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THE increasing importance that is daily attached to the study of the comparative
anatomy of the Invertebrata, and the interest with which every microscopic exami-
nation of structure is now regarded, as assisting to elucidate the great problems of
life in the higher animals, have encouraged me through several years to prosecute
a series of investigations, in the articulated classes, on two of the most important

portions of the body,—the nervous and circulatory systems. These investigations -

have afforded me, from time to time, some interesting results, part of which, on one
of these structures, I have already had the honour of communicating to the Royal
Society. I now propose to communicate the results of my examinations of both these
structures, and to illustrate their development, and the relations which they bear to
each other, in some of the principal classes, commencing, in the present paper, with
the Myriapoda and Arachnida.

The objects to which my attention has been directed in this paper are three:—
First, the minute anatomy of the nervous system in the Myriapoda and Macrourous
Arachnida, more especially with regard to the structure of the cord and its ganglia,

"and the means which these afford us of explaining the physiology of the nervous
system, and the phenomena of the reflected movements in articulated animals.
Secondly, to demonstrate the existence of a complete system of circulatory vessels
in the Myriapoda and Arachnida. Thirdly, to show the identity of the laws that
regulate the development of the nervous and circulatory systems in these Articulata,
and their dependence on the changes which take place in the muscular and tegu-
mentary structures of the body, as I formerly showed in regard to the changes in the
nervous system of insects*.

1. Nervous SystEm.— Theory of Development.

The nervous system of the Myriapoda approaches in the simplicity of its formation
nearer to that of the Annelida than to any permanent condition in the higher Articu-
lata, or even to its transitory state in the larvee of insects. In the lowest types of the

* Philosophical Transactions, 1834.
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244 MR. NEWPORT ON THE NERVOUS AND CIRCULATORY SYSTEMS

orders Chilopoda and Chilognatha, the great divisions of the Myriapoda, it exhibits
two marked conditions. In the Chilopoda it has the form of a double cord connected
by large ganglia in each segment, as in most of the Anneliaa, Crustacea, and Insecta ;
but in the vermiform Chilognatha, which former researches* have proved to me are
most nearly connected to the Annelida, the two parts of this double cord are so
closely united laterally as to appear like a single cord, that gives off a multitude of
small nervous trunks at its sides throughout its whole length, but without distinet
ganglionic enlargements at their origin. . The cord is, nevertheless, composed in
each Order of two longitudinal portions, more or less closely approximated, and
united at certain distances by ganglia. Itis extended along the under surface of
the body beneath the alimentary canal, and its ganglia correspond in number to the
number of segments, in strict accordance with the character established by Cuvigr
in his definition of the subkingdom Articulata.

In all the Articulata two modes of development are in operation in the same animal ;
first that of growth, or simple extension and enlargement of each individual part ; next
that of aggregation of two or more parts to form particular divisions or regions of the
body. This latter mode of development is carried to a greater extent in insects than
in any other of the Invertebrata, and, as is well known, changes the animal from a
simple, elongated, worm-like larva, furnished with many pairs of organs of locomo-
tion, and composed of segments almost uniform in size and appearance, to an indi-
vidual of a totally different character, with its body divided into three distinct re-
gions, differing in size and appearance, and separated from each other, with the
number of its organs of locomotion reduced, and those that remain greatly enlarged
and altered. Some of these changes in the segments take place also in the Myria-
poda, but are carried only to a very slight extent. The head is composed of several
segments, either consolidated together like the head in true insects, as in the vege-
table-feeding Chilognatha, or separated, and moveable on each other, to adapt them
to the carnivorous habits of the species, as in the rapacious Chilopoda. In like
manner each moveable division of the body is in reality composed of two distinct
segments, originally separate, but anchylosed together at an early period of their
formation. Each of these sub-segments ought, therefore, to possess its separate gan-
glion, and this in reality is the case. .'The head is composed of the elements of at
least four segments, and perhaps even of six; and contains ganglia, placed two above
and two below the cesophagus, which give nerves to the antenne, to the eyes, to the
maxillee, and to the mandibles. The two anchylosed portions of each moveable seg-
ment of the body have, in like manner, their separate ganglia, as in the Polydesmidee,
in which the ganglia remain distinct throughout life in the posterior segments, but
have coalesced in the anterior, more especially in those which are nearest to the head.
These unions are occasioned by a reduplication inwards of the tegument, as in the
aggregation of segments in insects, but this is carried to so slight an extent in the

¥ Op. cit,, Part II. 1841.



B

} ::\;y :
2
7 od
A
il
fj/l Sé/‘{fl
P
2\ *\—/3 §>\~f</;

7

3
O
YT V’TTF‘X‘
f

[N

/

Y7y

S N O U I N NS NS N NS
=

T

3

VN NS N
=

A A
T Y T

v

PR

AT T

RN

ANANA

M

Lolydesmuts complanatus
& duameters

" Newport. del

Nervows  System of Myriapoda .

Terminatior. of cord

Lolydesmus macwlatis .

4.5 wpper and under surfice of
cord i Sprrostrepties

Sulws  lerrestyis

/0

Upper surface of cord
wn Lolydesmas

. Trans. \IDCCCXLITT. Plate XU . 246,

\

Geophilus sublerrancus

S Bosre se



OF MYRIAPODA AND MACROUROUS ARACHNIDA. 245

Myriapoda as bardly to affect the general form and appearance of the animal, although
influencing every structure in that part of the body in which the change occurs.

Structure.—The brain of the Myriapod is formed by the aggregation of separate
ganglia* placed above the cesophagus. The first pair of ganglia are always the
smallest, and give origin on their front to the nerves of the antennee, the anterior pro-
longations of the nervous cord. The second pair, immediately behind them, con-
stitute, as in insects, the organs of volition, and represent the brain of Vertebrata.
They are in reality, as I have elsewhere shown, the analogues of the corpora quadr:-
gemina+, and give off nerves at their sides to the organs of special sense,—the eyes.
They are always more developed than the ganglia of the antennee, and continue to
increase in importance as we ascend to the most perfectly developed insects. They are
of large size, even when those of the antenna are almost absent, as in the larvae of
lepidopterous insects, and even when the organs of vision are entirely wanting, as in
the whole of an extensive family of Chilognatha,—the Polydesmide. They are placed
transversely above the cesophagus in the form of a crescent, the side of each lobe
being a little in advance of the posterior. They are connected on their under and
external surface by two cords of nervous matter, which are prolonged downwards,
one on each side of the pharynx, and constitute the crura cerebri,—with the united
ganglia of the maxillee and mandibles, which form the analogue of the medulla 0b-
longatat—the commencement of the abdominal cord.

