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PREFACE.

WaEeN I first accepted the invitation of the editors
of the International Scientific Series to supply a
book upon Primitive Nervous Systems, T intended
to have supplemented the description of my own
work on the physiology of the Meduse and
Eelinodermate «with a tolerably full exposition of
the results which have been obtained by wother
inguirers eoncerning the morphology and develop-
ment of these animals. But it soon became
apparent that it would be impossible, within the
limits assigned to me, to do justice to the more
important investigations upon these matters ; and
therefore I eventually decided upon restrieting this
essay to an account of my own researches.

With the exception of a few woodeuts in the
last chapter (for the loan of which I am indebted
to the kindness of Messrs, Cassell), all the illustra-
tions are either original or copies of those in my
Royal Society papers. In the letter-press also |
have =ot sernpled to draw upon these papers,
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wherever it seemed to me that the passages would
be sufficiently intellizible to a general reader.
I may observe, however, that although I have
throughout kept in view the vequirements of a
general reader, I have also sought to render the
book of service to the working physiclogist, by
bringing together in one eonsecutive aceount all the
more important observations and results which
have been yielded by this research.
G, J. R.

Loxnox, 1884,

S
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JELLY-FISH, STAR-FISH, AND
SEA-URCHINS.

INTRODUCTION.

Axoxa the most beautiful, as well as the most
common, of the marine animals which are to he met
with upon our cogsts are the jelly-fish and the star-
fish. Secarcely any one is so devoid of the instincts
either of the artist or of the naturalist as not to
have watched these animals with blended emotions
of the msthetic and the scientifie—feeling the beauty
while wondering at the organization. How many
of us who live for most of the year in the fog and
dust of large towns enjoy with the greater zest our
summer's holiday at the seaside? And in the
memories of most of us is there not associated with
the picture of breaking waves and sea-birds floating
indifferently in the blue sky or on the water still
more blue, the thoughts of many a ramble among
the weedy rocks and living pools, where for the
time being we all become naturalists, and where

those who least know what they ave likely to find
B

P | F
L
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in their search are most likely to approach the keen
happiness of childhood 2 If so, the image of the red
sea-stars bespangling a mile of shining sand, or
decorating the darkness of a thousand grottoes,
must be joined with the image, no less vivid, of
those erystal globes pulsating with life and gleam-
ing with all the colours of the rainbow, which are
perhaps the most strange, and certainly in my
estimation the most delicately lovely creatures in
the world,

1t is with these two kinds of creatures that the
present work is concerned, and if it seems almost
impious to lay the “forced fingers rude " of science
upon living things of such exquisite beauty, let it
be remembered that our human npature is not so
much out of joint that the rational desire to know
ig incompatible with the emotional impulse to
admire. Speaking for myself, I can testify that my
admiration of the extreme beauty of these animals
has been greatly enhanced—or rather I should say
that this extreme beauty has been, so to speak,
revealed—by the continuons and elose observation
which many of my experiments required: both
with the unassisted eye and with the microscope
numberless points of detail, unnoticed before, became
familiar to the mind; the forms as a whole wers
impressed upon the memory; and, by constantly
watching their movements and changes of appear-
ance, I have grown, like an artist studying a face
or a landseape, to appreciate a fulness of beauty, the
esse of which is only rendered possible by the per
cipi of such attention as is demanded by scientific
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research, Moreover, association, if not the sole
creator, is at least a most important factor of
+the beautiful; and therefore the sight of one of
theése animals is now much more to me, in the
respects which we are considering, than it can be
to any one in whose memory it is not connected
with many days of that purest form of enjoy-
ment which can only be experienced in the pursuit
of science,

And here T may observe that the worker in
marine zoology has one great advantage over his
other scientific brethren. Apart from the intrinsie
beanty of most of the creatures with which he has
to deal, all the accompaniments of his work are

“msthetie, and removed from those more or less

offensive features which are so often necessarily
incidental to the study of anatomy and physiclogy
in the higher animals, When, for instance, I con-
trast my own work in a town laboratory on
vertebrated animals with that which I am now
about to describe upon the invertebrated in a
laboratory set up upon the sea-beach, it is im-
possible mot to feel that the contrast in point of
enjoyment is considerable, In the latter case, a
summer's work resembles the pleasure-making of a
picnic prolonged for months, with the sense of feel-
ing all the while that no time is being profitlessly
spent. Whether one is sailing about upon the
sunny sea, fishing with muslin nets for the surface
fauna, or steaming away far from shore to dredge
for other material, or, again, carrying on observations
in the cool sea-water tanks and bell-jars of a neat
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little wooden workshop thrown open to the sea-
breezes, it alike requires some effort to persuade
one’s self that the occupation is really something
more than that of finding amusement.

It is now twelve years since I first took to this
kind of summer recreation, and during that time
most of my attention while at the seaside has been
devoted to the two classes of animals already men-
tioned—viz the jelly-fish and star-fish, or, as
naturalists have named them, the Meduse and
Echinodermata. The present volume contains a
tolerably full account of the results which during
six of these summers I have succeeded in obtaining,
If any of my readers should think that the harvest
appears to be a small one in relation to the time
and labour spent in gathering it, I shall feel pretty
confident that those readers are not themselves
working physiologists, and, therefore, that they are
veally ignorant of the time and labour required to
devise and exeente even apparently simple experi-
ments, to hunt down a physiological question to
its only possible answer, and to verify each step in
the process of an experimental proof. Moreover,
the difficulties in all these respects are inecreased
tenfold in a seaside laboratory without adequate
equipments or attendance, and where, in conse-
quence, more time is usually lost in devising make-
shifts for apparatus, and teaching unskilled hands
how to help, than is consumed in all other parts of
o research, From the pienic point of view, how-
ever, there is mo real loss in this; such incidental
difficulties add to the enjoyment (else why choose to
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make an extemporized grate and boil a kettle in the
wood, when a much more efficient grate, full of lighted
coals, is already boiling some other kettle at home?);
and if they somewhat unduly prolong a research, the
full meaning of life is, after all, not exhausted by the
experiences of a mill-horse, and it is well to rememn-
ber that so soon as we cease-to take pleasure in our
work, we are most likely sacrificing one part of our
humanity to the altar of some other, and probably
less worthy, constituent.

I may now say a fow words on the scope of the
investigations which ave to he described in the
present treatise. To some extent this is conveyed
by the title ; but I may observe that, as the © primi-
tive mervous systems” whose physiology I have
sought to advance are mainly subservient to the
office of locomotion, in my Royal Society papers
upon these researches I have adopted the title of
« Observations on the Locomotor System” of each
of the classes of animals in question, Tt is of
interest to notice in this connection that the plan
or mechanism of locomotion is completely different
in the two classes, and that in the case of each class
the plan or mechanism is unique, d.e. 1 not to be
met with elsewhere in the animal kingdom. It is
curious, however, that, in the case of one family of
star-fish (the Comatule), owing to an extreme
modification of form and function presented by the
constituent parts of the locomotor organs, the
method of progression has come closely to resemble
that which is characteristie of jelly-fish.

There is still one preliminary topic on which I
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feel that it is desirable to touch before procesding
to give an account of my experiments, and this has
reference to the viviseetion which many of these
experiments have entailed. But in saying what
I have to say in this connection I can afford to be
brief, inasmuch as it is not needful to discuss the
so-called vivisection question. I have merely to
make it plain that, so far as the experiments which
I am about to describe are concerned, there is not
any reasonable ground for supposing that pain can
have been suffered by the animals, And this it is
easy to show ; for the animals in question are so low
in the scale of life; that to suppose them capable
of conscious suffering would be in the highest
degree unveasonable. Thus, for instance, they are
considerably lower in the scale of organization than
an oyster, and in none of the eyperiments which
I have performed upon them has so much laceration
of living tissue been entailed as that which is
caused by opening an oyster and eating it alive,
after due application of pepper and vinegar, There-
fore, if any one should be foolish enough to ohjeet
to my experiments on the score of vivisection, ¢
Jortiori they are bound to object to the culinary
use of oysters. Of course, it may be answered to
this that two blacks do not make a white, and that
I have not by this illustration succeeded in proving
my negative, To this, however, I may in turn
reply that, for the purpose of morally justifying my
experiments on the ground which I have adopted,
it is not incumbent on me to prove any negative;
it 1s rather for my critics to prove a positive, That
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is to say, before convineing me of sin, it must be
shown that there is some reasomable ground for
~“supposing that a jelly-fish or a star-fish is capable
of feeling pain. I submit that there is no such
ground. The mere fact that the animals ave alive
constitutes no such ground ; for the insectivorous
plants are also alive, and exhibit even more phy-
siological *sensitiveness” and capability of rapid
response to stimulation than is the case with the
animals which we are abont to consider. And if
any one should go so faras to object to Mr. Darwin’s
experiments on these plants on account of its not
being demonstrable that the tissues did not suffer
under his operations, such a person is logically bound
to go still further, and to ohject on similar grounds
to the horrible eruelty of skinning potatoes and
boiling them aliye.

Thus, before any rational scruples can arise with
vegard to the viviseetion of a living organism, some
veagonable ground must be shown for supposing
that the organism, besides being living, is also
capable of suffering, Butnosuch reasonable ground
can be shown in the case of these low animals.
We only know of such capabilify in any case
through the analogy based npon our own experi-
ence, and, if we trust to this analogy, we must con-
clude that the capability in question vanishes long
before we come to animals so low in the scale as
the jelly-fish or star-fish. For within the limits of
gur own organism we have direct evidence that
nervous mechanisms, much more highly claborated
than any of those which we are about to consider,

[l
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are incapable of suffering. Thus, for instance, when
the nervous continuity of the spinal cord is inter-
rupted, so that a stimulus applied to the lower
extremities is unable to pass upwards to the brain,
the feet will be actively drawn away from a source
of irritation without the man being conseious of
any pain ; the lower nervous centres in the spinal
cord respond to the stimulation, but they do so
without feeling the stimulus, In order to fecl
there must be consciousness, and, so far as our
evidence goes, it appears that consciousness only
arises when a nerve-centre attains to some such
degree of complexity and elaboration as are to be
met with in the brain, Whether or not there is
a dawning consciousness in any nerve-centres con-
siderably lower in the scale of nervous evolution,
is a question which we cannot answer; but we
may be quite certain that, if such is the case, the
consciousness which is present must be of a com-
mensurately dim and unsuffering kind. Conse-
{mently, even on this positive aspeet of the question,
we may be quite sure that by the time we come to
the jelly-fish—where the object of the experiments
in the first instance was to obtain evidence of the
very existence of nerve-tissue—all question of pain
must have vanished. Whatever opinions, therefore,
Wwe may severally entertain on the vexed question
of vivisection as a whole, and with whatever feel-
ings we may regard the “ blind Fury” who, in the
person of the modern physiologist, “comes with
the abhorred shears and slits the thin-spun life,”
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we should be all agreed that in the case of these
animals the life is so very thin-spun that any
~guggestion of abhorrence is on the face of it
absurd.*

# The relation of conscicusneszs to the elaboration of nerve-
centres thronghout the animal kingdom is more folly considered
in my work on *Mental Evolation in Animals® (Eegan Paul,
Trench & Co.: 1853).



CHAPTER L
STRUCTURE OF THE MEDUSA.

To give a full account of the morphology, develop-
ment, and classification of the Meduse would be
both unnecessary for our present purposes and
impracticable within the space which is allotted to
the present work.®* But, for the sake of clearness
in what follows, I shall begin h};' briefly deseribing
such features in the anatomy of the jelly-fish as
will afterwards be found especially to concern us.
In size, the different species of Meduswe vary
from that of a small pea to that of a large umbrella
having streamers a hundred feet long. The
general form of these animals varies in
different species from that of a thimble
(Fig. 1) to that of a bowl, a pavasol, or
a saucer (see fizures in subsequent chap-
ters). Or we may say that the form of
the animals always resembles that of
a mushroom, and that the resemblance

# Those who may desive to vead an excellent epitome of oup
most recent knowledge on thess suhjects, may refor to Professor
H. Ray Lankester's article in the * Encyclopmdia Britannica ™ on
% Hydrozos,” together with Professor Hoeckel's 'Repurt on the
Medusm of the r'hn?!e:.gm Bxpedition.
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extends to a tolerably close imitation by different
species of the various forms which are characteristic
of different species of mushrooms, from the thimble-
like kinds to the saucer-like kinds. Moreover,
this accidental resemblance to a mushroom 1s in-
creased by the presence of a central organ, oecupy-
ing the position of, and more or less resembling
in form, the stalk of a mushroom. This organ is
called the “manubrium,” on account of its looking
like the “handle” of an umbrella, and the term
“umbrella ” is applied to the other portion of the
animal, The manubrium, like the umbrella, varies
much in size and shape in different species, as a
glance at any figures of these animals will show.
Both the manubrium and uwmbrella are almost
entively composed of a thick, transparent, and non-
contractile jelly; but the whole surface of the
manubrium and the whole concarve surface of the
umbrella are overlayed by a thin layer or sheet
of contractile tissue. This tissue constitutes the
earliest appearance in the animal kingdom of true
musenlar fibres, and its thickness, which is pretty
uniform, is nowhere greater than that of very thin
paper,

The manubrium is the mouth and stomach of the
animal, and at the point where it is attached to or
suspended from the umbrella its central cavity
opens into a tube-system, which radiates through
the lower or coneave aspect of the umbrella, This
tube-system, which serves to convey digested ma-
terial and may therefore he regarded as intestinal
in function, presents two different forms in the two
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main groups into which the Medus®e are divided.
In the “naked-eyed” group, the tubes are un-
branched and run in a straight eourse to the margin
of the umbrella, where they open into a common
circular tube which runs all the way round the
margin (see Figs. 1 and 22). In the “covered-eyed ”
group, on the other hand, the tubes are strongly
branched (see Fig. 8), although they likewise all
eventually terminate in a single cireular tube, This
circular or marginal tube in both cases communi-
cates by minute apertures with the external medinm,

The margin of the umbrella, both in the naked
and covered eyed Meduss, supports a series of con-
tractile tentacles, which vary greatly in size and
number in different species (see Figs. 1 and 8). The
margin also supports another servies of bodies which
will presently be found to be of much importance
for us, These are the so-called “marginal bodies,”
which vary in number, size, and structure in
different species, In all the covered-eyed species
these marginal bodies oceur in the form of little
bags of erystals (therefore they are ealled “litho-
eysts "), which are protected by curiously formed
“hoods " or “covers ” of gelatinous tissue; and it is
on this account that the group is ealled “covered-
eyed,” in contradistinction to the “naked-eyed”
where these little hoods or coverings are invariably
absent (compare Fig. 1 with Fig. 22), and the
crystals frequently so. In nearly all cases these
marginal hodies contain more or less hrightly
coloured pigments,

The question whether any nervous -tissue is
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present in the Meduse is one which has long
oeeupied the more or less arduous labours of many
naturalists, The question attracted so much in-
vestigation on account of its being one of unusual
interest in biology. Nerve-tissue had been clearly
shown to oceur in all animals higher in the zoolo-
zical seale than the Medusse, so that it was of much
importance to ascertain whether or not the first
oceurrence of this tissue was to be met with in
this elass. But, notwithstanding the diligent appli-
cation of so much skilled labour, up to the time
when my own researches began there had been so
little agreement in the results obtained by the
numerous investigators, that Professor Huxley—
himself one of the greatest authorities upon the
group—thus defined the position of the matter in his
“ Classifieation of Animals” (p. 22): “ No nervous
system has yet been discovered in any of these
animals”

The following is a list of the more impor-
tant researches on this topic up to the time
which I have just named:—Ehrenberg, “Die
Acalephen des rothen Meeres und der Organismvs
der Medusen der Ostsee,” Berlin, 1836 ; Kolliker,
“Ueber die Randkérper der Quallen, Polypen und
Strahlthiere,” Froriep’s neue Notizen, bd. =xxv,
1843; Von Beneden, “ Mémoire sur les Campanu-
laives de la ebte d'Ostende,” ° Mémoires de
I'Académie de Bruxelles,” wol. xvii, 1843; Desor,
“Bar la Géndration Medusipare des Polypes
hydraires,” “Annales d, Sciene. Natur., Zool,,” ser. iii.
t. xii. p. 204 ; Krohn, © Usher Podocoryna carmea,”
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¢ Archiv, f. Naturgeschichte,” 1851, b, i.; McCrady,
 Descriptions of Oceania, ete,” “ Proceedings of the
Elliot Society of Natural History,” vol. i, 18590
L. Agassiz, “Contributions to the Acaliphe of
North America,” “Memoirs of the American
Academy of Arts and Sciences,” wvol. iii, 1860,
vol iv, 18G2; Leuckart, “Archiv. f Naturge-
schichte,” Jahrg. 38, b. ii, 1872 ; Hensen, “ Studien -
iiber das Gehirorgan der Decapoden,” “ Zeitchr, f,
wiss, Zool.,” bd, xiii,, 1863 ; Semper, * Reiscbericht,”
« Zeitschr, f. wiss, Zool,” bd, xiii, vol. xiv.; Claus,
 Bemerkungen iiber Clenophoren und Medusen,”
 Zeitschr, f. wiss. Zool,” bd, xiv, 1864 ; Allman,
#Note on the Structure of Certain Hydreid
Medusse,” “Brit. Assoc. Rep.,” 1867 ; Fritz Miiller,
¢ Polypen und Quallen von S, Catherina,” “ Archiv.
f. Naturgesch,,” Jahrg, 25, bd. i,, 1859 ; also * Ueber
die Rand-blischen der Hydroidquallen,” “ Archiv,
f. Anatomie und Physiologie,” 1852; Haeckel,
“ Beitriige zur Naturgesch. der Hydromedusen,”
1865 ; Eimer, “Zoologische Untersuchungen,” Wiirz-
burg, “ Verhandlungen der Phys.-med, Gesellschaft,”
N.F. vi. bd,, 1874

The most important of these memoirs for us to
consider are the two last. I shall subsequently
consider the work of Dr, Eimer, which up to this
date was of a purely physiological character, Pro-
fessor Haeckel, who made his microscopical obser-
yvations chiefly upon the Geryonide, deseribed the
nervous elements as forming a eontinuous eirele all
vound the margin of the umbrella, following the
course of the radial or nutrient tubes throughout
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their entire length, and proceeding also to the ten-
tacles and marginal bodies. At the base of each
tentacle there is a panglionic swelling, and it is
from these ganglionic swellings that the nerves just
mentioned take their origin. The most conspicuous
of these nerves are those that proceed to the radial
canals and marginal bodies, while the least con-
spicuous ave those that proceed to the tentacles,
Cells, as a rule, can only be observed in the gan-
glionic swellings, where they appear as fusiform and
distinetly nucleated bodies of great transparency
and high refractive power. On the other hand, the
nerves that emanate from the ganglia are composed
of a delicate and transparent tissue, in which no
- gellular elements can be distingunished, but which is
longitudinally striated in a manner very suggestive
of fibrillation. Treatment with acetic acid, how-
ever, brings out distinet nuelei in the case of the
nerves that are situated in the marginal vesicles,
while in those that accompany the radial canals
ganglion-cells are sgometimes met with.

A brief sketch of the contents of these and other
memoirs on the histology of the Medusm is given by
. Drs, Hertwig in their more recently published worlk
on the nervous system and sense-organs of the
Medusse, and these authors point to the important
fact that before the appearance of Haeckel's memoir,
Leuckart was the only observer who spoke for the
fibrillar eharacter of the so-called marginal ring-
nerve ; so that in Haeckel's vesearches on Geryonia,
whereby both true ganglion-cells and true nerve-
fibres were first demonstrated as occurring in the
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Medus®, we have a most important step in the
histology of these animals, Haeckel's results in
these respects have sinee been confirmed by Claus,
“Grundziige der Zoologie,” 1872; Allman, “A
Monograph of the Gymnoblastic or Tubularian
Hydroids,” 1871; Harting, “ Notices Zoologiques,”
Niedlandisches “Archiv. f Zool,” bd. i1, Heft 3,
1873; F. E. Schulze, “ Ueber den Bau von Syncorzne
Sarsii ”; 0. and R. Hertwig, “ Das Nervensystem
und die Sinnesorgane der Medusen.”

The last-named monograph is much the most
important that has appeared upon the histology of
the Meduse., I shall, therefore, give a condensed
epitome of the leading results which it has estahb-
lished.

There is so great a difference between the nervous
system of the naked and of the covered eyed
Medusse, that a simultaneous description of the
nervous system in both groups is not by these
authors considered praeticable. Beginning, there-
fore, with the naked-eyed division, they deseribe
the nervous system as here consisting of two parts,
a central and a peripheral. The central part is
localized in the margin of the swimming-bell, and
there forms a “nerve-ring,” which is divided by the
insertion of the “ veil " * into an upper and a lower
nerve-ring. In many species the upper nerve-ring
is spread out in the form of a flattish layer, which

# Thig is the name H-[w}n to n emnll aonnlar gheet of tizenp
which forms o kind of floor to the orifice of the swimming-hell,
throngh the central apening of which floor the manubrinm passes,

The stenctore is shown in Fig. 1,
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is somewhat thickened where it is in contact with
the veil In these species the nerve-ring is only
indistinetly marked off from the surrounding tissues.
But in other species the ecrowding together of the
nerve-fibres at the insertion of the veil gives rise to
a considerable concentration of nervous structures ;
while in others, again, this concentration proceeds
to the extent of causing a well-defined swelling of
nervous tissue against the epithelinm of the wveil
and umbrella. In the Geryonidwe this swelling is
still further strengthened by a peculiar modification
of the other tissues in the neighbourhood, which had
been previously described by Professor Haeckel In
all species the upper nerve-ring lies entirely in the
“ectoderm,  Its principal mass is composed of nerve-
fibres of wonderful tenuity, among which are to be
found sparsely scattered ganglion-cells. The latter
are for the most part bi-polar, more seldom multi-
polar. The fibres which emanate from them are
very delicate, and, becoming mixed with others, do
not admit of being further traced. Where the
nervous tissue meets the enveloping epithelium it
is connected with the latter from within, but differs
widely from it; for the nerve-cells contain a longi-
tudinally striated eylindrical or thread-like nucleus
which carries on its peripheral end a delicate hair,
while its central end is prolonged into a fine nerve-
fibre, There are, besides these, two other kinds ot
cells which form a transition between the ganglion
and the epithelium cells, The first kind are of a
long and eylindrical form, the free ends of which

reach as far as the upper surface of the epithelium,
Y
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The second kind lie for the most part under the
upper surface. They are of a large size, and pre-

sent, coursing towards the upper surface, a long—

continuation, which at its free extremity supports a
hair. In some cases this continuation is smaller,
and stops short before reaching the outer surface.
Drs, Hertwig observe that in these peculiar cells we
have tissue elements which become more and more
like the ordinary ganglion-cells of the nerve-ring
the more that their long continuation towards the
surface epithelium is shortened or lost, and these
anthors are thus led to conclude that the upper
nerve-ring was originally constituted only by such
prolongations of the epithelium-cells, and that after-
wards these prolongations gradually disappeared,
leaving only their remnants to develop into the
ordinary ganglion-cells already deseribed.

Beneath the upper nerve- rmg lies the lower
nerve-ring. It is inserted between the musecle-
tissue of the veil and umbrella, in the midst of
a broad strand wherein muscle-fibres are entirely
absent. It here constitutes a thin though broad
layer which, like the upper nerve-ring, belongs to
the ectoderm. It also consists of the same elements
as the upper nerve-ring, viz. of nerve-fibres and
ganglion-cells. Yet there is so distinet a difference

of character between the elements composing the -

two nerve-rings, that even in an isolated portion
it is easy to tell from which ring the portion has
been taken. That is to say, in the lower nerve-
ring there are numerous nerve-fibres of considerable
thickness, which contrast in a striking manner with

s
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the almost immeasurably slender fibres of the
upper nerve-ring, A second point of difference
consists in the surprising wealth of ganglion-cells
in the one ring as compared with the other. Thus,
on the whole, there i3 no doubt that the lower
nerve-ring presents a higher grade of strueture than
does the upper, as shown not only by the greater
multiplicity of nerve-cells and fibres, but also by
the relation in which these elements stand to the
epithelium. For in the case of the lower nerve-
ring, the presumably primitive connections of the
nervous elements with the epithelium is well-nigh
dissolved—this nerve-ring having thus separated
itself from its parent structure, and formed for
itself an independent layer beneath the epithelium.
The two nerve-rings are separated from one another
by a very thin membrane, which, in some species
at all events, is bored through by strands of nerve-
fibres which serve to connect the two nerve-rings
with one another,

The peripheral nervous system is also situated
in the ectoderm, and springs from the central
nervous system, not by any observable nerve-trunks,
but directly as a nervous plexus composed both of
cells and fibres. Such a nervous plexus admits
of being detected in the sub-umbrella of all Medusa,
and in some species may be traced also into the
tentacles. It invariably lies between the layer
of muscle-fibre and that of the epithelium. The
processes of neighbouring ganglion-cells in the
plexus either coalesce or dwindle in their course
to small fibres: at the margin of the wmbrella these
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unite themselves with the elements of the terve-
. rings, There are also described several peculiar
- tiseme elements, such as, in the umbrella, nerve-
fibres which probably stand in connection with
epit-ha].ium-ce]ls ; nerve-cells which pass into muscle-
fibres, similar to those which Kleinenberg has
called neurc-muscular cells; and, in the tentacles,
neuro-muscular cells joined with cells of special
gensation (Sinneszellen).

No nervous elements could be detected in the
convex surface of the umbrella, and it is doubtful
whether they occur in the veil.

In some species the nerve-fibres become aggre-
gated in the region of the generative orgaus, and
in that of the radial canals, thus giving rise in these
localities to what may be called nerve-trunks. But
in other species no such aggreggtions are apparent,
‘the nervous plexus spreading out in the form of an
even trellis-worl,

In the covered-eyed Medusw the central nervous
system consists of a series of separate centres which
are not connected by any commissures, These
nerve-centres are situated im the margin of the
umbrella, and are generally eight in number, more
rvarely twelve, and in some species sixteen. They
are thickenings of the ectoderm, which either
enclose the bases of the sense-organs, or only cover
the ventral side of the same. Histologically they
consist of cells of special sensation, together with
a thick layer of slender nerve-fibres. Ganglion-
cells, however, are absent, so that the nerve-fibres
are merely processes of epithelium-cells
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Drs, Hertwig made no observations gaethe péri-
pheral nervous system of the mvered-e;,re&;%f&hm
but they do not doubt that such a system«:ﬁilﬂ_...
admit of being demonstrated, and in this connection
they cite the observations of Claus, who describes
numerous ganglion-cells as occurring in the sub-
umbrella of Chrysaora, Here I may appropriately
state that before Drs. Hertwig had published their
veaults, Professor Schifer, F.R.S,, conducted in my
laboratory a carveful reseavch upon the histology
of the Meduse, and suceceeded in showing an
intricate plexus of cells and fibres overspreading
the sub-umbrella tissue of another covered-eyed
Medusa (Aurelia aurita).* He also found that
the marginal bodies present a peculiar modification
- of epithelium tissue, which is on its way, =o to
speak, towards becoming fully differentiated into
ganglionie cells,

Lastly, returning to the researches of Drs. Hert-
wig, these authors compare the nervous system
of the naked-eyed with that of the covered-eyed
Medusme, with the view of indieating the points
which show the latter to be less developed than
the former, These points are, that in the nerve-
centreg of the covered-eved Mednse there are no
true ganglion-cells, or only very few; that the
mass of the central nervous system is very emall;
and that the centralization of the nervous system
is less complete in the one group than in the other.
In their memoir these authors further supply much

# See ©Observations on the Nervous Systom of durelin aurita,”
Phal, Trane., ph il 1878,

AT
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interesting information touching the structure of
the sense-organs in various species of Meduse ;
but it seems scarcely necessary to extend the
present vésumé of their work by entering into this
division of their subject.

In a later publication, entitled “ Der Organismus
der Medusen und seine Stellung zur Keimblitter-
theorie,” Drs. Hertwig treat of sundry features in
the morphology of the Medusme which are of great
theoretical importance ; but hers again it would
unduly extend the limits of the present treatise if
I were to include all the ground which has been
so ably cultivated by these industrious workers.

It will presently be seen in how striking a
manner all the microseopical observations to which
1 have now briefly alluded are eonfirmed by the
physiological observations—or, more correctly, I
might say that the microscopical observations, in so
far as they were concerned with demonstrating the
existence of nerve-tissue in the Meduse, were fore-
stalled by these physiological experiments ; for, with
the exception of Professor Haeckel's work on
Geryonida, they were all of later publication. But
in matters of seientifie inquiry mere priority is not of
go muech importance as it is too often supposed to be,
Thus, in the present instance, no one of the workers
was in any way assisted by the publications of
another. In each case the work was independent
and almost simultaneous,

The remark just made applies also to the only
veseareh which still remains to be mentioned. This
is the investigation undertaken and published by
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Professor Eimer.* He began, like myself, by what
in the next chapter I call the “fundamental obser-
vation” on the effects of excising the nerve-
gentres, and from this basis he worked both at the
physiology and the morphology of the meuro-
muscular tissues, In point of time, I was the first
to make the fundamental cbservation, and he was
the first to publish it. The sundry features in which
our subsequent investigations agreed, and those in
which they differed, I shall mention throughout the
course of the following pages.

T shall now conclude this chapter by giving a
brief account of those gemeral principles of the
physiology of nerve and muscle with which it is
necessary to be fully aequainted, in order to under-
stand the course of the following experiments.

Nerve-tissue, then, universally consists of two
elementary structures, viz very minute nerve-cells
and very minute nerve-fibves. The fibres proceed
to and from the cells, so in some eases serving to
unite the cells with one another, and in other cases
with distant parts of the animal body, Nerve-cells
are usually found collected together in aggregates,
which are called nerve-centres or ganglia, to and
from which large bundles of nerve-fibres come
and go.

To explain the function of merve-tissue, it is
neeessary to begin by explaining what physiologists
mean by the term “excitability.” Suppose that a

* «Tis Medusen physiologiseh und morphologiscl auf ihe
Kervensyster. untersucht ' (Tibingen, 18758].
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musele has been ent from the body of a freshly
killed animal ; so long as it is not interfered with in
any way, so long will it remain quite passive. But
every time a stimulus is supplied to it, either by
means of a pinch, a burn, an electrical shock, or a
chemical irritant, the muscle will give a single
contraction in response to every stimulation, And
it is this readiness of organic tissues to respond toa
guitable stimulus that physiologists designate hy
the term “ excitability,”

Nerves, no less than muscles, present the pro-
perty of being exeitable. If, together with the
excised muscle, there had Deen removed from the
animal’s body an attached nerve, every time any
part of this nerve is stimulated the attached musele
will contract as before. But it must be carefully
observed that there is this great difference between
these two cases of responmse on' the part of the
muscle—that while in the former case the muscle
responded to a stimulus applied divectly to its own
substanee, in the latter case the muscle responded to
a stimulus applied af a distance from its own
substance, which stimulus was then econducted to the
muscle by the nerve, And in this we perceive the
characteristic function of nerve-filres, viz. that of
conducting stimuli to a distance, The function of
nerve-cells is diffevent, viz. that of accumulating
nervous energy, and, at fitting times, of diseharging
this energy into the attached nerve-fibres, The
nervous energy, when thus discharged, actz as a
stimulus to the nerve-fibre; so that if a muscle is
attached to the end of afilire, it contracts on receiv-

-
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ing this stimulus, I may add that when nerve-cells
are collected into ganglia, they often appear to
discharge their energy spontanecusly ; so that in
all but the very lowest animals, whenever we see
apparently spontancous action, we infer that ganglia
are probably present. Lastly, another important
distinetion must be borne in mind—the distinetion,
namely, which is to be drawn between muscle and
nerve, A stimulus applied to a nerveless musele
can only course through the muscle by giving rise
to a visible wave of contraction, which spreads in
all directions from the seat of disturbance as from a
centre, A nerve, on the other hand, eonduets the
stimulus without sensibly moving or undergoing
any change of shape. Now, in order not to forget
this distinetion, 1 shall always speak of musele-
fitres as conveying a wvisible wave of contraction,
and of nerve-fibres as conveying an invisible, or
miolecular, wave of stimulation. Nerve-fibres, then,
are funetionally distingunished from musele-fibres—
and also from protoplasm—by displaying the pro-
perty of conducting invisible, or molecnlar, waves
of stimulation from one part of an organism to
another, so establishing physiclogieal continuity
between such parts, without the necessary passage of
waves of contraction.



CHAPTER IT,
FUNDAMENTAL EXPERIMENTH,

Tue naked-eyed Meduse are very much smaller in
gize than the covered-eyed, and as we shall find
that the distribution of their nervouns elements is
somewhat diffevent, it will be convenient to use
different names for the large umbrella-shaped part
of a covered-eyed Medusa, and the much smaller
though eorresponding part of a naked-eyed Medusa.
The former, therefore, I shall call the umbrella, and
the latter the swimming-bell, or nectocalyx. In
each case alike this portion of the animal performs
the office of locomotion, and it does so in the same
way. I have already said that this mushroom-like
organ, which constitutes the main bulk of the
animal, is itself mainly constituted of thick trans-
parent and non-contractile jelly, but that the whole
of its concave surface is lined with a thin sheet of
musenlar tissue. Such being the structure of the
organ, the mechanism whereby it effects locomotion
is very simple, consisting merely of an alternate
econtraction and relaxation of the entive musenlar
sheet which lines the cavity of the bell, At each
contraction of this muscular sheet the gelatinous
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walls of the bell are drawsi together; the capacity
of the hell being thus diminished, water is ejected
from the open mouth of the bell backwards, and the
consequent reaction propels the animal forwards.
In these swimming movements, systole and diastole
follow one another with as perfect a rhythm as
they do in the beating of a heart.

Effects of excising the entive Margins of Nectocalyees,

Clonfining our attention under this heading to
the naked-eyed Meduse, I find that the following
proposition applies to every species of the group
which I have as yet had the opportunity of ex-
amining : Ewcision of the extreme margin of o
nectocalys eawses immediate, tofal, and permanant
paralysis of the eufire organ. Nothing can possibly
be more definite than in this highly remarkable
effect. I have made hundreds of observations upon
various species of the naked-eyed Medusewe, of all
agces and conditions of freshness, vigour, ete.; and I
have constantly found that if the experiment he
made with ordinary care, so as to avoid certain
sources of error presently to be named, the result is
as striking and decided as it is possible to desire.®
Indeed, I do not know of any ease in the animal
kingdom where the removal of a centre of spon-
taneity causes so sudden and so complete a paralysis

# T have only met with one individual exeopbion, This ocenrred
inn specimen of Staurophora laciniata, where, after removal of

the entire margin, three coutres of spontaneity were found to
remaln in the sheet of contractile tissue lining the nectocalyx.
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of the muscular system, there heing no subsequent
movements or twitehings of a reflex kind to disturb
the absolute quiescence of the mutilated organisny
The experiment is particularly beauntiful if per-
formed on Sarsia; for the members of this genus
being remarkably active, the death-like stillness
which results from the loss of so minute a portion
of their substance is rendered by contrast the more
surprising. :

From this experiment, therefore, I conclude that
in the margin of all the species of naked-eyed
Medusz which T have as yet had the opportunity
of examining, there is situated an intensely loealized
system of centres of spontaneity, having at least for
one of its functions the origination of impulses, to
which the contractions of the nectocalyx, under
ordinary circumstances, ave exclusively due. And
this obvious deduction is confirmed (if it can be
coneeived to require confirmation) by the behaviour
of the seversd margin, This continues its rhyth-
mical contractions with a vigour and a pertinacity
not in the least impaired by its severance from the
main organism, so that the contrast between the
perfectly motionless swimming-hell and the active
contractions of the thread-like portion which has
just been removed from its margin is as striking a
contrast as it is possible to conceive. Hence it is
not surprising that if the margin be left in sifu,
while other portions of the swimming-bell are
mutilated to any extent, the spontaneity of the
animal is not at all interfered with. For instance,
if the equator of any individual belonging to the
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genus Sarsia (Fig. 1) be eut completely through, so
that the swimming-bell instead of being closed ab
the top is converted into an open tube, this open
tube continues its rhythmical contractions for an
indefinitely long time, notwithstanding that the
organism so mutilated is, of course, unable to pro-
gress. Thus it 15 a matter of no consequence how
small or how large a portion of contractile tissue is
left adhering to the severed margin of the swim-
ming-bell; for whether this portion be large or
small, the locomotor centres contained in the
margin are alike sufficient to supply the stimulus
to contraction. Indeed, if only the tiniest piece of
contractile tissue be left adhering to a single mar-
zinal body eut out of the bell of Sarsia, this tiny
piece of tissue, in this isolated state, will continue
its contractions for hours, ox even for days.

Effects of excising the entire Mavgins of Umbrellus,

Turning now to the covered-eyed division of the
Medusee, I find,in all the species I have come across,
that excision of the margins of umbrellas produces
an effect analogous to that which is produced by
exeision of the margins of swimming-bells, There
is an important difference, however, between the
two cases, in that the paralyzing effect of the opera-
tion on umbrellas is neither so certain nor so com-
plete as it is on swimming-bells. That is to say,
although in the majority of experiments such
mutilation of umbrellas is followed by immediate
paralysis, this is not invariably the case; so that
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one cannot here, as with the naked-eyed Medusie,
predict with any great confidence what will be the
immediate result of any particular E:xllermmnu
Further, although such mutilation of an umbrella is
usually follmved by a paralysis as gudden and
marked as that which follows such mutilation of a
swimming-bell, the paralysis of the former differs
from the paralysis of the latter, in that it is very
seldom permanent, After periods varying from a
few seconds to half an hour or more, occasional
weak and unrhythmical contractions begin to mani-
fest themselves, or the contractions may even he
resumed with but little apparent change in their
character and frequency., The condition of the
animal before the operation, as to general vigour,
ete., appears to be one factor in determining the
effect of the operation; but this is very far from
being the only factor. j

Up:m the whole, then, although in the species of
covered-eyed Meduse which I have as yet had the
opportunity of examining, the effects which result
from exeising the margins of umbrellas are such as
to warrant me in saying that the main supply of
locomotor eentres appears to be usually situated in
that part of these organs, these effects are neverthe-
less such as to compel me at the same time to con-
clude that the locomotor centres of the covered-eyed
Meduse are more diffused or segregated than are
those of the naked-eyed Meduse, Lastly, it should
be stated that all the species of covered-eyed
Medusse resemble all the species of naked-eyed
Medusee, in that their members will endure any
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amount of seetion it is possible to make upon any
of their parts other than their margins without
--their spontancity being in the smallest degvee
affected.

Eifects of excising Certain Portions of the Margins
of Nectocalyces,

The next question which naturally presents itself
is a5 to whether the locomotor centres are equally
distributed all round the margin of a swimming
organ, or situated only, or chiefly, in the so-called
marginal bodies, To take the case of the naked-
eyed Meduse first, it is evident that in most of the
genera, in consequence of the intertentacular spaces
being s0 small, it is impossible to eut out the
warginal bodies (wl}ich are situated at the bases of
the tentacles) without at the same time cutting out
the intervening portions of the margin, The genus
Sarsia, however, is admirably adapted (as a glance
at Fig. 1 will show) for trying the effects of remov-
ing the marginal bodies without injuring the rest
of the margin, and vice versd. The results of such
experiments upon members of this genus are as
follow,

Whatever be the condition of the individual
uperated upon as to freshness, vigour, ete,, it enduores
excision of three of its marginal bodies without
suffering any apparent detriment; but in most
cases, as soon as the last marginal body is cut out,
the animal falls to the bottom of the water quite
motionless, oIf the subject of the experiment
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happens to be a weakly specimen, it will, perhaps,
never move again : it has been killed by something
very much resembling nervous shock. On the other
hand, if the specimen operated upon be one whiclh
is in a fresh and vigorous state, its period of
quiescence will probably be but short; the nervous
shack, if we may so term it, although evidently
considerable at the time, soon passes away, and the
animal resumes its motions as before, In the great
majority of cases, however, the activity of these
motions is conspicuously diminished.

The effect of excising all the marginal tissue from
between the marginal bodies and leaving the latter
untouched, is not so definite as is the effect of the
converse experiment just deseribed. Moreover,
allowance must here be made for the fact that in
this experiment the principal portion of the  veil” *
is of necessity removed, so that it becomes impos-
sible to decide how much of the enfeebling effect of
the section is due to the removal of locomotor
centres from the swimming-bell, and how much to
a change in the merely mechanical conditions of the
organ., From the fact, however, that excision of the
entire margin of Sarsia produces total paralysis,
while execision of the marginal bodies alone produces
merely partial paralysis, there can be no doubt that
both causes are combined. Indeed, it has been a
matter of the greatest surprise to me how very
minute a portion of the intertentacular marginal
tissue is sufficient, in ease of this genus, to animate
the entire swimming-bell. Choosing vigorous

# Hee Fig. 1.
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specimens of Sarsia, I have tried, by cutting out
all the margin besides, to ascertain how minute a
portion of intertentacular tissue is sufficient to
perform this function, and I find that this portion
may be so small as to be quite invisible without the
aid of a lens.

From numerous observations, then, upon Sarsia,
I conclude that in this genus (and so, from analogy,
probably in all the other genera of the true
Medusme) locomotor centres are situated in every
part of the extreme margin of a nectocalyx, but that
there is a greater supply of such centres in the
marginal bodies than elsewhere,

Lffects of excising Certain Portions of the Margin
of Umbrellas,

Coming now to the covered-eyed Meduse, I find
that the concentration of the locomotor centres of
the margin into the marginal bodies, or lithocysts,
is still more decided than it is in the case of Sarsia,
Taking Aurelia aurita as a type of the group, I
cannot say that, either by excising the lithocysts
alone or by leaving the lithocysts in sifw and
excising all the rest of the marginal tissue, I have
ever detected the slightest indications of locomotor
centres being present in any part of the margin of
the umbrélla other than the eight lithocysts; so
that all the remarks previously made upon this
species, while we were dealing with the effects of
excising the entire margin of umbrellas, are eqtjﬂﬂ:f
applicable to the experiment we are now consider-
ing, viz, that of excising the lithoeysts alone. In

Iy
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other words, but for the sake of symmetry, I might
as well have stated at the first that in the case of
the covered-eyed Medusw all the remarkable para-
Iyzing effects which are obtained by excising the
entire margin of an umbrella are obtained in exactly
the same degree by excising the eight lithocysts
alone; the intermediate marginal tissue, in the case
of these Medusm, is totally destitute of locomotor
centres,

Eifects wpon the Manubrivm of excising the Margin
of a Nectocalyz or Umbrelle.

Lastly, it must now be stated, and always borne
in mind, that neither in the case of naked nor
covered eyed Medus® does excision of the margin of
a swimming organ produce the smallest effect upon
the manubrium. For hours and days after the
former, in consequence of this operation, has ceased
to move, the latter continues to perform whatever
movements are characteristic of it in the unmuti-
lated organism—indeed, these movements are not
at all interfered with even by a complete severance
of the manubrium from the rest of the animal. In
many of the experiments subsequently to he
detailed, therefore, I began by removing the manu-
brium, in order to afford better facilities for
manipulation, :

Swinmary of Chapter.
With a single exception to hundreds of observa-
tions upon six widely divergent genera of naked-
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eyed Meduse, I find it to be uniformly true that
removal of the extreme periphery of the animal
causes instantaneous, complete, and permanent
paralysis of the locomotor system. In the genus
Sarsia, my observations point very decidedly to
the conclusion that the principal locomotor centres
are the marginal hbodies, but that; nevertheless,
every microscopical portion of the intertentacular
spaces of the margin is likewise endowed with
the property of originating locomotor impulses,

In the covered-eyed division of the Medusm, I find
that the principal seat of spontaneity is the
margin, but that the latter is not, as in the naked-
eyed Meduss, the exclusive seat of spontaneity.

~ Although in the vast majority of cases I have found
that excision of the margin impairs or destroys the
spontaneity of the animal for a time, I have also
found that the paralysis so produced is very seldom
of a permanent nature. After a variable period
oceasional contractions are usually given, or, in
some cases, the contractions may be resumed with
but little apparent detriment. Considerable differ-
ences, however, in these respects are manifested by
different species, and also by different individuals
of the same species. Hence, in comparing the
covered-eyed group asa whole with the naked-eyed
group as & whole, so far as my observations extend,
I should say that the former resembles the latter in
that its representatives usually have their main
supply of locomotor centres situated in their
margins, but that it differs from the latter in that
its represenvatives usually have a greater or less

o
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supply of their locomotor centres scattered through
the general contractile tissue of their swimming
organs. But although the locomotor centres of a
covered-eyed Medusa are thus, generally speaking,
more diffused than are those of a naked-syed
Medusa, if we consider the organism as o whole,
the locomotor centres in the margin of a covered-
eyed Medusa ave less diffused than are those in the
margin of a naked-eyed Medush. In no case does
the exeision of the margin of a swimming organ
produce any effect upon the movements of the
manubrinm,

o o
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CHAPTER IIL
EXPERIMENTS IN STIMULATION.

Mechanical, Chemical, and Thermal Stimulation.

So far as my observations extend, I find that all
Medusse, after removal of their locomotor centres,
invariably respond to every kind of stimulation,
To take the case of Sarsia as a type, nothing can
possibly be more definite than is the single sharp
contraction of the anutilated nectocalyx in response
to every nip with the foreeps. The contraction is
precisely similar to the ordinary ones that are per-
formed by the unmutilated animal; so that by
repeating the stimulus a number of times, the
nectocalyx, with its centres of spontaneity removed,
may be made to progress by a succession of con-
tractions round and round the vessel in which it is
contained, just as a frog, with its cerebral hemi-
spheres removed, may be made to hop along the
table in response to a succession of stimulations*

% Tn the cnse of the covered-eyed Mednsee, however, the
paralyzed umbrelln gometimes responds to o single stimulation
with two, and more rarely with three contractions, which are

separabed from ote ancther by an interval of the same duration
24 the normal diastole of the nomutilated snimal. .
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Different species of Meduse exhibit different
degrees of irritability in responding to stimuli; but
in all the cases I have met with the degree of
irritability is remarkably high, Thus, I have seen
responsive contractions of the whole umbrella follow
upon the exceedingly slight stimulus caused by
a single drop of sea-water let fall upon the irritable
surface from the height of one inch. As regards
chemical stimulation, dilute spirit or other irritant,
when dropped on the paralyzed swimming organ of
Aurelia aurita, often gives rise to a whole series
of rhythmical pulsations, the systoles and diastoles
following one another at about the same rate as is
observable in the normal swimming motions of the
unmutilated animal,

It is somewhat difficult, in the case of paralyzed
swimming organs, to prove the occurrence of a
contraction in response to thermdl stimulation, from
the fact that while these tissues are not nearly so
sensitive to this mode of excitation as might be
anticipated, they are, as just obscrved, extraordi-
narily sensitive to mechanical excitation. Tt there-
fore becomes difficult to administer the appropriate
thermal stimulus without at the same time cansing
a sufficient mechanical disturbance to render it
doubtful to which of the stimuli the response is
due. This may be done, however, by allowing
a few drops of heated sea-water to run over the
excitable surface while it is exposzed to the air. In
this and in other ways I have satisfied myself that
the paralyzed tissues of swimming organs respond
to sudden elevations of temperature,
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Lavminous Stimalation.

2 Tt is interesting to note that, in the case of some
of the naked-eyed Medusze, the action of light as
a stimulus is most marked and unfailing. In the
case of Sarsia, for instance, a flash of light let fall
upon a living specimen almost invariably causes it
to respond with one or more contractions. If the
animal is vigorous and swimming freely in water,
the effect of a momentary flash thrown upon it
during one of the natural pauses is immediately to
originate a bout of swimming. But if the animal is
non-vigorous, or if it be removed from the water and
spread flat upon an object-glass, it usually gives

~only one contraction in response to every flash.
There can thus be no doubt that a sudden transi-
tion from darkness to light acts upon Sarsia as
a stimulus, and tHis even though the transition be
but of momentary duration. The question there-
fore arises as to whether the stimulus consists in
the presence of light, or in the occurrence of the
sudden transition from darkness to light and from
light to darkness. To answer this question, I tried
the converse experiment of placing a vigorous
specimen in sunlight, waiting till the middle of one
of the quiescent stages in the swimming motions
hiad come on, and then suddenly darkening, In mo
ease, however, under these circumstances, did I
obtain any response; so that I cannot doubt it is
the light per se, and not the sudden nature of the
transition from darkness to light, which in the
former experiment acted as the stimulus. Indeed,

l—

~&r
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the effect of the converse experiment just described
is rather that-of inhibiting contractions ; for, if the
sunlight be suddenly shut off during the occurrence
of a swimming bout, it frequently happens that the
quiescent stage immediately sets in, Again, in
a general way, it is observable that Sarsie ave
more active in the light than they ave in the dark,
the comparative duration of the quiescent stages
being less in the former than in the latter case.
Light thus appears to act towards these animals as
a constant stimulus, Lastly, it may be stated that
when the marginal bodies of Sarsia are removed,
the swimming-bell, although still able to eontract
spontanecusly, no longer responds to luminous
stimulation of any kind or degree. But if only one
body be left in situ, or if the severed margin alone
be experimented upon, the same unfailing response
may be obtained to luminous skimulation as that
which is obtained from the entire animal,

The fact last mentioned indicates that the mar-
ginal bodies are organs of special sense, adapted to
respond to luminous stimulation : or, in more simple
words, that they perform the functions of sight,
Now it has long been thought more or less probable
that these marginal bodies are rudimentary or
incipient “eyes,” but hitherto the supposition has
not been tested by experiment, and was therefore of.
no more value than a guess,* The guess in this

# As Professor Haeckel observes in his monograph alveady
alluded to, * Die Deutung der Bionesorgane niederer Thiera
gehirt ohne Zweilel mn den schwierigsten Objecten der vergleice

kenden Physiclogie sud ist der grissten Unsicherheit anterworfen,
Wir gind gewohnt, die von den Wirbelthieren, gewonnenen
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instance, however, happens to have been correct, as
the results of the following experiments will show.

Having put two or three hundred Sarsize into a
large bell-jar, I completely shut out the daylight
from the room in which the jar was placed. By
means of a dark lantern and a concentrating lens,
I then cast a beam of light through the water in
which the Sarsise were swimming. The effect upon
the latter was most decided. From all parts of the
bell-jar they crowded into the path of the beam,
and were most numerous at that side of the jar
which waa nearest to the licht. Indeed, close
against the glass they formed an almost solid mass,
which followed the light wherever it was moved.

Tl individuals composing this mass dashed them-

selves against the glass nearest the light with a
vigour and determination closely resembling the
hehaviour of motBs under similar eircumstanees.
There ean thus be no doubt about Sarsia possessing
a visual sense,

Ansehannngen oline Weiteres anch anf die wirbellosen Thiere der
vorschiedenen Kirese zn {ibertragen und bei diesem analoge
Binnesempfindungen ansunehmen als wir sebst besitzen. . .
Noch weniger freilich als die von den meisten Autoren angenom.
mene Dentung der Randblischen unserer Medugen als Gehirorgans
kann die von Agassiz nnd Fritz Miller vertretene Ansicht befrie-
digen, dnss dieselben Augen seien. . . » Alle diese Verhiiltnizse
gind mit der Dentung der Coneretion als *Linse’ und des sie
nmschlicesenden Binnesgnoglion als “Behnerv?® durchans nnve-
reinbar,”

It mny not be unnecessary to say th?t, althongh the simplo
pxperiment above described effectually proves that the marginal
bodies have o visual function to eubserve, wo are not for this
reagon justified in conclnding that these are so far Spﬂiﬂll'mﬂ &3
orgnne of sight,ae to be precluded from ministering to any other
RenEe,

>
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The method of ascertaining whether this sense
is lodged in the marginal bodies was, of course,
extremely simple, Choosing a dozen of the most
v‘igﬂrﬂu_s specimens, I removed all the marzinal
bodies from nine, and placed these, together with
the three -unmutilated ones, in another bell-jar.
After afew minutes the mutilated animals recovered
from their nervous shock, and began to swim about
with tolerable vigour. I now darkened the TOOIm,
and threw the concentrated beam of light into the
water as before. The difference in the behaviour
of the mutilated and of the unmutilated specimens
was very marked. The three individuals which
still had their marginal bodies sought the light as
before, while the nine without their marginal bodies
swam hither and thither, without paying it any
regard.

A further question, however, still remained to be
determined. The pigment spot of the marginal
body in Meduse is, as L. Agassiz observed, placed in
front of the presumably nervous tissue, and for
this reason he naturally enough sugpested that if
the marginal body has a visual function to perform,
the probability is that the rays by which the organ
is affected are the heat-rays lying beyond the range
of the visible speetrum. Accordingly I brought a
heated iron, just ceasing to be red, close against the
large bell-jar which contained the numerous speci-
mens of Sarsia ; but not one of the latter approached
the heated metal.

From these observations, therefore, I conclude
that in Sarsia the faculty of appreciating laminous

@
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rays is present, and that this faculty is lodged
exclusively in the marginal bodies; while from
ohservations conducted on the covered-eyed Medusse,
I have come to the same conelusion respecting them.,
But althongh I have tested many species of naked-
eyed Medusz besides Sarsia, I have obtained indi-
cations of response to luminous stimulation only
in the case of one other. This is a species which
I have called Tiaropsis polydiademata, and the
response which it gives to luminous stimulation
iz even more marked and decided than that which
is given by Sarsia; for a sudden exposure to sun-
light canses this animal to go into a kind of tonic
spasm, the whole of the mectocalyx being drawn
“together in a manner resembling eramp. Now, in
one remarkable particular this response to lnminous
stimulation on the part of Tiaropsis polydiademats
differs from that given by Sarsia tubulosa; and
the difference consists in the fact that, while with
Sarsia the period of lateney (i.e. the time between
the fall of the stimulus and the oceurrence of the
response) is, so far as the eye can judge, as instan-
taneous in the case of response to luminous stimu-
lation as it is in the case of response to any other
kind of stimulation, such is far from being true
with Tiaropsis polydiademata. The period of
latency in the last-named species is, so far as the
eye can judge, quite as instantaneous as it is in
the case of Sarsia, when the stimulus employed is
other than luminous ; but in response to light, the
characteristic spasm does not take place till slightly
more than-a second has elapsed after the first

-
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oceurrence of the stimulus, As this extraordinary
difference in the latent period exhibited hy the

same animal towards different kinds of stimuli_

appeared to me a matter of considerable interest,
1 was led to refleet upon the probable cause of the
difference. It oceurred to me that the only respect
in which luminous stimulation of the Medusm
differed from all the other modes of stimulation I
had employed consisted in this—that, as proved by
my previous experiments on Sarsia, which I repeated
on Tiaropsis, luminous stimulation directly affected
the ganglionie tissues. Now, as in Tiaropsis poly-
diademata luminous stimulation differed from all
the other modes of stimulation in giving rise to an
immensely longer period of latency, I seemed hére
to have an index of the difference between the
rapidity of the response tostimuli by the contractile
and by the ganglionic tissues’ respectively. The
next question, therefore, which presented itself was
as to whether the enormous length of time occupied
by the process of stimulation in the ganglia was
due to any necestity on the part of the latter to
accumulate the stimulating influence prior to origi-
nating a discharge, or to an immensely lengthened
period of latent stimulation manifested by the
ganglia under the influence of light.* This is an

# The period of latent stimulation merely means the time after
the ocenrrence of an cxeitation during which o series of physiolo:
gical processea are taking place, which terminate in & eontrac.
tiom ; o that, whether the excitation is of a strong or of o weak
intensity, the period of lntent stimulation is not much affected.
The above question, therefore, was simply this—Iloes tho pro:
Jomged delay on the part of these ganglia, in respsmding to light,

L]

-
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interesting question, because if such a lengthened
period of latent stimulation occurs in this ease, it
would stand in eurious antithesis to the very short
period of latent stimulation manifested by the con-
tractile tissues of the same animal under other
modes of irritation. To test these alternative hypo-
theses, I employed the very simple method of first
allowing a continuous flood of light to fall suddenly
on the Medusa, and then noting the time at which
the responsive spasm first began. This time, as
already stated, was slightly more than one second.
I next allowed the animal to remain for a few
minutes in the dark to recover shock, and, lastly,
proceeded to throw in single flashes of light of
mneasured duration. I found that unless the flash
of light was of slightly more than one second in
its duration, no response was given; that is to
say, the minimal duration of a flash required to
produce a responsive spasm was just the same as
the time during which a eontinuous flood of light
required to operate in order to produce a similar
spasm. From this, therefore, I conclude that the
enormously long period of latent excitation in
response to luminous stimuli was not, properly
speaking, a period of latent excitation at all; but
that it represented the time during which a certain
summation of stimulating influence was taking
place in the ganglia, which required somewhat more
represent the time during which the series of physiological pro-
cesseg are taking place in response to an adequnte stimulus, or

doea it vepresent the time during which light requires to act
befora it becomes oo adeguate stimulos ?

&
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than a second to accumulate, and which then caused
the ganglia to originate an abnormally powerful
discharge. So that in the action of light upon the
ganglionic matter of this Medusa we have some
analogy to its action on certain chemieal compounds
in this respeet, that, just as in the case of those
compounds which light is able to split up, a more
or less lengthened exposure to its influence is
necessary in order to admit of the summating
influence of its vibrations on the molecules, so in
the case of this pganglionic material, the decom-
position which is effected in it by light, and which
terminates in an explosion of nervous energy, can
only be effected by a prolonged exposure of the
unstable material to the summating influence of
the luminous wibrations. Pmb&hl_v, therefore, we
have here the most 1'ud1muntar}r type of a visual
organ that is possible; for it is evident that if the
ganglionic matter were a very little more stable
than it is, it would altogether fail to be thrown
down by the luminous vibrations, or would oceupy
so long a time in the process that the visual sense
would be of no use to its possessor. How great is
the contrast between the excitability of such a
sense-organ and that of a fully evolved eye, which
is able to effect the needful molecular changes in
response to a flash as instantaneous as that of
lightning.

