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PREFACE

TuE treatise, of which a translation is contained in
the following pages, is represented in all editions
of Aristotle’s works as consisting of two or more
distinct opuscula, but without any perfect agree-
ment among editors as to its precise subdivision.
According to Bekker, the first six chapters form a
treatise on Life and Death, Youth and Old Age,
while according to Weise and the Tauchnitz edition
the heading of this part should be only Youth and
Old Age. All the remainder is held by Bekker to
be a treatise on Respiration, while Weise cuts off
the last four chapters and makes them form a
separate opusculum on Life and Death. There
seems, however, no adequate reason for any sub-
division whatsoever of the treatise, and it appears
more consistent with its internal structure to regard
it as a single work dealing with several closely
connected topics. For convenience, however, of
reference, Bekker's subdivision and chaptering have
been followed in this translation, while at the bottom
of each page is given the reference to the page,
column, and line of the Berlin edition.



Vi PREFACE

The text of the treatise, which was apparently
the last of those written by Aristotle on the
phenomena of animal life,! is far from being in a
satisfactory condition, and it is much to be wished
that some competent scholar should undertake its
thorough revision. There are numerous obvious
verbal errors, for some of which the necessary
amendments can be supplied with much confidence,
while in other cases it is not difficult to suggest new
readings, which, if more uncertain, are yet fairly
probable ; but there are also no few passages where
the corruption has spread more widely, and where
a translator must content himself with giving what
appears to be the general drift of meaning, while
he altogether ignores some unintelligible detail.

The text is also much marred by frequent and
annoying repetition, and the idea irresistibly sug-
gests itself that the transcriber had two somewhat
different versions before him ; and that, instead of
simply selecting the better of these, he attempted
to combine the two, and did this so unskilfully as to
cause much iteration and confusion.

Throughout his task, the translator has had the
benefit of frequent and valuable assistance from his
friend, Mr. Poste of Oriel College, Oxford, to whom
he is glad to have this opportunity of expressing his
gratitude.

S

1 467, b, 8. De Long. et Bvev. Vil. 6, 8.




- - -~
L
NTROT [N - { - I
\ | Pl i
I : :







INTRODUCTION

[

LIFE is ascribed by Aristotle to the presence of a soul,
of whose activity it is the manifestation. There is a soul
in all living things, whether plants or animals, but in
different degrees of complexity. In plants it is purely
nutritive ;! in animals, even of the lowest grade, it is at
once nutritive and sensory ; in higher animals, nutritive,
sensory, and locomotive ; and, in the highest of all, not
only such but also intellectual.

This soul, or vital principle, is not itself corporeal, but
yet is inseparable from the body ; and the first question
that presents itself is, in what region of the body is it
located. It is, says Aristotle, to be found to some extent
in every part. In plants the phenomena of cuttings and
grafts clearly show this to be the case; for each such
detached piece can reproduce the entire parent-form. In
some of the lower animals, such as centipedes, the fact is
also apparent enough ; for,if such an animal be cut in two,
cach part retains sensibility and power of motion.? But,
as we get higher in the scale of life, this diffusion of the
soul to all parts of the body becomes less and less

! Aristotle includes reproduction under nutrition. The distinetion drawn
by him between plants and animals is of course identical with that embodied
in the often-quoted formula of Linnazus : ¢ Vegetalia crescunt et vivunt.  Ani-
malia crescunt, vivunt et sentiunt.”

¥ See nole 17.
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apparent—being still noticeable, however, in such an
animal as the tortoise,' which shows signs of life even after
removal of the heart—and it altogether vanishes in the
highest animals, where centralisation has been carried to
the utmost extent.

Such an insect as a centipede is, says Aristotle, to be
recarded as though it were an aggregate of individuals
fused together?® by growth, and each, of course, with its
scparate soul. Consequently each segment of a divided centi-
pede can live independently for a space, and would indeed
live on indefinitely were it not that it wants the necessary
organs of nutrition, such as mouth, stomach, and the rest.
Even in such insects, however, there is a certain amount of
centralisation. The soul in some centrally placed indi-
vidual of the aggregate—to carry on the parallel—is more
powerful than the souls of the remainder ; and, as we rise
from insects higher and higher in the scale of life, its
predominance becomes more and more marked, and the
other souls more and more subordinate, until finally they
are all merged in it.

What part then of the body is it that in the lower
animals forms the main seat, and in the higher animals the
exclusive seat, of the vital principle or soul? Aristotle
adduces many arguments to show that the organ must be
somewhere in the central region of the body. This, he
says, would be the most advantageous position, for by it
the dominating power and the several parts which it
cgoverns would be brought into the most convenient
relation with each other ; and of all possible courses nature
invariably selects that which is most advantageous, a
dictum which, if for nature we read God, finds re-expres-
sion in the axiom of Leibnitz that of all available plans
supreme wisdom combined with equally supreme goodness
cannot possibly but select the best? To this a prier:

' 479, 2, 5. De Resp. 17, 4, and 468, b, 15. D¢ Juv. ef Sen. 2, 7.
Cf. note 1309. * 468, b, 9. De fuw. et Sen. 2, 7.
# ¢ Jam suprema ista sapientia, bonitati non minus infinitee adjuncta, non
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argument he adds others drawn from observation. The
body of an animal, he says, consists of three divisions,
the head, the thorax, and the abdomen. Now you may
cut off the head of a bee or wasp, and the united thorax
and abdomen will still retain vitality ; and, similarly, you
may cut off the abdomen, and this will die while the
thorax with the head will remain alive. In each case
that extremity which is in conjunction with the thorax
is the one that survives, while the part not so conjoined
perishes ; from which it is clear that it is the central part
that determines the survival! Again, when a seed is
germinating, it is from the point where the two cotyledons
are connected with each other, that is from the most
central point, that both root and stem are given off.?

Having thus, to his satisfaction, located the soul in the
central region of the body, he proceeds to inquire more
precisely in what organ of this central region it is placed.

The sensory soul, he says, cannot be elsewhere than in
the heart ; for all the organs of sense are connected with
this heart, while among them there are at any rate two
that have no connection with the brain,® which is some-
times considered to be the sensorium commune DBut if the
sensory principle be in the heart, there also must be the
nutritive principle ; for though the soul may be capable of
multiplication, as is to be concluded from the phenomena
already mentioned of plants and insects, it is indivisible,
in the sense that its parts or faculties cannot be dissociated.?
The soul in each surviving segment of the divided centi-
pede represents not a part of the soul of the undivided
parent, but the soul in its integrity.

Of the other arguments advanced by Aristotle, either
in this treatise or elsewhere, for the localisation of the soul
in the heart, the most notable are that disease of this organ

potuit non eligere optimum.’— Tens. Theod. 8, This is the doctrine ridiculed
by Volwaire in his Candide.
L Cf. note 10. * Cf. note 22.
I CL note 27. * CL note 29. VL nole 3.
Bz

o
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is more certainly and more rapidly fatal than that of any
other ;' that psychical affections, such as hope and fear,
cause commotion not in the brain but in the heart? which
they set in violent action ; and, chief argument of all, that
the heart is the first part that is distinctly formed in the
embryo, making its appearance in the chick after three days’
incubation, as a red spot—the punctum saliens of later writers
—which palpitates and moves as though endowed with life.?

To those who held with Aristotle, and the physiologists
of a long series of centuries after him, that the soul or
principle of life was localised in some special and limited
portion of the body, this last argument must have seemed
irresistible.  For the principle to which was due, among
other vital activities, the successive development of all the
organs of the body, could manifestly not be lodged in any
other part than that which preceded the rest in its appear-
ance. The only question, therefore, open to discussion
would be as to the part to which this precedence should be
ascribed. Had those who were inclined to place the seat of
the soul in the brain recognised the primitive groove, which
is the first embryonic structure to appear in the fecundated
ovum, and known that this was the rudiment of the future
brain and spinal cord, they would without doubt have seized
on this fact to support their doctrine ; but, as things then
were, the only possible competitors for the place of prece-
dence were the blood or the heart and vessels in which this
is contained. The appearance of the heart is in fact slightly
posterior to that of certain vessels, but this was unknown
to Aristotle, and is indeed expressly denied by him.* There
remained then only the heart itself and the blood between
which to choose. These are, in fact, formed simultaneously,
as Aristotle himself appears in some passages to recognise.’

' 667, a, 33. De Part il 4, 31.

* phb, a, 11. De Pare, il 4, 12.

¥ 561, a, 11. Hist. An. vi. 3, 2; and 665, a, 33. De Fart. ik 4, 14.
S¢e also note 24.

' 480, a, 8. De Kesp. 20, 6 * CF note 148,
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Still, the striking activity of the heart, visibly throbbing in
the scarcely formed embryo, as contrasted with the passive
character of its contents, and not perhaps impossibly the
fact that these contents when first formed are colourless '
and therefore scarcely to be looked on as true blood, led
Aristotle to assign priority to the heart—which is indeed
the first organ to enter into functional activity—and to
place in this the local habitation of the soul.

Some twenty centuries later our own Harvey, believing
equally with Aristotle in the localisation of the soul, and
holding, equally with him, that such localisation must of
necessity be in the first-formed part of the embryo, held
that such primary part was the blood, and that this fluid
was therefore the seat of the principle of life. ‘There
appears at first/ he says, ‘a red-coloured pulsating point
or vesicle, with lines or canals extending from it containing
blood in their interior, and in so far as we are able to per-
ceive from the most careful examination, the blood is
produced before the puncium saliens is formed, and is
further endowed with vital heat before it is put in motion
by a pulse, and ‘I hold it as consonant with reason to
believe that the blood is prior to its recipient, the thing
contained to wit to its container, inasmuch as this is made
subservient to that;’? and again: ‘From this it clearly
appears that the blood is the generative part, the fountain
of life, the first to live, the last to die, the primary seat
of the soul, the element in which, as in a fountain-head,
the heat first and most abounds and flourishes.’?