In the Iulide (Plate XI. figs. 1 and 2) these cerebral lobes (b) are convex, both on
their upper and posterior surfaces, and their original separation is marked by a
median sulcus, which is more or less evident in different, individuals. In some it is
almost entirely obliterated, and the two lobes are more closely approximated, indi-
cating, perhaps, the greater extent to which this important division of the nervous
system has been developed in them than in others in which the union of the lobes is
less perfect. Each lobe is connected externally with the optic ganglion (c), which is
of an elongated, oval, and slightly conical form, from which nervous filaments radiate
outwards and downwards in a triangular fasciculus to the cornea (d). The fibres are
extended almost close to the cornea before they are clothed with dark pigment and
form the retina, the chamber of each lens being scarcely longer than wide, so that the
eyes are fitted only for examining near objects, a condition entirely in accordance with
the habits of these animals. The ganglia of the antenne (a) in Iulus are very small,
and are sitnated near the junction of the cerebral lobes with the optic ganglia, and
each gives off its nerve directly into the antennee. From the enlargement of each

* Since this paper was delivered to the Royal Society I have found that, in the embryo of Necrophleophagus
(Geophilus) longicornis, LEach, at the moment of bursting its shell, the brain is composed of four double ganglia,
the centres of a corresponding number of segments, which are then becoming aggregated together to form the
single moveable portion of the head in the perfect animal; so that the brain of the Myriapod, and probably also
of all the higher Articulata, is, in reality, composed of at least four pairs of ganglia.—G. N., July 14, 1843.

+ Observations on the Anatomy, Habits, and Economy of Athalia centifolie. 8vo, 1838, p. 10.

1 Op. cit.
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246 MR. NEWPORT ON THE NERVOUS AND CIRCULATORY SYSTEMS

lobe at its junction with the descending crus, a thick trunk of nervous matter (e) is
extended forwards and transversely across the front of the head, above the palate and
mouth, and uniting with its fellow from the opposite side, forms in the middle line a
small triangular ganglion (f). These nervous trunks are the analogues of the recur-
rent nerves in insects, from which the visceral nerves (k) take their origin. In these
Myriapoda the recurrent nerves are more extensively developed than in the other
classes, and they seem to decrease in importance as in size, in proportion as the other
parts of the nervous system are developed. The small triangular ganglion formed by
them above the palate, sends backwards in the middle line a short thick nerve, which
terminates immediately before the brain in a more indistinct ganglion that gives off
three branches. The middle one of these is much smaller than the lateral, and passes
backwards beneath the brain along the pharynx and cesophagus in a small triangular
space between the lobes, covered by the median vessel from the heart, that passes
between it and the brain and gives vessels to that organ. This median nerve from
the recurrent ganglion constitutes the trunk of the proper vagus nerve () ; while the
others from the same ganglion, each of which is more than twice as large as the
vagus, after giving off some minute filaments to the pharynx and cesophagus, descend
to the sides of the pharynx and pass backward between it and the crura cerebri (g)
on each side (%), to unite at a short distance behind the brain with a series of large
visceral ganglia (m) collected together,and constituting the analogues of the anterior
lateral ganglia of insects. This series of ganglia, as in insects, is connected to the
brain by two small communicating nerves (n), extended backwards from the posterior
surface of the lobes, near where they are joined to the optic ganglia. These lateral,
visceral ganglia in Iulus, are of most extraordinary size, being nearly half as large as
the brain itself. There are four on each side of the cesophagus, closely connected in
one series, extended along the-cesophagus as far as the middle of the first ov pro-tho-
racic segment, giving off branches of nerves to the immense salivary glands, to the
cesophagus itself, and to the surrounding structures. They exhibit the appearance of
masses of gray nervous matter inclosed in a distinct theca. The last of the series
extends a little further backwards than the aortic arches given off from the anterior
chamber of the heart. They seem to be the anterior of an extensive series of visceral
ganglia, distributed in great part to the salivary glands. They communicate with the
vagus by means of a nerve that passes directly from the last of these ganglia, on each
side, to a large ganglion formed on the vagus (o) at some distance from the brain.
The vagus nerve, after passing beneath the brain, forms a minute ganglion (i) imme-
diately behind it, which is also connected to the lateral ganglia by a very minute
branch on either side. It then passes along the cesophagus and forms the second
larger, rounded ganglion, first mentioned as connected to the last of the lateral
ganglia. After this it continues its course backwards half way along the cesophagus,
and then divides into two branches, which are given, as in insects, to the posterior
part of this organ, and to the cardiac extremity of the stomach.
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One of the most interesting circumstances connected with the development of the
nervous system in Iulus, is the relative size of the brain as compared with that of
these ganglia of the viscera. In these inferior Myriapoda, in which the power of
locomotion is distributed equally to every segmeunt of the body, the brain itself
forms but a small proportion of the whole nervous system, and the faculties of sense
are less perfect than in insects; while the nerves of organic life, and their ganglia,
are nearly equal in volume, as in Iulus, to the whole brain, the organ of volition.
The very reverse of this is the case in insects. In those in which the faculties of
sense, more especially of vision and smell, and the power of voluntary motion are
carried to their greatest extent, as in volant insects,—the gregarious Hymenoptera,
Neuroptera, and Lepidoptera,—the volume of brain bears a much larger proportion
to the rest of the nervous system, and the ganglia of organic life a smaller. This
is more especially the case in the perfect insect, in which the volume of brain is not
merely relatively, but actually increased in size during the changes from the larva to
the perfect state, thus leading to the inference that the importance of the visceral
nerves is gradually diminished in proportion as those of volition and active existence
become augmented.

Notwithstanding this inferiority of organization in the nervous system of Tulus,
the brain is inclosed in a proper covering, and is separated from the surrounding
structures by a distinct membrane, but this is so delicate as to be detected only with
some difficulty. It is completely inclosed in this structure, which also sends off pro-
longations that form a covering for the cesophagus with its vessels and nerves.

The nervous cord is extended from its commencement in the crura of the brain (g)
and medulla oblongata, or first subcesophageal ganglion (4) to the antepenultimate
segment of the body, and is almost uniform in size throughout its whole length. It
is slightly ‘larger at its anterior, and smaller at its posterior extremity, than in the
middle part of its course. In Julus terrestris it has ninety-six very minute ganglionic
enlargements, situated entirely on the under surface of the cord, and so closely ap-
proximated together as not to be observable, except on very close inspection. Each
of these enlargements gives off two pairs of nerves, one of which, on the under sus-
face, is given to the legs, and the other, on the lateral and superior surface, to the
sides of the body; so that the whole number of nervous trunks from the cord, in--
cluding those from the medulla oblongata, is ninety-four pairs to the head and sides
of the body, and ninety-two pairs to the legs, making in the whole one hundred and
eighty-six pairs, or two hundred and seventy-two nervous trunks from the cord,
exclusive of those which belong more immediately to the brain. In Spirostreptus
(fig. 3.) the ganglia are even smaller and closer together than in Iulus, but the cord
is larger in proportion to the size of the nerves, the distribution of which is almost
precisely the same as in Iulus. Each enlargement of the cord (a) gives off at its
upper and lateral surface a single nervous trunk (b), which passes outwards for some
distance as a single nerve, but which in reality includes two distinct sets of nerves,
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that separate as principal trunks at the inner side of the great longitudinal series of
abdominal muscles. The anterior of these trunks (e) is the analogue of the respiratory
nerves of insects, and passes across the upper layer of these muscles, on their visceral
surface, giving off to them many minute branches. The first of these branches turns
backwards and inwards, in the direction of the spiracles and principal trachez, on the
under surface of the segment behind the legs, while the main trunk of the nerve,
greatly reduced in size, passes upwards to the muscular appendages of the heart.
The other set of nerves is divided into two main trunks, which pass between the
layers of longitudinal muscles, the first of them (f) giving off branches to the mus-
cles of the inferior and lateral parts of the body, to which it is almost entirely distri-
buted ; and the other (g), the larger of the two, passing round the sides of the body,
is distributed to the dorsal muscles. Besides these regular branches each alternate
pair of nerves gives off a branch from its posterior surface (), near its origin from
the cord. This branch is given to the muscles that connect the two segments. The
second pair of trunks (d) from the ganglion, as in Iulus, is given directly to the legs,
and send off only one small branch to the coxa before entering them.

