are more abundant about
the centre of each body-segment, so
that their aggregation gives rise to a
series of rudimentary ganglia in these
situations. From every one of the
ganglionic swellings two nerves are
given off on each side; whilst a third
pair issues from the cord itsclf, just
anterior to the swelling, and is dis-

tributed along the anterior boundarics

of the segment. In Serpula, one of the F—
small tube-dwelling marine worms, the -
ventral ganglia are also very minute, —4 1
and those of the two sides, together -

with the ventral cords, lie some distance :F‘E

apart, and are connected by a series of
. v . . Fia. 82.—Nervous S8ys-
commissures (fig. 32, ). In this dis- tem of Srpuia contortu
[ . ,n Plicata. (Gegenbauer, after
position of tl}e gr'eut nervous cords we ) o o a Supramn-
have something intermediate between phakeal ganglia; b, sub-
. P . | esophageal ganglia; b’ one
their lateral position in the Nemerteans, o ganglionated cords: =,
and their contiguous mid-ventral posi- moterbuccalnerves: ¢, tac-
. . tile nerves.
tion in the Lecch and the Earthworm.
As in the latter, so in Serpula, the afferent nerves entering
the brain (¢) seem to be in the main tactile.
The esophageal ganglia in the Earthworm are, propor-

tionately to the rest of the nervous system, much smaller
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than in the Nemerteans ; and this is perhaps due in great
part to the existence in it of the numerous segmental
ganglia,—structures which are absent in the above-men-
tioned marine worms. The movements of the Nemer-
teans, like those of the Nematoids, are probably much
more exclusively under the control of the cesophageal
ganglia than are those of the segmented Earthworm—in
which each of the body ganglia, doubtless, has much to do
with bringing about the contraction of its contiguous
muscles in the same segment.

The Earthworm has a more complex visceral structure
than is to be met with among the Nemerteans; and it
presents distinct evidences of a nervous interconnection
between its internal organs and some of the principal
nerve-centres. Lockhart Clarke has described acomplicated
ganglionic network on each side of the wsophagus, start-
ing from the lateral commissures and sending prolonga-
tions to the intestine and other parts. By means of this
principal visceral system of nerves, the internal organs are
brought into relation with one another, and with the
nervous system of animal life—that is, with those parts
of it having to do more especially with the relation of tho
organism to its medinm.




CHAPTER VI.
THE NERVOUS SYSTEM OF ARTHROPODS.

THE next sub-kingdom, ARTHROPODA, comprizes the
Myriapods, Crustacea, Spiders, and Insects. They are all
characterized by the possession of hollow and jointed
organs of locomotion provided with distinet muscles,
instead of the mere lateral sete or bristles often met with
amongst Vermes. The lowest types of these various
classes possess a mnervous system closely analogous to
that of the various kinds of Worms; but in the higher
kinds of Crabs, Spiders, and Insects, we meet with a
great increase in the complexity of animal organization,
and this further complexity, as might have been expected,
extends to the nervous system.

Among Insects, for example, the respiratory organs
assume a marvellous degree of elaboration, and the develop-
ment of this system, together with a correlated organiza-
tion of their nervous and muscular systems, contributes
greatly to confer upon these denizens of the air those enor-
mous powers of locomotion for which they are remarkable.
But the acuteness, discriminative power, and structural
elaboration of sense-organs, is almost sure to be greatly
increased in creatures endowed with such activity ; and,
looking to the constitution of the Brain as well as to
the nature of the ¢ intelligence ’ of these lower animals, it
may easily be conceived that increased sensorial activity is
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and in front of the optic nerves; whilst nearer the middle
line two other nerves on each side () are in relation
with the palpless mandibles. The thick csophageal
cords (g) are continued from the posterior and inferior
angles of the brain; and, as they descend to enter the me-
dullary or sub-sophageal ganglion at the commencement
of the abdominal cord (i, i), they are united by a cross
branch, as in many Crustacea (fig. 36). From this sub-
esophageal ganglion large nerves are given off on each
side () to supply the maxille and other parts about the
mouth.

““ The stomato-gastric nerves, which arise from the
posterior part of the brain immediately, form a third
slender ring (¢) about the cesophagus, from the middle of
the upper part of which the trunk of the stomato-gastric
system (f) is continued a short way back upon the stomach,”
when it divides into two branches which ¢ bend abruptly
backwards, and run parallel with each other along the
dorso-lateral parts of the wide and straight alimentary
canal.” (Owen.)

In the more powerful predatory Mpyriapods, of which
the common Centipede may be taken as a type, a distinet
advance is met with. This carnivorous creature has a
smaller number of better-developed limbs, and its nervous
system closely resembles that found amongst the larve or
Caterpillars of higher Insect$ (fig. 89). The supra-cesopha-
geal ganglia, or brain, receive nerves from the two pairs of
antenng, and from the groups of ocelli on each side of the
head. They are connected by wsophageal cords with a
bilobed infra-cesophageal ganglion, which distributes nerves
to the jaws and other parts about the mouth. This bilobed
infra-esophageal ganglion is the first and largest of a
series of ventral ganglia, numbering about twenty, which
are connected together by a double ventral cord. Every
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ganglion sends off lateral nerves to a pair of limbs.

Tk NERVOUS SYSTEM OF ARTHROPODS.

The

stomato-gastric nerves are connected with the posterior

Pic. 35.

Fii. 31,

FiG. 34.— Ncervous System
of Common Sandhopper
(Talitrus locusata). (Grant.)
8howing separate cercbral
ganglia, each about the same
sizoas other gangha sitnated
ontho separate ventral cords,

Fi6. 35.—Nervous System
of Cymothoa. (Grant.) Cere-
bral ganglin almost wholly
ahsent  from  cesophageal
ring. (Esophageal cords din-
tinet, and uniting below into
a singlo ventral cord, with
compound ganglin at inter-
vals,

several ganglia diminishes.

part of the brain or with the esopha-
geal cords, and they distribute them-
selves over the alimentary canal in
the usual manuer.

Among Crustacea great differ-
ences are met with in the degree of
concentration of the nervous system,
the variations being, in the main, de-
pendent upon differences of external
form and in the arrangement of
locomotor appendages, in the different
representatives of the class. In some
of the lower terms of the series, such
as the Sandhopper and its allies, in
which the body is elongated and com-
posed of many almost similar seg-
ments, the nervous system is not very
different from that of many Worms.
In the Sandhopper, indeed, the ven-
tral cords and ganglia (fig. 84) of the
two sides of the body are separate
from one another as they are in Ser-
pula (fig. 32), although the ganglia
are here fewer in number and much
more distinct.

In slightly higher forms of Crus-
tacea, however, the two divisions of
the originally double ventral cord
always become fused together, whilst,
at the same time, the equality of the
Thus, in such forms as the
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Lobster and the Crayfish, the ganglia of the thorax, which
supply nerves to the limbs, are distinctly larger than those
of the abdominal segments, though these are also of
good size, since the tail-segments are actively called into

play during locomotion,

In the Prawn a further development and concentration

of the nervous system is seen.
fused into a single eclliptical mass, whilst
those of the abdominal segments still re-
main separate.

But in the ordinary edible Crab (fig. 86)
and its allies, an even more remarkable
concentration of the nervous system is met
with. All the thoracic and all the abdo-
minal ganglia are here fused into one large
perforated mass of nervous matter (e, c),
situated near the middle of the ventral
region of the body.* From this large
and compound ganglionic mass nerves are
received from, and given off to, the limbs,
to the abortive tail, and to other adjacent
parts. The brain (a) of the Crab is repre-
sented by a rather small bilobed ganglion.
It receives nerves from the pedunculatel
compound eyes, from the two pairs of
antennee, and from the palpi-bearing man-
dibles. The posterior antenna (or anten-
nules, as they are sometimes termed) con-
tain in their basal joint a body which is
supposed to represent an olfactory organ,
though others have regarded it (on very
insufficient grounds) as an organ of hear-

The thoracic ganglia are

a
AA\%;

i
=

Dl
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Fic. 36.--Nervous
System of a Crab
{Palinurasvalaivig).
«, Fused cerebral
ganglin  receiving
optic, tactile, and
olfactory (¥ nerves ;
b, b, long cesopbageal
cords; ¢, ¢, great
ventral  ganglionic
miss, (Milne-Ed-
wards.)

ing. This small bilobed brain is, indced, thought by
* A large artery pusses through the aperture in this gunglion.
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many naturalists really to embody three pairs of ganglia,
in relation with three pairs of sensory organs, viz., eyes,
tactile antennz, and the supposed clfactory antennules.

The brain is connected, by means of a long cord on
each side (b, b) of the esophagus, with the anterior ex-
tremity of the great ventral ganglion. Nerves in relation
with the organs of mastication join the cords about mid-
way between the brain and the great abdominal ganglion,
and small ganglia are to be found in this situation. Just
behind these small ganglia a transverse commissure con-
nects the cords with one another. The unusual length of
the @sophageal cords is one of the most notable character-
istics of the nervous system of the higher Crustacea, and
this seems due in part to the fact that the sub-cesophageal
ganglia remain separate instead of uniting with one
another, as they do in fig. 18.

The ‘stomato-gastric’ system of Crustacea is very
similar to that which exists in Centipedes. One part of it
is given off from the cesophageal cord on each side, while
another median branch proceeds from the posterior part of
the united cephalic ganglia, asin Iulus (fig. 33, f). Where
the main nerve lies on the upper surface of the stomach,
in the higher Crustacea, it is connccted with one or
two ganglia from which branches pass to the walls of this
organ. They send filaments also to the right and left,
into the liver. This principal visceral nerve is brought
into communication with the above-mentioned nerves,
going to the organs of mastication, by means of two
filaments which join the ganglionic swellings on the
wsophageal cord at the part whence they issue.

Among Arachnida forms of the nervous system exist
which agree in many respects with those belonging to
members of the class last described—especially where
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there are general similarities in the external configuration
of the body. Thus in Scorpions the arrangement of
the nervous system is not very dissimilar from that met
with in the Prawn and its allies. The thoracic ganglia
have coalesced with one another and with the anterior
abdominal ganglia; thereby forming a large stellate ner-
vous mass which supplies the limbs and the anterior part of
the abdomen. The ventral cord throughout the remainder
of the abdomen, and its caudal prolongation, is marked at
intervals by a series of small ganglionic swellings.

In Spiders proper, the nervous system attuins its maxi-
mum amount of concentration. The bilobed brain (fig. 37, c)
receives nerves on each side (0), corresponding in number
with the ocelli which the animal may happen to possess.

Fio. 837.—Head and Nervous System of a Spider (Mygale). (Owen after Duges.)
¢, Cerebral ganglia (side view), receiving (o) optic nerves, and (1) nerves (sensory and
motor) from the powerful mandibles, m’. The cerebral ganglia are connected by
very short eesophageal cords with a large stellate ventral ganglion (s, from which
five largo nerves issue on each side (p, {, !); a, mouth; b, cesophagus; d, stomach.

It also receives two large nerves (m), which probably con-
tain outgoing as well as ingoing fibres, from the so-called
mandibles (m).

Owing to the suctorial habits of these fierce and
predatory creatures, the sophagus is very narrow; and
as a consequence, the esophageal cords are very short, so
that the brain is—unlike the arrangement which obtains
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boundary of the ‘medulla,” so that the latter part may
be regarded as the more highly developed portion of the
spinal cord by which fusion with the brain is effeeted.

The visceral nerves are well developed in the higher
Arachnida. They consist of one or two filaments, on
which a ganglion may exist, in connection with the posterior
part of the brain, and thence proceeding to the stomach
and other internal organs. There are, moreover, two or
three branches given off from the great ventral ganglion
which, after passing through smaller ganglia, distribute
numerous filaments to the intestines, the respiratory
and genital organs, as well as other viscera. The former
set may be in the main afferent, and the latter perhaps
principally efferent visceral nerves.

Organs of vision are much more elaborate in Crustacea,
Spiders and Insects, than among Worms or Centipedes.
And, whilst organs of touch and taste are further perfected,
two sensory endowments, found among higher Mol-
lusks, seem also to manifest themselves. These higher Ar-
thropods are capable of being impressed by, and of diseri-
minating, the different odours of some substances anterior
to their contact with the mouth. This power must mate-
rially aid them in their ¢ search’ for or recognition of food.
Some Arthropods seem to be also capable of appreciating
those vibrations of the medium they inhabit which induce
impressions recognizable by us as sounds or noises. Still,
in some of the most highly organized forms of Insects
a sense of hearing appears to have no existence. Much
uncertainty, in fact, exists in regard to this sense-endow-
ment.* Extreme sensibility of the tactile order may
cause the organism to display an apparent sensitiveness
to sounds. A delicate general ability to appreciate aerial
vibrations, therefore, must not be confounded with the

' % Sec pp. 65 and 205.
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more special auditory perception. On the other hand,
it is quite possible that sounds not appreciable by our

Fia. 39. Fic. 40. FigG. 41,

7 /

/

y

Fio. 39. —Nervous System of full-grown Caterpillar of Privet Hawk-Moth (Sphinx

iguatri), about two days previous to its change to the chrysalis state.

F16. 40.--Nervous System of the Privet Hawk-Moth thirty days after changing to
the chryualis state.  The abdominal cords are now seen to be much shortened, and
- bearing five instead of seven ganglia.