With regard to lmminous stimulation, it is only
niecessary further to observe that responses were
given equally well to direet sunlight, diffused day-
light, and to light reflected from a wmirror inclined
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at the polarizing angle. Tt must also be stated that
responses are given to any of the luminous rays of
the spectrum when these are employed separately ;
but that neither the non-luminous rays beyond
the red, nor those beyond the violet, appear to exert
the smallest degree of stimulating influence.

Electrical Stimulation.

All the excitable parts of all the Meduse which T
have examined are highly sensitive to electrical
stimulation, hoth of the constant and of the induced
current.

Exploration with needle-point terminals and in-

“duction shocks of graduated strength showed that
certain parts or tracts of the nectocalyx are more
sensitive than others. The most sensitive parts are
those which conespnnd with the distribution of the
main nerve-trunks, ¢e round the margin of the
nectocalyx and along the course of the radial tubes.
The external or convex surface of a nectocalyx or
umbrella is totally insensitive to stimulation, and
the same statement applies to the whole thickness
of the gelatinous substance to which the neuro-
muscular sheet is attached.

In all other respects the excitable tissues of the
Medusse in their behaviour towards electrical
stimulation conform to the rules which are followed
by excitable tissues of other animals, Thus, closure
of the constant current acts as a stronger stimulus
than does opening of the same, while the reverse is
true of the induction shock; and exhaustion super-

-
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venes under the influence of prolonged excitation.
Moreover, I have obtained evidence of that polariza-
tion of nerve-tissues under the influence of the
constant current, which is known to physiologists
by the term “electrotonus ;™ but it would be some-
what tedious to detail the evidence on this head
which I have already published elsewhere# Teta-
nus produced by faradaic electricity is not of the
nature of an apparently single and prolonged con-
traction, but that of a number of contractions
rapidly succeeding one another, as in the case of the
hieart under similar excitation. This at least applies
to Sarsia. In the ecase of Aurelia, tolerably strong
favadization does cause a more or less well-pro-
nounced tetanus. The continuity of the spasm is,
indeed, often interrupted by momentary and partial
rvelaxations, These interruptions are the more fre-
quent the wealker the eurrent ; so that, at a certain
strength of the latter, the tetanus is of a wild and
tumultuons nature; but with strong eurrents the
spasm iz tolerably uniform. That in all cases the
tetanus is due to summation of contractions may
be very prettily shown by the following experi-
ment. An Aurelia is cut into a spiral strip, and all
its lithoeysts are removed ; single induetion-shocks
are then thrown in with a key at one end of the
strip—every shock, of course, giving rise to a con-
traction wave. If these shocks are thrown in at a
gomewhat fast rate, two contraction waves may be
made at the same time to course along the spiral

# Hop ©Croonian Lectures,” 1875,  Philesophifcal Transactions,
vol. 168, pact I pp. 284-0. o
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strip, one behind the other; but if the shocks are
thrown in at a still faster rate, so as to diminish the
distance between any two successive waves, a point
soon arrives at which every wave mounts upon its
predecessor; and if several waves be thus made to
coalesce, the whole strip becomes thrown into a
state of persistent contraction.

In this way sustained tetanus, or single con-
traction waves, or any intermediate phase, may be
instantly produced at pleasure. In such experi-
ments, moreover, it is interesting to observe that, no
matter how long the strip be, whatever disturbances
are set up at one end are faithfully transmitted to
the other. For instance, if an Aurelia be eut into
theTongest possible strip with a remnant of the disk
left attached at one end, as represented in Fig. 11
(p. 70), then all the peculiar time relations between
successive contractions which are intentionally
caused by the experimenter at one end of the strip,
are afterwards accurately reproduced at the other
end of the strip by the remainder of the disk
Now, as this fact is observable however complex
these time relations may be, and however rapidly
the suceessive stimuli are thrown in, I think it is
& point of some intevest that these complicated
relations among rapidly succeeding stimuli do not
become blended during their passage along the
thirty or forty inches of contractile tissue, The
faet, of eourse, shows that the rate of transmission
is so identical in the case of all the stimuli
originated, that the sum of the effegts of any series

of stimuli is delivered at the distal end of the strip,
E

"
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with all its constituent parts as distinet from one
another as they were at starting from the proximal
end of the strip. ~ietl

Feriod of Latency, and Summation of Stimuli.

I shall now give an account of my experiments
in the period of latency and the summation of
stimuli. To do this, T must first deseribe the method
which I adopted in order to obtain a graphic record
of the movements which were given in response to
the stimuli supplied. As Aurelia aurita is the only
species on which I have experimented in this con-
nection, my remarks under this heading will be
eonfined to it alone.

The method by which I determined the latent
period in the case of this species was as follows.
A basin containing the Medusa was filled to its
brim with sea-water, and placed close beside a
smoked eylinder, which, while it lay in a horizontal
position, could be rotated at a known rate. The
Aurelia® was placed with its coneave aspect upper-
most, and an inch or two below the surface of the
water. The animal was held firmly in this position
by means of a pair of compasses thrust through it
and forced into a piece of wood, which was fastened
to the bottom of the basin, The legs of the com-

# It may here be stated that in all the experiments on stimn-
lJation subzequently to be detailed, there ia no difference to be
oheerved between the behavicnr of an eptive swimming organ
deprived of ite ganglin, and that of a portion of any eize which
may be geparated from it,
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passes were provided with india-rubber shiders, so
that by placing these under the Medusa, the latter
might be kept at any elevation in the water which
might be desired. The manubrium and lithoeysts
were now removed, and also a segment of the um-
brella. A light straw was then forced through the
gelatinous substance of the umbrella in a radial
direction, and close to the gap caused by the missing
segment, The other, or free, end of this straw was
firmly joined to a capillary glass rod, which was suit-
ably bent to avoid contact with the rim of the basin,
and also to write on the smoked cylinder. If the
straw was not itself sufficient to support the weight
of the capillary rod, a small eross-piece of cork
riright easily be tied to it, s0 as to add to the
flotation power, A part of the excitable tissue
was now raised above the surface of the water by
means of a disk of tork placed beneath it, and on
the part of the tissue thus raised there were placed
a pair of platinum electrodes, These electrodes
proceeded from an electro-magnetic apparatus, which
was arranged in such a way that every time the
current in it was opened or closed, it gave an
induction shock and moved a lever at the same
instant of time. This lever was therefore placed
upon the eylinder immediately above the capillary
glass-writer which proceeded from the Medusa
care being taken to place the two writers in the
same line, parallel to the axis of the eylinder.
Such being the arrangement, the cylinder was
rotated, and thus two parallel lines were marked
upon it by #he two writers. If the current was
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now closed, an induetion shock was thrown into
the tissue at the same instant that the electro-
magnet writer recorded the fact, by altering ite
position on the eylinder, Again, as soon as the
paralyzed Medusa responded to the induction shock,
the radii of the vacant sepment were drawn apart,
and in this way a curve was obtained by the other
writer on the rotating cylinder. Now, by after-
wards dropping a perpendicular line from the point
at which the electro-magnet writer changed its
position, to the parallel line made by the other
writer, and then measuring the distance between
the point of contact and the point on the last-
mentioned ling on which the curve began, the period
of latent stimulation was determined. A glance at
Figs. 8 and 4 (p. 55) will render this deseription
clear to any one who is not already aequainted with
the method, when it is stated that the upper line
is a record of the movements of the electro-magnet
writer, and the lower line that of the movements of
the other writer. It will be observed that the
point @ in the upper line marks the point at which
the induction shock was thrown in; so that by
first producing the perpendicular till it meets the
lower line at b, and then measuring the distance
between the point b and the point ¢, at which
the curve in the lower line first begins, the latent
peviod (b ¢) is determined—the time occupied by
the rotation of the eylinder from & to ¢ being
known.

Summation of Stimuli—In this way I have
been able to ascertain the period of letent stimula-
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tion in Aurelia aurita with accuracy. It must be
stated at the. outset, however, that this period is
subject to great variations under certain varying
conditions, so that we can only arrive at a just
estimation of it by understanding the nature of the
modifying causes. To take the simplest cause first,
suppose that the paralyzed Aurelia has been left
quiet for several minutes in sea-water at forty-five
degrees, and that it is then stimulated by means of
a single induetion shoek ; the responsive contrac-
tion will be comparatively feeble with a very long
period of latency, viz five-eighths of a second. If
another shock of the same intensity be thrown in
as soon as the tissue has relaxed, a somewhat
stronger contraction, with a somewhat shorter latent
period, will be given. If the process is again re-
peated, the response will be still more powerful,
with a still shorter™ period of latency ; and so om,
perhaps, for eight or ten stages, when the maximum
foree of contraction of which the tissue is capable
will have been attained, while the period of latency
will- have been reduced to its minimum. This
period is three-cighths of a second, or, in some
cases, slightly less,

Now, we have here a remarkable series of pheno-
mena, and as it is a series which never fails to occur
under the conditions named, I append tracings to
give a better idea of the very marked and striking
character of the results. The first tracing (Fig. 2)
is a record of the successive increments of the
responses to successive induction shocks of the same
intensity, theown in at three seconds’ intervals—
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the eylinder being stationary during each response,
and rotated a short distance with the hand during
each interval of repose.

The second tracing (Figs. 3 and 4) is a record of

the difference between the lengths of -the latent
period, and also between the strengths of the con-
traction, in the case (a) of the first of such a series
of responses (Fig. 8), and (b) of the last of such a
‘series (Fig. 4). From these tracings it will be
manifest, without further comment, how surprising
is the effect of a series of stimuli; fivst, in arousing
the tissue, as it were, to inereased ackivify, and,
second, in developing a state of expecluncy.

In aeccordance with the now eustomary termni-
nology, I shall eall such a series of responses as are
given in Fig. 2 a “staircase” Such a staircase has
a greater number of steps in it if caused by a weak
current (compare Figs. 2 and 5); and if the strength
of the current be suddenly increased after the
maximum level of a staircase has been reached by
using & fechle enrrent, this level admits of being
slightly raised (see Fig. §). Moreover, I find that a
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stimulus, which at the bottom of a stairease 13 of
less than minimal intensity, is able, at the top of a

Fig. 4.

staircase, to give rise to a contraction of very nearly
maximum intensity, That is to say, by employing
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an induction stimulus of slightly less than minimal
intensity in relation to the original irritability of

the tissue, no response is given to the first two ol
three shocks of a series ; but at the third or fourth
shock a slight response is given, and from that
point onward the staircase is built up as usual
This was the case in the experiment of which Fig. 2
is a record, no response having been given to the
first two shocls.

With regard to this interesting staircase action,
two questions naturally present themselves. In
the first place, we are anxious to know whether the
arousing effeet which is so conspicuous in a stair-
case series is due to the occurrence of the previous
stimulations, or to that of previous contractions;
and, in the next place, we should like to know
whether, during the natural rhythm of the tissue,
cach contraction exerts a beneficial influence on its
successor, analogous to that which oecurs in the case
of contractions which are due to arfificial stimuli. To
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answer the first of these questions, therefore, I built
up a stairease in the ordinary way, and then sud-
denly transferred the eleetrodes to the opposite side
of the umbrella from that on which they rested while
constructing the staircase. On now throwing in
another shock at this part of the contractile tissue
so remote from the part previously stimulated, the
TeSpUnse Was 4 maximum response. Similarly, if
the electrodes were transferred in the way just
deseribed, not after the maximum effect had been
attained, but at any point during the process of
constructing a staircase, the response given to the
next shock was of an intensity to make it rank as
the next step in the staircase. Hence, shifting the
- position of the electrodes in no wise modifies the
peculiar effect we are comsideﬂng, and this fact
conclusively pr oves that the effect is a general one,

pervading the whole mass of the contractile tissue,

and not eonfined to the loedlity which is the imme-

diate seat of stimulation. Nevertheless, this fact does

not tend to prove that the staircase effect depends
on the process of contraction as distinguished from
the process of stimulation, because the wave of the
former process must always precede that of the
latter. But, on the other hand, in this connection
it is of the first importance to remember the fact
aiready stated, viz. that a current which at the be-
ginning of a series of stimulations is of slightly less
than minimal intensity presently becomes minimal,
and eventually of much more than minimal in-

tensity—a staircase being thus built up of which

the first observable step (or contraction) only oceurs



58 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

in response to the second, third, or even fourth
shock of the series. This fact conclusively proves
that the staircase effect, at any rate at its com-
mencement, depends on the process of stimulation
as distinguished from that of contraction ; for it is
obvious that the latter process cannot play any
part in thus constructing what we may term the
invisible steps of a staircase.

To answer the second of the above questions, I
placed an Aurelia with its coneave surface upper-
most, and removed seven of its lithoeysts; I then
observed the spontaneous discharge of the remain-
ing one, and found it to be conspicuous enough that,
after the ocenrrence of one of the natural pauses (if
this were of sufficient duration), the first contraction
was feeble, the next stronger, the next still stronger,
and so on, till the maximum was attained. This
‘natural staircase action admits of being very prettily
shown in another way. If a tolerably large Aur elia
is cut into a spiral strip of small width and great
length, and if all the lithoeysts are removed except
one at one end of the strip, it may be observed that,
after the oceurrence of a natural pause, the first
discharge only penetrates perhaps about a quarter
of the length of the strip, the next discharge pene-
trates a little further, the next further, and so om,
till finally the contraction waves pass from end to
end. On now removing the ganglion, waiting a
few minutes, and then stimulating with successive
induction shocks, the same progressive penetration
15 oheervable as that which previously fook place
with the ganglionic stimulation, Lastly, the
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identity of natural and artificial staircase action
may be placed beyond all doubt by an experiment
in which the effects of induction shocks and of
ganglionic discharges are combined. To accomplish
this, all the lithoeysts save one are removed, and
a staircase is then built up in the ordinary way by
successive induction shocks. It will now occasion-
ally happen that the ganglion originates a discharge
during the process of constructing the staircase,
which is being built up by the artificial stimuli;
when this happens the resulting contraction takes
1ts proper rank in the series, and this at whatever
point the natural confraction happens to come in.
Thus, then, to summarize and conelude these
~ Ghservations, we have seen that if a single stimula-
tion, whether of a natural or artificial kind, is
supplied to the egeitable tissues of a jelly-fish, a
short period, called the pericd of latency, will
elapse, and then the jelly-fish will give a single
weak contraction. If, as soon as the tissue has
relaxed, the stimulation is again repeated, the
period of latency will be somewhat shorter, and
will be followed by a somewhat stronger contrac-
tion. Similarly, if the stimulation is repeated a
third time, the period of latency will be still
shorter, and the ensuing contraction still stronger.
And g0 on up to nine or fen times, when the period
of latency will be reduced to its minimwm, while
the force of the contraction will be raised to its
maximwin g so that in the jelly-fish, the effect of a
series of excitations supplied at short intervals from
one another’ is that of hoth arousing the tissue into
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a state of increased activity, and also of producing
in it a state of greater expectancy. We have, more-
over, seen that this effect depends upon the repe-
tition of the process of stimulation, and not upon
that of the process of eontraction.

Now, effects very similar to these have been
found to oceur in the case of the excitable plants
by Dr. Burdon-Sanderson; in the case of the frog’s
heart by Dr. Bowditeh ; and in the case of reflex
action of the spinal eord by Dr, Stitling. Indeed,
the only difference in this respect between these
four tissues, so widely separated from one another
in the biological scale, consists in the fime which
may be allowed to elapse between the occurrence
of the successive stimuli, in order to produce this
so-called summating effect of one stimulus upon
its successor: the memory, so to speak, of the
heart-tissue for the occurrence of a former stimulus
being longer than the memory of the jelly-fish
tissue; while the memory of the latter is longer
than that of the plant tissue, And I may here
add that even in our own organization we may
often observe the action of this prineiple of the
summation of stimuli, For instance, we can
tolerate for a time the irritation caused by a erumb
in the larynx, but very rapidly the sense of irrita-
tion accumulates to a point at which it beeomes
impossible to avoid eoughing. And similarly with
tickling generally, the econvulsive reflex movements
to which it gives rise become more and more incon-
trollable the longer the stimulation is continued,
until they reach a mazimum pointy where, in
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persons susceptible to this kind of stimulation, the
muscular action passes completely beyond the power
of the will. Lastly, I may further observe, what
I do not think has ever been observed hefore, that
even in the domain of psychology the action of this
principle admits of being clearly traced. We find
it, for instance, in the rhythmiecal waves of emotion
characteristic of grief, and at the other extreme we
find it in the case of the ludicrous. We can endure
for a short time, without giving any visible re-
sponse, the psychological stimulation which is
supplied by a comical spectacle; but if the latter
continues sufficiently long in a sufficiently Iudicrous
manner, our appropriate emotion rapidly runs up

toa point at which it becomes uneontrollable, and

we burst into an explosion of ill-timed laughter.
But in this case of psychological tickling, as in the
previous case of pﬁysiologina.l tickling, some persons
are much more susceptible than others, Neverthe-
less, there can be no doubt that from the excitable
tissues of a plant, through those of a jelly-fish and
a frog, up even to the most complex of our psycho-
logical processes, we have in this recently discovered
principle of the summation of stimuli a very
remarkable uniformity of occurrence.

Liffects of Temperature on Excitability.

I shall now conclude this chapter with a brief
statement of the effects of temperature on the
excitability of the Medusese; and before stating my
results, I may observe that in all my experiments
in this conrection I changed the temperature of the
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Medusee by drawing off the water in which they
floated with a siphon, while at the same time I
substituted water of a different temperature from
that which I thus abstracted. In this way, without
modifying any of the other conditions to which the
animals were exposed, I was able to observe the
effects of changing the temperature alone.

With regard to the effect of temperature on the
latent period of stimulation, the following table,
setting forth the results of one among several
experiments, explaing itself.

Period of latent stimulation of the deganglio-
nated tissues of Aurelia aurita as affected by tem-
peratore :—

Temperatnre of water (Fahr.) Period of latent stimnlation,
e ¥ 1 gecond
s07 _ } second
a5” # pegond
20° ! seeond

In the ecase of each observation, several shocks
were administered before the latent period was
taken, in order to decrease this period to its
minimuim by the staircase action, When this is
not done, the latent period at 20° may be as long
as 1! seconds; but soon after this irritability
disappears.

The extraordinary sluggishness of the latent
period at very low temperatures is fully equalled
by the no less extraordinary sluggishness of the
contraction. - ;
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In order to render apparent the degree in which
both these effects are produced, I here append a
par of tracings which were procured from the same
piece of tissus when exposed to the different tem-
peratures named. (N.B.—The seconds are wrongly

marked in Fig. 7; they ought to be the same as in
¢ 3
Fig. 6.) :

I may as well state here that in water at all
temperatures, within the limits where responses to
stimuli are given at all, the staircase action admits
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of being equally well produoced; but in order to
proeure the mawimum effect for any given tempera-
ture, the rate at which the successive stimuli are

thrown in must be quicker in warm than in cold
water.
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CHAPTER 1IV.
EXPERIMENTS IN SECTION OF COVERED-EYED MEDUSA.

Amount Df- Section. which the Neuro-muscular
Tissues of the Meduse will endure without
suffering Loss of their Physiological Continuity.

T extent to which the neuro-muscular tissues

of the Medus® may be mutilated withont under-
going destruction of their physiological contin uity is
in the highest degree astonishing. For instance, to
begin with the covered-eyed Meduse, 1 shall briefly
state three modes of section, the results of which serve
to show in a striking manner the fact in question.
The annexed woodeuts represent the umbrella of
Aurelia auvita, with its manubrium cut off at the
base, and the under or concave surface of the
umbrella exposed to view, shewing in the centre
the ovaries, and radiating from them the branched
system of nutrient tubes. The umbrella when
fully expanded, as here represented, is about the
size of a soup plate, and, as previously stated, all
the marginal ganglia are aggregated in the eight
marginal bodies or lithoeysts. Therefore if the
reader will ircagine the first of the diagrams (Fig. 8)
P
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to be overspread with a dise of muslin, the filwes
and mesh of which are finer than those of the finest
and closest cobweb, and if he will imagine the mesh
of these fibres to start from these marginal ganglia,

Fig. 8

he will gain a tolerably correct idea of the lowest
nervous system in the animal kingdom. Now,
suppose that seven of these eight ganglia are cut
out, the remaining one then continues to supply its
thythmical discharges to the muscular sheet of the
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bell, the result being, at each discharge, two con-
traction waves, which start at the same instant,
one on each side of the ganglion, and which then
course with equal rapidity in opposite directions,

* and so0 meet at the point of the dise which is
opposite to the ganglion. Suppose, now, a number
of radial cuts are made in the dise according to
such a plan as this (Fig. 9), wherein every radial
cut deeply overlaps those on either side of it, The
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contraction waves which now originate from the
ganglion must either become blocked and cease to
pass round the dise, or they must zigzag round and
round the tops of these overlapping cuts. Now,
remembering that the passage of these contraction
waves is presumably dependent en the nervous
network progressively distributing the ganglionic
impulse to the muscular fibres, surely we should
expect that two or three overlapping cuts, by
completely severing all the nerve-fibres lying
between them, ought to destroy the functional
continuity of these fibres, and so to block the
passage of the contraction wave. Yet thisis not the
case ; for even in a specimen of Aurelia so severely
cut as the one here represented, the contraction
waves, starting from the ganglion, continued to
zigzag round and round the entire series of sections.
The second mode of section to which I have
alluded is as follows (Fig, 10). The central circle (z)
stands for an open space cut out of the umbrella;
the outer cirele indicates the mar gin of the animal,
with all lithocysts save one (1) removed ; and the
median cireular line represents a cut. It will be
seen that the effect of this cut is almost completely
to sever the mass of tissue at s from the rest of the
umbrella, the only connection between them being
the narrow neck of tissue at 2. Yet, in the case
to which I refer, the contraction waves emanating
from I passed in the directions represented by the
arrows without undergoing any appreciable loss of
vigour. Upon completing the cireular cut at z, the
ring of tissue (y ¢) became totally paralyzed, while

-
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the outer circle, of course, continued its contractions
as before. Now, the neck of tissue at z measured
only one-eighth of an inch across, while the ring of
tissue (¥ 2), when cut through and straightened out

Fig. 10.

upon the table, measured one inch aeross and sixteen
inches in length ; that isto say, sixteen square inches
of tissue derived its imlmlﬂc to vigorous contrac-
tions through a channel one-eighth of an inch wide,
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notwithstanding that the latter was situated at the
furthest point of the circle from the discharging

Fig. 11.

lithoeyst which the form of the section rendered
possible,
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Lastly, the third mode of section is represented
in the next eut. Here seven of the marginal ganglia
having been removed as before, the eighth one was
made the point of origin of a circumferential section,
which was then earried round and round the bell in
the form of a continuous spiral—the result, of course,
being this long ribbon-shaped strip of tissue with
the ganglion at one end and the remainder of
the swimming-bell at the other. Well, as before,
the contraction-waves always originated at the
ganglion ; but now they had to course all the way
along the strip until they arrived at its other ex-
tremity; and, as each wave arrived at that extremity,
it delivered its influence into the remainder of the
gwimming-bell, which thereupon contracted. Now,
in this experiment, when the spiral strip is only
made about half an inch broad, it may be made
more than a yard long before all the bell is used up
in making the strip; and as nothing can well be
imagined as more destructive of the continuity of
a mnerve-plexus than this spiral mode of section
must be, we cannot but regard it as a very remark-
able fact that the nerve-plexus should still continue
to discharge its function. Indeed,so remarkable does
this fact appear, that to avoid accepting it we may
well feel inclined to resort to another hypothesis,
namely, that these contraction-waves do not depend
for their passage on the nervous network at all,
but that they are of the nature of the muscle-waves,
or of the waves which we see in undifferentiated
protoplasm, where all parts of the mass being equally
excitable ard equally contractile, however severely
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we cut the mass, as long as we do not actually
divide it, contraction-waves will pass throughout
the whole mass. But this very reasonable hypo-
thesis of the contraction-waves in the Medusm
being possibly nothing more than muscle-waves is
negatived by other facts, which T shall now proceed
to state.

In the first place, if & number of experiments be
tried in any of the three modes of section above
deseribed, it Wwill be found that extreme wvariations
are manifested as regards the degree of tolerance.
In the spiral mode of section, for instanee, it will
gometimes happen that the contraction-wave will
become blocked when the contractile strip is only

an inch long, while in other cases (as in theone =

represented) the wave will continue to pass through
a strip more than thirty times that length ; and
between these two extremes there are all possible
grades of tolerance. Now it seems to me that if
the tissue through which these contraction-waves
pass is supposed (as far as they are concerned) to be
of a functionally homogeneous nature, no reason
can be assigned why there should be such great
differences in the endurance of the tissue in different
individual cases; while, if we suppose that the
passage of the contraction-waves is more or less
dependent on the functional activity of the nervous
plexus which we know from microscopical examina-
tion to be present, we encounter no such diffieulty ;
for it is almost to be expected that in some cases it
would happen that important nerves would soon be
encountered by the section, while in other cases it
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would happen that such nerves would escape the
gection for a longer distance. It is indeed ineredible
that any one nerve should happen to pursue a spiral
course twice or thrice round the umbrella, and at
the same time happen to be concentric with the
course pursued by the section; but, as we shall
presently see, such an hypothesis as this is not
necessary to account for the facts.

_ Again, in the second place, strong evidence that
the passage of the contraction-waves is dependent
on the functional activity of the nervous plexus,
and therefore that they are not merely muscle-
waves, is furnished by the fact that at whatever
point in a spiral strip which is being progressively
elongated by section the contraction-wave becomes
blocked, the blocking is sure to take place completely
and exclusively at t.!m.t point. Now, as T have tried
this experiment a great number of times, and
always tried it by carefully feeling the way round
(i.e. only making a very short continuation of the
eut after the occurrence of each contraction-wave,
and so very precisely localizing the spot at which
the contraction-wave ceased to pass), I ean scarvcely
doubt that in every case the blocking is caused by
the cutting through of nerves.*

# In o highly interesting paper recently published by De. W. H.
Gaekell, F.R.8,, on “The Innervation of the Heart® (Jouwrn. af
Physiol,, vol. iv. p. 48, af seq.), it is ghown that the experiments
in section thus far desoribed yield strikingly gimilar resnlts when
performed upon the heart of the tortoise and the hear of the
gkate, Dr. Gaskell inclinee to thoe belief that in these cnses
{he contraction-waves are merely mugele-waves. There is one
important fact] however, which even here zeems to me to indicate
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But, lastly, the strongest evidence in favour of
this view as afforded by the following observations.
At the beginning of this treatise I stated that the
* distinguishing function of nerve eonsists in its power
of conducting stimuli to a distanee, irrespective of
the passage of a contraction-wave ; and T may here
add that when a stimulus so conducted reaches g
ganglion, or nerve-centre, it causes the ganglion to
discharge by so-called “reflex action.” Now, this
distinguishing function of nerve can plainly be
proved to be present in the Medusse. For instance,
take such a section of Aurelia as this one (Fig. 12),

that the propagntion of the wave i3 at least in some mensure
dependent on nervons conduction. This fact is, that after a
contraction-wave has been blocked hy the geverity of a spiral or
other form of section, if may again be made to force n passnge
under the inflnence of yagns stimnlation.

Moreover, in o paper still more recentlypnblished by Drs. Bronton
and Cazh on * Electrical Stimulation of the Frog's Heart ™ (Proc.
Roy, Soe, wvol. xxxv,, No. 287, p. 465, ef seq.) it is remarked,
¥ Another interesting conzideration is, whether the slimnlus which
ench cavity of the heart transmits to the encecading ono conzists
in the propagation of an actoal mosenlar wave, or in the
propagation of an impunles along the nervea. The observations
of Gosgkell have given very great imporiance to the muscular
wave ccourring in each cavity of the heart of cold-blooded animals
03 a stimnlns to the confraction of the next succeeding cavity,
Onr observationa appenr to ne fo show that, while this is an
important factor, it i8 not the only cop in the transmission of
ghimuli. . . . We consideér that stimunli are also propagated from
ong chamber of the heart to another throngh nervous channels
thuz we find that irritntion of the venne sinng will sometimes
prodoce simultancons contractions of the auricle and ventricle,
ingtead of the ventricolar beat suceceding the anrionlar in the
ordinary way. This we think is hardly consistent with the hypo.
thesis, that o stimnlus consists of the propagation of A muscolar
wave only from the anricle fo the ventricle,” -
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wherein the bell has heen cut into the form of a
continnous parallelogram of tissue with the ovaries
and a single remaining ganglion at one end. (The

cuts interposed in the parallelogram may, for the
present, be disregarded.) Now, if the end marked a
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of the neuro-muscular sheet most remote from the
ganglion be gently brushed with a camel's hair
brush—i.e. too gently to start a responsive contrac-"
tion-wave—the ganglion at the other end will
shortly afterwards discharge, as shown by its start-
ing a contraction-wave at its own end of the
parallelogram, b: thus proving that the stimulus
caused by brushing the tissue at the other end, «,
must have been conducted all the way along the
parallelogram to the terminal ganglion, b, so causing
the terminal ganglion to discharge Ly reflex action,
Indeed, in many cases, the passage of this nervous
wave of stimulation admits of being seen. For the
numberless tentacles which fringe the margin of
Aurelia are more highly excitable than is the
general contractile tissue of the bell; so that .on
brushing the end @ of the parallelogram remote
from the ganglion, the tentacles at this end respond
to the stimulus by a contraction, then those next in
the series do the same, and so on—a wave of con-
traction being thus set up in the tentacular fringe,
the passage of which is determined by the passage
of the nervous wave of stimulation in the super-
Jacent nervous network. This tentacular wave is
in the illustration represented as having traversed
nearly half the whole distance to the terminal gang-
lion, and when it reaches that ganglion it will cause
it to discharge by reflex action, so giving rise to a
visible wave of muscular contraction passing in the
direction b «, opposite to that which the nervous or
tentacular wave had previously pursued. Now this
tentacular wave, being an optical expression of a pas-
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sage of a wave of stimulation, is a sight, as beautiful
as it is unique; and it affords a first-rate oppor-
tunity of settling this all-important question, namely,
Will this conductile or nervous function prove
itself as tolerant towards a section of the tissue as
the contractile or museular function has already
proved itself to be ? For, if so, we shall gain nothing
on the side of simplicity’ by assuming that the
condraction-waves are merely musele-waves, so long
as the conduction or undoubledly mervous waves
are equally able to pass round sections interposed
in their path. Briefly, then, I find that the nervous
waves of stimulation are quite as able to pass round
these interposed sections as are the waves of con-
traction. Thus, for instance, in this specimen (Fig.
12), the tentacular wave of stimulation continued
to pass as before, even after I had submitted the
parallelogram of tissue to the tremendously severe
form of section which is represented in the illustra-
tion; and this fact, in my opinion, is one of the most
important that has been brought to light in the whole
range of invertebrate physiology. For what does it
prove? It proves that the distinguishing function
of nerve, where it first appears upon the scene of
life, admits of being performed vieariously to almost
any extent by all parts of the same tissue-mass. If
we revert to our old illustration of the muslin as
representing the nerve-plexus, it is clear that, how-
ever much we ehoose to cut the sheet of muslin with
such radial or spiral sections as are represented in
the illustrations, one could always trace the threads
of the muslin with a needle round and round the
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dise, without onee interrupting the continuity of
the tracing; for on coming to the end of a divided
thread, one could always double back on it and
choose another thread which might be running in
the required direction. And this is what we are
now compelled to believe takes place in the fibres
of thiz nervous networls, if we assume that }hean
visible fibres are the only conductile elements which
are present. Whenever a stimulus wave reaches a
eut, we must conclude that it doubles back and
passes into the neighbouring fibres, and so on, time
after time, till it succeeds in passing round and
round any number of overlapping cuts.

This is, no doubt, as I have already observed, a
very remarkable fact; but it becomes still more 80
when we have regard to the histological researches
of Professor Schiifer on the structural character of
this nerve-plexus. For these researches have shown
that the nerve-fibres which so thickly overspread
the muscular sheet of Aurelia do not constitute a
true plexus, but that each fibre is comparatively
short and nowhere joins with any of the other
fibres; that is to say, although the constituent
fibres of the network cross and recross one another
in all directions—sometimes, indeed, twisting round
one another like the strands of a rope—they can
never be actually seen to join, but remain anatomi-
cally insulated thronghout their length. So that the
simile by which I have represented this nervous
network—the simile, namely, of a sheet of muslin
overspreading the whole of the museular sheet—is,
as a simile, even more accurate than has hitherto
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appearved ; for just as in a piece of muslin the con-
stituent threads, although frequently meeting one
another, never actually coalesce, so in the nervous
network of Aurelia, the constituent fibres, although
frequently in contact, never actually unite.

Now, if it is a remarkable fact that in a fully
differentiated nervous network the constituent
fibres are not improbably capable of vicarious action
to almost any extent, much more remarkable does
this fact become when we find that no two of these
constituent nerve-fibres are histologically continuous
with one another. Indeed, it seems to me we have
here a fact as startling as it is novel. There can
scarcely be any doubt that some influence is com-

—munieated from a stimulated fibre a to the adjacent

fibre b at the point where these fibres come into close
apposition. But what the nature of the process
may be whereby a disturbance in the excitable
protoplasm of « sets up a sympathetic disturbance
in the anatomically separate protoplasm of b,
supposing it to be really such—this is a question
concerning which it would as yet be premature
to speculate. But I think it may be well for
physiologists to keep awake to the fact that a
process of this kind probably takes place in the
case of these nerve-fibres. For it thus becomes &
possibility which ought not to be overlooked, that
in the fibres of the spinal cord, and in ganglia
generally, where histologists have hitherto been un-
able to trace any anatomical or structural continuity
between cells and fibres, which must nevertheless
be supposed to possess physiological or functional
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continuity—it thus becomes a possibility that in
these eases no such anatomieal continuity exists,
but that the physiological continuity is maintained
by some such process of physiological induction as
probably takes place among the nerve-fibres of
Aurelia®

I have now to detail another fact of a very
puzzling nature, but one which is certainly of
importance. When the spiral section is performed
on Aurelia aurita, and when, as a consequence, the
contraction-waves which traverse the elongating
strip become at some point suddenly blocked, if the
section be stopped at this point it not unfrequently
happens that after a time the blocking suddenly
ceases, the contraction-waves again passing from
the strip into the umbrella as freely as they did
before the section reached the point at which the
blocking occurred. The time required for this
restoration of physiclogical continuity is very
variable, the limits being from a few seconds to an
hour or more; usually, however, it is from two
to four minutes. This process of re-establishing
the physiological connections, although rapid, 1is
not so instantaneous as is that of their destruction
by section. In general it requires the passage of
several contraction-waves before the barrier to the
passage of succeeding waves is completely thrown

# That it can scarcely be electrical induction would seem o be
ghown by the fact that soch effects can only be produced om
nerves by strong currents, and also by the fact that the saline
tigsnegof the swimming-bell muost short-cironit any feeble electrical
currents a8 soon as Lhey arve gencrated. -
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down, The fivst wave which effects a passage
appears to have nearly all its force expended
in overcoming the barrier, the residue being only
sufficient to cause a very feeble, and sometimes
almost imperceptible, contraction of the umbrella,
The next. wave, however, passes across the barrier
with more facility, so that the resulting contraction
of the umbrella is more decided. The third wave,
again, causes a still more pronounced contraction of
the umbrella ; and so on with all suceeeding waves,
until every trace of the previous blocking has
disappeared. When this is the case, it generally
happens that the strip will again admit of being
elongated for a short distance before a blocking of
the contraction-waves again supervenes. Sometimes
it will be found that this second blockage will also
be overcome, and that the strip will then admit of
being still further elongated without the passage
of the waves being obstructed ; and so on occa-
sionally for three or four stages.

The same series of phenomena may be shown in
another way, If a contractile strip of tolerable
length be obtained, with the waves passing freely
from one end to the other, and if a series of parallel
and equidistant cuts be made along one side of the
strip, in a direction at right angles to the length,
and each ent extending two-thirds of the breadth
of the strip, the chances arve in favour of the con-
traction-waves being wholly unaffected by the sec-
tions, however numerons these may be. Butnow, if
another series of parallel and equidistant cuts of the
same length as the first ones, and alternating with

G
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them, be made along the other side of the contractila
strip, the result is, of eourse, a number of interdigi-
tating cuts ; and it is easy to see that by beginning
with a few such cuts and progressively increasing
their number, a point must somewhere be reached
at which one portion will become physiologically
separated from the rest. The amount of such
section, however, which contractile strips will some-
times endure is truly surprising. I have seen such
a strip twenty inches long by one and a half inches
wide with ten such cuts along each side, and the
eontraction-waves passing without impediment from
end to end. But what I wish more especially to
observe just now is, that by progressively inereasing
the number of such interdigitating cuts up to the
point at which the contraction-wave is blocked, and
then leaving the tissue to recover itgelf, in many
cases it will be observed that the blocking is sooner
or later overcome; that on then adding more
interdigitating cuts the blocking again supervenes;
but that in time it may again be overcome, and so
on. It is, however, comparatively rare to find cases
in which blocking is overcome twice or thrice in
succession.

Section is net the only way in which blocking of
waves may be caused in contractile strips. I find
that pressure, even though very gentle, exerted on
any part of a strip causes a blocking of the waves
at that part, even after the pressure has been
removed, If the pressure has been long continued,
after its removal the blocking will probably be
permanent; but if the pressure has been only of
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short duration, the blocking will most likely he
transitory., Even the slight strains caused by hand-
ling a contractile strip in the air are generally
followed by a decrease in the rate of the waves, and
sometimes by their being completely bloeked. Other
methods by which the passage of waves in contrac-
tile strips admits of being blocked will be alluded
to farther on. \

Now, in all these cases of temporary blocking we
must conclude that when the contraction-waves
succeed in at last forcing a passage, some structural
change has taken place in the tissue at the region
of injury, corresponding with the functional change
of the re-establishment of physiclogical continuity.
The waves previously stopped at a certain point of
soetion or otherwise, after beating for a time on the
physiological barrier, are at last able to throw down
the barrier, and thenceforward to proceed on their
way unhindered. What, then, is the nature of the
structural change which has taken place ?

In the early days of this research, before the
presence of a nerve-plexus had been proved histo-
logically, I argued in favour of such a plexus on the
grounds farnished by many of the foregoing ex-
periments; and at a lecture given in the Royal
Institution I ventured to say that if a eareful
investigation of the histology of these tissues should
fail to show the plexus which the result of those
experiments required me to assume, we should still
be compelled to suppose that the plexus was pre-
sent, although not sufficiently differentiated to
admit of being scen, I farther ventured to suggest
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that in this event the facts just stated might be taken
to substantiate the theory of Mr., Herbert Spencer
on the genesis of nerve-tissue in general This
theory is that which supposes incipient conductile
tissues, or rudimentary nerve-fibres, to be differ-
entiated from the surrounding contractile tissues, or
homogeneous protoplasm, by a process of integra-
tion which is due simply to use; so that just as
water continually widens and deepens the channel
through which it flows, so molecular or nervous
waves of stimulation, by always flowing through
the same tissue-tracts, tend ever more and more to
excavate for themselves functionally differentiated
lines of passage.

Such being Mr. Spencer’s theory, I applied it
hypothetically to the above facts in the words
which I may here quote. o

“ As the successive waves beat rhythmically on
the area of obstruction, more or less of the mole-
cular disturbances must every time be equalized
through these lines of discharge, which from the
first have heen almost sufficient to maintain the
physiological continuity of the tissue. Thmafmfg,
according to the hypothesis, every wave that is
blocked imposes upon these part-ic:ula,z- lines uf. l:.li.'\_-i-
charge a much higher degree of functional a.ci}utlt.y
than they were ever before required to exercise;
and this greater activity causing in its turn g}‘eater
permeability, a point will sooner or later arrive at
which these lines of discharge, from having heen
almost, become quite able to draft off sufficient
molecular motion, or stimulating influence, to carry
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on the contraction-waves beyond the areas of
previous blocking. In such instances, of course, we
should expect to find what I always observed to be
the case, viz that the first contraction-wave which
passes the barrier is only very feeble, the next
stronger, the next still stronger, and =o on, accord-
ing as the new passage becomes more and more per-
meable by use, until at last the contraction-waves
pour over the original barrier without any per-
ceptible diminution of their force, In some cases,
by exploring with graduated stimuli and needle-
point terminals, T was able to ascertain the precise
line through which this eruption of stimulating
_ influence had taken place.”

~ I have now to state the effect upon this hypo-
thesis which in my opinion has heen produced by
the histological proofithat the plexus in question is
composed of fully differentiated nerves. Briefly,
then, I think that the hypothesis still holds to the
extent of being the only one available whereby to
explain the facts ; but there is this great difference,
viz, that the hypothesis need not now be applied
to the genesis of nerve-tissue out of comparatively
undifferentiated contractile tissue, but rather to the
inereasing of the functional activity of alveady well-
differentiated nerve-tissue, In other words, we
have not now to suppose that nerve-tissue is
formed de novo in the region of blocking ; but, in my
opinion, we still have to suppose that the nerve-
fibres which were already there have their func-
tional eapabilities so far improved by the greater
demand impoded upon them, that whereas at first
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they were not able, eventually they became able to
draft off enough molecular disturbance to carry on
a stimulus adequate to cause a muscular contraction. —
It will be observed that the difference thus ex-
pressed 1s one of considerable importance ; for now
the facts cease to lend any countenance fo M.
Speneer’s theory touching the formation of nerves
out of protoplasm, or other contractile material.
They continue, however, to countenance his views
touching the improvement of functional eapacity
which nerve-fibres, when already formed, undergo
by use; and this, which is in itself an important
matter, is the point with which I was mainly eon-
cerned in the lecture of the Royal Institution just
alluded to. For, as I then observed, in this theory
of nerve-fibres becoming more and more functionally
developed by use, we probably have a physical ex-
planation, which is as full and complete as such an
explanation can ever be, of the genesis of mind.
“ For from the time that intelligence first dawned
upon the scene of life, whenever a new relation had
to be established in the region of mind, it could only
be so established in virtue of some new line of dis-
charge being excavated throngh the substance of
the brain. The more often this relation had to
be repeated in the mind, the more often would
this discharge require to take place in the brain, _ _
and so the more easy would every repetition of
the process beeome. . . . Thus it is, according to
the theory, that there is always a precise proportion
between the constancy with which any relations
have been joined together during the history of

-
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intelligence, and the difficulty which intelligence
now experiences in trying to conceive of such
relations as disjoined. Thus it is that, even during
the history of an individual intelligence, ‘ practice
makes perfect,’ by frequently repeating the needful
stimulations along the same lines of cerebral dis-
charge, so rendering the latter ever more and more
permeable by use. Thus it is that a child learns
its lessons by frequently repeating them ; and thus
it is that all our knowledge is accumulated.”*

Rate of Transmission of Stimuli.

The rate at which contraction-waves traverse
gpiral strips of Aurelia is variable. It is largely
determined by the length and width of the strip; so

& T hove aggocinted thabove theory of nerve-gencsis with tha
name of Mr. Bpencer, becanee it oecupics g0 prominent a placo in
his ** Principles of Peychology.” Bub from what T have said in
the text, I think it is clear that the theory, as presented by Mr.
Spencer, consists of two essentially distinet hypotheses—the one
relating to the formation of nerve-tiesne out of protoplnsm, and
the other to the increase of fonetional eapacity in a nerve.fibra
by nea (n third hypothesis of Me. Bpeneer relating to the
formation of panglion-tissne does not here conpern ug), Tha
lntter hypotheais, however, ought not to be associnted with Mr.
Bpencer's name withoot explaining that it hos likewise occorred to
other writers, the fivst of which, 8o far a8 T can ascortain, was La-
mukck, who snys, " Dans toute action, le fluide des nerfs qoi In
provoque, Eubit un monvement do déplacement qui ¥ donne lien.
Or, loraque cotte oction o éb6 plosienrs foia répdtde, i1 n'est pos
doutenx quo lo fluid qui s exéeotde, ne se soit frayd nne routo,
qui loi devient alora d'autant plug facile & pavcourir, gu'il I'a
effectivemont plos souvant frnchie, et qu'il n’sit lni-méme nne
aptitude plus grand 4 suivre cotte route frayée gue celles qui la
sont meins.” (¥ Phils Zool,,” tom ii. pp. 818-19.)
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that the best form of strip to use for the purpose of
ascertaining the maaimun rate is one which I shall
call the circular strip. A cireular strip is obtained
by first cutting out the central bodies (i.c. manu-
brivm and ovaries), and then, with a single radial
cut, converting the animal from the form of an
open ring to that of a continuous band. 1 dis-
tinguish this by the name * civeular " band or strip,
because the two ends tend o preserve their original
relative positions, so giving the strip more or less of
a cireular form. Such a strip has the advantage
of presenting all the contractile tissue of the
swimming-bell in one continuous band of the
greatest possible width, and is therefore the form
of strip that yields the maximuwm rate at which
contraction-waves are able to pass. The reason
why the marimum rate should be the one sought
for is because this is the rate which must most
nearly approximate the natural rate of contraction-
waves in the unmutilatéd animal. This rate, at the
temperature of the seaand with vigorous specimens,
I find to be eighteen inches per second.

In a circular strip the rate of the waves is uniform
over the whole extent of the strip; so that the time
of their transit from one point to another varies
directly as the length of the strip. But on now
narrowing such a strip, although the rate is thus
glowed, the relation between the narvowing and the
slowing is not nearly so precise as to admit of our
saying that the rate varies inversely as the width.
The following figure will serve to show the propor-
tional extent to which the passage of ‘contraction-
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waves is retarded by narrowing the arvea through
which they pass :—

Time from end fo end of a
gironlar strip ...
Mime after width has bean
reduced to one-half
Time after width has been
reduced to one-guarter...
Time after width has been
reduced to one-sighth ..,

Fig. 13,

In such experiments it generally happens, as here
represented, that reducing the width of a circular
strip by one-half produces no effect, or only a slight
effect, on the rate, while further narrowing to the
degree mentioned produces a conspicuous effect.
I may also state that if, as occasionally happens, the
immediate effect of narrowing a cireular strip to one-
half is to tempurarﬂy block the contraction-waves,
when the latter again foree their passage, their rate
is slower than it was before. It seems as if the
more pervious tissue tracts having been destroyed
by the section, the less pervious ones, though still
able to convey the contraction-wave, are not able
to convey it so rapidly as were the more pervious
tracts,

In order to ascertain whether certain zones of the
ciircular contractile sheet in all individuals habitually
convey more of the contractile influence than do
other zones, I tried a number of experiments in the
following form of section. Having made a circular
strip, I removed all the lithocysts save one, and
then eut the strip as represented in Fig. 14 On
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now stimulating the end «, or on watching the
lithoeyst there discharge, the resulting contraction-
wave would be observed to bifurcate at b, and then -

AT R

& &

il 4
LT 4|

Fig. 14,

i

ot L Lrs

pass on as two separate waves through the zomes,
be bd Now,as these two waves wers started at
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the same instant of time, they ran, as it were, a race
in the two zones, and in this way the eye could
judge with perfect ease which wave occupied the
shortest time in reaching its destination. This ex-
periment could be varied by again bisecting each of
these two zones, thus making four zones in all, and
four waves to Tun in each race. A number of
experiments of this kind showed me that there is

* no constancy in the relative conductivity of the

same zones in different individuals. In some in-
stances, the waves occupy less time in passing
through the zone b¢ than in passing through the
zone b d; in other instances, the time in the two
zones is equal; and, lastly, the converse of the
first-mentioned case is of equally frequent oceur-
rence, Very often the waves become blocked in
b ¢, while they coptinue to pass in b d, and vice
versd. Now, all these various cases are what
we might expect to oceur, in view of the variable
points at which contraction-waves become blocked
in spiral strips, ete.; for if the contractile tissues
are not functionally homogeneous, and if the rela-
tively pervious conductile tracts are not constant
as to their position in different individuals, the
results I have just deseribed are the only ones that
could be yielded by the experiments in question.
Clonsidering, however, that in these experiments the
central zones are not so long as the peripheral
zones, I think it may fairly be said that the con-
duetile power of the latter is greater than that of
the former; for, otherwise, the above experiments
ought to yield a large majority of races won by the
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waves that course through the central zones, and
this is not the case. Indeed, it is surprising how
often the race is, as it were, neck and neck, thus
showing that the relative conduetivity of all the
zones is precisely adjusted fo their relative lengths ;
and forasmuch as in the unmutilated animal this
adjustment must clearly serve the purpose of
securing to the contraction-wave a passage of
uniform rate over the whole radius of the umbrella,
I doubt not that, if jt were possible to perform the
race-course section without interrupting any of
the lines of conduction-tissue, neck and neck races
would be of invariable oceurrence.

Interdigitating cuts, as might be expected, pro-
long the time of contraction-waves in their passage
through the tissue in which the cuts are interposed.
For example, in o spiral strip measuring twenty-six
inches in length, the time required for the passage
of a contraction-wave from one end to the other is
represented by the line @ b in the annexed woodeut.

But after twenty interdigitating

cuts had been interposed, ten on

each side of the strip, the time

increased to ¢ d, the line ¢ f

R LE representing one second, And

more severe forms of section are, of course, attended
with a still more retarding influence,

. The effects of temperature on the rate of con-
traction-waves are very striking, For instance, in
a rather narrow strip measuring twenty-eight inches
long and one and a half inches wide, the following
variations in rate oceurred :—
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| Tima occopled o passagre of

Femperature of water, rE L b e

240 4 paconde,
&0 3 aeconds,
42° 2§ seconda.
0a® 2 geoonds,
752 1% soconds.
B5° Blocked,

Or,adopting again thegraphic method of statement,
these variations may be represented as follows :—

One seconid

Fig. 18.

Submitting a contractile strip to slight strains has
also the effect of retarding the rate of the waves
while they pass through the portions of the strip
which have been submitted to strain, The method
of straining-which I adopted was to pass my finger
below the strip, and then, by raising my hand, to
bring a portion of the strip slightly above the level
of the water. The irritable or contractile surface
was kept uppermost, and therefore suffered a gentle
strain; for the weight of the tissue on either side
of the finger made the upper surface somewhat
convex. By passing the finger all the way along
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the strip in this way, the latter might be gently
strained throughout its entire length, the degree of
straining being determined by the height out of the
water to which the tissue was lalﬁcd Of course,
if the strip is too greatly strained, the contraction-
waves become blocked altogether, as described
above; but shortly before this degree of straining
was reached, I could generally observe that the rate
of the waves was diminished. To give one instanee,
a contractile strip measuring twenty-two inches had
the rate of its waves taken before and after strain-
ing of the kind described. The result was as
follows —

Before straining..,

After atraming ...

Cma second ...

Fig- 17.

Tmmediately after severe handling of this kind,
the retardation of contraction-waves iz sometimes
even more marked than here represented; but 1
think this may be partly due to shock, for on
giving the tissue a little while to recover, the rate
of the waves becomes slightly increased.

Anmatheties likewise have the effect of slowing
the rate of contraction-waves before blocking them.
Taking, for instance, the case of chloroform, a narrow
gpiral strip between one and two feet long was
immersed in sea-water containing a large dose of
the anmesthetic; the observations being taken at six
seconds’ intervals, the following were the results:—
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Normal water

Bix seconds after h‘nuq
ference to chloroform

Bix seconds Inter. ..

Bix gegonds Inter...

Bix ssconds Iater,,,

Bix seponds later..,

Onoo zecond ...

Flg. 18,

In such experiments, the recovery of the normal
rate in unpoisoned water is gradual. Taking, for
mnstance, the ease of a spiral strip in morphia
(Fig. 19), it will be seen that the original rate
did not fully return. Some substances, however,
exert a more marked permanent effect of this kind
than do weak solutions of morphia. Here, for
instance, is an experiment with alcohol (see Fig. 207,

In normal water

Quarter of an hour after
exposure to morphia .,

Ono minute after sirength-
ening dosa, .,

Four minntes ]11:-._ and
Jnst before hlu:ckln' of

WLVE,
hﬂ'.lllr-l'r'ull.d-i! 1'~ wAve

I
of wave on restoration
{0 oot uul seA-waker ..

Four minntes 1ater
Cmarter of an honr Iater,,,
An howr later

One speond - .,
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In normaal watkes

Quarter of an hour rl.ﬁ-::r
exposure o weak dosa |

Twao minutes after el:en;:lu-
ening of dose i

Five minutes later, nnd just
befure blocking of wave
Filtern seconda later, wave

eontinming blocked
Tmmediately after passagn

of wave on restoration to

normal sen-water .,

An haur bxter |,

Ome pooomid

Fig. 10,

From these experiments, however, it must not
be definitely concluded that it is the anmsthesiating
property of such substances which exerts this slow-
ing and blocking influence on contraction-waves,
for I find that almost any foreign substance, whether
or not an anmesthetie, will do t.]}?‘_s:{um;. That nitrite
of amyl, caffein, ete, should do =0, one would not
he very surprised to hear ; but it might not so readily
be expected that stvyc]mi.ue for instance, should
block econtraction-waves; yet it does so, even in
doses so small as only Just. to taste bitter, Nay,
even fresh water completely blocks contraction-
waves after the strip has been exposed to its
influence for about half an hour, and exerts a per-
manently slowing effect after the tissue is restored
to sea-water, These facts show the extreme sensi=
tiveness of the nenro-muscular tissues of the
Meduse to any change in the character of their
gurrounding medium, & sensitiveness which we
shall again have occasion to comment upon when
treating of the effects of poisons, '

[}
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In conclusion, I may mention an interesting fact
which is probably connected with the summatmn
of stimuli before explained. When a contractile
strip is allowed to rest for a minute or more, and
when a wave is then made to traverse it, carveful
observation will show that the passage of the first
wave is slower than that of its suceessor, provided
the latter follows the former after not too great an
interval of time, The difference, however, is exceed-
ingly slight, so that to render it apparent at all the
longest possible strips must be used, and even then
the experimenter may fail to detect the difference,
unless he has been accustomed to signalling, by
which method all these observations on rate have
to be made.

Stimulus-waves, '
The rate of t:-ﬂﬁ ssion of tentacular waves

. is only one-half that of contraction-waves, viz
nine inches a sccond. This fact appeared to me
very remarkable in view of the consideration that
the tentacular wave is the optical expression of a
stimulus-wave, and that there can be no conceivable
use in g stimulus-wave being able to pass through
contraetile tissue independently of a contraction-
wave, unless the former is able to travel more
rapidly than the latter; for the only conceivable use
of the stimulus-wave is to establish physiological
harmony between different parts of the organism,
and if this wave eannot travel more rapidly than
a contraction-wave which starts from the same
point, it would clearly fail to perform this function.
H
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In view of this anomaly, T was led to think thdt
if the rate of the stimulus=wave is dependent in
o laroe degres on the strength of the stimulus that
starts it, the slow rate of nine inches a second
might be more than doubled, if, instead of nsing 4
stimulus so gentle as not to start a contraction-
wave, I used a stimulus sufficiently strong to do
this. Accordingly I chose a specimen of Aurelia
wherein the ocewrence of tentacular waves was
very conspicnous, and found, as I had hoped, that
every time I stimulated too gently to start a con-
traction-wave, the tentacular wave travelled only
at the rate of nine inches a second; whereas, if T
stimulated with greater intensity, 1 could always
observe the tentacular wave coursing an inch or
two in front of the contraction-wave.

It is remarkable, however, that in this, as in all
the other specimens of Aurelia which I experimented
upon, the reflex response of the manubrium was
equally long, whatever strength of stimulus I applied
to the umbrella; or, at any rate, the time was only
alightly less when a contraction-wave had passed
than when only a tentacular wave had dome so.
The loss of time, however, appears to take place in
the manubrium itself, where the rate of response
is astonishingly slow. Thus, if one lobe be irritated,
it 1s usually from four to eight seconds before the
other lobes respond. But the time required for
such sympathetic response may be even more
variable than this—the limits I have observed
being as great as from three to ten seconds. In all
cases, however, the response, when it does oecur, is
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sudden, as if the distant lobe had then for the first
time received the stimulus, Moreover, one lobe—
usually one of those adjacent to the lobe directly
irritated—responds before the other two, and then
a variable time afterwards the latter also respond.
This time is, in most cases, comparatively short, the
usual limits being from a quarter of a second to two
seconds.  How much of these enormous intervals is
oceupied by the period of ganglionie latency, and
how much by that of transmission, it is impossible
to say; but I have determined that the rate of
transmission from the end of a lobe of the manu-
brium to a lithoeyst (deducting a second for the
double period of latent stimulation) is the same
as the rate of a tentacular wawve, viz. nine inches a
second. The presumption, therefore, is that the
immense lapse of time required for reflex response
on the part of the manubrinm is required by the
lobular ganglia, or whatever clement it is that here
performs the ganglionie function.

Exhaustion,

In various modes of section of Aurelia I have
several times observed a fact that is worth record-
ing. It sometimes happens that when the con-
neeting isthmus between two almost severed areas
of excitable tissue is very narrow, the passage of
contraction-waves across the isthmus depends upon
the freshness, or freedom from exhpustion, of the
tissue which constitutes the isthmus. That is to
say, on faradizing one of the two tissue-areas which
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the isthmus serves to connect, the resulting con-
traction-waves will at first pass freely across the
isthmus ; but after a time it may happen in some
preparations that every now and then a contraction-
wave fails to pass acrvoss the isthmus. When this
is the ease, if the stimulation is still continued, &
greater and greater proportion of waves fail to pass
across the isthmus, until perhaps only one in every
five or six becomes propagated from the one area to
the other. If single induction-shocks be then sub-
stituted for the faradaic stimulation, it may be found
that by leaving an interval of four or five seconds
between the successive shocks, evedy wave that
is started in the une area will be propagated across

the isthmus to the other area. But if the interval

between the suceessive shocks be redueced to two ov
three seconds, every now and then a wave will fail
to pass across the isthmus; and if the interval be
still further reduced to one second, or half a second,
comparatively few of the waves will pass across.
Now, however, if the tissue be allowed five minutes’
rest from stimulation, and the single shocks be
thrown in at one second’s intervals, all the first =x
or ten waves will pass across the isthmus, after
which they begin to become blocked as before, It
may be observed also that when the waves arve thus
blocked, owing to exhaustion of the connecting
isthmus, they may again be made to force a passage
by increasing the intensity of the stimulation, and
so giving rise to stronger waves having a greater
power of penetration. Thus, on re-enforeing the
cleetrical stimulus with the simultaneous application

B
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of a drop of spirit, the résulting waves of contraction
are almost sure to pass across the isthmus, even
though this has been exhausted in the manner just
described,

Ganglia appearing to assert their Influence at a
Distance from their own Seat.