Structure of the cord—The formation of the great abdominal cord in the Iulidz,
by the lateral approximation of two distinct portions, is indicated on its upper surface
by a slight median sulcus, and on its under surface by a slight longitudinal division
between the two approximated ganglia that form cach of its enlargements. Each of
these lateral divisions of the cord in Iulus, as formerly shown in the Scolopendra and
other Articulata, is a compound structure, formed of two distinct longitudinal series
or columns of fibres, which, notwithstanding the different explanation that has been
given of their function, since I had the honour of first describing them to the Royal
Society*, are quite distinct from each other, although closely approximated together.
By the aid of means superior to those formerly employed in my investigations, I now
find that the abdominal cord contains other structures besides those already described.
In my former communication to the Royal Society, I indicated the existence of fibres
that run transversely through the ganglia of the cord in the larva of the common
butterfly--, and similar structures have since been shown by Dr. CARPENTERY in other
Articulata, and applied to explain some of the reflex phenomena of the nervous system,
in accordance with the theory promulgated by Dr. MarsuaL. Har. But besides
these two sets of longitudinal fibres, and the series that passes transversely through
the ganglia, there are other structures in the cord that have hitherto been entirely
overlooked. These are fibres that run longitudinally, in part of their course, at the
sides of the cord, and enter into the composition of all the nerves from the ganglia.
These fibres I shall designate the fibres of reinforcement of the cord.

The superior longitudinal set of fibres of the cord (fig. 4. e), which I formerly

* Philosophical Transactions, 1834, Part II. p. 408. t Op. cit., p. 412, Plate XVI. fig. 37.

{ Inaugural Dissertation on the Physiological Inferences to be deduced from the Structure of the Nervous
System in the Invertebrated Classes of Animals, by WiLriam B. Carrenter, M.D., 1839.
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described as the motor tract, and to which the function of volition seems still to be
accorded by VaLeNTiN*, CARPENTER®, and BaryY, is extended in Iulus, as in other
Articulata, as a separate fasciculus along the upper surface of the cord; but in these
Myriapoda it is much narrower in proportion to the whole width of the cord than in
insects. This fact is interesting in reference to its presumed function. On a cursory
inspection it does not appear to give off any branches, but seems to pursue its course
uninterruptedly along the whole length of the cord. It does not indeed give off fila-
ments to the nerves from a ganglion immediately opposite to their origin, while pass-
ing over that ganglion, but immediately it has passed one ganglion it gives off the
filaments that proceed to the nerves from the next ganglion. These filaments seem
almost immediately to join with others that belong to the sides of the cord, and pass
out with them into the nerve from the next ganglion along its anterior surface. This
is almost precisely the manner in which the filaments from this aganglionic column
in the Crustacea are united with those from the ganglionic, as formerly shown in my
description of the nerves in that class, when the existence of the lateral fibres of the
cord was unknown to me.

The inferior longitudinal, or ganglionic set of fibres (fig. 5. @) of the cord, affords
wany interesting considerations. It is placed, exactly as in insects, on the under
surface, but like the upper series it is narrower than the whole cord, of which it forms
a part. It is formed of a Iongitudinal series of fibres, like the upper tract, beneath
which it is placed, and from which it is divided by some of the fibres that pass trans-
versely through the cord, and which enter into the composition of the nerves from
the ganglion on either side. It appears also to receive filaments from the upper
series, and perhaps others are sent from it to the upper, thus decussating each other
in the middle substance of the cord, where these two longitudinal series are in close
apposition; since it is almost impossible, even in the large nervous cord of Scolo-
pendra, to separate these two tracts froin each other, although their distinctness is
evinced in their relative size and longitudinal lines of separation. But there is one
fact of great interest in regard to this ganglionic series of fibres. Almost the whole
of the fibres of which it is composed are traceable, in the Iulide, directly through
each enlargement of the cord, which they mainly assist to form. At the anterior part
of each enlargement the diameter of each fibre, or fasciculus of fibres, appears to be
slightly increased, and its structure becomes more softened and delicate. While
passing through these ganglionic enlargements, occasioned chiefly by their own in-
creased diameter, the fibres take a slightly curved direction outwards, and then in-
wards, but are reduced to their original size, and assume the longitudinal direction
on again forming the aganglionic portion of this tract of the cord. This structure of
the fibres is well seen in the Zulide and Polydesmidee (fig. 7. i), as I shall hereafter

* De Functionibus Nervorum, Bern. 1839. (Vide Bary’s MULLER.) 1 Op. cit.
1 Mtrrer’s Elements of Physiology, second edit. vol. i. 1840, p. 771.
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again have occasion to refer to, more especially with reference to the true structure
of ganglia. The fibres are traceable most distinctly in the Iulidee.

These are the structures to which I formerly assigned the function of voluntary
motion and sensation, and to which I am still inclined to believe they minister, since
the fibres of which both are composed are traceable to the crura and brain. Whether
these functions are restricted separately to the two structures, as I first imagined, the
one to the upper and the other to the inferior series, or whether they are administered
to conjointly by both, through an interchange of fibres, it is almost impossible to de-
termine by any decisive experiment on these animals, although the structures them-
selves are distinct. But in the absence of experimental proof there are circumstances
connected with the distribution of the nerves to the extremities which seem to indi-
cate, that these low forms of Articulata are endowed with a power of sensation and
feeling far beyond what has of late been adjudged to them by some physiologists.
In some of the gigantic Spirostrepti and Spiroboli the legs are adapted for climbing
up the trunks and branches of trees, by the under surface of the first and second
basilar joints of the tarsi being developed into a soft cushion or pad, as in some in-
sects ; and to these parts of the limbs I have found the nervous fibres more extensively
distributed than to any other; a fact most strictly analogous to that of the distribu-
tion of nerves in the tactile parts of the limbs of Vertebrata. '

Those fibres of the cord which seem to be independent of the sets just described,
and which do not appear to have any direct communication with the great seat of
sensation and volition—the brain,—are of two kinds, which may justly be regarded as
involuntary in their functions. The first of these are the commissural fibres (figs. 4. 5.
7. g) which pass through the ganglia; and the second are those which have hitherto
been undescribed, and form the sides of the cord (f) in the interspace between the
ganglia, or between certain nerves distributed from them—the fibres of reinforcement
of the cord. '