F1o. 41.—Nervons System of the perfect Tnsect. A, Greatle enlarzed cercbral,
and B, optic ganglia. The numerals refer to the numbers of the gauglia. 0,0, 0, 6,
respiratory nerves, ‘nervi transversi.’  (Solly after Newport.)

organization may be perceptible by the sensory organs
and centres of some of the lower organisms.
Additional sensory endowments like Smell and Hearing
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would, of course, be of importance to any organisms, but
more especially to those possessing active powers of loco-
motion. They would serve, on the one hand, to assist in
bringing their possessors into relation with food, or with
sexual mates, and, on the other, to warn them of the
approach of enemies.

The nervous system of Insects varies not only among
different classes and orders, but even in the same indivi-
dual in different stages of its development. The cater-
pillar of a Moth (fig. 39) or Butterfly presents a nervous
system not very different from that met with in the
Centipede; while in the imago
or perfected Insect, the same
system has undergone some re-
markable changes—there is, for
instance, an increased size of
the cerebral ganglia, and also a
notable development of some of
the ganglia pertaining to the
ventral cord, while concentra-
tion or even suppression of

others is met with.
Fi6. 42.—Brain and Adjacent Parts

In such insects as Butter-
flies, Bees, Dragon-flies, and
others where the visual organs
are enormously developed, and
in which the power of vigorous
and sustained flight is corres-
pondingly increased, the nervous
system as a whole attains its

maximum of development among the Arthropoda.

brain of these creatures differs

of Nervous Bystem of a rather
sluggish, apterous Beetle, Timarcha
tenebricosa. (Newport.) A, Brain re-
ceiving the antennal nerves, and also
B, the optic nerves ; c, origin of the
sympathetic from and near the com-

t of the cegophageal cords ;
D, the sub-azsophageal ganglia ; b, the
vagus, or visceral nerve before reach-
ing its ganglion; ¢, lateral visccral
nerves,

The
from that existing in all

other members of the class by reason of the great develop-



104 NERVOUS SYSTEM OF ARTHROPODS.

ment of those portions of it in relation with the visual
organs, as may be seen by fig. 45, representing the nervous
system of the Common Fly, and by fig. 42, representing
the brain of a Beetle. A ganglionic swelling is fre-
quently found where the optic nerve joins the brain, and
in some Insects there are also small ganglionic swellings
at the corresponding parts of the antennal nerves.

It is in Ants, Bees, and Flies, however, that the brain
of Insects seems to attain its greatest development. Speak-
ing of the brain of the Blow-fly, B. T. Lowne says®*:—
“Next to bees and ants that of the blow-fly is the largest
known in any insect proportionally to its size, being about
thirty times larger than the cephalic ganglia of the larger
beetles.” The same writer adds :—‘ But a more positive
indication of a higher type of organization than even the
relative bulk of the sensory ganglia is found in the fact
that two very remarkable convoluted nerve centres, con-
nected by a commissure, each about 1-80th of an inch in
diameter, surmount the cephalic ganglion, and are con-
nected to it by a pair of distinet peduncles;t these are
extremely like the pedunculated convoluted nerve centres
which occupy the same position in bees and ants, first
described by M. Felix Dujardin (““ Ann.des Sc. Nat.” (Ser.
iil.), t. xiv. p. 193), and considered by him as analogous to
the cerebral lobes of the higher animals. That naturalist
failed to distinguish these organs in the fly, probably
owing to their being imbedded in the substance of the
cephalic ganglion.” In the Bee, according to Dujardin,
these peculiar bodics are attached to the sensory ganglia
by a single peduncle, and their united bulk is said by
him to equal }th of the whole brain. Faurther details
concerning these interesting structures are much needed.

The double cerebral ganglion is connected in nearly

# « Anat. of the Blow-fly,” p. 14.  $ Loc «cit, PL vii. fig. 4.
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all Insects with a separate sub-esophageal ganglion, from
which nerves are given off to the mandibles, the maxille,
and the labium. But, as in Spiders, the @sophageal ring is
often very narrow, owing to the greatly diminished size of
the cesophagus in the imago forms of higher Insects. In
Spiders and Myriapods, as before stated, the sub-eeso-

Fic. 43, Fia. 44, Fia 45

Al

Fi1. 43.—Nervous System of a White Ant {Termes). (Gegenbauer after Lespts.)

Fia. 48.—Ncrvous System of a Water Beetle (Dutiscus). (Gegenbauer.)

Fia. 45.—Nervous System of a Fly (Muscu). (Gegenbuuer after Blanchard.) o,
Eyes ; g, supra-esophageal ganglia (brain) ; gi, sub-wsophageal ganglion ; gr, g2, ¢3
fused ganglia of the thorax.

J AR N

phageal ganglion has no separate existence apart from
the thoracic ganglia.

In many Insects the three thoracic ganglia preserve
a separate existence (fig. 43), though in others of the
higher types above referred to these ganglia are more
frequently fused into a single lobed mass (fig. 45). The
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eight abdominal ganglia, which sre always much smaller
than the thoracic, also continue to have a separate exist-
ence among some of the less developed types of Insects
(fig. 43) though it is more frequent for some, or even all,
of them to disappear (figs. 44, 45).

The ‘stomato-gastric’ system of nerves attains a con-
siderable degree of complexity in these animals. In front
there is a median ganglion (fig. 42) lying below and often
anterior to the brain. This oral ganglion is a swelling
situated on the great median (afferent) visceral nerve, at
the spot where it bifurcates in order to proceed to each
half of the brain. It receives branches from the mouth
and adjacent parts. The main nerve, or else the ganglion,
is also connected with other branches (c), proceeding from
one or two pairs of lateral ganglia situated close to the
esophageal cords, and often in structural relation with
them.  This visceral system of nerves receives branches
from the stomach, the intestines, and other internal
organs.

In Insects, moreover, we meet with another scmi-
independent set of visceral nerves, connected with a chain
of minute ganglia lying upon the great ventral ganglionated
cord, and united thereto by means of minute nerve fila-
ments. The nerves (fig. 41, o, 0, 0) in connection with this
chain of minute ganglia are reccived from and distributed
to the all-pervading respiratory organs (air tubes) of the
Insect. They are known to anatomists, on account of the
disposition of their main branches, as ‘nervi transversi,’
and are much more highly developed in these animals
than are anything corresponding to them amongst other
Arthropods.



CHAPTER VII.

DATA CONCERNING THE BRAIN DERIVED FROM THE STUDY
OF THE NERVOUS SYSTEM OF INVERTEBRATES.

Tris survey of some of the principal varieties of the
Nervous System among the Invertebrata, brief though it
has been, should have sufficed to call attention to many
important facts and to show the warrant for certain related
inferences, many of which are embodied in the following
propositions :

1. Sedentary animals, though they may possess a
Nervous System, are often headless, and they then have
no distinet morphological section of this system answering
to what is known as a Brain.

2. Where a Brain exists, it is invariably a double
organ. Its two halves may be separated from one
another ; though at other times they are fused into what
appears to be a single mass.

8. The component or elementary parts of the Brain
in these lower animals are Ganglia in connection with
nerves procecding from special impressible parts or Sense
Organs; and it is through the intervention of these united
Sensory Ganglia that the animal’s actions are brought into
harmony with its environment or medium.

4. That the Sensory Ganglia, which in the aggregate
constitute the Brain of invertebrate animuls, are connected
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with one another on the same side and also with their
fellows on opposite sides of the body. They are related
to one another either by what appears to be continuous
growth or by means of ¢commissures.’

5. The size of the Brain as a whole, or of its several
parts, is therefore always fairly proportionate to the develop-
ment of the animal’s special Sense Organs. The more
any one of these impressible surfaces or organs becomes
elaborated and attuned to taks part in discriminating
between varied external impressions, the greater will be
the proportionate size of the ganglionic mass concerned.

6. Of the several sense-organs and Sensory Ganglia
whose activity lies at the root of the Instinctive and
Intelligent life (such as it is) of Invertebrate Animals,
some are much more important than others. Two of
them especially are notable for their greater proportional
development : viz., those concerned with Touch and
Vision. The organs of the former sense are, however,
soon outstripped in importance by the latter.  The visual
sense, and its related nerve-gnngﬁa, attain an altogether
exceptional development in the higher Insccts and in the
highest Mollusks.

7. The sense of Taste and that of Smell scem, as a
rule, to be developed to a much lower extent. In the
great majority of Invertebrate Animals it is even difficult to
point to distinet organs or impressible surfaces as certainly
devoted to the reception of either of such impressions.
Nevertheless, as we shall subscquently find, there is reason
to believe that in some Insccts the sense of Smell is mar-
vellously keen, and so much called into play as to make it
for such creatures quite the dominant sense endowment.
It is pretty acute also in some Crustacea.

8. The sense of Hearing scems to be developed to a very
slight extent. Organs supposed to represent it have been
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discovered, priilcipally in Mollusks and in a few Insects.
It is, however, of no small interest to find that where these
organs exist, the nerves issuing from them are most fre-
quently not in direct relation with the Brain, but imme-
diately connected with one of the principal motor nerve-
centres of the body. It is conjectured that these so-called
¢ auditory saccules’ may, in reality, have more to do with
what Cyon terms the sense of Space than with that of
Hearing (p. 218). The nature of the organs met with
supports this view, and thejr close relations with the motor
ganglia also become a trifle more explicable in accord-
ance with such a notion.

9. Thus the associated ganglia representing the double
Brain are, in animals possessing a head, the centres in
which all impressions from sense-organs, save those last
referred to, are directly received, and whence they are
reflected on to different groups of muscles—the reflection
occurring not at once but after the stimulus has passed
through certain ¢ motor’ ganglia. It may be easily under-
stood, therefore, that in all Invertebrate Animals perfection
of sense-organs, size of brain, and power of executing
manifold muscular movements, are variables intimately
related to one another.

10. But a fairly parallel correlation also becomes estab-
lished between these various developments and that of the
Internal Organs. An increasing visceral complexity is
gradually attained ; and this carries with it the necessity
for a further development of nervous communications,
The several internal organs with their varying states are
gradually brought into more perfect relation with the
principal nerve centres as well as with one another.

11. These relations are brought about by important
visceral nerves in Vermes and Arthropods—those of the
¢ Stomato-Gastric System '—conveying their impressions

6
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either direct to the posterior part of the Brain or to its
peduncles. They thus contribute internal impressions
which impinge upon the Brain side by side with those
coming through external sense organs.

12. This Visceral System of Nerves in invertebrate ani-
mals has, when compared with the rest of the Nervous
System, a greater proportional development than among
vertebrate animals. Its importance among the former is
not dwarfed, in fact, by that enormous development of the
Brain and Spinal Cord which gradually declares itself in
the latter.

13. Thus impressions emanating from the Viscera and
stimulating the organism to movements of various kinds,
whether in pursuit of food or of a mate, would seem to
have a proportionally greater importance as constituting
part of the ordinary mental life of Invertebrate Animals.
The combination of such impressions with the sense-
guided movements by which they are followed, in complex
groups, will be found to afford a basis for the development
of many of the Instinctive Acts which animals so fie-
quently display.



CHAPTER VIIIL.
THOE BRAIN OF FISHES AND OF AMPHIBIA.

In all Vertebrates the relation of the principal nervous
ganglia to the commencement of the alimentary canal is
different from that existing among the Invertebrates.
We no longer find, as in the Mollusk, the Worm, or the
Insect & ring of nerve matter encircling the esophagus.
The parts which in FrsHES answer to the supra- and sub-
@sophageal ganglia lie altogether above the cesophagus,
and they are, moreover, directly continuous with one
another, instead of being connected by long or short com-
missures. .

In Fishes, as well as in other Vertebrates, all the parts
constituting the Brain, as well as the Medulla Oblongata,
are enclosed within a distinct ¢ skull’ or ¢ eranium,’ while
within this they are again surrounded by two membranes
—one of which, and the thicker of the two, lines the
inner surface of the cranium; while the other, which is
delicate and transparent, immediately envelops the great
nerve centres. The Spinal Cord, which is directly con-
tinuous with the Medulla, is also lodged in a bony case
known as the ‘spinal canal’; and this is formed by the
contignous posterior arches of the several vertebrs com-
posing the spine or vertebral column.

Among the Invertebrata, it is the nervous system



112 THE BRAIN OF FISHES

of Insects and other Arthropods which approaches most
closely to that of Fishes, inasmuch as they possess a
single or double ganglionated nervous cord running through
the body, which is fairly comparable with the spinal cord.
In Insects and their allies, however, this cord is situated
in the veniral region; while the spinal cord of Verte-
brates lies above the alimentary canal in the dorsal region
of the body. No such structure exists or is needed
among Mollusks, because these organisms have no
articulated locomotor appendages, and are otherwise
notably different in form and organization; yet it is true
that among the highest representatives of this latter
class (viz., the Cephalopods), we get the first approach to
the formation of a distinct brain case or ¢ cranium.’

All the nerve-centres situated within the cranium have
been regarded as parts of the Brain in Vertebrates, whilst
those lying beyond it, and within the spinal canal, con-
stitute the Spinal Cord: the two together are sometimes
spoken of as the ¢ Cerebro-Spinal Axis.’