Another fact, which I have several times noticed
during my sections of Aurelia, also deserves to he
vecorded. I have observed it under several modes
of section, but it will be only necessary to describe
one particular case.

In the Aurelia of a portion of which the accom-
“panying woodcut (p. 102) is a representation, seven
of the lithoeysts were removed, while the remaining
one was almost entively isclated from the general
contractile tissne by the incisions aa, bb, ec. The
lithoeyst continued to animate the tissue-area aaer,
and through the connecting passage j the con-
traction-waves spread over the remainder of the -
sub-umbrella tissue 222, So far, of course, the facts
were normal ; but very frequently it was ohserved
that the contraction-waves did not start from the
lithoeyst, or from the area arax, but from the point
o in the avea 2z After this origination of the
gontraction-waves from the point o had been ob-
served a great number of times, T removed the
lithoeyst. The effect was not only to prevent the
further origination of contraction-waves in the area
waraee, but also to prevent their further origination
from the point o, the entire umbrella thus becom-
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ing paralyzed, Hence, before the removal of the
lithocyst, the contraction-waves which originated
at the point o, no less than those which originated
at the lithoeyst itself, must in some way or other
have been due to the ganglionic influence emanat-
ing from the lithocyst and asserting itself at the
~ distant point o,

Fig. 01,

This property, which lithoeysts sometimes present,
of asserting their ganelionic influenee at n distance
from their own locality, can only, T think, be ex-
plained by supposing that at the point where under
these circumstances the contractions originate,
there ave situated some scattered ganglionie cells of
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considerable functional power, but yet not of power
enough to originate contraction-waves unless re-
enforced by some stimulating intluence, which
_reaches them from the lithoeyst through tha
nervous plexus,

Regenevation of Tissues,

The only facts which remain to be stated in tha
present chapter have reference to the astonishing
vapidity with which the excitable tissues of the
Medusse regenerate themselves after injury, In
this connection I have mainly experimented on
Aurelia aurita, and shall, therefore, confine my
remarks to this one species.

If with a sharp scalpel an incision be made
through the tenuous contractile sheet of the sub-
umbrella of Aurelia, in a marvellously short time
the injury is repaired. Thus, for instance, if guch
an ineision be carried aeross the whole diameter of
the sub-umbrella, so as entirely to divide the excit-
able tissues into two parts while the gelatinous
tissues are left intact, the result of course is that
physiological continuity is destroyed between the
one half of the animal and the other, while the form
of the whole animal remains unchanged—the much
greater thickness of the uninjured gelatinous tissues
serving to preserve the shape of the umbrella. But
although the contractile sheet which lines the
umbrella is thus completely severed throughout its
whole diameter, it again reunites, or heals up, n
from four to eight hours after the operation.



. CHAPTER V,
EXFPERIMENTS IN SECTION OF NAKED-EYED MEDUST,

Distribution of Nevves in Sarsic,

My experiments have shown that the nervonus
gystem in the naked-eyed Mednse is more highly
grganized, or integrated, than it is in the covered-
eyed Medusm; for whereas in the latter T obtained
no evidence of the gathering together of nerve-
fibres into definite bundles or trunks (the plexus
being evenly distributed over the entire surface of
the neuro-muscular sheet lining the umbrella), in
the former I found abundant evidence of this
advance in organization. And as the experiments
in this connection serve to substantiate the histo-
logieal researches of Professors Haeckel, Schultz,
Eimer, and Hertwig, in as far as the distribution of
the main nerve-trunks is concerned, T shall here
detail at some length the character and results of
these experiments in the case of Sarsia.

The occurrence of reflex action in Sarsia is of
a very marked and unmistakable character. T may
* begin by stating that when any part of the internal
surface of the bell is irritated, the manubrinm
responds ; but as there is no evidenee of ganglia

il
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oceurring in the manubrium, this eannot properly
be regarded as a case of reflex action. But now
the converse of the above statement is likewise true,
viz that when any part of the manubrium is irri-
tated, the bell responds ; and it is in this that the
unequivoeal evidence of reflex action consists, for
while the sympathy of the manubrium with the”
bell is not in the least impaired by removing the
marginal ganglia of the latter, the sympathy of
the bell with the manubrinm is by this operation
entirely destroyed.

We have thus very excellent demonstration of
the ocenrrence of reflex action in the Medusm,
Further experiments show that the reflex action
oceurs, not between the marginal ganglia and every
part of the manubrium, but only between the
marginal ganglia and the point of the bell from
which the manubrium is suspended—it being only
the pull swhich is exerted upon this point when
the manubrinm contracts that acts as a stimulus
to the marginal ganglia. But the high degree of
sensitiveness shown by the marginal ganglia to the
smallest amount of traction of this kind is quite as
remarkable as their lack of sensitiveness to dis-
turbances going on in the manubrium.

Turning now to the physiological evidence of
the distribution of nerves in Sarsia, when one of
the four tentacles is very gently irvitated, it alone
contracts. If the irritation be slightly stronger, all
the four tentacles, and likewise the manubrium,
contract. If one of the four tentacles be irritated
still moré strongly, the bell responds with one or
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niore locomotor contractions. If in the latter ease
the stimulns be not too strong, or, better still, if the
specimen operated on be in a non-vigorous or in
a partly anmsthesiated state, it may be observed
that a short interval elapses between the response
of the tentacles and that of the bell, Lastly, the
manubrium iz much more gensitive to a stimulus
applied to a tentacle, or to one of the marginal
hodies, than it is to a stimulus applied at any other
part of the nectocalyx.

These facts clearly point to the inference that
nervous connections unite the tentaeles with one
another and also with the manubrium; or, perhaps
more precisely, that each marginal body acts as
a eo-ordinating centre between nerves proceeding
from it in four directions, viz to the attached
tentacle, to the margin on either side, and to the
manubrium, - This, it will be observed,is the distri-
bution which Haeckel deseribes as oceurring in
Geryonia, and Schultz as occnrring in Savsia, It is,
further, the distribntion to which my explovations
by stimulus would eertainly point, But, in order
to test the matter still more thovoughly, I tried the
effects of section in destroying the physiological
velations which T have just deseribed. These effects,
in the case of the tentacles, were sufficiently precise.
A minute radial eat (only just long enough to
sever the tissues of the extreme margin) introduced
between each pair of adjacent marginal bodies
completely destroyed the physiological connection
tetween the tentacles.  If only three marginal cuts
were introduced, the sympathy between those two
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adjacent tentacles between which no cut was made
continued unimpaired, while the sympathy between
them and the other tentacles was destroyed.

The nervous connections between the tentacles
and the manubrium are of a more general character
than those deseribed between the tentacles them-
selves; that is tp say, severing the main radial
nerve-trunks produces no appreciable effect upon
the sympathy between the tentacles and the
manubrinm.

The nervous connections between the whole
excitable surface of the nectocalyx and the manu-
brium are likewise of this general character, so that,
whether or not the radial nerve-trunks are divided,
the manubrinm will respond to irritation applied
anywhere over the internal surface of the nectocalyx,
The manubrium, hogrever, shows itself more sensitive
to stimuli applied at some parts of this surface than
it is to stimuli applied at other parts, although in
different specimens there is no constancy as to the
position oceupied by these excitable tracts,

Distribution of Nerves in Tiaropsis Indicans.

We have seen that in Sarsia reflex action obtains
between the manubrium and the nectocalyx; we
ghall now see that in Tiaropsis indicans something
resembling reflex aetion obtains between the
nectocalyx and the manubrium. The last-named
species is & new one, which I have described else-
where, and T have called it *indicans” from a
highly 'int.eresting and important peculiarity of

Ll
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fanction which is manifested by its pianubrium. The
Medusa in question megsyres aboub one and a half
ini::hes in diameter, and ig pro‘li’iilsd with a manu-
brinm of nnusual Proportional sizés its length being
about five-cighths of Shaih and its thickness

Flg. 20

heing also eonsiderable. Now, if any part of the
nectocalyx be irritated, the following series of
phenomena takes place. Shortly after the applica-
tion of the stimulus, the large manubrium suddenly
contracts—the appearance presented being that of
an exceedingly rapid crouching movemerit, The
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erouching attitude in which this movement termi-
nates continues for one or two seconds, after which
‘the organ begins gradually to resume its former
dimensions. Concurrently with these movements
on the part of the manubrium, the portion of the
nectoealyx which has been stimulated bends inwards
as far as it is able. The manubrinum now begins to
deflect itself towards the bent-in portion of the
nectocalyx ; and this deflection continuing with
a somewhat rapid motion, the extremity of the
manubrium is eventually bronght, with unerring
precision, to meet the in-bent portion of the necto-
calyx, I here introduce a drawing of more than
life-size to vender a better idea of this pointing
netion by the manubrinm to a seat of Drrifation
located in the bell. It must further be stated that
in the unmutilated animal such action is quite
invariable, the t.P.pered extremity of the manubrinm
ntver failing to be placed on the exact spot in the
nectocalyx where the stimulation is being, or
had. previously been, applied. Moreover, if the
experimenter irritates one point of the nectocalyx,
with a needle or a fine pair of forceps for instance,
and while the manubrium is applied to that
point he irritates another point, then the manu-
brium will leave the first point and move over
to the second. In this way the manubrium may be
made to indicate successively any number of points
of irritation; and it is interesting to obeerve that
when, after such a series of irritations, the animal
is left to itself, the wanubrium will subsequently
continue® for a considerable time to visit first one
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and then another of the points which have been
irritated, In such cases it usually dwells longest
and most frequently on those points which have
been irritated most severely.

I think the object of these movements is probably
that of stinging the offending body by means of the
urticating cells with which the extremity of the
manubrium is armed. DBut, be the ohject what it
may, the fact of these movements cccurring is a
highly important one in connection with our study
of the distribution of nerves in Medusw®, and the
first point to be made out with regard to these
movements is clearly as to whether or not they are
truly of a reflex character. Accordingly, 1 first
tried eutting off the margin, and then irritating the
muscular tissue of the bell; the movements in
question were performed exactly as before. I was
thus led to think it probable that the reflex centres
of whichI was in search might be seated in the manu-
brium. Aeccordingly, I cut off the manubrium, and
tried stimulating its own snbstance directly. 1
found, however, that no matter how small a portion
of this organ I used, and no matter from what part
of the organ I cut it, this portion would do its best
to bend over to the side which I irritated, Simi-
larly, no matter how short a stump of the manu-
brium I left in connection with the nectocalyx, on
irritating any part of the latter, the stump of the
manubrium would deflect itself towards that part
of the bell, although, of course, from its short length
it was unable to reach it. Henece there can be no
doubt that every portion of the manubriuni—down,
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it least, to the size which is compatible with eon-
ducting these experiments—is independently en-
dowed with the capacity of very precisely localizing
a point of irritation which is seated either in its
own substance or in that of the bell.

We have here, then, a curlous fact, and one
which it will be well to bear in mind during our
subsequent endeavours to frame some sort of a con-
ception regarding the nature of these primitive
nervous tissues. The localizing function, which is
s0 very efficiently performed by the manubrium of
this Medusa, and which if anything resembling it
occwrred in the higher animals would certainly
have definite ganglionie centres for its structural
eo-relative, is here shared equally by every part of
the exceedingly tenuous contractile tissue that
forms the outer surface of the organ. I am not
aware that such a diffusion of ganglionic funetion
has as yet been actually proved to occur in the
animal kingdom, but T can scarcely doubt that
future investigation will show such a state of things
to be of common oceurrence among the lower
members of that kingdom.*

# Tha ouly cnse I know which rests on direct obeervation, and
which 45 at all parallel to the one above descrilied, is the case of
the tentacles of Drosern. My, Darwin found, when ho cot off the
apical gland of one of these tentacles, together with o gmall poe-
tion of the apex, that the tentacle thos mutilated would no longer
respond to stimuli applied directly to iteelf. Thnos far tho case
differs from that of the manubrinm of Tinvopsis indicans, and, in
respect of locolization of co-ordinating function, resembles that
of ganglionic action. But Mr. Darwin also found that such a
A hendless tentacle ' continned to be infloenced by stimuli apphed
to the glaiids of neighbeuring tenlacles—the headless oue in thag
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1 shall now proceed to consider the nature of the
nervows connections between the nectocalyx and
manubrium of this Medusa.

Bearing in mind that in an unmutilated Tiaropsis
indicans the manubrium invariably localizes with
the utmost precizsion any minute point of irrita-
tion situated in the bell, the szignificance of the
following facts is unmistakable, viz. that when a
cut is introduced between the basze of the manu-°
brium and the point of irritation in the bell, the
localizing power of the former, as regards that point
in the latter, is wholly destroyed. For instance, if
such a cut as that represented at ¢ (see Fig, 22) he
made in the nectocalyx of this Medusa, the manu-
brium will no longer be able to loealize the seat of
a stimulus applied below that eut, as, for instance,
at b. Now, having tried this experiment a number
of times, and having always obtained the same
result, I conclude that the nervous connections be-
tween the nectocalyx and the manubrium, which
render possible the localizing action of the latter,
are connections the functions of which are intensely
specialized, and the distribution of which is radial.

So far, then, we have highly satisfactory evidence
of tissue-tracts performing the function of atferent
nerves. But another point of interest here arises,
Although, in the experiment just deseribed, the
ease bending over in whatever direction it was needful for it ta
bend, in order to appronch the seab of stimulation. This shows
that the analogne of ganglionis function must here be situated in
at lenst move than one parb of a tentacle ; and 1 think it is nob

improbable that, if trils wers expressly made, this fonction would
ba found ta be diffused thronghout the whole tentacle. ©
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manubrium is no longer able to localize the seat of
stimulation in the bell, it nevertheless continues
.able to perceive, so to speak, that stimulation is
heing applied in the hell somewhere; for every
time any portion of tissue below the cut o is
irritated, the manubrium actively dodges about
from one part of the bell to another, applying its
extremity now to this place and now to that one,
as if seeking in vain for the offending body. If the
stimulation is persistent, the manubrium will every
now and then pause for a few seconds, as if trying
to decide from which direction the stimulation is
proceeding, and will then®suddenly move over and
apply its extremity, perhaps to the point that is
_opposite to the one which it is endeavouring to find,
It will then suddenly leave this point and try an-
other, and then another, and another, and so on, as
long as the stimulation is eontinued, Moreover, it
is important to observe that there are gradations
between the ability of the manubrium to localize
correctly and its inability to localize at all, these.
gradations being determined by the eirenm-
ferential distance from the end of the eut and
the point of stimulation. For instance, in Fig. 22,
Suppose a ent A B, quarter of an inch long, to be
made pretty close to the margin and concentrie
with it, then a stimulus applied at the point ¢, just
below the middle point of A B, would have the effect
of making the manubrinvm move about to various
parts of the bell, without being able in the least
degree to localize the seat of irritation. But if

the stimulus be applied at J, the manubrivm will
1
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probably be so far able to localize the seat of irrita-
tion as to confine its movements, in its search for the
offending body, to perhaps the guadrant of the bell-
in which the stimulation is being applied. If the
stimulation be now supplied at e, the localization
on the part of the manubrium will be still more
accurate ; and if applied at f (that is, almoest beneath
one end of the ent A B), the manubrium may sue-
ceed in localizing quite correctly.

These facts may also be well brought out by
another mode of section, viz. by eutting round a
greater or less extent of the marginal tissue, leaving
one end of the rgsulting slip free, and the other end
attached 4n sifw. If this form of section be
practised on Tiarvopsis indicans, as represented at
g & in the ficure, it may also be ohserved that
irritation of a distant point in the marginal strip,
such as g or [, canses the manubrium to move in
various directions, without any special reference to
that part of the bell which the irritated point of
the marginal strip would occupy if in sifiw. But if
the stimulation be applied only one or two millims,
from the point of attachment of the marginal strip,
as at 4, the manubrium will confine its localizing
motions to perhaps the proper quadrant of the bell :
and if the stimulus be applied still nearer to the
attachment of the severed strip, as at j, the localizing
motions of the manubrium may become quite
accurate,

Again, with regard to radial distance, if the cut
A B in the figure were situated higher up in the
bell, as at A’ B, and the are, ¢, d, ¢ f, of the
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margin irritated as before, the manubrium would
be able to localize better than if, as before, the
radial distance between A B and ¢, d, e, f were less,
The greater this radial distance, the better would
be the localizing power of the manubrium; so that,
for instance, if the ent A’ B' were situated nearly
at the base of the manubrium, the latter organ
might be able to loealize correctly a stimulus ap-
plied, not only as before at £, but also at ¢ or d. In
such comparative experiments, however, it is to be
understood that the higher up in the bell a cut is
placed, the shorter it must be ; for a fair comparison
requires that the two ends of the cut shall always
touch the same two radii of the nectocalyx. Still,
if the cut is only a very short one (say one or two
millims, long), this consideration need not practically
be taken into account; for such a eut, if sitnated
just above the margin, as represented at @, will
have the effect of destroying the localizing power of
the manubrium as regards the corresponding are of
the margin; but if sitvated high up in the bell,
even though its length be still the same, it will not
have this effect.

From all this, then, we have seen that the con-
nections which render possible the accuwrate localiz-
ing functions of the manubrinm are almost, though
not quite, exclusively radial, We have also seen
tiiat between accurate localization and mere random
movements on the part of the manubrium there are
numerous gradations, the degree of decline from
one to the other depending on the topographical
relations betwaen the point of stimulation and the
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end of the section (the section being of the form
represented by A B in the figure). These relations,
as we have seen, are the more favourable to correct
localization : (u) the greater the radial distance be-
tween the point of stimulation and the end of the
gection ; and (b) the less the eircumferential distance
between the point of the stimulation and the radius
let fall from the end of the section. Put we have
seen that the limits as regards severity of section
within which these gradations of localizing ability
oceur, ave exceedingly restricted—a cut of only a
few millims. in length, even though situated at the
greatest radial distance possible, being sufficient to
destroy all localizing power of the manubrium as
regards the middle point of the corresponding are -
of the margin, and a stimulus applied only a
few millims, from the attached end of a severed
marginal strip entirely failing to cause localizing
action of the manubrium. Lastly, we have seen
that even after all localizing action of the manu-
brium has been completely destroyed by section of
the kinds deseribed, this organ nevertheless con-
tinues actively, though ineffectually, to search for
the seat of irritation.

The last-mentioned fact shows that after exeita-
tional continuity of a higher order has been
destroyed, excitational continuity of a lower order
nevertheless persists; or, to state the case in
ather words, the fact in question shows that after
soverance of the almost exclusively radial connee-
tions between the bell and the manubrium, by
which the perfect or unimpaired locaiizing funetion
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of the latter is rendered possible, other eonnections
between these organs remain which are not -in any
wise radial. I therefore next tested the degree in
which these non-radial connections might be cut
without causing destruction of that excitational
continuity of a lower order which it is their func-
tion to maintain. It will here suffice to record one
mode of section which has yielded definite results.
A glance at the accompanying illustration (Fig. 23)
will show the manner in which the Medusa is pre-

Fig. 1.

pared. The margin having been removed (in order to
prevent possible conduction by the marginal nerve-
fibres), a single deep radial eut (¢ ) is first made, and
then a civeumferential cut (a, b, ¢) is carried nearly
all the way round the base of the manubrinm. In
this way the nectocalyx, deprived of its margin, is
converted into a continuous band of tissue, one of
the ends of which supports the manubrium. Now
it is obvious that this mode of section must be very
trying to nervous connections of any kind subsist-
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ing between the bell and the manubrium. Never-
theless, in many cases, irritating any part of the
band « [ has the effect of causing the manubrium
to perform the active random motions previously
deseribed. In such cases, however, it is observable
that the further away from the manubrium the
stimulus is applied, the less active is the response
of this organ, TIn very many instances, indeed, the
manubrium altogether fails to respond to stimuli
applied at more than a certain distance from itself,
For example, referring to Fig. 23, the manubrium
might actively respond to irritation of any point
in the division d, ¢, f, g, while to irritation of any
point in the division f, g, A, ¢ its responses would
be weaker, and to irritation of any point in &, ¢, /, &,
they would be very uncertain or altogether absent.
Hence in this form of section we have reached
about the limit of tolerance of which the non-radial
connections between the bell and manubrium are
eapahle.

Another interesting fact brought out by this form
of section is, that the radial tubes are tracts of
comparatively high irritability as regards the manu-
brium; for the certainty and vigour with which
the manubrium responds to a stimulus applied at
cne of the severed radial tubes, f, g, or £, 4, or g, &,
contrast strongly with the uncertainty and fealide-
ness with which it often responds to stimuli applied
Letween any of these tubes, Indeed, it frequently
happens that a specimen which will not respond
at all to a stimulus applied between two radial
tubes, will respond at once to a stimulus applied
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much further from the manubrium, but én the cowrse
of the radial tube 7 .

And this leads us to another point of interest.
In such a form of section, when any part of the
mutilated nectocalyx is irritated, the manubrium
shows a very marked tendency to touch some point
in the tissue-mass a « d e (Fig. 23) by which it still
remaind in connection with i.he bell, and through
which, therefore, the stimulus must pass in urder
to reach the manubrium. And it is observable that
this tendency is particularly well marked if the
section has been planned as represented in Fig. 23,
i.c. in such a way as to leave the tissue-tract @ a d ¢
pervaded by a nutrient-tube d e, this tube heing
thus left intact. When this is done, the manubrinm
most usually points to the uninjured nutrient-tube
d e every time any part of the tissue-band el is
irritated.

Let us now very briefly consider the inferences
to which these results would seem to point. The
fact that the localizing power of the manubrium
is completely destroyed as regards all parts of the
bell lying beyond an incision in the latter, con-
clusively proves, as already stated, that all parts
of the bell are pervaded by radial lines of differen-
tiated tissue, which have at least for one of their
funetions the conveying of impressions to the manu-
brium. The fact in question also proves that the
particular effect which is produced on the manu-
brium by stimulating any one of these lines cannot
be so produced by stimulating any of the other
lines, But although these tmda of diffeventiated
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tissue thus far resemble afferent nerves in their.
function, we scon see that in one important par-
ticular they differ widely from such nerves; for
we have seen that, after they have been divided,
stimulation of their peripheral parts still continues
to be transmitted to their central parts, as shown
by the non-localizing movements of the manubrium.
Of cowrse this transmission cannot take place
through the divided tissue-tracts themselves; and
hence the only hypothesis we can frame to account
for the fact of its occurrence is that which would
suppose these tissue-tracts, or afferent lines, to be
capable of vicarious action, Such vicarious action
would probably be effected by means of intercom-
municating fibres, the divections of which would
probably be various. In this way we arrive at the
hypothesis of the whole contractile sheet being
pervaded by an intimate plexus of funectionally
differentiated tissue, the constituent elements of
which are capable of a vicarious action in a high
degree,

Now we know from histological observation that
there is a plexus of nerve-fibres pervading the whole
expanse of the contractile sheet, and thercfore we
may conclude that this is the tissue through which
the effects are produced. But, if so, we must
further econclude that the fibres of this nerve-plexus
are capable of viearious action in the high degree
which I have explained.

And this hypothesis, besides being recommended
by the consideration that it is the only ome avail-
ahle, is confirmed by the fact that the stimuli which
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it supposes to escape from a severed phalanx of
nerve-fibres, and then to reach the manubrium after
being diffused through many or all of the other
radial lines (such stimuli thus converging [romi
many directions), are responded to when they reach
the manubrium, not by any decided loealizing action
on the part of the latter, but, as the hypothesis
would lead us to expect, by the tentative and
apparently random motions which are actually
observed. Moreover, we must not neglect to notice
that these tentative or random movements resemble
in every way the localizing movements, saye only
in their want of precision. Again, this hypothesis
is rendered more probable by the occurrence of
those gradations in the localizing power of the
manubrium which we have seen to be so well
marked under certain conditions, The occurrence
of such gradations under the conditions I have
named is what the theory would lead us to expect,
because the closer beneath a section that a stimulus
is applied, the greater must be the immediate lateral
spread of the stimulus through the plexus before it
reaches the manubrium. Similarly, the further the
circumferential distance from the nearest end of such
a section that the stimulus is applied, the greater will
be its lateral spread before reaching the manubrinm,
Lastly, the present hypothesis would further lead
us to anticipate the fact that when Tiaropsis in-
dicans is prepared as represented in Fig. 23, the
manubrium refers a stimulus applied anywhere in
the mutilated nectocalyx to the band of tissue by
whiel it is still left in connection with that organ;
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for it is evident that, according to the hypothesis,
the radial fibres oceupying such a band are the only
ones whose irritation the manubrium is able to
perceive, and henee it is to be expected that it
should tend to vefer to these particular fibres a
source of irritation ocewrring anywhere in the
mutilated hLell,

It is not quite so easy to understand why, in the
last-mentioned experiment, the manubrinum should
tend to refer a seat of irritation to the unsevered
nutrient tube, or nerve-trunk, rather than to the
unsevered nerves in the gemeral nerve-plexus on
either side of that nerve-trunk: for if this nerve-
trunk at all resembles in its functions the nerve-
trunks of higher animals, the afferent clements
collected in it ought to eommunicate to the manu-
brium the impression of having had their distal
terminations irritated, and therefore the fact of
& number of such elements being collected into a
single trunk cught not to cause the manubrivm to
refer a distant seat of irritation to that trunk rather
than to any of the parts from which the plexus-
elements may emanate. Concerning this diffieulty,
however, I may observe that we seem to have in
it one of those cases in which it would be very un-
snfe to argue, with any confidence, from the highly
integrated nervous systems with which we are best
acquainted, to the primitive nervous systems with
which we are now concerned.  And although it
would oceupy too much space to enter into a dis-
cussion of this subjeet, I may further observe that
T think it is not at all improbable that the manu-
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brium of Tiaropsis indicans should, in the absence
of more definite information, refer a distant seat
of injury to that tract of collected afferent elements
through which it actually receives the strongest
stimulation.

Stawrophora Laciniala,

This is a Medusa about the size of a small saucer,
which rvesponds to stimulation of its marginal
ganglia, or radial nerve-trunks, by a peculiar
spasmodic movement. This eonsists in a sudden
and violent contraction of the entire muscle-sheet,
the effeet of which is to draw together all the
welatinous walls of the meectoealyx in a far more
powerful manner than oceurs during ordinary swin-
ming. In consequence of this spasmodic action
being so strong, the nectoealyx undergoes a change
in form of a very marked and distinctive character.
The corners of the four radial tubes, being occupied
by comparatively resisting tissue, are not so much
affected by the spasm as are other parts of the bell s
and they therefore constitute a sort of framework
upon which the rest of the bell contracts, the
whole bell thus assuming the form of an almost
perfect square, with each side presenting a slight
concavity inwards. These spasmodic movements,
however, are quite unmistakable when they oecur
even in a very minute portion of detached tissue ; for,
however large or small the portion may be, when
in a spasm it folds upon itself with the characteris-
tically strong and persistent contraction. I say
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persisfent. contraction, beeause a spasmodic con-
traction, besides being of unusual strengtlh, is also
of unusual duration; that is to say, while an
ordinary systolic movement only lasts a short. time,
a spasm lasts from six to ten seconds or more, and
this whether it oeceurs in a large or in o small piece
of tissue. Again, the diastolic movements differ
very much in the case of an ordinary locomotor
contraction and in that of a spasm; for while in
the former case the proeess of relaxation is rapid
even to suddenness, in the latter it is exceedingly
prolonged and gradual, occupying some four or five
seconds in its exeeution, and, from its slow but
continuous nature, presenting a graceful appearance.
Lastly, the difference hetween the two kinds of
contraction is shown by the fact that, while a spasm
is gradually passing off the ordinary rhythmical
contractions may often be seen to be superimposed
on it—both kinds of contraction being thus present
in the same tissue at the same time.

Now the point with which we shall be especially
concerned is, that it is only stimulation of certain
parts of the organism which has the effect of throw-
ing it into a spasm. These parts are the margin
(including the tentacles) and the courses of the
four radial tubes (including the manubrium, which
in this species is spread over the radial tubes).
This limitation, however, is not invariable; for I
have often seen individunals of this species respond
with a spasm to irritation of the general contractile
tissue. Nevertheless, such response to such stimu-
lation in the case of this species is exceptional—
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the usual response to museular irritation being an
ordinary locomotor econtraction, which forms a
marked contrast to the tonic spasm that fnvariably
ensues upon stimulation of the margin, and almost
invariably upon the stimulation of a radial tube.
The first question I undertook to answer was the
amount of section which the execitable tissues of
Staurophora laciniata would endure without losing
their power of conducting the spasmodic contraction
from one of their parts to hnother, This was a
very interesting question to settle, because Stauro-
phora laciniata, like all the other species of disco-
phorus naked-eyed Meduse, differs from Awurelia,
ete,, in that the ordinary contraction-waves are very
pasily biocked by section. It therefore became in-
teresting to ascertain whether or not the wave of
spasm admitted of being blocked as easily. First,
then, as regards the margin, If this be all out off in
a continuous strip, with the exception of one end
left attached in sifw, irritation of any part of the
almost severed strip will canse a responsive spasm
of the bell, so soon as the wave of stimulation has
time to reach the latter. I next continued this form
of section into the contractile tissues themselves,
carrying the incision round and round the bell in
the form of a spiral, as represented in the case of
Aurelia by Fig. 11, page 70. In this way I con-
verted the whole Medusainto a ribbon-shaped piece
of tissue;* and on now stimulating the marginal

# Tt may be stated that while conducting this mode of section
of Btaurophors lacininta, the animal responds to each cut of the
contractile tissues with a locomobor contraction (or it may not
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tissue at one end of the ribbon, a portion of the
Jatter would go into a spasm. The object of this
experiment was to aseertain how far into the
rivbon-shaped fissue the wave of spasm would
penetrate, As I had expected, different specimens
manifested considerable differences in this respect,
but in all cases the degree of penetration was
astonishingly great. For it was the exception to
find cases in which the wave of spasm failed to
penetrate from end to end of a spiral strip caused
by & section that had been carried twice round the
nectocalyx ; and this is very astonishing when we
remember that the ordinary contraction-waves,
whether originated by stimulation of the contractile
tissues or arising spontaneously from the point of
attachment of the marginal strip, usnally failed to
penetrate further than a quarter of the way round.
Moreover, these waves of spasm will continue to
penetrate such a spiral strip even after the latter
has been submitted to a system of interdigitating
cuts of a very severe deseription.

MNow, we have here to deal with a class of facts
which physiologists will recognize as of a perfectly
novel character, Why it should be that the very
tenuous tracts of tissue which I have named should
have the property of responding even to a feehble
gtimulus by issning an impulse of a kind which
throws the eontractile tissues into a spasm ; why it
should be that a spasm, when so criginated, should

respond ot all) ; but each time the section erosses one of the
rodinl tnbes, the whole bell in front of the section, and the whols
strip behind it, immediately go into a spasm,
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manifest a power of penetration to which the
normal contractions of the tissues in which it occurs
bear so small a proportion; why it is that the con-
tractile tissues should be so deficient in the power of
originating a spasim, even in response to the strongest
stimulation applied to themselves ;—these and other
questions at once suggest themselves as questions of
interest. At present, however, T am wholly unable
to answer them; though we may, I think, fairly
assume that it 15 the uanglmnm element in the
margin, and probably also in the radial tubes,
which responds to direct stimulation by discharging
a peculiar impulse, which has the remarkable effect
in gquestion. For the sake of rendering the matter
guaite clear, let us employ a somewhat far-fetched
but convenient metaphor. We may compare the
general contractile tissues of this Meduosa to a mass
of gun-cotton, which responds to ignition (direct
stimulation) by burning with a quiet flame, but to
detonation (marginal stimulation) with an explosion,
In the tissue, as in the cotton, every fibre appears
to be endowed with the capacity of liberating
energy in either of two very different ways; and
whenever one part of the mass is made, by the ap-
propriate stimulus, to liberate its energy in one of
these two ways, all other parts of the mass do the
same, and this no matter how far through the
mass the liberating process may have to extend,
Now, employing this metaphor, what we find is
that, while the contractile fibres resemble the cotton
fibres in the respects just mentioned, the ganglion
cells resemlle detonators, when themselves directly



128 JELLY-FIGH, STAR-FISH, AND SEA-URCHINS,

stimulated. In other words, the ganglion-cells of
this Medusa are able to originate two very different
kinds of impulse, according as they liberate their -
energy spontaneously or in answer to direct stimu-
lation, and the museular tissues respond with a
totally different kind of contraction in the two
eases. Possibly, indeed, direct stimulation of the
ganglia iz followed by a spasm of the muscular
tissue only because a greater amount of ordinary
ganglion influence is thus liberated than in the case
of a merely spontaneous discharge. If this were
the explanation, however, I should not expect so
great a contrast as there is between the facility
with which a spasm may be caused hy stimulation
of the margin and of the contractile tissue respec-
tively. The slightest nip of the margin of Stauro-
phora laciniata, for instance, is sufficient to eause
a spasm, whereas even crushing the contractile
tissues with a large pair of dissecting-foreeps will
probably fail to cause anything other than an
ordinary contraction. Nevertheless, pricking the
mnrgin with a fine needle usually has the effect of
eansing only a locomotor contraction,

In conclusion, I may state that anmsthetics lmvﬂ
the effect of blocking the spasmodie wave in any
portion of tissue that is submitted to their in-
fluence. It is always ohservable, however, that
this effect is not produced till after spontaneity has -
heen fully suspended, and even museular irvitability
destroyed as regards direct stimulation. Up to
this stage the certainty and vigour of tlm '-tpm-,m
consequent on marginal irritation arc t per-
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ceptibly impaired; but soon after this stage the
intensity of the spasm begins to become less and
later still it assumes a local character., Tt is im-
portant, also, to notice that at this stage the effect
of marginal stimulation is very often that of pro-
ducing a general locomotor contraction, and some-
times a series of two or three such. During recovery
in normal sea-water all these phases occur in
reverse order,
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€O-ORDINATION.

Covered-eyed Meduse,

Frox the fact that in the covered-eyed Medusze the
passage of a stimulus-wave is not more rapid than
that of a contraction-wave, we may be prepared
to expect that in these animals the action of the
locomotor ganglia is not, in any proper sense of the
term, a co-ordinated action; for if a stimulus-wave
cannot outrun a contraction-wave, one ganglion
cannot know that another ganglion has discharged
it influence till the contraction-wawve, which re-
sults from a discharge of the active ganglion, has
reached the passive one. And this I find to be
generally the case; for it may usually be observed
that one or more of the lithoeysts are either tempo-
rarily or permanently prepotent over the others,
i.e. that contraction-waves emanate from the pre-
potent lithoeysts, and then spread rapidly over
the swimming-bell, without there being any signs of
co-ordinated or simultaneous action on the part of
the other lithoeysts. Nevertheless, in many cases
such prepotency cannot, even with the greatest
care, be observed; but upon every pulsation all
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parts of the swimming-bell seem to contract at the
same instant. And thiz apparently perfeet co-
ordination among the eight marginal ganglia may
continue for any length of time. T believe, however, -
that such appavently complete physiological har-
mony is not co-ordination properly so called, 7., is
not due to special nervous connections between the
ganglia ; for, if such were the case, perfectly syn-
chronous action of this kind ought to be the rule
rather than the exception,

I am therefore inclined to account for these cases
of perfectly synchronous action by supposing that
all, or most, of the ganglia require exactly the same
time for their nutrition ; that they arve, further, of
exsatly equal poteney in relation to the resistance
(or excitability) of the surrounding eontractile
tizssues ; and that, therefore, the balance of forces
being exactly equal in the ease of all, or most, of the
ganglia, their rhythm, thongh perfectly identical, is
really independent. I eonfess, however, that T am
by no means certain regarding the accuracy of this
conclusion, as it is founded on negative rather than
on positive considerations: that is to say, I arrive
at this conclusion regarding the cases in which such
apparent co-ordination is observable only hbecause
in other cases such apparent co-ordination is not
observable; and also, I may add, because my
experiments in section have not revealed any
evidence of nervous connections capable of con-
dncting a stimulus-wave with greater rapidity than
o contraction-wave, I therefore consider this eon-
clusion an vncertain one, and its uncertainty is,
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perhaps, still farther increased by the vesult of the
following experiments.

If a covered-eyed Medusa be chosen in which——
perfectly synchronous action of the ganglia is
observable, and if a deep radial incision be made
between each pair of adjacent ganglia—the ineisions
being thus eight in number and carried gither from
the margin towards the centre or wvice vergd—it
then becomes conspicuous enough that the eight
partially divided segments no longer present syn-
chronous action; for now one segment and now
another takes the initiative in starting a contraction-
wave, which is then propagated to the other
segments.  And it is evident that this fact tends to
negative the above explanation, for if the discharges—"
of the ganglia are independently simultaneous
Defore section, we might expect them to continue so
after section, It must be remembered, however,
that the form of section we are considering is a
severe one, and that it must therefore not only give
rise to general shock, but also greatly interfere with
the passage of contraction-waves, and, in general,
disturh the delicate conditions on which, according
to the suggested explanation, the previous harmony
depended. Besides, as we shall subsequently see,
for gome reason or other segmentation of a Medusa
profoundly modifies the rate of its rhythm, T
view of these considerations, therefore, the results
yielded by such experiments must not be regarded
as having any conclusive bearing on the question
before us; and as these or similar objections
apply to various other modes of sectfon by which
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I have endeavoured to settle this guestion, I will
not here occupy space in detailing them.

Tt seems desirable, however, in this connection
again to mention a fact briefly stated in a former
chapter, namely, that section conclusively proves
a contraction-wave to have the power, when it
reaches a lithoeyst, of stimulating the latter into
activity ; for it is not difficult to obtain a series
of lithoeysts connected in such a manner that the
vesistance offered to the passage of the waves by
a certain width of the junction-tissue, ig such as
just to allow the residunm of the contraction-wave
which emanates from one lithoeyst to reach the
adjacent lithocyst, thus causing it to originate
another wave, which, in turn, is just able to pass to
the next lithoeyst in the series, and so on, each
lithoeyst in turn acting like a reinforcing battery
to the passage of the contraction-wave. Now this
fact, I think, sufficiently explains the mechanism of
ganglionic action in those cases where one or more
lithocysts are prepotent over the others ; that is to
say, the prepotent lithocyst first originates a con-
traction-wave, which is then successively reinforced
by all the other lithoeysts during its passage round
the swimming-bell. In this way the passage of
& contraction-wave is no doubt somewhat accele-
rated ; for I found, in marginal strips, that the rate
of transit from a terminal lithoeyst to the other
end of the strip was somewhat lowered by exeising
the seven intermediate lithoeysts.

1 may here state, in passing, a point of =oma
little interest in connection with this reinforcing
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action of lithocysts. When I first observed this
action, it appeared to me a mysterious thing why
its resnlt was always to propagate the contraction-
wave in only one direction—the direction, namely,
in which the wave happened to be passing before it
reached the lithoeyst. For instance, suppose we
have a strip A D, with a lithoeyst at each of the
equidistant points A, B, C, D; and suppose that the
* lithoeyst B originates a stimulus: the resulting
contraction-wave passes, of course, with equal
rapidity in the two opposite directions, B A, B C
(arrows b a, b ¢) : the contraction-wave b o therefore

reaches the lithocyst A at the same time as the
contraction-wave b ¢ reaches the lithoeyst C, and
s0 both A and C discharge simultaneously. What,
then, should we expect to be the result? I think
we should expect the wave b e to continue on its
course to D, after having been strengthened at C,
and a reflex wave @' U to start from A (owing to
the fli:scilm‘gc at A), which would reach B at the
aame time as 8 similar vefler wave ¢ U starting
from C (owing to the discharge at (') ; so that l_)gr
the time the original wave b ¢ d had reached D,
the point B would be the seat of a colljsion between
the two reflex waves a' b and ¢ d'. And, not to
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push the supposed case further, it is evident that
if such reflex waves were to occur, the resulting
confusion would very soon require tp end in tetanus.
As a matter of fact, these reflex waves do not oceur ;
and the question is, why do they not? Why is it
that a wave is only reinforced in the direction in
which it happens to be travelling—so that if, for
instance, it happens to start from A in the above
series, it is successively propagated by B C in the
direction A, B, C, D,'and in that direction only ;
whereas, if it happens to start from D, it is propa-
gated by the same lithocysts in the opposite
direction, D, C, B, A, and in that direction only—the
wave in the one case terminating at the lithoeyst I,
and in the other case at the lithocyst At Now,
although this absence of reflex waves appears at
first sight mysterious, it admits of an exceedingly
simple explanation. I find that the contractile
tissues of the covered-gyed Medusse cannot be made
to respond to two suceessive stimuli of minimal, or
but slightly more than minimal intensity, unless
such stimuli are separated from one another by
a certain considerable interval of time. Now, when
in the above illustration the contraction-wave starts
from A, by the time it reaches B the portion of
tissue ineluded between A and B has just been in
contraction in response to the stimulus from A,
while the portion of tissue included between B and
(! has not been in contraction. Consequently,
the stimulus resulting from a ganglionie discharge
being presumably of minimal, or but slightly more
than minimal intensity, the tissue included be-
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tween A and B will not respond to the discharge
of B; while the tissue included between B and C,
not having been just previously in contraction,
will respond, And conversely, of course, if the con-
traction-wave had been travelling in the opposite
direction.

Seeing that this explanation is the only one
possible, and that it moreover follows as a deduc-
tive necessity from my experiments on stimulation,
I think there is no need to detail any of the further
experiments which I made with the view of con-
firming it. But the following experiment, devised

to confirm this explanation, is of interest in itself,

and on this account I shall state it H&Ving_d]:.re—

pared a contractile strip with a single remaining
lithocyst at one end, I noted the rhythm exhibited
by this lithoeyst, and then imitated that rhythm
by means of single induced shocks thrown in with
a key at the other end of the strip. The effect of
these shoeks was, of course, to cause the contraction-
waves to pass in the direction opposite to that in
which they passed when originated by the lithe-
cyst. Now I found, as I had expected, that so long
as I continued exactly to imitate the rate of gang-
lionic rhythm, so long did the waves always pass
in the direction B A—A being the lithoeyst, and B
the other end of the strip. I also found that if I
allowed the rate of the artificially caused rhythm
to sink slightly below that of the natural rhythm,
after every one to six waves (the number depend-
ing on the degree in which the rate of succession of
my induction shocks approximated to the rate of
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the natural thythm) which passed from B to A, one
would pass from A to B*
Of course the only interpretation to be put on

these facts is that every time an artificially started
wave reached the terminal ganglion it caused the
latter to discharge; but that the oceurrence of a
discharge could not in this case be rendered ap-
parent, becanse of the inadequacy of that discharge
to start a reflex wave. DBut that such discharges
always took place was manifest, both d priori be-
cause from analogy we may be sure that if theve
had happened to be any contractile tissue of appro-
priate width on the other side of the ganglion, the
discharge of the latter would have been rendered
apparent, and & posteriori because, after the arrival
of every artificially started wave, the time required
for the ganglion to originate another wave was pre-
cisely the same as if it had itself originated the
Previous wWave,

In view of these vesults, it oceurred to me as an
mteresting experiment to try the effect on the
natural rhythm of exhausting a ganglion thus situ-
ated, by throwing in a great number of shocks at
the other end of the strip. 1 found that after five
hundred single shoeks had been thrown in with a
rapidity almost sufficient to tetanize the strip, im-
mediately after the stimulation ceased, the natural

* When two such wavea met, they neotralized ench othor at
their line of collision ; or perhaps more correctly, the tissne on
ench side of that line, having jnst been in contraction, was nob
able again to convey o contraction.wave possing in the oppo-

site direction 4o the wave which it had conveyed immedintely
Liefora,



135 JELLY-FISH, RTAR-FISH, AND SEA-URCHINS,

rhythm of the ganglion, which had previously been
twenty in the minute, fell to fourteen for the fivst
minute, eighteen for the second, and the original
rate of twenty for the third. In such experiments
the diminution of rate is most conspicuous during
the first fifteen or thirty seconds of the first minute.
Sometimes there are no contractions at all for the
first fifteen seconds after eessation of the stimulating
process, and in such cases the natural rhythm,
when it first begins, may be as slow as one-half or
even one-quarter its normal rate. All these effects
admit of being produced equally well, and with less
trouble, by faradizing the strip, when it may be
even better ohserved how prolonged may be the
stimulation, without causing anything further than
such slight exhaustion of the ganglion as the above
results imply.*

Naled-eyed Medusce.

It would be impossible to imagine movements on
the part of so simple an organism more indicative
of physiological harmony than are the movements
of Sarsia. One may watch several hundreds of
these animals while they are swimming about in
the same bell-jar and never perceive, as in the
covered-eyed Meduswe, the slightest want of gang-

* Tn this description 1 hoave everywhore adopted the enrrent
phraseolegy with regard to ganglionie action—a phraseclogy

which embedies the theory of ganglin supplying interropted stima-
lation. Tt although I have done this for the sake of clearness,
of cotrss it will be eoen that the facts harmonize cqoally well
with the theory of continuong stimulation, to which 1 shall allode
forther on. r
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lionie eo-ordination exhibited by any of the speci-

mens, Moreover, that the ganglionie eo-ordination
" is in this case wonderfully far advanced is proved
by the fact of members of this genus heing able
to steer themselves while following a light, as
previously described.®

In the discophorous species of naked-eyed Meduswe,
however, perfectly co-ordinated action is by no
means of such invariable occurrence as it is in
Harsin; for although in perfectly healthy and
vigorous specimens systole and diastole oceur at
the same instant over the whole nectocalyx, this
harmoniously acting mechanism is very liable to be
thrown out of gear, so that when the animals are
suffering in the least degree from any injurious
conditions, often too slight and obscure to admit of
dizcernment, the swimming movements are no longer
synchronous over the whole nectoealyx; but now
one part is in systole while another part is in
diastole, and now several parts may be in diastole
while other parts are in systole. And as in these
animals very slight causes seem sufficient thus to
impair the ganglionic co-ordination, it generally
happens that in a bell-jar containing a number of
gpecimens belonging to different species, numerous
examples of more or less irregular swimming move-
ments are observable,

Taking, then, the ease of Sarsia first, from my

# Removing the manubritm does not interfers with this steering
action ; hub if any considerable portion of the margin is excised,
the animal seems no longer able to find the beam of Tght, even
thongh cne or more of the marginal bodies he left i sitii.
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previous observations on the physiological harmony
subsisting between the tentacles, I was led to expect
that the co-ordination of the locomotor ganglia was
probably effected by means of the same tissue-tracts
through which the intertentacular harmony was
effected, namely, those situated in the margin of the
bell.  Accordingly, I introduced four short radial
cuts, one midway between each pair of adjacent
marginal bodies. The co-ordination, however, was
not perceptibly impaired. T therefore continued
the radial cuts, and found that when these reached
one-half or two-thirds of the way up the sides of
the inner bell (or contractile sheet), the co-ordina-
tion became visibly affected, and this for the first
time,

I also tried the following experiment. Instead
of beginning the radial cuts from the margin, I
began them from the apex of the cone ; and I found
that however many of such euts I introduced, and
however far down the cone I carried them, so long
as I did not actually sever the margin, so long did
all the divisions of the bell continue to contract
simultaneously.® This fact, therefore, proves that
the margin of the bell iz alone sufficient to maintain
co-ordination,

# Thia could be particnlarly well seen if, after the extroma
apex of the cone hiad been removed, one of tho fonr radial cuts
wag continved through the margin, and the latter was then
H]n-em‘] ont into s linear form by gently pressing the animal agninst
the flat gide of the glass vossel in which it was contained. The
same experiment performed on Aurelia s, of course, attended
with a totally different result, now one segmont and now another
originating n discharge which then spreads to all the others in
the form of a contraction-wave.



CO-ORDINATION, 141

The next experiment I tried was to make four
short radial incisions in the margin as before
-described, 'and then to continue one of these in-
cisions the whole way up the bell By careful
observation I could now perceive that all the
marginal ganglia did not discharge simultane-
ously ; for when those situated nearest to the long
radial cut happened to take the initiative, the
resulting contraction-wave, having double the dis-
tance to travel which it would have had if the long
radial cut had been absent, could now be followed
by the eye in its very rapid course round the bell.
Now, the fact that in this form of section I was
able to detect the passage of a wave, proves that
the three short radial sections had destroyed the
co-ordinated action of the marginal ganglia.

From these experiments, then, I conclude that in
this genus ganglionic eo-ordination, in the strict
sense of the term, is effected exclusively by means
of the marginal nerves. And as these experiments
on Sareia are exceedingly difficult to conduct, owing
to the very rapid passage of contraction-waves in
this genus, it is satisfactory to find that this con-
clusion is further supported hy the analogy which
the other species of naked-eyed Medusm afford, and
to the consideration of which we shall now proceed.

The effects of four short radial incisions through
the margin of any species of Tiaropsis, Thaumantias,
Btaurophora, ete, are usnally very conspicuous,
Each of the quadrants included between two adjacent
incisions shows a strong tendency to assume an
independent action of its own. This tendeney is
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sometimes so pronounced as to -amount almost to
a total destruction of contractional continuity
between two or more quadrants of the bell; but
more usually the effect of the marginal sections is
merely that of destroying excitational continuity,
or at least physiological harmony.

It is an interesting thing that this form of section,
althoughin actual amount so very slight, is attended
with a much more pernicious influence on the
vitality of the organism than is any amount of
section of the general contractile tissues. Thus, if
a specimen of Tiaropsis, for example, be chosen
which is swimming about with the utmoest vigour,
and if four equidistant radial cuts only just long
enough to sever the marginal canal be made, the
animal will soon begin to show symptoms of enfeeble-
ment, and within an hour or two after the operation
will probably have ceased its swimming motions
altogether, The animal, however, is not actually
dead ; for if while lying motionless at the bottom of
the vessel it be gently stimulated, it will respond
with a spasm as usual, and perhaps immediately
afterwards give a short and feeble hout of swimming
movements, These surprisingly pernicious results
are not so conspicucus in the ease of Sarsia, although
in this genus likewise they are sufficiently well
marked to be unmistakable., T here append a table
to show the comparative effects of the operation in
question on different species. The cases may be
regarded as very usual ones, though it often happens
that a longer time after the operation must elapse
before the enfeebling effects become so prenounced.
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Number of Number Number
contrctions | oo dis i
Mame of epecics, durfng five [ 150 B E,:ﬁﬁ;" Ultimate
{5 inutes aftor After efecdn,
g ""m{iﬁ!‘““" operation, | cperation.
Tiaropsis diademata 57 11 0 Permnnent
—— indicans ... 148 23 ] rest,
" pl:u_l;.'diademntn . 102 13 0 "
oligoplocama 131 39 ] T
Sarsin tubolosn ... 144 5o 14 o
1

This decided effect of so slight a mutilation will
not, perhaps, appear to other physiologists so note-
worthy as it appears to me; for no one who has
not witnessed the experiments can form an
adequate idea of the amount of mutilation of any
parts, other than their marging, which the Medusme
will endure without even suffering from the effects
of shock. Amnother point worth mentioning with
regard to the operation we are considering is, that
not unfrequently the interruptions of the margin,
which have been produced artificially, begin to
extend themselves through the nectocalyx in a
radial direction ; so that in some cases this organ
becomes spontaneously segmented into four guad-
rants, which remain connected only by the apical
tissue of the bell. T do not think that this is due
to the mere mechanical tearing of the tissues as
a consequence of the swimming motions, for the
latter seem too feeble to admit of their producing
such an effect.

In conclusion, I may state that I have been able
temporarily to destroy the ganglionic co-ordination
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of Sarsim, by submitting the animals to severe
nervous shock. The method I employed to pro-
duee the nervous shoek, without causing mutilation,
-was to take the animal out of the water for a few
seconds while I laid it on a small anvil, which I
then struck violently with a hammer. On imme-
diately afterwards vestoring the Medusa to sea-
water, spontaneity was found to have ecased, while
irritability remained. After a time spontancity
began to return, and its first stages were marked
by a complete want of co-ordination ; soon, however,
co-ordination was again restored, But this experi-
ment by no means invariably yielded the same
result,  Spontaneity, indeed, was invariably sus-
pended for a time; but its first return was not
invariably, or even generally, marked by an absence
of co-ordination, even though I had previously struck
the anvil a number of times in snccession. I was
therefore led to try another method of produeing
nervous shoeck, and this I found a more effectual
method than the one just described. It consisted
in violently shaking the Sarsiwme in a bottle half filled
with sea-water. T was surprised to find how
violent and prolonged such shaking might be with-
out any part of the apparently friable organism,
except perhaps the tentacles and manubrium, being
broken or torn, The subsequent effects of shock
were remarkable,  For some little time after their
restoration to the bell-jar, the Sarsiz had lost, not
only their spontaneity, but also their irritability,
for they would not respond even to the strongest
stimulation, In the course of a few minutes, how-

w3
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éver, peripheral irritability returned, as shown by
responses to nipping of the neuro-museular sheet.
The animals were now in the same condition as
when anmsthesiated by caffein or other central
nerve-poison; but in a few minutes later central
or reflex irritability also returned, as shown by
single responses to single nippings of the tentacles.
Last of all spontaneity began to return, and was
in some few cases conspicuously marked by a want
of co-ordination, all parts of the margin originating
impulses at different times, with the result of pro-
ducing & continuous flurried or shivering movement
of the nectocalyx. After a time, however, these
movements beeame co-ordinated; but in most cases
wien a swimming bout had ended and a pause
intervened, the next swimming bout was also in-
augurated by a period of shivering before eo-ordina-
tion became established. This effect might last for
a long time, but eventually it, too, disappeared,
the swimming bouts then beginning with co-or-
dinated action in the usual way,



CHAPTER VII,
NATURAL RHYTHM.

It will be convenient here to introduce all the
observations that I have been able to make with
regard to the natural rhythm of the Meduswe. As
Dr. Eimer has also made some observations in this
connection, Lefore proceeding with the fresh points
having relation to this subject, I shall consider
those to which he alludes.

In Aurelia aurita, as Dr, Eimer noticed, the rate
of the rhythm has a tendency to hear an inverse
proportion to the size of the individual, Size, how-
ever, is far from being the only factor in determin-
ing the differences between the rate of the rhythm
of different specimens, the individual variations in
this respect being very preat even among specimens
of the same size. What the other factors in question
may be, however, I am unable to suggest.

Dr. Eimer also affirms that the duration of the
natural pauses, which in Aurelia habitually alter-
nate with bouts of swimming, bears a direct pro-
portion to the number and strength of the contrac-
tions that occurred in the previous bout of swim-
ming. I observed that Sarsie are much better
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adapted than Aurelise for determining whether any
such precise relation obtains; for, in the first place,
the strength of the contraction is more uniform,
and, in the next place, the alternation of pauses
with bouts of swimming is of a more decided
character in Sarsiee than in healthy specimens of
Aurelie. I further observed that in Sarsia no such
precise relation did obtain, although in a very
general way it is true, as might be expected, that
unusually prolonged bouts of swimming were some-
times followed by pauses of unusual duration. As
all the observations are very much the same, I shall
only quote two of them —

Baraia. Stursdu (another specimen).
Number of pul- Seconids of Number of pul- Beponds of
Eationa, rost. satbons, reet.
i | ] Al G
() 15 29 o
[T 02 84 g2
al 40 a3 1
48 G0 18 ]
1 45 | 8 - 63
G 45 15 B3
1 14 2 B5
Gy 15 11 63
[ alk ) 83
a8 ai 17 &1
22 i 10 L
25 13 3 i3
Hill 5a 1% At
63 20 41 123
42 15 B0 23
4 40 6l 150
T 43 45 145
40 120
10 a7
14 33
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These observations may be taken as samples of
others which it would be unnecessary to quote, as
it will be seen from the above that there is no pre-
cise relation between the number of the pulsations
and the duration of the pauses. Nevertheless, that
there is a general relation may be seen from some
cases in which unusually prolonged pauses occur.
The following instance will serve to show this :—

Sarsin (another spocimen).

Number of pulsations, Beconds of rest,
b= 0
22 35
49 40
b1 43
44 20
o2 15
24 80

112 20
45 183
LH TS a0
[ 45

4 : 140

2 185
H 240
200 (L

In this ease, the relation between the long pause of
380 seconds and the subsequent prolonged swim-
ming bout of 112 pulsations is obvious; also, asg
the latter was then followed by a short pause of
twenty seconds and another comparatively short
bout of forty-five pulsations, the refreshing influence
of the previous 380 seconds rest may be supposed
to have been not quite neutralized by the exhausting
effect of the foregoing 112 pulsations. At any rate,
looking to the general nature of the previous pro-
portions (viz. in their sum 1§{), it is certain that
244 leaves a large preponderance in favour of nutri-
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tion, which preponderance is not much modified
by adding the next succeeding proportion, thus,
280290 444, Consequently, the organism may fairly
be Buppusnd to have entered upon the next pro-
longed period of rest (viz. 185 seconds) with a large
balance of reserve power; so that when to this large
balance there was added the further aceumulation
due to the further rest of 185 seconds, we are not
surprised to find the next suceeeding swimming
bout comprising the enormous number of 894
pulsations. But this great expenditure of energy
seems to have been somewhat in excess of the
energy previously accumulated by the prolonged
rest, for this unusual expenditure seems next to
have entailed an unusually prolonged period of
exhaustion. At any rate, it is plainly observable
that the next succeeding proportions are greatly in
favour of repose; for it is not until 360 seeonds
have elapsed, with only twelve pulsations in the
interval, that energy enough has been aceumulated
to cause a moderate bout of thirty pulsations. But
next another long and sustained pause of 240
seconds supervenes, and, the animal being now fully
refreshed with a large surplus of accumulated
energy, the next suceeeding swimming bout com-
prises two hundred pulsations, Lastly, there suc-
ceeded sixty seconds of rest, and here the observa-
tion terminated.®

* If the reader takes the tronble to nscertain the average pro-
portion between the number of pulsntions and the seconds of rest
in the first observations ns far down as the first long panse, viz.
a8 above stated, 1, ond if be then balances the succeeding income
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FEifects of Seqmentation on the Rhytlan.