The fibres of reinforcement of the cord form the lateral portions of the whole
nervous cord of the body, and enter into the composition of all the nerves. They
constitute, as it were, circles of nervous communication between two nerves that
originate from the cord at a greater or less distance ; and form part of the cord in
the interval between these nerves, and bear the same relation to the segments, indi-
vidually, which the cord itself does to the whole body. They form a part of the
nervous trunks which come off from its upper, or aganglionic tract, as well as of those
which proceed from the ganglionic enlargements in the lower, and in each instance
they bound the posterior side of one nerve and the anterior of another, to which they

~proceed along the sides of the cord, forming, in the interspace, a part of its structure.
Each fibre may thus be traced from its peripheral distribution, in the structures of
the external surface of the body, inwards, along the course of the nerves, on their
posterior surface, to the cord, where its direction is altered from that of the nerve
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transversely inwards, to that of the cord on which it is reflected, and passes lon-
gitudinally backward ; thus forming a part of its external surface until it arrives at
the root of the nerve to which it is to be distributed, and-along which it again passes
transversely outwards, bounding the anterior side of the nerve to its distribution on
the lateral surface of the body. These fibres of reinforcement form a large propor-
tion of the whole cord, and enter into the composition of the upper, anterior, and
part of the inferior surface of the root of every nerve, in their course inwards to the
cord; and of its posterior and inferior surface on their again proceeding outwards.
In this manner these fibres of reinforcement connect all the nerves of the cord on
one side of the body, as the corresponding fibres do those on the opposite side.
They form, as it were, double, treble, or quadruple circles, one within the other.
Thus the fibres that pass inwards along one nerve may proceed along the cord te
pass outwards again on the front of a second, a third, or a fourth, thus linking the
segments in one continued series of nervous communications, independent of the
brain. But these communications exist only between nerves on the same side of the
body, and not between those on the opposite. The commissural nerves connect the
opposite sides of each individual segment, as those of reinforcement do the same sides
of two separate segments.

Every nerve from a ganglionic enlargement of the cord is thus composed of four
sets of fibres, an upper and an under one, which communicate with the cephalic gan-
glia; a transverse or commissural, that communicate only with corresponding nerves
on the opposite side of the body ; and a lateral set that communicate only with nerves
from a ganglionic enlargement on the same side of the body, and form part of the
cord in the interspace between the roots of the nerves. It is by the successive
addition of these lateral portions of the cord that its size is maintained almost uni-
formly throughout its whole length in the elongated bodies of the Myriapoda. On
examining the cord very closely, I have reason to believe that the upper and inferior
sets of longitudinal fibres, the ganglionic and the aganglionic, are somewhat smaller
at their posterior than at their anterior extremity, a circumstance readily understood
in the fact that successive series of filaments are given off from them at each distribu-
tion of nerves from the ganglionic enlargements, while the relative size of the lateral
portions of the cord appears to be greater in the posterior than in the anterior. On
this account I have named these lateral fibres, fibres of reinforcement of the cord.

In regard to the identification of these fibres, it may be well further to state, that
their separate existence is indicated chiefly at the postero-lateral margin of the gan-
glia, (fig. 7. /) where they are seen to form part of the nerves and cord without passing
upwards to the brain. In other parts of their course they are not distinguishable by
colour, and very rarely by any longitudinal line of separation from the fibres which
form the inferior longitudinal series, or portion of the cord, to which they are ap-
proximated ; but from which they are believed to be distinct from the fact, that they
do not ascend with them to the brain. Their function must be regarded only as

MDCCCXLIIIL. 2L
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reflex ; entirely independent of sensation, but capable of being excited into action by
external causes. S

The existence of these lateral fibres in the cord may now fully explain the reflected
movement of parts anterior or posterior to an irritated limb on the same side of the
body, as the commissural ones do the movement of parts on the side opposite to that
which is irritated. The presence of these fibres in the cord of insects I had long
suspected, from the curved direction of the fibres that bound the ganglia, and from
that of the origins of the nerves from the aganglionic tract, as figured in my former
paper*; and although I had communicated this opinion to a friend several years ago,
I have never until recently been able to satisfy myself of its correctness.

This uncertainty of the existence of any structure in the cord that seemed sufficient
to explain the reflected movements on the same side of the body, independent of the
brain and the nerves of volition and sensation, long obliged me to withhold my assent
to the doctrines now received respecting these phenomena. Although the fibres that
pass transversely through ganglia might explain the effect produced on one side of
the body, by the irritation of a corresponding part on the other, there seemed no ana-
tomical structure to account for the movements of distant parts, anterior or posterior
to a given point, on the same side, if the doctrine long received, that each fibre is en-
dowed with but one special function, were correct. Now, therefore, that we find an
anatomical structure in the cord that seems to account for these phenomena, I ought,
in justice, to state, that Dr. Hary, to whom is due the high credit of collecting, comn-
paring and arranging in one system numerous facts connected with the reflected
movements of animals, as observed by Wayrr, BLaNE and others, and also by him-
self,—adopting the principle established by our distinguished physiologist, Sir CHarLEs
Berw, that every nervous fibre is continued unbroken from its origin to its termi-
_nation, and is capable of ministering only to one special function,—conceived the ne-
cessity for the existence of special nerves for the reflected movements; and that, at
the period when I was engaged with Dr. HaLw in his experiments on this subject, in
1833, he requested me to examine the cord in the Hedgehog to ascertain the correct-
ness of his opinions. This examination was not made, because at that period I differed
from him in attributing the reflected movements to the agency of another part of
the nervous system. Now that the views of Dr. HaLL seem proved to be correct,
I am desirous of adding this testimony of the acuteness and perception of one who
has done much for physiological science.

In the Polydesmide (Plate XI. fig. 6.) the nervous system corresponds with that of
Iulus in regard to the nerves given to the generative outlets, but the ganglia of the
cord are larger and situated at much greater distances. Those of the first two pairs
“of legs have united with the first subcesophageal ganglion (d), and the whole form
one elongated large nervous mass, similar to the short nervous cord of the Ostracion
and some other fishes. This great elongated ganglion is situated anterior to the

* Philosophical Transactions, 1834, Plate XVII. fig. 40-42, g.
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outlets of the female organs of generation, and consequently anterior to the third
segment of the thorax. From its posterior extremity the cord is continued back-
wards, in the middle line, between the female organs, immediately behind which it
gives off a pair of nerves to these organs, apparently from the structure of the cord
itself, but in reality from an atrophied ganglion (e), which has almost entirely dis-
appeared from this part of the cord, precisely as similar ganglia disappear in the
changes of insects ; thus showing the constant tendency of the gangliated portions
of the nervous cord to become united.

The number of segments in Polydesmus complanatus, LEacu (Plate XI. fig. 6.), is
twenty-two, including the head and anal segment. The number of ganglia in the
cord, separate and distinct from each other, is thirty-four, each of which supplies one
pair of organs of locomotion. Besides these there are the united ganglia (d. 1, 2.)
which supply the manducatory organs and the first and second pairs of legs. The
nerves from the atrophied fourth ganglion (e) above alluded to are given to the two
ovipositors of the female, the analogues of a pair of organs of locomotion; and the
thirty-eighth (37, 38.) is itself a double ganglion that supplies nerves to the apodal
antepenultimate, penultimate, and anal segments.