Aristotle’s localisation of the soul of the higher animals
in the heart, and also Harvey's localisation of it in the blood,
have long gone to join many another ingenious hypothesis ;
but in Aristotle’s remarks, already cited on an earlier
page, as to the multiplicity of life-centres in the lower

' ¢ For we see, while the chick is in the egg, the heart beating, and it then
contains a transparent fluid before any red globules are formed, which fluid we
may suppose to be the serum and the lymph.'— fokn Hunter's Works, iii. 60.

? Sydenham.edit. p. 374. # Syd. ed. p. 377.
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animals, and their gradual centralisation as one mounts
the scale of animal life, is clearly to be recognised the
germ of the modern doctrine, according to which every
compound organism, however complex its structure, is to
be regarded as consisting fundamentally of a number
of distinct units, each endowed with its own individual
vitality and capable of maintaining its existence inde-
pendently of its fellows. In the lower forms these units
are preciscly similar to each other, and the only bond
between them is that of simple aggregation; but soon
such aggregate becomes an association, in which the
units, more or less differentiated in form and function,
sacrifice some part of their independence to minister to
the common weal. The higher we mount in the scale of
life, the greater the differentiation of the units, the more
complex their mutual relations, the less prominent their
independence, and the more subordinate their separate
vitalities to that of the whole of which they are members,
until eventually the individualities of the component units
are so merged in the individuality of the aggregate
organism, that they are apt to be lost sight of to general
observation, though it requires but slight attention to show
that they are still there.

[n those imperfect organisms in which the component
units are little differentiated, division is merely loss of size,
and the divided parts live as well as before; but, the
greater the differentiation and mutual interdependence, the
less 1s such retention of life possible.  When, for instance,
the units, or groups of units, that in the division of labour
have undertaken for the rest the duty of the reduction of
the food, are removed or fail to perform their work, the
remaining units that have abandoned this office must of
necessity succumb. The reason why they do not continue
to live is, as Aristotle justly observes' of such segments of
a divided insect or centipede as are without mouth or

P — I — —

! 468, b, 7. De fuv. ef Sem. 2, 6, and 411, b, 23. De An. i. 5, 30.
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other such part, that they have not got the organs requisite
for their nutrition ; were these present they would sur-
vive.

If, then, the soul be lodged in the heart, in what shape
or condition is it there present? As an immaterial prin-
ciple or essence, or as an actual substance, or as an essence
embodied in some material substratum ? The vivifying in-
fluence of the sun was of course as conspicuous to the
ancients as to ourselves. Every year, as the sun mounted
in the heavens, they saw the earth waken from its winter
torpor, plants and trees burst into bud and leaf, and the
life of animals assume increased energy. As the sun's
heat waxed greater, so also did the activity and exube-
rance of life, again to subside in autumn with the fall of
temperature, and to relapse in the cold of winter to its
former state of suspended animation. Year after year this
striking cycle repeated itself with unbroken continuity.
Moreover in the living body of man himself, as of all
other mammals and all birds, the most notable feature was
its constant heat. The body in life was warm to the
touch, and became cold on death. Excessive cold put an
end to life, and cold of less intensity brought numbness to
the part affected, diminishing its sensibility and power of
motion, and generally checking its vital activity. With
such phenomena constantly before them, it could not but
be that many philosophers should identify the soul with
heat, and amongst those who did so was Democritus, whose
views we shall have to consider later on. This doetrine,
however, did not commend itself to Aristotle. That the
soul was actually heat or fire seemed to him impossible ;
his reason being, if I understand him aright, that, were
the soul of fire or of air or of any other homogeneous sub-
stance, it must of necessity be itself homogeneous,' and not
contain, as it did, distinct parts or faculties. The soul,
moreover, would be alike, saving in degree, in all living

V411, b. De An. 1. 5, 22-4
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things, whether plants or animals, whereas it differed
largely in kind in the different groups.

But though the soul was not itself fire, fire was its
necessary agent, being indeed the material substratum in
which the soul was incorporate, and without which it could
not exist. * Birth corresponds to the first embodiment of
the soul in fire ; life to the persistence of this association ;
death to its dissolution.” !

This fire or vital heat, in which the soul was embodied,
was not ordinary fire nor ordinary heat, nor any derivative
thereof, but something of nobler origin and higher power,
akin to, if not identical with, that divine substance of
which the sun and heavenly bodies were made; and it
was to the presence of this celestial spark, imparted to
the germ by the male parent at the time of fecundation,
that the heat constantly developed in the heart owed its
efficacy, and was enabled to produce results of nutrition
and reproduction, that were quite unattainable by the
action of terrestrial elements.?

That there is some special force—be it called soul,
arché, entelechie, vital force, vital principle, or what it
may—existing in living beings and in them alone ; a force
antecedent to their structural development, and that de-
termines this and all their later vital activities, has ever
been and still is the creed of some philosophers and
physiologists. Those who deny or dispute its existence
argue that force has no existence independently of matter,
and that consequently the supposed vital force must be
something inherent in the constituent material of the
living body. But the living body is entirely made up of
oxygen, hydrogen, carbon, nifrogen, and other similar
elements. The vital force then can be no special force, but
must be some force derived from those inorganic elements,
manifesting itself in a special way, because the combina-

I 479, a, 20, D¢ Resp. 18, 1. Cf. notes 141, 142.
3 736, b. De Gener. il. 3, 11-13.
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tion of conditions required for its manifestation is only to
be found in organic compounds. This argument, says
Milne Edwards, whose statement ! of it is here followed, is
unanswerable, if it be once admitted that the living body
is in reality entirely made up, as affirmed, of molecules of
known and ponderable matter, but falls to the ground if
we suppose the presumed vital force to be the property of
some more subtle and intangible substance, analogous to
that imponderable matter, the existence of which is
assumed by physicists, and to which they give the name
of ether.

This hypothesis, to which Milne Edwards apparently
inclines, though without perfectly distinct acceptation,
approximates very closely to Aristotle’s doctrine of a
soul incorporate in some non-terrestrial substance, akin
to, if not identical with, that ethereal element of which he
conceives the celestial luminaries to be made.

Before going further in our analysis of Aristotle’s
doctrine, it will be well to point out that his attribution
of natural heat to plants and to cold-blooded animals
was a pure assumption, and one for which he advances no
scrap of direct evidence.? In the higher animals the asso-
ciation of life with heat is obvious, and from this Aristotle
inferred without proof the universality of such association.
We know nowadays that inall living things, whether plants
or animals, a combination of oxygen with carbon occurs in

! The argument, as stated by M. Edwards (Legors sur la Phys. xiv. 261),
15 as follows @ * Une force n'est rien in{!é[:uml:lmnwm de la matiere, elleen est
une propriété, et ne saurait exister sans elle. Les principes d’action qui
existent dans un corps vivant sont, par conséquent, inhérents a la mati¢re con-
stitutive de ces corps. Or, la matiere dont ces eorps sont formés provient du
regne mineral et y retourne. Il faut done que les forces en guestion viennent
aussi de la matié¢re non-vivante ct, par conséquent, qu'elles soient des forces
geneérales (ou forces inorganiques) non des forces spéciales ; seulement, pour se
manilester, il faut que cette maticre seit placée dans des conditions qui ne se
trouvent réunies que chez les composés organisés.’

* Menestor is said by Theophrastus (D¢ Cawsis Pland. 1. 21, 6) to have
found evidence of the heat of certain water-plants in their not being frozen in
winter, and of certain trees in the melting away of snow from their Jeaves.
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the tissues, and that this combination must of necessity be
accompanied by the disengagement of heat; but this
cgeneralisation is one of our own days, and even in the
earlier part of the present century we find physiologists of
high repute, such as Treviranus, altogether rejecting the
idea that plants, reptiles, amphibia, fishes, and inverte-
brates, when in their usual condition, possess any power of
cenerating heat.! There are exceptional occasions when
the warmth developed by a plant or a cold-blooded animal
may become more or less readily perceptible, as in the
spathe of a flowering arum or the body of an incubating
serpent ; but under ordinary circumstances the heat
developed is so slight as to be quite inappreciable without
delicate instrumental appliances, and indeed in plants
is usually counterbalanced, or overbalanced, by the re-
frigerating effects of transpiration and the fixation of
carbon.

Whether the soul was identical with fire, as Democritus
had taught, or whether fire was merely the substratum in
which the soul was incorporate and the instrument of its
activity, as Aristotle maintained, fire was equally of abso-
lute necessity ; for without it life was impossible. But the
body was incessantly parting with its heat, as was obvious
to sense, and there must clearly be some means of repla-
cing theloss. This replacement was brought about by the
food, which after a primary concoction in the stomach
passed to the heart and there underwent a second
claboration, accompanied by the development of vital heat.

That the food is the fuel by which the heat of the
animal body is maintained is of course true, the greater
part of it being used simply for that end ; and if Aristotle
thought that the production of heat at its expense took
place in the heart, we may remember that Lavoisier,

! ¢ Eben so wenig als die Pflanzen besitzen im Allgemeinen die simmtlichen
Thiere, nur die Sdugthicre und Végel ausgenommen, ein Vermigen Wirme zu
entwickeln.’— Bl v. 20 (1813).
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with his later knowledge of the nature of combustion, not
less erroncously located that production in the lungs.