We have next to consider Dr. Eimer's ohserva-
tions concerning the effects on the rhythm of
Aurelia which result on entting the animal into
segments ; and here, again, I much regret to say
that I eannot wholly agree with this author, He
zays he found evidence of a very remarkable fact,
viz that by first connting the natural rhythm of an
unmutilated Aurelia, and then dividing the animal
into two halves, one of these halves into two
quarters, and one of these quarters into two eighths;
the sum of the contractions performed by these four
segments in a given time was equal to the number
which had previously been performed in a similar
time by the unmutilated animal. And not only so,
but the number of contractions which each segment
contributed to this sum was a number that stood in
direct proportion to the size of the segment; so
that the half contracted half as many times, the
quarter a quarter as many times, and the eighth
parts one-eighth part the number of times that the
unmutilated Aurelia had previously contracted in a
period of equal duration. T am glad to observe
that Dr. Eimer does not regard this rule otherwise

and expenditure of encrgy of all the rest of the cbeervations, ba
will find the nek resalt to accord very preeisely with the propor-
tion he previeusly obtained. Dok, ns alrepdy stated, any such
precision as this is certainly the excepiion rather than the rale,

It may liere be stated that after the sixty speonds of rest aboyve
recorded, the animal began another swimming bont. It was then
immedintely bisceted, and the gubsequent observations are de.
tniled in the next footnote,

-
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than as liable to frequent exeception ; for, as already
observed, I cannot say that my experiments have
tended to confirm it. I am only able to say that
there is general tendency for the smaller segments
of an Aurelia divided in this way to contract less
frequently than the larger segments.

It would be tedious and unnecessary to quote
any observations in this connection; but as these
observations brought out very clearly a fact which
I had previously suspected, I may detail one ex-
periment to illustrate this point. The fact in ques-
tion is, that the potency of the lithoeysts in any
given segment of a divided Aurelia has more to do
with the frequenecy of its pulsations than has the
size of the segment. As previously mentioned, one
or more lithocysts may often be observed to be per-
manently prepotent over the others; and I may
here observe that the segmentation experiments
just described have shown the converse to be true,
viz. that one or more lithoeysts are often per-
manently feebler than the others, Well, if a
specimen of Aurelia exhibiting decided prepotency
in one or more of its lithoeysts be watched for a con-
siderable length of time, so as to be sure that the
prepotency is not of o merely temporary character,
and if the animal be then divided into segments in
such a way that the prepotent lithocysts shall
occupy the smaller segments, it may be observed,
provided time be left for the tissues to recover, that
the segments containing the prepotent lithocysts,
notwithstanding their smaller size, contract more
frequently than do the larger segments. Con-
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versely, if the larger segments happen to contain
feeble lithoeysts, their contractions will be but few.
I have, indeed, seen cases in which the lithocysts
appeared to be quite functionless, so far as the
origination of stimuli was concerned,

The following observations were made on a
healthy specimen of Aurelia having all its litho-
eysts in good condition, but prepotency being well
marked in the ease of one of them, and also, though
in a lesser degree, in the case of another. I divided
the animal so as to leave one of these two pre-
potent lithoeysts in each of the eighth-part seg-
ments, and the next most powerful lithocysts in the
quadrant segment, In the following deseription, I
shall eall the two eighth-part segments A and B,
the former letter designating the segment eontain-
ing the most powerful lithoeyst. The Aurelia be-
fore being divided manifested for several hours a
very regular and sustained rhythm of thirty-two
per minute. After its division, the various segments
contracted at the following rates, in one-minute
intervals :—

Time after operation, } Segment 5. ! ﬂr—f;‘muul Y. |Segment 1 A S{'gmmlti I,

§ hour. o) 25 27 15
p E 20 25 27 15
2 hours. 99 25 27 16
e 19 15 27 12

Next morning, the water which contained the
sogmients was somewhat foul, and this, as is always
the case, gave rise to abnormally long pauses. This
effect was much more marked in the case of some
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of the segments than in that of others, T therefore
observed the segments over five-minute intervals,
instead of one-minute intervals as on the previous
day. The following is a sample of several ohserva-

tions, all yielding the same general result.

Bagment 1. Bepment . Begment § A, Segmamt } B
Number of | Bacomds of | Continued per- | Rhiythm  toles-
pubstlons.| —rest. | sigtantly to | ably perfect
-_';E—- _I"-'-I'.I— J contenot with | ot 78 in tha &

i 1 No motion | a noarly per- | minutes; buot

5 2}.’} duringthe | feel thythmof | this was occn-

i 150 hourofob- | 78 in the & | sienolly  in-
12 20 gervation. | minutes dor- | terrupted by
| ing the honr | long panses of
N of obaerva- 4 or 5 minutea’
T2 5 min, | tion, duration.
A Cﬂ}':lu;umunt Inﬁen&:ptnd .
voerge rde . rhythm atthe | rhythm at the
144 [Jtlrgmi:uitc. [ No motion. m{{*ufli'iﬂ per mt::ra of  I5g
i minnte. per minnte,

I now transferred all the segments to fresh sea-
water, with the following results :—

Rhythm doring first quarier of an howr immedintely after trans-
ference, in five-minote intervals,

Thmie. Begment §. | Segment}. | Begmient T A, | Segment E T
Tirst § minutes, | 139 (irregulary| o &3 {regalar), | 20 (irregnlar),
Sscand 5 minutes,| @ 0 8 . T Ercsulnrl-
Thied & minwtes, | 100 (regular). | 30 {lrregular). | 70 " oy
|

Rlythm two houra after transference (five-minute intarvals),

Segment §. i Segmnnt §.

Segment 1 AL

Segment & B

B2 (regular). | T7 (regulnr).

0 {regular) |' (2 (regular)
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Rhythm next day (five-minnta intervals).

Begment L. | Segment §. Sepment A, Begmaent § B,

63 | b} 17 Dend,

Next day all the segments were dead except the
largest one, in which a single lithocyst still eon-
tinued to discharge at the rate of twenty-four in
five minuntes.

Now, with regard to these tables, it is to be
observed that during the first day the prepotent
lithoeyst in the eighth-part segment A maintained
an undoubted supremacy over all the others, and
that the same is true of the comparatively potent
lithoeysts in the quadrant. (This is not the ecase
with segment B; probably the degree of prepotency
of the lithoeyst in this case was not sufficient to
counteract the antagonistic influence of the small
size of the segment.) But next day the supremacy
of the small segment A was not so marked; for
although its rhythm -wag more regular in the stale
water than was that of the largest segment, its
actual number of contractions in a given time was
just about equal to that of the largest segment.
Again, after transference to fresh sea-water, the
halanee began to fall on the side of the larger seg-
ments; for even the quadrant, which in the stale
water had ceased its motions altogether, now held
a middle position between that of the half-segment
and the prepotent eighth-part segment. On the
next day, again, the balance fell decidedly in favounr
of the larger segments, and the weaker eighth-part
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segment died. Lastly, next day all the smaller
segments were dead.

Hence the principal facts to be gathered from
these observations are, that as time goes on the
rhythm of all the segments progressively decreases,
and that the decrease is more marked in the case of
the smaller than in that of the larger segments,
This lesser endurance of the smaller segments also
finds its expression in their earlier death, Now as
these smaller segments started with a greater pro-
portional amount of ganglionic power than the
larger segments, their lesser amount of endurance
can only, I think, be explained by. supposing that
the process of starvation proceeds at a rate inversely

~ proportional to the size of the segment, a sup-

position which is rendered probable if we veflect
that the smaller the segment the greater is the
proportiomal area of severed nutrient tubes® And

* 1t may be thought that the preater area of gencral tissue-
mazs in the larger eegments than in the smaller, and not the lesser
proportional aren of tube-section, is tho eansa of the larger eop-
ments living longer than the smaller oncs, I am led, however,
to reject this hypothesis, becouse in Barsin, where segmentation
entaila o comparatively amall amount of tobe.section, there iz no
constant rule as to the larger sopments showing more endurance
than the smaller onea—the conversa cago, in fact, being of nenxly
a8 frequent cccnrrence, I can only necount for this faolb by sup-
posing that the endurance of the segments of Sarsin is determined
by the degree in which the three or four minute open tube-snds
Lecoma accidentally blocked. This supposition is the only one I
can think of to account for the astonishing contrasts as to cn-
durance that are presentod by difforont segments of the eame
individual, and, I may add, of different individuals when deprived
of their marging and altorwards submitted to the same conditions,
For ingtance, o number of equally vigorous specimens had their
marging removed, ond were then suspended in n glass cage
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in this connection it is interesting to observe that,
although the endurance of the smaller segments

attached to a buoy in the sea, Four days afterwards some of the
specimensg were putrid, while others wero o8 fresh as they were
when firat opernted on, Again, 08 an instance of the experimonta
in gegmentation of Bareia, I may quote an experiment in which a
score of epecimens were divided in oll sorts of waye, snch as
leaving the manubrinm attached to one half, or throe marginal
bodies in ono portion and the remaining marginal body in tho
other portion, ete. Yeb, althongh it was very exceptional to find
the two portions presenting an equal degree of endnrance, no
uniform results pointing to the canse of the varintions could b
obtained, In most enses, however, the. energy, as distingnished
from the endurance of the larger segments, was conspicnously
greater than that of the smaller. (Bub it is curiona that in many
cases the offocts of*shock appeared to be more morked in the
larger than in the smaller segments—the latter, for some time
after the operation, contracting much more frequently than the
former.) To show Dboth these effecls, one oxporiment may be
quoted, A gpocimen of Barsin waa divided into two parts, of
which one was o quadrant.

Immediately after the oporation the resnlts werve ag follows :—

Portion §. Portion 1.
:{mﬁligvpm' Minnutes of rost, H“";ﬂﬁ:‘?:_ pul= AMinatea of rest,
20 L] 1] a
4 4 11 2
15 b 46 1
[H] ] 20 2

4 | 1

5 @ HEH I
15 1z 117 1
| 1145 1

" Ta show the difference between the endurance of two halves of
a bisected spocimen of Sarsin, I may quote one experiment which

5
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was less than that of the larger as regards the de-
privation of nutriment, it was greater than that of

= was performed gn the same spocimen a3 the one mentioned ins
the text fo show the goneral relationship between the doration of
the pasees and that of swimming bouts, (Bee last foob-note.)
Immediately after bisection.
b A, + B
Smﬂ‘:‘:{w"g_‘l"“l' Seconds of reat. Nnmﬁ;ﬁirn]- Soeomls of rest,
b 10 82 150
150 150 fin 20
G3 HEN 14 6l
150 a0 13 ol
46 435 44 45
-~ 2 10 i k3
] Gl 18 435
103 a6 25 G
12 & 83 130
105 7
Pauges now become longer, and
swimming bouts shorter.
Twenty-four hours after the operation.
|
3 A, | i D.
- A |
h“";mﬂ"“i’ Soconds ofrest, || DU OTPUl | geconds of rest,

2 363 ) 20
12 362 8 25
. 4 GGG a7 101
25 800 2400 60

But althongh in the caso of Bargin the lesser endurnnes of the
smaller sogment than of the larger cannot be regarded as o
general rule, it may be so regarded; as already stated, in the cage
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the larger segments as regards the deprivation of
oxygen, This is shown by the greater regularity

of Anrelin; "The following experiment cxemplifies this particular
rila even more prettily than does the one quoted in the text,
from the fueb that the segments sorvived the operation for a

preater number of days,

An Aurclia having o regular ond well-sustained rhythm of
twenty per minate was divided ng alvondy deseribed in the text.
In five-minute intervals on snccessive days the avernge rates of

the four egments were as follows :—

Four hours after the operation,

T seg. 1. Sep. 3 A,
100 100 85 a0
Next day.
a8 | 90 6 | 58
Next duy.
86 | 82 62 | &7
Next day.
50 15 [ 24 | 20
Next day,
50 | 49 ] a0 | 10
Next doy.
43 1 23 18 | 4
Next alay.
20 | 32 19 | Daad.
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of the rhytlun manifested by the smaller than Ly
the larger segments in the stale water, and the
fact is presumably to be accounted for by the con-
sideration that the ganglia in the smaller segments =
were more potent than those in the larger.

With regard, therefore, to the original point
under consideration, I conclude -that, although the
size of the segments is doubtless one factor in
determining the relative frequency of contraction,
there are at least two other factors quite as impor-
tant, viz the relative potency of the lithoeysts, and
the length of time that elapses between performing
the operation and observing the rhythm. Henee it
15 that in my experience I have found but very few
«~—examples of Dr. Eimer’s rule.

Eifects of Other Forms of Mutilation on the Rhythn,

The next point I have to dwell upon is one of
some interest. If the manubrium of Aurelia, or of
any other covered-eyed Medusa, be suddenly cut off
at its base, the swimming motions of the umbrella

Next day,
s §- sei | ser | sein
s | I8 L ) R
o Next day.
P
23 Dead. I 0 | 0

Next day, the temperatore unfortunsiely rose sofficiently to
canae the death of the single eurviving segment, which othorwise
would probably have lived for one or two daya longer,
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immediately become accelerated. This acceleration,
however, only lasts for a few minutes, when it
gradually begins to decline, the rate of the rhythm:
becoming slower and slower, until finally it comes
to rest at a rate considerably less than was pre-
viously manifested by the unmutilated animal. If
a circular piece be now cut out from the centre of
the uwmbrella, the rhythm of the latter again be-
comes temporarily quickened; but, as before, gradual
slowing next supervenes, This slowing, however,
proceeds further than in the last case, so that the
rate at which the rhythm next becomes stationary
is even less than before. If, now, another circular
ring be cut from the central part of the umbrella—
i.e. if the previously open ring into which this
organ had been reduced by the former operation be
somewhat narrowed from within—the same effects.
on the rhythm are again observable; and so on
with every repetition of the operation, the rate of
the rhythm always being quickened in the first
instanee, but then gradually slowing down to a
point somewhat below the rate it manifested before
the previous operation, It will here suftice to quote
one experiment among many I have made in this
connection :—

An Aurclin manifested i rogular and sustained chythm of .. 28
Tmmediately after removal of manubrinm, rhythm rose to ... an
Rate then gradually fell for o quarter of an hoar, and becama
gtationary at ... : .. s 20
Ciroular incision jnst incloding ovaries eaused thythm to
risc to - inn
After gradual fall during quarter of an hoar, rhythm becamy
stationary uk ... i T

26
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Another cirenlne ineigion earried ronnd midway hotween the
formor one and the morgin cansed thythm to rise to ... 24
Eate again gradually declined, and in & quarter of an hoor was 13
Another circular incision was carried ronnd as close to the
margin ng was compatible with leaving the physiological
continnity of nll the lithooysts intact. Rbythm rose to 14
Within o few minutes it fell to ... o i

Excepting the cases where the effects of shock
are apparent, some such series of phenomena as
those just recorded are always sure to ensue when
a covered-eyed Medusa is mutilated in the way
deseribed, and this kind of mutilation, besides pro-
ducing such marked effects on the rafe of the
rhythm, also produces an effect in impairing the
vegularity of the rhythm, In some specimens
thie latter effect is more marlked than it is in others.
The following series of observations will serve to
give s good idea of this effect . —

An Aurelia manifested a regular and sustained
rhythm of 36. Immediately after the removal of
the manubrium, the rate of rhythm in successive
minutes was as follows: 40, 89, 87, 35, 32, 30, 29,
26, 24, 18, 14 (40 seconds' pause), 16, 15, 14, 15, 16
(40 seconds’ pause), 22, 20, 19, 15, 16, 17, 14, 13, 13,
13, 16, 16, 17, 18, 14, 12, 13, 11, 12, 9, 15, 16, 14,13,
9, ete, the rhythm now continuing very irregular.
An hour after the operation, the following were the
number of contractions given in one-minute inter-
vals, the observations being taken at intervals of
ten minutes: 15, 15, 12, 22, 14, ete.

In this experiment, therefore, as soon as the ac-
celeration and slowing-stages had been passed, viz.

about a quarter of an hour after the operation, a
M
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great disturbance was observable in regularity of
the rhythm ; for before the removal of the manu-
brinm, the Medusa had been swimming for hours
with perfect regularity,

Before concluding my deseription of these experi-
ments, it may perhaps be as well to mention one
other, which was designed to meet a possible
objection to the inferences which, as I shall imme-
diately argue, these experiments seem to sustain, It
oceurred to me as & remote possibility that the
slowing and irregularity of the rhythm, which are
observable about a quarter of an hour after the
operations deseribed, might be due to the depriva-
tion of adequate nourishment suffered by the ganglia,
in consequence of the escape of nutrient matter
from the cut ends of the nutrient tubes, Accord-
ingly, instead of cutting off the manubrium, I tried
the effect of momentarily immersing it in hot water,
and found that the subsequent disturbances of the
rhythm were precisely gimilar to those which result
from removal of the manubrinm,

Now, to draw any inferences from such meagre
facts as the above would be hazardous, nnless we
recognize that in so doing our inferences are not
trustworthy. But, with this reecognition, I think
there will be no harm in briefly stating the dedue-
tions to which the facts, such as they are, wonld
seem to point,

Physiologists are undecided as to the extent in
which many apparently automatic actions may not
really be actions of a reflex kind. Given any
ganglio-muscular tissue which is rhythmically con-
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tracting, how are we to know whether the action
of the ganglia is truly automatie, or sustained

_from time to time by stimuli proceeding from other

parts of the organism ? In most cases experiments
cannot be conducted with reference to this question,
but in the case of the Meduse they may be so, and
it was with the view of throwing light on this
question that the experiments just described were
made. Now in these experiments the fact is
sufficiently obvious that mutilations of any part of
the organism modify the rhythm of the marginal
ganglia most profoundly. That this modification
does not proceed from shock, would seem to be
indieated by the facts that the first effect of the
mutilation is to quicken the rhythm; that there iz a
sort of general proportion to be observed between the
amount of tissue abstracted and the degree of slowing
of the rhythm produced; and that the slowing effects
continue for g0 long a time, All these facts seem
to show that we have here something other than
mere shock to deal with.

A strong suspicion, therefore, arises that the canse
of the slowing of the rhythm which results from
removing the manubrium, or a part of the general
contractile tissue of the bell, consists in the destruc-
tion of some influence of an afferent character which
had previously emanated from the parts of the
organism which have been removed, and that
the normal rhythm before the operation was partly
due to a continnous reception, on the part of the
ganglia, of this afferent or stimulating influence.
In support of this view ave the facts that the first
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effect of such an operation as we are considering i3
greatly to accelerate the rhythm, and that this
acceleration then gradually declines through a period
of about a quarter of an hour. These facts tend to
support this view, because, if it is correct, they are
what we might anticipate. If the manubrium, for
instance, while in sitw is continually supplying a
gentle stimulus to the marginal ganglia, when it is
suddenly cut off, the nerve-tracts through which
this stimulating influence had previously been con-
veyed must be cut through ; and as it is well known
how irritable nerve-fibres are at their points of
section, it is to be expected that the irritation caused
by cutting these nerve-tracts, and probably also by
the action of the sea-water on their cut extremities,
would cause them to stimulate the ganglia more
powerfully than they did before their mutilation.
And here I may state that on several occasions,
with vigorous specimens, I have observed a sudden
removal of the manubrium to be followed, not
merely with a quickening of the rhythm on the
part of the bell, but with a violent and long-sustained
RPas.

Again, as regards the other fact before us, it is
obvious that as soon as the cut extremities of the
nerves begin to die down, and so gradually to lose
their irritability, the effect on the rhythm would he
just what we observe it to be, viz a gradual slowing
till the rate falls considerably helow ﬂnt which was
exhibited by the unmutilated animal. And even
the drregularity which is at this stage so frequently
observable is, 1 think, what we should expect to
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find if this view as to the essentially reflex character
of the natural rhythm is the true one.

If this view is the true one, the question next
arises as to the nature of the process which goes on
in the excitable tissues, and which afterwards acts
as a stimulus on the ganglionic tissues. This
question, however, I am quite unable to answer.
‘Whether . the process is one of oxygenation, of
chemical changes exerted by the sea-water, or a
process of any other kind, further experiments may
be able to show ; but meanwhile I have no sugges-
tion to offer,

Effects of lessening the Amount of Tissue adheving
to a Single Ganglion.

The above experiments led me to try the effects
of cutting out a single lithoeyst of Aurelia, and,
after the rhythm of the detached segment had
become regular, progreséively paring down the
contractile tissues around the ganglion, I found that
this process had no very marked effect on the
thythm, until the paring reached within an inch or
two of the gm‘.uglimi: then, however, the effect
began to show itself, and with every successive
paring it became more marked. This effect con-
sisted in slowing the rate of the rhythm, but more
especially in giving rise to prolonged pauses: indeed,
if only a very little contractile tissue’ was left
adhering to the ganglion, the pauses often became
immensely prolonged, so that one might almost
suppose the ganglion to have entirely ceased dis-
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charging. But if a stimulus of any kind were then
applied, the rhythmie discharges at once recom-
menced. These generally continued for some little
time at a slower rate than that which they had
manifested before they were affected by the paring
down of the contractile tissue,

Efects of Temperature on the Rhgythm.

The effects of temperature on the rhythm of
Medusw ave very decided. For instance, a specimen
of Sarsia which in successive minutes gave the
following number of pulsations, 16, 26, 0, 0, 26,
gave snct-} pulsations during the next minute, while
a spirit-lamp was held undm the water in which
the Medusa was swimming, If hot water be added
to that in which S‘I.l-?lﬂ. are contained until the
whole is about milk-warm, their swimming motions
become frantic. If the same experimentr be per-
formed after the marging of the Sarsiwe have been
removed, the paralyzed bells remain quite passive,
while the severed margins exhibit the frantic
motions just allnded to.

In the case of Aurelia aurita, the characteristic
effects of temperature on rhythmn may be better
studied than in that of Sarsia, from the fact that

.the natural motions are more rhythmical and

sustained in the former than in the latter genus.
I have, therefore, in this connection made more
observations on Aurelia than on Sarsia. The follow-
ing may be taken as a typical experiment.

A small and active specimen of Aurelia contracted
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with the greatest regularity 33 times per minute in
water kept at 34°; but on transference to water
kept at 49°, the contractions always became irvegular,
in respect (a) of not having a perfectly constant
rhythm, and (b) of exhibiting frequent pauses, which
was never the case in eolder water. The rate of
rhythm in the warmer water varied from 37 to 49 ;
ane as in these observations mo allowance was
made for the occurrence of the pauses, the actual
rate of rhythm during the swimming motions was
about 60 per minute. The following are some
sample observations in the case of this specimen i—

Tomperntore of water (Fahr) |Nul|1h¢r0fp1l|.““u]lﬁ.-l Bevonds of rost,
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5 348 L]
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This rate continued quite regularly for a quarter
of an hour, when the observation terminated.

It might naturally be supposed that when the
alterations of temperature between 34° and 49°
produce such marked effects on the rhythm, still
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greater alterations would be attended with still
greater effects. Sueh, however, is not the case.
Water at 70° or 80° for instance, has the effect of
permanently diminishing the rate of the rhythm,
after having temporarily raised it for a few seconds.
The following experiment will serve to convey a
just estimation of these facts.

An Aurelia’ whose rhythm in water at 40° was
very regular at eighteen per minute, was suddenly
transferred to water at 80°. In the immediately
succeeding minutes the rhythm was 22, 20, 14, The
latter rate continued for nearly half an hour, when
the observation terminated,

The effect of very warm water, therefore, is to slow
the rhythm, as well, T may add, as to enfeeble the
vigour of the contractions. The case of Meduse
thus differs, in the former vespect, from that of the
heart ; and I think the reason of the difference is
to be found in the following eonsiderations, - Even
slight elevations of temperature are quickly fatal
to the Medusw, so it becomes presumable that con-
siderable elevations act very destructively on the
neuro-musecular tissues of those animals, This de-
structive effect of high temperatures may, therefore,
very probably counteract the stimulating effect which
such temperatures would otherwise exert on the
natural rhythm, and hence a point would somewhere
be reached at which the destructive effeet would so
far overcome the stimulating effect as to slow the
vhythm. That this is probably the true, as it eer-
tainly is the only explanation to be rendered, will,
I think, be eonceded when I forther state that if
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an Aurelia be left for some little time in water at
§0°, and then again transferred to water at 307 or
40°, its original rate of vhythm at the latter tem-
perature does not again return, bub the rhythm
remains permanently slowed. And, in favour of
the explanation just offered, it may be further
pointed out that the first effect of sudden immer-
sion in heated water is to quicken the rhythm, it
not being for a few seconds, or for even a minute
or two after the immersion, that the rhythm be-
comes slowed. Lastly, the slowing takes place
gradually ; and this is what we should expect if,
as is probable, the destructive effect takes somewhat
more time to become fully developed than does the
stinulating effect.

. Before leaving the subjeet of temperature in
relation to rhythm, T must say a few words on the
effects of cold. The following may be regarded as
typieal experiments,

An Aurelia presenting a regular rhythm of
twenty per minute in water at 45° was placed in
water at 19°. Soon after the transference the
rhythm began to slow, and the strength of the
contractions to diminish. Both these phenomena
rapidly became more and more pronounced, till the
thythin fell to ten per minute (still quite regular),
and the contractions ceased to penctrate the muscular
tissue further than an inch or so from the marginal
ganglia. Shortly after this stage pauses became
frequent, but mechanical or other irritation always
originated a fresh swimming bout. Next, only one
very feeble contraction was given at long and
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irregular intervals, a contraction so feeble that it
was restricted to the immediate vicinity of the
lithoeyst in which it originated. Soon after this
stage irvitability towards all kinds of stimuli entirely
ceased, including even strong spirit dropped on the
under surface of the animal when taken momentarily
out of the water. All these stages thus deseribed
were passed through rapidly, the whole series ocen-
pying rather less than five minutes. On now leav-
ing the specimen for ten minutes and then restoring
it to its original water at 457, all the above-men-
tioned stages were passed through in reverse order.
The first faint marginal cantraction was confined to
the immediate vicinity of the prepotent lithoeyst,
and all subsequent contractions eontinued to be so
for the next three minutes. Rhythm very slow.
Contractions now began to penetrate round the
margin, and in eight minutes from the restoration
had gone all the way round, the rate of their
rhythm , meanwhile increasing. In two minutes
more all the umbrella was contracting at the rate
of fifteen per minute.

In another specimen, subjected to the same con-
ditions, the rate of recovery was even more rapid,
oceupying only two minutes altogether; but in
every case the process of recovery is a gradual one,
and differs only in the time it occupies in passing
through the various stages,

Effects of Freezing Meduss.

Tn eonelusion, I will deseribe some rather interest-
ing experiments that consisted in freezing some
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specimens of Aurelia into a solid block of ice. Of
course, as sea~-water had to be employed, the cold
required was very considerable ; but T succeeded in
turning out the Medus® encased on all sides in a
continuous block of sea-water. By now immersing
this block in warm water, T was able to release the
contained specimens, which then presented a very
extraordinary appearance. The thick and massive
gelatinous bell of a Medusa is, as every one Lknows,
chiefly composed of sea-water, which everywhere
enters very intimately into the structure of the
tissue. Now, all this sea-water was, of course,
frozen in sifu, so that the animals were every-
where and in all directions pierced through by an
innumerable multitude of ice-erystals, which formed
a very beautiful meshwork, pervading the whole
substance of their transparent tissues.

These experiments were made in order to ascertain
whether the Meduswm, after having been thus com-
pletely frozen, would survive on being again thawed
out, and, if’ so, whether the freezing process would
exert any permanent influence on the rate of their
thythm, Now in all the cases the Medusw, after
having been thawed out, presented a ragged ap-
pearance, which was due to the disintegrating
effect exerted by the ice-crystals while forming in
the tissues; yet notwithstanding this mechanical
injury superimposed on the physiological effects of
such exfreme cold, all the Medosm recovered on
being restored to sea-water of the normal tem-
perature. The time oceupied by the process of
recovery varied in different individuals from a few
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minutes to half an hour or more, and it was observ-
able that those specimens which recovered soonest
had the rate of their rhythm least affected by the
freezing. In no case, however, that I observed did
the rate of the rhythm after the freezing return
fully to that which had been manifested before the

freczing.

Eifects of Certuin Guses on the Rlythm.

Oxygen—IL will now econclude my remarks on
rhythm by very briefly describing the effects of
certain gases, Oxygen forced under pressure into
sea-water containing Sarsim has the effect of greatly
accelerating the rate of their rhythm, The follow-
ing observation on a single specimen will serve to
vender this apparent.

- Number of pulsations given by Sarsia in succes-
sive five-minute intervals.

In ordinary sea-water f 5 . 472, 627, 470
In oxypenated sea-water . : B
In prdinary sea-water . . 268, 360, 430

It will be seen from this observation that the
acceleration of the rhythm due to the oxygenation
wag most marked ; indeed, the pulsations followed
one another so rapidly that it was no easy matter
to count them. It must also be stated that while
the animal was under the influence of oxygen, the
duration of the natural pauses between the swim-
ming bouts was greatly curtailed, the swimming
motions, in fact, being almost quite continuous
thronghout the five minutes that the Medusa was
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exposed to such influence. Lastly, it will be ob-
served from the above table that the unnatural
_amount of activity displayed by the organism while
in the oxygenated water entailed on it a consider-
able degree of exhaustion, as shown by the fact
that even a quarter of an hour after its restoration
to normal water its original degree of energy had
not quite returned,

Cavbonie aeid—As might be expected, this gas
has the opposite effects to those of oxygen. It is
therefore needless to say more about this agent,
except that if administered in large doses it destroys
both spontancity and irvitability. Nevertheless, if
its action is not allowed to last too long, the Meduse
-will fully recover on heing again restored to normal
sea-water,

Nitrous oxide—This gas at first accelerates the
motions of Sarsia, but eventually retards them.
1 omitted, however, to push the experiment to the
stage of complete anmsthesia, which would doubt-
less have supervened had the pressure of the gas
been sufficiently great.

Deficient aération.—It may now be stated that
the Meduse are exceedingly sensitive to such slight
carbonization of the water in which they are con-
tained as results from their being confined in a
limited body of it for a few hours. The rhythm
becomes slowed and the contractions feeble, while
the pauses between the swimming bouts become
more frequent and prolonged, If the water is not
changed, all these symptoms become more marked,
and, in addition, the rhythm becomes very irregular,



174 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

Eventually the swimming motions entirely cease;
but almost immediately after the animals ars
vestored to normal sea-water, they recover them--
selves completely, the rate and regularity of their
rhythm being then quite natural, The suddenness
with which this return to the normal state of
things is offected cannot but strike the observer as
very remarkable, and I may mention that it takes
place with equal suddenness at whatever stage in
the above-described process of asphyxiation the
transference to normal sea-water is accomplished,



CHAPTER VIII,
ARTIFICTAL RHYTHM,

Ir the umbrella of Aurelia aurita has been para-
lyzed by the removal of its lithocysts, and if it is
then subjected to faradaic stimulation of minimal
intensity, the response which it gives is not tetanie,
but rhythmie, The rate of this artificial rhythm
varies in different specimens, but the limits of
variation are always within those which are ob-
served by the natural rhythm of different specimens,
The artificial rhythm is not in every case strictly
regular; but by carefully adjusting the strength of
the eurrent, and by shifting the electrodes from one
part of the tissue to another until the most appro-
priate part is ascertained, the artificial rhythm
admits in most cases of being rendered tolerably
regular, and in many cases as strictly regular as is
the natural rthythm of the animal, To show this,
I append a fracing of the artificial thythm (Fig.
25), which may be taken as a fair sample of the
most perfeet regularity that ean be obtained by
minimal faradaic stimulation,®

* Thiz and all tho snbsequent tracings I obtained by the
method alrendy described,
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This artificial vhythm may be obtained with a
portion of irritable tissue of any size, and whether
a large or small piece of the tissue employed be
included between the electrodes.

As the fact of this wonderfully rhythmie response
to faradaic irritation was quite unexpected by me,
and as it seemed to be a fact of great significance,
I was led to investigate it in as many of its bearings
as time permitted. First, T tried the effect on the
rhythm of progressively intensifying the strength
of the faradaic current. I found that with each
increment of the current the rate of the rhythm
was inereased, and this up to the point at which
the rhythm began to pass into tetanus due to sum-
mation of the successive contractions. But between
the slowest rthythm obtainable by minimal stimula-
tion and the most rapid rhythm obtainable before
the appearance of tetanus, there were numerous
degrees of rate to be observed. I here append
another tracing, to show the effect on the rate of
the rhythm of alterations in the strength of the
current (Fig. 26).

It will also be observed from this tracing that, in
consequence of the current having been strengthened
slightly beyond the limit within which strictly
rhythmic response was attainable, the eurves in the
middle part of the tracing, where the current was
strengthened, are slightly irregular, This irregu-
larity is, of course, due to the first appearance of
tumultuous tetanus, If the faradaic stimulation
had in this case been progressively . made still
stronger, the irregularity would have become still

N
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more pronounced up to a certain point, when it
wounld gradually have begun to pass into more
persistent tetanus. But as in this case, instead of =
strengthening the current still further, T again
weakened it to its original intensity, the rhythm
immediately returned to its original rate and regu-
larity.

Such being the facts, the question arises as to
their interpretation. At first I was naturally in-
clined to suppose that the artificial rhythm was
dua to a periodie variation in the strength of the
stimulus, caused by some slight breach of contact
between the terminals and the tissue on each con-
traction of the latter. This supposition, of course,
would divest the phenomena in question of all™
physiological meaning, and I therefore took pains
in the first instance to exclude it. This I did in
two ways: first, by observing that in many cases
(and especially in Cyanwsa capillata) the rate of the
thythm is so slow that the contractions do not
follow one another till a considerable interval of
total relaxation has intervened; and second, by
placing the terminals close together, so as to include
only a small piece of tissue between, and then
tirmly pinning the tissue all round the electrodes to
a piece of wood placed beneath the Medusa. In
this way the small portion of tissue which served
as the seat of stimulation was itself prevented from
moving, and therefore the rhythmic motions which
the rest of the Medusa presented cannot have been
due to any variations in the quality of the.contact
between the electrodes and this stationary seat of
stimulation, .
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Any such merely mechanical source of fallacy
being thus, T think, excluded, we are compelled to
vegard the facts of artificial rhythm as of a purely
physiological kind. The question, therefore, as to
the explanation of these facts becomes one of the
highest intevest, and the hypothesis which I have
framed to answer it is as follows. Every time the
tissue contracts it must as a consequence suffer a
certain amount of exhaustion, and therefore must
become slightly less sensitive to stimulation than
it was before. After a time, however, the ex-
haustion will pass away, and the original degree
of sensitiveness will thereupon return. Now, the
intensity of faradaic stimulation which is alone
capable of producing rhythmie response, is either
minimal or but slightly more than minimal in
relation to the sensitiveness of the tissue when
fresh; consequently, when this sensitiveness is
somewhat lowered hy temporary exhaustion, the
intensity of the stimulation becomes somewhat less
than minimal in relation to this lower degree of
sensitiveness. The tissue, therefore, fails to perceive
the presence of the stimulus, and consequently fails
to respond. But so soon as the exhaustion is com-
pletely recovered from, so soon will the tissue again
perceive the presence of the stimulus; it will there-
fore again respond, again become temporarily ex-
hausted, again fail to perceive the presence of the
stimulus, and again become temporarily quiescent.
Now it is obvious that if thig Process occurs once,
it may oceur an indefinite number of times; and
as the conditions of nutrition, as well as those of
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stimulation, remain constant, it is manifest that the
responses may thus become periodie.

In order to test the truth of this l1ypothe;:ais, -
I made the following experiments. Having first
noted the rate of the rhythm under faradaic stimu-
lation of minimal intensity, without shifting the
electrodes or altering the intensity of the eurrent, 1
disearded the faradaic stimulation, and substituted
for it single induction shocks thrown in with a key.
I found, as I had hoped, that the mazimune num-
ber of these single shocks which I could thus throw
in in a given time so as fo procuwre « response to
every shock, eorresponded with the number of con-
tractions which the tissue had previously given
during a similar interval of time when under the
influenee of the faradaic current of similar intensity.
To make this quite clear, I shall describe the whole
course of one such experiment. The deganglionated
tissue under the influence of minimal faradaic stimu-
lation manifested a perfectly regular rhythm of
thirty contractions per minute, or one contraction
in every two seconds. While the position of the
platinum electrodes and the intensity of the current
remained - unchanged, single induction shocks were
now administered with a key at any intervals whiech
might be desived. It was found that if these single
induction stimuli were administered at regulag
intervals of two seconds or more, the tissue re-
sponded to every stimulus; while if the stimuli
were thrown in more rapidly than this, the tissue
did not respond to every stimulus, but enly to those

that were separated from one another by an interval
[ ]
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of at least two seconds’ duration. Thus, for in-
stance, if the shocks were thrown in at the rate of
- —ome a second, the tissue only, but always, responded
to every alternate shock. And similarly, as just
stated, if any number of shocks were thrown inm,
the tissue only responded once in every two seconds.
Now, as this rate of response precisely coineided
with the rate of rhythm previously shown by the
same tissue under the influence of faradaie stimmla-
tion of the same intensity, the experiment tended to
verify the hypothesis which it was designed to test.
I may give one other experiment having the
same object and tendency. Employing single
induction shocks of slightly more than minimal
intensity, and throwing them in at twice the rate
that was required to produce a strong response to
every shock, I found that midway between EVery
two strong responses there was a weak response.
In other words, a stimulus of uniform intensity gives
rise alternately to a strong and to a weak contrac-
tion, as shown in the appended tracing (Fig. 27).
It will be observed that in this tracing each large
curve represents the whole time oecupied by the
strong contraction, the latter beginning at the
highest point of the curve on the left-hand side in
cach case. The effect of the weak contraction is
that of momentarily interrupting the even sweep
of diastole after the strong contraetion, and there-
fore the result on the tracing is a slight depression
in the otherwise even curve of ascent. Lest any
doubt should arise from the smallness of the curves
representing the weak contractions that the former
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are in some way accidental, I may draw attention
to the fact that the period of latent stimulation is
the same in the case of all the curves. To render
this apparent, I have placed crosses below the
smaller eurves, which show in each case the exact
point where the depressing effect of these smaller
curves on the ascending sweeps of the larger eurves
first become apparent—i.e. the point at which the
feeble contraction begins, Now, what I wish to be
oathered from the whole tracing is this. If the
strength of the induction shocks had been much
greater than it was, oIl the contractions would have
beecome strong contractions, and tetanns would have
be:n the result. But, as the strength of the in-
duetion shacks was only slightly more than minimal,
the exhaustion consequent on every strong con-
traction so far diminished the irritability of the
tissue that when, during the process of relaxation,
another shock of the same intensity was thrown in,
the stimulus was only strong enough, in relation to
the diminished irritability of the partly recovered
tissue, to cause a feeble econtraction. And these
facts tend still further to substantiate the hypothesis
whereby I have songht to explain the phenomena
of artificial rhythm,

Now, I think that the strictly rhythmic action
of the paralyzed swimming-bell of Aurelia in
answer to constant stimulation is a fact of the
highest significance; for here we have a tissue
wholly, or almest wholly, deprived of its centres
of spontaneity, yet pulsating as thythmically in
answer to artificial stimulation as it previously did



184 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

in answer to ganglionic stimulation® Does not
this tend to show that for the production of the
natural rhythm the presence of the ganglionia
¢lement is non-essential ; that if wa merely suppose
the function of this element to be that of supplying
& constant stimulus of a low intensity, without in
addition supposing the presence of any special
resistance-mechanism to regulate the discharges,
the periodic sequence of systole and diastole would
assuredly result; and, therefore, that the rhythmical
character of the natural swimming motions is
dependent, not on the peeuliar relations of the
ganglionie, but on the primary qualities of the
contractile tissue? Or, if we do not go so far as
this (and, as I may parenthetically observe, I am
not myself inclined to go =o far), must we not at
least conclude that the natural rhythm of these
tissues is not exclusively due to any mechanism
whereby the discharges of the ganglia are inter-
rupted at regular intervals; but that whether these
discharges arve supposed to - be interrupted or
continuous, the natural rhythm is probably in a
large measure due to the same cause as the
artificial rhythm, wviz, in aceordance with our
previous hypothesis, to the alternate exhaustion
and recovery of the excitable tissues 7 This much,

at least, must be allowed even by the most eautious >

* Tt will not be forgotien that there ave a mullitnde of
ganglion-cells distributed thronghont the contractile tissues of the
Medasee ;. bub fornsmuch a8 these are comparatively mrvely
instrumentnl in originating stimulation, T think it is probable
that artificinl slimulation acts divectly on the contractile tissues,
and mot through the medinm of these seattered colls
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of erities, viz. that if, as ewrrent views respecting
the theory of rhythm would suppose, it is ex-
clusively the ganglionic element which in the
unmutilated Aurelia causes the rhythm of the
swimming motions by intermittent stimulation,
surely it becomes a most unexpected and unaccount-
able fact, that after the removal of this element the
contractile tissues should still persist in their
display of rhythm under the influence of constant
stimulation, At any rate no one, I think, will
dispnte that the facts which I have adduced justify
us in reconsidering the whole theory of rhythm as
due to ganglia.

As I have already said, T am not inelined to
deny that there is probably some truth in the
current theory of rhythm as due to ganglia; I
merely wish to point out distinctly that this theory
is inaderquate, and that in order to cover all the
faets it will require to be supplemented by the
theory which T now propose. The current theory
of rhythm as due to ganglia attributes the whole
of the effect to the ganglionic element, and thus
fails to meet the fact of a vhythm which is artifi-
ciany produced after the ganglionic element has
been removed. Tt also fails to meet a number of
other facts of the first importance: for it is be-
yond all doubt that rhythmie action of the strictest
kind occurs in an innumerable multitude of cases
where it is quite impossible to suppose anything
resembling ganglia to be present. Not to mention
such cases as the Bnail's heart, where the most
carcful scrutiny has failed to detect the least ves-
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tige of ganglia, but to descend at once to the
lowest forms of animal and vegetable life, rhythmie
action may here be said to be the rule rather than
the exception. The beautifully regular motions
observable in some Algwe, Diatomaces, and Ocilla-
torim, in conntless numbers of Infusoria, Anthero-
zoids, and Spermatozoa, in ciliary action, and even
in the petioles of Hedysarum gyrano, are all in-
stances (to which many others might be added) of
rhythmieal action where the presence of ganglia
is out of the question. Again, in a general way,
is it not just as we recede from these primitive
forms of contractile tissue that we find rhythmie
action to become less usual? And, if this is so,
may it not be that those contractile tissues wihch
in the higher animals manifest rhythmic action are
the contractile tissues which have longest retained
their primitive endowment of rhythmicality ? To
my mind it seems hard to decide in what respect
the beating of a Snail's heart differs from that of
the pulsatile wesicles of the Infusoria; and I do
not think it would be much easier to decide in what
essential respect it differs from the beating of the
Mammalian heart. The mere fact that the presence
of ganglin can be proved in the one ease and not
in the other, seems to me searvecly to justify the
eonclusion that the rhythm is in the one case
wholly dependent, and in the other as wholly in-
dependent, of the ganglia, At any rate, this fact,
if it is a fact, is not of so self-evident a charvacter
as to recommend to us the current theory of gang-
lionie action on & priori grounds,
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Coming, then, to experimental tests, we have
already seen that in the deganglionated swimming
organ of Aurelia aurita, thythmie response is yielded
to constant faradaic stimulation of low intensity.
The next question, therefore, which presents itself
in relation to our subject is as to whether other
modes of constant stimulation elicit a similar re-
sponse, Now, in a general way, I may say that
such is the case, although I have chosen faradaic
stimulation for special mention, beeause, in the first
place, its effect in producing rhythmie action is the
most certain and precise; and, in the next place,
the effects of administering instantaneous shocks
at given intervals admit of being compared with
the effects of constant faradaic stimulation better
than with any other kind of constant stimulation.
Nevertheless, as just stated, other modes of eon-
stant stimulation certainly have a more or less
marked effect in produeing rhythmie response. The
constant current, during the whole time of its
passage, frequently has this effect in the case of
the paralyzed nectocalyx of Sarsia ; and dilute spirit,
or other irritant, when dropped on the paralyzed
swimming organ of Aurelia aurita, often gives rise
to a whole series of rhythmical pulsations, the sys-
toles and diastoles following one another at about
the same rate as is observable in the normal swim-
ming motions of the unmutilated animal.

From this it will be seen that, both in the case
of mechanical and of chemical stimulation, the same
tendency to the production of rhythmie response
on the part of the paralyzed tissues of Aurelia may
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be observed as in the case of electrical stimulation.
The principal differences consist in the rhythm
being much less sustained in the former than in
che latter case. But, by experimenting on other
species of Medusse, I have been able to obtain,
in response to mechanical and chemical stimula-
tion, artificial rhythm of a much more sustained
character than that which, under such modes of
stimulation, occurs in Aurelia. I have no explana-
tion to offer why it is that some species, or some
tissues, present so much more readiness to manifest
sustained rhythm under certain modes of stimula-
tion, and less readiness to manifest it under other
modes, than do other species or tissues, Probably
these differences depend on some peculiarities 1T
the irritability of the tissues which it is hopeless
to ascertain; but, in any case, the facts remain,
that while Aurelia, Cyanma, and the covered-eyed
Medusme generally ave the best species for obtaining
artificial rhythm under the influence of faradaie
stimulation, some of the naked-eyed Meduswe are
the hest species for obtaining it under the influence
of the constant current, and also under that of
mechanical and chemical stimulation. I have
already spoken of this effect of the constant cur-
rent in the case of Sarsia; I shall now proceed
to describe the effects of mechanieal and chemieal
stimulation on the same species,

It is but ravely that artificial thythm can be pro-
duced in the paralyzed nectocalyx of Sarsia hy
means of mechanical stimulation, hut in the ease
of the manubrium, a very decided, peculiar, and
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persistent vhythm admits of being produced by
this means. In this partienlar species, the manu-
brium never exhibits any spontancous motion after
the panglia of the nectoecalyx have been removed.
But if it be nipped with the forceps, or otherwise
irritated, it contracts strongly and suddenly; it
then very slowly and gradually relaxes until it has
regained its original length. After a considerable
interval, and without the application of any addi-
tional stimulus, it gives -another single, sudden,
though slight contraction, to he again followed by
rradual relaxation and a prolonged interval of
repose, which is followed in turn by another con-
traction, and so on. These sudden and well-marked
contractions occur at intervals of many seconds,
and show a decided tendeney to rhythmic periodi-
city, though the rhythm is not always perfectly
exact. This intensely slow rhythm, as the result
of injury, may continue for a long time, particu-
larly if the injury has been of a severe character,
There can be no doubt, therefore, that the mecha-
nical (or other) injury in this case acts as a source
of constant irritation; so that here again we have
evidence of rhythmic action independent of ganglia,
and caused by the alternate exhaustion and re-
covery of contractile tissues.®

* We may prebty safely conclude that ganglia are altogether
abgent in the manobriom of Sarsin, not only beenuse Schults
has failed to detect them in this organ microscopically, but also
becanse of tho complete absence of spontaneity which it mani.
feste, I may here mention that this enge of the manubriuvm of
Harela jg precisely analogous to another which I have observed in
a widely dilferent tissne, namely, the bongue of the frog.  Here;
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With regard to artificial rhythm caused by
chemieal stimuli, by far the most conspicuous
instanee that I have observed is that of the para
¥yzed nectocalyx of Sarsia. This consists in a
highly peculiar motion of a flurried, shivering
character, which is manifested by this organ when
its marginal ganglia have been removed and it is
exposed to the influence of faintly acidulated water.
Now, when read in the light of the foregoing facts,
there can be no doubt that the present one falls
into its place very satisfactorily : it is an additional
and very valuable instance of the display of arti-
ficial rhythm under the influence of a constant
stimulus of low intensity; for the shivering
motions of the mutilated nectocalyx under these
cirenmstances are most unmistakably of a rhythmic
nature, Viewed from a little distance, indeed, these
motions are not distinguishable from the natural
swimming motions of the unmutilated animal,
except that, not being of qguite such a powerful
character, they are not so effective for locomotion.
Viewed more closely, however, it may frequently be
seen that the whole bell does not contract simul-
taneously, but that, as it were, clouds of contraction
pass now over one part and now over another.
Still, whether the contractions are partial or uni-
versal, they are more or less 1'hyi.]uniuﬂ.]. As this
was the only case that had ever been observed of

too, the presence of ganglion-cells has never been chserved micro-
gcopically, though epecially gought for by Dr. Elein and others.
Yeb, under the influence of mechanical aud other modes of stimo-
lation, I find that L am able to make the pxeized organ pulsate as

rhythmically as a heart.
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rhyth as due to a constant chemical stimulus,
I studied it with much care, and shall now give
a full deseription of what appears to me an im-
portant body of physiclogieal facts. :

Ten to twenty drops of acetic acid having been
added to one thousand eubic centimetres of sea-
water, and the paralyzed bell of Sarsia having heen
placed in the mixture, an interval of about half a
minute will elapse before any movement begins.
Sooner or later, however, the artificial thythm is
sure to be induced, and it will then continue for
a variable time—occasionally as long as an hour,
and generally for a eonsiderable number of minutes.
After it ceases it may often be made to recommence,
cither by adding a few more drops of acid to the
sea-water, or by supplying an additional stimulus
to the Lell by nipping it with the foreceps. Even-
tually, however, all movement ceases, owing to the
destruction of irritability by the action of the aeid,
By this time the whole inner surface of the bell has
become strongly opalescent, owing to the destruc-
tive influence of the acid on the epithelial cells
which overspread the irritable tissues, The latter
fact is worth mentioning, because in no case does
the artificial rhythm set in until this opalescence
has begun to show itself; and as this opalescence
is but an optical expression of the damage which
the epithelial coat is undergoing, the explanation of
the time which elapses after the first immersion
of the bell in the acidulated water and the com-
mencement of the artificial rhythm no doubt is,
that during this time the acid has not obtained
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sufficient access to the excitable tissues to serve as
an adequate stimulus.

During the soaking stage of the experiment—i.c.
‘before the artificial thythm begins—the excitability
of the tissues may be observed progressively and
abnormally to increase ; for soon after the soaking .
stage begins, in response to a single nip with the
forceps the bell may give two or three locomotor
contractions, instead of a single one, as is invariably
the case with a paralyzed bell of Sarsia in normal
water. Later on during the soaking stage, four or
five successive contractions may be yielded in
response o a single mechanical stimulus, and shortly
after this a whole bout of rhythmic contractions
may be started by the same means. Indeed, in
some cases the artificial rhythm in acidulated water
requires such a single additional stimulus for its
inauguration, the shivering movements failing to
begin spontaneously, but beginning immediately
upon the application of the additional stimulus.
Similarly, after the shivering movements have
ceased, a fresh bout may very often be started by
again giving the motionless nectocalyx a single
stimulation, The interpretation of these facts
would seem to be that the geneval irvitability of
the excitable tissues is exalted by the universal and
constant stimulus supplied by the acid to an extent
that is just bordering on that which gives rise to
rhythmie movement, so that when the violent con-
traction is given in response to the mechaniecal
stimulus, the disturbance serves to start the rhythmic
movement,
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If a paralyzed nectocalyx, while manifesting its
artificial rhythm in acidulated sea-water, be sud-
denly transferred to normal sea-water, the move-
ments do not cease immediately, but continue for-
a considerable time. This fact can easily be ex-
. plained by the very probable, and indeed almost
necessary, supposition that it takes some time after
the transference to the normal sea-water for the
acid to be washed out from contact with the ex-
citable tissues. Sooner or later, Lowever, as we
should expect, in the normal sea-water the rhythmig
movements entirely cease, and the bell becomes
quiescent, with a normal irritability as regards
single stimuli. If it be now again transferred to
the acidulated water, after a short interval the
rhythmie movements will again commence, and =o
on during several repetitions of this experiment,
until the irritability of the tissues has finally
become destroyed by the influence of the acid.

Other chemical irritants which I have tried pre-
duce substantially similar effects on the paralyzed
bell of Sarsia. I shall, therefore, only wait to
deseribe the influence of one of these irritants, the
action of which in some respects differs from that
of acids, and which I have found to be one of the
most unfailing in its power to produce the rhythmie
movements in question, This irritant is glycerine,
and in order to produce its full effect it requires to
be added to the sea-water in about the proportion
of five per cent. The manifestation of artificial
rhythm in solutions of this kind is quite unfailing,
It begins after an exposure of from fifteen to thirty

Q
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seconds, and continues for a variable number of
seconds. It generally begins with powerful con-
tractions, of a less shivering character than those
which are produced by acids, and therefore still
more closely resembling the normal swimming
motions of the unmutilated animal. Sometimes,
however, the first manifestation of the artificial
rhythm is in the form of a few gentle rhythmic
contractions, to be followed by a few seconds of
quiescence, and then by the commencement of the
sustained bout of strong contractions, In either
case, when the bout of strong contractions sets in,
the rate of the rhythm becomes progressively and
rapidly inereased, until it runs up into ineipient
tetanus, The rate of the rhythm still qllielcening,
the tetanus rapidly becomes more and more pro-
nounced, till at last the bell becomes quiescent in
tonie spasm.*

If the bell is still left in the glycerine solution
nothing further happens; the tissues die in this
condition of strong systole,. But if the bell be
transferved to normal sea-water immediately after,
or, still better, slightly before the tonic spasm has
become complete, an interesting series of pheno-
mena is presented. The spasm persists for a long

# Bometimes, however, the order of events is slightly different,
the ndvent of the epnsm being more sndden, and followed by o
mitigation of its severity, the hell then exhibiting whnt 18 more
usually the first phose of the sories, namely, the oceurrence of
the locomotor-like contractions. Oecasioually, alse, rhythmical
ghivering contractions way be seen guperimposed on the goneral
tonio contraction, either in n part or over the whole of the con.
tractile tissnca.
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time after the transference without undergoing any
change, the length of this time depending on the
stage in the severity and the spasm at which the h
transference is made. After this time is passed,
the spasm becomes less pronounced than it was at
the moment of transference, and a reversion takes
place to the rhythmie contractions. The spasm
may next pass off entirely, leaving only the rhythmie
contractions behind.  Eventually these too fade
away into quiescence, but it is remarkable that
they leave behind them a much more persistent
exaltation of irritability than is the case with acid,
For in the case of glycerine, the paralyzed bell
which has Dbeen exposed to the influence of the
itritant and afterwards become quiescent in normal
sea-water, will often continue for hours to respond
to single stimuli with a bout of thythmic confrac-
tions. This effect of glyeerine in producing an
extreme condition of exalted irvitability is also
rendered apparent in another way; for if, during
the soaking stage of the experiment—i.e. before the
first of the rhythmic contractions has oceurred—
the bell be nipped with the forceps, the effect may
e that of so precipitating events that the whole of
the rhythmic stages are omitted, and the previously
quiescent bell enters at once into a state of rigid
tonie spasm. This effoct is particularly liable to
oceur after prolonged soaking in weak solutions of
gl:,fccrine.

As in the case of stimulation by acid, so in that
of stimulation by glycerine, the artificial rhythm
never beging in any strength of solution until the
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epithelial surface has become opalescent to a con-
siderable degree.

In the case of stimulation by glycerine, the be-
" haviour of the manubrium is more unequivocal
than it is in the case of stimulation by acid. I
have therefore reserved till now my description of
the behaviour of this organ under the influence of
constant chemical stimulation. This behaviour is
of a very marked though simple character. The
manubrium is always the first to respond to the
stimulation, ‘its retraction preceding the first
movements of the bell by an interval of several
seconds, so that by the time the bell begins its
rhythmic response the manubrium is usually re-
tracted to its utmost. The initial response of the
manubrium is also rhythmie, and the rhythm
which it manifests—especially if the glyeerine
colution be not over-strong—is of the same slow
character which has already been described as
manifested by this organ when under the influence
of mechanical stimulation. The rhythm, however,
is decidedly quicker in the former than in the latter
case.

Lastly, with regard to the marginal ganglia, it is
to be observed that in the case of all the chemical
irritants I have tried, if unmutilated specimens of
Sarsia be immersed in a sea-water solution of the
irritant which is of a sufficient strength to evoke
artificial Thythm in paralyzed specimens, the spon-
taneity of the ganglia is destroyed in a few seconds
after the immersion of the animals, e in a shorter
time than is required for the first appearance of



ARTIFICIAL RHYTHM, 197

artificial rhythm. Consequently, whether the
specimens experimented upon be entire or paralyzed
Ly removal of their margins, the phenomena of
artificial thythm under the influence of chemical «
stimulation are the same. But although the spon-
taneity of the ganglia disappears before the artificial
rhythm sets in, such is not the case with the reflex
activity of the ganglia ; for on nipping a tentacle of
the quiescent bell before the artificial rhythm has
set in, the bell will give a single normal response to
the stimulation.

Hence, in historical order, on dropping an unmuti-
lated specimen of Sarsia into a solution of glycerine
of the strength named, the usual succession of events
to be observed is as follows. First, increased
activity of the normal swimming motions, to be
(uickly followed by a rapid and progressive decrease
of such activity, till in about fifteen seconds after
the immersion total guiescence supervenes. Four
or five seconds later the manubrinm begins to re-
tract by rhythmical twitches, the rate.of this
rhythm rapidly increasing until it ends in tonie
contraction. When the manubrium has just become
fully retracted—or very often a little earlier—the
bell suddenly begins its forcible and well-pro-
nounced rhythmic contractions, which rapidly in-
crease in their rate of rhythm until they coalesce
into & vigorous and persistent spasm. If the animal
be now restored to normal sea-water, spontaneity
will return in a feeble manner; but there is always
afterwards a great tendency displayed by the bell
to exhibit shivering spasms instead of normal
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swimming movements in response to natural or
ganglionic stimulation. And, as already observed,
this peculiarity of the excitable tissues is also well
-marked in the case of the artificial stimulation of
deganglionated specimens under otherwise similar
conditions.