But in addition to the Sensory Ganglia, and the Medulla
Oblongata, there are certain highly important supple-
mentary parts entering into the composition of the Brain of
the Fish. There is, for instance, a pair of bodies known
as the Cerebral Lobes; whilst further back, in connec-
tion with the Medulla, we have another new nervous
ganglion, single, but having equal parts on each side of
the middle line, which is known as the Cerebellum.
That representatives of these parts (seemingly superadded
to the brain of Fishes and other Vertcbrates) are really
non-existent in the highest Mollusks and Insects it would
not be safe to affirm; especially as ganglia, which have
been compared to Cerebral Lobes, exist in the Cuttlefish,
and even more distinctly in Ants, Bees and some Flies.
On the other hand, both the Cerebral Lobes and the

Al
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Cerebellum tend to increase in size and become more
and more complex as we pass from Fishes to Reptiles,
from Reptiles to Birds, and from Birds to Mammals.

The relative size of these parts, however, as well as of
other divisions of the Brain, will be found to vary greatly
in different kinds of Fishes.

—
—_——

Fi0. 46.—Brain and Cranial Nerves of the Perch, side view. (Gegenbauer, after
Cuvier.) 4, Cerchral lobe with olfactory ganglion in front; B, optic lobe : C, core-
bellumn ; D, medulla oblongata; J, olfactory nerve coming from a, the nasal sac;
11, optic nerve cut across; /1, oculo-motor; /¥, trochlear nerve; ¥, trigeminal ;
V1, auditory; V1II, vagus, with its ganglion; &, lateral branch of the vagus:
1, upper twig of the samc; w, dorsal branch of the trigeminus, which is joined by
n, the dorsal branch of the vagus: a, B, y, three branches of the trigeminus ; 8¢,
ficial nerve * A, bronebial branches of the vagus,

The Spinal Cord of Fishes is more or less eylindrical in
shape (fig. 47, 1) and almost uniform in thickness through-
out, except that it tapers to a point posteriorly. It occurs
only rarely that there is, as in the Ray, a slight swelling
in the region where the nerves from the great pectoral fins
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are reccived, and sent forth. From the whole length of
the spinal cord a series of nerves is given off on each
side, and each of them is connected therewith by an ante-

rior (or motor) and & posterior (or sensory)
root, the latter swelling into a more or

* less distinct ganglion just where its fibres

Fig. 47.—Brain of
the Pike. 4, Olfac-
tory ganglia; B, ce-
rebml lobes ; ¢, optic
1obes; E,cerebellum;
M, spinal cord; X,
olfactory nerve, di-
viding and penctrat
ing the plate of the
etlunoid bone  (Sol-
ly.)

begin to mingle with those of the anterior
root. This mode of connection of the
spinal nerves with the spinal cord exists
throughout the class of Fishes and also
in all other Vertebrates.

Anteriorly the cord is coutinuous with
a slightly more swollen prolongation—the
before-mentioned Medulla Oblongata
(fig. 47, p). Many very important nerves,
to which reference will subsequently be
made, are altached to this part.

Growing from the back of the anterior
extremity of the medulla is a semi-ovoid
or tongue-like projection, which has been
already referred to as the Cerebellum.
Though single in appearance, it is really
double and composed of two symmetrical
halves. No distinet connection of nerves
with this body can be detected by the naked
eye.

The cerebellum exists in its simplest
form in the parasitic Cyclostomes, in the
Sturgeon, and also in Polypterus and Le-
pidosiren, where it appears merely as a
simple bridge or commissure, crossing the
anterior and upper part of the medulla.
In most osseous Fishes it is larger, and

projects backwards over the medulla in the form of 2

A
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smooth, convex, semi-ovoid, or tongue-like body (fig. 49, d).
According to Professor Owen, the cerebellum is ‘¢ very small
in the lazy Lump-fish, and extremely large in the active
and warm-blooded Tunny.” It attainsits highest develop-
ment, however, in Sharks (fig. 48, ¢). In these most active
and predaceous fishes the cerebellum not only covers much
of the medulla, but advances forwards over the optic lobes,
and the extent of its surface is further increased by the
existence of numerous superficial folds or indentations.
In front of the cerebellum are two rounded ganglia known

PFia. 48, Fio. 49

Fic. 48. —Brain of the Shark (Carckariax\, side view., (Oweon,) P, Cerobral heini-
sphere ; o, optic lobe ; ¢, cercbellum with surface folds fm:; R, olfactory ganglion,
giving off (1. olfactory nerves; z, junction of olfactory peduncle with cerchbral lobe ;
z, Crus cerebri; w, pineal body; a, hypoaria; p, pituitary body ; 2, optic nerve;
3, oculo-motor nerve ; 5, trigeminus ; 7, auditory ; 8, vagus.

FiG. 4. --Brain of Rouch. a, Olfactory peduncles; b, cerebral lobes ; ¢, optic lobos ;
d. cerebellum ; e, medulla ; f, optic nerves.  (After Spurzhei.)

as the Optic Lobes (fig. 49, c), which correspond with
the principal part of the Insect’s brain. The optic nerves
are connected with their under surface ; and they decussate
(figs. 51, 57), so that the one procceding from the right eye
passes to the left optic lobe, and that from the left eye to
the right optic lobe. This new kind of cross arrangement
will, in a later chapter, be referred to in detail, since, with
slight differences, it also exists in other Vertebrates, and,
moreover, seems gradually to extend to other parts of
the nervous system,
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In many of the lower Fishes the eyes are very rudimen-
tary. In the young Lamprey two pigment spots replace
the single ‘eye spot’ of the Lancelot. In the genus
Myxine the eyes are represented by small bodies, which,
though in connection with slender optic nerves, are
covered over by muscle as well as by skin. The ocular
muscles for moving the eyeball are absent in many Fishes ;
this is the case even in the Gar-Pike, in which, though

Fi. 51,

Fic. 50.—Brain of Perch, upper surface. (Owen after Cuvier.) a, Cerchellum ;
b, optic lobes; ¢, cerebral lobes ; i, olfactory ganglia; g, medulla; p, n, r, 5, ¢, cra-
nial nerves.

¥ia. 51.—Brin of Perch, under aurfuce. (Owen after Cuvier.) a. Medulla; e,
hypoaria ; f, pituitary body : n, optic nerves, decussating ; ¢, cercbral lobes ; &, olfac-
tory gangling p, ¢, r, 8, ¢, cranial nerves,

small, the eyes are at the surface. In the great majority
of Fishes, however, these organs are large and attain a
remarkable development.

The optic lobes are usually the largest divisions of the
brain in osseous fishes, as in the Perch (fig. 50), and
they are commonly united by one or more transverse com-
missures. Each of them generally contains a distinct
cavity or ‘ ventricle,” and they often bear on their under
surface two smaller ganglionic projections, known as
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¢ hypoaria.” These bodies are well developed in the
Perch, and -in the Cod (figs. 51, 57). Their use is un-
~known, and it is remarkable that they are structures
peculiar to the brain of Fishes.

In connection with the optic lobes there are also two
peculiar structures, one above and the other below, known
as the ¢ Pineal ’ and  Pituitary ’ Bodies (figs. 53, 3; 60, 3,6).

In front of the optic lobes are the already men-

Fig. 52.

Fic. 52.—Brain of Carp. (Ferrier.) a, Cerchral lobes ; s, optic lobes ; c, cerebel-
lum and medulla.

F1G. 53.—Upper aspect of the Brain of a Ray, or Ekato (Raia batis). 1, Olfactory
lohes; 8, the conjoined cerebral lobea; 3, the pineal gland ; 4, optic lobes; 3, cere-
bellum ; 6, medulla, with ganglionic projections. (Mivart.)

tioned Cerebral Lobes. They, like the cerebellum, have
no obvious connection with nerves, and vary much in
size in different Fishes, though they are mostly, as in the
Carp (fig. 52) and the Perch (fig. 50), smaller than the
optic lobes.

The Cerebral Lobes are smallest in the Lamprey and
its allies, in the Herring, and in the Cod ; while they are
most developed in the Skate, the Shark, Polypterus,
and Lepidosiren. In the Skate (fig. 58), they coalesce



118 THE BRAIN OF FISHES

into & somewhat flattened, transversely elongated mass,
showing only slight indications of a median fissure. In
the Shark (fig. 48) they also unite to form a large almost
globular mass with little trace of a median furrow. A
similar fusion of the two lobes occurs in some other F ishes,
though in the majority they exist as spheroids united only
by a transverse commissure. In Lepidosiren the cerebral
hemispheres are larger than all the rest of the brain;
each of them also contains a cavity or ventricle, which is

Fic. 54. Fia. 55.

Fia. 54.—Brain of Lepidosteus or Gar-Pike. (Owen.) =, Olfactory ganglia; p,
cerebral lobes ; o, optic lobes ; ¢, cerebellum ; 4, medulla; f, fourth veutricle; d,
lower boundary of medulla.

Fic. 55.—Brain of the Whiting. (Solly.) a, Olfactory ganglia; B, cercbral lobes;
C, optic lobes ; E, cerebellum and medulla.

prolonged into the olfactory lobe. In these respects they
closely agree with the cerebral lobes of Reptiles.

In the Gar-Pike (fig. 54), the Perch, the Mackerel, and
many other Fishes, two additional ganglia known as the
Olfactory Lobes lie immediately in front of the cerebral
lobes, and each of them receives a long olfactory nerve. *

* The Lancelot has a single olfactory sac and a single nerve; in
all other fishes, except in the Lamprey and its allies, there are two
nerves (see Huxley, “ Journ. of Linn. Soc.” (Zool.), vol. xii. p. 224),
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But in such Fishes as the Whiting (fig. 55), the Carp
(fig. 52), the Skate (fig. 53), the Shark (fig. 48), and
others, the olfactory ganglia are situated at a distance from
the cerebral lobes, with which they are connected only by
means of two long and narrow outgrowths or peduncles.
In these latter Fish the ganglia are to be found close to
the olfactory organs, from which they receive numerous
short nerves.

Such are the essential parts in the brain of the Fish.
Their relative size or development is, however, subject to
almost countless diversities in different genera.

From the foregoing description, it will be seen that
onz of the principal characteristics of the Brain of Fishes
is to be found in the serial arrangement of its parts, in a
line with one another and with the spinal cord; whilst
another is the small mass of the Brain as compared with
that of the Spinal Cord, and still more in comparison
with the mass and weight of the entire body.

In the former respect, at least, the Brain of AMprHIBIA
(fig. 56) agrees closely with that of Fishes. The principal

Fic. 56.—Brain and Spinal Cord of the Frog a, Olfactory lobes ; B, cerebral lobes;
R, pineal body ; c and b, optic lobes ; E, cercbellum ; R, spinal cord.

divisions of the brain also in these animals are identically
the same. The Brain of the Frog is notable principally
for the smaller size of its Cerebellum, and also for the
diminished bulk of its Optic Lobes and Olfactory Ganglia.
The Cerebral Lobes, are, therefore, proportionately large.
The Spinal Cord is shorter than usual, and does not
occupy the whole length of the spinal canal.’
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Though the Cercbellum itself does not appear to be
immediately connected with any nerves, the Medulla
Oblougata, from which this part is an outgrowth, is
remarkable in Fishes, as well as in other vertebrates, for
the number and importance of the nerves with which it is
connected. Indeed, if the limits of the Medulla are
taken to be those originally defined by Willis and most
anatomists anterior to Haller (1762), they will include the
¢ crura cerebri’; and in that case all the Cranial Nerves
(that is, the nerves which pass inwards or outwards
through holes in the cranium), except the olfactory and
the optic, would have to be described as in direct con-
nection with the medulla oblongata.

The Cranial Nerves of Fishes and of Amphibia are,
with few exceptions, similar in number and nature to those
existing throughout the vertebrate series, so that they may
with advantage be here enumerated. According to the
classification of Willis (1664), which is generally followed,
they are said to consist of nine pairs, counting from before
backwards. (Sece figs. 46, 57, 58.)

rlst Pair.  Olfuctory.

2nd ,,  Optic.

3rd o Motor oculi communis; supplying all but two of
the muscles of the eycball and the circular
fibres of the iris.

4th o Trocklearis; supplying the superior oblique muscle
of the eye.

(Large root: the nerve of general sen-
sibility for the side of the head,
fuce, &ec.

Small root: supplying muscles con-
nected with the jaw (muscles of
L mastication).

CRrANIAL NEuves.

Sth 4 Trigeminus?

6th 5 Motor oculi externws; supplying the external
\ rectus muscie of the eyeball.
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{7th Faciol; sapplying the superficial muscles of the

C Auditory.
” {
face, &ec.

Glosso-pharyngeal (gustatory nerve and nerve of
common sensibility for the pharynx).
Vayus, or Pnewmogastric (sensory nerve of respi-

8th ,, ratory organs, heart, alimentary canal, liver,
kidneys, &e.

CraANIAL NERVES.

Spinal accessory; supplying the muscles of the
larynx, &e.
oth ,,  Sublingual, or Hypoylossal ; motor nerve of tongue
and of muscles which move it.

From this table it will be scen that three of the ¢ pairs’
of cranial nerves (5th, 7th, and 8th) are compound in their
nature. Their parts have, morcover, little in common;
except for the fact that the components of each so-called
¢ pair ’in man and many of the lower animals pass side by
side through the same hole in the skull. This, indeed,
seems to have been the principal reason actuating the
earlier anatomists when they grouped them together.*
No cranial nerves answering to the 9th pair exist in
Fishes: their functions being discharged by branches
from the first spinal nerve. The motor root of the 8th,
the ¢spinal accessory,” is also less distinct as a separate
nerve in Fishes and some Reptiles, than it is in higher
vertebrates.

