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PREFACE.

WHaEN one has to maintain an argument, he will be listened to
more willingly if he is known to be unbiassed, and to express
his natural sentiments. The reflections contained in these
pages have not been suggested by the occasion of the Bridge-
water Treatises, but arose, long ago, in a course of study
directed to other objects. An anatomical teacher, himself
aware of the higher bearings of his science, can hardly neglect
the opportunity which the demonstrations before him afford,
of making an impression upon the minds of those young men
who, for the most part, receive the elements of their profes-
gional education from him ; and he is naturally led to indulge
in such trains of reflection as will be found in this essay.

So far back as the year 1813, the late excellent vicar of
Kensington, Mr Rennell, attended the author's lectures, and
found him engaged in maintaining the principles of the
English school of Physiology, and in exposing the futility of
the opinions of those French philosophers and physiologists,
who represented life as the mere physical result of certain

combinations and actions of parts, by them termed Organisa-
tion.
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That gentleman thought the subject admitted of an argu-
ment which it became him to use, in his office of * Christian
Advocate.”* This will show the reader that the sentiments
and the views, which a sense of duty to the young men about
him induced the author to deliver, and which Mr Rennell
heard only by accident, arose naturally out of those studies.

Tt was at the desire of the Lord Chancellor Brougham that
the author wrote the essay on “ Animal Mechanics ;” and it
was probably from a belief that the author felt the importance
of the subjects touched upon in that essay, that his Lordship
was led to do him the further honour of asking him to join
with him in illustrating the  Natural Theology ” of Dr Paley.

That request was especially important, as showing that the
conclusions to which the author had arrived were not the
peculiar or accidental suggestions of professional feeling, nor
of solitary study, which is so apt to lead to enthusiasm ; but
that the powerful and masculine mind of Lord Brougham was
directed to the same objects; that he, who in early life was
distinguished for his successful prosecution of science, and
who has never forgotten her interests amidst the most arduous
and active duties of his high station, encouraged and partook

of these sentiments,
Thus, from at first maintaining that design and benevolence

were everywhere visible in the natural world, circumstances
have gradually drawn the author to support these opinions
more ostentatiously and elaborately than was his original wish.

The subject which he has to illustrate in this volume, belongs
to no definite department ; and is intermediate between those

* An office in the University of Cambridge.
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sciences which have been assigned to others. The conception
which he has formed of its execution is, that setting out as
from a single point, he should enlarge his survey, and show the
extent of the circle, and the variety of subjects, upon which it
bears ; thence deducing the conclusion, that as there is a rela-
tion of one part to the whole, there must be a system, and
universal design.

The author cannot conceal from himself the disadvantages
to which he is exposed in coming before the public, not only
with a work in some measure extra.-];;mfessiuna.l, but with
associates distinguished by classical elegance of style, as well
as by science. He must entreat the reader to remember that
he was, early and long, devoted to the study of anatomy ; and
with a feeling (right or wrong) that it surpassed all others in
interest and usefulness. This made him negligent of acquire-
ments which would have better fitted him for the honourable
association in which he has been placed: and no one can feel
more deeply that the suggestions which occur in the intervals
of an active professional life must always be unfavourably con-
trasted with what comes of the learned leisure of a College.

The author has to acknowledge his obligations to His Grace
the Archbishop of Canterbury, the Bishop of London, and the
late President of the Royal Society, for having assigned to
him a task of so much interest. When he undertook it, he
thought only of the pleasure of pursuing these investigations,
and perhaps too little of what the public were entitled to ex-
pect from an Essay composed in circumstances so peculiar, and
forming a part in this “ great argument,”

- Brook STREET, 1832,












AN

ACCOUNT OF THE AUTHOR'S DISCOVERIES

IN

THE NERVOUS SYSTEM.

By ALEXANDER SHAW.

In the following- Treatise, especially in the fifth and seventh
Chapters, and the Appendix, there is frequent reference to
the distinct qualities of the Nerves, in illustration of the pro-
perties of the Hand. But the Author has only alluded dis-
tantly to the original inquiries which he himself pursued in the
Nervous System. The Discoveries for which Physiology is in-
debted to him, in that branch, are among the most valuable that
have at any time been made. In the fundamental changes they
have wrought on the theories held upon the subject, they are on
a par with the Discovery of the Circulation of the Blood by
Harvey. It may, therefore, be an appropriate introduction to

this Volume, to give a brief account of the principal results of
his researches. :

When the author commenced his investigations, the subject
of the functions of the Brain and Nerves was involved in great
darkness. The extent of ignorance may be judged of, when it
18 stated that the distinction between the nerve which gives
Motor power to the muscles, and the nerve which conveys Sen-
sation from the skin, had not at that time been ascertained,
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The opinion universally held was, that the nerves generally, to
whatever part of the body they were distributed, possessed not
only those two properties, but various other less clearly-defined
ones ; all of which, it was supposed, were obtained promiscu-
ously from the brain, which was regarded as a common central
source of every imaginable nervous endowment. And we may
perceive that those who held that view, of motor power and
sensation belonging conjointly to the same nerve, did not con-
gider it impossible for two kinds of nervous influence, essen-
tially distinct from each other, to be conveyed along its fibrils,
one taking one direction, and the other a direction exactly
opposite, at the same instant ; for it cannot be doubted that
the nervous agency which excites the muscles proceeds out-
wardly from the brain, or centrifugally ; while that which com-
municates sensation proceeds inwardly, or centripetally.

We may be surprised that a view which appears now so in-
congruous should have held its ground so long. Yet there is a
fact which will assist in accounting for the error. The body
generally, from head to foot, is supplied, with scarcely an ex-
ception, by the extensive series of * Spinal nerves.” Now, it
happens that every one of that numerous class possesses the
power of bestowing both motion and sensation. For example,
if any nerve whatever that goes to the arm or leg be cut across,
the immediate effect will be total loss of both functions in the
part corresponding to the distribution of the nerve, Accord-
ingly, when physiologists observed the same effects constantly
produced by such experiments, they naturally concluded that
the two properties were inseparably united in every nerve.

As an additional source of deception, it may be mentioned,
that if a nerve be removed from the body, and its internal
structure carefully examined, the thread-like fibrils of which it
is composed will all appear exactly alike ; nothing will be found
in their size, colour, or texture, to indicate that there should be
any difference in their functions.

It is to the author that physiology is indebted for the over-
throw of those erroneous opinions, and for the discovery of the
true principle on which the functions of the nervous system are
to be investigated. To him the honour is exclusively due of
having demonstrated, for the first time, that the nerve of Motion
is distinct from the nerve of Sensation ; and that when a nerve,
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apparently simple, possesses both properties, it is a sign that it
is really compound, and consists of fibrils derived from distinet
divisions of the brain or spinal cord.

The process of investigation by which he made that pre-emi-
nently great discovery may be briefly explained. It commenced
in his adopting certain original views concerning the functions
of the principal centres of the nervous system. He opposed
the prevalent opinion, that the same common properties be-
longed indiscriminately to all parts of the Brain and Spinal
cord. He conceived that, however undefined and irregular
~were the various subdivisions of these important organs, and
however assimilated in structure, so as apparently to forbid
the notion of their having any essential differences between
them, they were, in fact, centres of distinct kinds of nervous
agency; but that all were subject to a connecting and presiding
influence exercised by the Brain as a whole.

Now, from this theory, of inferior organs, each endowed with
a distinet power, being contained within the brain and spinal
cord, the author was led to take a corresponding new view of
the functions of the nerves. He conceived that each of those
nerves which arose from a distinet organ, would possess the
power of conveying to or from the body the particular influence
with which the organ itself was endowed.

Accordingly, a method of ascertaining the functions of the
nerves, never before thought of by physiologists, was suggested
to his mind. Heretofore, the only attempts made to distinguish
their uses had been by performing experiments on the trunks
of the nerves at a distance from their origins, and where they
had formed frequent connexions, in their course, with numerous
others coming from totally different parts of the brain. But
the mode he adopted, and which was the key to all his disco-
veries, was that of examining the nerves at their roofs—close, that
is to say, to the divisions of the brain, or of the spinal cord, :
from which they took their rise.*

The first nerves to which he applied that original method of
research were those just adverted to as conferring motion and
sensation conjointly, viz., the Spinal nerves. After a time, he
carried his inquiries into the nerves of the Brain; and prose-
cuted them in a similar manner, by taking their origins as his

* Idea of a New Anatomy of the Brain. 1811.
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guides. By thus extending his observations to both these
organs, he gained the important advantage of comparing with
each other various nerves which differed essentially in the
number and structure of their roots, and of elucidating the
functions of the one kind by contrast with the others.