One further experiment may here be mentioned.
Having split open the paralyzed bell of Sarsia along
the whole of one side from base to apex of the cone,
I suspended the now sheet-like mass of tissue by
one corner in the air, leaving the rest of the sheet
to hang vertically downwards. By means of a
rack-work support I now lowered the sheet of tissue,
till one portion of it dipped into a beaker filled
with a solution of glycerine of appropriate strength,
After allowing this portion to soak in the solution
of glycerine until it became slightly opalescent, I
dropped the entire mutilated bell, or sheet of tissue,
into another beaker containing sea-water. If the
exposure to the glyeerine solution had been of
sufficient. duration, I invariably found that in the
normal sea-water the rhythmic movements were
performed by the whole tissue-mass quite as
efficiently as was the case in my other experiments,
where the whole tissne-mass, and not merely a por-
tion, had been submitted to the influence of the
irritant.  But on now suddenly snipping off the
opalescent portion of the tissue-mass, i.e. the por-
tion which had been previously alone submitted to
the influence of the irritant, all movement in the
remainder of the tissue-mass instantly ceased. This
experiment I performed repeatedly, sometimes ex-
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posing a large and sometimes a small portion of the
tissue to the influence of the irritant. As I in-
variably obtained the same result, there can be no
doubt that in the case of chemical stimulation the,
artificial rhythm depends for its manifestation on
the presence of a constant stimulus, and iz not
merely some kind of obscure fluttering mofion
which, having been started by a stimulus, is after-
wards kept up independently of any stimulus.

Such being the case, I naturally expected that if
I were to supply a constant stimulus of a thermal
kind, T should also obtain the phenomena of arti-
ficial thythm. In this, however, my expectations
have not been realized. With no species of Medusa
havel been able to obtain the slightest indication
of artificial rhythm by immersing the paralyzed
animals in Leated water. I can only explain this
fact Ly supposing that the stimulus which is sup-
plied by the heated medium is of top uniform a
character over the whole extent of the excitable
tissues: it would seem that in order to produce
artificial thythm there must be a differential in-
tensity of stimulation in different parts of the
responding tissue, for no doubt even the excitatory
influence of acidulated water is not of nearly so
uniform an intensity over the whole of the tissue-
area as ia that of heated water.

In now quitting the subject of artificial rhythm
as it is manifested by the paralyzed bell of Sarsia,
it is desirable again to observe that sustained
artificial thythm cannot be produced by means of
chemieal irritation in the case of any ome of the
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species of covered-cyed Medusz that I have met
with. In order to evoke any response at all,
stronger solutions of the irritants require to be em-
ployed in the ease of the covered than in that of the
naked-eyed Medusw, and when the responses do oceur
they are not of so suggestive n character as those
which I thought it worth while so fully to describe.
Nevertheless, even in the covered-eyed Meduss
well marked, though comparatively brief, displays
of artificial rhythm may often be ohserved as the
result of constant chemical stimulation. Thus, for
instance, in the case of Aurelia, if the paralyzed
umbrella be immersed in a solution of glycerine
(ten to twenty per cent), a few rhythmic pulsa-
tions of normal rate are usually given; but shortly
after these pulsations oceur, the tissue begins to go
into a tetanus, which progressively and rapidly
becomes more and more pronounced until it ends in
violent tonie.spasm. So that the history of events
really resembles that of Sarsia under similar ecir-
cumstances, except that the stage of artificial
rhythm  which inaugurates the spasm is of a
character comparatively less pronounced,

Thus far, then, T have detailed all the facts which
I have been able to collect with reference to the
phenomena of artificial rhythm, as produced by
different kinds of constant stimulation. Tt will not
he forgotten that the interest attaching to these
facts arises from the bearing which they have on
the theory of natural rhythm. My hbelief is that
hitherto the theory of thythm as due to ganglia has
attributed far too much importance to the ganglionie
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as distinguished from the contractile tissues, and 1
have founded this belief prineipally on the facts
~which have now been stated, and which certainly
prove at least this much: that after the removal of
the centres of spontaneity, the contractile tissues
of the Meduse display a marked and persistent
tendency to break into rhythmic action whenever
they are supplied with a constant stimulus of feeble
intensity. Without waiting again to indicate how
this fact tends to suggest that the natural rhythm
of the unmutilated organisms is probably in large
part due to that alternate process of exhaustion
and restoration of excitability on the part of the
contractile tissues, whereby alone the phenomena
of artificial rhythm can be explained,* I shall go
on to describe gome further experiments which were
designed to test the question whether the influences
which affect the character of the natural rhythm
likewise, and in the same manner,” affect the
character of the artificial rhythm, I took the
trouble to perform these experiments, because I felt
that if they should result in answering this question
in the affirmative, they would tend still further to

% Tt iz of importance to point ont the fact that some of my
previonsly stated experiments appear conclusively fo prove that
the natural stimulation which iz supplied by the marginnel gangliz
of the Mednswe resombles all the modes of artificial sbimnlation
which are competent to produce artificial rhythm in one im-
portant 1'|:Lrticu'|=r|.'r; the dntensity of the gtimmlation which the
marginal ganglin supply is shown by these experiments to bo
about the same 03 that which is required to produce artificial
vhythm in the case of artificial stimolation. Im proof of this
point, I may allude particalnrly to the ohservations which are
detailed on pp. 131136,
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substantiate the view I am endeavouring to uphold,
viz. that the natural rhythm may be a function
of the contractile as distinguished from the gang-
“lionic tissue, Of the modifying causes in question,
the first that T tried was temperature.

Having already treated of the effects of tem-
perature on the natural rhythm, it will now be
suflicient to say that we have seen these effects to
be similar to those which temperature exerts on
the rhythtn- of ganglionic tissues in general.  Now,
I find that temperature exerts precisely the same
influence on the artificial rhythm of deganglionated
tissue as it does on the natural vhythm of the un-
mutilated animal. To economize space, T shall only
quote one of my observations in a table which ex-
plains itself. I alsoappend tracings of another obser-
vation, to render the difference in the rate of the
artificial rhythm more apparent to the eye (Fig. 28).

Temperature of water | Numbier of contracltivns
(¥ahry per milnute,
257 2
452 A0
7a? | i)

During the whole progress of such experiments
the faradaic stimulation was, of course, kept of’
uniform intensity; so that the progressive ae-
celeration is undoubtedly due to the inerease of
temperature alone. With each increment of tem-
perature the rate of the artificial rhythm increases
suddenly, just as it does in the case of the natural
rhythm. Moreover, there seems to be a sort of
vough correspondence between the amount of in-
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fluence that any given degree of temperature exerts
on the rate of the natural and of the artificial
rhythm respectively. Further, it will be remembered
‘that in warm water the natural rhythm, besides
being quicker, is not so regular as it is in cold
water; thus also it is with the artificial rhythm.
Again, water below 20° or above 85° suspends the
natural rhythm, i.e. stops the contractions; and
the artificial rhythm is suspended at about the
same degrees.  Lastly, just as there are considerable
individual variations in the extent to which the
natural thythm is affected by temperature, so the
artificial rhythm is in some cases more influenced by
this cause than in others, though in all cases it
further resembles the natural rhythm in showing
some considerable degree of modification under
such influence.

On the whole, then, it would be impossible to
imagine two cases more completely parallel than
are these of the effects of temperature on natural
and on artificial rhythm respectively; and as it
must be considered in the last degree improbable
that all these eoincidences ave accidental, I conclude
that the effects of temperature on the natural
rhythm of Medunsae (and so, in all probability, en
the natural rhythm of other ganglio-muscular
tissues) are for the most part exerted, not on the
ganglionie, but on the eontractile element,

In order to test the effects of gases on the
artificial rhythm, T took a severed quadrant of
Aurelia, and floated it in sea-water, with its
muscular surface just above the level of the water.
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Over the tissue I lowered an inverted beaker filled
with the gas the effects of which I desired to
pscertain, and by progressively forcing the rim of
the beaker into the water I could submit the tissue
to various pressures of the atmosphere of the gas
I was using. By an appropriate arrangement the
electrodes passed into the interior of the beaker,
and could then be manipulated from the outside, so
as to be properly adjusted on the tissue. In this
way I was able to observe that different gases
exerted a marked influence on the rate of the
artificial thythm.

The following table gives the ratios in the case
of one experiment :—

Tate of nﬂﬂﬂ:l ﬂl:ﬂ'hm' In oxygen. In carbonie ncld.

86 por minnte, 60 per minuie. 25 por minnto.

It may here be observed that to produce these
results, both carbonie acid and oxygen must he
considerably diluted with air, for otherwise they
have the effect of instantaneously inhibiting all
response, even to the strongest stimulation, When
this is the case, however, irritability returns very
soon after the tissue is again exposed to air or to
ordinary sea-water, But I desire it ta be under-
stood that the results of my experiments on the
influence of oxygen, both on the natural and on the
artificial thythm, have proved singularly equivoeal ;
so that as far as this gas is concerned further
ohservations are requived hefore the above results
can be accepted as certain,

I have still one other observation nf a very
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interesting character to deseribe, which is closely
connected with the current views respecting gan-
glionic action, and may therefore be more con-
veniently considered here than in any other part of
this treatise. I have already stated that in no case
is the manubrinm of a Medusa affected as to its
movements by remowal of the periphery of the
swimming-bell ; but in the case of Sarsia a very
interesting change oceurs in the manubrium soon
after the nectocalyx has been paralyzed by exeision
of its margin. Unlike the manubriums of most of
the other Medusm, this organ, in the case of Sarsia,
is very highly retractile. In fresh and lively speci-
mens the appendage in question iz carried in its
retracted state; Lut when the animals become less
vigorous—from the warmth or impurity of the
water in which they are confined, or from any
other cause —their manubrinms usually become
relaxed. The relaxation may show itself in various
degrees in different specimens subjected to the same
conditions, but in no eaze is the degree of relaxa-
tion so remarkable as that which may be caused
by removing the periphery of the nectocalyx. For
the purpose of showing this effect, it does not
signify in what condition as to vigour, ete, the
specimen chosen happens to be in; for whether
the manubrinm prior to the operation be contracted
or partially relaxed, within half an hour after the
operation it is sure to become lengthened to a
considerable extent.

Tn order to show the surprising degree to which
this relaxation may proceed, I insert a sketch of a
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specimen both before and after the operation. The
sketehes are of life size, and drawn to accurate
measurement (Figs. 29 and 30).%

Fig- 22,

]
Fijg. 1,

With regard to this remarkable effect on the
manubrium of removing the margin of the necto-
calyx, it is now to be observed that in it we
appear to have very unexceptionable evidence of
such a relation subsisting between the ganglia
of the nectocalyx and the muscular fibres of
the manubrinm as elsewhere gives rise to what
is known as muscular tonus, This interpretation

* I muy here mention that the fact of the mannbrinm of Barsia
nndergoing this extreme clongation after the removal of the mar-
ginal ganglin, gervea to render the artificial thythm of the organ
under the inflnence of injury, na previously described, all the more
ConEpiguons,
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of the facts ecannot, I think, be disputed; and it
fully explaing why, in the unmutilated animal, the
degree of elongation on the part of the manubrium
-usnally exhibits an inverse proportion to the degree
of locomotor activity displayed by the bell. I may
here state that I have also observed indications of
musenlar tonus in some of the other Medusm, bat
for the sake of brevity I shall now restrict myself
to the consideration of this one case.

To my mind, then, it is an interesting fact that
-panglionic tissue, where it can first be shown to
occur in the animal kingdom, has for one of its
functions the maintenance of muscular tonus; but
it is not on this account that I now wish to draw
prominent attention to the fact before us. Physio-
logists are almost unanimous in regarding muscular
tonus as a kind of gentle tetanus due to a persistent
ganglionie stimulation, and against this opinion it
seems impossible to urge any valid objection. But,
in accordance with the accepted theory of gan-
glionic action, physiologists further suppose that the
only reason why some muscles are thrown into a
state of tonus by ganglionic stimulation, while other
muscles are thrown into a state of rhythmic action
by the same means, is because the resistance to the
passage of the stimulation from the ganglion to
the muscle is less in the former than in the latter
case. Here, be it remembered, we are in the
domain of pure speeulation: there is no experi-
mental evidence to show that such a state of
differential resistance as the theory requires actu-
ally obtains, Hence we are guite ab liberty to
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suppose any other kind of difference to obtain,
either to the exclusion of this one or in company
with it. Such a supposition I now wish to sugoest,
and it is this—that all thythmical action being
regarded as due (at any rate in large part) to the
alternate exhaustion and restoration of excitability
on the part of contractile tissues, the reason why
continuous ganglionie stimulation produces incipient
tetanus in the case of some museles and rhythmie
action in the case of others, is either wholly or
partly becanse the irritability of the muscles in
relation to the intensity of the stimulation is greater
in the former than in the latter case. If this sup-
position as to differential irritability be granted,
- my experiments on paralyzed Aurelia prove that
tetanus would result in the one case and rhythmie
action in the other. For it will be remembered that
in these experiments, if the continuous faradaie
stimulation were of somewhat more than ‘minimal
intensity, tetanus was the result; while if such
stimulation were but of minimal intensity, the
result was rhythmie action. Now, that in the
particular case of Sarsia the irritability of the toni-
cally contracting manubrium is higher than that
of the rhythmically contracting bell is a matter,
not of supposition, but of observable fact; for not
only is the manubrium more irritable than the bell
in response to direct stimulation of its own sub-
stance, but it is generally more so even when the
stimuli are applied anywhere over the excitable
tissues of the bell. And from this it is evident
that the phenomena of muscular tonus, as they
P
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oceur in Sarsia, tend more in favour of the exhauns-
tion than of the resistance theory.®

T will now sum up this rather lengthy discussion.
‘The two theories of ganglionic action may be
stated antithetically thus: in both theories the
accumulation of energy by ganglia is supposed to
be a continuous process; but while the resistance
theory supposes the rhythm to be exclusively due
to an intermittent and periodic discharge of this
accumulated energy on the part of the ganglionic
tissues, the exhaustion theory supposes that the
rhythm is largely due to a periodic process of
exhaustion and recovery on the part of the respond-

* The pvidence, however, is not altogether exclusive of tha
resistanee theory, for ib is quite possible that in addition to the
high irritability of the manubrinm there may be conductile lines
of low resistance connecting this organ with the marginal ganglia.
T entertain this supposition because, as explained in my Ru:qI ul
Bociety papers, I soe renson to beliove that the nataral swimming
movements of Barsin ave probably in part due to an intormittent
discharge of the ganglin, I think, therefore, that in this par-
ticular case the ganglia :uprp‘ly n tolerably constant stimnlation
to the manubriam, while it is only ot intervals that their onergy
overflows into the bell, and that the higher degree of irritability
on the part of the manubrium ensnres the tonic response of this
organ at o small cost of nervous energy. How far the rhythm of
the nectocalyx is to be attributed to the resistance mechanism of
the ganglia, and how far to the alternate exhanetion and recovery
of tha contractile tizszopes, I think it is iwpossible to determine,
gesing that it is impossible exactly to imitate the natural geo-
glionie stimulation by avtificial means.  DBut it s, 1 think, of
importance to have ascertained at least this much, that in Sarsin
the tonus of one organ aud the rhythm of anotlek, which appne
rently both received their stimulntion from the same gangliag
must at any rate in parch be attriboted fo o differentinl irrita-
bility of these organs, as distinguished from their differentinl

shimulation,
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ing tissues. Now, I submit that my experiments
have proved the former of these two theories inade-
guate to explain all the phenomena of rhythm as
it occurs in the Meduswe; for these experiments
have shown that even after the removal of the
only ganglia which serve as centres of natural
stimulation, the excitable tissues still continue to
manifest a very perfect vthythm under the influence
of any mode of artificial stimulation (except heat),
which is of a constant character and of an inten-
sity sufficiently low not to produce tetanus. And
as I have proved that the rhythm thus artificially
produced is almost certainly due to the alternate
process of exhaustion and recovery which I have
explained, there ean scarcely be any doubt that in
the natural thythm this process plays an important
part, particularly as we find that temperature and
gases exert the same influences on the one rhythm
as they do on the other. Again, as an additional
reason for recognizing the part which the con-
tractile tissues probably play in the production of
rthythm, I have pointed to the fact that in the great
majority of eases in which rhythmie action occurs
the presence of ganglia cannot be suspected. For
it is among the lower forms of life, where ganglia,
are certainly absent, and where the functions of
stimulation and contraction appear to be blended
and diffused, that rhythmic action is of the most
frequent oceurrence; and it is obvious with how
much greater difficulty the resistance theory is here
bezet than is the one T now propose. Granted a
diffused power of stimulation with a diffused power
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of response, and I see no essential difference between
the thythmic motions of the simplest organism and
those of a deganglionated Medusa in acidulated
water, Lastly, the facts relating to the tonus of the
manubrium in Sarsia furnish very striking, and I
think almost conclusive, proof of the theory which
I have advanced.



A

CHAPTER IX.
POISONE.

1, Chlovoform.—My observations with regard to
the distribution of nerves in Sarsia led me to in-
vestigate the order in which these connections are
destroyed, or temporarily impaired, by anmsthetics,
The results, I think, are worth recording. In
Sarsia the following phases always mark the
progress of anmsthesia by ehloroform, ete—1. Spon-
taneity ceaser. 2. On now nipping a tentacle,
pulling the manubrium, or irritating the bell, a
gingle locomotor contraction is given in answer to
every stimulation, (In the unanmsthesiated animal
a series of snch contractions would be the result of
such stimulation.) 3. After locomotor contractions
can no longer be elicited by stimuli, nipping a
tentacle or the margin of the bell has the effect of
cansing the manubrinm to contract, 4 After stimu-
lation of any part of the nectocalyx (including
tentacles) fails to produce response in any part of
the organism, the manubrinm will continue its re-
sponse to stimuli applied directly to itself.

2. Nitrite of Amyl—On Sarsia the effect of this
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agent is much the same as that of ehloroform—the
deseription just given being quite as applicable to
the effects of the nitrite as to those of chloroform.
* Before the loss of spontaneity supervenes, the rate
of the thythm is increased, while the strength of
the pulsations is diminished,

Tiaropsis diademata, from the fact of its present-
ing a very regular rhythm and being but of small
size, is a particularly suitable species upon which
to conduct many experiments relating to the effect
of poisons. On this species the nitrite in appro-
priate (i.c. in very small) doses first causes irregularity
and enfeeblement of the contractions, together with
quickening of the rhythm. After a short time,
a gradual cessation of the swimming motions be-
comes apparent—these motions dying out more
gradually, for example, than they do under the
influence of chloroform. Eventually each pulsation
is marked only by a slight contraction of the
muscular tissue in the immediate neighbourhood of
the margin, If the dose has been stronger, however,
well-marked spasmodic contractions come on and
obliterate such gradual working of the poison. In
all cases irritability of all parts of the animal
persists for a long time after entire cessation of
spontaneous movements—perhaps for three or four
minutes in not over-poisoned animals ; but eventu-
ally it too disappears, On being now transferred
to normal sea-water, the process of recovery is
slower than it is after anmsthesiation hy ehloroform.
It is interesting, moreover, to observe, that just as
the power of co-ordination was the first thing to be
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affected by the nitrite, so it is the last thing to
return during recovery.

3. Caffein—The effects of caflein on Sarsia may
be best studied by immersing the animals in a
saturated sea-water solution of the substance. In
such solutions the Meduse float to the surface, in
consequence of their lower speeific gravity. [
therefore used shallow vessels, in order that the
margins of the nectocalyces might rest in the level
of the water that was thoroughly saturated. The
immediate effect of suddenly immersing Sarsia in
guch a solution is very greatly to increase the rate
of the pulsations, and, at the same time, to diminish
their potency. The appearance presented by the
gwimming motions is therefore that of a fluttering
nature ; and such motions are not nearly so effectual
for progression as are the normal pulsations in
unpoisoned water. This stage, however, only lasts
for & few seconds, after which the spontaneous
motions begin gradually to fade away. Soon they
altogether cease, though occasionally one among
a number of Sarsie confined in the same saturated
golution will continue, even for several minutes
after the first immersion, to give one or two very
feeble contractions at long intervals. Eventually,

“ however, all spontaneity ceases on the part of all

the specimens, and now the latter will continue for
a very long time to be sensitive to stimulation. At
first several feeble locomotor contractions will be
given in response to each stimulus; and as on the
one hand these contractions never originate spon-
taneously, while, on the other hand, puralyzed
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Parsie never respond to a single stimulus with
more than a single contraction, these multiple
responses must, I think, be aseribed to a state of
-exalted reflex irvitability, After a long exposure
to the poison, however, only a single response is
given to each stimulus; and still later all irritability
ceases. OUn now transferring the Sarsise to un-
poisoned water, recovery is effected even though
the previous exposure has been of immensely long
duration, e.q. an hour

An interesting point with regard to caffein-
poisoning of Sarsia is, that as soon as spontaneity
ceases the tentacles and manubrinm lose their tonus
and become relaxed to their utmost extent. This
is not the case with anmsthesiation by chloroform,
even when pushed to the extent of suspending
irritability. If, however, Sarsize which have been
anmsthesiated to this extent in chloroform be
suddenly transferred to a solution of caffein, the
tentacles and manubrium may soon be seen to relax,
and eventually these organs lose their tonus as
completely as if the anmsthesia had from the first
been produced by the caffein. Moreover in this
experiment the irritability, which had been de-
stroyed by the chloroform, returns in the solution
of caffein—provided the latter be not quite satu-
rated—though spontaneity of course remains sus-
pended throughout.

The effects of graduating the doses of eaffein may
be stated in connection with another species, viz
Tiaropsis diademata. In aweak solution the effects
are a quickening of the pulsations (eg. from 64 to
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120 per minute) together with a lessening of their
force. On alightly increasing the dose, the pulsa-
tions become languid, and prolonged pauses super-
vene, If the dose is again somewhat strengthened,
the pulsations become weaker and weaker, till they
eventually cease altogether. The animal, however,
is now in a condition of exalted reflex irritability ;
for its response to a single stimulus consists not
merely, as in the unpoisoned animal, of a single
spasm, but also, immediately after this, of a series
of convulsive movements somewhat resembling
swimming movements destitute of co-ordination.
If the strength of the solution be now again
increased, a stage of deeper ansmsthesiation may be
produced, in which the Medusa will only respond
to each stimulation by a single spasm. In still
stronger solutions, the only response is a single
feeble contraction ; while in a nearly saturated
solution the animal does not respond at all. But
even from a saturated solution Tiaropsis diade-
mata will recover when transferred to unpoisoned
water.

4. Stryehmic.—The species of covered-eyed Medusa
which T shall choose for deseribing the action of
strychnia is Ciyansea capillata, which is most admir-
ably adapted for experiments with this and some
of the other alkaloid poisons, from the fact that in
water kept at a constant temperature ils pulsa-
tions are as regular as are those of a heart. After
Cyanea capillata has been allowed to soak for ten
minutes or so in & weak sea-water solution of
strychnia, unmistakable signs of irregularity in the
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pulsations supervene. This irregularity then in-
creases more and more, till at length it grows into
well-marked convulsions. The convulsions manifest
themselves in the form of extreme deviations from
the rhythmical contractions so chavacteristic of
Cyanea capillata. Instead of the heart-like regu-
lavity with which systole and diastole follow one
another in the unpoisoned animal, we now have
periods of violent and prolonged systole resembling
tonie spasm ; and when the severity of this spasm
is for a moment abated, it is genemll:,r renewed
before the umbrella has had time again to become
fully expanded. Moreover, the spasm itself is not
of uniform intensity throughout the time it lasts ;
but while the umbrella is in a continuously
contracted state, there are observable a perpetua-l
snccession of extremely irregular oscillations in the
strength of the contractile influence. It is further
a highly interesting fact that the convulsions are
very plainly of a paroxysmal nature. After the
umbrella has suffered a prolonged period of con-
vulsive movements, it expands to its full dimensions,
and in this form remains for some time in a state
of absolute quiescence. Presently, however, another
paroxysm supervenes, to be followed by another
period of quiescence, and s0 on for hours. The
periods of quieseence are usually shorter than arve
those of convulsion; for while the former seldom
last more than forty seconds or so, the latter may
continue uninterruptedly for five or six minutes. In
short, Meduswe, when submitted to the influence of
strychnia, exhibit all the symptoms of strychnia
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poisoning in the higher animals. Death, however,
is always in the fully expanded form.

It seems desirable to supplement these remarks
with a few additional ones on the effects of this
poison on the naked-eyed Meduse. In the case of
Sarsia the symptoms of strychnia poisoning arve not
well marked, from the fact that in this species
convulsions always take the form of locomotor
eontractions. The symptoms, however, are in some
respects anomalous, They ave as follows. First
of all the swimming motions become considerably
accelerated, periods of quiescence intervening be-
tween abnormally active bouts of swimming,
By-and-by a state of continuous quiescence comes
on, during which the animal is not responsive to
tentacular irritation, but remains so to direct
muscular irritation, giving one response to each
direct stimulus. The tentacles and manubrium are
much relaxed. In a sea-water solution just strong
enough to taste bitter, this phase may continue for
hours; in fact, till a certain opalescence of the con-
tractile tissues—which it is a property of strychnia,
as of most other reagents, to produce—has ad-
vanced so far as to place the tissues beyond recovery.
If the exposure to such a solution has not heen very
prolonged, recovery of the animal in normal water
is rapid. Tn a specimen exposed for two and a half
hours to such a solution, recovery began in half an
hour after restoration to normal water, but was never
complete. In all eases, if the poisoning is allowed
to pass beyond the stage at which response to direct
muscnlar irritation ceases, the animal is dead.
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On Tiaropsis indicans this poison has the effect
of eausing a general spasm, which would be undis-
tinguishable from that which in this species results
from general stimulation of any kind, were it not
that there is a marked difference in one particular.
For in the case of strychnia poisoning, the spasm,
while it lasts, is not of uniform intensity over all
parts of the nectoealyx ; but now one part and now
another part or parts are in a state of stronger
contraction than other parts, so that, as a general
consequence, the ontline of the nectocalyx is con-
tinually changing its form. Moreover, in addition
to these comparatively slow movements, there is &
continual twitching ohservable throughout all parts
of the nectocalyx. Each individual twitch only
extends over a small area of the contractile tissue;
but in their sum their effect is to throw the entire
organ into a sort of shivering convulsion, which is
superimposed on the general spasm. After a time
the latter somewhat relaxes, leaving the former
still in operation, which, moreover, now assumes a
paroxysmal nature—the convulsions eonsisting of
strong shudders and frequent spasms with oceasional
intervals of repose.

In the case of Tiaropsis diademata the action of
strychnia is very similar, with the exeeption that
there is no confinuous spasm, although occasional
ones oceur amid the twitching convulsions. After
a time, however, all convulsions cease, and the
animal remains quiescent. While in this condition
its rveflox excitability is abnormally increased, as
shown by the fact that even a gentle touch will
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bring on, not merely a single responsive spasm, as
in the unpoisoned animal, but a whole series of
successive spasms, which are often followed by a
paroxysm of twitching eonvulsions. The condition
of exalted reflex irritability is thus exeeedingly
well marked. Recovery in normal water at this
stage is rapid, the motions being at fivst characterized
by a want of co-ordination, which, however, soon
passes off.

D. Veratriuwm.—In Sarsia the first effect of this
poison is to increase the number and potency of the
contractions; but its later effect is just the con-
verse, there being then prolonged periods of quies-
cenee, broken only by very short swimming bouts
consisting of feeble contractions. The feebleness
of the contractions gradually becomes more and
more remarkable, until at last it is with great
diffienlty that they can he perceived at all; indeed,
the progressive fading away of the contractions
into absolute quiescence is so gradual that it is
impossible to tell exactly when they cease. During
the quiescent stage the animal is for the first time
insensible both to tentacular and to direct stimula-
tion of the contractile tissues, That the gradual
dying out of the strength of the contractions is not
altogether due to the progressive advance of central
paralysis, would seem to be indicated by the fact
that contractions in response to direct stimulation
of the contractile tissues are no more powerful, at
any given stage of the poisoning, than are either
responses to tentacular stimulation or the spon-
taneous contractions. Still, as we shall immediately
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see, in the various species of Tiaropsis, irritability
persists after cessation of the spontancous contrac-
tions, In Sarsia the nervous connections between
the tentacles and mannbrinm, and also between the
tentacles themselves, are not impaired during the
time that the bell is motionless ; and even when
the irritability of the bell has guite disappeared as
regards any kind of stimulation, the manubrium
and tentacles will continue responsive to stimuli
applied either divectly to themselves or to any
_ part of the neuro-muscular sheet of the bell.

The convulsions due to the action of veratrium
are well marked in the various species of the genus
Tiaropsis. They consist of violent fluttering
motions without any co-ordination ; but there are
no spasms, as in the case of strychnia poisoning.
After the convulsions have lasted for some time, a
quiescent stage comes on, during which the animal
remaing responsive to stimulation, thongh not ab-
normally so. Recovery in unpoisoned water is
rapid, the movements being at first marked by an
absence of co-ordination.

6, Digitalin—The first effect of this poison on
Sarsia is to quicken the swimming motions, and
then to enfeeble them progressively till they degene-
rate into mere spasmodic twitches. The manubrium
and tentacles are now strongly retracted, while the
nectocalyx is drawn together so as to assume an
elongated form. The latter is now no longer respon-
sive either to tentacular or to direet stimulation;
but the tentacles and manubrium both remain
responsive to stimuli applied either directly fto
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themselves or to the nenro-muscular tissue of the
bell. Death always takes place in very strong
systole; and as this is an exceedingly unusual thing
in the case of Barsia, there can be no doubt that,
in this respect, the action of the digitalin is different
on the Meduswe from what it is on the heart.

On the various species of Tiaropsis, digitalin at
first causes acceleration of the swimming move-
ments, with great irregularity and want of co-
ordination, Next, strong and persistent spasms

- supervene, which give the outline of the meeto-

calyx an irregular form; and every now and then
this unnatural spasm gives place to convulsive
swimming motions. Evidently, however, the spasm
becomes quite persistent and excessively strong,
The manubrium of Tiaropsis indicans crouches to
its utmost, and the animal dies in strong systole,

7. Atropin—In the case of Sarsia atropin causes
convulsive swimming motions. The systoles next
become feeble, and finally cease. The nectocalyx
is now somewhat drawn together in persistent
systole, with the manubrium and tentacles strongly”
retracted. Museular irritability remains after ten-
tacular irvitability has disappeared, but it is then
decidedly enfeebled.

In the various species of Tiaropsis the convulsions
are strongly pronounced. They begin as mere
accelerations of the natural swimming motions,
but soon grow into well-marked convulsions, eon-
sisting of furious bouts of irregular systoles follow-
ing one another with the utmost rapidity, and
wholly without co-ordination. Oceasionally these
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movements arve interrupted by a violent spasm,
on which strong ﬁhuddermg contractions are super-
imposed.
8. Nicotin—On dropping Sarsia into a sea-water
solution of mnicotin of appropriate strength, the
animal immediately goes into a violent and con-
tinuous spasm, on which a number of rapidly sue-
ceeding minute contractions are superimposed.
The latter, however, rapidly die away, leaving the
nectocalyx still in strong and continuous systole;
tentacles and manubrium are retracted to the
utmost. Shortly after cessation of spontaneity,
the bell is no longer responsive to tentacular stimu-
lation, but remains for a considerable time respon-
sive to direct stimulation of its own substance;
eventually, however, all irritability disappears,
while the tentacles and manubrium relax. On
transferring the animal to normal water, museular
irritability first returns, and then central, as shown
by the earlier response of the bell to direct than to
tentacular stimulation ; but if the animal has been
*poisoned heavily enough to have had its muscular
irritability suspended, it is a long time before
central irritability retwrns. Scon after central
irritability has returned, the animal begins to show
feeble signs of spontaneity, the motions being
exceedingly weak, with long intervals of repose;
but the degrée of such feebleness depends on the
length of time during which the animal has pre-
viously been exposed to the poison; thus ina speci-
men which had been removed from the poison
immediately after the disappearance of reflex
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irritability had supervened, recovery began in ten
minutes after re-immersion, and was complete in
half an hour.

In Tiaropsis the symptoms of nicotin poisoning
are also well marked. When gradually adminis-
tered, the first effect of the narcotic is a complete
loss of co-ordination in the swimming motions. A
slight incrense of the dose brings about a tonic
spasm, which differs from the natural spasm of
these animals—(«) in being stronger, so that the
nectocalyx becomes he].l-slmlmd rather than square,
(b) in being much more persistent, and (e} in under-
going variations in its intensity from time to time,
instead of being a contraetion of uniform strength;
thus the spasm temporarily affects some parts of
the nectocalyx more powerfully than other parts,
s0 that the organ may assume all sorts of shapes
Such distortions proceed even further under the
influence of nicotin than under that of strychnine,
ete. Sometimes, for instance, one quadrant will
project in the form of a pointed promontory; at
other times two adjacent or opposite quadrants
will thus project, and oceasionally all four will do
so, the animal thus becoming star-shaped. Some-
times, again, one quadrant will be less contracted
than the other three, while at other times more or
less slight relaxations affect numerous parts of the
Lell, its margin being thus rendered sinuous, though
more or less violently contracted in all its parts.
This state of violent spasm lasts for several minutes,
when it gradually passes off;, the nectocalyx relaxing
into the form of a deep bowl and remaining quite

Q
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passive, exeept that every now and then one part
or another of the margin is suddenly contracted in
a semilunar form. By-and-by, however, ¢ven these
"occazional twitches cease, and the animal is now
insensible to all kinds of stimulation. Recovery in
normal water i3 gradual, and marked in its first
stage by the occasional retractions of the margin
last mentioned. At about this stage also, or some-
times slightly later, the animal first becomes respon-
sive to stimulation; and it is interesting to note
that the response is performed, not by giving a
general spasm as would the unpoisoned animal, but
by folding in the part irritated—an action which
very much resembles, on the one hand, the spon-
taneous convulsive movements just described, and,
on the other, the response which is given to stimu-
lation by the unpoisoned bell when gently irritated
after removal of its margin. After these stages
there supervenes a prolonged period of quiescence,
during which the animal remains normally respon-
sive to stimulation. Spontaneity may not return
for meveral hours, and, after it does return, the
animal is in most cases permanently enfeebled.
Indeed, on all the species of Medusa, nicotin, both
during its action and in its subserquent effects, is
the most deadly of all the poisons I have tried.

9, Morphia—The anwmsthesiating effects of mor-
phia are as decided as are those of chloroform. 1shall
confine myself to deseribing the process of anmsthe-
siation in the case of Aurclia aurita in an extract
from my notes. “A very vigorous speeimen, having
twelve lithoeysts, was placed in a strong sea-water
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solution of morphia. Half a minute after being
introduced ecommencement of torpidity ensued,
shown by contractions becoming fewer and fecbler,
In one minute the feeble impulses emanating from
the prepotent lithoeyst failed to spread far through
the contractile tissue, appearing to encounter a
growing resistance. Eventually this resistance
became so great that only a very small portion of
lontractile tissue in the immediate neighbourhood
of the lithoeyst contracted, and this in a very slow
and feeble way. Two minutes after immersion
even these partial contractions entirvely ceased, and
soon afterwards all parts of the animal were com-
pletely dead to stimulation. Recovery in normal
water slower than that after chloroform, but still
soon quite complete. Repeated experiment on this
individual four times without injury.”

10. Aleolol—The solution must be strong to
canse complete intoxication. The first effect on
Sarsia is to cause a great increase in the rapidity
of the swimming motions—so much so, indeed, that
the bell has no time to expand properly between
the occurrence of the successive systoles, which, in
consequence, arve rendered feeble. These motions
gradually die out, leaving the animal quite motion-
less. The nectocalyx is now responsive to stimuli
applied at the tentacles, and sometimes two or
three eontractions will follow such a stimulus, as if
the spontaneity of the animal were slightly aroused
by the irritation. Soon, however, only one eontrac-
tion is given in response to every tentacular irrita-
tion, and by-and-by this also ceases—the Medusa
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being thus no longer responsive to eentral stimula-

tion. Itremains, however, for a long time responsive

to stimulation of the neuro-muscular sheet; indeed, -
the strength of the aleohol solution must be very

considerable before loss of muscular irritability

supervenes, It may thus be made to do so, how-

ever; and on then transferring the animal to normal
water, recovery begins in from three minutes to

quarter of an hour, The first contractions are ver
feeble, with long intervals of repose; but graduall
the animal returns to its normal state.

The above remarks apply also to Tiaropsis. In
Tiaropsis indicans the manubrinm recovers in normal
water sooner than the nectocalyx. Both in Sarsia and
Tiaropsis the manubrium and tentacles are refructec
while exposed to aleohol, and, after transference to
normal sea-water, the animals float on the surface,
presumably in consequence of their having imbibed
some of the spirit. The period during which flota-
tion lasts depends, (¢) on the strength of the alechol
solution used, and (b) on the time of exposure to its
influence, It may last for an hour or more; but in
no case is recovery complete till some time after the
flotation ceases.

11. Curare—Curare had already been tried upomn
Medusse, and was stated to have produced no effects ;
it is therefore especially desirable that I should
first of all deseribe the method of exhibiting ib
which I employed.

Having placed the medusa to be examined in a
fat-shaped beaker, I filled the latter to overflowing
with sea-water, I next placed the beaker in a
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large basin, into which I then poured sea-water
until the level was the same inside and outside the
breaker, i.¢. until the two bodies of water all but
met over the brim. Having divided the medusa
across its whole diameter, with the exception of a
small piece of marginal tissue at one side to act as
a connecting link between the two resulting halves,
I transferred one of these halves to the water in the
basin, leaving the other half still in the beaker—
the marginal tissue which served to unite the two
halves being thus supported by the vim of the
beaker. Over the minute portion of the marginal
tissue which was thus of necessity exposed to the
air, I placed a piece of blotting-paper which dipped
freely into the sea-water. Lastly, I poisoned the
water in the beaker with successive doses of curare
solution. .

The results obtained by this method were most
marked and beautiful. Previous to the adminis-
tration of the poison both halves of the medusa
were of course contracting vigorously, waves of
contractile influence now running from the half in
the beaker to the half in the basin, and now vice
versd.  But after the half in the beaker had become
effectnally poisoned by the curare, all motion in it
completely ceased, the other, or unpoisoned half,
continuing to contract independently. I now
stimulated the poisoned half by nipping a portion
of its margin with the forceps, Nothing conld be
more deeided than the result. It will be remem-
bered that when any part of Staurophora laciniata
is pinched with the forceps or otherwise irritated,
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the motion of the whole body which ensues is
totally different from that of an ordinary locomotor
contraction—all parts folding together in one very -
strong and long-protracted systole, after which the
diastole is very much slower than usual. Well, on
nipping any portion of the poisoned half of Stau-
rophora laciniata, this half remained absolutely
motionless, while the unpoisoned half, though far
away from the seat of irritation, immediately ceased
its normal contractions, and folded itself together in
the very peculiar and distinetive manner just de-
seribed. This observation was repeated a number
of times, and, when onee the requisite strength of
the eurare solution had been obtained, always with
the same result, The most suitable strength I found
to be 1 in 2500, in which solution the poisoned half
required to soak for half an hour.

I also tried the effect of this poison on the eovered-
cyed Medusie, and have fairly well satisfied myself
that its peculiar influence is likewise observable in
the ease of this group, although not in nearly so
well-marked a manner.

It has further to be stated that when the poisoned
half is again restored to normal sea-water, the effects
of curare pass off with the same rapidity as is
observable in the case of the other poisons which
I have tried. Thus, although an exposure of half
an hour to the influence of eurnre of the strength
named is requisite to destroy the motor power in
the case of Staurophora laciniata, half a minute is
sufficient to ensure its ineipient return when the
animal is again immersed in unpoisoned water,
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It is also to be ohserved that a very slight degree
of over-poisoning paralyzes the transmitting system
as well as the responding one; so that if any one
should repeat my observation, I must warn him.
apainst drawing erroneous conclusions from this
fact, Let him use weak solutions with prolonged
soaking, and by watching when the voluntary
moticns in the poisoned half first cease, he need
experience no diffieulty in obtaining results as
decided as it is possible for him to desire.

12. Cyanide of Potassivm.—On Sarsia the first
effect is to quicken the contractions and then fo
enfeeble them, The animal assumes an elongated
form, as already deseribed under atropin. Spon-
taneity ceases very rapidly even in weak solutions;
and for an exceedingly short time after it has done
go, the bell continues responsive both to tentacular
and to direct stimulation, For a long time after
the bell ceases to respond to any kind of stimula-
tion, the nervous connections between the tentacles
and between the tentacles and manubrium remain
intaet, as also do the nervous connections of these
organs with all parts of the bell. This interesting
fact is rendered apparent, first, by stimulating a
tentacle and observing that all the four tentacles
and the manubrium respond; and, second, by irri-
tating any part of the neurc-muscular sheet of the
hell, and observing that while the latter does not re-
epond both the tentacles and the manubrium retract.
Recovery from this stage occupies several hours,

In the case of Tiaropsis the convulsions are, as
usual, more pronounced, being marked by the oceur-
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rence of a gradually increasing spasm, which differs
from a normal spasm in the respects already de-
seribed under strychnia. In all the species both of
Sarsia and Tiaropsis, the manubrium and tentacles
are retracted during exposure to this poison.

Remerrka,

The above comprises all the poisons which I have
tried, and T think that all the observations taken
together show a wonderful degree of resemblance
between the actions of the varions poisons on the
Meduse and on the higher animals—a general fact
which is of interest, when we remember that in
these nerve-poisons we possess, as it were, so many
tests wherewith to ascertain whether nerve-tissue,
where it first appears upon the sceng of lifs, presents’
the same fundamental properties as it does in the
higher animals. And these observations show that
such is the case. When the physiologist bears in
mind that in Sarsia we have the means of testing
the comparative influence of any poison on the
central, peripheral, and muscular systems respee-
tively,* he will not fail to appreciate the sigmifi-
cance of these observations. In reading over the
whole list he will meet with an anomaly here and

# The method of comparizon consists, a8 will alrendy have been
gathered from the porussl of the foregoing sections, in :—first,
gtimulating the tentacles, and observing whether this iz followed
by such a discharge of the attached ganglion 03 enuses the ball to
contract ; next, stimnlating the bell itself, to ascertnin whether
the mmusenlar irritability i8 impaired; and, lastly, stimulating
either the tentacles or the bell, to cheerve whether the reciproeal
eonnections between tentacles, hell, and manubrinm are uninjured,
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there; but, on the whole, I do not think he can
fail to be satisfied with the wonderfully close adher-
» ence which is shown by these elementary nervous
tissues to the rules of toxicology that are followed®
by mnervous tissues in general. In one respect,
indeed, there is a conspicuous and uniform devia-
tion from these rules; for we have seen that in the
case of every poison mentioned more or less com-
plete recovery takes place when the inflaence of the
poison has been removed, even though this has
acted to the extent of totally suspending irritability.
In other words, there is no poison in the above list
which has the property, when applied to the Meduswe,
of destroying life till long after it has destroyed
~~all signs of irritability. What the cause of this
uniform peenliarity may be is, of course, eonjectural ;
but I may suggest two considerations which seem
to me in some measure to mitigate the anomaly,
In the first place, we must remember that in the
Medus® there are no nervous centres of such vital
importance to the organism that any temporary
suspension of their functions is followed by im-
mediate death. Therefore, in these animals, the
various cenfral nerve-poisons are at liberty, so to
speak, to exert their full influence on all the ex-
citable tissues without having the course of their
_ -action interrupted by premature death of the organ-
izm, which in higher animals necessarily follows the
early attack of the poison on a vital nerve-centre.
Again, in the second place, we must remember that
the method of administering the above-mentioned
poisons to the Medusm was very different from
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that which we employ when administering them to
other animals ; for, in the ease of the Medusme, the
neuro-muscular tissue is spread out in the form of
an exceedingly tenuous sheet, so that when the
animal is soaking in the poisoned water every por-
tion of the excitable tissue is equally exposed to its
influence ; and that the action of a poison is greatly
modified by such a difference in the mode of its
administration has been proved by Professor Gamgee,
who found that when a frog's musele is allowed
to soak in a solution of vanadium, ete, it loses
its irritability, while this is not the case if the poison
is administered by means of the cireulation.

I may further observe that in the ecase of all
poisons I have tried, the time required for recovery
after the animal is restored to normal water varies
immensely. The variations arve chiefly determined
by the length of time during which the animal has
been exposed to the influence of the poison, but
also, in a lesser degree, by the strength of the solu-
tion enployed. "o take, for instance, the case of
caffein or chlovoform, if Bavsie are transferred to
normal water after they first cease to move, a few
seconds are enough to restore their spontaneity;
whereas, if they are allowed to remain in the
poisoned water for an hour, they may not move
for one or two hours after their restoration to un-
poisoned water. In consequence of such great varia-
tions occurring from these causes, I was not able
to compare the action of one poison with that of
another in respect of the time required for effects
of I;uis-:uni ng to pass away.
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I shall conclude all T have to say upon the subject
of poisons by stating the interesting fact, that if
any of the narcotic or anmsthesiating agents be
administered to any portion of a contractile strip
¢ut from the umbrella of Aurelia aurita in the way
already described, the rate of the contraction-waves
is first progressively slowed, and eventually their
passage is completely blocked at the line where the
poisoned water begins. Upon now restoring the
poisoned portion of the contractile strip to normal
sea-water the blocking is gradually overcome, and
eventually evéry trace of it disappears.®

The eontractile wave may be blocked by poisons
in another way. A glance at Fig. 11 will show
that a circumferential strip eut from the umbrella
of Anrelin aurita is pervaded transversely by a
number of nutrient tubes, which have all been cut
through by the section. At the side of the strip,
therefore, furthest from the margin there are situ-
ated a number of open ends of these nutrient tubes,
Now, on injecting any of the narcotic poisons into

) L) J

# Tn conducting this experiment, cove mnst bo taken not to exerd
the elightest pressure on any part of the strip. The method I
adopted, therefore, was to have a veesel with o very deep forrow
on each of ite epposite lips. Upon filling thia vessel to the level
of thees fnrrows with the poisoned water, and then immersing
the whole vessel in ordinary sen-water np to the lovel of its brim,
some of the poisoned water of course passed throngh the open
furrows. The external body of waber (i.e. the normal sea.wator
containing the animal) was therefore made proportlonally very
large, so that the slight escape of peison into it did not affect
the experiment. On now passing the portion of the slrip to be
prizoned throngh the opposite furrows, it waa allewed to gonle in

the puisnn while rl'\E'E]J.' ﬂ;mtingr and so withoub Eﬂﬂ(.‘l';!]‘u' Pressire
in any of ite parts,
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one of these open ends, the fluid of course permeates
the whole tube, and the contraction-wave becomes
blocked at the transverse line oceupied by the tube
as effectnally as if the contractile strip had been cut
through at that line.

A glance at Fig 10, again, will show that each
lithoeyst is surrounded by one of these nutrienf
tubes. Upon injecting this tube, therefore, in a
contractile strip, the effect of the poison may be
exerted on the lithocyst more speeially than it
could be by any other method of administration.
In view of recent observations concerning the effects
of curare on the eentral nervous masses of higher
animals, it may be worth while to.state that a dis-
charging lithoeyst of Aurelia aurita, when thus
injected with curare, speedily ceases its discharges.
This fact alone, however, would not warrant any
very trustworthy conclusions as to the influence of
eurare upon discharging centres; for it is not im-
probable that the paralyzing effects may here he
due to the influence of the poison on the surround-
ing contractile tissue.

It is interesting to observe that if the discharging
lithoeyst be m}eeted with chloroform, or a not too
strong solution of morphia, it recovers in the ecourse
of a njght.. With aleohal the first effects of the in-
jection are considerably to accelerate the frequency
and to angment the potency of the discharges ; but
the subsequent effeets are a gradual diminution in
the frequency and the vigour of these discharges,
until eventually total quiescence supervenes. In the
course of a few hours, however, the torpidity wears
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away, and finally the medusa returns to its normal
state* :

* Binoe the above resnlts on the effcets of poisons were pub-
lished in my Royal Bocicty papers, Dr. Erokenberg bas conducted
& resenrch upon * comparstive toxicology,” in which he has de.
voted the lorger share of his attention to the Mednam. While
expressing my gmtification that whon he adopted my methods ha
Bucconded in confirming my rvesnlts, I may observe that the
critiviem which he somewhat Bluntly passes npon the latter is nok
mﬂmly unwarranted, ot based npon o slrange misl:l:m:eption of
o well-known principle in the physiology of nerves and muselos,
This oriticiam is that these resolte as published by me aro
worthless and “a desd chapter in seience,” becanse T failed to
Prove that it was the nervons (as distingnished from the moseular)
tlements which were eoffected by the various peisons. In his
opinion this distinction con only be made good by employing
£leotrical stigulntion npon the sub.umbrella tissue whon this hos
lost its spontoneity nnder tho influence of poisons @ if o response
cngues which does nob ensus wlhen the tizsoo is stimolated
mechanically, he regards tho fact as proof that the moscolor
tisgua remaing mmaffected while the nervons tissme lLas been
rendored functionless.

Now, in the fivst place, I have here to show that theroe is, as I
bave gpid, o fundamental error touching o well-known principle of
physiclogy. Bo for ns thers i5 any difference bobween the ex-
titability of nerve and mmuacle with respect to mechanical and
eleetrical stimulation, it is the precise couverse of thak which Dr,
Krukenberg supposes; ib is nob muscle; bat nerve, which s the
mera sensitive to clectrical stimulation—by which I understand
him to mean the indoction shook,  The remarkable transposition
of Dr. Krokenberg's ideas npon this matter doss not affect the
results of his observations npon the action of the varions poisons;
it only renders fatuous his criticiem of these same results as
previonsly published by me,

In the next place, I hnve to ohasrve that in all my experiments
I tried, as he snbsequently tried, both kinds of stimulation, and
algo the constant current; bot T soon found that even when ong
went to work with one's idens upon the subjech in A non-inverted
position, no trustworthy inference could be driwn in favour of
the muscular elements alene remaiming uninjured, from the bare
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Physiological Effects of Fresh Water on the Medusc.

As fresh water exerts a very deadly influence on
the Medusee, this seems the most appropriate place
for deseribing its action. Such a deseription has
already been given by Professor L. Agassiz, but it
is erroneous, He writes, “Taking up in a spoon-
ful of sea-water a fresh Sarsia in full activity, when
swimming most energetically, and emptying it into
a tumbler full of fresh water of the same tempera-
ture, the little animal will at once drop like a ball

fact that after the pnimniug the nenrc-mngeular tissue often
hehaved differently towards diferent kinds of stimnlation.
Further, in the particnlar ense of my experiments with curave—
against which Dr. Krokenberg's romarks are chiefly directod on
the ground that T did not prove the paralysis to be o morely mus-
emlar effect—1I sncceeded in obtaining very much botter proof of
the poison acting on the norvons elements, to the exclusion of the
mugcnlar; than I conld bave obtained by any process of inference,
however good ; that is to say, I obtained direct proof, 1t appesrs
to ma that Dr. Krukenbery must have failed to understand the
English of the following sentences: “On nipping any portion of
the poisoned half of Btaurcphora laciniata, this half remained
abselutely motionless, while the unpoisoned half, though far away
Srom the seat of drritation, immediately ceased its normal eon-
tractions, and folded itself together in the vory peculinr and dis-
tinctive manner just deseribed," e, *in ong vary strong and
long-protracted systole.”  For the rest, see note on page 232.
Langtly, while again expressing my satisfaction that on all
matters of fact our results are in full barmony, T may be allowed
to remaerk that in my opinion his dednctions, ns embodied in his
gchema of the inferred innervation of Medusm, nro very far in
advance of anything that is jostified by obacrvation, (See, for
this elnborate schema, in which there are represented volitional,
motor, reflex, and inhibitory centres, ns well as a clearly defined
system of semsory and motor derves, ® Vergleichend-Phyaio.
logogische Studien, dritte Abtheiling,” p. 141 : Heidelberg, 1580.)
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to the bottom of the glass and remain for ever
motionless—Ikilled instantaneously by the mere
difference of the density of the two media.”* As
regards the appearance presented by Sarsia when
subjected to “this little experiment,” the account
Just quoted is partly correct; but Professor Agassiz
must have been over-hasty in eoncluding that, he-
cause the animals seemed to be thus “ killed instan-
tanconsly,” such was really the emse. Nothing,
indeed, could be more natural than his conclusion;
for not only is the contrast between the active
swimming motions of the Sarsia in the sea-water
and their cessation of all motion in the fresh water
very suggestive of instantaneous death; but a short
time after immersion in the latter their econtractile
tizsues, as Professor Agassiz obzerved, become
opalescent and whitish. Nevertheless, if he had
taken the precaution of again transferring the
Sarsia to sea-water, he would have found that the
previous exposure to fresh water had not had the
effect which he ascribes to it. After a variable
time his specimens would have resumed their swim-
ming motions ; and although these might have had
their vigour somewhat impaired, the animals would
have continued to live for an indefinite time—in
fact, quite as long as other specimens which had
never been removed from the sea-water. Even
after five minutes’ immersion in fresh water,
Sarsiss will revive feebly on being again restorved
to sea-water, although it may be two or three
hours before they do so; they may then, how-
& o Nom, American Acad. Arts and Beiences,” 1850, p. 220,



240 JELLY-FISH, STAR-FISH, AND SEA-URCHINS.

ever, live as long as other specimens. In many
cases Sarsize will revive even after ten minutes'
exposure; but the time required for recovery is
then very long, and the subsequent pulsations ave
of an exceedingly feeble character. I never knew a
specimen survive an exposure of fifteen minutes.*
In not a few cases, after immersion in fresh water,
the animal continues to pulsate feebly for some little
time ; and, in all cases, irritability of the contractile
tissues persists for a little while after spontaneity
has ceased. The opalescence above referred to
principally affects the manubrium, tentacles, and
margin of the nectoealyx, While in fresh water
the manubrium and tentacles of Sarsia are strongly
retracted.

Thinking it a eurious circumstance that the mere
absence of the few mineral substances which oceur in
sea-water should exert so profound and deadly an
influence on the neuro-muscular tissues of the
Medusee, I was led to try some further experiments
to ascertain whether it is, as Agassiz affirms, to the
mere difference in density between the fresh and
the sea water, or to the absence of the particular
mineral substances in question, that the deleterious
influence of fresh water is to be aseribed, Although

# The covered-eyed Medusm survive a longer immersion than
the naked-eved—Aurelia anrita, for instance, requiring from a
guarter to half an heue's expoance before being placed bayond
recovery. Moreover, the cessation of spontaneity on the first
immersion 18 nob o sadden as ib is in the caze of the naked-eyed
Mednsm—the pulsations continning for about five minntes, during
which time they become weaker and weaker in so gradunl o
manner that it is hard to tell exactly when they fivst conse.
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my experiments lead to no very instructive eon-
clusion, they are, I think, worth stating, -

I first tried dissolving chloride of sodium in fresh
water till the latter was of the same density as sea-
water. Sarsie dropped into such a solution con-
tinued to live for a great number of hours; but
they were conspicuously enfeehled, keeping for the
most part at the hottom of the vessel, and having
the vigour of their swimming motions greatly im-
paired, The tentacles and manubrinm were strongly
retracted, as in the case of exposure to fresh water,
and the tissues also became slightly opalescent,
Thinking that perhaps a fairer test would be only
to add as much chloride of sodium to the fresh
water as occurs in sea-water, I did so; but the re-
sults were much the same, On now adding sulphate
of magnesium, however, to the amount normally
' present in sea-water, the Sarsise became more active,
I next tried the effects of ehloride of sodium dis-
solved in fresh water to the point of saturation, or
nearly so. The BSarsize, of course, floated to the
surface, and they immediately began to show
symptoms of torpidity. The latter became rapidly
more and more pronounced, till spontaneity was
quite suspended. The animals, however, were not
dead, nor did they die for many hours, their irrita-
bility continuing unimpaired, although their spon-
taneity had so completely ceased, The tentacles and
manubrium were exceedingly relaxed, which is an
interesting fact, as being the converse of that which
oceurs in water eontaining too small a proportion of
salt. Lastly, to give the density hypothesis a still

R
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more complete trial, T dissolved wvarvious nentral
salts and other substances, such as sugar, ete, in
fresh water till it was of the density of sea-water;
but in all cases, on immersing Sarsi in such solu-
tions, death was as rapid as that which followed
their immersion in fresh water,

L}

The Fyresh-wafer Meduscr,

On June 10, 1880, it was noticed that the
fresh water in the large tank of the lily-house of
the Royal Botanical Society, Regent's Park, was
swarming with a small and active species of Medusa,
previously unknown to science—it being, indeed, at
that time unknown to science that any species of
Medusa inhabited fresh water, although it was well
known that some of the other Hydrozoa do so.
Examination showed that the new species belonged
to the order Trachomedusme, and the Petaside of
Haeckel's classification—its nearest known relative,
according to Professor Ray Lankester, being the genus
Aglauropsis, which occurs on the coast of Brazil,
The Medusa was ealled Limmnoesdium (Afpam, a
pond, and kidww, a bell) sorbii by Professors All-
man and Lankester. T am indebted to the kindness
of Professor Allman for permission to reproduce his
drawing of the animal, (Fig. 81) It is remark-
able that, although this Medusa has reappeared
every June in the same tank, no one has yet sue-
ceeded in tracing its life-history, Nor is it known
from what source the tank first became impregnated
with this organism, No doubt the germs must
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have been conveyed by the roots or leaves of some
tropical plant that at some time was placed in the

Fiig. 81,

tank ; but the Botanieal Society has no reeord of
any plant which can be pointed to as thus having
probably served to import the organism.