Looked at from the point of view of the functions which

# Except in the case of the two divisions of the 5th nerve, this
grouping was not respected in the classification of Scemmering
(1778). According to him, the cranial nerves were to be regarded as
twelve pairs, the first six agreeing with those of Willis, whilst the
facial is called the 7th, the auditory the 8th, the glosso-pharyngeal
the 9th, the vagus the 10th, the spinal accessory the 11th, and the
sublingual the 12th.
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nurnber of fishes become swollen into distinet ganglia at
their point of junction with the Medulla, and in some—
such as the Carp, the Torpedo, the Electric Eel, and the
Skate—these lateral ganglia, situated at the side of the
cerebellum, are exceptionally large. The Glosso-pharyn-
geal is in reality only a large scparate branch of the
vagus. In some fishes it joins one of the roots of the
vagus; and, even where this external junction does not
exist, an internal union is effected by the smaller nerve
entering the nucleus of the larger one.

A little anterior to the ganglia of the Vagi, large
swellings are also frequently met with in connection with
the roots of the Trigeminal nerves (fig. 10), which in
fishes are mostly very large, and have an extensive dis-
tribution even beyond the region of the head. The
remaining sensory nerves of the medulla—the Auditory—
are attached to it by two or three roots, between the vagi
and the 5th nerves. These nerves are large, though it
is only rarely that a distinct ganglionic swelling is found
at their point of junction with the medulla (fig. 11). The
ganglia are usually embedded in the Medulla itself, and
some of its roots soon join another large ganglion:
viz., the Cerebellum. This apparent connection of the
auditory nerves with the great motor ganglion in Verte-
brates, whatever its explanation may be, is quite in har-
mony with the close relation of the ¢auditory saccules’
and nerves to the pedal ganglia in Mollusks, and with
their relation to the most active motorial centres of the
ventral cord in those Insects (such as Locusts and Grass-
hoppers) in which the so-called ‘auditory saccules’ have
been positively de‘ected.*

* The Organs of Hearing in Fishes are always double, as in

invertebrate animals. They are, moreover, situated within the
body. and mostly have no connection with its surface. Sometimes
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The ganglia at the roots of the Olfactory and Optic
nerves are sufficiently obvious and remarkable, so that
no further reference need here be made to them, except
to point out that they, together with the ganglia at the
roots of the Trigeminus and Vagus, undergo a propor-
tionate diminution in size as the Cerebral Lobes become
better developed, among Reptiles and Birds—changes
which seem to imply that functions previously discharged
by lower sensory ganglia are gradually passed on and
merged as products of a higher ordor of cerebral activity,
when such higher co-ordinating centres arise and come
into fuller action.

The ganglia at the roots of the Auditory nerves, how-
ever, do not seem to attain their maximum size till we
come to Leptiles, a fact which may be accounted for by
the probably rudimentary state of this sense endowment
among Fishes.

It will be found, therefore, to be a peculiarity of all
Scnsory Nerves in vertebrate animals that their fibres pass
through such Ganglia before they impinge upon the great
nerve centres—=a fact originally noticed by Sir Charles
Bell. No corresponding ganglia exist in connection with
motor nerves, outside the anterior cornua of the spinal cord.

they are lodged outside the cranial cavity, sometimes in the walls
of the cranium, and sometimes half within and half outside this
cavity. Their structure is extremely simple, and in some fishes
they arve only a very little more complex than the ‘anditory
gnccules’ met with in the Cuttle-fish. In the fact that in
Fishes, as in other vertebrates, the auditory organs are always
situated in the head, we have a departure from the rule so commonly
obtaining among Invertebrates. Perhaps, in its simplest forms,
this apparatus may have as much to do with the organism’s Space
relations as with Hearing (see p. 218).




CIIAPTER IX.
THE BRAIN OF REPTILES AND OF BIRDS.

THE nervous system of REPTILES generally exists in a
slightly more developed form than that which is common
amongst Fishes.

The Spinal Cord occupies the whole length of the
spinal canal. It is slender and almost uniform in thick-
ness in Serpents, though it is relatively stouter in Croco-
diles and their allies. In the latter it also presents
decided swellings in those regions whence the nerves are
given off, on each side, for the fore and hind limbs.

The principal divisions of the Brain are the same in all
kinds of Reptiles, though, as might have been expected from
the varied form and nature of the different representatives
of this great class, the respective development of the
several divisions of the organ varies much in different
orders.

The Medulla Oblongata, directly continuous with the
spinal cord, slightly widens at its upper part, where it is
surmounted by the Cerebellum. This latter structure, in
the Lizard (fig. 59) and its allies, is very small, consisting
only of a thin lamella, The cerebellum is larger, how-
ever, among Serpents (fig. 58), and it becomes still more
developed in Turtles (fig. 61) and Crocodiles.

The Optic Lobes are relatively smaller in most Reptiles
than they are among Fishes ; and in the Boa Constrictor
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of higher Vertebrates (fig. 58, 0). DBetween the optic
lobes and the next great division of the brain, the
cercbral lobes, we find the so-called ¢ pineal body’ (fig.
61, 1), projecting upwards, and in a more developed form
than that which is met with in Fishes. The nature and
uses of this body are wholly unknown. It is chiefly
notorious from the fact that Descartes pointed to the
corresponding structure in the human brain as the ¢ seat
of the Soul.”

The Cerebral Lobes in the Lizard (fig. 59) and its allies,
as well as in Amphibia, are, in comparison with other
perts of the brain, much larger than in
Fishes. This is due only in part to an
absolute increase in their development, as
there seems to be some diminution in the
size of the olfactory and optic lobes and the
cerebellum. In Serpents, Crocodiles, Tur-
tles (fig. 61), and their allies, however, we
meet with a decided absolute increase in the
size of the cerebral lobes. In Crocodiles,
for instance, they are much larger and = o .
broader than other parts of the brain, Lizrd Luceras viri-
though their surface is still quite smooth. e re !
Each lobe contains a cavity or ¢ ventricle * ticlobes; ¢, cerehol-
o . . . . . lum ; d, spinal cord ;
in its interior, as in some of the higher . fourth ventricie:
Fishes. But in Reptiles the ventricle is / Pineal bdys o,

olfactory  gunglin.
larger, and, projecting from its anterior (Owen)
and inner surface there is a rounded emi-
nence, supposed by some anatomists to represent a body of
considerable importance—which is known amongst higher
vertebrates as the ¢ Corpus Striatum’ or striate body.

Each Cerebral Lobe is connected with its corresponding
optic lobe and with the same half of the medulla oblongata,
by means of & thick and composite prolongation called the
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¢ cerebral peduncle.’” On the upper and inner part of each
of these composite peduncles, just anterior to the optic
lobes, there is a small projection, supposed to answer to
another very important ganglionie body, which, in higher
vertebrates, is known as the ¢ Thalamus.’ As to the
identity of these bodies, however, some difference of
opinion exists. They, together with the inner faces of
the peduncles on which they are situated, constitute the
lateral boundaries of another brain cavity, known as the
‘third ventricle,’” which is mostly covered over above, by
the backward extension of the cerebral lobes.

A band of fibres, termed the ¢anterior commissure,’
which connects certain regions of the two cerebral lobes—
hereafter to be specified—arches across the anterior part

F16. 60.—Vertical Langitudinal Section of the Brain of Perch, Mivart.) 1, Olfac-
tory lobe 2, cerebral lube | 3, pineal body; 4, optic lobe, with lange cavity wathin;
5, cerebellum : 6, pituitary body ; 7, hypoarium.
of this Third Ventricle ; whilst the upper strata of the two
cerebral peduncles are connected by means of a smaller
¢ posterior commissure,’ crossing the posterior boundary of
this ventricle, just in front of the optic lobes. The
peduncles or attachments of the before-mentioned ‘ pineal
body’ rre structural relation with the posterior com-
missure.

The Third Ventricle is continuous below with a fannel-
like prolongation, at the extremity of which is a structure
named the ‘pituitary body,” not altogether unlike the
‘pineal body,” and whose use is similarly unknown.
Though present in Fishes and higher Vertebrata, the
pituitary body is especially large in many Reptiles.

k W
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The Olfactory Lobes have, throughout the class of
Reptiles, a smaller proportionate size than in Fishes. In
Serpents (fig. 58) and Crocodiles they
are situated, as in some of the last-named
creatures, at a distance from the cerebral
lobes—being connected with them by
long peduncles. In Lizards and their
allies the olfactory lobes are more or
less continuous with the cerebral lobes
(fig. 59) ; while in the Turtle and other
Chelonians, they are marked off from
the anterior extremities of the cerebral
hemispheres only by a slight constriction
(fig. 61, ), and each olfactory lobe is
penetrated by a prolongation from the
corresponding cerebral ¢ ventricle.’

With regard to the Cranial Nerves
of Reptiles, it may be remarked that the
Trigeminus and the Vagus (or visceral
nerve) are still very large, but neither of
them swell at their roots into such dis-
tinct ganglia as in Fishes. The Glosso-
pharyngeal, or nerve of taste, joins the
internal nucleus of the Vagus in Amphi-
bia, though in Serpents and higher Rep-
tiles it has a nucleus of its own, distinct
from that of the latter. The Auditory
nerves are large, and in Turtles, Croco- | . ™ .
diles, and their allies, they swell into tie, sido view. (solly.)
distinet ganglionic enlargements at the 2 Oictery gwglion:

B, cercbral hemisphere ;

back of the medulla, on each side of the ;S:ic ganglion ;o co-
floor of the ¢ fourth ventricle.’ oot of ot e o
The brain of Reptiles, like that of Piucalbods.

Fishes, is still characterized by the arrangement of its




130 TIIE BRAIN OF REPTILLS

several parts and the spinul cord in the same horizontal
plane, and by the small size of the Brain as compared with
the latter structure. Still, the brain is more nearly equal
in weight to the cord than it is in Fishes, and it also
bears, in the majority of Reptiles, a greater proportion to
the total body-weight.

But in Birps we find the Brain attaining & notably
greater size in proportion to the bulk of the Spinal Cord
than it has among Reptiles, and also presenting other
signs of increased development.

According to Leuret, the average proportional weight of
the brain to the body in the four undermentioned classes,
as deduced from numerous observations on different
representatives of each, may be stated to be as follows :

In FisHES ......... 851 t0 5,668 In BIRDS.....c... as 1 to 212
In REPTILES ...... as1to1,321 In MaMMALIA... as1to 183

These figures must, of course, be regarded merely as
approximate averages.

No peculiarity worthy of note exists in the Spinal Cord
of Birds, except that in the situation of its posterior
enlargement, corresponding with the attachment of the
great nerves of the legs, the posterior columns of the
cord diverge from one another, and shortly again approxi-
nmate so as to form a space, known as the ¢ rhomboidal
sinus.” This, however, is an anatomical: peculiarity to
which no physiological significance is attached.

The Medulla Oblongata, from the back of which the
cercbellum is developed, is, in Birds, decidedly broader
than the spinal cord.  As in lower vertcbrates, the diver-
geuce of the upper or posterior columns of the cord
leaves at the corresponding surface of the medulla the
space known as the ¢ fourth ventricle,” which becomes much
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more completely roofed over than it is in Fishes or Rep-
tiles, by the under surface of the now larger cerebellum
(fig. 64). The Auditory nerves arise from about the middle
of the floor of the fourth ventricle, where, as in some
Reptiles, they are connected with a distinct ganglionic emi-
nence on each side of the middle line. The Trigeminus
is always large, and exceeds all the other cranial nerves in
size, with the exception of the Optic.

The Cerebellum is much larger than we have hitherto
met with it—with the single exception of that of the

Fia. (2. Fia. 63. Fic. G4.

F1G. 62.—Brain of Pigeon. (Ferrier.) a, Cerebral hemispheres; B, optic lobe;
c, cerebellum with transverse furrows and very small lateral lobes.

Fi10. 63.—Brain and part of Spinal Cord of Chick 16 days old, showing the optic
lobes (b) still in contact—at their inner borders. (Owen, after Anderson.)

Fi0. 64.—DBrain and part of 8pinal Cord of Chick, 20 days old, showing the optic
lobes (b) nuw widely separated, and cerebellum /c) greatly developed. (Owen,
after Anderson.)

Shark. It now consists of a more or less ovoid median
lobe (deeply scored by transverse furrows), and of two
much smaller lateral portions, which project slightly be-
hind the optic lobes (fig. 62, c).

These Optic Lobes are pushed aside and depressed so
that they are partly covered by the large cerebral hemi-
spheres (figs. 63, 64). In form they are rounded bodies,
showing no trace of a transverse division. Each contains
a cavity, opening below and internally into a subjacent
passage or canal, which serves to connect the fourth with



182 THE BRAIN OF REPTILES

the third ventricle. The two optic lobes are connected
with one another by a wide commissure, which constitutes
the roof of the above-mentioned passage. The optic
nerves arise from the under surface of these lobes.
They are lamellated structures; and at the place where
the two nerves cross one another, their lamell® interlock ;
instead of the one nerve, as a whole, passing over the
other, as is the case in Fishes.