The doctrine that the heart was the source and centre
of vital heat, and that this heat was something of nobler
quality and greater efficacy than ordinary fire, appears
to have been universally accepted as indisputable truth for
many centuries after it had been laid down by Aristotle.
It was fully held, at one period of his life, by Harvey, who
borrows Aristotle’s own language to describe the celestial
nature of the vital heat,! and who in his Prelections,
written in 1616, speaks of the heart as the fons fotius caloris
and its arx ¢t domicliwm. At a later period, however,
Harvey changed his views in this matter.* He had, as
mentioned on an earlier page (p. §5), transferred the seat of
the soul from the heart to the blood, and with the soul he
naturally also transferred the vital heat with which it was
associated ; and we now find him maintaining, in contra-
diction with his former views, that ‘ the blood, instead of
receiving, rather gives heat to the heart, as it does to all
parts of the body,” and that ‘the blood is the element in
which, as in a fountain-head,® the heat first and most
abounds and flourishes.’

Van Helmont had already in some degree dissented
from Aristotle’s doctrine, but this later teaching of Harvey
appears to have been the first serious departure from it.
The doctrine, however, once called in question, its assail-
ants soon became numerous. The existence of any special
kind of heat, whether in the heart or elsewhere in the body,
was contested, and the vital heat declared to differ in no
respect from that which is developed during fermentation,
or which can be produced by friction ; and while some, as
Descartes,! attributed it to the former cause, others, as

. e E——

! Harvey's Exere, de Gen. An. 70, and Arist. D¢ Gen. ii. 3, 11-13.

2 This change in Harvey's views as to the localisation of vital heat has
been noted by Dr. Church in his interesting Harveian Oration for 1895 (p. 30)-

3 See passages quoted at p. 5.

4 Works, iv. 437 (Cousin’s ed.)
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Haller,! ascribed it to the latter, the particles of the blood
being rubbed during its circulation against the walls of
the heart and wvessels. Descartes, it is true, while he
thought that vital heat was no more than ordinary heat,
imagined that the fermentation to which it was due
occurred within the heart, and so far still held to the
Aristotelian doctrine. But this partial adherence ceased to
be possible when Borelli, introducing a thermometer into
the body of a living stag, showed that the heart was in no
degree hotter than any other of the viscera.? This experi-
ment, repeated by others with similar results, gave its
death-blow to the ancient doctrine, which fell to the ground
never to rise again. Some dim vestige of its past exis-
tence still, however, apparently lingers in our language,
when we speak of men as warm-hearted or the contrary.

But life not only was threatened with extinction from
loss of heat, but also was in constant danger from its excess.
Very excessive heat was as fatal to both plants and animals
as excessive cold ; and that minor excess was also injurious,
if not fatal, to animals was shown by the malaise and the
fever it produced in them. Now the fire in the heart, fed
by fuel from the stomach, was always tending to produce
such excess; apd as there was provision for maintaining
the fire, so also must there be provision for keeping it in
bounds. This provision Aristotle finds in respiration for
such animals as have lungs, and for other animals in the
bathing of their gills or the general surface of the body in
a medium colder than themselves.

He is thus brought to deal with Respiration, and to this
he devotes the chief part of his treatise. The exposition of
his views and those of his predecessors on this subject, and
the fate of their various speculations in later ages, will
occupy the remaining sections of this introduction.

! ¢ Hactenus certe maxime probabile videtur, utique a motu sanguinem in-
calescere ; etsi nondum constat, quare magis quam aqua, el quare non super
certum gradum incalescere possit,—Z&{L FPhys, 1. 307.

2 Le Mota Anim. (Rome, 1681) ii. 189.
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We must first, however, deal with another subject.

It has been seen what were Aristotle’s views as to life :
it remains to consider what were his notions regarding
death. Death he very properly divides into violent and
natural ; meaning of course by the former not merely death
from those coarser external forces to which we usually
limit the term ‘ violence, but death from disease, or such
adventitious cause as is not inherent in the normal consti-
tution of the body ; while natural death is that termination
which, independently of disease or violence, comes inevi-
tably in due course of time to every living thing.! To what
is this natural death attributable ? In what does its necessity
consist, and what is it that prevents a living thing, when it
has once come into being, from living on indefinitely ?

In answer to this difficult question, modern writers tell
us that there is in the body a something, which may be
spoken of as life-force or life-material, that is constantly
being consumed and as constantly reformed ; and that,
while in the carlier stages of life the formation is in excess
of the consumption, so that at that period accumulation
occurs, and while in middle life production and consumption
balance each other, in the later period of age expenditure
becomes excessive, so that the stock gradually diminishes,
shrinking, to borrow a simile from Huxley, like Balzac's
peaw de chagrin with each vital act, until at last it is used
up and life comes to an end.? This something was held by
Aristotle to be vital heat. In youth this was at its maximum,
and the mechanism for its regulation being as yet imperfect,
inasmuch as the lung had not yet acquired its full develop-
ment, there was excessive expenditure, as manifested by the
energy of growth. In the prime of life, when the organ of
regulation had acquired its full power, the expenditure was

' 478, b, 24. De Resp. 17, 1.

2 Bacon, in his Historia Vite et Mortes, ascribes natural death to the
gradual dissipation of the animal or vital spirit to which all the phenomena of
life are due ; and the purpose of his treatise is to teach physicians by what
means the escape of this spirit can be retarded.



14 INTRODUCTION

brought under control, and growth ceased with the exception
of that form of it which consists in reproduction. Heat, how-
ever, was still being lost, and by this gradual dissipation the
amount remaining in old age became so small that it was
comparable to ‘ a flickering flame, which the slightest casual
disturbance would put out’! Such disturbance, moreover,
could not but come, inasmuch as the lung had now become
hardened by gradual evaporation of its fluid, and so unable
adequately to perform its office of heat-regulation.’

Such appears to have been Aristotle’s explanation of
natural or inherent death; and it seemingly implies the
belief that, though heat was constantly being developed in
the heart, the amount thus produced was always somewhat
less than that which was given off, and that the deficiency
had to be made good out of the stock with which the
organism started originally, that is, from the innate heat in
which the soul was incorporate ; and that this eventually
was so reduced by the constant drafts made on it that it
became insufficient to support the soul.

Natural death, then, being inevitable, after what lapse
of time does it come? The natural span of life, says
Aristotle, differs greatly in length in different species.
These differerices must depend ultimately upon radical
differences in the material constitution and its degree of
harmony with the environment.? DBut, nevertheless, there
are certain characters that, as a general but by no means
universal rule, stand in close connection with specific
longevity. As a rule big animals or plants are longer-lived
than the smaller kinds ; sanguineous animals, or vertebrates,
than exsanguineous animals, or invertebrates ; and, gene-
rally, the more perfect animals than the less perfect ; and,
lastly, a long gestation period goes, in most cases, with long
duration of life.

These views as to specific longevity are in strict ac-

' 470, 8, 19. De Resp. 17, 7. 2 CI. note 35.
¥ 7297, b, 7. De Gen. iv. 10
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cordance with those of modern physiology. Bulk, degree
of organisation, period of gestation are to a great extent
correlated ; for great size is habitually associated with high
organisation, and this with lengthy gestation; and that
these three factors should conduce to length of life is not
only shown to be probable by the deductive reasonings of
philosophical biologists,' but is a conclusion supported by
the results of actual observation.*

II

- The external phenomena of human respiration, namely,
the alternate inhalation and expulsion of air through the
mouth and nostrils, with the accompanying rise and fall of
the walls of the thorax, must have been familiar to man
from the time when he first appeared on the earth. Nor
can we supposc that there ever was a period when the
continuance of this respiratory process was not regarded
by him as a sure token of life, and its permanent cessation
as an equally sure token of death.

But between the familiar recognition of a phenomenon
and the first speculation as to its cause and meaning
centuries may intervene ; and we have no reason to
suppose that in all the long ages that preceded the days of
the early Greek physicists one single mind was led to
investigate the phenomenon in question.

Even when Greek speculation began, although this was
strictly confined to the phenomena of Nature, to the
exclusion of those other branches of knowledge which were
comprised in Greek philosophy at a later period, very few
of the physicists, as this first school of philosophers were
called, turned their attention to the subject of respiration ;
which, engaged as their minds were in attempts to fathom
the inscrutable mystery of the nature and composition of

! See I1. Spencer, Prine. of Bigl. i. Ch. on Growth, and Ray Lankester,
Comp. Longevity, pp. 30-60.
* See note 81.
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the universe, must have seemed to most of them but a
trivial and humble subject.

Still, there were some few among them who found time
to consider the phenomena in question, at any rate to a
certain extent ; though we can but suppose, if the scanty
accounts of their views that have been preserved fairly
represent the results of such consideration, that the time
devoted to the problem must have been extremely limited.

It is true that we scarcely know more of the views of
these speculators on respiration than has been preserved
for us by Aristotle, who was in this matter their antagonist,
and that the views and arguments of a writer are rarely
put forth in the best and most favourable form by an
antagonist, however desirous he may be to do them
justice.

Not only, however, was Aristotle manifestly a man of
truth, but, prompted apparently by the fear that the
strangeness of his predecessors’ doctrines might leave his
account of them open to suspicion, he protests directly
against being supposed to have misrepresented men who
were no longer present to defend themselves, and avers
that in stating their views he has practically used their
own words.

Be this, however, as it may, we have no choice but to
accept his account of the matter, and in sketching the
ancient theories of respiration we must of necessity take
him as our chief guide.