The brain (b) in this family affords some interesting considerations. The two lobes
are very small, pear-shaped, and developed on their under surface into very long and
slender crura, which join beneath the cesophagus with the great aggregation of gan-
glia. Each of these lobes is rounded on the external side; and the optic nerves and
ganglia are entively absent, there being externally no organ of vision. On the front
of each lobe there is a small elongated ganglion for the antennal nerve, which passes
directly into each of those organs (a). This is a remarkable condition of the brain
in these Myriapodes, and a similar one has been described by TrEvIRANUS * in Geo-
philus, although in that genus, as I shall presently show, the optic nerves are not en-
tirely absent, as in the Polydesmidee. This fact is especially interesting in reference
to the analogy that is believed to exist between these lobes of the brain and optic
ganglia, and the corpora quadrigemina of Vertebrata, and seems to show that their
office is more important than that of simple ganglia of any individual organ ; and that
the ganglia of the optic nerves themselves are those by which impressions are received
from the retina and transmitted to the middle supra-cesophageal ganglia, the brain,
the common sensorium of the whole nervous system.

The distribution of the ganglia and nerves of the cord deserve particular attention.
On entering the fourth segment the cord is somewhat elongated and passes between
the double outlets of the female organs, immediately behind which it gives off the
nerves to those organs from the atrophied ganglion. These nerves are exceedingly
large, and ramify extensively over the muscles and distal portions of those retractile
structures. Behind this atrophied ganglion the cord itself gives off a pair of nerves,
which are distributed to the sides of the segment ; after which it almost immediately

* Vermischte Schriften Anatomischen und Physiologischen inhalts. Bremen, 1817.
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forms the next ganglion (4.) which gives nerves to the third pair of legs, the poste-
rior of the two pairs of organs of the segment, the female outlets being the analogues
of the first pair. In the male the organs are situated further backwards behind the
seventh pair of legs. Posterior to the fourth segment of the female, and the seventh
in the male, the cord is extended backwards nearly in a uniform manner throughout
the remaining segments, as far as the thirty-second ganglion, when it becomes less
uniform. In this first part of its course it forms two ganglia in each segment, as we
have seen in the double segments of Iulus. These ganglia are separated only by a
short interspace of cord (fig. 10. d d), but there is more than twice the length of cord
between the last ganglion of one segment (8.) and the first of that next beyond it (9.).
In the interspaces between these ganglia the cord gives off a pair of nervous trunks
(c), which are distributed to the muscles and sides of the segments; and each gan-
glion gives off a single pair of nerves to the organs of locomotion (d). The nerves
from the anterior ganglion in each segment are always directed backwards into the
first pair of legs, since the ganglion is situated a little anterior to the coxae, and is
more elongated in form than the second ganglion, the nerves from which enter the
legs in a more transverse direction. But in proceeding backwards along the cord
the distance between the ganglia is gradually lessened, until in the posterior segments
the ganglia are found to follow each other very closely, and almost to unite. So
again in regard to the nerves. Those which, in the anterior part of the cord, are given
from it at equal distances between the ganglia, are found nearer and nearer to the
ganglion next behind, until they at length cease to come from the cord, but ave
derived directly from the ganglia, each of which then gives off two pairs of nerves,
instead of the single pair to the legs, as in the anterior segments. But although the
ganglia are thus closely collected together, this is not the result of aggregation in
this part of the body, but is consequent on the non-completion of changes which
take place in the formation of new ganglionic centres and nerves in this part of the
cord, during the successive periodic formation and addition of new segments to the
body in these animals, as I have heretofore shown in the Iulidee*. These formations
always take place in all the Myriapoda between the penultimate and antepenulti-
mate segments, and in that part of the cord the new ganglia are produced to those
segments. This leads us to some important facts in reference to the means by which
“the nervous cord itself is developed by extension and elongation of its fibres during
the growth of the whole body, and the development of the new segments; and it
shows that an elongation takes place in the longitudinal fibres of the cord in the new
segments, and that ganglia are developed in its structure while commissural and
lateral fibres of reinforcement are in the course of formation. But the distribution
of the nerves from these ganglia, and the structure of the ganglia themselves, seem
to lead us to the facts. In Polydesmus maculatus (fig. 9.), Nob., each of the six pos-
terior ganglia gives off two pairs of nerves. In no instance in these posterior seg-
* Philosophical Transactions, 1841, Part II.
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ments of the body do the nerves come directly from intervening portions of cord, or
from spaces between the ganglia. The anterior pair from each ganglion are always
given to the sides of the segment, like the nerves from the intervening cords in the
anterior segments ; and the posterior, to the legs. In the last-formed of these gan-
glia (36.) the ganglion is very short, the nerves (¢, d) being given off from it almost
transversely ; and the whole corresponds to the diminutive extent of the posterior of
these newly-formed and incomplete segments. The ganglion (35.) immediately pre-
ceding this is larger, and is separated from the one next before it (34.) by a more
constricted portion of cord; and it gives off its anterior pair of nerves (c) in a dia-
gonal direction forwards. So again the next ganglion (34.) is still more complete,
corresponding to the greater length and more perfect condition of the segment, and
is separated from its fellow (33.) anterior to it in the same segment, by a short por-
tion of cord. These two ganglia still give off their anterior pair of nerves, but there
are no nerves given off from the cord. The form of the ganglia is now changing,
the anterior one is becoming elongated, and its anterior pair of nerves are given off
from it in a direction more diagonally forwards and outwards. The length of cord
between this ganglion, and that in the segment immediately before it, is now greatly
increased, but still no nerves are yet given off from this portion of cord ; they remain
in connexion with the ganglion on which they have been formed. The ganglion (32:),
anterior to this elongated portion of cord, also gives off both pairs of nerves, but the
first pair are now at the very front of the ganglion, and are directed still more for-
wards, and appear as if exerting much traction upon it, while the ganglion is narrowed
and greatly elongated, and seems as if it were about to separate. This separation
between the nerve and ganglion actually takes place in the next segment, in which
the ganglion gives off but one pair of nerves, while the anterior pair comes from the
cord, in close approximation to the ganglion. In this way the interspace between the
ganglia is increased from behind forwards in each segment, and is greater in propor-
tion to its distance from the terminal génglion. The cord is elongated in the ganglia,
by extension, or growth longitudinally ; and those nerves, which are given to the sides
of the segments, and to the vespiratory structures, and which originally are formed
on the ganglia, or in immediate connexion with them, are gradually separated from
them, and are afterwards attached only to the interspaces of the cord, so that they
are removed to a greater distance from the ganglia in proportion to the earlier deve-
lopment and more complete state of the segment to which they belong. This elon-
gation of the cord commences in the posterior ganglion, at the front of which, appa-
rently by separation of part of its own structure, the new ganglion of each last-formed
rudimentary segment is always produced. Hence the ganglia must be regarded as
performing a most important office in the nervous system, that of being centres of
growth and nutrition to the cord and nerves. The structure of the ganglia confirms
these conclusions, and shows that not only are these parts centres in which the re-
flected motions of the limbs are effected, but that they are even of more importance,
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being those in which the structures themselves are nourished. The vessels distri-
buted over the ganglia penetrate into their substance, and are more abundantly sup-
plied to them than to any other parts of the nervous system, as will hereafter be
seen in the Scolopendra.