In front of the optic lobes are the cerebral peduncles or
¢ Crura Cerebri,’ between which the ¢ third ventricle’ is
situated. Stretching across this space, immediately in
front of the optic lobes, is the ¢ posterior commissure’ of
the brain, with which (as in Reptiles) the peduncles of
the ‘pineal body’ are connected—a structure sometimes
seen to project in the brain of Birds between the cerebral
hemispheres and the cerebellum. A little in front of this
¢ posterior commissure’ & rounded prominence may be
scen on the upper and inner aspect of each cerebral
peduncle—that is, on the portion which constitutes part
of the lateral boundary of the third ventricle. A similar
projection has been previously alluded to as occurring
in some Reptiles, and it is supposed to correspond
with the important structures termed the ‘Thalamus’
of a Mammal's brain. The anterior part of the floor of
the third ventricle still communicates, by a short hollow
peduncle, with the peculiar ¢ pituitary body '—a structure
which, in Birds (fig. 65, ¢) is proportionately less de-
veloped than in Reptiles and Fishes (fig. 60, ¢).

The Cerebral Lobes are large and more or less rounded,
though they are flattened at their inner faces, where they
come into contact with one another (fig. 65). These all-
important divisions of the brain are smooth and still
devoid of convolutions; yet in some birds there are traces
of a depression, answering to a well-marked fissure (the
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¢sylvian’) always recognizable in the brain of higher
Mammals. The cavity within each of the cerebral lobes—
auswering to the ‘lateral ventricles ’ of the human brain*
—is comparatively large, and projecting from the anterior
and external part of the floor of each of them, there is
an eminence generally admitted to correspond to the
‘Corpus Striatum’in the brain of Man and Mammals
generally. The inuer walls of the lateral ventricles are
thin, and almost in contact with one another. They con-
stitute the inner boundaries of the cerebral lobes.

Fia. 65. Fia. 66.

ot 2
<

Fi16. 65.— Brain of Common Fowl in adult conditivn. (Spurzheim.) ¢, Optic lobes
in part hidden by (#) cerevral hemispheres.

Fiu. 66.—Brain of Pigeon, side view. (Mivart) 1, Olfactory lobe: 2, cercbral
hemisphere ; 3, pineal body ; 4, optic lobe; 5, cercbellum ; 6, pituitary body ; 8, optic
nerve. ) .

These lobes are structurally connected, as in Reptiles
and Fishes, by a well-marked ¢ anterior commissure,’
while above and behind it there exists another set of con-
necting fibres, deemed by some anatomists to represent
the commencement of the ¢ Corpus Callosum.’ This latter
is the great transverse commissure which unites the two
halves of the brain, and whose size increases as we pass
from lower to higher orders of the Mummalian series.

#* These are the first and second ventricles. The third is
situated between the cerebral peduncles, the fourth at the back
of the medulla, and the fifth ventricle will be subsequently re-
terred to in the description of the brain of Quadrupeds.

7
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The Olfactory Lobes, comparatively small in size, are
found in front of, and partly beneath, the cerebral lobes
(fig. 66,1). They are true outgrowths from the cerebral
lobes, and the cavity within each of them is continuous
through its peduncle with that of the corresponding
ventricle. Each ‘lateral ventricle’ is, in fact, prolonged
into the olfactory ganglion of the same side.

Looking to the general characteristics of the Brain in
Birds, we find that the Cerebral Lobes and the Cerebellum
have attained a much greater development than is to be
met with among Fishes and Rep-
tiles ; while the relatively smaller
Optic Lobes are displaced down-
wards and outwards, as though
from the pushing forwards of the
cerebellum. The several parts of
the Brain are no longer in serial
order, and in the same horizontal
plane with the Spinal Cord. The
greatly increased weight of the

Fio. 67.- Brain of Sea Gull OTgan as a Wh()le! in comparison
(Owen, after Anderaon.) a, Cere- with that of the cord and of the
ral hemispheres ; b, optic lobes;
¢, cerebellam s d, spinal cord, entire bOdy, are 3180 seen to be

marked features, distinguishing the
Brain in Birds from that of lower Vertebrates.

The Visceral Nervous System in Lower Verte-
brates.—As an addition to this account of the Cerebro-
Spinal Axis in Fishes, Amphibia, Reptiles, and Birds,
& word or two may here be appropriately said in regard
to the Visceral System of Nerves met with in these
animals.

We saw reason to believe (p. 110) that impressions
emanating from the Viscera constitute an important part

a
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of the general stock of afferent impressions which arouse
the brain activity and mental life, such as it is, of Inver-
tebrate animals; and that such impressions furnish the
internal promptings or stimuli inciting these animals to
not a few of the acts and movements they are accustomed
to perform.

No excuse, thercfore, is neceded for what might at first
sight seem a departure from our proper subject, in taking
account of this visceral portion of the Nervous System.
All the avenues whence impressions come to the supreme
centres, must, in fact, be considered by any one who
would properly understand the real share of the work
which the Brain takes as an Organ of Mind.

The Visceral System of Nerves in Fishes, as in other
Vertcbrates, is divisible into two main parts, which, never-
theless, are, to a great extent, distributed together and to
the same organs. There is, in the first place, a set of
Cerebral Systemic Nerves, represented by the Glosso-
pharyngeal and the Vagus or Pneumogastric—and these
seem to be almost wholly afferent nerves conveying im-
pressions from the Viscera to the Medulla. Secondly,
there is the ¢Sympathetic System’ of Nerves, which,
thongh to a certain extent an independent system, is
also closely related to the Cerebro-Spinal Axis, by
means of free intercommunications passing between the
¢ sympathetic’ ganglia, and the anterior spinal nerves
as well as most of those which are attached to the
medulla. .

In this latter systcm there are afferent and efferent
fibres passing between the Viscera and the several
¢ sympathetic ganglia’ with which they are in relation;
while these ganglia are, in their turn, connected by
afferent and efferent fibres with the cerchro-spinal axis,
in the manner above indicated. Though there muy be,
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and probably is, a considerable amount of independent
activity on the part of the ¢ Sympathetic System,’ the action
of its several parts is also subject to the controlling and
regulating influence of certain cerebro-spinal centres, with
which they are connected in the manner above referred to.

In the Suctoriul Fishes and the Lepidosiren, the ¢ Sym-
pathetic System’ is said not to exist, though the Cerebral
Systemic Nerves are large and widely distributed over the
viscera. In the Sharks and Rays, also, this system is ill-
developed, but in the majority of osscous Fishes it consists
of a cord on each side of the spine, forming connections
with the cerebral and spinal nerves, and in some of these
situations developing small ganglia and sending off
branches towards the viscera, which unite with others
from the Vagus nerve, so as to form large median ¢ plex-
uses,” or ‘plexuses’ and ganglia, whence multitudes of
fibres are distributed to the different internal organs.
Many differences of detail occur in different Fishes.

In Reptiles, also, there are various minor modifications ;
but, on the whole, the connections of the ¢ S)mpathetxc
System’ with spinal nerves are more developed in these
animals, and the Ganglia at such points of junction are
more numecrous and distinct. In Birds the distribution
of the Visceral System of Nerves also, in the main, tends
to approximate pretty closely to the general plan above
indicated, which will be described in further detail when
we come to speak of its more complex development among
higher Vertebrates.

By means, therefore, of this double set of Visceral
Nerves, the internal organs are brought into close relation
with one another, as well as with the Spinal Cord and
with the Brain.

We are not fairly entitled to measure the intensity
of the systemic impressions of a Fish, a Reptile, or a
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Bird, by that of those with which we are ourselves familiar.
In such animals many visceral impressions may be
decidedly attended by more of conscious accompaniment
than those which we experience, and they may enter in a
much larger proportion into the web of sensory impressions
constituting the basis of the conscious life of such creatures.
Professor Owen truly says of Fishos that, ¢ the appetite
for food appears to be their predominant desire, and pro-
viding for its gratification to form their chief occupation.”

Certain it is, that when prompted by different visceral
states, animals may show an extraordinary amount of
sensorial activity and power of executing related muscular
movements. The sensorial endowments of the Shark,
of the Python, or of the Vulture, are, when these
creatures are under the influence of hunger, exalted to
the bighest degree ; so that at such times either of them
may become keenly sensitive to odours, sounds or sights
which, had they been in a state of saticty, might have
passed wholly unheedéd.  Similar differences also exist
between the degree of sensorial activity of animals
swayed by sexual desires, and those in whom such feelings
are quiescent. Tlese two classes of visceral promptings
largely instigate and dominate the brain activity of all
lower animals, and when the related neceds or desires
no longer exist, and no longer rouse the creature’s senso-
rial activity, sleep is apt to come, as with a veil, and sever
for a time the correspondence between the organism and
the outer world, .



CHAPTER X.

THE SCOPE OF MIND.

Mucit needless confusion is often thrown over the
study of mental phenomena by the mode in which the
subject is regarded, and by the phraseology in common
use. It is customary to speak of ‘the Mind,” as though
it were a something having an aciual independent exist-
ence—an entity, that is, of ¢spiritual’ or uncorporeal
nature.  Consequently we find, spread abroad in all
directions, definitions of Mind and descriptions of the
powers of Mind which, to say the least, carry with them
implications of a decidedly misleading character.

It is the common and almost inevitable practice of
substituting some abstract word for a more cumbersome
phrase or statement, which tends to keep up the notion of
a distinet psychical entity. Thus the word ‘Mind’ is
generally used as a collective designation for the subjective
states which reveal themselves to each one of usin con-
sciousness, and which we infer to exist in other beings
like ourselves. But the genesis and real legitimate mean-
ing of such a term is only too frequently forgotten by
some writers, whilst, by others, it has never been clearly
apprehended; as a consequence, the word ¢ Mind’ eomes
to be used most frequently, not as a general abstract
name answering to no independent reality, but as though
it corresponded to a real and positive something, existing
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of and by itself. A similar popular fullacy attaches to
the common acceptation of the word ¢ Life.” To many
this also is the name of an entity, though, in reality, it
is only a more general abstraction, including under it the
one with which we are now concerned.

The term ¢ Mind,’ indeed, no more correspouds to a
definite self-existing principle than the word ‘Magnetism.’
This conclusion, if not a direct revelation of Conscious-
ness, i8 one of those * legitimate inferences” to which
John Stuart Mill alludes, in the following passage, as
coustituting so large a part of human knowledge.

He says*:— All theories of the human Mind profess to
be interpretations of Consciousness. The conclusions of
all of them are supposed to rest on that ultimate evidence
either immediately, or remotely.  What Consciousiess
directly reveals, together with what can be legitimately
anferred from its revelations, compose by universal admis-
sion all that we know of the Mind or, indeed, of any
other thing.”

The various conscious or subjective states known to
each one of us are often classified under three principal
categories, corresponding to what are commonly spoken
of as (1) Sensation and Emotion; (2) Intellect, and
(3) Will or Volition.

All that we know of Mind is derived («), directly or
by inference, from our own subjective states (Subjective
Psychology), supplemented by (1), what we are able to
infer from the words or other actions of our fellow-men
and lower animals, as to the possession by them of
similar states (Oljective Psychology), and (¢) by what
we are able o learn as to the dependence of these
subjective states upon the activity of certain parts of
our bodies and of the bodies of other animals (Neurology,
* « Examination of Sir William Hamilton's Philosophy,” p. 107.
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or the Anatomy, Physiology, and Pathology of Nervous
Systems).

Our knowledge of Mind (that is of mental phenormena)
differs, therefore, altogether from our knowledge of all
other phenomena. The very existence of this mysterious
and inexplicable class (a), so dissimilar as it seems from
everything else in the universe, would have sufficed to
separate this branch of knowledge from all others, were it
not the fact that, strictly speaking, all knowledge what-
soever of any other natural phenomensa is still but the
expression and summation of our own conscious states—
were it not the fact that all other phenomena can only
be known in terms of Mind.

The customary ideal or imaginative embodiment of
these subjective states into a non-corporeal or spiritual
Ljgo is, from this point of view, not altogether surprising.

But if we were to lean implicitly and exclusively upon
these direct revelations of Consciousness, we must, as the
history of philosophy has shown, inevitably commit our-
selves to a system of universal scepticism, needing, as
Hume proclaimed, a rejection of all grounds of certainty
for our belief in an external world, in body, and, indeed, in
Mind as an entity—leaving to each one of us a mere
fleeting series of Conscious States as representatives of
the totality of existence.

The absurdity of resting content with such a conclu-
sion has been commonly recognized both by phiJosophers
_ and mankind in general. In fact, we use our Conscious-
nscend
are by
odificd,
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states (that is, in the spheres of Objective Psychology
and Neurology), but also in regard to the whole system
of Natural Knowledge. Thus, as regards vital, mental,
magnetic, electric, thermal, chemical, mechanical, and all
other phenomena, our actual present ¢knowledge’ is
made up of a closely-interwoven potential but intelligible
fabric derived from actually existent, from remembered,
described, or inferred Conscious States or relations be-
tween them, together with inextricably intermixed and
more or less ‘ legitimate inferences’ therefrom.