The aspect of respiration to which these earliest writers
mainly devoted their attention was the mechanism of the
process ; to which some further added the question of its
universality in the animal kingdom, and some few the
purpose to which it was subservient. Strangely enough,
as it appears to us, and, indeed, as it appeared to Aristotle,
who makes complaint of it, this last question, that of its
utility, was one to which scarcely any of them attempted
to give an answer. They seem, as a rule, to have been
content to regard respiration as no more than an
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inseparable accident of life (cUumropa), though a moment’s
reflection would have shown them, as Aristotle points out,
that this position was untenable, and that respiration was
absolutely essential to its maintenance. Democritus, it is
true, formed an exception to this rule, nor was he the only
exception, as will be seen later on ; but at present it will
be best to confine ourselves to the various views as to the
mechanism of respiration, reserving the question of its
utility for later consideration.

The earliest philosophers, then, of whose views as
to the mechanism of respiration any record has come
down to us, are Anaxagoras and *his contemporary
Diogenes of Apollonia. Aristotle tells us that these
philosophers held that all animals respire, and he has
preserved for us a scanty account of the mode in which
they supposed the process to be carried on in fishes.
They imagined that, when a fish discharges water through
the gills from the oral cavity, air passes in from the
surrounding water so as to fill up the otherwise vacant
space in the mouth, and that the air thus abstracted from
the water is then inhaled by the animal. Aristotle does
not tell us how they accounted for air rather than water
passing in through the mouth so as to fill up the vacant space,
but we may plausibly suppose that their notion was that,
when the water is being expelled through the gills, the fish
closes its mouth—as, indeed, is to a great extent the case—
but so closes it as to leave apertures large enough to
admit the particles of air, but not large enough to allow the
passage of water ; for Galen who some centuries later also
held that water contains air, and that this air is utilised by
fishes for respiratory purposes, supposed that in the gills
there were minute openings of similarly nicely adjusted
calibre.'

! ¢ Earum, quas branchias nuncupamus, constructio ipsis vice pulmonis
est ; cum enim crebris ac tenuibus foraminibus sint branchia: ha intercepta,
aeri quidem et vapori perviis, subtilioribus quam pro moele aque, hanc quidem
E:-m:n repellunt, illa antem prompte intromittunt.”—Galen, D¢ Ow Part. vi. 9.

C
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That ordinary water does in fact contain air, and that
this air serves for the respiration of fishes, we now know
to be perfectly true. But it was not for very many cen-
turies after the time of Anaxagoras or of Galen that the
fact was established.! And in Aristotle’s days the objec-
tion made by him ? that if there were air in water it would of
necessity rise to the surface and escape must have seemed
quite unanswerable.

“It had been noticed by divers authors, says Boyle,?
who, however, does not apparently accept the statement
as certainly true, ‘that fishes soon die in ponds and
olasses quite filled*with water, if the one be so frozen over
and the other so closely stopped that the fishes cannot
enjoy the benefit of the air;’ but this clearly pointed
rather to the necessity of the air outside the water
than to the necessity of air in the water itself; and,
whatever suspicions may have been entertained from
more or less imperfect observations, it was not until
Jean Bernoulli,' writing in 1690, and following out the
previous experiments and observations of Boyle® and

! In the spurious IHippoeratean treatise [l Flatrbus (ch. v.) is the fol-
lowing passage : © Moreover, that the sea is not entirely void of air is manifest.
For such ereatures as swim could not possibly live if they had no supply of air.
And how can they be supplied except by means of the water, and by drawing
air from it?’

? 443, 2, 4. De Sensu et Sensili, 5, 2.

* Boyle's Horks, 1. 109,

' ¢ Videmus si aqua vel alins liquor super igne coquatur bullulas excitari,
manifesto certe aeris intro latentis indicio, qui ope ignis dilatatur, omniagque
vineula quibus retinebatur solvit, et ob levitatem ad superficiem usque fertur,
ubi tales bullulas format ; hinc fit ut pisces in aqua quee semel ebulliit vivere
non possint, ob defectum nempe aeris qui in ebullitione omnis exhalavil ; aerem
enim et pisces haurire mque necesse est ac cetera animalia. In hune finem
eorum branchiz conditz sunt, ut illarum ope aerem, qui ad vitam sustinendam
necessarius est, ab aqua secernant, ut de hac re recte sensit Cl. Majowius.
Similiter liquoribus aerem inesse experimenta Boyliana confirmant ; si enim in
vase recipiente liquor aliquis includatur, ex quo deinde ope antlize pneumaticas
aer extrahatur, statim videbimus innumeras bullullas (sicut in aquee ebullitione)
ex liquore prorumpere.’—J. Bernoulli, Dissert. de Effervescentia, ch. xiv.

5 Boyle (Phéil. Tv. 1670, and Forks, iii. 361), after showing that there
was ¢ air latitant in water,” and even attempting to determine its amount, had
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Mayow, showed that bubbles of air are given off from
water when it is heated over the fire, and that fishes are
unable to exist in water that has been boiled, and thereby
altogether freed from its contained air, that either the
presence of air in water or its utilisation by fishes can be
said to have been definitely established, or even to have
had the support of any very serious argument. Aristotle,
then, was perfectly justified in rejecting as he did the
notion that fishes breathe air contained in water as a
baseless fancy. He had, however, other weighty argu-
ments to urge against Anaxagoras and Diogenes ; and of
these the most telling, in the then state of knowledge,
must have been that, if a fish inspires air, it must give this
out again in expiration, and that in that case bubbles
should be visible when a fish is kept under water, as is the
case when a tortoise is so treated, but that nothing of the
kind can be detected on experiment.! He asks further—

and not without pertinence—seeing that, according to Mr,
Lewes,” even in these days it is not easy to give a thoroughly
satisfactory answer to the question—how comes it about,
if a fish breathes air, that, when it is taken from the water
and put in the air itself, it dies with every appearance of
suffocation ; for, says he, the answer of Diogenes that it
dies under such circumstances because it has too much air
is foolish, seeing that no other animal that breathes air is
ever injured by excess of it. The difficulty propounded
by Aristotle is a real difficulty, and, as already mentioned,
is held by some modern writers to remain as yet unsolved.
There are, however, experiments that appear to supply a
fairly adequate explanation, For Spallanzani showed

further propounded the ® quare : whether in common water there may not he
concealed air enough to be of use to such cold animals as fishes ; and whether
it may be separable from the water that strains through their gills.’

! It was by observing that bubbles of air are given off from the stigmata of
insects when kept under water that Malpighi demonstrated the respiratory
function of their tracheal system. ¢ Immersis bombyeibus precipue in ardente
afqua multum aeris sub bullarum specie ascendit * (L Bambye. p. 13).

* Lewes’ Aristotle, p. 176.
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iong ago that the gills of a fish act in air no less than in
water ; and more recently IFlourens and Bert have shown
that the reason why such action in the air is in most cases
insufficient for the maintenance of life is to be found in the
collapse of the gills when no longer floating in water of
practically the same density as themselves, and the conse-
quent enormous reduction of their exposed and acting
surface.

The next philosopher, so far as is known, to handle
the mechanism of respiration was Empedocles. This
writer unfortunately chose to clothe his utterances in the
garb of sonorous but very obscure verse, with the result,
possibly with the intention, that, while the general outlines
of his conceptions are fairly displayed, all detail is con-
cealed from view. The twenty-five lines in which he dealt
with respiration have been preserved by Aristotle, and are
interpreted by him as follows: ‘There are certain vessels
which contain blood, but not in such amount as to fill
them. These vessels communicate with the external air
by pores, which are too small to admit the particles of
blood, but large enough to give passage to those of
air.! Now it is the nature of blood to move backwards
and forwards, and, when it moves backwards, the air
flows in through the pores and inspiration occurs, but
when it moves forwards the air is driven out, and expira-
tion is produced.” Aristotle, as his criticisms show, supposes
Empedocles to have been speaking of respiration through
the nostrils, and such is by far the most probable explana-
tion,® DBut it is the belief of some authorities, and not per-
haps altogether impossible, that in this Aristotle is mistaken,
and that Empedocles was in reality speaking of a supposed
respiration by the general cutaneous surface ; and, supposing

' Much in the same way Aristotle supposed that the sweat was discharged
on the surface by passages which were continuations of the blood-vessels, but
were too narrow to give passage to the blood itself. Cf 668, b, 3. De Fars.
iii. g, 13. It was indeed by the existence of such pores of various calibre in
connection with the blood-vessels that all secretion was explained.

* Cf. note 66.
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this to be the case, the conjecture may be hazarded
that the terminal pores of the vessels, which alternately
admit and discharge air with the ebb and flow of the blood-

tide, were the orifices of the sweat-glands, visible at times
to the naked eye in the palms of the hands, where they
are both exceptionally numerous and exceptionally large.
On this supposition there weculd be a curious kind of
agreement between the teaching of Empedocles and that
of modern physiology ; for that there is a general cutaneous
respiration is undoubted, and it is probable that the orifices
of the sweat-glands are the main channels through which
the gaseous exchange between blood and air is brought
about, Such agreement, however, supposing it to exist,
would of course be merely accidental, and there can be no
doubt that the speculations of Empedocles as to respiration
were no more than speculations, and stood on no basis
of observed fact or of anatomical investigation.

There remains but one other pre-Aristotelian attempt
to explain the respiratory mechanism, but this one is, for
our present purpose, the most important of all; for it is
that of Plato, who, as Galen! tells us, borrowed his phy-
siology from Hippocrates, so that this explanation of the
process must be taken to represent the views of the fore-
most minds at the time when Aristotle took the subject
in hand, and so, by giving the point from which he
started, enables us to measure any advance he may have
made.