If a Spinal nerve be taken anywhere in its course through the
body, and traced backwards to its source in the Spinal cord,
it will be found that, when it gets near the organ, it splits into
two sets of fibrils, of equal size, called its “roots,” On further
examination, each root will be seen to dip into a division of the
cord, circumscribed by distinet boundaries, termed a “eolumn.”
One of these columns being situated at the back of the organ,
the root connected with it obtains the name “posterior;” and
a rounded body, of a reddish hue, called a “ ganglion,” is formed
upon this posterior root. The fibrils of the other root are
directed forwards and lost in the substance of a column situ-
ated in front, whence it is called “anterior;” and is distin-
guished from its fellow in not having a ganglion.

Encouraged by the observation of these marked differences in
the roots to suppose that his theory was well founded, and that
the one would be found to have a distinct function from the
other, he felt justified in putting his views to the test of experi-
ment, by exposing the spinal cord with its roots in a living
animal, and dividing, or irritating them, in succession. Accord-
ingly he proceeded to perform that operation ; and the results
realised his anticipations. They proved decidedly that the
“anterior” root was distinet in its functions from the “pos-
terior.”

But here it must be stated that the author was not satisfied
to rest his conclusions upon the particular functions of these
roots on experiments confined to them alone. His final views
were formed by associating the results obtained through them
with others derived from experiments, presently to be described,
on the nerves of the Brain.

The principal fact in regard to the spinal nerves, which he
was sure of having fully established, was that the power of giv-
ing motion is exclusively the property of the “anterior” roots.
Each time these were pinched, a convulsive action of those
muscles which correspond to the distribution of the nerves ex-
perimented upon took place, leaving no doubt of the cause of




DISCOVERIES IN THE NERVOUS SYSTEM. XV

the movement: but a similar effect could not be produced by
any amount of irritation applied to the “posterior” roots.

Tt might have been thought that when the author had thus
decidedly shown that the “ anterior” roots bestowed motor
power, he would have concluded at once that the remaining
function of the nerves, sensation, belonged to the “ posterior”
roots. But such was not his course of proceeding. He was
convinced, that for determining the seat of a power of the nature
of sensation, direct experiments on the roots themselves could
not alone be depended upon. To comprehend the grounds of
his want of confidence, we have merely to reflect on the peculiar
character of the experiments. Necessarily, they are of a violent
and painful description, They involve, first, the making of
long and deep incisions through the skin and muscles of the
back ; the next proceeding is that of forcibly breaking into the
narrow bony canal situated in the centre of the vertebral
column ; lastly, to expose the spinal cord and roots, the mem-
branous sheath which immediately invests them has to be
extensively opened. Now, the unavoidable consequence of all
that severe operation is, that the animal, the subject of if, is
stunned, stupefied, and terrified. It is, therefore, in a condition
altogether unfit for drawing distinctions as to its capacity of
feeling, or not feeling, in connexion with manipulations made
by the experimenter on the particular roots at the depth of the
wound. Accordingly, before the author drew his final conclu-
sion concerning the function of the “posterior” root—which
was decidedly that it conferred sensation—he had sought for
and obtained evidence of a perfectly reliable kind to confirm its
truth ; his judgment was principally based on corroborative
proofs derived from experiments on nerves of the Brain, next
to be described.

When he proceeded to investigate the nerves of the Brain, his
attention was directed chiefly to the two nerves which have the
most extensive distribution of any in the head, viz., the “ Portio-
dura” and the “Fifth.”

Before deseribing the experiments made on these two nerves,
a brief account of the structure of the roots of each must be
given ; when it will be perceived that it would not have been
possible to have selected from the whole body any other nerves
better calculated to prove the soundness of his theory, and to
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demonstrate the distinction between the nerves of motion and
sensation.

The Portio-dura is distingnished for its arising from the brain,
in remarkable contrast with the spinal nerves, by a single root
alone. In common with a series of other nerves, (to which I
shall presently refer,) it comes off from a circumscribed portion
of the base of the brain, by a root upon which there is no gang-
lion. Having pierced the skull, it emerges on the face, in front
of the external ear, and lies there almost directly under the skin.
During its course it forms no important connexion with any
other nerve, so that it is as simple in its anatomical structure
at that part as when it had just arisen from the brain, The
nerve now subdivides into numerous branches: these take a
leap, as it were, across a particular class of muscles, those of
the jaws, to avoid them ; and they are eventually distributed, in
the fore-part of the face, to the muscles which move the features.

The Fifth is characterised by being the only nerve among
those of the brain which arises, like the spinal nerves, by two
distinct roots, each from an appropriate part of the organ; and
not only are its roots double, but upon one of them is formed
a “ganglion” exactly like the body of the same name on the
posterior roots of the nerves of the spine. Yet, although the
analogy here indicated cannot be doubted, a difference is to
be observed in the roots of the Fifth, which adds much to
the interest of examining its functions. In the spinal nerves,
without exception, the two roots are of equal dimensions;
consequently, all the branches consist of the same number of
fibrils of each, and no distinetion can be drawn between them.
But in the Fifth, the root upon which the ganglion is formed
is fully five times greater in size than the one which has no
ganglion. Hence it follows that, in the distribution of the
branches of the whole nerve, a large proportion belong exclu-
gively to the “ganglionic” root, and a few only are composed
of the two roots joined together, It is also observed that the
branches prolonged directly and simply from the large roof,
course to all the surfaces of the head,—the skin and sensi-
tive membranes, where no muscles exist,—while those which
contain the fibrils of the lesser root can be traced to the group
of muscles which the Portio-dura had passed by, viz, the
muscles of the jaws.
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The experiments performed by the author on the Portio-
dura, which goes to the features, were in their results most
decisive. To expose the nerve, he had to make only a small
incision, scarcely larger than that for venesection; and when
he cut it across, the effect was instantly wvisible, All the
muscles corresponding to the distribution of the nerve were
at once arrested in their motion—paralysed ; but the sensi-
bility of the skin was not in the smallest degree impaired.
Among other animals on which he performed the experiment
was the monkey; selected on account of the mobility and
activity of his features. Before the operation, the creature
was, of course, full of grinnings and grimaces at the liberties
taken with him : the moment that the Portio-dura was severed,
although his anger and jabberings did not cease, his face became
passive and expressionless, like a mask. It was thus incon-
testibly proved that the only function with which this nerve
is endowed, is the power of giving motion to the muscles.

The experiments which he next undertook were upon the
Fifth. And he chose, first, those branches that emerge upon the
face, at three distinct points, to supply the same parts to which
the Portio-dura is sent. Although he doubtlessly perceived
that, as motor power simply was conferred by that nerve, the

- remaining function, sensation, would, almost certainly, be be-

stowed by the only other distributed to the part, the Fifth, yet
he subjected the branches to the necessary experiments,

These branches have a particular interest attached to them,
from the mode of their origin. Each comes off directly from
the large, ganglionic root; and each pursues its course to its
appropriate part of the face, without forming a connexion
with any other nerve. The individual branches are, therefore,
true representatives of the root from which they arise. Again,
when they arrive at their destinations, they are situated quite
superficially, being covered alone by skin ; and they can be ex-
posed for experiment with the utmost facility. Accordingly,
experiments performed on these branches are essentially the
same in value for determining the function of the ganglionic
root, as if they had been made directly upon the root itself
within the cranium,

When these branches were cut across in a living animal, the
result expected was obtained, Ig. was shown that their property

%
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was to bestow sensation; and that, in correspondence with
their arising simply from the single root, the “ ganglionic,” they
had no other function, and could not give motor power, When
divided, the skin of the animal could be freely pinched and
pricked without drawing forth any signs of feeling or pain. Yet,
although the part appeared thus dead, the movements were not
in the smallest degree directly affected: they were preserved
through the influence of the Portio-dura, which was entire.