Our knowledge of what is called Objective Psychology,
as well as our knowledge of the relation of subjective
states generally to the activity of the Nervous System, as
deduced from its Anatomy, Physiology, and Pathology
(the knowledge, that is, which contributes so largely to
make up what we know concerning Mind, or mental
phenomena) stands, therefore, on precisely the same
foundation as our knowledge of Magnetism—that is of the
magnetic phenomena presented by different forms of iron.
The word ¢ Magnetism ’ is one which has come into use
in much the same way as the word ¢ Mind,’ although it
is true that the connotation of the latter is wider in kind
and degree, since under it we include not only what are
considered ¢ legitimate inferences’ from conscious states
(our only sources of knowledge concerning Magnetism),
but also these very conscious states themselves. It is on
this latter ground only—though of course it is one of
fundamental importance—that our knowledge of ¢ Mind "’
differs from what we know generally in regard to all
other natural phenomena.

From a basis of agreement, therefore, as to the acknow-
ledged insufficiency of the direct revelations of Conscious-
ness in any branch of natural knowledge, it seems to
the writer incontestible that the same kind of evidence as



142 THE SCOPE OF MIND.

that which assures us of the existence of our own bodies
and of the properties of external things (viz., inferences
from eonscious states), should guide us in the study, and
as to the conclusions deduciblle from our own mental
phenomena and those of other living beings. An attentive
consideration, however, of such evidence altogether fails
to assure us of the existence of ‘the Mind’ as a self-
existent entity. It is, indeed, quite the reverse. Very
many of those who are most entitled to form a judgment
upon this subject, regard it as a ‘legitimate inference’
from existing knowledge that Conscious States,and, indeed,
‘ mental phenomena’ generally, are dependent upon the
properties and molecular activities of nerve-tissues, just as
¢ magnetic phenomena’ are dependent upon the properties
and molccular actions of certain kinds or states of iron.
Regarded as ultimate facts, we are just as impotent to
‘explain’ the relation or nexus of causation existing
between Magnetic Phenomena and the one set of molecu-
lar activities, as we are to explain the causation, direct or
indirect, of Conscious States by other molecular activi-
tics. The mere fact that we are each of us conscious of
the oxistence of mental or subjective states, inscrutable
and ultimate as these must always be, certainly cannot
be supposed to give any knowledge of ‘ Mind’ as a self-
existent ontity.

Some of those who seek to expound mental phenomena
from a scientific stand-point, have not always been suffi-
ciontly careful to suit their language to their views.

'where; and, if
iry disquisition,
* doubt as to an
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and explanations
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One of the principal errors, which the metaphysical
conception of Mind as an entily entails, is that ¢ mental
phenomena’ are supposed to be limited or bounded by the
sphere of Consciousness. That this has been the view of
the great majority of philosophers any student of their
writings will easily discover. Thus Consciousness is said
by one of them, to be ¢ the fundamental condition of all
intellicence,” whilst another holds that, “of all the
present operations of the mind, consciousness is ag
inseparable concomitant.” Such doctrines are, indced,
legitimate deductions from the metaphysical view concern-
ing Mind, though its inadequacy is now fully recognized
not only by physiologists, but also by some modern
psychologists. Thus Professor Bain, after speaking
of Mind in its three fundamental ecapacities, Feeling,
Action (Volition), and Thought, says*: ‘Consciousness
i8 inseparable from the first of these capacities. but
not as it appears to me, from the sccond or the third.
True, our actions and thoughts are usually conscious, that
is, are known to us by an inward perception; but the '
consciousness of an act is manifestly not the act, and,
although the assertion is less obvious, I believe that the
consciousness of a thought is distinct from the thought.”

The sphere of ‘ mental phenomena’ cannot, indeed, be
circumscribed by the sphere of Consciousness, and the
recognition of this fact necessitates the absolute rejection
of the word ¢ Mind’ in its old signification, and compels
us to include under this collective abstract term multitudes
of processes or nerve actions, which now, so fur as we are
aware, have no correlative subjective aspects, though they

# “The Senses and the Intellect,” p. 1. The language of the
three statements there given by way of definition of Mind, seems
“ to imply a belief in a self-existent something, able to Feel and
Thiuk, and capable of Acting.
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may intervene as indubitable links or constituents of
‘mental phenomena.” There need be the less hesitation
in admitting this latter conclusion from the fact that it is
one which each of us can so easily verify for himself.

We are frequently conscious of the first term of some
process of thought, and we become aware of the last,
whilst those which intervene, numerous though they
may be, do not in the least reveal themselves to our
consciousness. We seck, for instance, to recall some
name or word at the time forgotten. We are conscious
only of a sense of ‘effort’ which may, at the time, be
fruitless, and yet, after a period, in which we have been
thinking of other things, the desired word or name
suddenly declares itself in our consciousness. We may
say with Dr. Carpenter : *Now it is difficult, if not im-
possible, to account for this fact upon any other supposition
than that a certain train of action has been set going in
the cerebrum by the voluntary exertion which we at first

made; and that this train continues in movement after
" our attention has been fixed upon some other object of
thought, so that it goes on to the evolution of its result,
not only without any continued exertion on our parts but
also without our consciousness of any continued activity.”
And that some such view as this has comumended itself
to so distinguished a philosophical thinker as the late
J. S. Mill may be gathered from the following quotation
in reference to parallel phenomena. He says*: “If we
admit (what physiology is rendering more and more
probable) that our mental feclings as well as our sensations
have for their physical antecedents particular states of the
nerves, it may well be believed that the apparently
suppressed links in a chain of association, those which
Sir William Hamilton considers as latent, really are so,

* ¢ Examination of Sir Wm. Hamilton’s Philosophy,” p. 285.
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that they are not even momentarily felt; the chain of
causation being continued only physically, by one organic
state of the nerves succeeding another so rapidly that the
state of mental consciousness appropriate to each is not
produced.”

It is, indeed, certain that multitudes of nerve actions
having no subjective side (that is, which are unaccom-
panied by phases of consciousness), form links or integral
parts of our momentarily occurring mental states, and
that such mere objective phenomena powerfully assist in
determining our so-called mental acts. Nay, more, it
seems almost certain that the greater part of our Intel-
lectual Action proper (that is Cognition and Thought as
opposed to Sensation) consists of mere nerve actions with
which no conscious states are associated. And, lastly,
each one of us may have had frequent occasion to notice
that states of Feeling which at first accompany unfamiliar
Muscular Movements, after a time no longer reveal them-
selves in Consciousness, that is, when such movements
have by dint of frequent repetition become easy of per-
formance. Thus, rapid and unconscious Automatic Actions
are constantly tending, in our own experience, to take the
place of slower and more consciously executed Volitional
Movements.

From this, as well as much more which might be said,
it would appear that those nerve actions attended by
conscious states (to which latter correlatives philosophers
have been accustomed to restrict the words ¢Mind’
and ‘mental phenomena’) constitute, in reality, only a
very small fraction of the sum total of nervous states or
actions which are now known to be comprigsed among
(a) the initial nervous phenomena leading to Sensation
and Emotion, among (b) the intermediate links of
Thought and Imagination, among (¢) the beginnings of
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Desire, and which exist (d) as the incitations to, or
sccompaniments of, Volitional Action. But, if this be
true, what becomes of the metaphysical entity called
¢ Mind’?

Thus, it would appear that, if we are, as so many
philosophers tcll us, to regard the sphere of Mind as
co-extensive with the sphere of Consciousness, we should
find ‘Mind’ reduced to a mere imperfect, disjointed,
serial agglomeration of feelings and conscious states of
various kinds—while the multitudes of initial or inter-
mediate nerve actions (which serve to bind those cther
nerve actions commonly associated with conscious corre-
latives into a complex, continuous and coherent series)
would have no cluim to be included under this category.

For these and other reasons, we feel oursclves driven
to the conclusion that the common notion as to what
should be included under the term Mind, is one which is
altogether erroncous, and such notion ought clearly enough
to be given up, unless some warrantable extension of the
meaning of the narrower term Consciousness should per-
mit the rectification to be made in this direction.

It would seem to most persons impossible so to widen
the signification of the word Consciousness, as to make it
co-extensive with unconscious nerve actions, though some
such proposition seems suggested by Professor Bain when
lie says:* “ We assume as a fundamental fact, that with
nervous action fecling begins.”  This is certainly a large
assumption, and one which it is difficult to admit, though
a notion of the same kind was, several years ago, advocated
by G. H. Lewes,t who holds steadfastly to the notion that
sensibility is the property of ganglionic nerve tissue in
general, cven though the action of such ganglionic tissue

# « Mind and Body,” p. 53.  t “ Physiology of Common Life.”

-
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may not reveal itself by any phases of Consciousness what-
soever.® To have a feeling of which we are not conscious
will seem to most of us a contradiction in terms., J. 8.
Mill was evidently of this opinion, since he says:t ¢ To
feel, and not to know that we feel, is an impossibility.”

‘What, it may be asked, is the nature of an unconscious
‘sensation’ ? Language employed in this way seems to
become meaningless, and, in the writer's opinion, cannot
be justified. If an impression receives none of our
Attention, that is only saying in other words, that we are
not conscious of it or do not feel it. In such a case we
have no reasonable warrant for ealling such an impression
a ‘sensation.” No excuse for such language appears to be
found in the mere fact that there are different degrees
or intensities of Consciousness, and that nerve actions
without feeling cannot be sharply separated from nerve
actions which are accompanied by feeling. It should be
clearly recognized that this kind of reasoning tends to
give us no definite resting point: from such a basis we
might (and in fact ought logically) to go on to postulate
the existence of Consciousness in plants, and even in
inanimate things—since the demarcation between Con-
sciousness and the absence of it, is more radical than that
which separates nerve tissues from other living tissues,
and living from not living matter.} Although, however,
as we may freely concede, the phrase ¢ unconscious sensa-
tion’ is far from being meaningless or unjustifiable from
the point of view of a purely speculative philosophy,§ its

® Since the above was written, G. H. Lewes has published his
“ Physical Basis of Mird,” 1877, in which his views are more elabo-
rately developed and supported.

t “Examination of Sir Wm. Hamilton's Philosophy,” p. 132.

1 “Beginnings of Life,” vol. i. p. 79; vol. ii. p. 77.

§ See A. Barratt's “ Physical Ethics,” 1869, p. 112.
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use tends to introduce confusion into a subject the natural
complexity of which already makes it sufficiently baffling.
'There may be nascent, ill-defined, or abortive subjective
sides to many nerve actions, but, if these do not answer
in ourselves to what we know as Consciousness, it should
not be said, that ¢sensibility’ is an appanage of such
nerve actions.

If, however, we are compelled to believe that Conscious-
ness is not co-extensive with the sphere of ¢Mind,' in
the ordinary acceptation of these terms, and that no
expedient modification of the meaning of the word
Consciousness could make it so, then in face of the now
admitted fact concerning the frequent interpolation of what
J. S. Mill called mere ‘organic states of the nerves,”
or unconscious nerve actions, as integral parts of mental
processes—only one other course lies open to us. We
must widen the signification of the term ¢ Mind’ itself.

This is no question of choice, but one of absolute
necessity. The meaning of the word  Mind ’ must be very
considerably enlarged, so as to enable us to comprise under
its new and more ample signification the results of all nerve
actions, other than those of outgoing currents. We
should thus include as ‘ mental phenomena,’ the functional
results of all nerve actions on the side of ingoing currents
and in the nerve centres—whether these nerve actions
are accompanied by a recognizable conscious phasis, or
whether they form what appear to be mere physical links
(or ““ organic states of the nerves) between other nerve
actions which are unquestionably in relation with definite

" all those well-
omprised under

Sensation or
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Attention, Volition or Will ; and we do not exclude the
multitudinous results of mere unconscious nerve actions,
which constitute so many integral parts of our mental
life—interpolating themseclves from moment to moment,
and having their origin in various parts of our nervous
system. The functional results of outgoing currents,
however, lie wholly beyond the sphere of mind: they
terminate in such physico-vital phenomena, as the con-
traction or the arrest of contraction in Muscles, and the
stimulation or the reverse of Glandular Activity—events
which are in no sense mental, though brought about by
nervous influence. They are purely physical phenomena,
and are taken cognizance of by means of special impres-
sions made upon and conducted to the Cercbrum by such
ingoing or sensory nerves as are in relation with the moving
parts or secretory organs.*

Here a difficulty at once presents itself. It will doubt-
less be said on all sides that we cannot rightly group the
various Conscious States which accompany certain nerve
actions (subjective phenomena) with mere unconscious
nerve actions (objective phenomena). These two groups
of phenomena, it is always said, are separated from one
another by what appears to be utter dissimilarity of nature,
as typified by the fundamental contrast of Subject and
Object (the Ego and the Non-Ego).