The account, then, of respiration as given by Plato in
the ¢ Timzaeus,’ * and as summarised fairly by Aristotle, is as
follows : ‘When the hot air is discharged by the mouth,
the surrounding air is thrust forwards by it, and being
carried on by the impulse is made to pass through the
porous surface of the body, until it occupies the selfsame
space as that from which the hot air had issued, the

! Plato ¢ cum Hippocratis imitator, si quis alius unquam, fuent, et ab illo

dogmata mutuatus sit maxima.'— D¢ Lhu Fart. 1. 8.
? Cf. note 56.
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replacement being determined by the impossibility of a
vacuum ; and this air in its turn, when it has become
heated, passes out again by the same channels as gave it
admission, and, impinging on the air that was previously
discharged in a hot condition through the mouth, drives
this back again through that orifice to the interior space,
and thus a continuous alternation of inspiration and ex-
piration is kept up.’

This strange attempt to account for the visible phe-
nomena of respiration manifestly can have had no pretence
of being based on observed facts or on anatomical structure.
It was a mere creation of the imagination, and is properly
stigmatised by Aristotle as a baseless fiction. Strange,
however, as the account is, and curious as is the light it
throws on what was held to be adequate explanation of
natural phenomena in the pre-Aristotelian period, it is
perhaps no less strange and curious to find its ghost still
walking the earth as late as in the seventeenth century.
At that period it had long been thoroughly recognised
that the expansion of the thoracic cavity during inspiration
was due to muscular action, and notably to the action of
the diaphragm, and neither, as Plato had supposed, to the
pressure of incoming air, nor, as Aristotle supposed, to
heat ; but it was still a matter of dispute what caused the
air to enter the expanded cavity, and whether the lungs
were active or passive in the process. To this question,
says Boyle,! writing in 1660, ‘some of the best modern
philosophers answer, that by dilatation of the chest the
contiguous air is thrust away, and that pressing upon the
next air to it, and so inwards, the propulsion is continued
until the air is driven into the lungs and so dilates them.’
To this view, as Boyle goes on to state, it was objected by
Bartholin that, if a large glass vessel be taken with a narrow
neck, a man, on applying his mouth to the orifice, can suck
in air from the vessel, though clearly its walls must prevent

1 Boyle's Hords, i. 100.
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all pressure from without. One would have supposed that
this objection would at once have put an end to the
supposed explanation; but ghosts are hard to lay, and
it was answered to Bartholin’s objections, as we are told
by John Mayow,' that, though air is unable to pass
through glass, yet there may be some more subtle matter
that can do so, and that it may be that this matter,
propelled by the compressed air without, passes through
the walls of the vessel and is driven into the thorax. But
if this be so, says Mayow, how comes it about that if a
bird or other animal be shut in a glass vessel, and the air
be extracted by the then recently invented air-pump,? the
animal is unable to breathe, although the glass walls form
no impediment to the passage of the particles required for
respiration? This seems at last to have administered an
effectual quietus ; at any rate I have been unable to find
any further appearance of the ‘ Timaus’ doctrine in later
writers.

Such, then, were the notions, so far as they have come
down to us, entertained by Aristotle’s predecessors in
regard to the mechanism of respiration ; it remains to con-
sider what were their views as to its utility. Very few of
them, says Aristotle, troubled themselves about this. They
looked on the process as something incidentally associated
with life but as in no way essential to its maintenance.
There were, however, some exceptions. Thus there is a

' “Ali vero existimant, aerem circumambientem proximum sibi vicissim
propellere, et ita continuari propulsionem, ut aer tandem ori wvicinior
in pulmones impellatur.” But he says, ©certo experimento conslat posse
aerem e vitro satis amplo, cum tenui tamen collo, quamquam naribus arcte
obturatis, per os hauriri et inspirari. Enimvero in hoc casu propulsio illa per
vitrum ori, uti supponimus, adaptatum continuari non potest. Contra allatum
experimentum nonnulli respondent, subtiliorem quandam materiam, ab aere
compresso propulsam, vitrum permeare et in thoracem impelli.  Atqui fit ergo,
quod animal quodvis, veluti avis, vitro inclusa, ex quo aer postea extrahitur,
respirare non possit, si particule respirationi idonez vitrum illud etiamnum
pertranseant ? "—Mayow, D¢ Respiratione (Oxon. 1669), p. 3.

* The first air-pump was made by Otto von Guericke and exhibited by him
at Ratisbon in 1654. Improvements were made in it by Boyle.
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passage in the ‘ De Partibus'! from which it appears that
there were among Aristotle’s predecessors or contem-
poraries some who held that it was to respiration that the
action of the heart was due. What was their precise
meaning we can but conjecture. The action of the heart
is undoubtedly, in a sense, due to respiration, for if this
latter process be stopped, as when an animal is strangled,
the blood is unable to pass through the lungs, and this
arrest of the pulmonary circulation acts backwards upon
the heart and soon brings its motion also to an end. But
it is scarcely necessary to say that this cannot possibly
have been the meaning of those who, in the days of
Aristotle, attributed the heart’s action to respiration. *It
must have been to the mechanical process of respiration, to
the alternate expansion and contraction of thorax and lung,
and not to the utterly unsuspected chemical changes, that
they attributed its influence upon the heart ; and the view is
therefore worth a passing notice, as being the starting-point
of a similar doctrine held by certain iatro-mechanical physio-
logists in the seventeenth century, when Hook,? by one of
those noble and decisive experiments that from time to time
clear away the mists from the path of science, gave it its
death-blow. He contrived an arrangement by which a
constant current of air was kept passing through the lungs
of a dog without any motion occurring either in lung or
thorax, and showed that under such circumstances life was
maintained, and the action of the heart continued as before
without check or hindrance ; so that the heart’s action was
in no way dependent upon the lungs' motion.

We have next to consider the views of Democritus,
who is the only philosopher mentioned by Aristotle by
name, as having attributed any use in the animal economy
to respiration.

According, then, to Democritus, the universe consists of

! *It has been stated, but incorrectly, that it is to the lung that the throb-
bing of the heart is due.’— 669, a, 18. D¢ Part. iil. 6, 5.
* Phil, Trans, 1667, Abridrement, i, 194,
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plenum and vacuum, or, in other words, of matter and empty
space. Besides these there is nothing else, nor does soul
or mind form an exception. Space is unbounded, infinite ;
matter is reducible to an infinity of indivisible particles
or atoms, that present endless variety of form and size,
though they are all precisely alike in substance. All
things are aggregates of these atoms, and, though such
aggregates may break up, and their constituent atoms
enter into new combinations, and though these changes
may go on in endless succession, yet the atoms themselves
remain unchanged ; they are uncreated and imperishable,
The differences, then, between substances—mind and soul
included—depend on differences of their constituent atoms,
and these, as already stated, are differences of form and size,
and, it may be added, of position. Now the soul is identical
with fire, as is indicated by the palpable coincidence of life
with heat ; and as the soul is the cause of all vital motion,
thought itself being a kind of motion, the atoms that con-
stitute the soul or fire must be those whose form and size
are most suitable for rapid motion. Such are the finest
spherical atoms. The soul, then, that is the animating
principle which is the source of vital heat and of all vital
activities, is made of these; and these fine spherical atoms
are diffused throughout the body, alternating with the
grosser and less mobile atoms that constitute its bulk,
These spherical or soul atoms, in virtue of their essential
mobility, and in consequence of the pressure of the
environing air, are always escaping from the body. The
escape of a certain small proportion, if unreplaced, causes
sleep ; of more, causes swooning or apparent death; of
still more, causes actual death; and, as the atoms are
always escaping, death would soon ensue, were it not that
the loss is constantly replaced by new spherical atoms
inhaled with the air from outside. For the air is charged
with such mobile spheroids, aggregates of them being
visible as dancing motes in the sunbeam. Inspiration,
morecover, not only thus replaces the lost soul-atoms, but
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hinders their ready escape ; for the inhaled air counteracts
by its opposing action the pressure of the air without.!

This doctrine of Democritus, as to the replacement of
soul-atoms by inspiration, would appear from a fragment
preserved in the ‘De Anima’(i. 5, 13) to have been to a
certain extent® anticipated by the author of the so-called
Orphic poems, when he wrote that ‘ the soul, borne by the
winds, enters from the universe into animals during inspira-
tion ;’ and may also be regarded as the lineal predecessor
of the doctrine of the obscure vitalists of later ages, who
even up to the time of Haller were teaching that the
inspired air contains a number of active, spirituous, and
cthereal particles, which pass from the lungs to the heart
and arteries ‘inque his organis in spiritum vitalem forma-
tur, in reticulo vero mirabili cerebri in animalem spiritum
abeat. Neque inter nuperos desunt, qui hanc animalium
spirituum ex aere generationem tuentur.” *

Limiting our view to the physiological aspect of his
doctrines, we see that Democritus assigned to respiration
the all-important office of maintaining the heat of the
body, replacing by a continuously fresh supply that
which was being as continuously given off from the
surface ; and this fresh supply he supposed to be con-
tained, already as heat, in the inspired air.

There were, however, others whose names have un-
fortunately not been preserved for us by Aristotle, but
among whom was not impossibly to be reckoned Hippo-
crates, who, while they agreed with Democritus that
the end of respiration was the maintenance of heat,
parted company from him when he said that this heat
was introduced as such by inspiration, and held that the

! See, for a fuller exposition of the doctrines of Democritus, Zeller, Pre-
Socratic Phel. vol. ii.

* Asclepiades also, according to Galen, ascribed to respiration * animee
ipsius generatio ; * while Protagoras followed his master Democritus in attri-
buting to it not the ¢ generatio’ but ¢ corroboratio quaedam animwe.” D Ulfel.
Resp. ch, 1.