The experiments now remaining to be performed were upon
those branches of the Fifth which are composed of the lesser,
“non-ganglionic” root, combined with some fibrils of the larger
root, and which are distributed wholly to the muscles of the
jaws. When these ecompound branches were eut across in a liv-
ing animal, two effects were instantly produced: first, sensation
was destroyed in the surfaces to which the fibrils of the larger
root were distributed; secondly, all power of motion was im-
mediately lost in the muscles of mastication. The jaw-bone
dropped, and could not be raised to bring the teeth together.
When the cut ends of the nerve were pinched by forceps, the
paralysed muscles acted with spasmodie suddenness; the jaw
closed with a snap ; and the fingers of the incautious assistant
being between the teeth, received a sharp bite.

The name which the author chose for expressing the double
nature of the functions of the Fifth, and the peculiar appropria-
tion of its motor root, was the “ Nerve of Sensation and Masti-
cation.”

By these joint experiments on the two nerves of the brain,
the Portio-dura and Fifth, every proof that could be required
was furnished to demonstrate, in the most satisfactory manner,
that the nerves of motion are distinct from those of sensa-
tion ; that the distinction bears direct relation to the roots by
which they arise respectively from the brain ; and that when
a nerve is found to possess both functions conjointly, it is a
sign that it is really double in structure—composed of fibrils, one
set of which come from an appropriate part of the brain that
bestows motion, and the other from a different part that confers
sensation.

Tt now rests with me only to point the reader’s attention to
the value of the observations on the two nerves of the brain just
described, in elucidating what was obscure regarding the func-
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tions of the roots of the Spinal nerves. By the experiments on
the latter, it was indisputably shown that the “anterior” roots
were those which bestowed motor power. It was also observed
that they were destitute of ganglions: and as both the Portio-
dura, proved experimentally to be a nerve of motion, and the
lesser root of the Fifth, likewise proved to give motor power,
were unprovided with ganglions, it was seen to be character-
istic of nerves of motion that they should be without these
appendages. Again, as to the “posterior” roots, on which the
ganglions are formed, it has been said that, owing to the vio-
lence unavoidably inflicted in experimenting on the Spinal
nerves, evidence to be relied on could not be obtained to prove
that these were the roots of Sensation. But when the experi.
ments on the roots of the Fifth showed, in an unerring manner,
that the smaller, non-ganglionic root, analogous to the anterior
roots of the Spinal nerves, gave motor power alone, and that
the larger, ganglionic root, analogous to the posterior roots,
bestowed sensation, all doubt on the matter was removed; it
was concluded, most decidedly, that the function of the poste-
rior roots of the Spinal nerves was to confer Sensation.

GENERAL OLASSIFICATION OF THE NERVES,

Having succeeded in establishing on a firm foundation the
important physiological truth—That the nerves of Motion are
distinet from those of Sensation—the author had made a most
valuable advance in our knowledge of the nervous system. But
he did not cease his labours at that point. By surveying the
nerves of the body generally, and observing the different modes
in which they arose from the subdivisions of the brain and spi-
nal cord, on the one hand, and the appropriation of particular
kinds of nerves to distinct organs, on the other, he was led to
believe that such peculiarities of origin and distribution had an
important significance,—that they indicated distinctions in the
functions of the nerves additional to those which he had already
ascertained.

In taking that extended view, two principal objects attracted
his notice,—First, he was particularly struck by the remarkable
manner in which the large series of Spinal nerves, with their
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analogous nerve of the brain, the Fifth, arose from the central
organs, and passed to their destinations ; secondly, by the mode
in which another series, comparatively small, and formerly ad-
verted to as represented by the Portio-dura, came off from a
limited portion of the brain, and was distributed to its appro-
priate parts.

Attending to the series of Spinal nerves and Fifth. The
chief distinguishing characters of these nerves were, first, that
they all arose from the spinal cord and brain by two distinet
roots,—one of motion, the other of sensation. Secondly, that,
with an exception to be noticed presently, they were dis-
tributed generally and promiscuously over the whole body.
Thus, with the reservation alluded to, these combined nerves
furnished to all members and regions of the frame the two
properties most essential for a nervous system to give. They
bestowed Sensation on the integuments and every other sensi-
tive surface from the erown of the head to the sole of the foot,
together with Taste : they gave also motor power to the trunk,
the neck, and the upper and lower extremities: But here the ex-
ception must be specified. It relates to the power of the Fifth
in giving motion. That nerve distributes its branches which
bestow sensation freely and without bounds to every part, in-
ternal and external, of all the head ; but as a motor nerve, it
is confined exclusively to particular muscles—to those which
move the jaw in the act of Mastication. The author, as already
stated, had applied to it the name, Nerve of Sensation and
Mastication. Accordingly, the general character to be assigned
to the series of Spinal nerves and Fifth was, first, that they be-
stowed Sensation or Touch over the whole extent of the body,
without limit, and the sense of Taste in addition ; secondly, that
they bestowed Motor power, also without limit, upon every
region and member of the frame apart from the head, and upon
the muscles of mastication exclusively, in the head.

Next, attending to the smaller series of nerves, observed to
be opposed in various respects to those jusb mentioned. The
characters which chiefly distingnished them were, first, that
they arose, by single roots, from a defined and limited portion
of the brain, near its junction with the spinal cord, and were
capable of bestowing motor power alone ; secondly, that they
were distributed solely to a particular region of the body, in-
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.cluding the face, throat, neck, and chest. Again, it was re-

marked that, instead of coursing to their respective destina-
tions, like the Spinal nerves and Fifth, in a symmetrical
manner, by the shortest and straightest route, those nerves
proceeded in a devious and divergent way, crossing the paths
of the others, and terminating in organs already supplied with
nerves. In reference to the Portio-dura, the most conspicuous
of them, some peculiarities of a special kind were noticed.
The principal was the exclusiveness of its distribution to those
muscles of the face which move the Features. To reach these,
the nerve takes a long, winding route from behind : after
emerging in front of the ear, it is in close proximity to the
muscles of the jaws, and actually lies for a considerable part of
1ts course upon two of the largest; but it declines sending a
single branch to these muscles: it pursues its way across them,
undiminished in size, to the muscles of the features beyond.
Again, 1t is remarkable that these muscles, to which the Portio-
dura thus goes circuitously, have large branches of the Fifth,
not less than three on each side, distributed freely in the midst
of them; but they come off from the ganglionic root alone,
have no fibrils of the motor root joined to them, and bestow
sensation exclusively. Accordingly, the peculiarities of the
Portio-dura may be summed up by saying, that it avoids con-
tributing branches, which it could easily have done, to the
muscles of the jaws, and exhausts itself altogether on the
muscles of the features.

These were the observations which led the author to believe
that some important distinctions would be found to exist be-
tween the two series of nerves whose peculiarities have been
thus shortly set forth. The theory which he advanced to solve
the problems it will be my endeavour to lay before the reader,
in as brief a space as can be done. And I may premise by stat-
ing that it involved an examination of the development of the

Nervous System through the whole members of the animal
kingdom.

First, the author conceived that a class, formed of the Spinal
nerves and Fifth, and to which he applied the term “ Original
System,” ministered to organs, and bestowed nervous endow-
ments, essential for the existence and well-being of creatures of
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every grade, high and low, in the animal kingdom. Secondly,
that an additional class, of which the Portio-dura was a type,
and to which he gave the name *Respiratory System,” was
needed only by those animals, near or at the summit of the
scale, in which the organ of Respiration had become adapted,
by successive changes of structure, to be the instrument of
Voice, and, in Man, also of Speech and Expression.

Original System of Nerves,

I. Tt has just been said that the author conceived that the
Spinal nerves and Fifth were the representatives, in the higher
animals and man, of a class common to them and to all below
them—a class which ministered to functions and endowments
required equally by animals in general. The mode in which he
endeavoured to establish that view was the following. He
sought, in the first place, to ascertain the primary objects for
which, in the construction of an animal, a nervous system was
originally demanded ; and in the next place, having satisfied
himself concerning that point, to learn whether these objects
could be secured, or the necessary functions of an animal be
provided for, by a class of nerves furnished with the powers
that belong to the Spinal nerves and Fifth.