I shall now proceed to give an account of my
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observations on the physiology of this interesting
animal, by quoting in exfenso my original paper
upon the subject (Nafure, June 24, 1880). Before
doing 8o, however, I may state that Professors A
Agassiz, Moseley, and others have since informed us
that sundry speecies of sea-water Meduse have been
observed by them living and thriving in the brackish
waters of estuaries—a fact which strongly corrobo-
rates the inference at tho end of the present paper.
« The natural movements of the Medusa precisely
resemble those of its marine congeners. More par-
tioularly, these movements resemble those of the
marine species which do not swim continuously,
but indulge in frequent pauses. In water at the
temperature of that in the Victoria lily-house (85
Fahr.), the pauses are frequent, and the rate of the
rhythm irregular, suddenly quickening and suddenly
slowing even during the same bout, which has the
effect of giving an almost intelligent appearance to
the movements, This is especially the caze with

In colder water (65° to 757) the

young specimens.
ined; =0

movements are more regular and susta
that, guided by the analogy furnished by my ex-
periments on the marine forms, I infer that the
temperature of the natural habitat of this Medusa
cannot be so high as that of the water in the
Victoria lily-house, Tn water of thab temperature
the rate of the rhythm is enormously high, some=
times rising to three pulsations per second, DBut
by prngrcﬁ:'*i\'t!]}’ cooling the water, this rate may
be pvfpgrcssi\'el}f lowered, just as in the case of the
marine species; and in water at 65°, the maximuim
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rate that I have observed is eighty pulsations per -

minute, As the temperature at which the greatest
activity is displayed by the fresh-water species is
a temperature so high as to be fatal to all the
marine species which I have observed, the effects
of cooling ave, of course, only parallel in the two
cases when the effects of a series of higher tem-
peratures in the one case are compared with those
of a series of lower temperatures in the other
Similarly, while a temperature of 70° is fatal to
all the species of marine Medusm which I have
examined, it is only a temperature of 100° that is
fatal to the fresh-water species, Lastly, while the
marine species will endure any degree of cold with-
out loss of life, such is not the case with the fresh-
water species, Marine Meduse, after having been
frozen solid, will, when gradually thawed out, again
resume their swimming movements; but this fresh-
water Medusa is completely destroyed by freezing.
Upon being thawed out, the animal is seen to have
shiunk into a tiny ball, and it never again recovers
either its life or its shape,

“The animal secks the sunlight, If one end of
the tank is shaded, all the Meduswe congregate at
the end which remains unshaded. Moreover, during
the daytime they swim about at the swface of the
water ; but when the sun goes down they subside,
and can no longer be seen. In all these habits
they resemble many of the sea-water species. They
are themselves non-lnuminous,

“T have tried on about a dozen gpecimens the
effect of excising the margin of the nectocalyx, In
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the case of all the specimens thus operated upon,
the result was the same, and corresponded precisely
with that which I have obtained in the case of
marine species; that is to say, the operation pro-
duces immediate, total, and permanent paralysis of
the nectoealyx, while the severed margin continues
to pulsate for two or three days. The excitability
of a nectocalyx thus mutilated persists for a day or
two, and then gradually dies out, thus also resem-
bling the case of the marine naked-eyed Medusw,
More particularly, the excitability resembles that
of those marine species which sometimes respond to
a single stimulation with two or three successive
contractions,

“ A point of specially physiological interest may
be here noticed. In its unmutilated state the fresh-
water Medusa exhibits the power of localizing with
its manubrium & seat of stimulation situated in the
bell; that is to say, when a part of the bell is
nipped with the foreeps, or otherwise irritated, the
free end of the manubrium is moved over and
applied to the part irritated. So far the movement
of localization is precisely similar to that which 1
have previously deseribed as oceurring in Tiarvopsis
indicans (Phil. Trans, vol. elxvii). But further
than this, I find a curious difference, For while
in Tiaropsis indicans these movements of localiza-
tion continue unimpaired after the margin of the
bell hias been removed, and will be ineffectually
attempted even after the bell is almost entirely cut
away from its connections with the manubrinm, in
the fresh-water Medusa these movements of localiza-
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tion pease after the extreme margin of the bell has
been removed. For some reason or another the
iutegrit}r of the margin here seems to be necessary
forexciting the manubrium to perform its movements,
of localization. It is clear that this reason must
either be that the margin contains the nerve-centres
which preside over these localizing movements of
the manubrinum, or, much more probably, that it
contains some peripheral nervous structures which
are alone capable of transmitting to the manubrium
8 stimulus adequate to evoke the movements of
localization. In its unmutilated state this Medunsa
is at intervals perpetually applying the extremity
of its manubrivimn to ome part or another of the
margin of the bell, the part of the margin touched
always bending in to meet the approaching ex-
tremity of the manubrium. In some ecases it can
be seen that the object of this co-ordinated move-
nient is to allow the extremity of the mannbrinm—
i.e. the mouth of the animal—to pick off a small
particle of food that has become entangled in the
marginal tentacles, It is therefore not improbable
that in all cases this is the object of such move=
ments, although in most cases the particle which
18 caught by the tentacles is too small to be seen
with the naked eye. As it is thus no doubt a
matter of great importance in the economy of the
Medusa that its marginal tentacles should be very
sensitive to eontact with minute particles, so that a
very slight stimulus applied to them should start
the co-ordinated movements of localization, it is not
surprising that the tentacular rim should present
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nerve-endings so far semsitive that only by their
excitation can the reflex mechanism be thrown
into action, But if such is the explanation in
this case, it is curiovs that in Tiaropsis indicans
every part of the bell should be equally capable of
yielding a stimulus to a precisely similar reflex
action.

“In pursuance of this point, I tried the experi-
ment of cutting off porfions of the margin, and
stimulating the bell above the portions of the mar-
gin which I had rvemoved. I found that in this
case the manubrium did not remain passive as it
did when the whole margin of the bell was re-
moved ; but that it made ineffectual efforts to find
the offending body, and in doing o always touched
some part of the margin which was still unmuti-
lated. I can only explain this fact by supposing
that the stimulus supplied to the mutilated part is
spread over the bell, and falsely referred by the
manubrinm to some part of the sensitive—i.c. un-
mutilated—margin.

“But to complete this account of the localizing
movements, it is necessary to state ome additional
fact which, for the sake of clearness, T have hitherto
omitted. If any one of the four radial tubes is
irritated, the manubrinm will correctly localize the
seat of irrifation, whether or not the margin of the
bell has been previously removed. This greater
ease, s0 to speak, of localizing stimuli in the course
of the radial tubes than anywhere else in the
nectocalyx, except the margin, corresponds with
what I found to be the case in Tiaropsis indicans,
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and probably has a direct reference to the distribu-
tion of the principal nerve-tracts.

“ On the whole, therefore, contrasting this ease of
localizationwith the elosely parallel case presented by
Tiaropsis indieans, I should say that the two chiefly
differ in the fresh-water Medusa, even when unmuti-
lated, not being able to localize so promptly or so
eertainly, and in the localization being only per-
formed with veference to the margin and radial
tubes, instead of with reference to the whole ex-
citable surface of the animal.

“ All marine Medusa: are very intolerant of fresh
water, and, therefore, as the fresh-water species must
presumably have had marine ancestors,® it seemed
an interesting question to determine how far this
species would prove tolerant of sea-water, For the
sake of comparison, I shall first briefly deseribe
the effects of fresh water upon the marine species.
If a naked-eyed Medusa which is swimming
actively in sea-water is suddenly transferred to
fresh water, it will instantancously collapse, become
motionless, and sink to the bottom of the containing
vessel, There it will remain motionless until it
dies; but if it be again transferred to sea-water it
will recover, provided that its exposure to the fresh
water has not been of too long duration. I have
never known a naked-eyed Medusa survive an ex-
posure of fifteen minutes; but they may survive

# Looking to the enormouzs number of marine specics of
Mednsm, it i8 much more probabla that the fresh-waler specics
waa derived from them than that they woere derived from a

fresh-water ancestry.
+ For full account, see Phil. Trans., vol. elxvil, pp. T4, T45,



250 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

an exposure of ten, and generally survive an ex-
posure of five. But although they thus continue
to live for an indefinite time, their vigour is con-
spicuously and permanently impaired; while in
the fresh water irritability persists for a short time
after spontaneity has ceased, and the tentacles and
manubrinm are strongly retracted.

“Turning now to the case of the fresh-water
species, when first it is dropped into sea-water at
85° there is no change in its movements for about
fifteen seconds, although the tentacles may be re-
tracted. But then, or a few seconds later, there
generally oceurs a series of two or three tonie
spasms, separated from one another by an interval
of a few seconds. During the next half-minute the
ordinary contractions become progressively wealker,
until they fade away into mere twitching convul-
sions, which affect different parts of the bell irregu-
larly. After about a minute from the time of the
first immersion all movement ceases, the bell re-
maining passive in partial systole. There is now
no vestige of irritability. If transferred to fresh
water after five minutes’ exposure, there immediately
supervenes a strong and persistent tonie spasm,
resembling rigor mortis, and the animal remains
motionless for about twenty minutes. Slight
twitching contractions then begin to display them-
selves, which, however, do not aftect the whole bell,
but oceur partially. The tonie spasm econtinues
progressively to increase in severity, and gives the
outline of the margin a very irregular form; the
twitching contractions become weaker and less fre-
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quent, till at last they altogether die away. Irrita-
bility, however, still continues for a time—a nip
with the foreeps being followed by a bout of rhyth-
mical contractions. Death oceurs in several howrs
in strong and irregular systole.

“Tf the exposure to sea-water has only lasted two
minutes, a similar series of phenomena is presented,
except that the spontaneous twitching movements
supervene in much less time than twenty minutes,
But an exposure of one minute may determine a
fatal vesult a few hours after the Medusa has been
restored to fresh water,

“Contact with sea-water causes an opaleseence
and eventual disintegration of the tissues, which
precisely resemble the effects of fresh water upon
the marine Meduspe. When immerzsed in sea-water
this Medusa floats upon the surface, owing to :ItE
smaller specific gravity.

“In diluted sea-water (fifty per cent.) the pre-
liminary tonic spasms do not oceur, but all the
other phases are the same, though extended through
a longer period. In sea-water still more diluted
(1L in 4 or 6) there is a gradual loss of spontaneity,
till all movement ceases, shortly after which irri-
tability also disappears; manubrium and tentacles
expanded. After an hour's continued exposure,
intense rigor mortis slowly and progressively de-
velopes itself, so that at last the bell has shrivelled
almost to nothing. An exposure of a few minutes
to thiz strength places the animal past recovery
when vestored to fresh water. In still weaker mix-
tures (1 in 8, or 1 in 10) spontancity persists for a



252 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

long time ; but the animal gradually becomes less
and less energetic, till at last it will only move in
a hout of feeble pulsations when irritated. In still
weaker solutions (1 in 12, or 1 in 15) spontaneity
continues for hours, and in solutions of from 1 in 15,
or 1 in 18, the Medusa will swim abount for days.

“It will be seen from this account that the fresh-
water Medusa is even more intolerant of sea-water
than are the marine species of fresh water. More-
over,the fresh-water Medusa is beyond all comparison
more intolerant of sea-water than are the marine
species of brine; for I have previously found
that the marine species will survive many hours’
immersion in a saturated solution of salt. While
in such a solution they are motionless, with manu-
briom and tentacles relaxed, so resembling the
fresh-water Medusa shortly after being immersed
in a mixture of one part sea-water to five of fresh;
but there is the great difference that, while this
small amount of salt is very quickly fatal to the
fresh-water species, the large addition of salt exerts
no permanently deleterious influence on the marine
species,

“We have thus altogether a curious set of cross
relations. It would appear that a much less pro-
found physiclogical change would be required to
transmute a sea-water jelly-fish into a jelly-fish
adapted to inhabit brine, than would Le required to
enable it to inhabit fresh water. Yet the latter is
the direction in which the modification has taken
place, and taken place so completely that the sea-
water is now more poisonous to the modified species
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than is fresh water to the nnmodified. There can
be no doubt that the modification was gradual—
probably brought about by the ancestors of the
fresh-water Medusa penetrating higher and higher
through the brackish waters of estuaries into the
fresh water of rivers—and it would, I think, be
hard to point to a more remarkable case of pro-
found physiological modification in adaptation to
changed conditions of life, If an animal =0 exceed-
ingly intolerant of fresh water as is a marine jelly-
fish may yet have all its tissues changed so as to
adapt them to thrive in fresh water, and even die
after an exposure of one minute to their ancestral
element, assuredly we can see no rveason why any
animal in earth or sea or anywhere else may not in
time become fitted to change its clement.” ®

# While these sheots are passing thromgh the press, a paper
hos been read before the Roynl Bociety by Mr. A. G. Bourne,
describing the hydreid stage of the fresh.water Modusa {Proe,
Loy, Soe,, Dep. 11, 1884), He haa discovered the hydroids on the
roota of the Pontederin, which have been growing in the Lily.
tank for soveral years, and which are therefore probably the

eonree from which the tank Decame impregnated with the
Medngm,



CHAPTER X,
STAR-FISH AND SEA-URCHINS.

Structure of Stav-fish and Sea- Urelins.

WE shall now proceed to consider in the organization
of the Echinodermata a type of nervous system
which is more highly developed than that of the
Medusme., In econducting this research, I was joined
by my friend Professor J. Cossar Ewart, to whose
unusual skill and untiring patience the anatomical
part of the inqguiry is due. But here, as formerly,
I shall devote myself to the physiclogy of the sub-
Jeet, as it is not possible within the limits assigned
to this volume to travel further into morphology
than is necessary for the purpose of rendering the
experiments intelligible. T shall therefore begin by
seeking to give merely such a general idea of the
structure of the Echinodermata as is necessary for
this purpose.

As we all know, a Star-fish consists of a central
dise and five radiating arms (Fig, 32), Upon the
whole of the upper surface there ocenr numerous
caleareons nodules embedded in the soft flesh, and
supporting short spines. One of these nodules is
much larger than any of the others, is constant in
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position, and is called the madreporic tubercle
(Fig. 32, m). Continuing our examination of the
upper surface, we may observe, when we use a lens,
a number of small pincer-like organs scattered aboui
hetween the ealearecus nodules, or attached to the
gpines ; these are known as the pedicellarize. Each

Fig. 32, Upper surface of a Ftulhjl‘!mh {Antrapecten),  (From. Chezell's © Hab
15t

consists of a stalk serving to support a pair of
foreeps or pineers, and the whole being provided
with muscles, the stalk is able to sway about and
the pincers to open and shut (Fig. 33). The entire
mechanism is thervefore elearly adapted to seizing
and holding on to something ; but what it is that
those eurious organs are thus adapted to seize, and
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therefore of what use they arve in the economy of
the animal, has long been a standing puzzle to
naturalists. I hope presently to be able to show
that we have succeeded in doing something towards
the solution of this puzzle,

Figg. an—Tedieslinrin (magnified). (From Cassoll's 3 e 0y

Turning now to the under surface of our Star-fish
(Fig. 34), we observe that the mouth iz situpated in
the centre of the dise, and that from this mouth as
a centre there radiate five grooves or finrows, which
severally extend to the tips of each of the five rays.
Un each side of these grooves there are numerous
actively moving membraneous tubes, which may be
protruded or retracted by being fillad op emptied
with fluid, These arve used for crawling, and 1
shall therefore eall them the feet, op pedicels,

So much, then, for the external surface of a Star-
fish, If, now, we examine the internal structure, we
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find that the central mouth leads by a short ceso-
phagus into a central stomach, and that this in turn
communicates with the intestine, which terminates
in an orifice on the dorsal surface, Springing:
from the intestine at its origin, there are five tubes,
each of which divides into two, and the five pairs
~of tubes thus formed extend into the five rays;

Flg. 2b=Lawer surface of common Star-ish,

numerous blind processes grow out from these tubes, '
and give rise to glandular structures, which pro-
bably perform the functions of a liver.

When a section is made across the base of one of
the arms, the furrows or grooves before mentioned

are seen to be formed of two vows of plates con-
8



258 JELLY-FISH, STAR-FISH, AND SEA-URCHINE,

nected together zo as to compose a series of strue-
tures not unlike the couples of an ordinary roof.
These so-called ambulacral plates rest on horizontal
spine-bearing plates, from which other larger plates
extend upwards to form the sides of the arms,

In a living Star-fish the tube-feet or pedicels
already mentioned are seen projecting from each
side of the ambulaeral groove ; and, with the execep-
tion of a few at the tip of each arm, all the tube-

Fig. 15 —The terminal portion of o tuba-foot (magnified}),

feet terminate in a well-formed sucker, by means of
which they can be firmly fixed to a flat surface
(Fig. 35).

If we wish to understand the strueture and
mechanism of this locomotor or ambulacral system
—which, I may observe in passing, is of special
interest from the fact that as a mechanism it is
nnique in the animal kingdom—we must resort to
dissection, We then find that each of the tube-feet
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is provided in its membraneous walls with a number
of annular or. ring-shaped muscular fibres; when
these fibres eontract, the fluid contained in the tube
is forced back, while, conversely, when these fibres
relax, the fluid runs into the tube. If the contrac-
tion of these fibres is strong, the tube shrinks up
entirely, i.c. is retracted within the body of the
animal ; but if the contraction of the fibres is not
8o strong, the tube is only shortened. If, before its
shortening, its terminal expansion, or sucker, has
been applied to any flat surface, the effect of the
shortening is to cause the sucker to adhere to the
flat surface, in consequence of the pressure of
the swrounding sea-water being greater than that
of the fluid within the shortened tube. In this
way, by alternately contracting and relaxing the
muscular fibres in the walls of a tube-foot, a Star-
fish is able alternately to cause the terminal sucker
to fasten upon and to leave go of any flat surface
upon which the animal may be crawling. In other
words, when the tube-foot is about to form its
attachment to a flat surface, it is fully distended
with fuid; but when the terminal sucker touches
the flat surface, this fluid is partly withdrawn, so
cansing the sucker to adhere,

When we disseet out one of these tube-feet, we
find that at its base, within the body of the animal,
it bifureates into two branches, One of these branches
passes immediately into a closed sac (Fig. 86, 1),
while the other passes into a large tube (Fig. 36, k),
which runs all the way from base to tip of the ray,
receiving in its course similar branches from all the
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tube-feet in the ray. This common or radial tube
itself opens into a circular tube (Fig. 36, e) sur-
rounding the mouth of the animal (Fig. 36 #). This
circular tube therefore receives five radial tubes—
one from each of the five rays—and is likewise in
communicafion with a number of membraneous sacs
(Fig. 36, ¢, ), resembling in their structure (though

Fig. 36, —Diagram of amlmlacral sysiem of a Star-fish: @, madreporio canal; b,
inner end ; g, outer end of slnus leading to cireolar neural vesssl; &, from wihich
radlinl neural vessels, I, arise; ¢ d, Pollan vesleles anyprlle:; m, oral aperiae
n. madreporic plate.

larger in size) those which cecur at the base of each
of the tube-fect. The function both of these sacs
and of those at the base of each tube-foot is the
same, namely, that of acting as reservoirs of the
fluid when this is expelled from the tube-feet.
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Moreover, all these membraneous sacs are provided
with ring-shaped museular fibres in their mem-
braneous walls, which therefore zerve as antagonists
to the ring-shaped muscles which oceur in the
membraneous walls of the tube-feet; that is to
say, when the muscles of the reservoirs contract
(Fig. 36, ¢,d, f, ), the pressure in the tube-feet is in-
creased, and when these muscles relax, that pressure
is diminished. The animal is thus furnished with
the means of varying the head of pressure in its
tube-feet, either locally or universally.

The circular tube surrounding the mouth eom-
municates at one point with a caleareous tube
(Fig. 86, ), which runs straight to the dorsal surface
of the animal, and there terminates in the madre-
poric tubercle, to which I have already directed
attention (Fig. 32, m, and Fig. 86, m). Thus it will
be seen that all the pedicels of all the rays are in
communication, by means of a eclosed system of
tubes, with this madreporic tubercle, It has there-
fore been surmised that the funetion of this tubercle
13 that of acting as a filter to the sea-water which
in large part constitutes the fluid that fills the
ambulacral system. We have been able to prove
that this surmise is correct: for we found that if
we injected any part of the ambulaeral system with
coloured fluid—maintaining the injection for several
_hours at as great a pressure as the tubes wounld
stand without rupturing—the ecoloured fluid found
its way up the caleareous tube to the madreporie tu-
berele, on arriving at which it slowly cozed through
the porous substance of which that tubercle consists,



962 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

Such, then, is the so-called ambulacral system of
the Star-fish. Passing over another system of vessels
which I need not wait to describe (Fig. 86, ¢, &, I},
we come next to the nervous system. This is dis-
posed on a very simple plan, It consists of a penta-
gonal ring surrounding the month, from which a
nerve-trunk passes into each of the five rays, to
run along the ambulacral groove as far as the ex-
treme tip of the ray, where it ends in a small red
pigmented spot, about which I shall have more to
say presently. Each of these five radial nerves

gives off in its course a number of delicate branches
to the tube-fect.

Modifications of the Star-fish Type.

So much, then, for the strueture of the ecommon
otar-fish, I must next say a few words on the re-
markable modifications which this structure under-
goes in different members of the Star-fish group.

In some species the size of the central dise is
inereased so as to fill up the interspaces hetween
the rays, the whole animal being thus converted
into the form of a pentagon. In other species,
again, the reverse process has taken place, the rays
having become relatively longer, and being at the
same time very active; they look like five little
snakes joined together by a cirenlar dise (Fig. 37).
Again, in another species the rays have begun to
branch, these branches again to branch, and so on
till the whole animal looks like g mat. But the
most extreme modifications are attained in the
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sea-cucumbers and lily-stars (Fig. 38). Without,
however, waiting to consider these, I shall go a
little more particularly into the modification of
Star-fish structure which is presented by the*
sea-urchin, or Echinus (Fig. 39).

Fig. 37.—A Brittle-star, (From Cassell’s ® Nak, Tist.™)

Externally, the animal presents the form of an
orange, and is completely covered with a large
number of hard ealeareous spines, on which aceount
it derives its scientific name of Echinus, or hedge-
hog (the spines have been removed from the larger
portion of the specimen represented in Fig. 39). In
the living animal these spines are fully movable
in all directions, each being mounted on a ball-and-
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socket joint, and provided with museles at its base.
On the external surface, besides the spines, we

Fig, 38.—A Lily-star. (From Cussell's "Nat. sty

meet with pedicellarie (Fig, 39 magnified), and also
with the madreporie tuberelp (Fig. 30, m). The
pedicellarim in their main features resemble those
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which oceur in the Star-fish, though considerably
larger, and the ambulacral system is constiucted

Fig. 10,—An Eelinuz, parily denuded of its spines. (From Cassell's * Kat.
Hist.")

upon the same plan, If we shave off the spines
and pedicellarie (Fig. 39), we find that we come to

Flg: 40.—Sbowing interlor of Eclilnus shell. ([From Cassell's * Nat, Hist.")

a hard shell, which, if we break, we find to Le
hollow and filled with fluid (Fig. 40). The fluid
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closely resembles sea-water, but is, nevertheless,
richly corpusculated ; it coagulates when exposed
to the air, and otherwise shows that it is something
niore than mere sea-water. If we look closely into
the shell which has been deprived of its spines, we
find that it is composed of a great number of small
hexagonal plates (Fig. 41), the edges of which fit so
closely together that the whole shell is converted
into a box, which, when the animal is alive, is
water-tight, as we have proved by submitting the
contained fluid to hydrostatic pressure, under which

Fig. 11— porilon of {ho extornal shell of an Eclinns donuded of spines and
E'lig'l.lﬂj’ mepnifed, showing the arrangement of (e plates, tho balls in the ball=
and-socket joints of the spines, aml the holes thfongh which the ambulacral fieet
are protroded. | (From Caseell’s * Nat, Hist,')

circumstances there is no leakage until the pressure
is sufficient to burst the shell. Nevertheless, if we
look closely at the dried shell of an Hehinus, we
shall see that it is not an absolutely closed box ; for
we shall see that the hexagonal plates are so arranged
as to give rise to five double rows of holes or pores
(Fig. 41), which extend symmetrically from pole to
pole of the animal (Fig. 89). Tt is through these
holes that the tube-feet are protruded; so that if
we imagine a pentagonal species of Star-fish to be
curved into the shape of a hollow spheroid, and
then converted into a caleareous hox with holes
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left for its feet to come through, we should have a
mental picture of an Echinus. It would only be
necessary to add the curious apparatus of teeth
(Figs. 40 and 42), which occurs in the Echinus, td
increase the size of the spines and pedicellaris, and
to make a few other such minor alterations; but in
all its main features an Echinus is merely a Star«
fish with its five rays calcified and soldered together
10 as to constitute a rigid hox. -

This echinoid type itself varies considerably
among its numerous constituent species as to size,
shape, length and thickness of the spines, etc.; but

Fiiz. 42.=Teeth of Echinms {from Cassell's o Xat, Hisl.™)

I need not wait to go into these details. Again,
merely inviting momentary attention to the develop-
mental history of these animals, I may remark that
the phases of development through which an indi-
vidual Echinoderm passes are not less varied and
remarkable than are the permanent forms eventually
assumed by the sundry species,

Natwral Movements,
Turning now to the physiology of the Star-fish
group, 1 shall begin Dby deseribing the natural
movements of the animals,
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Taking the common Star-fish as our starting-
point, I have already explained the mechanism
of its ambulacral system. The animals usually
crawl in a determinate direction, and when in the
course of their advanee the ferminal feet of the
advancing ray—which are used, not as suckers, but
as feelers, protruded forwards—happen to come into
contact with a solid body, the Star-fish may either
continue its direction of advance unchanged, or
may turn towards the body which it has touched.
Thus, for instance, while erawling along the floor of
a tank, if the terminal feet at the end of o ray
happen to touch a perpendienlar side of the tank,
the animal may either at onee proceed to aseend
this perpendicular side, or it may continue its
progress along the floor, feeling the perpendicular
side with the end of its rays perhaps the whole way
round the tank, and yet not choosing, as it were, to
ascend. In the cases where it does ascend and
reaches the surface of the water, a Star-fish very
often performs a number of peeuliar movements,
which we may call acrobatic (Fig, 43), On reaching
the surface, the animal does not wish to leave its
native clement—in fact, cannot do so, because its
sucking feet can only act under water—and neither
does it wish again to descend into the levels from
which it has just ascended. It, therefore, begins to
feel about for rocks or sea-weeds at the surface, by
erawling along the side of the tank, and every now
and then throwing back its uppermost ray or rays
along the surface of the water to feel for any solid
support that may be within reach, If it finds one,
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it may very likely attach its uppermost rays to it,
and then, letting go its other attachments, swing
from the one support to the other. The activity
and co-ordination manifested in these acrobatic
movements are surprising, and give to the animal
an almost intelligent appearance.

In Astropecten the ambulacral feet have become
partly rudimentary, inasmuch as they have lost

PRABRARRALARY
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Fig. #3.—~Natural movements of o Star-fish on Déacking (he surface of water.

their terminal suckers (Fig. 44). These Star-fish,
therefore, assist themselves in locomotion by the
muscular movements of their rays, while they use
their suckerless feet to run along the ground some-
what after the manner of centipedes. It is to be
noticed, however, that although the feet have lost
their suckers, the Star-fish is still able to make them
adhere tosolid surfaces in g comparatively inefficient
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manner, by constricting the tube on one side after
it has brought this side into opposition with the
solid surface (Fig. 45).

* In the Brittle-stars the ambulacral feet have been
still more reduced to rudiments, and are of no use
at all, either as suckers or for assisting in locomotion,
These Star-fish have, therefore, adopted another
method of locomotion, and one which is a great

Fig, dd.—A padicel of Aslropecten Flg. 45.—The same, shawlng the
(magnified}, ehowing the absence method  of extemporizing &
of any terminal sucker, snchnr.

improvement upon the slow crawling of other
members of the Star-fish gronp. The rays of the
Brittle-stars are very long, flexible, and museular,
and by their combined action the animal is able
to shuffle along flat horizontal surfaces. When it
desives to move rapidly, it uses two of its opposite
armg upon the horizontal floor with a motion like
swimming (Fig. 46); at each stroke the animal
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advances with a leap or bound about the distance
of two inches, and as the strokes follow one another
rapidly, the Star-fish is able to travel at the rate of
six feet per minute. A common Star-fish, on ths
other hand, with its slow crawling method of

Fig. 46.—Natural movements of a Brittle-star when procecding along s solld
horizontal surlnee,

progression, can only go two inches per minute,
Some of the Comatulw, in which the muscularity
of the rays has proceeded still further, are able

actually to swim in the water by the co-ordinated
movements of their rays,®

* In this case the loromotion of o Star-fish comes to be per-
formed on the same plan or method as that of o Jelly-fish—the
five rays performing, by their co-ordinated action, the same
function ng o swimming.bell, Tiig o enrionsly interceting fack,
that althongh no two plang or mechanizms of locomotion could
well be imagined &z more fundamentally distinet than those
which are respectively characteristic of these two groups of
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The Echinus erawls in the same way as the
common Star-fish; but besides its long suckers it
also uses its spines, which by their co-ordinated
detion push the animal along. The suckers, more-
over, in being protruded from all sides of a globe
instead of from the under side of a flat organism,
are of much more use as feelers than they are in the
Btar-fish. Therefore, while advancing, the feet
facing the direction of advance are always kept
extended to their fullest length, in order to feel for
any object which the animal may possibly be
approaching. When a perpendicular surface is
reached, the Echinus may either ascend it or not, as
in the case of the Star-fish. While walking, the
animal keeps pretty petsistently in one direction
of advance. If it be partly rotated by the hand,
it does not continue in the same direction, but
continues its own movements as before; so that,
for instance, if it is turned half round, it will
proceed in a direction opposite to that in which
it had previgusly been going. When at rest, some
of the feet are used as anchors, and others protruded
as feclers, '

Regarded from the standpoint of the evolutionist,
we have here an interesting series of gradations.
At one end of the series we have the Echinus with
its rays all united in a box-like rigid shell. At
the other end of the series we have the Brittle-stars
and Comatulm with their highly muscular and

animals, nevertheless in this particalar cage and in virtono
of #pegial modification, s Star-fish should have adopted the plan
or mechanism of a Jelly-fish.
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wobile rays. Midway in the serics we have Astro-
Pecten and the common Star-fish, where the rays
are flexible and mobile, though not nearly so much
s04as in the Brittle-stars. Now, the point to observe
is, £hat in correlation with this graduated difference 1
in the mobility of the rays, there is g correspond-
ingly graduated difference in the development of
the ambulacral system of suckers, For in Echinus
this system is seen in its most elaborate and efficient
form; in the common Star-fish the suckers are still
the most important organs of locomotion, though
the muscularity of the rays has begun to tell upon the
development of the specially ambulacral system,
the suckers not heing so long or so powerful as
they are in Kchinus. Lastly, the Brittle-stars and
Comatulie have altogether discarded the use of
their sucking feet in favour of the muech more
cfficient organs of locomotion supplied Ty their
museular rays; and, as a consequence, their feot
have dwindled into useless rudiments, while the
rays have become limb-like in their activity.

There is only one other point in connection with
the natural movements of the Echinodermata which
it is mecessary for me to touch upon. All the
species when turned upon their backs are able again
to right themselves; but seeing, as I have just
observed, that the organs of locomotion in the
different species are not the same, the methods to
which these species have to resort in executing the
righting manceuvre are correspondingly  diverse,
Thus, the Brittle-stars can easily perform the need-
ful manceuvre by wriggling some of their snake-

- T
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like arms under the inverted dise, arid heaving the
whole body over by the mere muscularity of these
organs, The common Star-fish, however, experiences
more difficulty, and executes the manceuvre mainly
by means of its suckers. That is to say, it twists
round the tip of one or more of its rays (Fig. 47)
until the ambulacral feet there situated are able to

'Il'j‘. 17 —XNatural righting movements of comnson Siar-leh,

get a firm hold of the floor of the tank («); then, by
a successive and similar action of the ambulacral
feet further back in the series, the whole ray is
twisted round (b), so that the ambulacral surface
of the end is ﬂppliﬁ:d flat against the floor of the
tank (). The manceuyre continuing, the semi-turn
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or spival travels progressing all the way down the
ray. Usually two or three adjacent rays perform
this manceuvre simultaneously; but if, as some-
times happens, two opposite rays should begin to'
do so, one of them soon ceases to continue the
manceuvre, and one or both of the rays adjacent to
" the other takes it up instead, so assisting and
not thwarting the action. The spirals of the co-
operating rays being invariably turned in the same
direction (Fig. 47, @, b, and ¢), the result is, when
they have proceeded sufficiently far down the rays,
to dvag over the remaining rays, which then
abandon their liold of the bottom of the tank, so as
not to offer any resistance to the lifting action of
the active rays, The whole movement does not
occupy more than half a minute. As a general
rule, the rays are from the first co-ordinated to
effect the righting movement in the direction in
which it is finally to take place—the rays which
are to be the active ones alone twisting over, and
so0 twisting that all their spirals turn in the same
direction,

A Star-fish (Astropecten) which is intermediate
between the Brittle-star and the common Star-fish, in
that its ambulaeral feet ave partly aborted (having
lost their suckers, as shown in Fig, 44) and its
rays more mobile than those of the common Star-
fish, rights itself after the manner shown in Fig. 48,
where the animal is represented as standing on the
tips of four of its rays, while the fifth one is jusf
about to be thrown upwards and over the others, in
order to earry with it the two adjacent rays, and so
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eventually to overbalance the system round the
fulerum supplied by the tips of the other two rays,
and thus bring the animal down upon its ventral .
“surface.

But it is in the case of Echinus that these right-
ing movements become most interesting, from the
fact that they are so much more diffieult to accom-

Fig. 46.—Rightlog movements of Astropocten,

plish than they are in the case of the Star-fishes.
For while a Star-fish is provided with flat, flexible,
and muscular rays, comprising a small and light
mass in relation to the motive power, an Echinus
is a rigid, non-musecular, and globular mass, whose
only motive power available for conducting the
manceuvre is that whieh is supplied by its re-
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latively feeble ambulacral feet. It is, therefore,
scarcely surprising that unless the specimens chosen
for these observations are perfectly fresh and
vigorous, they are unable to right themselves at
all ; they remain permanently inverted till they
die. But if the specimens are fresh and vigorous,
they are sooner or later sure to succeed in right-
ing themselves, and their method of doing so is
always the same. Two, or perhaps three, adjacent
rows of suckers are chosen out of the five, as the
rows which are to accomplish the task (Fig. 49). As
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Tlg. 49

many feet upon the rows as can reach the floor of
the tank are protruded downwards and fastened
firmly to the floor; their combined action then
serves to tilt the globe slightly over in their own
direction, the anchoring feet on the other or

. opposite rows meanwhile releasing their hold of the

tank to admit of this tilting (Fig. 50). The effect
of this tilting is to enable the next feet in the
active ambulacral rows to touch the floor of the
tank, and, when they have established their hold,
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they assist in inereasing the tilt; then the next feet
in the series lay hold, and so on, till the globe

slowly but steadily rises upon its equator (Fig. 51).
The difficulty of raising such a heavy mass into

this position by means of the slender motive power
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available can be at once appreciated on witnessing
the performance, so that one is surprised, notwith-
standing the co-ordination displayed by all the
suckers, that they are able to accomplish the worle
assigned to them. That the process is in truth a
very laborious one is manifest, not only from the
extreme slowness with which it takes place, but
also because, as already observed, in the ease of not
perfactly strong specimens complete failure may
attend the efforts to reach the position of resting on
the equator—the Echinus, after rearing up a certain
height, becoming exhausted and again falling back
upon its ab-oral pole. Moveover, in some cases it
is interesting to observe that when the eguator
position has been reached with difficulty, the
Echinus, as it were, gives itself a breathing space
before beginning the movement of descent—drawing
in all its pedieels save those which hold it securely
in the position to which it has attained, and
remaining in a state of absclute quiescence for a
prolonged time. It then suddenly begins to protrude
all its feet again, and to continue its manceuvre.
At any time during such a period of rest, a stimulus
of any kind will immediately determine a recom-
menecement of the manceuvre.

It will be perceived that as soon as the position
Just deseribed has been attained, gravity, which had
hitherto been acting in opposition to the righting
movement, now beging to favour that movement,
It might, therefore, be anticipated that the Echinus
would now simply let wo all its attachments and
allow itself to roll over into its matural position
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But an Echinus will never let go its attachments
without some urgent reason, seeming to be above
all things afraid of being rolled ahout at the merey
of currents; and therefore in this case it lets itself
down almost as slowly as it raised itself up. So
gently, indeed, is the downward movement effected,
that an observer can scarcely tell the precise
moment at which the righting is concluded, There-
fore, in the downward movement, the feet, which at
the earlier part of the manceuvre were employed

+ Flg. 52,

suceessfully in rearing the globe upon its equator,
are now employed suceessfully in preventing its too
rapid descent (Tig. 52).

Several interesting questions arise with reference
to these righting movements of Echinus, First of
all we are inclined to ask what it is that determines
the choice of the rows of feet which are delegated
to effect the movements. As the animal has a
geometrical form of perfect symmetry, we might
suppoge that when it is placed upon its pole, all the
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five vows of feet would act in antagonism to one
another; for there seems nothing more to determine
either the action or the inaction of one row rather
than another, Indeed, if there were any mordl
philosophers among the Echinoderms, they might
point with triumph to the fact of their being able
to right themselves as an irrefutable argument in
favour of the freedom of the Echinoderm will. “We
are in form,” they might say, “ perfectly geometrical,
and our feet-rows are all arranged with perfect
symmetry ; therefore there is no reason, apart from
the sovereign freedom of our choice, why we should
ever use one get of feet rather than another in exe-
cuting this important movement.” And indeed, I
do not see how these Echinoderm philosophers eould
be answered by any of the human philosophers, whao,
with less mathematical data and with less physio-
logieal reason, employ analogous arguments to prove
the freedom of the human will. Physiologists,
however, would give these Echinoderm philosophers
the same answer that they are in the habit of giving
to the human philosophers, viz. that although the
physiological conditions are very nicely balanced,
they are never so nicely balanced as to leave
positively nothing to determine which rows of feet
—that is to say, which sets of nerves—shall he
used. And in this connection I may observe that
on making a number of trials it becomes apparent
in the case of certain individual specimens that
they manifested a marked tendency to rotate
always in the same direction, or to use the same set
of foot-rows for the purpose of righting themselves,
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In these individual specimens, therefore, we must
conclude that the foot-rows thus employed are
selected because of some slight aceidental prepotency
or superiority over the others; the animal has, as it
were, thus mueh individual character as the result
of a slight prepoteney of some of its nerve-centres
over the others.

Another question of still more interest arises out
of these righting movements, namely, that as to
their prompting eause. This question, however, 1
shall defer till later on, sinee it cannot be answered
without the aid of experiments as distinguished
from observation.

Stimulation.

In now quitting our observations on the natural
movements of the Echinodermata, and beginning an
aceount of the various experiments which we have
tried upon these animals, I shall first take the
experiments in stimulation.

All the Echinodermata seek to escape from
injury. Thus, for instance, if a Star-fish or an
Kehinus is advancing continuously in one direc-
tion, and if it be pricked or otherwise irritated
on any part of an cxecitable surface facing the
direction of advanee, the animal immediately
reverses that direction, There i3 one point of
special interest eoncerning these movements of
vesponse to stimulation. The form of the animals
and the distribution of the nervous system being,
as T have before said, of geometrical regularity, it
follows that by applying two stimuli simultaneously
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on two different aspects of the animal, the combined
result of these two stimuli is that of furnishing a
very pretty instance in physiology of the physical
principle of the parallelogram of forces. Thus, for
instanee, if two stimuli of equal intensity be applied
simultaneously at the opposite sides of a globular
Echinus, the animal begins to walk in a direction
at right angles to an imaginary line joining these
two points. And, generally, wherever the two
points of simultaneous stimulation may he situated,
the direction of the animal’s advance is the
diagonal between them, As showing inmore detail
how very delicate is the physiological balancing of
stimuli which may be produced in these organisms,
and consequently the manner in which we are able
to play, as it were, upon their geometrically
disposed mervous systems in illustration of the
mechanieal prineiple of the composition of forees,
I shall quote a series of observations.

«], Seraped with a scalpel the equator of an
Echinns at two points opposite to each other—
animal erawled at right angles to the line of injury.

#2 Similarly seraped at the ab-oral pole—no
effect. There was no reason why injury here should
determine escape in one direction rather than in
another.

« g, Seraped similarly near the oral pole, and
half-way between pole and equator—little or no
effect.

«4, Seraped in rapid succession five equatorial and
equidistant injurics—Echinus erawled actively in
one determinate divection; the equal and equi-
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distant injuries all round the globe neutralized one
another.

“5. Seraped a band of uniform width all the way
round the equator—same result as in 4.

“6. Band of injury in same specimen was then
widened in the side facing the direction of erawling
—no effect. Still further widened—slight change
of direction, and, after a time, persistent crawling
away from the widest part of the injured zone.
Repeated this experiment on other specimens by
seraping round the whole equator, and simultane-
ously making one part of the zone of injury wider
than the rest—same result; the animal crawled
away from the greatest amount of injury.

“7. Scraped on one side of the equator, and, after
the animal had been erawling in a direet line from
the source of irritation for a few minutes, similarly
seraped equator on the opposite side—animal re-
versed ita direction of crawling; it crawled away
from the stimulus supplied latest.

“8. Seraped a number of places on all aspects
of the animal indiscriminately—direction of ad-
vance uncertain and discontinuous, with a strong
tendeney to rotation upon vertical axis,”

These observations show conclusively that the
whole external surface, not only of the soft and
fleshy Star-fish, but even of the hard and rigid
Echinus, is everywhere sensitive to stimulation.
Closer ohservation shows that this sensitiveness,
besides being so general, is highly delicate. For if
any part of the external surface of an Echinus is
lightly touched with the point of a needle, all the feet,
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spines, and pedicellarize within reach of that part, and
even beyond it, immediately converge and elose in
upon the needle, grasp it, and hold it fast. This simul-
taneous movement of such a liftle forest of prehensile
organs is a very beautiful spectacle to witness. In
executing it the pedicellarize are the most active,
the spines somewhat slower, and the feet wvery
much slower, The area affected is usually about
half a square inch, although the pedicellarim even
far beyond this area may bend over towards the
seat of stimulation, which, however, from their small
size they are not able to reach.

And here we have proof of the function of the
pedicellavice—proof which we consider to be im-
portant, because, as I have before said, the use of
these organs has so long been a puzzle to naturalists.
In climbing perpendicular or inclined surfaces of
rock, eovered with waving sea-weeds, it must be of
no small advantage to an Echinus to be provided on
all sides with a multitude of foreeps, all mounted
on movable stalks, which instantaneously bring
their grasping foreeps to bear upon and to seize a
passing frond. The frond being thus arrested, the
spines come to the assistance of the pedicellariwe,
and both together hold the Echinus to the support
furnished by the sea-weed. Moreover the sea-weed
is thus held steady till the ambulacral feet have
time also to establish their hold upon it with their
sucking dises, That the grasping and arresting of
fronds of sea-weed in this way for the purposes of
locomotion constitute an important function of the
pedicellaviee, may at onee be rendered evident



28 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

gxperimentally by drawing a piece of sea-weed over
the surface ofa healthy Echinus in the water. The
moment the sea-weed touches the swrface of the
ahimal, it is seen and felt to be seized by a number
of these little grasping organs, and—unless torn
away by a greater force than is likely to occur in
currents below the surface of the sea—it is held
steady till the ambulacral suckers have time to
establish their attachments upon it. Thus there is
no doubt that the pedicellarvice are able efficiently
to perform the funetion which we regard as
their chief function. We so regard this function,
not merely beeause it is the one that we observe
these organs chiefly to perform, but also because
we find that their whole physiology is adapted
to its performance. Thus their multitudinous
number and ubiquitous situation all  over the
external surface of the animal is suggestive of
their being adapted to eateh something which may
come upon them from any side, and which may
have strings and edges 50 fine as to admit of being
enclosed by the foreeps. Again, the instantaneous
activity with which they all close round and seize
a moving body of a size that adnits of their scizing
it, is suggestive of the objects which they are
adapted to seize being objects which rapidly brush
over the surface of the shell, and therefore objects
which, if they are to be seized at all, must be seized
instantaneously. Lastly, we find, on experiment-
ing upon pedicellarize, whether i{n sifu or when
separated from the Echinus, that the elasping action
of the forceps is precisely adapted to the function
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which we are considering ; for not only is the force
exerted by the foreeps during their contraction of
an astonishing amount for the size of the organ
(the serrated mandibles of the trident pedicellari®
holding on with a tenacity that can only have
reference to some objects liable to be dragged away
from their grasp), but it is very suggestive that this
wonderfully tenacions hold is spontaneously relaxed
after a minute or two. This is to say, the pedi-
cellarize tightly fix the object which they have
caught for a time sufficient to enable the ambulacral
suckers to establish their connections with .it, and
then they spontaneously leave go ; their grasp is not
only so exceedingly powerful while it lasts, but it is
as a rale timed to suit the requirements of the
pedicels,®

Coneerning the physiology of the pedicellarie
little further remains to be said. It may be stated,
however, that the mandibles, which are constantly

® A forther proof that this is at least one of the fonctions of
tlie pedicellaviee is furnished by a simple experiment. If on
Eehinus i allowed to attach ild feet toa glass plate held jusk
above ita al-orul pole, and this plate be then raised in the water
g0 that tho Fchinus is freely snspended in the water by means of
its feet mlome, the animal feels, ns it were, that its anchorage
is insecure, and actively moves about its unattached fees
to seek for other solid surfaces. Under snch eircomstances
it may be observed that the pedicellnris also become active, and
especially eo near the surface of uttachment, a=if secking for
picces of sea-weed. If a piece is presented to thom, they Iny
hold npon it with vigoor.

Of courese the pedicellarine may also have other functions to
perform, and in 8 Btar.fish Mr, Bladen has sesn thom ongmged in
clepning the surface of the animal ; but we connot doubtb that at
lenst in Echinuns their main funetion is that which we have stated.
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swaying about upon their contractile stalks as if
in search for something to cateh, will snap at an
object only if it touches the inner surface of one
o more of the expanded mandibles. Moreover, in
the larger pedicellariz, a certain part of the inner
surface of the mandibles is much more sensitive to
contact than is the rest of that surface; this part is
a little pad about one-third of the way down the
mandible : a delicate touch with a hair upon this
part of any of the three mandibles is certain to
determine an immediate closure of all the three. It
is obvious that there is an advantage in the sen-
sitive ares, or zone, being placed thus low enough
down in the length of the mandibles to ensure that
the whole apparatus will not close upon an ohject
till the latter is far enough within the grasp of the
mechanism to give this mechanism the best possible
hold. If for instance, the tips of the mandibles
were the most sensitive parts, or even if their whole
inner surfaces were uniformly sensitive, the ap-
paratus would Le constantly closing upon objects
when these merely brushed past their tips, and
therefore closing prematurely for the purpose of
grasping. But, as it is, the apparatus is admirably
adapted to waiting for the best possible chance of
getting a secure hold, and then snapping upon the
object with all the quickness and tenacity of a
spring-trap.

Another point worth mentioning is that if, after
closure, any one or more of the mandibles be gently
stroked on its outer surface near the hase, all the
mandibles are by this stimulation usually, though
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not mvariably, induced again to expand. This is
the only part of the whole organ the stimulation of
which thus exerts an inhibitory influence on the
contractile mechanism. TIf there is any functional
‘pllfl‘.lDS\B served by such relaxing influence of stimu-
lating this particular part of the apparatus, we
think it can only be as follows. When a portion of
sea-weed brushes this particular part, it must be
well below the tips of the mandibles, and therefore
in a position where it, or some over-lying portion,
may soon pass between the mandibles, if the latter
are open; hence when touched in this place the
mandibles, if closed, open to receive the sea-weed,
should any part of it come within their cavity.
Turning next to experiments in stimulation with
reference to the spines, I may observe that we have
found these organs to be, physiologically considered,
highly remarkable and interesting, from the fact
that they display co-ordinated action in a degree
which entitles them to be regarded as a vast multi-
tude of limbs, Thus, for instance, if an Echinus be
taken out of the water and placed upon a table, it
is no longer able to use its feet for the purpose of
locomotion, as their suckers are only adapted to be
used under water. Yet the animal is able to pro-
gress slowly by means of the co-ordinated action of
its spines, which are used to prop and push the
globe-like shell along in some continuous direction.
If, while the animal is thus slowly progressing, a
lighted match be held near it, facing the direction of
advance, as soon as the animal comes close enough
to feel the heat, all the spines Legin to make the
U
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animal move away in the opposite direction. More-
over, as showing the high degree in which the action
of the spines is co-ordinated, I may mention that
‘there is an urchin-like form of Echinoderm, which is
called Spatangus, and which differs from the Echinus
in having shorter feet and longer spines. When,
therefore, a Spatangus is inverted, it is unable to
right itself by weans of its feet, as these are too short
to admit of being used for this purpose; but, never-
theless, the animal is able to right itself by means
of the co-ordinated action of its long spines, these
being used successively and laboriously to prop
and push the animal over in some onec definite
direction. The process takes a very long time
to accowplish, and there are generally numerous
failures, but the ereature perseveres until it eventu-
ally succeeds.

Coming now to stimulation with reference to the
feet, we find that when a drop of acid, or other
severe stimulation, is applied to any part of a row
of protruded pedieels, the entire row is immediately
retracted, the pedicels retracting successively from
the seat of irritation—so that if the latter be in the
middle point of the series, two series of retractions
are started, proceeding in opposite divections simul-
taneously ; the rate at which they travel is rather
slow. This process of retraction, however, although
50 complete within the ray irritated, does not extend
to the other rays. But if the stimulus be applied
to the eentre of the dise, upon the oral surface of
the animal, all the feet in all the rays are more or
less retracted—the process of retraction radiating
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serially from the centre of stimulation. The influ-
ence of the stimulus, however, diminishes perceptibly
with the distance from the centre. Thus, if weal,
acid be used as the irvitant, it is only the feet near
the bases of the rays that arve retracted; and even
1f very strong acid be so used, it is only the feet as
far as one-half or two-thirds of the way up theaays
that ave fully retracted—the remainder only having
their activity impaived, while those near the tip may
not be affected at all.  If the drop of acid be placed
on the dorsal, instead of the wentral surface of the
dise, the effect on the feet is found to be Jjust the
converse; that is, the stimulus here applied greatly
increases the activity of the feet. Further experi-
ments show that this effect is produced by a stimu-
lus applied anywhere over the dorsal aspect of the
animal ; so that, for instance, if a drop of acid be
placed on the skin at the edge of a ray, and there-
fore just external to the row of ambulacral feet, the
latter will be stimulated into increased activity ;
whereas, if the drop of acid had been placed a very
small distance past the edge of the ray, so as to
touch some of the feet themselves, then the whole
row would have been drawn in. We have here
rather an interesting case of antagonism, which is
particularly well marked in Astropecten, on account
of the active writhing movements which the feet
exhibit when stimulated by an irritant placed on
the dorsal surface of the animal. Tt may be added
that in this antagonism the inhibitory function is
the stronger; for when the feet are in active motion,
owing to an irritant acting on the dorsal surface,
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they may be reduced to immediate quiescence—i.c,
retracted—Dby placing another irritant on the ven-
tral surface of the dise. Similarly, if retraction has
been produced by placing the irritant on the ventral
surface of the dise, activity cannot be again induced
by placing another drop of the irritant on the dorzal
surface.

Now, if we regard all these facts of stimulation
taken together, it becomes evident that the external
organs of an Echinoderm—feet, spines, and pedicel-
lariie—are all highly co-ordinated in their action;
and therefore the probability arises that they are
all held in ecommunication with one another by
means of an external nervous plexus. Accordingly
we set to work on the external surface of the
Echinus to see whether we could obtain any evi-
dence of such a plexus microscopically. This we
sueceeded in doing, and afterwards found that Pro-
fessor Loven had already briefly mentioned such
a plexus as having been observed by him. The
plexus consists of cells and fibres, closely distri-
buted all over the surface of the shell, immediately
under the epidermal layer of cells (Figs. 53, 54, 55),
and it sends fibres all the way up the feet, spines,
and pedicellariss. As it seemed to us important
to investigate the physiological properties of this
plexus, Professor Ewart and I made a number of
further experiments, an account of which will now
lead ug on to the next division of our subject, or
that of section.
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Tig. 53, External nesve-plexia of Eelsinus.

¢olls Iylng amaeng the musealar flres ai thit base of a spine in
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Section,

1. Star-fish—Single rays detached from the
organism crawl as fast and in as determinate a
direction as do the entire animals. They also
crawl up perpendicular surfaces, and sometimes
away from injuries; but they do not invariably, or
even generally, seek to escape from the latter, as is
so certain to be the case with entire animals.
Lastly, when inverted, separated rays right them-
selves as quickly as do the unmutilated organisms,

Dividing the nerve in any part of its length has
the effeet, whether or not the ray is detached from
the animal, of completely destroying all physio-
logical continuity between the pedicels on either
side of the line of division. Thus, for instance, il
the nerve be ent across half-way up its length, the
row of pedicels is at once physiologically bisected,
one-half of the row becoming as independent of the
other half as it would were the whole ray divided
into two parts: that is to say, the distal half of the
row may crawl while the proximal half is retracted,
or vice versd ; and if a drop of acid be placed on
gither half, the serial contraction of the pedicels
in that half stops abruptly at the line of nerve-
division. As a result of this complete physiological
severance, when a detached ray so mutilated is
inverted, it experiences much greater diffieulty in
righting itself than it does before the nerve is
divided. The line of nerve-injury lies flat upon
the floor of the tank, while the contral and distal
portions of the ray, ie the portions on either side
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of that line, assume wvarions movements and
shapes. The central portion is particularly apt to
take on the form of an arveh, in which the central
end of the severed ray and the line of nerve-section
constitute the points of support (tetanus ?) (Fig. 56),
or the central end may from the first show paralysis,
from which it never recovers, The distal end, on
the other hand, usually continues active, twisting
about in various directions, and eventually fasten-
ing its tip upon the floor of the tank to begin the
spiral movement of righting itself. This movement

Fig. f6. Movemenls performed Ty a detached ray of & Stars n-l|. in which the
oentral nerve-Erunk s divided,

then continues as faras the line of nerve-injury,
where it invariably stops (Fig. 56). The central
portion may then be dragged over into the normal
position, or may remain permanently inverted,
according to the strength of pull exerted by the
distal portion; as a rule, it does not itself assist in
the righting movement, although its feet usually
continue protruded and mobile. Thus, the effect of
a transverse section of the nerve in a ray is that
of completely destroying physiological eontinuity
between the pedicels on either side of the section,
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The only other experiments in nerve-section to
which the simple anatomy of a Star-fish exposes
itself is that of dividing the nerve- ring in the disc;
er, which is virtually the same thing, while leamug
this intact, dividing all the nerves e Here they pass
from it into the rays. In specimens mutilated by
severing the nerves at the base of each of the five
rays, or by dividing the nerve-ring between all the
rays, the animal loses all power of co-ordination
among its rays. When a common Star-fish is so
mutilated it does not erawl in the same determinate
mmanner as an unmutilated animal, but, if it moves
at all, it moves slowly and in various directions,
When inverted, the power of effecting the righting
manceuvre is seen to be gravely impaired, although
eventually success is always achieved. There is a
marked tendeney, as ecompared with unmutilated
specimens, to a promiscuous distribution of spirals
and doublings, so that instead of a definite plan of
the maneuvre being formed from the first, as is
usually the ease with unmutilated speeimens, such
a plan is never formed at all; among the five raya
there is a continual change of un-coir Llum,tﬂi ove-
ments, so that the righting seems to be eventually
effected by a mere accidental prepotency of some of
the righting movements over others, Appended is
a sketeh of such un-cotrdinated movement, taken
from a specimen which for more than an hour had
been twisting its rays in various directions (Fig. 57).
Another sketech is appended to show a form of
bending which specimens mutilated as deseribed
are very apt to manifest, especially just after the



HTAR-FISH AND SEA-URCHINS, 207

operation, When placed upon their dorsal surface,
they turn up all their rays with a peculiar and
exactly similar curve in each, which gives to the
animal a somewhat tulip-like form (Fig. 58). This
form is never assumed by unmutilated specimens,
and in mutilated ones, although it may last for a
long time, it is never permanent.. In detached rays

Flg. 57. Un-cosnfinated movements of a Star-fish, In which the nerves of all the
rays lnve been divided.
this peculiar curve is also frequently exhibited ; but
if the nerve of such a ray is divided at any point in
its length, the eurve is restricted to the distal
portion of the ray, and it stops abruptly at the line
of nerve-section. When entire Star-fish are mutilated
by a section of each nerve-trunk hulf-wﬁy up each
ray, and the animal is then placed upen’ its’ back
the tetanic contraction of the museles in the m:,r;
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before mentioned as oceurring under this form of
section in detached rays, has the effect, when now
occurring in all the rays, of elevating the dise from
the floor of the tank, This opisthotonous-like
spasm is not, however, permanent; and the distal
ends of the rays forming adhesions to the floor of
the tank, the animal eventually rights itself, though

Flg. 64, Farm frecquently assumed Ty Btar-flah nmder sinilar cirenmstanoes,

much more slowly than unmutilated specimens,
After it has righted itself, although it twists about
the distal portions of the rays, it does not begin to
crawl for a long time, and when it does so, it crawls
in a slow and indeterminate manner, Star-fish
so mutilated, however, can ascend perpendicular
surfaces. '
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The losg of co-ordination between the rays eansed
by division of the nerve-ring in the disc is rendered
most conspicuous in Brittle-stars, from the cirenm-
stance that in locomotion and in righting so much
here depends upon co-ordinated museular eontrac-
tion of the rays. Thus, for instance, when a Brittle-
star has its nerve-ring severed between each ray,
an infteresting series of events follows. First, there
is a long period of profound shock—spontaneity,
and even irritability, being almost snspended, and
the rays appearing to be rigid, as if in tetanie
spasm, After a time, fecble spontaneity returns—
the animal, however, not moving in any determinate
direction, Irritability also retuwrns, but only for

4 the rays immediately irritated, stimulation of one
ray causing active writhing movements in that
ray, but not affecting, or only feebly affecting, the
other rays, The animal, therefore, is quite unable
to escape from the source of irritation, the aimless
movements of the rays now forming a very marked
contrast to the instantaneous and vigorous leaping
movements of escape which are manifested by
unmutilated specimens. Moreover, unmutilated
specimens will vigorously leap away, not only from
stimulation of the rays, but also from that of the
dise; but those with their nerve-ring eut make no
atterapts to eseape, even from the most violent
stimulation of the dise. In other words, the dise is
entirely severed from all physiological connection
with the rays.