1 Haller, £/, Phys. iii. 333. * CI. notes 57, 59.
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inspired air acted in the body as the air acts in a stove,
and served as a kind of fuel.

This view, of high interest in the history of physiology,
as being the starting-point of the modern theory of
respiration, was rejected by Aristotle with scanty con-
sideration ; and, though a much nearer approximation to
the truth than his own later doctrine, was, it must be
admitted, justly rejected by him. The air that was given
out in expiration was, so far as was then known or
believed, precisely similar, save in temperature, to the air
that had been taken in, and the suggestion that it served
as fuel was therefore quite unmeaning. The one fact on
which it rested was the manifest necessity of air for the
maintenance of fire. This necessity was, of course,
perfectly well known to Aristotle, who points out that, if
the air be excluded from the coals in a chafing-pan by
shutting down the cover, the fire is extinguished.! But
for this fact he had, as he thought, an adequate explanation,
For, he believed, as did others for centuries after him, that
fire could be extinguished, among other agencies, by
excess of heat ; and that the reason why air prevented such
extinction was that it tempered this excess, and kept the
heat within necessary limits; a doctrine of which, curiously
enough, a remnant still survives in the popular belief that
a fire will go out if exposed to the blazing rays of sunshine,
the solis ardoribus, as Galen said.?

Another equally fatal objection in Aristotle’s mind to
the suggested use of respiration was that, while all animals
required their vital heat to be maintained, it was only by a
limited number of them that air was inspired. The
suggested explanation was, therefore, inadequate to cover

1 470, a, 8, De Juv. ef Sen. 5, 5.

? De Util. Resp. ch. 3, where Galen enumerates the various agencies by
which fire can be extinguished. So also Aristotle (Profl. iii. 23, and xxxiii.
2), A small fire can be put out by a large fire or by the sun;’ so also
Bacon, ¢ Flame likewise, as Aristotle well observed, is extinguished and over-
powered by a greater and more powerful flame ; much more the spirit®
(Spedding’s ed. v. 311).
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the facts, whereas his own, to which we shall come
presently, as he supposed took them all in.

There remains for mention the view entertained by
Plato, which, strangely enough, is not noticed by Aristotle,
although, so far as it went, it bore a close resemblance to
his own theory. Plato does not appear to have ascribed
any use to respiration under ordinary circumstances,’ but
to have supposed that its beneficial effects were limited to
certain occasions, when it served to check the ebullition
caused by fear or passion. It will be best, however, to
state his views in his own words as given in the * Timaus.’
“But the gods, foreknowing that the palpitation of the
heart in the expectation of danger and the swelling and
excitement of passion, was caused by fire, formed and im-
planted as a supporter to the heart the lung, which was
in the first place soft and bloodless, and also had within
hollows like the pores of a sponge, in order that by receiv-
ing the breath and the drink it might give coolness and
the power of respiration and alleviate the heat. Where-
fore they cut the air channels leading to the lung, and
placed the lung about the heart as a soft spring, that, when
passion was rife within, the heart beating against a yielding
body might be cooled and suffer less, and might thus become
more ready to join with passion in the service of reason.’ *

11

Such were the notions as to respiration that had been
promulgated by the foremost minds in Greece when Aris-
totle turned his attention to the subject. It was at once
apparent to him that the mode in which his predecessors
had approached the question was not such as could
possibly give a satisfactory answer. If you would under-
stand the working of a machine you must first study its
structure ; nor will even such study be effectual, unless it
be guided by the belief that the machine is made to sub-

! Sece, however, note 57.
? Jowett's Trans. iii. 492.
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serve some purpose or other, to which its structure 1s adap-
ted. ‘The main cause,’ says Aristotle, ‘ of these erroneous
statements was the ignorance these writers were in as to the
internal organs, and the fact that they had not grasped the
truth that nature in all her works has a final cause in
view. For had they put the question to themselves,
what is the purpose for which respiration exists, and had
they sought for an answer by investigating the parts of
the animal body, such as the gills and the lungs, they
would soon have hit upon the right explanation.”’

That the study of function must be preceded by the
study of structure, or, in other words, that physiology must
be based upon anatomy, seems to us nowadays so trivial
and so self-evident a statement, that we can hardly realise
that there was a time when its truth was not recognised,
and are, in consequence, likely to overlook or underrate
the enormous value attaching to its first distinct enuncia-
tion. We have, however, only to consider the accounts
of the process of respiration given by Aristotle’s prede-
cessors, and discussed in the preceding pages, to see that
what to us is so self-evident was to them absolutely
hidden ; and, reflecting on this, we shall scarcely be dis-
posed to join with those who, finding many strange blun-
ders in Aristotle’s physiological conclusions, express as-
tonishment at the renown he has enjoyed for ages as a
biologist, and shall admit that, however unsuccessful he
may have been at times in the practical application of his
method of inquiry, its simple enunciation was in itself
an ample justification for the perpetual niche allotted to
him in the temple of fame. By insisting on the absolute
necessity of anatomical observation, he carried biology
at one step from the world of dreams into the world of
realities ; he set the science on a substantial basis, and
may indeed be said to have been its founder, for the vain
imaginings of his predecessors can hardly be dignified
with the name of science.

3 471, by, 23. D Resp. iii. 8.
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Doubtless, Aristotle thought that his new instrument
of research was a much more powerful instrument than is
in reality the case. We know now that simple observation
will carry us but a little way if unsupported by experiment.
That was a truth which had not revealed itself to Aristotle ;
and though Galen made not inconsiderable use of experi-
mentation, especially in his inquiries into the nervous
system, it was not till after nearly seventeen centuries had
passed away that its paramount importance in scientific
research was distinctly recognised by Roger Bacon, and
set forth in such forcible terms as the following :—

‘Sed prater has scientias est una perfectior omnibus,
cui omnes famulantur, et qua omnes miro modo certificat ;
et haec vocatur scientia experimentalis, qua negligit argu-
menta, quoniam non certificant, quantumque sint fortia,
nisi simul adsit experientia conclusionis . . . et hac pars
hujus scientiz extendit se ad cognitionem futurorum et ad
operationem mirabilium operum nature et artis.”!

Of this paramount necessity of experiment and the
inadequacy of mere observation for the solution of most
problems, Aristotle had no conception. He thought that
the functions of the several bodily organs could be deduced
from simple observation of their structure; and, with this
conviction, he set himself zealously at work to examine the
anatomy—internal and external—of all animals that came
within his reach. The large number of species of whose
organisation notice is to be found in his treatises shows
how indefatigable was his industry in this work, though
we may assume as highly probable that there were followers
and students who aided him in his task. Doubtless his
dissections—of which he wrote an illustrated * treatise, now
unhappily lost—were of a somewhat rough character. He
was contented with the coarser anatomy of the parts, the
importance of more delicate investigation being neither

V Opues Tertvume, ch. xiii. p. 44 (Rolls edit.)
* Hist. An. i. 17, 10, iv. I, 25, vi. 11, 3; D¢ Gen. il. 7, 6, 497, 2, 32,
525, a. 8, 566, a, 15, 746, a, 14.
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recognised, nor its prosecution practically possible with
such imperfect instruments as were then procurable. The
scalpels, whether of iron, copper, or bronze,! must have
been but clumsy articles, and quite unsuited for following
out the course of a nerve or small vessel ; the injection of
veins and arteries with coloured size had not as yet been
devised ; there were no magnifying glasses, and no spirits
of wine or other fluids to preserve the soft parts or harden
them for careful examination, even if such had been thought
necessary. Still, to speak of Aristotle’s dissections as
‘ carving-knife’ dissections, as some have done, appears to
me an unwarranted exaggeration, as any candid person
will, I think, allow, if he read the description given of the
heart and blood-vessels or of the lung in the ‘Historia
Animalium.” There are minds to which the mistakes and
shortcomings of great men apparently present greater at-
traction than their achievements. To them Bacon is but a
man who believed in the spontaneous generation of mistle-
toe ; Cuvier, an upholder of the fixity of species; Kepler,
one who thought that the huge volcanos in the moon were
artificial structures built by its inhabitants; Descartes, an
assertor of the immediate transmission of light; and
Newton himself an advocate of the emission theory. To
such persons Aristotle’s anatomical statements will doubt-
lessly supply much desirable pabulum. But those more
genial critics, who prefer to dwell upon what a man has
done well rather than upon that which he has left undone
or done amiss, and who bear in mind, firstly, that the detailed
anatomical treatises of Aristotle have been entirely lost,
and that consequently our knowledge of his work is based
upon such imperfect glimpses as can be obtained from
chance extracts in his other writings; and, secondly, that
this branch of science and this method of investigation was
entirely new, and that the results obtained are therefore to

B

I A large proportion of the surgical instruments found at Pompeii were
apparently made of copper, the rest of iron. See Smith's Dict. swd ¢ Chi-
rurgia.’
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be judged with much indulgence—such eritics, I say, will
admit that never has a science been started on its career
by its originator with so large an equipment of facts and
ideas as that with which Comparative Anatomy left the
hands of Aristotle. We may apply to his work in this
department the words in which he speaks of his labours in
another field of knowledge. ‘I found,’ he says, ‘no basis
prepared, no models to copy. . . . Mine is the first step,
and therefore a small one, though worked out with much
thought and hard labour. It must be looked on as a first
step, and judged with indulgence. You, my readers or
hearers of my lectures, if you think I have done as much as
can fairly be required for an initiatory start, compared with
other more advanced departments of theory, will acknow-
ledge what 1 have achieved, and pardon what I have left
for others to accomplish.’!