Tn order to learn what may be the requirements, in animals
generally, which make the introduction of a nervous system
into their bodies necessary, he directed his observations to the
contrast between members of the Vegetable kingdom, which
are destitute of a nervous system, and those of the Animal
kingdom, in which it first appears. It is a well-known fact
in zoology, that the transition between beings of the two
kingdoms is so gradual, that it has always been a source
of dispute, in treating of those which reside on the confines,
whether particular individuals were the subjects of the one
or of the other realm. But looking on the subject differently,
the question may be properly asked—What are the generally-
pervading characters of a Vegetable, viewed in the abstract, as
contrasted with those of an Animal, viewed gimilarly in the
abstract 1

Now, the cardinal difference between the Vegetable, on the
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one hand, and the Animal on the other, is, that the former
is a stationary organism, the latter locomotive. In other
words, the vegetable obtains its nourishment and lives by
means of roots which bind it prisoner to one place; the ani-
mal has to shift its locality, seize its food, and, after due pre-
paration in the mouth, convey it into the interior of its body.
When the aliment has been swallowed, it is true that the pro-
cesses of assimilation, and of otherwise dealing with it, are
analogous. But the characteristic distinction between them
remains—that the one is fixed, the other moveable.

Accordingly, a new question arises :—An organised body, de-
pendent for its subsistence on nourishment which it must pro-
cure by voluntarily going in quest of if, being given, what
organs and properiies must it possess to qualify it for that
mode of existence?

The following series of parts appears indispensable :—

Lirst :—Organs of Locomotion—including all varieties of in-
struments by which animals can change their localities—as Legs,
or inferior substitutes for them.

Secondly :—Organs of Prehension—including all varieties of
instruments by which animals can seize and secure their prey,
or other food—as Arms and Hands, or inferior substitutes for
them.

Thirdly :—Organs of Mastication—including all varieties of
instruments by which animals can triturate, and reduce the food
to a fit condition for being swallowed and conveyed into the
stomach—as Jaws armed with Teeth, or their inferior substitutes.

All the above instruments are specially characteristic of
Animal, as contrasted with vegetable organisation. Each also
may be conceived to exist as an independent structure.
But owing to the variety of positions, habits, and instincts
of animals, and their obtaining nourishment from infinitely
diversified sources, the different organs present themselves in
the most multifarious forms. In animals lowest in the scale,
slightly removed from vegetables, the instruments are so fused,
. by mutual interchange of offices, into one another, that it is dif-
ficult to recognise the identity of#each: the prehensile organ
will be found acting in aid of the locomotive, and the manduca-
tory, it may be, in combination with both. But as animals
progressively rise in the scale, a gradual departure from that
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community of office is observed : each organ becomes disembar-
rassed of the duties of the others, and performs its own particu-
lar function alone. At length, when the animal organisation
has reached its highest point of development in Man, we find
Locomotion executed exclusively by its appropriate members—
the Lower Extremities: Prehension executed exclusively by its
appropriate members—the Upper Extremities: and Mastication
by its appropriate instruments —Jaws and Teeth.

And here it may be observed, that, when the Lower Extremi-
ties, by their perfect construction as implements of locomotion,
have emancipated the Upper Extremities from sharing in pro-
gression, so that the Hand and Arm are independent, and
available for all acts of prehension, the Jaws and Teeth cease to
be employed for seizing and holding. The mouth is exempt
from performing any other duty but that of Mastication. Con-
sequently, the bones of the face, jaws, and teeth admit of being
reduced in dimensions : and the cavity of the mouth adapted,
in size and form, to be an important part of the organ of
Voice and Speech, in relation to man’s highest endowment—
his Mind.

Such being the association of organs necessary for the con-
struction of an Animal, viewed in the abstract, the question
next arises—How is the mechanism to be animated ; or, what
must be the combined properties of a Nervous System, de-
signed to meet the wants of the organism ? By following that
inquiry, we may be led to ascertain what is the most element-
ary form of a System of Nerves.

Tn the simplest view that can be taken of a nervous system,
we must suppose the existence, in some part of it, of a central
organ, corresponding to the Brain in the highest animals; an
organ from which motor power may be transmitted to the
muscles, and fo which one or more senses may be conveyed
from the surface. It is also reasonable to assume, however
difficult it may be to prove the fact anatomically, that in the
elementary brain the particular structure which initiates motor
influence will be different from that which receives impres-
sions from the senses. 4

With the doubly-constituted organ thus introduced, it must
be supposed that nerves will be provided as media of commu-
nication—one set for giving Motion, and the other for giving
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Sense, Two questions therefore present themselves, bearing
directly on the immediate subject of the inquiry—What will be
the particular nerves of motion ; and What those of sense?

The answer in regard to the nerves of Motion is simple.
Nerves of that kind will require to be allotted to the various
organs enumerated as composing the frame of the animal. First,
they will be sent to the Locomotive organs, represented in man
by the Lower Extremities; next they will be sent to the Pre-
hensile organs, represented by the Upper Extremities; and
lastly, to the Manducatory organ, represented by the Jaws and
Teeth.

As to the nerves of Sense. It is reasonable to suppose that,
of all the senses known to belong to animals generally, that of
Touch, or common Sensation, extending over the whole body,
will be the most essential for a creature placed lowest in the
ranks of the animal kingdom. And the next sense in importance
will be that of Taste, the guardian of the opening by which
food is passed into the stomach.

It will now be perceived, that, by following this course of
observation, and imagining an Animal, of the simplest form,
having the fewest attributes consistent with its ranking above
Vegetables, we arrive at the conception of a system of nerves,
which, for the properties supposed to belong to it, agrees pre-
cisely with the class of Spinal nerves and Fifth, in the higher
animals and Man. By the former extensive series—the nerves
of the spine—power of motion is given to the upper and to
the lower extremities, the representatives of the organs of Pre-
hension and of Locomotion ; and by the small root of the Fifth,
distributed exclusively to the museles of the jaws, motor power
is bestowed on the part which represents the organ of Mastica-
tion. Again, by the Spinal nerves, common Sensation or the
sense of Touch is supplied to all the surfaces of the body .
(except the head) ; and by the large root of the Fifth, the same
property, Touch, is given to the whole head, together with the
special sense of Taste.

The conclusion, therefore, to which the author came was, that
the series of Spinal nerves and Fifth constituted a class which
belonged to animals in all grades of the animal kingdom ; that
it ministered to functions and endowments equally necessary to
those high and low in the scale ; that in animals of earliest and
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simplest construction, it existed in the rudimentary form of a
nervous system ; but that, by a gradual process of development,
it attained the perfect condition exhibited in the Vertebrata, and
in Man. Wherefore, in arranging the series together in his
classification, he applied to them the name “ Original” system
of nerves,

Respiratory System of Nerves,

TI. The nerves next claiming attention are those which, we
have seen, are distinguished by arising, in limited number,
from a small circumscribed portion of the base of the brain, by
gingle roots, and which diverge, in an apparently irregular and
scattered manner, across the other nerves, to be distributed to
the face, throat, neck, and chest—that is, to the region where
the organ of Respiration, with its concomitant parts, is situated.

The fact that these nerves seek the organ of breathing for
their destination, naturally induced the author to study closely
all relating to that part of the body, in the hope of obtaining
facts which might assist in his inquiry. In that manner he was
eventually led to examine with peculiar interest a series of ex-
tensive changes which gradually takes place in the scheme and
uses of the apparatus, during its development from the lowest
to the highest animals.

The organ of respiration, in the language of physiologists, is
commonly understood to refer only to that structure in animals
which is designed to expose the blood to the influence of the
air, so that the vital fluid may be purified and rendered fit to
circulate over the body. But essential as that office is to all
living beings, and a similar process of atrating and renovating
the fluids is carried on in vegetables as well as animals, it is not
to be regarded as the most elevated application of the organ.
Without diminution of its efficiency in that capacity, the me-
chanism is adapted, in Man, to an object altogether foreign to
its original use : the structure s so ordered and arranged that
the air, which has been employed in oxygenating the blood, is
utilised, in the act of being expelled from the body, to produce
audible sounds—the elements of Human Voice and Speech.

The addition to the organ of respiration of that high office,
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connected with Man's noblest endowment, the Mind, is effected,
in the course of its gradual development through the animal
kingdom, by a series of changes successively made in its con-
struction. As it belongs directly to our subject to examine
these, I propose to give a general view of them, by tracing the -
mechanism, with its various modifications, through the different
grades of animals, from the lowest to the highest.