The structure of the ganglia in Polydesmus complanatus is well seen after the cord
has remained for some time in spirit. When examined in the recent state it is far
less distinct, but the nuclei, which enter largely into the composition of the ganglia,
are well observed on the under surface. In specimens which have remained in spirit
the whole of the fibres of the cord are rendered apparent, although the ganglia them-
selves are more opake. In P.maculatus the aganglionic tract passes in a direct line
over the ganglia (figs. 9, 10.), as in other Articulata, and gives off its branches as in
Iulus, at some distance anterior to the ganglion. The fibres of the inferior or gan-
glionic tract (fig. 7.1), on arriving at a ganglion, are softened and somewhat enlarged
in diameter, and take a slightly curved direction outwards, as far as the middle of the
ganglion, and then are gradually reduced in size and again directed inwards, until they
are about to leave it, when they again assume the longitudinal course and form the
under surface of the cords. This curved direction of the fibres is owing in part to their
own enlarged structure, and in part also to the presence of numerous gray nucleated
cells, which assist to form the ganglion. Between these two series of longitudinal
fibres are placed the commissural ones (g), which pass transversely through the gan-
glia for the posterior pair of nerves (d). The fibres of reinforcement which form the
sides of the cord are distinctly seen at the sides of each ganglion beneath the trans-
parent covering of the cord (b), bounding the sides of the ganglion in the interspace
of two nerves (f), and also at the posterior surface of the nerve where they join the
cord, having between themselves and the commissural fibres, and fibres of the cord,
a slight interspace, which is occupied by nucleated cells. Those fibres which belong
to the anterior pair of nerves, which have been seen to be afterwards removed from
the ganglia, have communications both with the anterior and posterior nerves, thus
combining in action the nerves which are distributed to the muscles (¢) and sides of
the segment with these which are given to the legs (d). 'This fact is interesting from
the circumstance that the commissural fibres which enter into the composition’ of
these anterior nerves are placed above the superior aganglionic tract of the cord,and
this will in great measure account for the removal of these nerves from above the
ganglion, with which they are thus shown to be in connexion during the growth and
clongation of the cord itself. It is also further worthy of notice, that this is a con-
dition in these nerves of Polydesmus precisely analogous to that which exists in the
respiratory nerves in the larva state of insects, in which, as I formerly* showed, there
are commissural fibres running transversely across the segments and lying loosely
above the aganglionic tract of the cord. In regard to the enlargement of the fibres
of the cord, it may be remarked, that the ganglia are always softer and far more

* Philosophical Transactions, 1836, Part II. p. 544.
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readily miscible in water, and more easily destroyed than the fibre of the cord itself;
and that they usually break off (fig. 8.) on injury at their junction with the longitu-
dinal portion of the cords, thus further leading to the inference, that in these parts
the nervous substance is less consolidated, and that the growth of the structure is
effected at these places. This view of the gangliated portions of the cord in Articu-
lata may perhaps be extended to those of the cord in Vertebrata, seeing that in both
there is an accumulation of gray nucleated cells in each enlargement. May not the
office of these cells be to supply means of growth for the cord itself, and also for the
large nerves distributed from the cord in those regions ¢

The Geophilide (fig.11.) present a condition of the nervous system similar to that of
the Polydesmidee, in the size and distinct form of the ganglia, but they approach also
to that of the Julide in the uniformity of distance of the ganglia from each other,
and in their great multiplicity. Their number varies much in different species and
subgenera. In some instances, in Mecistocephalus, NEwporT (Geophili maxillares,
GERvaIs), there are not more than forty-six, but in Geophilus subterraneus, LEacs,
there are eighty-six, besides those of the brain; and in a new genus, Gonibregmatus,
NEewprorT*, there are even so many as one hundred and sixty. In the higher forms
of Chilopoda, as in Scolopendra, there are only twenty-three; and in Lithobius and
Scutigera fifteen, besides the brain and medulla.

In Geophilus subterraneus (fig. 11, 12.) the brain (b) exhibits a condition similar
to that of Polydesmus, in the almost entire absence of optic nerves. But it differs
in the fact that the optic ganglia (c) are slightly developed at its sides, and that these
give off a very minute filament to the single ocellus, which exists on the under side
of the head, behind the antenna. TRrEVIRANUS+- has described the brain in Geophilus
longicornis, LEAcH, as entirely without organs of vision; but from the existence of
an ocellus in that species also, on each side behind the antenna, he has probably over-
looked its minute nerve. The brain itself is large, as compared with the size of the
head, and the ganglia of the antennz (a) have almost completely coalesced with it.
The nerves of the antennee are also exceedingly large, and, as in Polydesmus, seem to
compensate for the imperfection of vision, by appreciating the condition and proximity
of surrounding objects by the sense of touch. Each nerve appears to have a small
gangliform enlargement of its structure in every joint, from which branches pass off
directly to the muscles. This is a condition of the antennal nerve not before met with
in the Myriapoda. The crura which pass down from the brain are long and slender,
and the medulla (d) with which they are joined is considerably larger than any of the
other ganglia, the first fifteen or twenty of which are much closer together than in the
middle portion of the animal ; thus further showing the constant tendency of those
ganglia, and parts of the cord that have acquired their full dimensions, again to ap-
proximate and unite. The form of these anterior ganglia is slightly different from
that of the posterior. They are rounded, and give off one pair of nerves at their front ;