If the nerve-ring be divided at two points, one
on either side of a ray, that ray becomes physio-
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logieally separated from the rest of the m‘ga-m?n‘l
If the two nerve-divisions are so placed as to in-
clude two adjacent rays—i.e. if one cut is on one
side of a ray and the other on the further side of
an adjacent ray—then these two rays remain in
phyziological continuity with one another, although
they suffer physiological separation from the other
three. When a Brittle-star is completely divided
into two portions, one portion having two arms and
the other three, both portions begin actively to turn
over on their backs, again upon their faces, again
upon their backs, and &0 on alternately for an in-
definite number of times. These movements arise
from the rays, under the influence of stimulation

caused by the section, secking to perform their
natural movements of leaping, which however end,
on account of the weight of the other rays being
absent, in turning themselves over. An entire
Brittle-star when placed on its back after division
of its nerve-ring is not able to right itself, owing to
the destruction of eo-ordination among its rays.
Astropecten, under similar circumstances, at firat
bends its rays about in various ways, with a pre-
ponderant disposition to the tulip form, and keeps
its ambulaeral feet in active movement. But alter
half an hour, or an hour, the feet generally become
retracted and the rays nearly motionless—the
animal, like a Brittle-star, remaining permanently
on its back, In this, as in other species, the effect
of dividing the nerve-ring on either side of a ray
is that of destroying its physiological eonnection
with the rest of the animal, the feet in that ray,
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although still remaining feebly active, no longer
taking part in any co-ordinated movement—that
ray, therefore, being merely drageed along by the
others,

Under this division it only remains further to be
said, that section of the nerve-ring in the dise, or
the nerve-trunks of the rays, although, as we have
seen, so completely destroying physiologieal eon-
tinuity in the rows of ambulacral feet and muscular
system of the animal, does not destroy physiological
continuity in the external nerve-plexus; for how-
ever wmuch the nerve-ring and nerve-trunks may
be injured, stimulation of the dorsal surface of the
animal throws all the ambulacral feet and all the
museular system of the rays into active movement.
This fact proves that the ambulacral feet and the
museles are all held in nervous connection with one
another by the external plexus, without reference
to the integrity of the main nerve-trunks.

2. Echini—Section of external sunfuce of shell.
—If a cork-borer be applied to. the external surface
of the shell of an Echinus, and rotated there till
the calcarcous substance of the shell is reached,
and therefore a continuous cireular section of the
over-lying tissues effected, it is invariably found
that the spines and pedicellariee within the eireular
area are physiologically separated from the econ-
tiguous spines and pedicellariee, as regards local
reflex excitability. That is to say, if any part of
this eircular area be stimulated, all the spines and
pedicellariee within that area immediately respond
to the stimulation in the ordinary way ; while none
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of the spines or pedicellarize surrounding the area
are affected. Similarly, if any part of the shell
cxternal to the circumseribed area be stimulated,
the spines and pedicellarize within that area are not
affected. These facts prove that the funetion which
is manifested by these appendages of localizing
and gathering round a seat of stimulation, is exclu-
sively dependent upon the external nerve-plexus,
It is needless to add that in this experiment it does
not signify of what size or shape or by what means
the physiological island is made, so long as the
destruction of the nervous plexus by a closed curve
of injury is rendered complete. In order to ascer-

tain whether, in the case of an unclosed curve of

injury, any irradiation of a stimulus would take
place round the ends of the curve, we made sundry
kinds of section. It is, however, needless to deseribe
these, for they all showed that, after injury of a
part of the plexus, there is no irradiation of the
stimulus round the ends of the injury. Thus, for
instance, if a short straight line of injury be made,
by drawing the point of a scalpel over the shell, say
along the equator of the animal, and if a stimulus
be afterwards applied on either side of that line,
even quite close to one of its ends, no effect will be
exerted on the spines or pedicellarise on the other
side of the line. This complete inability of a
stimulus to escape round the ends of an injury,
forms a marked contrast to the almost unlimited
degree in which such escape takes place in the more
Primitive nervous plexus of the Medusa.

Although the nervous connections on which the
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spines and pedicellariz depend for their funetion of
localizing and closing round a seat of stimulation
are thus shown to be completely destroyed by
injury of the external plexus, other nervous connec-
tions, upon which another function of the spines
depends, ave not in the smallest degree impaired by
such injury. The other funetion to which I allude
is that which brings about the eneral co-ordinated
action of all the spines for the purposes of locomo-
tion. That this function is not impaired by injury
of the external plexus is proved by the fact that
if the area within a closed line of injury on the
surface of the shell be strongly irritated, all the
spines over the whole surface begin to manifest
their peculiar biistling movements, and by this co-
ordinated action rapidly move the animal in a
straight line of eseape from the source of irritation ;
the injury to the external plexus, although ecom-
pletely separating the spines enclosed by it from
their neighbouring spines as regards what may be
called their local function of E.eizing the instrument
of stimulation, nevertheless leaves them in undis-
turbed connection with all the other spines in the
Organism as regards what may be called their
universal funetion of loecomotion,

Evidently, therefore, this more universal funetion
nust depend upon some other set of nervous eon-
nections; and experiment shows that these are dis-
tributed over all the internal surface of the shell,
Our mode of Eh‘lml‘ilucnting was to divide the
animal into two Immiaphems, remove all the internal
organs of both hemispheres (these operations pro-
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ducing no impairment of any of the funetions of
the pedicels, spines, or pedicellarize), and then to
paint with strong aeid the inside of the shell—com-
pletely washing out the acid after about a quarter
of & minute’s exposure. The results of a number
of experiments conducted on this method may be
thus epitomized —

The effect of painting the back or inside of the
shell with strong acid (eg. pure HCL) is that of at
first strongly stimulating the spines into bristling
movements, and soon afterwards reduecing them to
a state of quiescence, in which they lie more or less
flat, and in a peeuliarly confused manner that
closely resembles the appearance of corn when
“laid ” by the wind. The spines have now entirely
lost both their spontaneity and their power of
responding to a stimulus applied on the external
surface of the shell—i.e their local reflex excita-
bility, or power of closing in upon a souree of irri-
tation. These effects may be produced over the
whole external surface of the shell, by painting
the whole of the internal surface; but if any part
of the internal surface be left unpainted, the cor-
responding part of the external surface remains
uninjured, Conversely, if all the internal surface
be left unpainted except in certain lines or patches,
it will only be corresponding lines and patehes on
the external surface that suffer injury. It makes
no difference whether these lines or patches be
painted in the course of the ambulacral feet, or
anywhere in the inter-ambulacral spaces.

The above remarks, which have reference to the
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spines, apply equally to the pedicellarie, except
that their spontaneity and reflex irritability are not
destroyed, but only impaired.

Some hours after the operation it usually happens
that the spontaneity and reflex irritability of the
spines return, though in a feeble degree, and also
those of the pedicellarim, in a more marked degrea,
This applies especially to the reflex irritability of
the pedicellarize; for while their spontaneity does
not return in full degree, their reflex irritability
does—or almost in full degree.

These experiments, therefore, seem to point to
the conclusions—1st, that the general co-ordination
of the spines is dependent on the integrity of an
internal nerve-plexus; 2nd, that the internal plexus
is everywhere in intimate connection with the ex-
ternal; and 3rd, that complete destruetion of the
former, while profoundly influencing the functions
of the latter, nevertheless does not wholly destroy
them,

Professor Ewart therefore undertook carefully to
examine the internal surface of the shell, to see
Whether any evidence of this internal nervous
plexus eould be found microscopically, and, after a
great deal of trouble, he has succeeded in doing so.
But as he has not yet published his results, I shall
not forestall them further than tc say that this
internal plexus spreads all over the inside of the
shell, and is everywhere in communication with the
external plexus by meany of fihres which pass he-
tween the sides of the hexagonal plates of which
the shell of the animal is composed. Thus we can

X
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understand how it is that when a portion of the
external plexus is isolated from the rest of that
plexus as a result of the eork-borer experiment, the
island still remains in communication with the
nerve-centres which preside over the co-ordination
of the spines, as proved by the fact of the Echinus
using its spines to escape from irritation applied to
the ares, included within the cirele of injury to the
external plexus produced by the corl-borer,

Now, whers are these nerve-centres situated?
We have just seen that we have evidence of the
presence of such centres somewhere in an Echinus,
seeing that all the spines exhibit such perfect
co-ordination in their movements, Where, then,
are these centres ?

Seeing that in a Star-fish the rays are co-ordinated
in their action by means of the pentagonal ring in
the dise, analogy pointed to the nervous ring round
the mouth of an Echinus as the part of the nervous
system which most probably presides over the
co-ordinated action of the spines, Accordingly, we
tried the effect of removing this nervous ring, and
immediately obtained conelusive proof that this was
the eentre of which we were in search: for as
soon as the nervous ring was removed, the Echinus
lost, eompletely and permanently, all power of co-
ordination among its spines, That is to say, after
this operation these organs were never again used
by the animal for the purposes of locomotion, and
no matter how severe an injury we applied, the
Echinus, when placed on a table, did not seek to
escape. But the spines were not wholly paralyzed,
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or motionless, On the contrary, their power of
spontaneous movement continued unimpaired, as
did also their power of closing round a seat of
irritation on the external surface of the shell, The
same remark applies to the pedicellarize, and the
explanation is simple, It is the external nervous
plexus which holds all the spines and pedicellarise in
communication with one another as by a networlk ;
80 that when any part of this network is irrvitated,
all the spines and pedicellarize in the neighbourhood
move over to the seat of irritation. On the other
hand, it is the internal plexus which serves to unite
all the spines to the nerve-centre which surrounds
the mouth, and which alone is competent to co-
ordinate the action of all the spines for the purposes
of locomotion.

It remains to consider whether the ambulacral
feet exhibit any general co-ordinated action, and, if
80, whether this likewise depends upon the same
nerve-centre,

The fact already mentioned, that during pro-
gression an Echinus uses some of its feet for erawl-
ing and others for feeling its way, is enough to
suggest that all the feet are co-ordinated by a
nerve-centre. But in order to be guite sure about
th_e fact of there being a general co-ordination among
all the feet, we tried the following experiments.

I have already described the righting movements
which are performed by an Echinus when the
animal is inverted, and it will be remembered that
in this animal the manceuvre is effected by means
of the feet alone, At first sight this might almost



308 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

seem sufficient to prove the fact of a general co-
ordination among the feet; but further reflection
will show that it is not so. For the feet being all
arranged in regular series, when one row begins to
effect the rotation of the globe, it may very well be
that its further rotation in the same direction is due
only to the fact that the slight tilt produced by the
pulling of the first feet in the series A, B, C gives
the next feet in the series D, E, F an opportunity
of reaching the floor of the tank; their adhesions
being established, they would tend by their pulling
to increase still further the tilt of the globe, thus
giving the next feet in the series an opportunity of
fastening to the floor of the tank, and so on. In,
order, therefore, to see whether these righting
movements were due to nervous eo-ordination
among the feet, or merely to the accident of the
serial arrangement of the feet, we tried the experi-
ments which I shall now detail,

First of all we took an Echinus, and by means of
a thread suspended it upside-down in a tank of
water half-way up the side of the tank, and in such
8 way that only the feet on one side of the ab-oral
pole were able to reach the perpendicular wall of
the tank, These feet as quickly as possible estab-
lished their adhesions to' the perpendicular wall,
and, the thread being then removed, the Echinus
was left sticking to the side of the tank in an in-
verted position by means of the ab-oral ends of two
adjacent feet-rows (Fig. 59). Under these circum=
stances, as we should expeet from the previous ex-
periments, the animal sets about righting itself as
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quickly as possible. Now, if the righting action of
the feet were entirely and only of a serial character,
the righting would require to be performed by rear-
ing the animal upwards; the effect of foot after
foot in the same rows being applied in succession to
the side of the tank, would require to be that of
rotating the globular shell against the side of the
tank towards the surface of the water, and therefore
against the action of gravity. This is sometimes
done, which proves that the energy required to per-
form the feat is not more than a healthy Echinus
can expend. But much more frequently the
Echinus adopts another device, and the only one by
which it is possible for him to attain his purpose
without the labour of rotating upwards : he rotates
laterally and downwards in the form of a spiral.
Thus, let us ecall the five feet-rows, 1, 2, 3, 4, and 5
(Figs. 59, 60, 61), and suppose that 1 and 2 are in
use near their ab-oral ends in holding the animal
inverted against the perpendienlar side of a tank.
The downward spiral votation would then be
ciected by gradually releasing the outer feet in row
1, and simultaneously attaching the outer feet in
row 2 (i.e. those nearest to row 3, and furthest from
row 1), as far as possible to the outer side of that
row. The effect of this is to make the globe roll far
enough to that side to enable the inner feet of row
3 (i.e. those nearest to row 2), when fully protruded,
to touch the side of the tanl, They establish their
adhesions, and the residue of feet in row 1, now
leaving go their hold, these new adhesions serve to
roll the globe still further vound in the same
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direction of lateral rotation, and so the process pro-
ceeds from row to row; but the globe does not
merely roll along in a horizontal direction, or at the
same level in the water, for each mew row that
comes into action takes care, so to speak, that the
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Fig. L.
Figs. 59, 00, sniad 81 are vighting movements of Eeliluus on g perpendicular surface.

feet which it employs shall be those which are as
far below the level of the feet in the rowW last S
plg_f,red as their length when fully prutl'uded _{'1--'&‘!-
their power of touching the tank) renders possible,
The rotation of the globe thus becomes a double
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one, lateral and downwards, till the animal assumes
its normal position with its oral pole against the
perpendicular tank wall. So considerable is the
rotation in the downward divection, that the normal
position is generally attained hefore one complete
lateral, or equatorial, rotation is completed.

The result of this experiment, therefore, implies
that the righting movements are due to something
more than the merely successive action of the series
of feet to which the work of righting the animal
may happen to be given. The same conclusion is
pointed to by the results of the following experi-
ment, .

A number of vigorous Echini were thoroughly
shaved with a scalpel over the whole half of one
hemisphere, ie. the half from the equator to the
oral pole. They were then inverted on their ab-oral
poles. The object of the experiment was to” see
what the Echini which were thus deprived of the
lower half of three feet-rows would do when, in
executing their righting manceuvres, they attained
to the equatorial position and then found no feet
wherewith to continue the manceuvre. The result
of this experiment was first of all to show us that
the Echini invariably chose the unmutilated feet-
rows wherewith to right themselves. Probably this
is to be explained, either by the general principle
to which the escape from injury is due—viz that
injury inflicted on one side of an Echinoderm
stimulates into increased activity the locomotor
organs of the opposite side,—or by the consideration
that destruction of the lower half of a row very
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probably induces some degree of shock in the
remaining half, and so leaves the eorresponding
parts of the unmutilated rows prepotent over the
mutilated one. Be this as it may, however, we
found that the difficulty was easily overcome by
tilting the animal over upon its mutilated feet-rows
sufficiently far to prevent the unmutilated rows
from reaching the floor of the tank. When held
steadily in this position for a short time, the muti-
lated rows established their adhesions, and the
Echinus was then left to itselfl Under these cir-
cumstances an Echinus will always continue the
manceuvre along the mutilated fect-rows with
which it was begun, till the globe reaches the posi-
tion of resting upon its equator, and therefore
grrives at the line where the shaved area com-
mences, The animal then remains for hours in this
position, with a gradual but continuous motion
hackwards, which appears to be due to the suc-
cessive slipping of the spines—these organs in the
righting movements being always uged as props for
the ambulacral feet to pull against while rearing
the globe to its equatorial position, and in perform-
ing this function on a slate floor the spines are
liable often to slip. The only other motion ex-
hibited by Echini thus situated is that of a slow
rolling movement, now to one side and now to
another, according to the prepotency of the pull
exerted by this or that row of ambulacral feet.
Things continue in this way until the slow back-
ward movement happens to bring the animal
against some side of the tank, when the uninjured
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rows of ambulacral feet immediately adhere to the
surface and rotate the animal upwards or horizon-
tally, until it attains the normal position. But if
care be taken to prevent contact with any side of
the tank, the mutilated Echinus will remain propped
on its equator for days; it never adopts the simple
expedient of reversing the action of its mutilated
feet-rows, so as to bring the globe again upon its
ab-oral pole and get its unmutilated feet-rows into
action.

From this we may conclude that the righting
movements of the pedicels are due, not to the merely
serial action of the pedicels, but to their co-ordina-
tion by a nerve-centre acting under a stimulus
supplied by a sense of gravity; for if the move-
ments of the pedicels were merely of a serial
character, we should not expect that the equatorial
position, having been attained under these circum-
stances, should be permanently maintained. We
should not expect this, because after a while the
pedicels, which are engaged in maintaining the
globe in its equatorial position, must become ex-
hausted and relax their hold, when those next
behind in the series would lay hold of the bottom
of the tank, and so on, the rotation of the globe
thus proceeding in the opposite direction to that
in which it had previously taken placé. On the
other hand, if the righting movements of the pedi-
cels are due to co-ordination proceeding from a
nerve-centre acting under a sense of gravity, we
should expect the animal under the circumstances
mentioned to remain permanently reared upon its
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equator; for this would show that the nerve-centre
was always persistently, though fruitlessly, endea-
vouring to co-ordinate the action of the absent feet.

Further, as proof that the ambulacral feet of
Echinus are under the control of some centralizing
apparatus when executing the righting manceuvre, -
we may state one other fact. When the righting
macsnuvre is nearly completed by the rows engaged
in executing it, the lower feet in the other rows
hecome strongly protruded and eurved downwards,
in anticipation of shortly coming into contact with
the floor of the tank when the righting mancuvre
shall have been completed (see Fig. 52, p. 280).
This fact tends to show that all the ambulacral feet
of the animal are, like all the spines, held in mutual
communication with one another by some central-
izing mechanism.

But the best proof of all that the feet in executing
the righting manceuvre are under the influence of
a co-ordinating centre, is one that arose from an
experiment suggested to me by Mr. Francis Darwin,
and which I shall now describe. Mr. Darwin
having kindly sent the apparatus which his father
and himself had wused in their experiments on
the geotropism of plants, it was employed thus,
A healthy Echinus was placed in a large bottle
filled to the brim with sea-water, and having been
inverted on the bottom of the bottle, it was allowed
in that position to establish its adhesions. The
hottle was then corked and mounted on an upright
wheel of the apparatus whereby, by means of elock-
work, it could be kept in continual slow rotation
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in a vertieal plane. The object of this was to
ascertain whether the continuous rotation in a
vertieal plane would prevent the animal from right-
Ing itself (because confusing the nerve-centres
which, under ordinary circumstances, could feel by
their sense of gravity which was up and which
was down), or would still allow the animal to right
itself (because not interfering with the serial action
of the feet). Well, it was found that this rotation
of the whole animal in a vertical plane entirely
prevented the righting movements during any
length of time that it might be continued, and that
these movements were immediately resumed as
soon as the rotation was allowed to cease. This,
moreover, was the case, no matter what phase of
the righting manceuvre the Echinus might have
reached at the moment when the rotation began.
Thus, for instance, if the globe were allowed to
have reached the position of resting on its equator
before the rotation was commenced, the Echinus
would remain motionless, holding on with its equa-
torial feet, so long as the rotation was kept up.
Therefore, there can be no question that the am-
bulacral foet are all under the influence of a co-
ordinating nerve-centre, quite as much as arve the
spines. But, on the other hand, experiments show
that the centre in this ease is not of so localized a
character as it is in the case of the spines; for
when the mnerve-ring is cubt out, the co-ordina-
tion of the feet, although impaired, is not wholly
destroyed, Take, for instance, the case of the
righting manceuvre, The effect of cutting out the
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nerve-ring is that of entirely destroying the ability
to perform this mancenvre in the case of the majority
of specimens ; nevertheless about one in ten continue
able to perform it. Again, if an Echinus is divided
into two hemispheres by an incision carried from pole
to pole throngh any meridian, the two hemispheres
will live for days, crawling about in the same
manner as entire animals; if their ocular plates
are not injured, they seek the light, and when
inverted they right themselves., The same observa-
tions apply to smaller segments, and even to single
detached rows of ambulacral feet, The latter are,
of course, analogous to the single detached rays of
‘a Star-fish, so far as the system of ambulacral feet
is concerned ; but, looking to the more complicated
apparatus of locomotion (spines and pedicellarite),
as well as to the rigid consistence and awkward
shape of the segment—standing erect, instead of
lying flat—the appearance presented by such a seg-
ment in locomotion is much more euvions, if not
surprising, than that presented by the analogous
part of a Star-fish under similar circumstances. It
is still more surprising that such a fifth-part seg-
ment of an Echinus will, when propped up on its
ab-oral pole (Fig. 62), right itself (Fig. 63) after
the manner of larger segments or entire animals,
They, however, experience more difficulty in doing
so, and very often, or indeed generally, fail to
complete the manceavre,

On the whole, then, we may conclude that tha
nervous system of an Fehinus consists (1) of an
external PIE‘IHS which serves to unite all the fEL‘:f.,



318 JELLY-FISH, STAR-FISH, AND SEA-URCHINS,

R e TR TR B AR R B T LT

Flgs. 62 and 63.—Nighting aml ambolaeral movements of severesd segments
of Echious,
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spines, and pedicellarvize together, so that they all
approximate a point of irritation situated anywhere
in that plexus; (2) of an internal nervous plexus
which is everywhere in eommunication through the
thickness of the shell with the external, and the
function of which is that of bringing the feet, spines,
and probably also the pedicellarize into relation
with the great co-ordinating nerve-centre situated
round the mouth; (3) of ecentral nervous matter
which is mainly gathered round the mouth, and
there presides exclusively over the eco-ordinated
action of the spines, and in large part also over
the co-ordinated action of the feet, but which is
further in part distributed along the eourses of the
main nerve-trunks, and so =secures co-ordination of
feet even in separated segments of the animal.

Special Senses.

_ Before concluding, I must say o few words on
the experiments whereby we sought to test for the
presence in Fehinoderms of the special senses of
sight and smell.

We have found unequivocal evidence of the Star-
fish (with the exception of the Brittle-stars) and
the Echini manifesting a strong disposition to erawl
towards, and remain in, the light. Thus, if a large
tank be completely darkened, except at one end
where a narrow alit of light is admitted, and if a
number of Star-fish and Eehini be scattered over
the floor of the tank, in s fow hours the whole
number, With the exception of perhaps a few per
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cent,, will be found congregated in the narrow slit
of light. The source we used was diffused day-
light, which was admitted through two sheets of
glass, so that the thermal rays might be considered
practically excluded. The infensity of the light
which the Echinoderms are able to perceive may be
very feeble indeed ; for in our first experiments we
boarded up the face of the tank with ordinary pine-
wood, in order to exclude the light over all parts
of the tank except at one narrow slit between two
of the hoards. On taking down the boards we
found, indeed, the majority of the specimens in or

near the slit of light; but we also found a number

of other specimens gathering all the way along the
glass face of the tank that was immediately behind
the pine-boards. On repeating the experiment
with blackened boards, this was never found to be
the ease; so there can be no doubt that in the first
experiments the animals were attracted by the
faint glimmer of the white boards, as illuminated
by the very small amount of light seattered from
the narrow slit through a tank, all the other sides
of which were black slate. Indeed, towards the
end of the tank, where some of the specimens were
found, so feeble must have bLeen the intensity of
this glimmer, that we doubt whether even human

eyes could have discerned it very distinetly. Owing -

to the prisms at our command not having sufficient
dispersive power for the experiments, and not wish-
ing to rely on the uncertain method of employing
coloured glass, we were unable to ascertain how the
Echinoderms might be affected by different rays.

<
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On removing with a pointed scalpel the eye-spots
from a number of Star-fish and Echini, without
otherwise injuring the animals, the latter no longer
crawled towards the light, even though this were
admitted to the ftank in abundance; but they
crawled promiscuously in all divections. On the
other hand, if only one out of the five eye-spots were
left intact, the animals crawled towards the light
as before. It may be added that single detached
rays of Star-fish and fifth-part segments of Echini
crawl towards the light in the same manner as
entive animals, provided, of course, that the eye-spot
is not injured.

The presence of a sense of smell in Star-fish was
proved by keeping some of these animals for several
days in a tank without food, and then presenting
them with small pieces of shell-fish, The Star-fish
immediately perceived the proximity of food, as
shown by their immediately crawling towards it.
Moreover, if a small piece of the food were held in
a pair of forceps and gently withdrawn as the Star-
fish approached it, the animal could be led about
the floor of the tank in any direction, just as a
hungry dog could be led about by continually
withdrawing from his nose a piece of meat as he
continually follows it up. This experiment, how-
ever, was only sueccessful with Star-fish which had
Leen kept fasting for several days; freshly caught
Sgar-fish were not nearly so keen in their manifesta-
tions, and indeed in many eases did not notice the
food at all

Desiring to aseertain whether the sense of smell

r
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were localized in any particular organs, as we had
found to be the case with the sense of sight, I first
tried the effeet of removing the five ocelli. This
produced no difference in the result of the above
experiment with hungry Star-fish, and therefore I
next tried the effect of cutting off the tips of the
rays. The Starfish behaving as before, I then pro-
gressively truneated the rays, and thus eventually
found that the olfactory sense was equally dis-
tributed throughout their length. The question,
however, still remained whether it was equally dis-
tributed over both the upper and the lower sufaces.
I therefore tried the effect of varnishing the upper
surface. The Star-fish continued to find its food as
before, which showed that the sense of smell was
distributed along the lower surface. I could not try
the eonverse experiment of varnishing this surface,
because I should thereby have hindered the action
of the ambulacral feet. But by another method
I'was able nearly as well to show that the upper
surface does not participate in smelling. This
method consisted in placing a piece of shell-fish
upon the upper surface and allowing it to rest there.
When this was done, the Star-fzh made no attemnpt
to remove the morsel of food by brushing it off with
the tips of its rays, as is the habit of the animal
when any irritating substance is applied to this
surface,  Therefore I conclude that the upper or
dorsal surface of a Star-fish takes no part in minis-
teving to the sense of smell, which by the experi-
ment of varnishing this surface, and also by that
of progressively truncating the rays, is proved to
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be distributed over the whole of the ventral or
lower smface of the animal. For I must add that
severed rays behave in all these respects like the
entire organisms, although they ave disconnected
from the mouth and dise.

As this chapter has already extended to so great
o length, T omit from it any account of some further
experiments which I tried concerning the effects of
nerve-poisons upon the Echinodermata. A full
vecord of these experiments may be found in the
publications of the Linnean Society.

FINIS.
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GEorGe ST, Crali. Third Edition. Crown Svo, 6

Three Books of God: Nature, History, and Scripture.
Sermons edited by GEORGE 5T, Crair,  Crown 8vo, 65,

DE FONCOURT, Madawe Marie,—Wholesome Coolery. Second
Edition, Crown 8vo, 3r. 64,

DE LONG, Lisud, Com. G. W.—The Voyage of the Jeannatte.
The Ship and Ice Journals of. Edited by his Wife, Earaa
De Lowc. With Portraits, Maps, and many Illustrations on
wood and stone. 2 vols, Demy Svo, 361

DESPREZ, Fhilip 5., B.D.—Daniel and John : or, The Apocalypse
of the OId and that of the New Testament, Demy 8vo, 12:,

DEVEREDX, V. Coge, RV, F.R.G. .8 —Fair Italy, the Riviera,
and Monte Carlo. Comprising a Tour through North and
South Italy and Sicily, with a short account of Malta, Crown
8vo, 6.

DOWDEN, Fduwswrnd, LL.D.—Shakspere: a Critical Study of his
Mind and Art. Seventh Edition. Post Svo, I2n

Studies in Literature, 1780-1877. Third Edition. Large
post Svo, Gr,

DUFFIELD, 4. ¥—Don Quixets: his Crities and Commen—
tators. With o brief account of the minar works of MIGUEL DR
CERVANTES SAAVEDRA, and o statement of the aim and end of
the preatest of them all. A handy book for geneml readers,
Crown Bvo, 35, 64

DU MONCEL, Count.—The Telephone, the Microphone, and
the ‘Phunngraph- With' 74 Ilustrations, Second Edition.
Small crown Bvo, 55

DURUY, Victor.—History of Rome and the Roman People.
Edited by Prof. MAHAFTY.  With nearly 000 Ilustrations, ato,
Vol. I. in 2 parts, 308

EDGEWORTH, F. Y—Mathemaltical Psychics. An Essay an
ﬂ'lfgyjplicaﬁﬂil of Mathematics to Social Science. ¥emy Svo,
F5. G,

Educational Code of ihe Prussian Nation, in its Present
Form. In accordance With the Decigions of the Commion Pro.
vincinl Law, and with those of Reoent I..‘.-g-i-'.hr_i_un, Crown 8va,
21, 6.
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Education Library. Ediled by PriLie MAGHUS :—

An Infroduction to the History of Educalional
Theories. By Oscar Browwsixg, M.AC Second Edition,
v B

35
e 0ld Greek Eduecation. By the Rev. Prof MAmAFEy, M. A,
o Second Edition,  3e. 64, &

School Management. Including a general view of the work
of Education, Organization and Discipline, By Josern Laxpox,
Third Edition, 6,
Eighteenth Century Essays, Selecled and Edited by Auvstix
Dopsos.  With o Miniature Frontispicee by R, Caldecot,
Parchment Library Edition, Gr, ; vellum, 75 64,

ELSDALE, Henry.—Studlies in Tenny=on's Idylls. Crown 8vo, g,

ELYOT, Sir Themas.—The Boke named the Gouernour. Edited
from the First Edition of 1531 by HexeY HERBERT STEPHEX
CrorFT, M.A., Barrister-at-Law. ~ With Portraits of Sir Thomas
and Lady Elyot, copied by permission of her Majesty from Hol.
bein's Original Drawings at Windsor Castle, 2 vols, Feap. 4lo,
o
Enoch the Prophet, The Book of.  Archbishop LAUnENCE'S Trans-
lation, with an Introduction by the Author of © The Evolution of
Christiamity."" Crown 8vo, 55
Eranusg. A Collection of Exercises in the Alcaic and Sapphic Matres,
Edited by F. W. Corwisy, Assistant Master at Eton. Second
Edition. Crown 8vo, 25,
EVANS, Mok —The Story of Our Father's Love, told to
Children.  Sixth and Cheaper Edition.  'With Four Illustrations,
Feap. Bvo, 15 Gdl
A Book of Common Prayer and Worship for House-
hold Use, ¢tlmk]2ﬂ¢d exclusively from the Holy Seriptures,
Second Edition.  Feap. 8va, 11,
The Gospel of Home Life. Crown Svo, 45 64,

The I;!ing‘s Story-Book. [In Three Parts, Feap. Bvo, 1r. 6
el Y
*.* Partz I. and IT. with Eight Mustrations and Two Picture Maps,
now ready,
“Fan Bwae" at Canton befors Treaty Davs 1825-1844.
By an old Resident, Wi anﬁsp?ecar_:.YCmew. %
FLECKER, Re. fﬁf—'f;"--—gc.rip[um Onomatology. DBeing Critieal
Notes on the Septungint and oiher Versions. Secomd Edition,
Crown 8vo, 3. G

FLOREDICE, IV, H—A Month among the Mere Itish. Small
CEOWT OYVD; §f

i
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FEI'WLEE Rev. T, W,—The Divine Legation of Christ. Crown
Vo, 74

FULLER, Rev. Morsis,—The Lord's Day ; or, Christian Sunday.
Its Unity, History, Philosophy, and Perpetual Obligation,
Sermons. Demy 8vo, 105 64,

GARDINER, Swmyel R, and ¥ BASS MULEINGER, M.A—v
In;{‘ﬂductlon to tha Study of English History. Second
Edition. Large crown 8vo, gr,

CGARDNER, Doriey,—Quatre Bras, Ligny, and Waterloo. A
Narrative of the Campaign in Belgium, 1815. Wilh Maps and

Demy &vo, 167,

Genesis in Advance of Present Seience. A Critical Investipation
aof Chué:tcrs I.-IX. By a Septungennrian Beneficed FPresbyter.
Demy 8vo. ros 64, i

GENNA, XK. —Irresponsible Philanthropists. Being some
Chapters on the Employment of Gentlewomen, Small crown
8vo, 25 64,

GEORGE, Henmry.—Progress and Poverty i An Inquiry info the
Causes of Industrial De sions, and of Tnerease of Want with
Increase of Wealth. ch Remedy,  Fifthe Library Edition.
Post Bvo, 75 62, Cabinet Edition. ~ Crown Svo, 20 60, Alsoa
Cheap Edition, Limp cloth, rs. 64,  FPaper covers; In

Social Problems. Fourth Thonsand, Crown 8vo, 55 Cheap
Edition. Sewed, I

GIBSON, Famies ¥.—Journey to Parnassus, Composed by MIGUEL
DE CEEVANTES SAAVEDRA, Spanish Text, with Tranzlation into
English Tercets, FPreface, and Illustrative Notes, by. Crown
Bvo, 125,

Glossary of Terms and Phrases. Ediled by the Rev. H. PERCT
ST and others, Medium 8vo, 1215,

GLOVER, i, Af. 4. —Exempla Latina. A First Construing Bool,
with Short Notes, Lexicon, and an Introduction to the Analysis
of Sentences.  Second Editien, Feap. 8vo, 2.

GOLDOSMIE, Sir Frawcis Henvy, Fart,, Q.C., Af.F—Memoir of.
With Portrait. Second Edition, Revised, Crown Svo, 67

GOODENOUGH, Commedsre F. Ge—Nemoir of, with Extracts from
His Letters #nd Joumnals, Eedited by lis Widow. With Sted
Engraved Portrait, Thind Edition. Crown 8vo, 55

GOSER, Ldmumd I —Studies in the Literature of Northern
Europe, With o Frontispiece designed and etched by Alma
Tademn, New and Cheaper Edition.” Large crowmn 8vt; 8-

Seventeenth Century Studies. A Contriltion to the History
of English Poctry, Lemy Bvo, 1os. 64,

GOULD, Rev, S. Baring, M.A.—Germany, Present and Past.
New and Cheaper Edition.  Targe crown 8vo, 7. G,
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COWAN, Mapr Walter E.—A. Ivanofl’s Russian Grammar.
(16th Edition.) Translated, enlarged, and armnged for use of
Students of the Rugsian Lanpuage, Demy 8vo, Gr

GOWER, Lord Rewald. My Rominiscences. Sccond Edition,
2 vols.  With Fronlispieces. Demy 8vo, 305
# * Also a Cheap Edition. With Portraits, Large crown Sve, 74 64,

GRAFAN, William, M. 4.—The Creed of Sclence, Religions, Maoral,
and Sceinl.  Second Edition, Revised, Crown 8vo, 6,

GRIFFITHE, Thomas, 4.0, —The Gospel of the Divine Lifa: a
Study of the Fourth Evangelist. Demy 8vo, 14

CRIMLEY, Kev. AN, M A, —Tremadoe Sermons, chiefly on
the Spiritual Body, the Unseenm World, and the
Divine Humanity. Fourth Edition. Crown 8vo, 6r.

7 & A.—A Study of the Prologue and Epilogue in English
;..iterature from Shakespearse to Dryden. Crown
Vi, B4
GUSTAFSON, A.—The Foundation of Death. Crown 8vo.
HAECKEL, Fﬂ?’. Frnpt.—The History of Creation. Translation
reviseldl by Professor 1B, Bav LANKESTER, M. A, F.R.5. With
Coloured Plates and Genealogical Trees of the various groups

of hoth Plants and Animpls, 2 wvols, Third Edition, Post
Bvo, gar

The History of the Evolutlon of Man. With numerous
NMiusirations. 2 vols.  Post 8vo, 325

A Visit to Ceylon, Posi Svo, 75 64,

Freedom in Sclence and Teaching. With a Prefatory Nate
by T. H. Huxtey, F.R.8, Crown 8vo, 5n

HALF-CROWK SERIES 1—
A Lost Love. By Axna C, Ocr [Ashford Owen].
Sister Dora : a Biography, By MaARGARET LONSDALE.

True Words for Brave Men ¢ a Book for Soldiers and Sailors,
By the late CHARLES KiNosLEY.

Iotes of Travel ; being Extracts from the Journals of Count Vo
MOLTEE.

o

English Sonnets. Collected and Arranged by J. DESNI=.
London LyTics. By F. Lockze,

- Home Songs for Qul Pev. C B

TAVNES, Julet Hours. By the Rev. Canon L

HARROF, Robert.—Bolingbroke, A Political Study and Criticism,
Demy 8vo, 145

HART, Rev, 7. W, T'—The Autohi hy of Judas Iscariot,

; A Charncter Study. Crmﬁgﬁﬁ?:‘?%‘fy = rm'[_
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HAWELS, Rev. H. R, Af 4 —Current Coin. Materialism—The
Devil—Crime— Drunkenness—Pauperism—Emolion—Recreation

—The Sabbath. Fifih and Cheaper Edition. Crown Svo, 55
Arrows in the Air. TFifil and Cheaper Edition.  Crown 8vo, 57,

Speech in Season. TFifth and Cheaper Edidon. Crown 8vo, S

" Thoughts for the Times. Thirteenth and Cheaper Edition,
Crown: 8vo, 55

Unsectarian Family Prayers. New and Cheaper Edition,
Feap, 8vo, 1r. 6d.

HAWKING, Edwards Comerford —Spirit and Form. Scrmans
preached in the Farish Church of Leatherhend, Crown 8vo, Gr.

HAWTHORNE, Nathaniel —WWorlks. Complete in Twelve Volumes.
Large post 8ve, yn 64% each volume,

VoL.' I. TwIcE-ToLD TALEsS:
I, MossEs FROM AN OLD MANSE.
IIT, Tae House OF THE SEVEN (GARLEs, Aanp THE Sxow
IMAGE.
IV, Tor Woxnerooow, TANGLEWOOW TALES, AND GRAND-
FATHER'S CHATH,
V. THE ScARLET LETTER, AND THE BLITHEDALE ROMANCE.
VI. Toe Marvie FAuN. [Transformation.]
v‘;ﬂ} Our QLD HoME, axn ENcrisit NoTE-Books,
IX. AMERICAN NOTE-BoOKs. -
X, FREXCH AND ITALIAN NOTE-BoOKs.
HI. Serrivivs FELTON, THE DOLLIVER RoMANCE, FANSHAWE,
AND, IN AN APPENDIX, THE ANCESTRAL FOOTSTEP,
AIT. TALES AND TSSAYS, AND OTHER PAPERS, WITH & Bio.
GRAPHICAL SKETCH OF HAWTHORNE.
HAYES, 4. A, Funr.—New Colorado, and the Santa Fé Trail.
With Map and 6o lllustrations, Square 8vo, gr

HENNESSY, Sir fokn Pope—Ralegh in Iraland, With his Letters
on Irish Affairs and some Cu‘nl‘nmpomry Dacuments, Large crown
Byo, printed on hand-made paper, parchment, 105 04

HENRY, Philip—Dlarles and Letters of. Edited by MATTHEW
Heney Ler, M.A. Large crown 8vo, 75, Gd,

HIDE, Affert,—The Age to Coma. Small crown 8vo, 2r 6if

HIME, Major- K, W0 Ly RiAd—Wagnerism : A Protest. Crown
Bvo, 25, G4 ;

HINTON, ¥—Life and Letters, Edited by Errice Horkiss, with
an. Introduction by Sit W. W, Gurr, Bart., and FPortrait
engraved on Steel by C. H. Jeens, Fourth Edition, Crown
Evo, 8r G4,

Philosophy and Rellgion. Sécond Edition, Crown Sva, 51

The Law Breaker. Crown Sve,

]
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HINTON, F—eontinued.
The Mystery of Pain, New Edition, Feap. 8vo, 15

Hodson of Hodson's Horse § or, Twelve Years of n Soldier’s Life
in India. Being extracts from the Letters of the laie Major

W. 5. R, Hodson.  With a Vindication from the Attack of Mr,

— Bosworth Smith. . Edited by his brother, . H. HoDsox, M. A.
Fourth Edition. Large crown 8vo, 5. z J

HOLTHAM, E. ¢.—Elght Years in Japan, 1873-1881. Worlk,
Travel, and Recreation.  'Wilh three Maps. Large erown Svo, o5

HOOPER, Mary~Little Dinners: How to Sorve them with

Elegance and Economy. Eighteenth Edilion, Crown

Bvo, 25 G

Cookery for Invalids, Persons of Delicate Digestion,
and Children. Third Edition. Crown Bvo, 25 6d.

Every-Day Meals, Being Economical and Whalesome Recipes
for Breakiast, Luncheon, and Supper. Fifth Edition. Crown

Evo, or. 6.
HOPKING, Eifice,—Life and Letters of James Hinton, with an
Introducticn by Sir W. W, Gurr, Bart., and Portmit engraved
on Steel by C. H. Jeens, Fourth Edition. Crown Svo, 85 67,

Worle amoengst Working Men.  Fifth Edifion.
7 8Bvo, 35, G

HOSPITALIER, E.—The Modern Applications of Electricity.
Translated and Eularged Ly Jurivs Marer, PRLD. =2 vaols
Second Edition, Revised, with many additions and nomercus
Ilustrations.  Demy 8vo, 125, 64 each volume.
VoL, I.—Electric Generators, Electric Light.
VoL. IL—Telephone :  Various Applications 1 Electrical
Transmission of Energy.

Household Headings en Prophecy. By a Loyman,  Small
crown Svo, 35 64,

Crown

HUGHES, ﬁm—Thu Redemption of the World. Crown Svo,
25 6ol

HUNTINGFORD, Rev. E,, b.C.I.
Commentasy and Introductory

HUTTON, Arther, M.A.—The Arnglican Ministry: Its Najure
and 1‘«:'III]‘G"-‘ n relation to the Catholic Priesthood, © With a Preftce
by His Eminence Cannpypar Newsan, Demy Svop 145,

- ey

HUTTON, Kew. €. F.—Unconseious Testimony ; or, The Silent
Witness of the

Hebrew tg the Historical Scriptures,
Crown 8vo,-21, 6. he Truth of P

—The Apocalypse. Wik a
Essoy, Demy 8vo, 55

HYNDMAN, H. M _The Historical Basizs of Socialism in
England. Large crowy Bvg, 85 G,
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S THURN, Ewrard F—Among the Indians of Guiana.
Being Sketches, chiefly anthropologic, from the Interior of British
Guiana,  With 53 Hlustrations and a Map, Demy Svo, 185

Jaunt in a Junk : A Ten Days' Creise in Indian Seas. Large crown
8vo, ¥r. 64

TEMETNS, E. and RAVAIOND, g:—'rha Architect’s Legal
Handboolk. Third Edition, Revised, Crown Svo, 6

FENNINGS, Mys, Vanphon.—Rahel : Her Life and Letters. Large
post 8vo, Fr 6.:‘?

FERVIS, Rev. W, Hemley,—The Gallican Church and the
Revolutlon., A Seqeel to the History of the Church of
France, from the Concordal of Bologna to the Revolution.
Demy Svo, 181,

FOEL L.—A Consul's Manual and Shipowner's and Ship-
master’s Practical Guide in their Transactions
Abroad. With Definitions of Nautical, Mercantile, and Legal
Terms; 'a Glossary of Mercantile Terms in English, French,
German, Italinn, and Spanish ; Tables of the Money, Weights,
and Measures of the Principal Commercinl Nations and their
Eqguivalents in British Standards; and Forms of Consular and
Notarial Acts. Demy Svo, 125,

FOHNSTONE, . F., .4 —Historical Abstracts : being Outlines
of the History of some of the Jess known' States of Europe,
Crown Svo, 5. 64

FOLLY, Williany, F.R.5.E. er—The Liia of John Duncan,
Scotch Weaver and Botanist, With Sketches of his
Friends and Nofices of his Times. Second Edition. Large
crown 8vo, with etched portrait, gs.

FONES, €. 4.,—The Forelgn Freaks of Five Friends. With 30
Ilustrations, Crown 8vo, G5

?DJ’-CE., ¥ IK, LL.D-, efe,—0]d Celtic Romances. Translated
from the Gaelic. Crown Svo, s, 64,

FOVNES, % r.—The Adventurss of a Tourist in Ireland.
Second edition.  Small crown Bio, 25 64

Ko UEMANN, R, A, oA —Socialism = i Mature, its Dangens,
and its Remedies considered.  Crown v, 75, 64,

Utopias ; or, Schemes of Sacial Improvement, from Sir Thomas
More to Karl Marx, Crown Sya, cr,

KAY, David, F.R.G.S—Education and Educators. Crovn 8vo,
7. O,

AAY, Foseph—Free Trade in Land. Tdited by his Widow. With
Preface by the Right Mon, Jomy Brreur, M.P. Seventh
Edition, Crown Svo, §n.
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KEMNPIS, Thowas &—0Of tha Imitation of Christ, Parchment
Libirnry Edition.—Parchment or eloth, 65 ; vellum, 5. 640 The
Eed Line Edition, feap. 8vo, red edges; 25 6. The Cabinet
Edition, small Svo, cloth limp, 15, 3 cloth beards, réd edges, 15, 67,
The Miniature Edition, red edges, 32mo, 17,
*.% Al the above Editions may be had in vanons extia bindings.

KENT, C—Corona Catholica ad Petrl successoria Pedes
Oblata: De Summi Pontificls Leonis XIII. As-
sumptione Epigramma. In Quinquaginta Linguis,  Feap,
gloy TR,

ANETTLEWELL, Rep. S.—Thomas & Kempis and the Brothars
of Common Life. =2vols, With Frontispicces.  Demy Svo,
FO8,

AFDD, Forglhy M0 —The Laws of Tharapeutics; or, the Science
nnd Art of Medicine, Second Edition. Crown 8w, Ge

KINGEFORD, Anwna, .0 —The Perfect Way in Diet, A
Trealise advocating a Return to the Natural and Ancient Food of
our Roce.. Small crown 8vo, 27,

KATNGSLEY, Charles, M. 4. —TLetters and Memories of his Life.
Edited by his Wife, With two Steel Engraved Portraits, and
Vigneties on Wood. Fourteenth Cabinct Edition. 2 vols. Crown
Svoy 125

B_* Also n People's Eﬂiﬂon,é in one volume.  With Portrait.  Crown
v, G,
All Saints® Daw, and other Sermons.  Edited Dy the Rev, W,
HarrisoN, Third Edition.  Crown Svo, fr G4
True Words for Brave Men. A Book for Soldiers” and
Sailors' Librarfes. Tenth Editien. Crown 8vo, 25 64,

ANOX, Alexapder A.—The Wew Playground ; or, Wandérings in
Algeria. New and chc::lmr edition. Large crown S'ﬁ'ﬂ. bs.

LANDON, Forith.—~School Management ; Incliuding a General View
of the Work of Education, Organization, and Idscipline. Thin
Editron.  Crown 8vo, 6s

LAURIE, 5. 5—The Training of Teachers, and other Educations]
Papers. Crown 8vo, ye. 6d.

LEE, Kew. £, Gy D.C.L—The Other World } ar, Glimpses of the
Supcrnatural. 2 yols, A New Edition.  Crown 8vo, 155

Letters from a Young Emigrant in Manitoba, Second Edition,
o= - Small erown Bvo, I 04 !

LEWiS, Edward Dillon,—A Draft Code of Criminal Law and
Procedura, Diemy 8va, 217,

LIELIE, Arthwr, MEA.S—The Popular Life of Buddha,
Containing an Answer o the Hibbert Lectures of 1881, With
Tustrations.  Crown Svo, 6.
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LEQYD, Walter.—The Hope of the World : An Essay on Univorsal
Redemption. Crown 8vo, 55

LONSDALE, Margare!.—Sister Dora : a Biography. With Portrait.
Twenty-seventh Edition. Crown Svo, 25 64

LOUNSEURY, Thomas R—James Fenimore Cooper. Crown
&vo, 51

LOWDER, Charles—A Biography. By the Author of *St. Teresa,”
New and Cheaper Edition. Crown 8ve.  With Portrait. 35 6.

LYTTON, Edward Bufoer, Lord.—Life, Letters and Literary
Fomains, By his Son, the EARL or Lyrroxn. With Portrails,
Hlustrations and Facsimiles. Demy 8vo. Vols, T, and IL, 325,

WACAULAY, & €.—Francls Beanmont 1 A Critical Study. Crown
&vo, gr.

MNAC CALLUM, A W.—Studlés in Low German and High
German Literature. Crown 8vo, 6s,

MACDONALD, George. — Donal Grant. A New Novel. 3 vols
Crown Bvo, 31r. 64

WACHIAVELLS, Niceold. —LiMfe and Times. By Prof. Villari.
Translated by Linda Villirl, 4 vols Large post, 8vo, 485

WACHTIAVELLY, Niceold.—Discourses on the First Decade of
Titus Livius, Translated from the Ttalian by NisraAs Hio
Tuomsow, M.A. Large crown 8vo, 12:

The Prince., Translated from the Ttalian by N, I T2 Small
erown Svo, printed on hand-made paper, bevelled boards, 65

MACKENLIR, Alxapder.—How India is Governed. Being an
Account of England’s Work in India.  Small crown Svo, 25

WACNAUGET, Rew. Fole.—Coena Domini @ An Eseay on the Lord's
Suppery its Primitive Tnstitution, Apostolic Uses, and Subsequent
History. Demy 8vo, 147

MWACWALTER, Rew, 6. S—Life of Antonic Rosmini Serbati
(Founder of the Institule of Cha;igy, 2 vols. Demy Sve.

[Vel. I, naw ready, price 125

MAGNUS, Mrs—About the Jews since Bible Times. From the
Babylonian Exile till the English Exodus,  Small erown 8vo, 65

MAIR, B. 8., M.D., F.R.C.5.E—The Medical Guide for Anglo-
Indians. Weing » Compendinm of Advice to Europeans in
India, relating to the Prescrvntion and ulation of Tealth.
With n!ﬁup lement on the Management of Children in Indis
Second Edition. Crown Svo, limp clotl, 3. G,

MNALDEN, Henry Elfiet.—Vienna, 1683, The History and Conse
quences of the Defeat of the ?“ﬂﬁ befage Vienna, Seplember
12th, ‘1683, By John Sobieski, King of Poland; apd Charles
Leopeld, Duke of Lortaine,  Crown 8vo, 45 6,

Many Voices, A volume of Extracts from (le Religions Writers of
Christendom from the First to the Sixteenth Century. With
Biographical Sketches,  Crown 8vo, clath extr, red edges, G-,
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MARKIHAM, Cape, Afbert Hastiupgs, £..—The Great Frozen Soa :
A Personal Narrative of the Voynge of the Ay during the Arctic
Expedition of 1875-6. With 6 Full-page Illustrations, = Maps,
and 27 Woodeuts,  Sixth and Cheaper Edition.  Crown Sve, Ef

A Polar Reconnalssance: being the Voyage of the fbire

= to Novaya Zemlya in 187g. With ro Illustrations. Demy Svu,trﬁ.r,

Marriage and Maternity | or, Scripture Wives and Mothers. Small
crown 8ve, 45 G4,

MARTINEAD, Gerfrnde.—0Outline Iessons on Meorals:. Small
crown Evo, 34 G

MNAUDSLEY, H., M. —Body and Will. Teing an Esay coi-
cerning Will, in its Metaphysical, Physiolegical, and Pathological
Aspects.  Svo, 121,

MGRATH, Tebarce—Pictures from Ireland. New and Cheaper
Edition. Crown 8vo, 2r,

MEREDITH, M dA.—Theotolkos, the Example for "Woman.
Dedicated, by permission, to Lady Apnes Wood,  Revised by
the Venerable Archdeacon DENisoN,  32mo, limp cloth, 15 64,

MILLER, Edward.—~The History and Doctrines of Irvingism ;.
or, The so-called '@atholic and Apostolic Church,  2vols.  Large
post 8vo, a5,

The Cﬁ:}urch in Relation to the State. "Large crown Svo,
ar, G

MINCHIN, ¥ G.—Bulgaria since the War : Notes of a Tour in
the Autumn of 1870, Small crown 8vo, 34 64

MIFCHELL, Lucy M—A History of Ancient Sculpture. With
numerous Hlustrations, including 6 Plates in Pholotype, Super
royal 8vo, 425,

Selections from Ancient Seulpture. Being a Portfolio con-
taining Reproduclions in Phototype of 36 Masterpieces of Ancient
Jﬂért to illnstrate Mrs. Aitehell’s * History of Ancient Scalptore.”
15

A TFORD, Berfram—Through the Zulu Country. Iis Baitle-
fields andiits People, “With five Tllustrations, Demy Bvo, 145

MOCKLER, E—A Grammar of the Balooches Eanguage, as
it s spoken in Makran (Angient Gedrosia), in the Persis-Armbic
and Roman chatacters, Feap, 8vo, gn. ™ ;

T ANOEESHORTH, Rev, W, Nassaw, Af.4.—History of the Church
of England from 1660. Large crown 8+, 7o 6d.

MNORELL, 7. K—Euclid Simplified in Method and Language.
Being n Manual of Geometry, Compiled from the most important
French Works, approved by the University of Tatls and the
Minister of Public Instrietion, Feap. Svo, 2r 64
¢
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MORRES, Gerge.—Tha Duality of all Divine Truth in our
i.ortl esug Christ, For God's Selfmanifestation in the Impae-
tation of the Divine Nature to Man, Large crown Svo, 75 64,

MORSE, E. 8., P —First Boolk of Zoology. With numerous
Tlustrations, New and Cheaper Edition,  Crown 8vo, 21, G4,

MURFHY, Jokn Nicholzr—The Chailr of Petor; or, The Fapacy =
considered in its Institution, Deveélopment, and Organization, and
in the Benefits which for over Eighteen Centuries it has conferred
on Mankind, = Demy 8vo, 180

My Ducats and My Daunghter. A New Novel. 3wvols, Crown
Bvn, 35e O,
NELSON, 7 K, L4 —~—A Prospoctus of the Sclentific Study
of the Hind{i Law. Demy Svo, ga
NEWMAN, Cardinal.—Characteristics from the Writings of.
Being Selections from his various Works,  Arranged with the
Author's personal Approval,  Sixth Edition, “With Portrait.
' ‘W.EvuJ 61,
*.* A Portrait of Cardingl Newman, movnted for framing, ean
oy b bnd, 24 bdl
NEIWMAN, Francis William.—Essays on Dlet. Small crown Svo,
cloth Tinp, 2r " '

New Truth and the Old Falth: Are they Incompatible? By a
ScientificLayman, Demy Svo, 105 Od.

New Werthers By Loxl. Small crown Svo, 23, 64,

NICHOLSON, Edward Byrori—The Gospel according to the
Hebrews. It Fmgments Translated and Annotated, with 2
Critical Analysis of the External and Internal Evidence relating
to it  Demy Svo, or 64

A TWew Commentary on the Gospel according to
Malthew. Demy Svo, 125

MICOLS, Arthur, F.G.5., R G.5—Chapters from the Physical
History of the Earth: an Introduction to Geology and
Palgontology.  With aumerous Tlistetions. Crown 8vo, 55

NOLS, Marfanne—Class Lessons on Euclid. Part 1. containing
the First Two Baoks of the Elements,  Crown Svo, 25, 64,

Notes on St. Paul's Epistle to the Galatians, For Readers of
the Authorized Yersion or the Original Greelel Demy Svo; 25 64

Nuces: EXERCISES 0N THE SYNTAX oF THE Prioile Scuoorn LATIN
Primer. New Edition i Three Parts,  Crown S\'nJ cach 15
®.* The Three Parts can also be had houtul together, 35
OATES, Framh, F.RGS—Matabele Land and the Wietoria
Falls, A Naturalist's Wanderings in the Imterior of South
Afriea, Edited by €. G, OaTes, B.A, With numergus Tilustra-
tions and 4 Maps, Demy Svo, 21,
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OGLE, W MDD, F.R C.F—Aristotle on tha Parls of Animals,
Translated, with Introduction and Notes.  Royal Bvo, 12r. 64,

OHAGCAN, Lferd, AP — Oceasional Papers and Addresses;
Large crown 8vo, 75, 6,
OKEN, Lorenz, Life of. By ALexasuper Eckek. With Ezplanatory
i Wotes, Selections from Oken's Correspondcence, and Portrait of the
Professor.  From the Gérman by ALpRED ToLk. Crown Svo, s
PMEARA, Kathian.—Frederic Ozanam, Professor of the Sorbonne ;
His Life and Work., Second Edition.  ‘Crown 8va, 7r. 64,
Henrl Perreyve and his Counsels to the Sick. Small
crown Svo, 5i -
OSBORNE, Rev. IW. 4,—The Revised Version of the New Tas~
tament. A Critical Commentary, with Notes upon the Text,
Crown Bvo, 52, ¥
OTFTLEY, I Bickeriteth —The Great Dilemma. Christ His Own
Witness or His Own Accuser.  Six Lectures, Second Edition,
Crowh 8vo, 3r. 64, 1

Cur Public Schools—Eton, Harrow, Winchester, Rughby,
Westminster, Marlborough, The Gharterhouse,
Crown 8va, Gr - ARSI i

_ QWEN, F, Mf.—Iohn Keats: a Study. Crown Svo, 6.

. Across the Hills. Small créwn 8vo, 1n 6

UIVEN, Few. ﬁ'u&-:fe‘, ﬁ}.ﬂ——ﬂanclurﬂla Catholicum ; or, Book of
Snints, With Notes, Critical, Exegetical, and Historical, Diemy
Bvo, 181,

QX ENEAMN, R 5. Nitcombe —3AThat 15 the Truth as to Ever-
lasting Punishment. Pau I Being an Historical Inquiry
into the Witness anid Weight of certain Anti-Origenist Councils,

— Crown Bvoy Zr, 6, ’

OXONIENSIS. — Romanism, Protestantism, Anglicanism,
Being a Layman's View of some questions of the Day. Together
:|.||'I.L1.1. Remorks en 1y, ‘Litdedale's * Plain Reasons against joins
ing the Church of Rome,” | Crown Svo, 37 6,
!HLMEfE’xigclggl H’g’:‘r['dm.—-mutes of a Visit to Russla in
= ¥ clected and v b i

Early Christiin Symbholism, A Series of Compositions from

Tresco Paintings, Glasses ol

v ol Sculplored  Saro Edited

— }?’ tll?\_f-:\“ i’lm'ast NonrTncore, {1.D., aiid CfeCiteh. Canon
HROWNLOW, MLA." In 8 Papls, each with 4 Plates. Folio, 57,

coloured § 30 plain,
Parchment Library. Chaiely Printe i
e icely Printed on hend-made paper, lim
parchment antique or cloth, 6. ; vellum, 7. G each 'I-'Dllulr'u:, ¥

ThI?TEGDk of Psalms, Transluted by the Rev. T. K. Cugyse,
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Parchment Library—emutdnwed,

The Vicar of Walkefleld, With Preface and Notes by AusTix
Donzox,

English Comic Dramatists, Edited by OswaALD CRAWFURD.