We can well imagine with what contemptuous sur-
prise the followers of the old a prieri school must have
regarded the new departure. To minds engrossed in specu-
lation as to celestial phenomena, or as to the ultimate
nature of things and the cosmos, the study of the struc-
ture and offices of the organs of the body must have
seemed an ignoble pursuit, beneath the dignity of a
philosopher ; and especially so, when it was seen that
such study could only be prosecuted by the repulsive
handling of the viscera of the lower animals, the internal
parts of man himself, owing to the religious feelings of
the Greeks, being quite inacccessible to the anatomist.
Their attitude and their arguments may be inferred from
the following stately passage in the ‘ De Partibus,’ in which
Aristotle answers this class of objectors :—‘ Some members
of the universe are ungenerated, imperishable and eternal,
while others are subject to generation and decay. The
former are excellent beyond compare and divine, but
less accessible to knowledge. The evidence that might
throw light on them, and on the problems which we long

V' Soph. Elench. xxxiv. as rendered by Grate.

|
|
|
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to solve respecting them, is furnished but scantily by sensa-
tion ; whereas respecting perishable plants and animals we
have abundant information, living as we do in their midst,
and ample data may be collected concerning all their
various kinds, if only we are willing to take sufficient pains.
Both departments, however, have their special charm. The
scanty conceptions to which we can attain of celestial
things give us, from their excellence, more pleasure than
all our knowledge of the world in which we live ; just as a
half glimpse of persons that we love is more delightful
than a leisurely view of other things, whatever their
number and dimensions. On the other hand in certitude
and completeness our knowledge of terrestrial things has
the advantage. Moreover their greater nearness and
affinity to us balances somewhat the loftier interest of the
heavenly things that are the objects of the higher
philosophy. Having already treated of the celestial
world, as far as our conjectures could reach, we proceed
to treat of animals, without omitting, to the best of our
ability, any member of the kingdom, however ignoble. For
if some have no graces to charm the sense, yet even these,
by disclosing to intellectual perception the artistic spirit
that designed them, give immense pleasure to all who can
trace links of causation, and are inclined to philosophy.
Indeed, it would be strange if mimic representations of
them were attractive, because they disclose the mimetic
skill of the painter or sculptor, and the original realities
themselves were not more interesting, to all at any rate
who have eyes to discern the reason that presided over
their formation. We therefore must not recoil with
childish aversion from the examination of the humbler
animals. Every realm of nature is marvellous; and as
Heraclitus, when the strangers who came to visit him found
him warming himself at the furnace in the kitchen, is
reported to have bidden them not to be afraid to enter, as
even in that kitchen divinities were present, so we should

venture on the study of every kind of animal without
D
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distaste ; for each and all will reveal to us something natural
and something beautiful. Absence of haphazard and condu-
civeness of everything to an end are to be found in Natu-e's
works in the highest degree, and the resultant end of her
generations and combinations is a form of the beautiful.

“ If any person thinks the examination of the rest of the
animal kingdom an unworthy task, he must hold in like
disesteem the study of man. For no one can look at the
primordia of the human frame—blood, flesh, bones, vessels
and the like—without much repugnance. Moreover,in every
inquiry, the examination of material elements and instru-
ments is not to be regarded as final, but as ancillary to the
conception of the total form. Thus the true object of archi-
tecture is not bricks, mortar or timber, but the house ; and
so the principal object of natural philosophy is not the
material elements, but their composition, and the totality
of the form to which they are subservient, and indepen-
dently of which they have no existence (* De Part’i. 5.)

IV

We have now to consider how it fared with Aristotle
in his attempt to throw light on the mechanism and use of
respiration by means of anatomical researches.

He found that all Vertebrates,' or all Sanguineous
animals, as he preferred to call them—inasmuch as the
presence of red blood was from his point of view a more
important character than the presence of a back-bone—
had lungs, with the exception of fishes, who were furnished
with gills. No animal had at the same time gills and
lung, for the perennibranchiate amphibia and the mud-
fishes were of course unknown to him; and from this
mutual exclusion, and the invariable presence in every
red-blooded animal of one or the other organ,he inferred
that the functions of the two were identical, and stood in
some d1rcct relation to the blood. In no animal without

! That mngumec:u-; nmmnls corresponded to vertebrala was recognised by
Aristotle. Cf. 516, b, 22, Hist. An. il 7, 12.
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true blood, that is in no invertebrate animal, was there, as
he supposed, either lung or gills, and he inferred that
owing to their want of blood they required no such special
organ, its duty being in their case adequately fulfilled by
the general surface of the body.

At first one is astonished that Aristotle should not have
detected the existence of branchiz in any of the numerous
invertebrates that he dissected. He knew that in many
of them, and notably in cephalopods and crustaceans,' water
is alternately taken in and discharged as in fishes, and
one would have supposed that this similarity by itself
would have suggested and led to the discovery. But he
imagined that this passage of water to and from the body
of the invertebrates was not analogous to the similar
process in fishes, but corresponded to the necessary ad-
mission of water in company with its food into the mouth
of a porpoise or other cetacean and its subsequent supposed
discharge through the blow-hole.?

He cannot of course have failed to see the branchim
over and over again in his dissections, and it is generally
supposed that the hair-like appendages (ta Tprywdn) which
he mentions as existing in cephalopods,? and still more
distinctly as forming a circle or fringe* in mollusks, and
especially in scallops, were in reality the branchiz of these
animals ; but that he should not have so interpreted these
appendages is perfectly intelligiblee. One of the most
essential characters of a gill was that its surface should
be richly supplied with blood, or fluid analogous to blood.
In the fishes’ gills the presence of such blood was manifested
by the red colour of the part; but in invertebrates, where
the blood was colourless there was no such indication, and
the instruments at Aristotle’s command were quite in-
adequate for the detection of the excessively minute vessels,
The branchiz of these animals had therefore nothing to

' CI. note 12I. ? Cf. note 118.
¥ o24, by, 21. Hist. An. iv. 1, 20,
¥ 220, A, 32. Hist An. iv. 4, 22



36 INTRODUCTION

distinguish them from any other much subdivided pro-
cesses, and in fact the appendages which struck him as
bcnr'ing the most resemblance to gills, and of which alone
he speaks as being ‘branchiform’ in aspect, were not
the gills themselves but the various palps and shaggy
processes round the mouths of the decapodous crustacea.'
The only invertebrate or bloodless animals in which
Aristotle appears to have suspected the presence of any
special organs of respiration were the insects. He had
observed in some of these an alternate expansion and
contraction of the abdomen,? and the resemblance of this
motion to that of the mammalian thorax led him to
conjecture that it might serve an analogous purpose. The
humming noise, again, made by some insects differed, he
noticed, from the stridulation produced by friction of certain
parts of the integument,® and resembled a sound made by
a current of air, when ‘a child blows through a reed in
which it has bored a hole and covered the orifice with a
thin membrane.’* Unable, therefore, to see the orifices and
tubes of the tracheal system, which were too minute for
his powers of dissection, he hunted for some structure in
the abdominal region of insects which should resemble the
child’s pipe; and found it in the so-called drums of the
cicada, which are largish orifices, covered by a tense and
delicate membrane, at the base of the abdomen of those
insects, and he supposed that these drums were instruments
both of respiration and of sound. It is true that similar
drums® were not to be found in other humming species,
such as bees and flies, and Aristotle had to assume that
they, or some analogous parts, were there though he could
not find them, possibly imagining that they lay hidden in

=

I See note 121. * 475, a, 10. De Kesp. 9, 3.

3 ¢35, b, 12, Hist, An. iv. 9, 4. CI note 87.

' 475, a, I5. Ll Kesp. g, 5.

8 For a full and comparatively recent description of the drums, see Carlet,
Ann. des Se. Nad. 1877, série €, t. v.  They are only found in the male
cicadae, being rudimentary in the voiceless females ; but there are somewhat
similar organs in certain crickets.
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some part of the thinner integument between the successive
abdominal segments.

Imperfect and vague as these observations and con-
clusions were, they are not only of much interest, as being
the first attack on a problem which it took twenty more
centuries to solve, but contain a considerable proportion
of truth, and bear witness to the sagacity of the observer.
For it is now a thoroughly established fact that the
abdominal motion in insects is really subservient to re-
spiration, it beiflg this that determines the entrance and
discharge of air into and from the tracheal system,' and it
is also a fact, which if not thoroughly established is
accepted as most probable by almost all ® naturalists, that
the office of the drums of the cicada is, as Aristotle sug-
gested, the production of sound.

Putting aside the failure of Aristotle to detect the
actual organs of respiration in insects or other invertebrates,
his answer to the question whether all animals respire
may be stated in terms which coincide pretty nearly * with
the teaching of modern science. Respiration, he said, is
confined to animals that inhale and exhale air by means
of lungs, but the same result as is obtained by lungs in the
most highly organised groups of animals is obtained in the
animals that come next after them in the scale by means
of gills, and in animals of still lower grade by the general
surface of the body; insects, however, or certain insects,
having some special apparatus for the purpose.

Let us now consider what Aristotle made out as regards
the organs of respiration in the vertebrate or sanguineous

! 1t is curious that Malpighi, who in 1688 discovered the tracheal system
of insects (Opera omniaz, Lond. 1687, vol. ii., Opera postuma, p. 56), should
have hesitated to accept the respiratory office of this abdominal motion, though
obviously inclined to do so. CF. ap. cit. De Bombye. p. 15.

* Landois (Zeftschr. f. wissensch, Zool, xvii. 135, and xxii. 350) does not
accept the ordinarily received views as to the function of the drums. Still he
speaks of Aristotle’s notice of them as ¢ bewunderungswiirdig sinnreich.’