* Proceedings of Zoological Society, Dec. 1842. t Loc. cit. tab. vii. fig. 5.
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in the posterior region of the body they are elongated, and somewhat oval. TREVIRANUS
has correctly described and delineated them as giving off each three pairs of nerves, but
he has not identified these with the nerves of Scolopendra, or of insects. It has been
seen in Iulus and Polydesmus that each moveable segment of the body is originally
composed of two others that have become united, and that each of these contains a
ganglion. In Polydesmus the ganglia of each segment are nearer together than those
of two separate segments, and notwithstanding the manner in which the intervening
cords are developed, there is a tendency in the ganglia to unite. In Geophilus each
segment is also composed of two parts, but one of these is much smaller than the
other, and is fast disappearing. Hence the ganglion in each of these segments may be
regarded as formed of the elements of two ganglia. Three pairs of nerves are given
off from this ganglion in close approximation, at its posterior lateral surface, in the
posterior half of the cord, but these are separated from each other in the anterior, ina
manner similar to what we have already seen in Polydesmus. The posterior pair of
nerves from each ganglion (fig. 13.81. d) are supplied to the pair of feet. Immediately
anterior to these, and coming as it were from the same origin, the proper muscular
nerves passes outwards to the sides of the segment. These nerves, as is the case with
the corresponding muscular nerves in the larvee of insects, pass on the outside of the.
longitudinal layers of muscles, between them and the diagonal muscles, to the sides
and upper part of the segments, and thus are enabled to give off branches in their course
to both layers. The third or anterior pair of nerves (c) are analogous to the respira-
tory nerves of insects. They pass off from above the ganglion on the upper sarface
of the cord, and after crossing the longitudinal layer of muscles, on their inner side, to
which they give filaments, are distributed to the spiracles and muscles connected with
them. These nerves vary a little in their mode of passing off from the ganglia, owing to
the changes which take place in the ganglia, as already seen in Polydesmus. They are
composed of fibres derived, as in that genus, both from the ganglion and sides of the
cord, and its superior tract, above which they are formed by the union of these with a
series of commissural fibres. Inthe posterior part of the cord (81. 82.) these nerves pass
off in the same trunk with, but immediately anterior to, the second or muscular pair,
but in the middle of the cord they pass off more anteriorly (fig. 14. ¢), while in the
anterior segments, in which all the ganglia are slightly enlarged and rounded (fig. 12.),
they pass off directly from the front of the ganglion. This pair of nerves is of great
interest in the anatomy of the nervous system, since these are the analogues of nerves
which exist in the Crustacea and in Insects, and in the latter, as in Geophilus, they
are always given to the organs of respiration. They have the same relations to the
other nerves and layers of muscles in all, but in Geophilus they lie on the superior
longitudinal tract of the cord, in actual contact with a ganglion, deriving part of their
structure from the ganglion, from the fibres of reinforcement, and from the aganglionic
tract ; and they also contain commissural fibres, precisely as in the respiratory nerves
of insects. They exist in all the families of Chilopoda, but with this difference, that
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in Scolopendra, Lithobius, and Scutigera, they appear to come off behind the gan-
glion, from the superior tract of the cord, to which they have been closely joined in
these more perfect forms of the nervous system. This difference of position is readily
explained by the changes which have been seen to take place in Polydesmus, and
which are also in operation in Geophilus. In the posterior part of the cord, which
is the part last formed during the gradual and successive changes of these animals,
there is but a short space between these nerves, which lie above the aganglionic tract
of the cord, and the commissural fibres of the nerves from the ganglia. But in the
course of the development of the segments of the body by elongation, a correspond-
ing elongation of the nervous cord itself takes place in the substance of the ganglia,
and these nerves become further and further removed from each other in that part
which lies on the cord above the middle of the ganglion, while they still remain at-
tached to the other nerves at its sides, and thus form a kind of triangle (fig. 13. 80. ¢)
above the aganglionic tract, as it passes over the ganglicn. This elongation of the
cords in the ganglion goes on, as in Polydesmus, until in the middie portion of the
body these nerves have become released from those at the sides of the ganglion, and
pass off from its anterior part. In the anterior third of the body they are directed
forwards, but are still kept in contact with the ganglion by means of the lateral fibres
of reinforcement, and also by a delicate set of fibres derived from the ganglion itself
(fig. 14. ¢). These facts seem further to show that the ganglia are the centres in which
the growth and elongation of the cord always take place, and also that the nerves of
the cord are usually first formed in connexion with ganglia, although they may be
afterwards removed from them by further growth and changes.

The compound structure of the cord is distinctly seen in Geophilus. The superior
aganglionic tract is more clearly seen along the whole length of the cord, even while
passing over a ganglion, than in any other genus. It is scarcely more than one-half
of the width of the whole cord. The lateral fibres are also distinct, and may be
readily seen bounding the roots of the nerves.

The disposition of the terminal nerves of the cord is curious. Each ganglion gives
its pedal nerves backwards to the legs in the next segment, so that the penultimate
pair of legs are supplied from the ganglion of the antepenultimate segment, and
the terminal styles, or anal appendages, are supplied by nerves from the preceding
segment. By this arrangement it is proved that the anal styles are not supplied by
the terminal portion of the cerd, as is usually the case, since there are three ganglia,
much smaller than these, posterior to them (figs. 13 and 14. 83. ¢ @). The anterior of
these caudal ganglia (c) supplies the anal valves and segments, and may be regarded
as the anal ganglion. The next (e), which also gives nerves to the anus, is partly sup-
plied to the rectum, and part to the outlets of the female organs, which in Chilopoda
are always placed in the same relation to each other as in insects. The terminal
ganglion (a) is situated in the middle line of the junction of the receptaculi seminis,
between these and the rectum, and corresponds in situation to a ganglion on the
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junction of the oviducts in Gryllus. It always gives nerves to the terminal portion
of the oviducts, as the preceding ganglion does to the rectum.

The nervous cord attains its maximum development in the Myriapoda, in the Scolo-
pendridee and Scutigeride. Each ganglion now gives off four pairs of nerves, the first
and third of which are distributed to the muscles, and the second to the feet, while
the fourth pair, the analogue of the respiratory nerves, lies above the ganglion at its
posterior margin, but derives from it, as in Geophilus, part of its structure. It is
closely joined to the side of the superior tract of the cord, from which at first it seems
to be derived, as I formerly* believed when describing this structure. Its distribu-
tion to the spiracles in Scolopendra was subsequently shown in the Plates of Mr.
Swan+, and its analogy to the respiratory nerves of insects has since been pointed
out by Professor Owen}. The existence of commissural fibres passing through the
ganglia in Scolopendra, one to each nerve, was also made known by Dr. CARPENTERY,
but the presence of the lateral fibres of the cord has not heretofore been ascertained.
These lateral fibres exist in the Scolopendra, as already described in the other Myria-
poda, but are less readily observed than in Polydesmus and Geophilus, in conse-
quence of the more perfect structure and approximation of all the parts of the cord.
The ganglia of the anterior segments have approached nearer to each other than in
Geophilus, more especially the first five, which are separated only by a short portion
of cord. In Lithobius this approach of the ganglia is carried still further, and in the
Scutigeridee, in which the first seven ganglia are very closely approximated, it has
reached its maximum. In these latter instances also, the brain has acquired a greater
development, the optic nerves and ganglia are enlarged, and the separate organs of
vision are greatly multiplied. The candal ganglia are united into a separate larger
ganglion in Scolopendra, and in Lithobius (Plate XIII. figs. 23 and 24, 17. 18.) form
an elongated caudal appendage to the last great ganglion of the cord.

In the Scorpionidee the nervous system exhibits two opposite conditions in the same
animal ; that of concentration of structures in the anterior part of the body and ex-
tension in the posterior, thus reminding us of the pseudo changes which are taking
place in the anterior segments of the Iulus, while growth and elongation of others are
taking place in thé posterior. In the anterior part of the Scorpion the aggregation
of segments has been carried to its greatest extent, the cephalothorax being formed of
at least six segments that can be identified, and doubtless of still more ; and not only
have the ganglia of these segments been collected into one mass, but they have been
joined by others from the segments of the abdomen, as in perfect insects and Crus-
tacea. But instead of the nervous cord terminating in the abdomen, as in the most
perfect of those classes, it is extended backwards and forms a series of ganglia in
the tail, a condition which marks a close affinity to the macrourous Crustacea and

* Philosophical Transactions, 1834, Part IL., p. 408.
1 Comparative Anatomy of the Nervous System, 1835, Part I., Plate V. fig. 1.
! Hunterian Lectures, 1842. § Inaugural Thesis, 1839.
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to the Myriapoda, more especially to the latter, in the number of ganglia that enter
into its composition. Thus there are six ganglia which belong to the head and
thorax, and four of the seven that belong to the segments of the abdomen, which
enter into the composition of the great nervous mass in the cephalothorax, while
three remain in the abdomen and four in the caudal region, making seventeen sub-
oesophageal ganglia, a number equal to that of some of the Myriapoda, and more
than is ever found in any hexapod insect.