First, it is important to notice that the process of respiration
i3 conducted in animals on two widely distinct plans. One of
these is termed the “ Diffuse ;” the other, the “ Concentrated ”
system.

By the Diffuse system, is meant that mode of breathing by
which the air, or the water charged with air, is brought in
proximity to the blood by playing on surfaces npon which the
vital fluid circulates more or less abundantly, but which surfaces
are open and unenclosed. Here, then, is the distinctive pecu-
liarity of the method—that the air made use of 1s not confined
within a cavity. When it has performed its office, it is dispersed
and lost.

In the Concentrated plan, the chief characteristic is the in-
troduction into the mechanism of a membranous sac, capable
of holding air; and of a tube, which communicates with the
external atmosphere, The blood to be aérated circulates on the
surface of the air-sac: and the air can be constantly changed,
by the alternate expansion and compression of the walls sur-
rounding the sac. From that general description 1t will be per-
ceived that the sac containing air is the representative of lungs ;
the tube, of windpipe; and the enveloping walls, of thorax. It
will also be seen that in an apparatus consisting of such parts,
elements are supplied for the formation of an organ of Voice.
Tt only requires that the air confined in the bag shall be expelled
along the pipe, with a force sufficiently great to cause the special
vibrations of sound, that it may be applied to that office.

Next, of the animals to which each of these distinet modes
of respiration belongs. In arranging the animal kingdom, the
most comprehensive division is into the two great sub-king-
doms—the Vertebrata, and the Invertebrata, Now, it is an in-
teresting fact, in connexion with our subject, that in the whole
extent of the lower of these divisions, there is not a single
example of an animal which breathes according to the Concen-

Fy
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trated system : the only method is the Diffuse. That is equi-
valent to saying that in no animal of the Invertebrate sub-king-
dom, is the mechanism formed on a plan consistent with its
producing sounds adequate for Voice.

It is not till we mount up to that high stage in the animal
kingdom, where animals begin to be formed on the Vertebral
type, that breathing by the Concentrated method is met with,
We then, for the first time, perceive introduced into the ani-
mal framework, an apparatus analogous to thorax, lungs, and
windpipe. In the inferior classes of the sub-kingdom, we see,
and that obscurely, only the elementary rudiments of the con-
struction. But by degrees, and in proportion as animals ap-
proximate in their general structure to Man, the mechanism
becomes better calculated for performing its double office,—first,
of purifying the blood ; secondly, of ministering to Voice.

I may now point out, in a general manner, the more pro-
minent changes wrought upon the organ, during its course of
development through the five different classes of Vertebrata,

1. In Fishes, which form the lowest class of Vertebrata, the
organ of respiration exhibits a transition state between the
Diffuse and the Concentrated systems. The gills are constructed
according to the former plan ; yet the process of taking in the
water by the Mouth, that it may be swept over the gills, is ac-
cording to the latter. Indeed, the employment of the mouth
in connexion with the operation of breathing, which is general
in all the Vertebrata, is altogether unknown in the Invertebrata,
In the latter, the oral orifice has relation exclusively to the diges-
tive functions, The first time, in the animal kingdom, that the
mouth is found to serve the double purpose of being a cavity
for receiving food for the stomach, and an opening for the
passage of the air in the vital operation of breathing, is in
Fishes.

But it is not the gills which, in this class, claim principal
interest in reference to the development of the organ of respira-
tion. In certain fishes, there are lodged, within that part which
corresponds most nearly to their chest, a membranous sac, and
a tube ; and these are the true first representatives, in animals,
of Lungs and a Trachea. Disguised by performing an office not
directly connected with breathing, they are not easily recog-
nised as having any relation to that organ. The sac is filled

¥
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with air, and it forms what is called the “Swimming Bladder,”
by the expansion or compression of which the fish can either
diminish or increase its specific gravity in the water: the tube,
when appended, opens at the back of the throat; in that respect
it resembles a windpipe ; and it obtains the name ductus pneu-
maticus.

9. The earliest example of the air-sac and tube, thus existing
in a dormant state, as regards respiration, in the fish, being ap-
plied to breathing, is found in the class intermediate between
them and reptiles, viz, Amphibia. These ichthyosaurians in-
habit the margins of rivers and lakes, overflowed at one time,
and dried up at others: they are, accordingly, bounteously
supplied with both aquatic and terrestrial organs of breathing,
Outside their bodies, they possess gills resembling those of
fishes ; and so long as their territory is submerged they make
use of them. When the waters subside and thef are stranded
on dry ground, they take to the swimming bladder, or Lungs,
within. Blood-vessels, conveying the impure blood, are freely
distributed on that sac: and the animals have the power, by
the expansion and contraction of the surrounding walls, or
Thorax, of alternately filling it with air and emptying it again,
through the pneumatic duct, or Trachea.

3. Except in the young of certain orders of the next class,
Reptiles, the gills are entirely discarded; and respiration is
performed exclusively according to the Concentrated system.
But even in the most perfect, the mechanism of the organ is
rude, corresponding to the animals of the class being cold-
blooded. In the majority, the Lungs present the appearance of
membranons sacs, or swimming bladders, rather than that of
true pulmonic structure, Again, the Ribs forming the boundaries
of the thorax are either too flexible, in accommodation to their
characteristic mode of progression by creeping; or are too in-
flexible, from being embarrassed with remains of the external
skeleton, But the most notable imperfection consists in the
absence of a diaphragm, or the muscular partition which divides
the thorax from the abdomen. The lungs and the bowels occupy
a common cavity. It deserves, however, to be remarked that
Nostrils are seen first in this class. These tubes being rigid,
and permanently open, furnish a supplementary inlet for the
air, when its entrance into the lungs might be interrupted by
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obstructions in the mouth, during the act of eating. The nostrils
provide also a suitable locality for the organ of Smelling.

4. In the class which comes next, that of Birds, the improve-
ments observed in the organ relate principally to its use in
decarbonising the blood. As these feathered animals are de-
gigned for flight, they are constructed to be extremely buoyant.
That lightness is attained by the air which they respire being
conducted by tubes and cells over their whole bodies ; conse-
quently, they have a disproportionately large quantity of air
constantly passing through their lungs : the blood is, therefore,
more perfectly aérated than in the animals below them ; and
they are warm-blooded. However, there is the same great want
in them as in reptiles, that of a diaphragm. Nevertheless,
Birds contribute to the sum of the improvements effected in
the organ generally, by furnishing a true vocal organ; it is
in them that"we perceive the earliest appearance of a proper
Larynx,

5. Ascending to the next class, Mammalia, we find carried out
to its greatest perfection the principle of the system of Concen-
trated respiration. And that advancement is mainly due to the
introduection into the formation of the chest of the Diaphragm ;
which is at once the means of confining the lungs, together
with the heart, in a separate compartment, and of giving great
additional force to the acts of breathing.

Tt is with this important stride in the process of development
of the organ that we perceive, most distinctly, the fulfilment of
the grand design of converting the apparatus of respiration into
the instrument of Voice. By the thorax being now adapted
to expand its cavity to a large extent in inspiration, and to con-
tract it forcibly in expiration, it is capacitated to fill the lungs
with air, on the one hand, and to expel it, on the other, in ample
volumes, with a powerful impulse. Accordingly, the air, being
thus forcibly expelled, can be thrown, in its passage through
the larynx and mouth, into the special vibrations which produce
varieties of Sounds.

Tt is interesting here to observe how new structures, which
would have been useless had they been added to the organ at
a previous stage of its development, are introduced in corre-
spondence with its increased powers. I refer now to the Lips.
These appendages of the mouth are first met with in Mammalia,
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And the original use to which they are applied relates to the
mode of rearing their young, which gives to animals of this
class their particular designation. Lips are indispensable for
suckling ; and that act could not have been performed unless
nostrils had been previously furnished, and unless the chest had
been constructed so as to allow the young mammal to draw deep
inspirations, ;

But a higher office awaits the Lips in Man. These fleshy
fringes are essentially required to adapt the mouth for Voice
and Articulate language. Lips are also important parts of the
features of the Countenance ; and they are, therefore, constitu-
ents of the principal organ by which feelings and emotions, too
refined for speech, are made known—that of Expression.