This is an objection based upon our ignorance as to the
exact genetic relation existing between subjective states
aud the bodily conditions (or nervous actions) on which
they seem to be dependent. It is probably due to an
equal extent to a temporary forgctfulness on the part of
those who advance it, that we are as much in the durk as
to the real nature of Motion as we are about the real mode

* These questions as to the rclation of ‘outgoing currents’ to
Mind will be fully discussed in Chap. xxvi.
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of origin of Feeling. Motions, whether molecular or other,
we know only by their effects upon us, that is, in terms of
Feeling. Who, therefore, is to declare that there can be
no kinship between that which is the cause of Feeling
and the molecular movements of certain nerve tissues,
when, as to the cause of Feeling, knowledge other than
that which comes from inference, is, from the very nature
of the problem, for us impossible, and when we con-
fessedly know nothing concerning molecular movements
other than what we can learn through Feeling.
There seems, therefore, no real room or occasion, from
o scientific point of view, for the protests which some
will assuredly make against this necessary grouping of (a)
the conscious states and certain parent nerve actions, with
(b) other mere unconscious nerve actions, which are con-
tributory to, rather than directly associated with, conscious
states—as the constituent phenomena Mind in its new
and altogether broader acceptation. That the two classes
of nerve actions referred to are in reality separated by no
arbitrary line, and that the more simple (b) are connected
by innumerable gradations with the more complex (a) is
an assumption favoured by all who believe in the philo-
sophy of Evolution.®* Such persons will, therefore, more
easily see that ‘mental phenomena,” as above defined,
correspond to a coherent rather than, as of old, to an
incoherent and non-consecutive assemblage of processes.
Some such change is inevitable, and we of the present
d inconvenience
ing of the term
y reap the benefit
the rectification.
terms are to be
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retained, their implications must from time to time be
amended, in order that further progress may be made more
easy or even possible.

Those who take the step above indicated, will recognize
another truth which has been already implied. They will
find themselves logically compelled to depart still further
from commonly recognized views. On strict enquiry, it
will be seen that the notion that the Brain is the exclusive
‘organ’ of Mind can no longer be entertained. This
view was, indeed, too broad to be justified by the old
philosophy, since only a very small part of the nerve
actions taking place in the different ganglia entering
into the composition of the human brain are attended
by Conscious States. But, if the seat assigned to Mind
was formerly much wider than physiolcgy could warrant,
it now, on the other hand, becomes much too narrow.

This will be secn to be a necessary consequence of
including under the term ‘Mind’ a multitude of the
unconscious nerve actions occurring in the Brain. For
it is impossible to draw any valid line of demarcation
between many unconscious nerve actions taking place in
the brain of man or any lower animal, and others (with
which they are continuously or genetically related) in the
spinal cord, or in any of the ganglionic masses in different
parts of the body. The division of the Nervous System
into Brain, Spinal Cord, and Sympathetic System is one
which, though justifiable enough on anatomical grounds, is
much less 80 from a physiological point of view. The
Nervous System is really one and indivisible, so that, if,
with certain reservations, unconscious nerve actions occur-
ring in the Brain are to be regarded as ‘ mental pheno-
mena,’ we can find no halting point short of includirg
under the same category any unconscious nerve actions of
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a similar order, wheresoever they may occur. In this
sense, therefore, almost the whole Nervous System would
have to be regarded as the ‘organ’ of Mind, while the
Brain should be regarded as merely its principal com-
ponent part,

Views closely similar to those above set forth were
advanced by the writer in 1870, when he said :*  Let us
openly profess what has becn tacitly implied by many.
Instead of supposing that Mind and Consciousness (in its
ordinary acceptation) are co-extensive, let us make Mind
include all unconscious nerve actions as well as those which
are attended by Consciousness. . . . We must inevitably
come to this, and the doctrine of ¢unconscious cere-
bration ’ has served to pave the way forit. . . . . Sce-
ing that Mind, even in its ordinary acceptation, is the
product of all ‘potential’ as well as of all realized,
knowledge, the word cannot without the intervention of a
fundamental error be considered as a convertible term for
realized or realizable knowledge only. That which is
realizable now, or capable of being recalled to conscious-
ness, may, and often does, after a time cease to be so, and
vet the essential nerve actions themselves may still go on,
and none the less surely work their influence upon our
fleeting succession of conscious states. Thus has it been
with the race, and thus is it with the individual. And
shall we cease to call a given nerve action mental, when
by frequent repetition it has become so habitual that it no
longer arouses Consciousness ?”  Transitions from con-
scious nerve actions to unconsciousnerve actions are habitu-
ally taking place during the education of the individual,
and the development of the nervous system in each one of
us, and ““ the more fully such phenomena are recognized
as parts of an orderly succession by which alone,

* ¢« Journal of Mental Science,” Jan., p. 522.
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greater and greater complexities of thought and feeling
are rendered possible, the more will it become evident that
the sphere of mind cannot at any time be circumscribed
by the then present or possible states of Consciousness,
the more it is obvious that in our conception of mind we
should also include all past stages of Consciousness,
which now in the form of unconscious nerve actions
are, from moment to moment, manifesting themselves
potentially, if not actually, in all our present Thoughts,
Feelings, and Volitions.”

Certain qualifications of this doctrine are now intro-
duced, since, for reasons which will be more fully con-
sidered in later chapters, those tracts of the Nervous
System exclusively concerned with the passage of ¢ out-
going currents ' are now deemed to have no more claim
to be regarded as parts of the ‘organ’ of Mind than
has the Muscular System itself, with which they are in
immediate relation.

The views above sketched, are different from those
commonly entertained by physiologists, and they also
differ, in one or other respect, from those of modern British
philosophers such as Spencer, Lewes and Bain. They
differ, however, still more widely from the views of other
philosophical writers who, not having emancipated them-
selves from the mere metaphysical doctrines concerning
Mind, habitually regard it as an entity, and speak of
‘the Mind’ using the Brain as its instrument.

This latter doctrine, which still counts & wide circle
of adherents, and is likely, perhaps, to do so for some
time, has been aptly met by Professor Bain. He says:*
“In the first place it assumes that we are entitled to
speak of Mind apart from body, and to affirm its powers

* “Miud and Body,” p. 130.
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and properties in that separate capacity. But of mind
apart from body we have no direct experience, and
absolutely no knowledge. . . . . In the second place we
have every reason for believing that there is, in company
with all our mental processes, an unbroken material
succession. From the ingress of a sensation to the out-
going responses in action, the mental succession is not for
an instant dissevered from a physical succession . . . . .
It would be incompatible with everything we know of
cerebral action, to suppose that the physical chain ends
abruptly in a physical void, occupied by an immaterial
substance; which immaterial substance, after working
alone, imparts its results to the other edge of the physical
break, and dctermines the active response—two shores of
the material with an intervening ocean of the immaterial.”
The difficulties in working such a hypothesis are in fact
extreme, even if it had not been negatived by the many
other considerations referred to in previous pages.

In treating of ‘the Brain as an organ of Mind,’ there-
fore, it will be understood that we use the word ¢ organ’
merely in the sense that it is a part whose molecular
changes and activities, constitute the essential correlatives
of those phases of Consciousness known as Sensations,
Emotions, Thoughts, and Volitions, as well as of a con-
siderable part of the sum total of those other related
nerve actions which are unattended by Consciousness, and
whose results form, in accordance with the views above
stated, so large a proportion of the phenomena compre-
hended under the general abstract word ¢ Mind.’
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indicates the principal kinds of data which require to be
combined, and more or less fused, in order to give birth
to a legitimate Psychology or true science of Mind.,
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These three departments supply data almost equally
important. To neglect the facts supplied by Neurology
would be about as unreasonable as to dismiss the legitimate
study of Subjective Psychology, and certainly is on no
grounds to be defended by those who do not refuse to
include the study of Objective Psychology—and are thus
willing to take account of the data obtainable as to the
conscious states of animals and of human beings other
than themselves. For, if a departure is once made from
the sphere of the subjective, the data of Neurology must
be admitted to constitute as important a division of the
science of Mind as those derived from Objective Psycho-
logy—from which they differ more in degree than in
kind.



CHAPTER XI.
REFLEX ACTION AND UNCONSCIOUS COGNITION.

THE nature of & Reflex Action has been already indicated,
and the tissue elements usually concerned in such an
elementary nervous operation have been described. They
consist of ingoing fibres continuous in a Nerve Centre with
so-called ¢ sensory ' nerve cells, which in their turn are
in communication with some group or groups of ‘motor’
nerve cells, whence issue outgoing fibres for the trans-
mission of stimuli to muscles.

Such groups of tissue elements variously connected
together are continually increasing in definiteness and num-
ber during the coursg,of structural development, as well as
during the whole time in which the ¢ education’ of animal
organisms progresses. The cellular elements are aggre-
gated into Ganglia of different sizes, and, by reason of
their close approximation in these bodies, the establish-
ment of structural connections between those cells which
are functionally related, either on the side of ‘impres-
sion’ or on that of ‘recaction,’ is doubtless fucilitated.

Thus it scems to result from the very nature of nerve
tissues and their mode of development, that variations
in the kind and combination of impressions acting upon
any particular organism, as part of its life phenomens,
become by slow dcgrees organically linked to different
and severally appropriate motor results. The organism

A




Cuar. XL] UNCONSCIOUS COGNITION. 157

¢learns’ to discriminate one impression from another,
either unconsciously or consciously—as we are compelled
to infer, from the different nature of its motor responses
and the suitability of each as an answer to the impression
which it follows. Thus ¢ discrimination’ comes to be an
essential result or concomitant of the action of even the
simplest nerve tissues.*

And as ‘discrimination’ is generally recognized by
philosophers to be the root faculty or most fundamental
manifestation of Intelligence, we shall find in the
phenomena of Reflex Action, now about to be illustrated, a
further strong support for the view that the nervous
system generally is to be regarded as the Organ of
Mind.

In most lower animals, as we have seen, several separate
Nerve Centres, or Ganglia, constitute the main subdivisions
of the nervous system. In animals like the Centipede,
these ganglia are very numerous, and distinct from one
another; in others, such as the Grasshopper, several
become fused at intervals, so that separate ganglia are
less numerous ; while in Vertebrate animals, as we have
seen, the fusion is carried still further. In the Fish, the

* Something very like organic discrimination may occur in
Plants. A writerin “Nature” (June 26, 1873, p. 164) cites what may
be regurded as an instance of this. He says: *The Ivy Linuria
grows on an old wall; its flowers und the flower-stalks stand out
for the sun and Insccts to visit the little ¢snap-dragon.” But no
sooner does the corolla fall than the peduncle begins to curve in-
wards to the wall, and usually contrives to tuck its seed-vessel well
into the brickwork again.” An action like this may perhaps be
the result of an organic impulse or tendency fostered, it not engen-
dered, by * natural selection.” And as the observer intimates, there
are certain obvious relations between such a process and some of
the instinctive actions of animals in connection with ovi-position.

8



158 REFLEX ACTION AND

Reptile, and other Vertebrates, the separate ventral gan-
glia of the Centipede are represented functionally by a
continuous cord-like aggregation of fused centres, which
occupy the median line in the dorsal aspect of the body.

The lower the organism, the more independent is the
functional activity of its several nerve ganglia, while the
higher the animal in type and scale of organization, the
more closely knit together are the activities of these several
parts of the nervous system. Even in Man himself, how-
ever, we have frequent evidence of the independent action
of more or less limited regions of the nervous system.
This is the case, for instance, in winking, sneezing,
coughing, swallowing, which are all of them reflex or
‘ automatic ’ actions. The latter name has been given on
account of the machine-like regularity with which such acts
are performed—independently of all conscious guidance.

The existence and mechanism of ‘reflex actions’ were
first distinctly referred to by David Hartley in 1748 ; they
were more definitely described by Prochaska in 1784;
though it was Marshall Hall who, some fifty years later,
first clearly recognized and elucidated their real impor-
tance. Since his time our knowledge of these actions has
been widened in all directions by the labours of many
physiologists.

The fact that each Ganglion in one of the lower
animals constitutes an independent centre for reflex
actions, and that the movements to which it gives rise are
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powerful arms terminaling with hooks, with which it is
accustomed to seize and pierce its prey. When the head
together with this first thoracic segment was excised, the
body of the Insect, supported on its four remaining legs,
resisted attempts made to overturn it, and at the same
time agitated its wings and wing-cases. When, after this,
the head was detached from the first thoracic segment, the
latter single and isolated body segment afterwards showed
signs of life by the continuance of * reflex actions’ of a pur-
posive character for more than an hour. When touched,
it moved its arms, turning them towards the finger of the
experimenter, and even nipping it strongly.

These were actions of much the same kind as would
have been exhibited towards a Fly or other prey, if the
segment had formed part of an entire Mantis. In such a
case, the movements would, doubtless, have been, to some
extent, consciously instigated through the Brain of the
animal. The above-mentioned experiment, however, shows
conclusively that the movements of the arms and claws
which were seen when the thoracic segment was severed
from the head, must have been executed through the inter-
vention of the single bilobed ganglion, together with the
afferent and efferent nerves which the segment contains.

Dr. Carpenter says :* ¢« If the head of a Centipede be
cut off whilst it is in motion, the body will continue to
move onwards by the action of its legs; and the same will
take place in the separate parts, if the body be divided
into several distinet portions. After these actions have
come to an end, they may be excited again by irritating
any part of the nerve centres, or the cut extremity of the
nervous cord. The body is moved forwards by the regular
and successive action of the legs, as in the natural
state; but its movements are always forwards, never

# « Mental Physiology,” 3rd Edition, p. 53.
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backwards, and are only directed to one side when the
forward movement is checked by an interposed obstacle.”

If we look now to such reflex movements as are com-
monly manifested by one of the higher animals—a Frog,
for instance—we shall meet with the same machine-like
regularity in the execution of motor responses to ordinary
stimuli, the same semblance of an intentional effort to
accomplish a certain end—even when the animal has been
deprived of its Brain, and when the movements are there-
fore as involuntary and unconscious as those of the thoracie
segment of the Mantis above referred to.