The brain in the Scorpion (Plate XII. fig. 15. ) is exceedingly small. Itis composed
of two rounded, closely united ganglia, from the sides of which proceed directly
upwards two small trunks, the optic nerves, which are given to the large median eyes
(c) of the cephalothorax., At the base of these nerves, on the front of the brain, and
arising from the same part, two other small trunks pass forwards and inwards to the
middle line, around the muscles of the prehensile organs on the front of the head, and
while passing outwards, on the upper surface, each is divided into separate branches
for the lateral ocelli (d). These vary in number in different species. In Buthus, LEach,
there are three on each side; in Androctonus, Kocn, there are five, but in Scorpius,
EHRENBERG, only two. Immediately beneath the nerves to the eyes a large nervous
trunk passes forwards, from the front of the brain on each side, to the small prehen-
sile organs (@), which, in the Scorpions, are modified antennee. From the inner side
of the front of each lobe of the brain, beneath these nerves to the antennze, a small re-
current nerve passes forwards, and joins with its fellow on the opposite side to form
a minute ganglion, from which a very small median trunk, the vagus¥*, passes back-
wards beneath the brain for a short distance along the alimentary canal, but I have
not yet been able to detect lateral ganglia connected with this trunk, as in the My-
riapodes. The brain is connected with the medulla oblongata (e) by very short and
thick crura, so that it scarcely appears distinct from the great nervous mass in the
cephalothorax. The medulla oblongata (¢) forms the first portion of this great mass,
from which it is distinguished by a slight construction, although closely approxi-
mated to it. It is spread out beneath the brain into a large concave ganglion, which
gives off at its sides one very large pair of nerves, which are distributed to the great
prehensile organs (1.), and which, from their origin, must be regarded as the ana-
logues of the mandibles of insects, and of those of the forcipated foot jaws in the
Chilopoda. These organs, as already shown by Savieny in other classes, are them-
selves the analogues of those of locomotion, as is well exemplified in the anatomy of
these organs in the Scorpions. The nervous mass behind this first ganglion gives off
four pairs of large nerves (2. 3. 4. 5.) to the organs of locomotion, and four pairs of
-smaller ones (6. 7. 8. 9.) to supply the abdominal segments, to which the trunks of
these nerves pass backwards on each side of the cord, their ganglia being united
with those of the thorax. The remaining ganglia of the abdomen (10. 11. 12.) are

* This vagus nerve is very small, and has been omitted on the drawing of the nervous system of the
Scorpion, Plate XII., to avoid confusion.
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situated at a great distance backwards in the cord, but not in the segments to which
their nerves are distributed. These ganglia also have moved forward, and each is in
a segment anterior to that which they supply with nerves. This shifting of the gan-
glia has also extended to those in the caudal region (13. 14. 15. 16.), each of which
has moved forwards and is sitvated near the articulations of the joints of the tail, one
in each of the first four basilar joints.

The distribution of the nerves to the legs affords an interesting illustration of the
uniformity of plan in the distribution and use of similar structures in all animals.
The great claw (¢) of the Scorpion is formed by an arrest of development of the three
tarsal joints (1. 2. 3.) that have coalesced into one large hand ; but the finger-like di-
gitations of this hand (k), which exist in the true organs of locomotion as minute
claws, have become excessively developed, to form the two powerful fingers of the
claw, as is proved by the manner in which the nerves are distributed. The great
nerve of the limb in the other extremities is always divided into two branches imme-
diately before or after it has entered the second joint of the tarsus (2.), and these are
given separately along each side of the under surface of the tarsus to the two minute
claws, exactly as the nerves are distributed to the digitations of the hands and feet of
Vertebrata ; and it is precisely in the same way that the nerves are distributed to
these great claws in the Scorpion. But further evidence of the beautiful uniformity
of design is afforded in the distribution of these nerves to the tarsi. As each division
of the nerve is passing along the under surface of the last joint of the tarsus it gives
off a distinct nerve to each of five spines (3.), which are arranged in a series on each
side of the under surface of this joint of the foot, on which joint the animal usually
rests. Can it be doubted that these nerves are to supply the rigid spines with sensa-
tion and a power of feeling, as this part of the foot is so constantly employed in
touching and examining the objects over which it passes? The extremities of the two
divisions of the nerves to the tarsus are extended into the minute claws (£) and termi-
nate at the base of the nail, having first given off, on each side of the claw, a small
branch to the muscles.

The nerves that pass backwards from the thorax into the abdomen continue distinct,’
and are given separately (6.7.8.9.) to the respective segments. Immediately each nerve
enters its proper segment it divides into two branches (p, ¢) ; one of these (p) passes
outwards in the anterior part of the segment, across the front of the branchia, and
near the margin of the ventral plates this also is divided into two branches, one of
which ascends to the dorsal surface of the segment, while the other passing back-
wards in front of the branchia (s) is given to the sides. The second branch (g) of the
main trunk passes backwards in the segment behind the branchia, and gives off some
ramifications to the muscles () on the ventral surface, and some are distributed over
the branchia (/, m, n, 0). This second branch of the great trunk is itself a separate
nerve, the analogue of the respiratory nerve which exists so distinctly in all the My-
riapoda, more especially in the Scolopendra and Lithobius. The aggregation of origi-
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nally distinct parts, which has been carried to so great an extent in the ganglia of
the cephalothorax of the Scorpion, has also taken place in the development of the
ganglia and cord of each segment of the abdomen, in the union of all the primary
trunks of nerves into a single pair in each segment; so that throughout the whole
body each ganglion appears to give off only one set of nerves; and this condition
exists even in the ganglia of the tail.

The cord in the tail has four distinct ganglia, one at the commencement of each of
the first four joints. The terminal ganglion gives off two pairs of nerves. The first
pair (¢), are the proper nerves of the joint, and the second, the terminal nerves (v), are
the continuations backwards of the two halves of the cord. One of these main trunks
passes backwards on each side of the colon, and the two ascending, one on each side,
and winding inwards, meet above it in the middle line of the dorsal surface, at the
posterior part of the fourth caudal joint. On entering the fifth joint each trunk gives
off a large branch to the muscles (17.), and then passes backwards, one on each side
of the strong tendons of the flexor muscles of the dorsal surface. On entering the
fifth segment these trunks again give off a pair of branches (w), but do not form gan-
glia. The two trunks, now reduced to small nerves, pass backwards in the middle
line, side by side, and give off a few lateral branches to the muscles of the sixth joint,
the aculeated joint of the tail, through which they pass parallel to each (y) other
along the dorsal surface to the extremity of the poison duct () and point of the sting.
At the termination of the fifth segment they send a branch on each side of the anus,
which is thus inclosed between them (z) as in an elongated nervous collar, and imn-
mediately behind it (18.) they give off the branches to the base of the sting without
forming a ganglion. ,
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