And here an observation presses itself upon our notice, in re-
ference to the influence which powerful emotions, as witnessed in
Man, exercise upon the organ of respiration, including the coun-
tenance. No structures of the body performing different duties
are more closely allied to each other than the Heart, the centre of
the circulating system, and the organ of Breathing. Throughout
the whole animal kingdom, the development of each proceeds
with equal steps. But it belongs to our present subject to attend
only to the relation between them in the highest animal, Man.
When the organ of respiration assumes the Concentrated form,
the heart becomes also a Concentrated organ. By that expres-
sion is meant that the chamber of the heart previously appropri-
ated, in the inferior animals, as a distinet muscular cavity, to
circulating the impure blood through the lungs, is incorporated
in Man with the chamber which sends the blood, when purified,
over the whole body ; so that the two cavities compose together
an united organ, divided only by a partition. Accordingly, a
material sympathy is established between the “pulmonic” and
“gystemic” cavities : they relax and contract simultaneously.
From that arrangament, it follows that blood is propelled from
one side into the lungs, and from the other side into the system,
at each beat of the heart. Hence, if a disturbance sufficient to
interrupt the eurrents should occur, its effects will be manifested
both in the organ of respiration and in the body generally. Now
it is a fact, of which every man’s feelings make him conscious,
that when strong emotions affect the mind, the heart, the
“bosom’s lord,” is correspondingly agitated. The consequence
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is, that a momentary interruption, or a temporary acceleration,
in the action of the heart is produced, accompanied with a sense
of palpitation at the breast. In proportion as the blood is either
hastened or retarded in its course to the body, particularly to
the brain and skin, tremors, or paleness, or blushing will be
observed : and according as it is driven to the lungs with undue
impetuosity, or its flow is arrested, the breathing will be hurried,
or slow, or alternate between the two states, Man is so con-
stituted that he can interpret the changes to which these dis-
turbances give rise. Prompted by a sympathetic sense, he reads
instinetively, as a natural language, the signs of the troubled
bosom in a fellow-man. And this mode of communication is
intelligible to the inhabitants of every nation and clime, how-
ever diversified their articulate words. It is the language of
Expression—a common link of all mankind.

Thus we perceive how, by a combination of extensive changes
gradually wrought in the structure of animals, from the lowest
to the highest, a fit instrument is at length constructed to
minister to Man’s highest endowment, the Mind. Following
the development of one class of organs, we saw that, by the
perfection attained in the structure of the instruments of Loco-
motion and Prehension in Man, the:Mouth became freed from
employing the jaws and teeth like the brutes; and that its
cavity could, therefore, be reduced in size, the teeth set erect
in close and uniform rows, and the whole form arranged and
proportioned, for the articulation of words, in Speech. By fol-
Jowing a parallel course of development in the organ of Respira-
tion, we observed it constructed, in all the Invertebrata, on a
plan inconsistent with its being applied at all to Voice. Butin
the Vertebrata, we saw the same organ gradually shaped and
built up, by successive introductions of new structures, until it
was converted into an instrument capable of propelling currents
of vocalised air to the Mouth ; thence to issue forth by the Lips,
as articulate Words. If to Speech, thus wondrously provided,
powerful emotion of the mind be conjoined, the organ will pre-
sent itself in a new phase ; words will be associated with the
manifestations which that emotion creates in the body—Expres-
sion. 'When the Voice suffers interruption and falters, and the
face, neck, and chest are animated by strong passion working

from within the breast, human language exerts its most com-
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manding influence. Then the organ is beheld in its highest
condition of development.

Such was the extensive course of observation pursued by the
author, in endeavouring to solve the problem, why, in the higher
animalsand Man, there should be provided to the organ of respira-
tion, in addition to the largely distributed class of double nerves,
the Spinal nerves and Fifth—another series, consisting of nerves
with single roots, derived from a distinct division of the brain.
These nerves he conceived to be a superadded class, introduced
to preside over the organ of breathing when it had assumed, in
the Vertebrata, the extraneous office of acting as an instrument
of Voice. Having observed that, in the transition from a simple
apparatus in which the air of respiration is applied exclusively
to oxygenating the blood, to a complicated mechanism in which
the same air is employed also for the production of vocal sounds,
material changes, including the annexation of new supplemen-
' tary parts, were made in theorgan, he inferred that these changes
would be accompanied with corresponding modifications in the
nervous system. As the superadded structures were moved by
muscles, and regulated by sympathies, he argued that they would
require to be provided with appropriate nerves. But he further
thought that a supply of new nerves alone would not suffice,—
that it would be necessary that these nerves should have a
centre of power seated in the brain and spinal cord. Hence he
believed that, in conformity with the introduction of new por-
tions of mechanism into the organ of breathing, there would
be, not only an addition of appropriate nerves, but the develop-
ment within the brain of a new division of its substance, en-
dowed with influence over the nerves. Upon these grounds he
concluded that the particular series of nerves which are charac-
terised by being distributed to the organ of respiration, together
with the portion of brain from which they arise, had been added,
in the course of development of animals generally, to the pre-
existing “ Original” system of nerves. And on account of the
relation they bear to the organ of breathing, he applied to them
the name * Respiratory ” system.

W_he_an the nerves included in the two foregoing classes—the

5 ngma.l_" and the “ Respiratory "—had their respective places

assigned in the arrangement, nearly every nerve throughout
G
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the body which arises from the Brain and Spinal cord had been
accounted for. The nerves not comprehended were merely those
of the three organs of Sense—Smelling, Seeing, and Hearing—
together with the few nerves of the orbit subservient to the ap-
pendages of the Eye.

In regard to the nerves of the, Senses, the author conceived
that the particular sense possessed by each was a special and
distinet endowment, and that it was obtained through the
connexion of the nerve, at its root, with a part in the interior of
the brain introduced to give that sense ‘exclusively. Hence, he
considered that no one nerve of sense could take upon itself
the office of any of the others. For example, he did not think
it possible that the nerve of Vision could feel by Touch: any
more than that a nerve of Sensation could perceive variations of
light or colour, The Optic nerve, he thought, was limited to
diseriminating diversities of colours or shades of light ; the
Auditory to distinguishing varieties in sound ; and so with the
others. Several interesting illustrations of these views are given
in the pages of this volume. Again, he was of opinion that each
of the various senses was implanted in the nervous system, at a
distinct stage in the development of animals generally. The
senses of Touch and of Taste, as already said, he believed to
be the first conferred. The others, he thought, were add:d
successively, in proportion as animals rose in the scale, and
stood in need of more varied sources of perception in regard to
the properties of external objects. Entertaining these views, he
represented the nerves of Smelling, Seeing, and Hearing as
supplementary to those of Touch and Taste, constituting a
sub-class of the “ Original ” system.

All the nerves embraced in the great Cerebro-Spinal axis—by
which term is meant all that arise collectively from Brain and
Spinal cord—having been thus disposed of in the author’s
classification, there remained to have an appropriate place
allotted to them but one set of nerves, and the general charac-
ters of these differed so greatly from the others, that there could
be no difficulty in classing them quite apart from the rest. The
nerves referred to are those denominated by anatomists vari-
ously, the Sympathetic or Ganglionic system. The view which
the author took of that series was determined principally by his
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THE HAND;

ITS MECHANISM AND VITAL ENDOWMENTS,
AS EVINCING DESIGN.

CHAPTER L.

INTRODUCTORY.

Ir we select any object from the whole extent of animated
nature, and contemplate it fully and-in all its bearings, we
shall certainly come to this conclusion: that there is Design
in the mechanical construction, Benevolence in the endow-
ments of the living properties, and that Good on the whole is
the result. We shall perceive that the Sensibilities of the
body have a relation to the qualities of things external, and
that delicacy of texture is, therefore, a necessary part of its
constitution : that wonderful, and exquisitely constructed as
the mechanical appliances are for the protection of these deli-
cate structures, they are altogether insufficient; that a protec-
tion of a very different kind, which shall animate the body to
the utmost exertion, is requisite for safety: and that Pain,
whilst 16 1s a necessary contrast to its opposite pleasure, is the
great safeguard of the frame. Finally, as to Man, we shall be
led to infer that the pains and pleasures of mere bodily sense
(with yet more benevolent design) carry him onward, through
the development and improvement of the Mind, to higher
aspirations.