After the head and neck of a narcotized Frog had been
removed, Vulpian® slightly pinched a toe of one of the
stretched-out hind limbs, and observed, as others have
done, that this stimulus was quickly followed by a flexion
of all the segm :nts of the limb upon one another. The
same result constantly followed the application of such a
stimulus, and as Vulpian points out:—‘It is not an
indefinite reaction. All the muscles do not contract ; for
if it were so, there would be forcible extension of the limb,
as in strychnia poisoning, since the extensor muscles in
the frog are together much stronger than the flexors.
..... Here, on the contrary, a certain number of
muscles only contract, while the others remain more or
less inert. There is a contraction of muscles combined in
such a manner as to produce a particular result, and the
result of these harmonized contractions is to withdraw the
limb from the exciting cause.”

to one of the hinder
a different reaction,
same under similar
movement of flexion
ut both it and the
rveux,” p. 415,

| e



Cuar. X1] UNCONSCIOUS COGNITION. 161

corresponding limb are suddenly extended; and ¢ this
movement of the two legs is,”” as Vulpian says, ‘‘ that
which is most appropriate, either to repel the cause of
irritation or to shoot the animal forward, and so remove
it from the influence of the irritating agent.”

Again, if the skin of the side of the body is slightly
pinched in a headless frog, the foot of the hind limb on
the same side is brought up so as to endeavour to rub
away the irritating agent. Here also we have a complex
movement brought about by many muscles definitely com-
bined and adapted to obtain a certain result. But the
particular movements executed always vary in accordance
with the site of irritation. Thus, a pinch at the posterior
extremity of the trunk, evokes wholly different movements
from those just described. In this case, according to the
same authority, ‘* There is & new combination of muscular
contractions, by means of which the fret are first brought
towards the point irritated and there pressed together, and
then the limbs are suddenly extended, thus giving rise to
the movement most suitable for repelling the cause of
irritation.”

In addition to the instances already cited there is the
celebrated experiment of Pfliiger still to be mentioned, in
which the reflex act evoked was so definite and purposive
as to lead him to claim for the Spinal Cord a kind of con-
scious perceptive power, similar to that which physiologists
generally restrict to the Brain. He placed a drop of acetic
acid on the upper part of the thigh of a decapitated Frog,
and the segments of the corresponding limb were quickly
flexed, so that the foot was made to rub the seat of irrita-
tion. He then amputated this foot of the headless animal
before reapplying the acetic acid. The result was most
remarkable. The maimed animal began to make fresh
efforts to rub the irritated spot, but was unable to reach
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it now that the foot was removed. After some moments
of agitation, as if the brainless creature were seeking a new
means of accomplishing its end, the motor stimulus flowed
out in a different direction, causing the animal to bend
the limb of the other side till with its foot it succeeded
in rubbing the irritated region.

Thus, as Vulpian says,—** Each spot irritated acts as &
kind of spring for calling into play a mechanism which
varies according to the point excited, and according to the
intensity of the excitation. But cach mechanism that is
called into play always determines a tendency to remove
the region irritated from the irritating cause. The efforts
differ, the mechanism differs also, but both are always
appropriate, and, as it were, chosen.”

Multitudes of reflex acts having the same general
characteristics are quite familiar to us from their occur-
rence in the higher animals and in man. Of these it
may suffice to mention the closure of the eyelid before aa
approaching body, the rapid drawing away of the paw or
hand from injury, the throwing out of the arms in the act
of falling, the movements of suction and deglutition
following impressions on mouth and throat, together with
the acts of vomiting, coughing, and sneezing.

Tt will have been seen that there are two distinct
sides to the process which we have hitherto been consider-
ing. We have to take into account what occurs on the
side of ‘ingoing currents,’” in the nervous centre; and
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natural order has commended itself from the peculiarities
of the facts to be explained.

As to the existence or nature of the phenomena which
take place on the side of the ingoing current in lower
animals we can know nothing directly. 'We can only
infer that processes of great importance occur on this
side, because of the increasingly complex and purposive
character of the movements which higher or older animals
become capable of manifesting.

The characters of the movements, therefore, are the
objective facts, and it is only by an attentive study of
them, and of the conditions under which they are mani-
fested, that we are entitled to come to an opinion as to
the occurrence of organic discriminations on the side of
the ingoing current—as to the existence, in fact, of what
we can only term ¢ unconscious cognitions.’

The increase in the number and variety of the nervous
impressions, both simultaneous and successive, to which
Animal Organisms become attuned to react, takes place
at a comparatively slow rate. The addition to the receptive
powers of any one individual are only slight, and it is
during the period in which it is acquiring these powers
that the corresponding structural changes will become
more and more perfected, partly in the form of new or
altered nerve cells, and partly by the formation of inter-
cellular processes and connecting fibres. And owing to
the fact that the germ or egy produced by an organism
always tends to develop into a form similar to that of its
parent (similar that is not only in external shape but in
the intimate texture and arrangement of its organs and
tissues), the successive lineal descendants of any one kind
of organism may in effect be regarded as portions of the
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same organism, gradually developing through succcssive
generations or stages of one life history.*

The doctrine of ¢ Inherited Acquisition,’ to the enuncia-
tion and development of which we are so largely indebted
to Herbert Spencer, explains, therefore, how it is that
young organisms, only just arrived at maturity, are often
better adapted, in some respects, to their surroundings
than were their predecessors, near or remote, at a corre-
sponding age. Consequently, if during their lifetime
again, or during that of their descendants, some further
modes of impressibility (with corresponding powers of
discrimination) become possible either in old or in new
directions ; and if simultaneously there arises some new
or altered capacity for acting in response to these new
impressions, it will not be difficult for the reader to
understand that this would constitute one important mode
in which the nervous system slowly develops and becomes
more complex.

Thus it is that habitual or often recurring stimuli of
new kinds are presumed to be constantly leaving their
traces in the plastic tissues of lower organisms, and
inducing such structural modifications in them as tend not
only to make the recurrence of similar impressions more
easy, but also to render the reception and recognition
of new impressions more possible.

Most of us must be familiar with the fact that by the
concentration of Attention in certain directions, aided by
voluntary efforts, we are capable of increasing our powers
of Discrimination in the range of either of the senses, and

* The many influences capable of accelerating or retarding this
kind of race development cannot here be even enumerated. Suffice
it to say that some of the principal of them have been described
and copiously illustrated by Mr. Darwin in his works on *The
Origin of Species,” and on * Sexual Selection.”
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that each new acquircment renders possible other and
more refined discriminations. But there is reason to
believe that, even without conscious voluntary efforts, the
same kind of progress (though more slowly) is capable of
being brought about by the action upon the organism of
all the varying influences by which it is surrounded.

The mode by which mere ‘ organic discriminations’ are
rendered possible may be, in part, illustrated by reference
to the building up of the links between conscious dis-
criminations and actions in higher organisms—such as
Cephalopods and Fishes.

Particular attention must be called to the fact thut
each new impression which becomes registered is not
something wholly different from what has gone before. 1t
is rather some slight modification or refinement upon
impressions which have preceded it, and just as it takes
iis origin in similar parts of the body, so would it naturally
proceed to those same regions in the central nervous
system to which preceding impressions of like kind
had been transmitted. The determining conditions and
route by which the impression travels could scarcely be
different in the case of some new visual impressions, for
instance, from what they had been in regard to all previous
visual impressions. Thus the physical counterparts of
like kinds of old and new impressions are almost neces-
sarily brought into close relation with one another, and
with the same sets of outgoing nerve fibres, however
these latter may from time to time be supplemented and
modified in their combinations. An organic continuity,
in fact, is supposed to lie at the root of impressions new
aud old, whereby they are classed at the same time that
they become organized. Intelligence would thus be sub-
ject to actual ‘growth'in more senses than one. The
process is of course notably more complex than it is Lere
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represented. Some of the essential complications of the
process are, however, of an obvious nature.

It is not only that impressions of touch become organi-
cally related to other impressions of the same kind, that
visual impressions become classed with visual impressions,
and 8o on. Unions also would seem to spring up in some
less explicable way between central nerve units of different
orders—that is, between contiguous sensory ganglia. Thus
if in the experience of any organism, such as a Cuttle-
fish, visual impressions are usually quickly followed by
tactile impressions, it would seem for various reasons to
be almost certain that communicating fibres would become
developed between corresponding portions of the visual
and tactile ganglia, and any motor response that might
follow would thus be either directly or indirectly related
to foci of excitement in both these sense centres. In the
same manner the odour from some Cod-fish, or other
object of prey, may reach the voracious Shark either before
the object is seen or simultaneously, and these two im-
pressions will, in a very large number of cases, be followed
by certain tactile and by certain gustatory impressions.
The first impressions become related to and may find an
outcome in the production of movements of pursuit ; while
those engendered during the process of capture (viz., of
touch and taste combined) immediately call into play the
complicated simultaneous and successive movements of
jaws, throat, esophagus, and stomach, which form part of,
or are accustomed to succeed, the act of swallowing.

From what has been said in this chapter, it may be
safely concluded that as, by the frequent repetition of like
stimuli, the structural connections of nerve currents (or
the precise paths of ingoing impressions through nerve
centres and along outgoing nerve fibres) are developed and
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rendered definite, so certain appropriate actions will follow
certain impressions with unfailing regularity and precision.
There goes on, as it were, an organization of ‘Intelli-
gence ’ primarily of the organic or uuconscious kind, which
is the hidden cause of the purposive character displayed
by so many movements.

We say that the process is primarily of the organic
or unconscious type, because one may witness even
in Meduse and in organisms only a little above them
actions’of a purposive type in response to stimuli acting
upon different parts of their bodies. And it is difficult
to believe that the Neural Developments in such creatures,
by means of which the several motions follow in response
to the several stimuli, can have been brought about under
the influence of any distinct ¢ conscious ’ guidance. We
have here, doubtless, to do with ¢ organic processes’ only
a few degrees more complex than those which may take
place in a Sun-dew or other ¢ Sensitive Plant.’

Organic processes of the same kind possibly constitute
the busis or starting point for all subsequent neural de-
velopments and Mental Acquisitions, even when in higher
animals such processes become quickened, in somse
further unknown manner, under the directive influence of
Conscious Efforts of gradually increasing distinctness.



CHAPTER XII.

BENSATION, IDEATION, AND PERCEPTION.
NEvRoLoGY may be advantageously studied by beginning
with the investigation of the simplest and earliest forms
of the Nervous System, and theuce proceeding to examine
its more and more complex types. A wholly different
order is, however, compulsory, in regard to Psychology.
Its ¢ subjective’ division constitutes for each of us the
sphere of positive knowledge in regard to this subject ;
while that portion of ¢objective’ Psychology having
reference to the mental states or processes of our fellow-
men has the next greatest amount ot certainty for us—
since the human faculty of Articulate Speech enables
us to compare, to some extent, the subjective experiences
of other men with our own.

Objective Psychology, so far as it relates to inferior
forms of life, is merely a field for more or less probable
conjecture, in which the basis of certainty diminishes the
further we depart from the human type. Knowledge
garnered from our own experiences and those of our
fellow-creatures affords, as it were, the lamp wherewith we
seek to illuminate the dark places of animal Psychology.
Hence it is necessary for us in the first place, before
attempting to consider the mental processes of lower
animals, to look to some of the fundamental facts per-
taining to human Psychology. The previous consideration

a
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of ¢Reflex Action and Unconscious Cognition,” will be
found to be a fully justifiable procedure, and it was equally
desirable that its consideration should have been prefaced
by an enquiry as to the scope of ‘Mind’ and the nature
of mental phenomena.

Descartes, Leibnitz, Spinosa, and other philosophers
have, as Sir William Hamilton reminds us, been led to
regard ‘“the faculty of Cognition as the fundamental
power of mind from which all others are derivative ;"
while Condillac and his school attributed this rank to
Sensation rather than to Cognition, and similarly derived
all other mental faculties from this as a base or starting
point.

It would not be in accordance with the point of view
of Evolutionists to say that either of these facultics could
generate all the others. If we grant it to be true, that one
or other of them—either Cognition or Sensation—does,
in fact, constitute the primary manifestation of mental
activity, we should rather say, that as the nervous actions
upon which the mental precess is dependent grow more
complex, so may other so-called ¢ faculties’ of mind be
gradually engendered as related phases of the same neu-
rological activity, and marked by a growing tendency to
become more and more distinet from one another.

As to which of the mental modes or manifestations is
to be regarded as primary, there seems to us to be little
room for doubt. Hamilton truly observes* :—* The
fuculty of knowledge is certainly the first in order, inas-
much as it is the conditio sine qud non of the others ; and
we are able to conceive a being possessed of the power of
recognizing existence, and yet wholly void of all fecling of
pain and pleasure, and of all powers of desire and voli-
tion. On the other hand, we are wholly unable to con-

* ¢ Lectures on Metaphysics.” Fifth Edition, vol. i., p. 188.
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ceive a being possessed of feeling and desire, and, at the
same time, without a knowledge of any object upon which
his affections may be employed, and without a conscious-
ness of these affections themselves.”

Some highly significant facts have, indeed, already been
mentioned, tending to show that mere organic discrimina-
tions or Cognitions may be manifested by plants, lower
animals, or even parts of animals under conditions in
which it is not warrantable to assume the co-existence of
anything like that which we know as Consciousness or
Feeling. We have seen some and shall find more re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>