English Lyrics.

The Sonnets of John Milton. Edited by Marg PATTISON.
With Portrait after Vertue,

Poems by Alfred Tennyson. 2 vols, With miniature frontis-
pieces by W. B, Richmond.

French Lyrics. Selected and Annolated by GeoscE SAINTS-
HURY, Wilh & miniature frontispiece designed and etched by
H. G. Glindoni.

Fables by Mr, John Gay. With Memoir by AusTin DoBson,
and on elchied portrait from an unfinished Ol Sketch by Sic
Godfrey Kneller,

Select Letters of Porcy Bysshe Shelley. Ediled, with an
Tnitroduction, by RIcHARD GARNETT,

The Christian Year. Thoughts in Verse for the Sundays and
Holy Da{s throughiont the Year,  With Minjature Portrait of the
Rev. J. Keble, after a Drawing by 'G. Richmond, B. AL

Shakspere’s Works. Complete in Twelve Volumes.

Eighteenth Century Essavs. Selected and Edited by AuUsTIN
Dopsox,  With a Miniatore Frontispiece by K. Caldecott.

Q. Horatl Flaccl Opera. Edited by F. A, Corxish, Assistant
Master at Eton. With a Frontispiece after a design by L. Alma
Tademn, etched by Leopold Lowenstan.,

Edgar Allan Poe's Poems. With an Essay on his Poetry by
ANDREW LAxG, and a Frontispiece by Linley Sambourne.

Shakspere's Sannets, Edited by Enwarp Dowpex. With a
Frontispiece etched by Leopald Lowenstam, after the Death Mask,

Englizh Odes. Selected by EpMunp W, Gozse. With Frontis-
piece on India paper by Hamo Thamycroft, AR A

Of the Imitation of Christ. By Tmomas A Keurm, A
revised Translation, With Frontispiece on India paper, from a
Desiipn by W, B. Rishmond.

Tennyzon's The Princess: a Medley, With o Mininture
Frontispiece by H, M. Paget, and a ";};ﬁpicoe in Outline by
Gordon Browne.

Poems: Selected from Pency Byssie SHeitey. Dedicated to
Lady Shelley. With & Prefice by Ricnarp GABNETT and a
Mininture Frontispicce:

Tennyson’s In Memoriam. With o Miniature Portrait
in eam-forve by Le Raty after a Photograph by the late Mrs
Cameron,

** The above volumes may also be had in a vaviety of leather bindings,
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FPARSLOE, forph—Our Railways. Sketches, Historieal and
Descriptive.. With Practical Information as to Fares and Rates,
ete., and a Chapter on Railway Reform.  Crown 8vo, 6r

FPAUL, Akxander,—Short Parliaments. A History of the National
Demand for frequent General Elections.  Small crown 8vo, 35, G

FAUL, € Kegan.—Biographical Sketches, Frinted on band-made
paper, boind in buckram, Second Edition.  Crown 8vo, 7r. 64,

PEARSON, e, S—Week-day Living. A Book for Young Men
and Women, Second Edition. Crown 8vo, 56

PESCHEL, Dr. Owar.—The Races of Man and their Geo-
graphinal Disteibution. Second Editien. Large crown
o, O,
PETERS, F. I.—The Nleamachean Ethics of Aristotle. Trans.
lated by, Crown Bvo, 6r.

PHIPS0N, E~Tha Animal Lora of Shakspeare’s Time.

Including Quadrupeds, Birds, Reptiles, Fish and Insects. Large
post Bvo, or

PIDGEON, D.—An E‘ﬁiﬂm’:r‘s Hollday @ of, Notes of o Round

Trip from Long. o to o, B, Edition, La
e ee O New and Cheaper Edi ree

POPE, 7 Bﬂﬁfwm’-‘ﬁﬂﬂﬂway Rates and Radical Rula,

Trade Questions as Election Tests. Crown Svo, 25 6d.

PRICE, .PFEI":. Eﬂ?‘rﬂm_}". —_— chapms on Praelil:a.l Pﬂlitjﬂﬂ.l
;L;L:Dﬂn;ﬂiity]i? *;_hl-‘ Substance of Lectures delivered befors
Skt 8o 8, xlord. New and Cheaper Edition, Large
Pulpit Commentary, The, (Old Testament Series.) Edited by {ha
Rev. J. 5, EXELL, M.A., and the Rev. Canon H. D, M. SPENCE,

Genesis. By the Rey, T Wi i i
. e 1 ITELAW, M.A. With Homilies
4l :rs?n Ri? J. F. Moxtoomery, D.D., Rev. Prof. R, l{{
REre sy LLB., Rev, F. HASTINGS, Rew, W,
Testament by the Voo 1tfoduction to the Study of the Old
n:rl inl:.rmfumim:s enctable Archdeacon FARRAR, 1I.I., F.R.§,
TeRrLL, DD, an';fi_{lhl'.' PEnt:EI.tcuch by the Right Fev. H. Cor-
el 15 ¥, T, WhiTELAW, M.A.  Eighth Edition,
Ex]g;]v‘i’ﬂ-_ ginlh}:{ ERn. Canon Rawrixson. With Homilies by
{, qu;.lfm;}n Youxs, B.A,, Rev. C. A Goopuarr,
Wdition, 2 wols,, 155, " the Kev, H, T. RODOHNS. Fourth
Leviticus. By the Rep p -

i ¥ Probend MEeYRICE, M.A.,  With
Iugm;r;:;?ﬁs by the Rev, R, le?;-{:_ l:t:'..g-.r. Prafessor A, Cave,
MACDONAI stR ' Rev. Prof, Reprown, LL.B, Rev. I Al

A -[\ .'1 ]- 11'1 .‘t"r- I‘I‘lr-. C["‘*HKEUF1 Eﬂu Rglp. B R‘ _,g'ﬁ_|_nr,:|n_n2
LL. By and Bev, McCrpyng Eogan, Fourth Edition. 157, '



22 A List of

Pulplt Commentary, The—oniinged,

Numbers. By the Rev, R, WisTeErboriHAM, LL.E. With
Homilies by the Rev, Frofessor W, Bixwie, D.D., Rev. E. 5.
ProuT, M.A,, Rev. D, Youna, Rev, J. Walte, and an Inteo-
duction by the Rev. Tmosmis WaHiteraw, M.A, Fourtlps
Edition. 15% —

Deutercnomy. By the Bev. W. L. Arexaxper, D.D.  With
Homilies by Rev. C, Cremaxce, D.D., Rev. J. Org, B.I.,
Rev. R, M. Enoar, MLA., Rev. D, Davies, M.A,  Third
edition. 155

Jdoshua. By Rev. T. {. Lias, M.A., With Homilies by Rev.
5. R. Arprince, LL.B., Rev. R, -Giover, Rev. E. ni
Piessense, D.D., Rev. I. Waite, BiA., Rev. W. F. ADEXEY,
M.A ; and an Introduction by the Rev. A. PLUMMER, M.A.
Filth Bdition. 12s 04,

“Judges and Ruth. By the Bishop of Bath and Wells, ond
Rev. J. Mornison, DJDL  With Homilies by Rev, A. F. MUIR,
M.AL, Rev. W. F. Apexev, M.A,, Rev, W, M. STATHAM, and
Rev. Professor J. Titomson;, MLA.  Fourth Edition.  10s. 64,

1Samuel. By the Very Reve Re P, Ssyrrn, DD, With Homilies
by Reve DowALD Fraser, D.D., Rev. Prof. CHAFMASN, and
Fev, B. Dace.  Sixth Edition, 158 — ey

1 Kings. By ihe Rev. Josern Hamsonn, LLB. With Homilies
by the Hev. E. pE Pressexsg, D.D., Kev. J. WaTE, B.A,,
Kev, A, RowpasD, LL.D., Rev. ], A, Magpowakp, and Rev,
J. Ungunart. TFourth Edition. 155,

Ezra, Nehemiah, and Esther. Dy Rev, Canon G, RAWLINSON,
M. A. With Homilies by Rev, Trof. [, R. Tuouson, M.A., Rev.
Prof. R. A. Reprokn, LLLB,, M. A, Rev. W, 5. LEW:S, M.A.,
Rev, J, A, Macponarn, Hev. A, Mackensar, BA., Rev, W
Crankson, B.A., Reve Fo Hasrives, Rev. W. DINWIDDIE,
LL.B,, Rev. Prof. ROWLANDS, B.A., Rev. G. Woon, B.A.,
Rev, Prof, P. C. HAnkEr, M A, LL.B., and the Rev. J. 5.
Exrrt, M. A,  Sixth Editien, 1 vol,, 125, 6o

deremiah. By the Rev. T, K. Cuevne, BMLA.  With Homilies

1}:? u%I{&E W. F. ﬁnuﬁ’, M.A., Rev. A. T :,[Emﬁ 1.,111-5r

o = wwav, BiAL Bev T, : T iy
Youne, B.A. Vel L, 185 J. Warre, DA

Pulpit Commentary, The. |New Tesiament Series.)
St. Mark. B Vﬂ‘f}': Rev, E. HICRI‘_‘I;STHTHJ DLD,P Dean of Lich-
field, With Homilies by Rev. Prof. Trousoxs, M.A., Rey, Frof-—",

Given, MoA., Rev. Prof. Joinson, M. A, Rév. WLAND,
B.A., LL.B., Rev. A, Mutk, and Rev o vols,
Fourth Edition. 2184

The Acts of the Apostles. By the Rishop of Bath and Wells,
With Homilies by Rev. Prof, Po €. Barggp, M.A., LL. B, Rev.
Prof, B, Joussowr, MLA, Rer, Prof, B, A, Reproxn, MLA,,
Rev, B, Tock, BoAs, Reve W Ciakxaon, BA = vl 215
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Pulpit Commentary, The—deulinmead.

1 Corinthians. Ry the Ven. Archdeacon Farpan, D.D. With

Homilies by Rev. Ex-Chancellor LirscoMmy, LL.D., Rev.

Davin THosMas, D.D., Rev, D, Friser, LI, Rev. FProf.

4 J. R. Tuonmson, M.A, Rev. J. WaITE, B.A., Rev. R, Tuck,

Co B.A., Bev. E. HURNDALL, M. A., and Rev. H. BREMNER, B. D,
Frice 157,

PUSEY, [Dv—Sermons for. the Church’s Seasons from
Advent to Trinity. Selected from the Published Sermons
of the late EnwarD Booverie Pusev, D.I  Crown 8vo, 5r

QUILTER, Harry,—" The Academy,” 1B7T2-1882. 1s

RA.&CLIFF&, Frank £ ¥,—The Wew Politicus. Small crown 8vo,
a5, O

RANKE, Leogold won.—Universal History. The oldest Historieal
Group of Nations and the Greeks, Edited by G. W, PROTHERD,
Demy 8vo, 16s .

Realities of the Future Lifa. Small crown 8vo, 11 bd.

RENDELL, % M—Concise Handbook of the Island of
Madeira. With Plan of Funchal and Map of the Island. Fcap,
8vo, 11, Od.

REVNOLDS, Rev, f;r I#,—The Supernatural in Nature. A
1y

74 Verification by Free Use of Science. Third Edition, Revised
and Enlarged.  Demy 8va, 1475
Tha Mystery of Miracles. Third and Enlarged Edition.
Crown 8vo, Or.
Tha Mystery of the Universa; Our Common Faith, Demy
Bvo, I44.
RIBOT, Prof. Th—Haredity : A Psychological Study on its Phenomena,
its ‘Laws, its Cauges, and its Consequences. Second Edition
Large crown 8vo, or,
ROBERTION, The Infe Kew. F. W, Af.4—Life and Letters of,
Edited by the Rev. Storrorn DrookE, M.A. :
I. Two vols:, uniform with the Sermons,  With Steel Portrait,
Crown 8vo, 7r. 6. :
II. Library Edition, in Demy Sva, with Portrait, 125,
I11. A Popular Edition, in 1 vel. Crown 8vo, 6s,
Sermons. Four Series,  Small crown Svo, 3. Go) each.
The Human Race, and other Sermons, TPreached at Chelten-
ham, Oxford, and Brighton, New and Cheaper Edition,  Small
t _ crown 8vo, 31, 64,
Notes on Genesiz, New and Cheaper Edition. Small crown 8vo,

Expository Lectures pn 5t. Paul's Epistles to the
Corinthians. A New Edition. Small crown'8vo, 5r.

> fpctires and Addresses, with other Literary Romaing, A New
Edition, Swmall crown Bro, 55
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ROBERTSON, The late Rev. Fo W, M. —ventinned,

An Analysis of Mr. Tennyson's “In Memoriam.”
(Dedicated by Permizsion to the Poet-Laurcate,) Feap, Svo, 25,

The Education of the Human Race, Translated from the
German of GOTTHOLD Erarary Lessive.  Feap, Svo, 26 64,

; The above Works can also be had, bound in half morocco.

*a* A Portrait of the late Rev. F. W, Robertson, mounted for framing,
can be had, 25, 64,

ROMANES, G. ¥ — Mental Evolution in Animals. With a
Pesthumous Essay on Instinct by Cuanies Danwiy, FR.S
Demy Svo, 125,

ROSUINT SERBATE, 4., Founder of the Tnstitute of Charity. Life.
By G. SToART MACWALTER, 2 vols, 8o,

[Vol. I. now ceady, 124,

Rosmini's Origin of Ideas. Translated from the Fifth Italian
Edition of the Nuovo Engg'm Setll oripine defle ddee. 3 wols.
Diemy 8vo, cloth, [Vals L. and IT. now ready, 165 each.

Hosmini's Philosophical System. Translated, with a Sketch of
the Author's Life, Bibliopraphy, Introdvction, and Notes by
Trowmas Davinsor, Demy Bvo, 16s,

RULE, Martin, M.A.—The Life and Times of St. Anselm,
Archbishop of Canterbury and Primate of the
Britains. 2 vols. Demy Sva, 3ar

SALFA TOR, Avchdufe Lndony,—Levkosia, the G;pitﬂl of Cyprus.
Crawn 4to; 105, Od.

SAMUEL, S_pgfngf M —Jewish Life In the East, Small crown
8vo, 35, 64,

SAYCE, Key, Archibald Hewy.—Introduction to the Science of
Language, 2 vols, Second Edition, Large paost 8vo, 215

Scientiflc Layman. The New Truth and the Old Faith: are they
Incompatible? Demy Svo, 1os, 6d,

SCOONES, W, Baptirte—Four Centuries af English Lelters:
A Belection of 350 Letiers by 150 Witers, from the Period of the
FPaston Letters to the Present Time, Third Edition. Largze

. crown Bva, Gs.

SHIELFTD, Ren. Foreph—Womanhood ; § 1oe, Tempiations
and Priviliges,’ A Book For Voung Wonra - Third Edition;
Crawn 8vo, 35 64\

SHIPLEY, Reo, Ocly, M.A—Principles of the Faith In Hela-

tion to Sin. Topics for Thought in Times of Retl”

Eleven Addresses delivered durnp o R " Da
Persons living in the Waorld, rj,ﬁ“}, 51';:.?21 of Threg Dhays to
Sister Augustine, Superior of the Sister Fo ol iR B
¥Mni5 Iin:,ls-]}ilﬂ]iJ at Bomn, "‘“'llhﬁﬁﬁﬁ:;fTEnE;{;tlﬁir{m by Haxs
mARAY, from the German * Memorals of AMALIE VOX
Lasavrx,” Cheap Edition,  Large erown 8va, A5 B

J:-_
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ERTNNER, Famer—A Memoir. By the Author of “ Charles Lowder,”
With o Prefce by the Rev. Canon CARTER, and Fortrait.
Large crown, 75 O,

SMITH, Edward, M.D., LLB., F.#.5—Tubercular Consump-
tion In "its Early and Remediable Stages, Second
Edition. Crown 8Svo, 6r

SPEDDING, Fames—Heviews and Discussions, Lilarary,
Political, and Historical not relating to Bacon. Demy
Svo, 125 64

Evenings with a Reviewer; or, Bacon and Macaulay.
With a Prefatory Notice by G. 5. VENABLES, Q.C. .2 vals,
Demy 8vo, 185,

STAPFER, Faul,—Shalspeare and Classical Antiguity
Greek and Lalin Antiquity as presented in Shalspeare’s Plays,
Translated by Eatiy J. CArEY, Large post 8vo, 125

STEFENSON, Rev. W, F.—Hymns for the Church and Horme,
Selected and Edited by the Rev. W. FLEMING STEVERSON,
The Hymn Bool consists of Three Parls :—I. For Publje
Warship.—II. For Fumily and’ Private Waorship.—I11,
For Children.
.. ]"*ubli;hcd in various forms and prices, the Intter manging from 8,
1o Ge

Stray Papers on Education, and Scenes from School Life. By B, H.
Second Edition,  Small erown 8vo, 35 64

STREATFEILD, Rev, G, 8., M. 4, —Lincolnshire and the Danes,
Large crown 8vo, s, 64,

.':'TEEC_.&’:’:-"F- FVISPL!C.@VUJ:E'.-—E]:-Ean ic Chemistry. Translatedand
Edited, with Extensive Additions, by W. R, HobncRinsox
Th.D)., and A. J. GrREgxaway, F.1.C, Demy Sve, z1s, :

Study of the Prologue and Epilogue In English Literaiy
From Shakespeare o Dryden. By G. 5. B. Crown 8vo, g,

SULLY, Famer, M A—Pessimism : o History and )
"Second IIElﬂ.i'lil::u:]. Demy Bvo, l-i-'-n W Y EYMEE

SWEDENBORG, Emarn.—De Cultu et Amore Del uhi A
it
da Telluris ortu, Paradiso at Vivario, tum dagp;ff

mogenitl Seu Adgy ] s
Crown Bvo, 6z, ni Nativitate In a, et Arnore,

SVME, Dasis. —Representative Government in England. fis
Faults end Failires, Spcond Fdition. Large crown v Fr

TAVEOR, Fev. Daee—The Alphabel. An Account of the Oge
and Development, of Lotrers,  Wilh nwmerous: Tahles n.ﬁ:f]"
Facsimiles: 2 vols,  Demy §vo, 360 '
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TAYLOR, Sedley. — Proflt Sharing between Capltal and
Labour. To which is added 2 Memorandum on the Industrial
Partnership at the Whitwood Collieries, by ARCHIBALD and
HL;:*-* Brices, with remarks by SEpLEY TAVEOR. Crown 8vo,
25, G,

Thirty Thousand Thoughts. Edited by the Rev. CANON SPENCE,
Eev, J. 8. Expir, Rev. CHARLEE Neir, and Rev. Jacod
STEPHENSON, 0 vols. Super royal Bvo.

[Vols. 1. and IL now ready, 165 each.

THOM, ¥ Hamilten.—Laws of Life after the Mind of Christ.
Second Edition.. Crown 8vo, 5. G4,

THOMSON, 7. Twrnbull.—Social Problems ; or, An Ingulry inlo
the Laws of Influence. With Disgrams, Demy 8vo, 105, 64,

TIDMAN, Panl F.—Gold and Silver Money. Fart L—A Fhin
Statement. Part IL.~—Objections Answered. Third Edilion.
Crown Svo, 1r.

TIFPPLE, Rep. 5, A—Sunday Mornings at Norwood. TPrayers
and Sermons.  Crown 8vo, G5

TODHUNTER, Dr, ¥ —A Study of Shelley. Crown 8vo, 7o

TREMENHEERE, Hugh Seymowr, C.B.—A Manual of the
Principles of Government, as set forth by the Autharitics
of Ancient and Modern Times. New and Enlarged “Edition.
Crown 8vo, 35 04,

TUKE, Daniel Hack, M5, Folt.C.P.—Chapters in the Hlstory
of the Insane in the British Isles. With g Hlustrations
Large crown Bvo, 12rn

TIINING, Lowire—Worlkhouse Vislting and Management
during Twenty-Five Years. Small crown Svo, 27

TYLER, %—The Mystery of Being: or, What Do Wa
HEnow 7 Small crown 8vo, 35, 64,

UPTON, Mujor . D.—Gleanings from the Desert of Arabia.
Large post 8vo, 1os G4,

WPACUUS FIATOR —Flying South. Recallections of France and
its Littoral.  Small crown 8vo, 35 G

VAUGHAN, I, Halferd—New Reoadings and Renderings of
Shalkespeare's Tragedios. 2 vele. Demy 8voy 255

FILLART, F;'.;:I.-"g:mr.—Nic.cl?lb  Machiavelll and his Times.
Translated by Linda Villati. 4 vols, Large past 8v0s 485 A

g
VILLIERS, The Ripht Hon, €. F.—Free Trade Spegckits of,
With Folitical Memoir. Edited by a Membep-ol the Cobden
Club. 2 vals. With Portrait.  Demy -?wa,— 2‘5;_
*.* People’s Edition. & vol.  Crown 8y, fimp cloth, 26 64,
FOGT, Licnt.-Col. Fernmrn,—The Egjl'llpl_jan war of 1882,
A transiation,  With Map and Plans.] Large crown 898 6o,

J
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FOLCEXSOM, E. W. v.—Catechism of Elementary Modern
Chemistry. Small crown Svo, 3o

FYNER, Lady Mary.—Every Day a Portion. Adapted from the
Bible and the Prayer Bock, for the Private Devotion of thosc
living in Widowhood. Collecied and Edited by Lady Mary
Vyner, Square crown Bvo, 5o

WALDSTEIN, Charle, Fi.0D.—Tha Balance of Emotion and
Intelleet ; an Introductery Essay to the Study of Philosophy,
Crown Svo, 6.

WALLER, Rev. C. B.—The Apocalypse, reviewed under the Light
of the Doctrine of the Unfolding Ages, and the Restitution of All
Things, Demy &vo, 125

WALPOLE, Chas, George,.—Hiatory of Ireland from the Earliest
Times to the Union with Great Britain. "With 5§ Maps
and Appendices. Crown Svo, Ior. G,

WALSHE, Walter Hayple, Af.D.—Dramatic Singing Physiolo-
gically Estimated. Crown Svo, 35 04,

WARD, William George, Ph.0.—Essays on the Philosaphy of
Theism. Edited, with an Introduction, by WILrrin Warn.
2 vols, Demy 8vo, a1r,

WEDDERBURN, Sir Divid, Bard., AL P.—Life of. Compiled from his
Journals and Wrilings by his sister, Mrs. E. I, PERCIVAL.  With
etched Portrait, and facsimiles of Pencil Sketches. DemySvo, 145,

WEDAMORE, Frederick.—The Masters of Genre Painting, Witk
Sixteen Illustrations, Post Bvo, 75 04

WHEWELL, Witliam, D.D,—His Life and Selections from his
Correspondence. By Mrs, STAIR Dovcras, With a Portrit
from o Painting by Samuel Laurénce. Demy 8vo, 2rr,

WHITNEY, Prof. William Duwight,— Essentials of FEnglish
Grammar, for the Use of Schoals, Second Edition, Crown
Bvo, 35 64,

WILLIAMS, Rewland, D, 0D —Psalms, Litanies, Counzels, ang
Collects for Devout Persons. Edited by his Widow, New
end Populsr Edition, Crown Svo, 35 64,

Stray Thoughts Collected from the Writings of the
late Rowland Williams, 1D.ID. Edited by his Widaw,
Crown Svo, 3r. 6.
WILSON, Sir Eramues, — The Recent Archaic Discovery of
Fggfhﬁu Mummies at Thebes. A Leclure. Crown Svo,
5 .

WILSON, Liewd.-Cal, €, 7. — The Duke of Berwick, Marshg]
of France, 1702-1734. Demy 8vo, 154

”.'Jr‘rﬂg'ﬂ"'.rr:'U.I'I. f£. F.—The Christian Hml.lwrg. Their Origin and
Work, With o Sketeh of the Life of their Founder, t]%e Ven
JEAN BAPTisTE, de In Salle. Crown Bvo, 61 '
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WOLTMANN, Dr. Aifred, and IWOERIANN, Dy Aarl—History
of Painting, Edited by Sioxzy Corviv, Val, I. Painting
in Antiquity and the Middle Ases.  With numerous Hinstmations,
Medium Svo, 281 ; bevelled boards, gilt leaves, Jor,

Word was Made Flesh. Short Family Readings on the Epistles for
« tach Sunday of the Chrstian Year, Demy 8vo, 100, 64,

WREN, Sir Chrirtsplher.—His Family and His Times. With
Original Letters, and 2 Discourse on Architecture’ hitherto un-
pnh%ils]:ed. By Lucy PrirLioge, Demy 8vo, 10:, 64,

YOUMANS, Efzg A —First EBook of Batany. Desigmed o
Cultivate the Observing Fowers of Children, With zoo
Engravings. New and Cheaper Edition, Crown Bvo, 2r, 6,

YOUMANS, Edwerd Z., M.D.—A Class Book of Chemistry, on
lshe Basiz of the New System.  With zoo Illusteations, Crown
v, 55

THE INTERNATIONAL SCIENTIFIC SERIES.

1. Forms of Water: a Familiar Exposition of the Origin and
Phenomena of Glaciers, By J. Tyndall, LL.D., F,R.5. With
25 Hlustraticns,  Eighth Edition.  Crown 8vo, sn.

Il. Physies and Politics; or, Thoughts on the Application of the
Principles of ** Natural Selection  and * Inheritanee ™ to Falitical
Society, By Walter Bagehot.  Sixth Edition, Crown 8vo, 4.

II1. Foods. By Edward Smith, M.D., LL.B., F.R.5. 'With nimeraus
Iilusirations, Eighth Edition.  Crown 8vo, 51

IV, Mind and Body: the Theotics of their Relation, By Alexander
Bain; LL. DD, “With Four Ilustrations. Seventh Edition, Crown
Bvo, 4n

V. The Study of Sociology. By Herhert Spencer,  Eleventh
Edition. Crown 8vo, 5r.
VI On the Conservation of Energy. By Balfour Stewart, M.A.,

LL.D., F.R.S. With 14 Tlustrations. Sixth Edition,, Crown
8, 55

VII. Animal Locomotiion | or Walking, Swiniming, and Tlying, By
‘}: B. Pettigrew, M.D., F.R.8., ctc, With [0 Hlnstrations™
hird Edition. Crown Svo, 5

VIII. Responsibility in Mental Disease, By Henry Mandsley,
M.I).  Fourth Edition. Crown 8vo, g,

X, The New Chemistry. By Professor . P, Cooke With 41
Mustrations,  Seventh Edition.  Crown v, g1,

-
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X. The Science of Law. By Professor Sheldon Amos, TFifth Edition.
Crown 8Svo, 55

¥I, Animal Mechanizm : a Treatise on Tervestrial and Aerial Loco-
mation. By Professor B, J. Marey. With 117 Illustrations.
Third Edition. Crown 8vo, 55,

%I, The Doctrine of Descent and Darwinism. By Profesor
Oscar Schmidt, With 26 Tlustrations, Filth Edition. Crown
Bvo, 5T,

XIII, The History of the Conflict helwesn Religlon and
Science. By J.'W. Draper, M.D,, LL.D.  Eightecnth Edition.
Crown Svo, 55

X1V, Fungli: their Nature, Influences, Uses, cte. By M. C. Cooke,
M.I).,, LL.D. Edited by the Rev, M. T, Berkeley, ML AL, L5,
With numerous Tllustrations, Third Edition, Crown Svo, 55,

%V, The Chemical Effects of Light and Photography. D
Dr. Hermann Vogel. Translation thoroughly Besised. Wit
oo Illusteations,  Fourth Ediion.  Crown Sve, 55

¥VI. The Life and Growth of Language. Déy Professor William
Diwight Whitney. Fourth Edition, - Crown 8vo, 51

¥VI[. Money and the Mechanism of Exchange. By W,
Stanley Jevons, BLA., F.R.5. Sixth Edition, Crown 8vo, 55

N VIIL. The Watura of Light, With a Genetal Account of Physical
Optics. By Dr. Engens Lommel, With 188 Illustrations and a
Tuble of Spectea in Chromo-lithegraphy,  Third Edition.  Crown
Svo, 55

¥1¥, Animal Parasites and Messmates. By Monsienr Van
Beneden, With 83 Tllustrations. Third Edition, Crown 8vo, 5s,

NX. Fermentation. By Professor Schiitzenberger,  With 28 Tllus-
trations.  Fourth Edition. Crown Bva, 55

%XI, The Five Senzes of Man. By Professor Bemstein, Withi
g1 Ilustrations, Fourth Edition, ~Crown 8vo, 55

XXII, The Theory of Sound in its Relation to Music. By Fro-
fessor Pietro Blagerna.  With numerous Illustrations,  Third
Edition. Crown 8vo, 55 L

XXIII Studies in Spectrum Analysis, By J. Norman Lockyer,
F.E.5. With six photographic Illustrntions of Spectis, and
:_::m::mus ehigravings on Wood, Third Edition. Crown Svo,

e

AXIV. A History of the Growth of the Steam Engine. Ry
Professor R H. Thurston.  With oumerons Tlustrations.  Thirnd
Edition. Crown 8vo, 65 6,

NXV, Education as a Science, By Alexander Bain, LI.T..  Fourth
Edition. Crown Svo, 55
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AXVIL The Human Species. DBy Professor A, de Quatrefages, Third
LEdition. Crown 8vo, 57,

XXVIL Modern Chromatics. With Applications to Art and In.
dustry, By Ogden N. Rood. With r3a orginal Illustrations
Second Edition,  Crown 8vo, 5.

KXVHI. The Crayfish : an Introduction to the Study of Zoology. By
Professor T. H. Huxley, With 82 Ilustrations, Third Edition.
Crown 8vo, 5r.

XXIX. The Brain as an Organ of Mind. By H. Charlton Bastian,
M.Ix.  With numerous Tllusteations, Third Edition. Crown
8vo, g1,

XXX, The Atomic Theory. By FProf Wurltz. Translated by G.
Cleminshaw, F.C,5, Third Edition. Crown 8vo, 30

AXXI The Natural Conditions of Existence as they affect
Animal Life. By Karl Semper. With 2 Maps and 106
Weodeals, Third Edition, Crown 8vo, 5.

XXXII General Physiology of Muscles and Nerves, By Prof,
J. Rosenthal,  Third Edition,  With Tustrations, Crown Svo,
[13

XXXIIL Sight: an Expesition of the Principles of Monocalar and
Binoeular Vision. By Joseph le Conte, LL.D,  Second Edition.
With- 132 Ilustrations.  Crown Svo, £r,

XXXIV, Ilusions : a Psycliological Study. By James Soily, Second
Edition,  Crown 8va, 5.

XXXV, Voleances : what they are and what they teach.
By Professor J. W, Judd, F.R.S. With g2 Illustrations on
Wood,  Second Edition,  Crown Bvo, 50

XXXVL Suiclde; gn Esmy in Comparative Moral Statistics. By Prof,
E, Morselll, Second Edition, With Disgrams,  Crown Sveo, 55

NXXVIL. The Brain and its Functions. By J. Luys. With
Illustrations. Second Edition, Crown Svo, 55

XXXVIIL Myth and Science : an Fssay. « By Tito Vignoli, Second
Editivn.  Crown 8va, 55

XXXIX. The Sun. Dy Professor Young. With Ilustrations, Second
Edition, Crown Svo, 55

XL. Ants, Bees, and Wasps: a Record of Observations on ks
Habits of the Social Hymenoptern, By Sir John Lubbesk, Bart.,
M.P. With § Chromo-lithographic Tlustrations, Sixth Edition.
Crown 8vo, 515, p

XLI, Animal Intelligenca, By G. J. Romanes, LL.D., T.R.S.
Third Edition, Crown 8vo, gr,

L
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NLII, The Concepts and Theorigs of Modern Physics. By
J. B. Stalle,. Seccond Edition. Crown Svo; 55

XLIIL Diseases-of tha Memory ; An Ezay in the Posltive Paycho-
loery.. By Prof Th. Ribot.  Second Edition.  Crown Svo, 55

¥LIV. Man before Metals. By N. Joly, with 148 Tilustrations,
Third Edition. Crown 8vo, 55 §

XLV. The Science of Politics. By Prof Sheldon Amos. Second
Edition. Crown Svo, §r.

XLVI, Elementary Meleorology. By Robert H. Scott. Second
Editien. With Numerons Tlustrations.  Crown 8vo, 55

¥LVII. The Organs of Speech and their Application in the
Formallon of Articulate Sounds. Dy Georg Hermann
Von Meyer.  With 47 Woodeuts.  Crown Svo, 55

XLVIIL Fallacies. A View of Logic from the Practical Side, By
Alfred Sidgwick, Crown &vo, 55,

MILITARY WORKS,

SR TON, Capt. ¥, F—England on the Defensive ; or, the
Bﬁﬁﬂfﬂpmhle-:n' uf“ Invasion Critically Examined. Large crown Bvo,

with Map, 7r. 6l
RRACKENBURY, Col. €. B, B4 —Military Handhooks for
Reglmental Officers.
1. Military Sketching and Heconnalssance. By Col,
F. J. Hutchison and Major H. G. MacGregor, onrth
Edition. With 15 Plates,  Small crown 8vo, 45
{I, The Elements of Modern Tactics Praclically

applied to English Formations. By Lieat.-Col.
Wilkinson Shaw. Fourth Edition. With 23 Plates and

Maps.  Small erown Svo, 95

III. Fleld Artillery. Its Equipment, Organization and Tactics,
By Major Sisson C. Prait, RA, With 12 Plates, Second
Edition. Small crown 8vo, 6n

V. The Elements of Military Administration. First
Part 1 Fermanent Syatermn of Administration. By Major
J. W, Buxton, Small crown Svo. 75 64l

¥, Military Law: Tts Proccdure and Practice, By Major
Sizzon C. Pratt, RoA.  Second Edition, Small crown Svo,
45 G

BROORE, Major, C. Ki—A System of Field Training, Small
crown Svo, cloth limp, 2,
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CLERY, C., Lient. Cofi—Minor Tactics. With 26 Maps and Plans.
Sixth and Cheaper Edilion, Revised. Crown 8vo, gr,

COLVILE, Lignt.-Col, O. F.—Military Tribunals. Sewed, 25 64

CRATFURD, Licut. H.%—Suggestions for the Military Train-
ing of a Company of Infantry. Crown 8vo, Is. 64,

HHARRISON, Lient.-Col. B.—The Officer’s Memorandum Book
for Peace and War. Third Edition. Oblong 32mo, roan,
~with pencil, 3¢, Gd.

Notes on Cavalry Tactics, Organisation, etc. By a Cavalry
Officer.  "With Diagrams, Demy 8Svo, 121,

PARE, Capt. H. Hallun, C.M.G.—~The Dress, Horzes, and
;{:.‘quipmsnt of Infantry and Staff Officers. Crown

Vo, If.

SCHAW, Col. #i.—The Defence and Attack of Positions and
Localitles. Second Edition, Revised and Corrected.  Crown
8o, 3+ 64,

SHADWELL, Maj.-Ger., C.F—Mountain Warfars. Illustrated
by the Campaign of 1759 in Switzerland,  Being a Translation of
the Swiss Narmtive compiled from the Works of the Archduke
Charles, Jomini, and others. Also of Notes by General T,
Dufour an the Campalgn of the Valtelline in 1635, With Appen-
dix, Maps, and Introductory Remarks, Demy 8vo, 165

WILKINSON, . Spenser, Cage, soth Laprashive K. ¥, — Citizen
Soldiers. Iasays towards the Improvement of the Volunteer
Force, Crown Svo, zs G4,

POETRY.

ADAM OF 8T, FICTOR,—The Liturgical Poetry of Adam of
St. Victor. From the textof GaUTIER, With Tran=lations inlo
English in the Original Metres, and Shert Explanatory Notes,

Gy S, WRANGHAM, M.A. 3 vols, Crown 8vo, printed
on hand-made paper, boards, 21

AUCHMUTY, 4. €.—Poems of English Herolsm : From Brunan.
buarh to Lucknow 3 from Athelsfan to Albert, Small crown Svo,
Ir O,

.-Irﬂs',-—-'rhu Od}'SﬁﬂY of Homer. Done into Ellg].is]l Verse by-
Fedp, gto, 15

BANES, M, 0 L.—Ripples and Breakers; Poemss  Syffre
Bvo, s,

BARING, C., M.A., AP —The Schome of Epicurus. A°
l{nn.]eﬁn_q into English "l.’n:r:e':.‘ufilhn Unfinished Poem ul'Lu{:rctiu.-a,
entitled ' De Rerum Natwrd™ (% The Nature of Things").
Feap, 410,
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HARNES, Williane.—Poems of Rural Life, in the Dorset
Dialect. New Edilion, complete in one vol.  Crown Svo,

HAVYNES, Rev. Canon K. K. —Home Songs for Quiet Hours.
Fourth and Cheaper Edition. Feap. Svoy cloth, 2r G4, :
*,.* This may also be had handsomely bound in morocco owith
gilt edges,

BENDALL, Gerand.—DMusa Silvestris.  10mo, 15 G

BEVINGTON, L. 5, —HKeay Notes. Small erawn 8vo, §r,

HILLSGN, O F—The Acharnians of Aristophanes.
dvo, 35 64,

BLUNT, Wilfrid Scamwen. — The Wind and the Whirlwind.
Demy 8vo, 15 64

HOWEN, K. C., M.4.—Simple English Poems: English Literature
for Junior Classes, In Four Parts, Parts T, I1., and ITT:, fGer'
each, and Part IV,, 1r. Complete, 37

HARASHER, Alfred.—Sophiaj or, the Viceroy of Valencin, A Comedy
in Five Acts, founded ona Story in Searron.  Small crawn Bvo,
zr. G,

HRVANT IF, C—FPoems. Cheap Edition, with Frontispiece,  Small
crown 8vo, 35 6]

BYRNNE, £ Fatrfar.—Milicent : a Poem.  Small crown Svo, 63,

CATLLARD, foona Marie, —Charlotte Corday, and other Poems,
Small crown Svo, 3r 64

Calderon’s Dramas: the Wonder-Working Mapician — Life is o
Dream—the Purpatory of St Patrick.  Translaed by Dexrs
FrLoreXcE MacCaktiy. Post Svo, 105

Camoons Lusiads, — Porluguese Text, with Translition iy SR
AUBERTIN. Second Edition, 2 vels.. Crown Svo, 12s,

CAMPBELL, Leviy. —Sophocles. The Seven Plays in English Verss,

N Crown 8vo, 75 6,
Castillan Brothers (The), Chateaubriant, Waldermar: Thres

Tragedies; and The Rose of Sicily: & Drama, ji]
Authorof * Ginevra,” ete.  Crown Svo, br. it

Clironicles of Christopher Columbus. A Poem in 12 ¢
By M. IX C.. Crown 8vo, 7. O, ik

CEARRE, Mary Cﬂ’:u&.ﬂ:,_HGn the W 4 Tutes:
C:‘own &vo, I, EPERIES ity i
Cosmo de M'Df.a ici; ‘]I,'Elm False One; Agramont and Beay-
mont: Three Tragedies; and The Deformed : & Dramatic
Shetch., By the Author of ¢ Clnevri” etv ela;  Crowh Svo, 5r.

1]

Crown
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CONHEAD, Frief—Birds and Babies. Imp. t6mo.  With 33
Tinstrations,  Gilt, 25, G

Davld Rizzio, Bothwell, and the Witeh Lady: Three
Tragedies. By the anthor of * Ginevia,” cte.. Crown Bvo, fs

BAVIE, G5, AL —The Garden of Fragrance., lcing a com-
te translation of the Bostan of Sadi from the onginal Persian "”‘ﬁ

into English Verse.  Crown Svo, 7r. G4, ¥
LA FIES, T Hart.—Catullus, Translated into English Verse, Crown |
Bvo, Gs,

DENNIS, ¥ —English Sonnets. Collected and Arranged by, Smalt
Crown Svo, 25 G
DE VERE, Aubrey.—Poetical Works.
I. THE SEARCH AFTER PROSERFINE, ete. G
II. THE LEGENDS OF ST. PATRICK, elo.  r,
III. ALUXANDER THE GREAT, elc. Os
The Foray of Queen Meave, and oilier Legends of Trcland’s
Heroie Age.  Small crown Svo, 5r

Legends of the Saxon Saints. Small crown Sva, 6s.

DILLON, Arfdur.—River Songs and other Poems. With 13
autotype Illbstrations from: desigms by Margery May.  Feap. 4io,
cloth extra, gilt leaves, 1or. o ] ;

LEELL, s, foroce—Ethelstone, Eveiine, and other Poems
Crown Svo, 67,

LOBFON, Awstie,.—0ld World Idylls and other Poems. Third
Edition. 18me, eloth extra, gilt tops, 61,

DOMET, difred —Ranolf and Amohia. A Drenm of Two Lives.
New Edition, Revised, .2 vols, Crown Sva, 12r,

Dorothy: a Country Story in Elegine Werse. With Prefice.  Demy
BV, §a.

LDOWDEN, Edward, LL.D.—Shakspere's Sonnets, With Intro-
duction and Noles. Large post 8vo, 75 6d.

DUTT, Toru.—A Sheaf Gleaned in French Fields. New Edition
Deray Svo, 105 64

EDMONDS, E.W.—Hesperas. Rhythm and Rhyme, Crown 8vo, 47

ELDRYTHE;fHNd-—MﬂTEBT&L andl other Poems, . Small crown 8vo,

All Soul's Eve, "“No God," and otlier Poems, Feap, 8vo, 3r. 6.

ELLIOTT, Ebeneser, The Cornt Law Riywmer—Poems.  Edited by his
som, the Hev. EDWIN Evtiorr, of St John's, Antigua. 2 vals,
Crown Svo, 155 = o

English Odes, Selected, with a Critical Totroduction by Enumunp W,
Gosse, and o miniature feontispicce by Hamo ‘Thormycroft,
ARA,  Elzevir 8vo, limp parchment antique, or cloth, 61, 3
vellum, 7i. 6.
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English Verse. Edited by W. J. Lixtoxn and R. H. Stopparn,
5 vols. Crown Svo, cloth, 55 each,
I. CHAUCER TO BUsxs,
1. TRANSLATIONS.
11I. Lyrics OF THE NINETEENTH CENTURY.
IV. DRAMATIC SCENES AND CHARACTERS.
V. BALLADS AND ROMANCES.
EVANS, Anne—Poems and Music. With Memorial Preface Iy
AN Toackeray RiTcHig, Large crown 8vo, 7.

GOSSE, Eduund W,—New Poems.  Crown Svo, §r. 64
GRAEAM, Willfam. Two Fanecies, and other Poems,  Crown 8vo, 5r.
GRINDROD, Chavia, Plays from English History. Crown
Bva, 75, Od.
The Stranger's Story, and his Poem, The Lament of Love: An
_ Episode of the Malvern Hills, Small erown 8va, 2r. 64
GURNEY, Kev, Alfred.—The Yision of the Eucharist, and other
Poems. Crown 3vo, §s
HELEON, A G.—Daphnis: a Pastoral Poem.  Small crown Svo
£, bt
ENRY, Dawiel, Funr.—~Under a Fool's Cap.  Songs.  Crown 8vo,
clath, bevalled beards, 51
Herman Waldgrave ; a Life’s Drama, By the Avthor of © Gineven,"
ele.  Crown 8vo, Gs
HTCKEY, £ H—A Sculptor, and other TPoems,  Small crown
Avo, &

HONEYIFOOD, Pattv.—~Poems. Dedicaled (by permission) to Lord
Wolseley, G.C.B., ate..  Small crown Svo, 25 04,

TNCHAM, Sarson, O, F.—Cwedmon’s Vision, and other Poems.
Small crown Svo, 5.

FENKING, Rev. Capon.—Alfonso Petrucci, Canlinal and Con-
spirator: an Historieal Tragedy in Five Acts.  Small crown Svo,

a5 O
fﬂﬁﬂr"&'{}ﬂ?; Frnle 8. W,—Ilaria, and other Poems.  Small crown Svo,
31, Od.

KEATS, Foln.—Poetical Works. Edited by W. T. Arxorp, Laige
crown 8vo, choicely printed on hand-made paper, with Portrait
in eaneforte,  Tarchment, 12s § vellum, 155

WING, Edward—Echoes from the Orient. With Miscellaneons
Poems. Small crown Svo, 35, 64,

_.r;';,ﬂ.,’c;, Az, Hamilton,—The Disciples. Sixth Edition, with Parlrait
and-Notes. Crown 8vo, 5n

A Book of Dreams. Crown Svo, 3. 6d.

ENCLY, The o, Mrs, 0. N.—Four Pictures from a Life; and
other Pormz,  Small crown Bvo, 36 Gl -
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LANG, A—XXXII Ballades in Blue China. Elzevir Svo,
parchment, 55,

LEATFEON, Right Hon. M fistice. —Hymni Usitati Latine
Redditl : with other Verses, Small 8vo, parchment, 5r.

Lessings Nathan the Wise. Translated by Evstace K. ConBETT.
Crown 8vo, Gr.

Life Thoughts. Small crown Svo, 2r. 6.

Living English Poets MDCCCLEXXIL. With Frontispiece by
Walter Crane.  Second Edition. Large crown 8voe.  Ponled ooy
hand-made paper, Parchment, 126 3 vellum, 155

LOCKER, F—London Lyrics. A New and Cheaper Edition.
Small erown Svo, 27, Gd.

Love in Idlemess. A Volume of Torms  With an etching Ly W, Th
Scott.  Small crown 3vo, 55

Love Sonnets of Protang, Wilh Fronlispiece by the Author, Eleeviy
8vo, 51,

LUMSDEN, g -Col, I, T—DBeowulf : an Okl English Poem.
Translated into Modern Rhymes. Second and Revised Edition.
Small crown Svo, 55

Lyre and Star. Poems by the Author of * Ginevra,™ ete,. Crown
&vo, 55

MAGNUSSEON, Eivite, AL A and PALVWER, E, &, AL 4. —Johan
Ludvig Runeberg's Lyrical Songs, Idylls, and Epi-
grams, Foap. 8vo, 55

M.D.C—Chronicles of Christopher Columbus. A Poem in
Twelve Cantos.  Crown 8vo, 75 64

MEREDITH, Gwen [The Earl of Lywten].~—Luclle. New Edition,
With 3= Tllusteations, $6moy 3r 6o,  Cloth extra, gilt edges,
4. G,

MWORRLS, Leawis—Poatical Works of. New and Cheaper Editions,
with Portrait. Complete in 3 vols., 5o each.

Vol. I. contains * Songs of Two Worlds." Ninth Edition. Vol. I1.
containg ** The liﬂu: of Hades." Seventeemh Edition. Vol I11.
contains ** Gwen ™ and *“The Ode of Life.!” Fifth Edition.

The Epic of Hades. With 16 Autotype Ilustrations, afier the
Dinwings of thelate George R, Chopmon. . 4to, cloth extra, gilt
leaves, 215

The Epic of Hades. Presentation Edition. 4to, cloth extra,
gilt leaves, 1os. Gd.

Songs Unsung. Fourth Edition, Feap, Bvo, 65

MORSHEAD, E. D, 4.—The House of Atrens. Peing the

emmen, Libation-Bearers, and Furies of AEschylus,  Trans-
lated into Enplish Verse.  Crown 8vo, 7r

The Suppllant Maidens of Aschylus. Crown 8vo, 3o 64

&
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NADEN, Constance IW.—Songs and Sonnets of Spring Time.
Small crown 8vo, 5r

NEWELL, FE. ¥—Tha Scrrows of Simona and ILyrical
Verses. Small crown Svo, 35. 64. :

NOEL, The Hon, Rodenw, — A Little Child's Monument. Thind

Edition. Small crown Svo, 35 6. o
The Red Flag, and other Poems. New Edition.  Small crown
Svo, B,

O HAGAN, Foln.—The Song of Roland. Translated into English
Verse.  New and Cheaper Edition. © Crown Bvo, 55

FPREMFFER, Ermly.—The Rhyme of the Lady of the Lock,
and How it Grew. Small crown Svo, 3r. 6,
Gerard’s Monument, and other Poems. Second Edition.
Crown Svey 6r,
UUnder the Aspens: Lyrcal and Dromatic, With Portrait.
Crown Svo, bs.
£lrd ?‘.?‘,,g}'f. #i—Idyls and Lyrics of the Ohio Valley. Crown
Vi, SR
POE, Edpar Alfan.—Poems. With an Essay on his Fostry by ANDREW

Larg, and a Frontispiece by Linley Sambourme.  Parchment
Library Edition.—Parchment or cloth, 65 ; vellom, 7r. 64,

RAFFALOVICH, Mark Andrd — Cyril and Lionel, and other
Poems. A volume of Sentimental Stodies, Small crowm Svo,
35 Ol

Rare Poams of the 16th and 1Tth Centuries. Edited W. [.
LiwTon. Crown Svo, 55

REOADES, Famer,—Thae Georgics of Virgil. Tranzlated into
English Verse. Small crown 8vo, 5r

ROBINSON, 4. Mary F.—A Handful of Honeysuckls, Fepp.
8vo, 37 64

The Crowned Hippolytus. Translated from Euripides. With

New Poems,  Small crown Beo, 55

Schiller’s Mary Stuart. German Text, with English Translation on
opposite page by LEEpHAM WHITE, Crown 8vo, Gs,

SCOTT, George F. E—Theodora and other Poems. Small
crown dvo, 35 Ga)

SEAL, W. H.—Ione, and othér Poems.  Crown 8vo, gilt tops, 55,

SELKIRK, f. 8.—Poems. Crown 8vo, 75 6d.

Shakspere’s Sonnets. Edited by Epward Dowpes,  With a Fron-
tispiece etched by LccuPuId Lowenstam, after the Death Masle,
Parchment Library Edition.—Parchment or cloth, 6r. ; vellum,

7. Okl
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Shakspere’s Works. Complete in 12 Volumes.  Parchment Library
Edition. —Farchment or cloth, 67 each ; vellum, 75 64, each.

SEHAW, I F, A A.—JIuavenal, Persius, Martial, and Catullus.
An Experiment in Translation. Crown Svo, 5=

SHELLEY, FPerey Bysshie—Poems Selected from, Dedicated ta 5 A

Lady Shelley.: With Preface by RicHann GArneTT, Farchment
Libeary Edition.—Farchment or cloth, 6 ; wellum, e 6

Six Ballads about King Arthur. Crown 8vo, cloth extra, pilt
edges, 35 64,

SKNINNER, H. ¥ —The Lily of the Lyn, and other Poems. Small
crown Svo, 35 6.

SLADEN, Dongles B —Frithjol and Ingebjorg, and other
Poems. Small crown Svo, 5r

SMETH, 7. W, Gildarf;—The Loves of Vandyck. A Taleof Genoa.
small crown 8vo, 25 G,

Sophocles; The Seven Plays in English Verse.  Translated by Liwis
CAMPRELL. Crown Svo, 72 G,

SPICER, HMenry—Haskai n Dramn in Three Acls (as represented

at the Theatre Royal, Drury Lane, March 1oth, 1877}, Third
Edition, Crown 8vo, 35 64, ¢ it

FA¥YLOR, Sir A—\Works. Complete in Five Volumes. Crown
8vo, zor,
Philip Van Artevelde. Feap. 8vo, 35 64,
The Virgin Widow, ete. Icap. 8vo, 3r, 64,
The Statesman. Feap. 8vo, 3r G4l
TAYLOR, Aupustus.—Poems. Feap, 8vo, g

Tennyson Birthday Book, The, Edited by EMILY SHAKESPEAR.
a2mo, limp, 2 ; cloth extra, 35
*« A superior Edition, printed in red and black, on antique paper
specially prepared.  Small erown Bvo, extra, gilt leaves, 55 i
and in variows calf and morecco hindings,

FHORNTON, L. . —The Son of Shelomith, Small crown 8vo,
35. 0.

WﬂWé‘r’f&R. Dr. ¥—Laurella, and other Poems, Crowa Sve,
5 .

Forest Songs.  Small crown 8vo, 3r, 64,
The True Tragedy of Rienzi: a Dmama, 3. 64,
Alcestis : a Dramatic Poem.  Extra feap, 8vo, 52

WALTERS, Sophia Lydia.—A Dreamer’s Sketch Book, With 21
Ilustrations by Percival Skelton, R, P. Leitch, W, H. J. Boot, and
T, R. Pritchett. Engraved by J. . Cooper.  Feap, glo, 12+, 64.

WATTS, Alaric Alfred and Anna Mary Howitt.—Anrora, A Medley
of Verse, Felip. 8vo, bevelled boards, 5:,

I~
™~
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WERETER, Auguste.—In a Day : a Drama.  Small crown 8vo, 24 64,
Disguises: a Drama.  Small crown Svo, §n

Wet Days. Bya Farmer. Small crown Svo, O

BALLIAAMS, ¥—A Story of Three ¥Years, and other Poems:.  Small
crown Svo, 35 Od,

Wordsworth Birthday Boolk, The. Edited by ADEraip® and
VYioLET WORDSWORTH. J2ma, limpycloth, 1s. 6ol ; cloth extra, 27,

YOUNGS, £ifa Sharge.—Paphus, and other Poems.  Small crown Svo,
A5 0.

WORKS OF FICTION IN OME VOLUME.

FRANKS, Mrs. ¢, L.—God's Providence House. New Edilion,
Crown Svo, 34. G4\

.ﬂfﬂﬁ'ﬂﬂﬂﬂ-{ﬁ, %;E:?}; ;ﬁj{ar]oc:k. A Novel. New and Cheaper
Mﬂéﬁﬁ:;’;- E‘;EET]F;EE::ETGF the Author engraved on Steel.  Siuh
Thé:.:?::;?—:%;_uf Lossie. Filth Edition, With Frontispiccs.

PALGL{*E_,E& lﬁlﬁr;f&r%;iegﬂaé? Aghaj an Eastern Namative,

s ghhc?pg-E-;ﬁE::}a Ei&fz ;3:0'5;:!’&‘}!' Youthful Days. New and

b e

STREY inﬂf {Ehiﬁ;ifl_:ﬁ;:?.:ﬁg Iﬁmﬁﬂgiﬁ}‘i :‘-'.Eryui- ; E.fitzgr. New

TR o Cheapes Batton Wil Fonrhoroneet 5 2 Novel,  New
Tipﬁgﬁﬂf;&:ﬂxé :N:ﬂ'{'.wslsa?rﬁlr:?c Mysore War. New Edition, wiih

Ralph Darnall, New ; A o '
Cf'}uwn S\L, 6: New and Cheaper Edition.. With Frontispiece,

A Woble Queen. . S =
i C?uwn Bvo, EIJ:“ and Cheaper Edilion,  With Frongs.

The Confessions of 5 Thug. Crown Svo, 6
Tara i a Mohratta Tale, Crown Sva; Br.

Within Sound of the Sea, N. . B 2
piece, Crown Bve, G, New and Lhr.'..'liﬁc: Edition, with Frontis.
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BOOKS FOR THE YOUNG.

Brave Men's Footsteps. A Book of Example and Anccdole for
Young People. By the Editor af ' Men who have Risen.” With
4 Tilustrations by C. Doyle,  Eighth Edition.  Crown 8vo, 3= G

COXHEAD, Fthel—Birds and Babies. -Imp. 16mo. With 31
Tlustrations.  Cloth gile, 25, b,

DAVIES, G. Christopher.—HRambles and Adventures of our
School Fleld Club. With 4 Hllustrations, New and Cheaper
Edition. Crown Svo, 35 Gd.

EDAMONDS, Herbert.—Well Spent Lives; a Series of Modern Bio-
graphies. New and Cheaper Edition. Crown Svo, 3+ 6.

EVANS, Mark.—The Story of our Father's Love, told to Children.
Sixth and Cheaper Edition of Theology for Children. With 4
Ilustrations.  Feap. 8vo, 17, G6d.

SOHNSON, Figinia W.—Tha Catslkill Fairies. Ilustrated by
Alfred Fredericks., 55

M40 KENNA, S. ¥—Plugky Fellows. A Book for Boys. With
6 Tllusteations, . Fifth Edition. Crown Svo, 3r. 6.

REANEY, Mrs. G. 5.—Walking and Worliing ; or, From Girlhood
to Womanhood, New and Cheaper Edition. With 4 Frontis.
piece.  Crown Svo, 3r. Gdl

Blessing and Blessed: a Sketch of Gitl Life. Néw and
Cheaper Edition.  Crown 8vo, 34 64,

Rose Gurney's Discovery. A Book for Girls. Tredicated to
their Mothers, Crown Bvo, 3r. 64

English Girls: Their Flace and Power. With Preface by the
Tev. B, W, Dale. Fourth Edition. Feap. Sve, 25 6.

Just Anyone, and other Stories. Three Illustrations. Foyal
1Gmo, 1. 6.

Sunbeam Willle, and other Stories. Three Tlustrations. Royal
16mo, 11, G

Sunshine Jenny, and other Stories.  Three Hlustrations. Royal
16imo, 15 Gd.

STOCKTON, Frank B —A Jolly Fellowship. With 20 Tilustra-
tions, Crown 8vo, 55

STORE, Framcr, and TURNER, Hoes—Canterbury Chimes;
or, Chaucer Tales ve-tald to Childien. With 6 THustrations from
the Ellesmers M5, Third Edition. Feap. Svo, 35 G4

STRETTON, Fube.—David Lloyd’s Last Will With 4 Tllustra-
tions, New Edition. Royal 16me, 25 64

Tales from Arioslo Re-told for Children. By a Lady, Voth
Iustzations,  Crown Bvo, 4r. 6.

IR TARER, Flarence.—Christy's Inheritance. A London Story,
Tlustrated,  Toyal 10mo, L G

—
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