To comprehend the perfection of the structure of any single
organ of an animal body, and to see how the same system of
parts is adapted to an infinite variety of conditions, we must

view the same organ comparatively: this carries us into a new
A
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The armed extremities of a variety of animals give them great
advantages, Dutif man possessed similar provisions, he would

forfeit his sovereignty over all. As Galen, long since, observed,
“did man possess the natural armour of the brutes, he would
no longer work as an artificer, nor protect himself with a breast-
plate, nor fashion a sword or spear, nor invent a bridle to mount
the horse and hunt the lion, Neither could he follow the arts
of peace, construct the pipe and lyre, erect houses, place altars,
mscribe laws, and through letters and the ingenuity of the
hand, hold communion with the wisdom of antiquity, at one
time to converse with Plato, at another with Aristotle, or Hip-
pocrates.”

But the hand is not a distinct instrument ; nor is it properly

pared it to the ﬂ:rnhoscia of the Ele- | young of that animal mount upon
phant. They have assured us that i{!l‘ back, and entwine their tails
th&?' fish with their tail, around their mother’s tail, by which

he most interesting use of the | they sit secure, while she escapes
tail is seen in the Opossum, The | from her enemies.
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bone. It keeps the shoulders apart from the chest, and throws
the action of the muscles proceeding from the ribs, upon the
arm-bone ; which would otherwise be drawn inwards, and con-
tract the upper part of the trunk.

If we examine the motions of the anterior extremity in differ-
ent animals, it will guide us to see why in some this bone is
perfect, and in others, entirely wanting. Animals which fly, or
dig, or climb, as bats, moles, porcupines, squirrels, ant-eaters,
armadilloes, and sloths, possess the collar-bone ; for having a
lateral or outward motion of the extremity, that bone is required
to keep the shoulders apart. There is also a degree of freedom
of motion in the anterior extremity of the lion, cat, dog, martin,
and bear ; they strike with the paw, and rotate the wrist more
or less extensively ; and they have therefore a clavicle, though
an imperfect one. In some of these, as the lion, the bone occu-
pying the place of the collar-bone is very imperfect indeed ;
although attached to the shoulder, it does not extend to the
breast-bone (A), but lies concealed in the flesh, and is like a
mere rudiment of the bone. Yet, however imperfect, it marks
a correspondence in the bones of the shoulder to those of the
arm and paw, and the extent of motion enjoyed.

When the bear stands up, we perceive by his ungainly atti-
tude and the move- S
ments of his paws,
that there raust be a
wide difference in the
bones of his upper
extremity from those 8
of the hoofed or cleft- 7
footed animal. He ,
can take the keeper's [k
hat from his head, K&
and hold it ; or can yi)ii!¢4
hug an animal to 22\ [l i
death. The ant-bear
especially, as he is
deficient 1in teeth,
possesses extraordi- &ET! /|
nary powers of hug- | -
gjing with his great paws ; and, although harmless in disposi-
tion, he can on ocecasion squeezg his enemy, the jaguar, to death.










































































































































































































































































































































































































































































































































































































































































































260 EXPRESSION IN THE EYE.

in certain conditions of the mind. Independently altogether of
the will, the eyes are rolled upwards during mental agony, and
whilst strong emotions of reverence and piety prevail in the
mind. This is a natural sign, stamped upon the human counte-
nance, and as peculiar to man as anything which distinguishes
him from the brute. The posture of the body follows neces-
sarily, and forms one of those numerous traits of expression
which hold mankind in sympathy.

The same evidence that we brought forward in treating of a
somewhat similar question, on the expression of the hand,
might be adduced here—the works of the great painters, who
have made the sublimer passions of man the subjects of their
art. By the upward direction of the eyes, and the correspond-
ence of feature and attitude, in their paintings, they speak to all
mankind. Thus we must admit that the reverential posture
and uplifting of the eyes are natural, whether in the darkened
chamber or under the vault of heaven. They result from the
very constitution of the mind and body, and are too powerful
to be effaced or altered. No sooner does pain or misfortune
subdue a man, or move him to supplication, than the same uni-
versal expression prevails, ~Here is the correspondence of the
mind, the frame, and external nature, by which man is directed
to look for aid from above.
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0. g

History of Latin Christianity; including that of the
Popes to the Pontificate of Nicholas V. Seccond Edition. 6 Vols. Bvo. T2s.

— (Character and Conduct of the Apostles considered as
an Evidence of Christianity. Svo. 10s. Gd.

Life and Works of Horace. With 300 Woodcuts,
New Edition. 2 Vols, Crown Bvo. 30s.

—_— . Poetical Works. Plates, 3 Vols. Feap. 8vo, 18s.

Fall of Jerusalem. Feap. 8vo. la.

(Carr. E. A.) Wayside Cross; or, the Raid of Gomez,
A Tale of the Carlist War. Post Bvo. 2s. 6d.
MODERN DOMESTIC COOKERY. Founded on Principles of

Eeconomy and Practical Knowledge, and adapted for Private Families.
New Edition. Woodeuts, Feap. Bvo. bs

MOLTEE'S (Barox) Russian Campaigns on the Danube and the
Passage of the Balkan, 1828—9. Plans. 8vo, 14s.

MONASTERY AND THE MOUNTAIN CHURCH. By Author
of ¥ Sunlight through the Mist.,” Woodeuts, 16mo, 4s.

MOORE'S (Tmomas) Life and Letters of Lord Byron. Cabinet
FEdition. 6 Vols, Feap.8vo. 18s.
Life and Letters of Lord Byronm, Popular Edition.
With Portrait and Vignette. One Volume. Royal 8vo. 1%s.

MOZLEY’S (Rev. J. B.)) Treatise on the Augustinian Doctrine of

Predestination. Svo. 14s.
Primitive Doctrine of Baptismal Regeneration. 8vo. 7s. 6d.
MUCK MANUAL (The)for the Use of Farmers. A Practical Treatise

on the Chemieal Properties, Management, and Application of Manures.
By FREDERICK FALENER, Second Kdition. Fcap. 8vo. bs.

MUNDY'S (Ges) Pen and Pencil Skeiches during a Tour
in India. Third Bdition. Plates. Post 8vo. T7s.6d.

MUNRO'S (Geseran Sin Troxas) Life and Letters. By the Rev.
G. R. Greia. Post8vo. 6s.
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NIMROD On the Chace—The Turf—and The Road. i
from the “ Quarterly Review.” Woodcuts. Fupjv:: m.&pnnted

O'CONNOR'S (R.) Field Sports of France ; or, Hunting, Shooting,
and Fishing on the Continent. Woodents. 12mo. 7s.6d.

OLIPHANT'S (Lavmesce) Journey to Katmandu, with Visit to
the Camp of the Nepaulese Ambassador. Feap. Bvo. 2s.6d.

OWEN’S (Prorrssor) Manual of Fossil Mammals. Including the
substance of the course of Lectures on Osteclogy and Palmontology of
the class Mammalia, delivered at the Metropolitan Hchool of Science
Jermyn Street. I1lustrations. Svo. Jn the FPress.

OXENHAM'S (Rev. W.) English Notes for Latin Elegiacs ; designed
for early Proficients in the Art of Latin Versification, with Prefatory
Rules of Composition in Elegiac Metre. Third Edition, 12mo. 4s.

PAGET'S (Jomx) Hungary and Transylvania, With Remarks on
their Condition, Soeial, Political, and Economical. Third Edition.
Woodcuts. 2 Vols. Bvo. 18s.

PARIS' (Dr.) Philosophy in Sport made Science in FEar-
nest; or. the First Principles of Natural Philosophy inculeated by aid
i:]f the Toys and Sports of Youth Kighth Edition, Woodcuts,
ost Svo. 9s

PARKYNS (Maxssreip) Personal Narrative of Three Years' Resi-
dence and Adventures in Abyssinia. Woodcuts, 2 Vols. Bvo. 80s.

PEEL'S (Siz Rosr.) MEMOIRS. Left in MSS. Edited by
Earn Staxnore and the Right Hon. EpwArp CarpweLn. 2 Vols.
Post 8Bvo. Ts. 6d. each. »

PEILE'S (Rev. Dr.) Agamemnon and Choephorce of Mschylus.
A New Editﬁnn of the Text, with Notes. Second Edition, 2 Vol
Bvo. s, each.

PENN'S (Riomarp) Maxims and Hints for an Angler, and the
Miseries of Fishing. To which is added, Maxims and Hints for a
Chess-player. New Edition, Woodcuts. Feap.8vo. 1s.

PENROSE'S (Rev. Jonx) Faith and Practice ; an Exposition of the
Principles and Duties of Natural and Revealed Religion. Post 8vo. 8s.6d.

____ (F. Q) Principlesof Athenian Architecture, and the
Optieal Refinements exhibited in the Construction of the Ancient
Buildings at Athens, from a Survey. With 40 Plates. Folio. bl .
(Published under the direction of the Dilettanti Society.)

PERRY'S (Sir ErskINe) Bird’s-Eye View of India. With Extracta

from a Journal kept in the Provinees, Nepaul, &e. Feap.Bvo. Bs.

PHILLIPS' (Jomw) Memoirs of William Smith, LL.D. (the Geo-
logist). Portrait. 8vo. 7s. 6d.

' (@eology of Yorkshire, The Yorkshire Coeast, and the
Mountain-Limestone District. Plates dto. Part 1.,20s. —Part IT., 30s.

&~ Rivers, Mountains, and Qeg Coast of Yorkshire.
With Essays on the Climate, Scenery, and Ancient Inhabitants of the
Country. Second Edition, with 36 Flates. 8vo. 16,
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RIPA'S (Farmer) Memoirs during Thirteen Years’ Residence at the
Court of Peking, in the Service of the Emperor of China. Translated
from the Italian. By ForTusato PrANpr. Post 8vo. 2s. 6d,

ROBERTSON'S (Rev. J. C.) History of the Christian Church, From

the Apostolic Age to the Pontificate of Gregory the Great, A.p. 590,
Second and Revised Edition. Veol.1. 8vo. 1fs.

Second Period, from A.p, 590 to the Concordat of
Worms. A.p.1123. Vol. 2. 8vo, 18s

ROBINSON’S (Rev. Dz.) Biblical Researches in the Holy Land.

Being a Journalof Travels in 1838, and of Later Researches in 1852,
‘With New Maps. 3 Vols. Bvo. 36s.

#.* The ** Later Researches” may be had separately. Bvo. 1Ds.

ROMILLY'S (Sir Samuvrs) Memoirs and Political Diary. By his
Soxs. Third Edition, Portrait. 2 Vols. Feap.Svo. 12s.
ROSS'S (Sin Jamms) Voyage of Discovery and Research in the

Southern and Antarctic Regions during the years 1839-43, Plates.
2 Vols. Bvo. 30,

RUNDELL'S (Mns,) Domestic Cookery, founded on Principles

of Economy and Practice, and adapted for Private Families, New and
Fevised Edition. Woodeuts. Feap. Bvo. bs.

RUSSIA ; A Memoir of the Remarkable Events which attended

the Accession of the Emperor Nicholas. By Banox M. KonrFr, Secretary
of State. Bvo. 10s. 6d. (Published by Imperial Commanid.)

RUXTON'S (Grorer F.) Travels in Mexico; with Adventures

among the Wild Tribes and Animals of the Prairies and Rocky Moun-
tains. YPostBvo. 6s.

SALE'S (Lapy) Journal of the Disasters in Affghanistan. Eighth
Edition. Post Bvo. 12s,

(S1r Roperr) Brigade in Affghanistan. With an Account of
tha Seizure and Defence of Jellalabad. By Rev.G.R.GLEIG. Post Bvo.2s.6d.

SANDWITH'S (Humerry) Narrative of the Siege of Kars
and of the Bix Months' Resistance by the Turkish Garrison under
General Williams. Seventh Thousand. Post 8vo. 8s. 6d.

SCOTT'S (G. Grieerr) Remarks on Secular and Domestic

Architecture, Present and Future, Second Edition. 8vo, 9s.

SOROPE'S (Wiznram) Days of Deer-Stalking in the Forest of Atholl ;
with some Account of the Nature and Habits of the Red Deer, Zhird
Edition. Woodcuts. Crown 8vo. 205,

Days and Nights of Salmon Fishing in the Tweed ;
with a short Account of the Natural History and Habits of the Salmon.
Second Edition. Woodeuts. Royal Bvo. 3ls. 6d.

— (G. P.) Memoir of Lord Sydenham, and his Administra-
tion in Canada. Second Edition. Portrait. 8vo. 9s. 6d.

Geology and BExtinct Volcanos of Central France.

Becond Edition, revised and enlarged. Illustrations. Medium Svo. 30s.

SHAW’S (Tros. B.) Outlines of English Literature, for the Use of
Young Students. Post8vo. 132s.

SIERRA LEONE ; Described in a Qeries of Letters to Friends at
Home. By A Lavpy. Edited by Mns. NorTox, Post 8vo. Gs.

SMITI'S (War, LL.D.) Dictionary of Greek and Roman Anti-
quities, Second Edition. With 500 Woodecuts, 8vo. 425,













32 LIST OF WORKS PUBLISHED BY MR. MURRAY.

WATT'S (Janzs) Origin and Progress of his Mechanical Inventions.
Ilustrated by his Correspondence with his Friends. Edited by J. P.
Mumengap. Plates. 8 vols. 8vo. 45s., or Large Paper. 3 Vols. dto.

WELLINGTON'S (Tue Duke or) Despatches during his various
Campaigns. Compiled from Official and other Authentic Documents. By
CoL. Guawoop, C.B. New Enlarged Edition. 48 Vols. B8vo. 21s. each.

Supplementary Letters, Despatches, and other

Papers relating to Indis, Edited by his Sox. 4 Vols. Bvo, 20s. each,

Yelections from his Despatehes and General
Orders. By CoLoNEL GURWOOD. Bvo. 18s.

Speeches in Parliament. 2 Vols. 8vo. 42s,

WILKIE'S (St Davin) Life, Journals, Tours, and Critical Remarks
on Works of Art, with a Selection from his Correspondence. By ALLAN
CuxsisenAM. Portrait. 3 Vols. 8vo. 4s.

WILKINSON’S (Siz J. G.) Popular Account of the Private Life,
Manners, and Customs of the Ancient Egyptians. New Edition.
Revised and Condensed, With 500 Woodeuts. 2 Vols. Post8vo, 12s.

— Dalmatia and Montenegro; with a Journey to

Mostar in Hertzegovina, and Remarks on the Slavonic Nations, FPlates

and Woodents. 2 Vols.8vo, 42s.

_ Handbook for Egypt.—Thebes, the Nile, Alex-

andria, Cairo, the Pyramids, Mount Sinai, &e¢, Map. PostSvo. 15s.

On Colour, and on the Necessity for a General

Diffusion of Taste among all Classes; with Remarks on laying out
Dressed or Geometrical Gardens. With Colonred Illustrations and

Woodents, 8vo. 18s.
— (G. B.) Working Man’s Handbook to South Aus-

tralin: with Advice to the Farmer, and Detailed Information for the
geveral Classes of Labourers and Artisans. Map. 18mo. 1s. 6d.

WOOD'S (Lievr.) Voyage up the Indus to the Bource of the
River Oxus, by Kabul and Badakhshan. Map. 8vo. lds.

WORDSWORTH'S (Rev. Dr.) Athens and Attica. Journal of a
Tour. Third Edition. Plates. Post Bvo. 8s. Bd.

__ Qreece: Pictorial, Descriptive, and Historical,
with a History of Greek Art, by G. SCHARF, F.8.A. New Edition. With
600 Woodeuts. Royal 8vo. 28s.

King Edward VIth's Latin Grammar, for the
Use of Schools, 12th Edition, revised. 12mo. 8. Bd.

T 'Pirst Latin Book, or the Accidence, Syntax
and Prosody, with English Translation for Junior Classes. Third
Edition, 12mo. 25

WORNUM (Rarem). A Biographical Dictionary of Italian Painters :

with & Table of the Contemporary Schools of Italy. DBy a LaDY.
Post 8vo. Bs, 6d.
Epochs of Painting Characterised ; a Sketch

oF the History of Painting, showing its gradual and various develop-
ment from the earliest ages to the present time. New Edition, Wood-

cuts. Post 8vo. 6s.

. YOUNG'S (Dr. Tros.) Life and Miscellaneous Works,edited by DEaAx
PrAcock and Joux LerrcH. Portrait and Plates, 4 Vols. 8vo, 16s. each.

BRADBURY AND EVANS, PRINTERS, WHITEFRIADS.
