* Exception may be made on the ground that some spiders and gasteropods
are pulmonate.
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animals. The organs which we call lungs were considered
by Aristotle to be the right and left halves of an azygous
organ, and were therefore spoken of by him in the singular ;
his reason for so doing being that in many snakes! the
organ is actually single, and that in animals where it is double
the two parts have a common outlet, namely, the windpipe.
Still he admits that the two parts are so widely separated,
especially in ovipara, as to look like two organs, and that in
reality all the organs of the body may be held to be double.®

There is no organ in the body, he says, at any rate in
the pulmonate vivipara, that is in mammalia, so richly
supplied with blood as the lung, and those who, like Plato,
have described it as bloodless must have founded their
belief on the examination of specimens from which the
blood had been allowed to escape.® Lungs are closed sacs,
having no communication with any other internal organ
than the heart, with the right and left cavities of which
they communicate by blood-vessels, nor with the external
air, excepting through the cartilaginous windpipe and
larynx. This opens into the wsophagus at such an awk-
wardly situated point that, were it not for a special provi-
sion, food would be likely to get into it during deglutition,
“ To obviate this, nature has contrived the epiglottis. This
part is not found in all animals,' but only in such of them
as have a lung; nor in all of these, but only in such as at
the same time have their skin covered with hairs (i.e.
mammadia), and not either with scaly plates or with
feathers (i.e. »eptiles and birds). In suchscaly or feathered
animals there is no epiglottis, but its office is supplied by
the larynx, which closes and opens just as in the other
case the epiglottis falls down and rises up, rising up during
the ingress or egress of breath, and falling down during

' 508, a, 32, Aist, An. i, 17, 22,

* 669, b, 18. De Fart. ili. 7, 1.

* 406, b, 5811, b, 14. Al A 1. 17, 7,00 2, 3

' For (worokeivra in the passage here translated I read (e, a necessary
emendation.
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the ingestion of food, so as to prevent any particle from
slipping into the windpipe. Should there be the slightest
want of accuracy in this movement, or should an inspiration
be made during the ingestion of food, choking and cough-
ing ensue. So admirably contrived, however, is the
movement both of the epiglottis and the tongue, that,
while the food is being ground to a pulp in the mouth, the
tongue very rarely gets caught between the teeth; and,
while the food is passing over the epiglottis, seldom does
a particle of it slip into the windpipe.! This shows, he
says, how ridiculous is the notion entertained by some
persons that the lung is a channel through which an
animal imbibes fluid. Among those who held this extra-
ordinary belief is to be numbered Plato, though he is not
actually named by Aristotle ; and perhaps the stride made
by Aristotle in biological knowledge can scarcely be better
exemplified than by contrasting his views of the lungs
with those of his immediate great predecessor, who held
them to be bloodless organs, which serve, with other
purposes, as a receptacle for drink.?

As regards the internal structure of the lungs, the
following is Aristotle’s account, as gathered from several
scattered passages.? The windpipe divides at its lower end
into two great branches (the éronc/ki) which go to the right
and left halves of the lung—or, as we should say, to the
right and left lungs—respectively. When the branch has
entered the lung, it divides into smaller air-tubes (cvpeyyes)
which contain cartilage in their walls, and ramify by
bifurcating at an acute angle. From these cartilaginous
bifurcations are given off passages (rpsjuara) that divide
' 664, b, 21. De FPart. iii. 3. Aristotle is perfectly correct in saying
that mammalia alone have an epiglottis, and that its office is fulfilled in other
vertebrates by the constriction during deglutition of the laryngeal orifice.
This is visible, and may very possibly have been scen by Aristotle, on looking
into the wide gaping mouths of very young birds when fed.

* See passage from the Zimaws quoted at p. 28. That drink passed
into the lungs was perhaps the current belief before Aristotle. For we find
in Aleeus, Téyye wredporas olve (Fragm. xviil.).

* 495, a, 496, a and b, 513, b. &Hist. An. i, 16, 8-15, 1. 17, §, 1. 3, I5.
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and subdivide, becoming smaller and smaller with each
successive subdivision, until they permeate the whole
organ. The blood-vessels that come to the lung from the
right and left cavities of the heart ( pulmonary artery and
Pulmonary veins) divide and subdivide in exactly the same
way as do the air-passages, and accompany them in all
their ramifications, becoming, like them, smaller and
smaller with each successive division, and the branches of
the vessel from the left cavity ( pudm. veins) being always
smaller than the branches of that which comes from the
right ( puinionary artery). The subdivision at last reaches
a point, when it can no longer be followed by the eye, but
so completely is the lung occupied by these channels for
air and for blood that no bit of it can be found, however
small, in which there is not to be seen both an air-passage
and a minute blood-vessel. Thus air-passages and blood-
vessels are throughout in immediate juxtaposition. They
remain, however, perfectly distinct, and there is no direct
communication between them. Nevertheless the close
contact in which they lie allows inspired air to pass from
the former to the latter.

This description of the lung-structure, so far as it goes,
is perfectly accurate, and considering the period when it
was made, and the inadequate appliances then existing
for anatomical investigation, cannot but be regarded as a
notable achievement.

Such being the anatomical structure of the lungs, the
next question was to what purpose was it adapted. It
was plainly an arrangement to bring the air and the blood
into communication ; for when the lung is expanded air
flows in, and when it subsides the air is again expelled.
But how is this alternate expansion and subsidence brought
about, and what is the purpose for which air and blood
are brought into contact? The heart, says Aristotle, is
placed in the centre of the body, with lung on either side
of it. Now the heart is the seat of the soul, or vital
principle, which is embodied in a fiery substance as its
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necessary substratum. This fire is being perpetually fed
with fuel derived from the food, and depends for its
maintenance on such supply. If fuel be withheld, as in
starvation, the fire is exhausted, and practically the same
result is produced, if the fire be so intense as to consume
the fuel faster than it is supplied. But the fire in the
heart is always threatening to do this, and consequently
requires to be kept within bounds. The moderating
agents that effect this are the lungs ; for, when the heat in
the heart becomes excessive, it causes the closely adjoining
lung to expand, and the expansion of the lung again
involves the expansion of the thorax in which it lies. But
when the lung expands, cold air flows into it from without.
This reduces the heat, and thorax and lung again subside,
and the inhaled air which has been heated by contact with
the blood is expelled. Again the heat rises, and again the
process is repeated, and so on continuously in unbroken
alternation of inspiration and expiration. This action of
the lungs resembles that of a smith’s bellows. ¢ There is,
however, this difference. The air in the bellows is not
admitted by the same channel as that by which it is
discharged ; whereas one and the same channel serves
alike for inspiration and expiration.’"

In this ingenious hypothesis, the vital heat is made to
be its own regulator ; for it is by it that the mechanism is
set in motion by which all excess is prevented and the
heat kept within due limits; and, as such restriction of
heat is a necessary condition of its maintenance, the
ultimate effect of respiration, in spite of its transient
refrigerating influence, is, to use the words of Galen, as
quoted by Haller, conservatio caloris naturalis per ve-
Jrigevium,

As the end of respiration is to bring air and blood into
practical contact with each other, it is plain that, cefteris
paribus, that lung will be most efficient which is the

' 474, 8, 17. De Resp. 7, 1.
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largest, the most richly supplied with blood, and has the
most minutely divided air-passages, so as to present the
amplest surface of contact. These  conditions of perfec-
tion’ were fully recognised by Aristotle, who correctly
states that they are best fulfilled by the lungs of mammals,
the lungs in the other pulmonate vertebrates being com-
paratively small and bloodless, and of a more pronounced
spongoid character (gopdos), or of membranous consistency
(dpevadns), with large insterstices in their substance like
the bubbles in foam.! These differences in the perfection
of the lungs of animals, as also corresponding differences in
the development of the gills of fishes, Aristotle supposed
to be correlaterd with differences in their vital heat, and
therefore to supply a measure of their position in the scale
of being. For in proportion to the vital heat would be
the necessity of provision for its regulation.

Having discussed at some length Aristotle’s account of
the structure and use of the lungs, it will be unnecessary
to give much time to his views concerning the gills. That
Avristotle examined these organs with some care is shown
by the numerous observations he makes as to the differ-
ences they present in different fishes in regard to their
position and number, their singleness or doubleness, and
the presence or absence of an operculum.*> But as to their
form and structure he says nothing. All he tells us is
that a branch goes to each gill from the blood-vessel that
issues from the anterior end of the heart, that is from
what we know as the bulbus arteriosus and branchial
artery.® As to the process itself, the account he gives is
that the refrigeration, which in pulmonate animals is
effected by air, is in fishes effected by water, which is taken
in at the mouth and discharged through the branchiae at
the gill openings. The alternate expansion and contrac-
tion of the branchial apparatus which determine this
current of water is, he says, brought about by the same

! CL note 44.
* go5, b. Hist, An. i1 13. * Cf. note 136.
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cause as the corresponding motions of the lungs,' namely,
the alternate heating and cooling of the blood in the heart
and blood-vessels ; and just as lungs differ in perfection
according to the extent of surface they present to the
refrigerating medium, so also do the gills; for these are
small, few, or single in such fishes as are of a frigid
character, and large, numerous, or double in those that are
of a hotter nature.? In some fishes, moreover, the passage
of water through the gills, and consequently the refrigera-
tion, is lessened by the small size of the gill apertures;
and Aristotle attempts to explain on this basis the fact
that eels and similar fishes can live out of water for a con-
siderable period. The reduced size of their gill-slits
shows, he says, that they are animals that have compara-
tively small need of refrigeration.

That the long maintenance of life by eels when kept
out of water stands in connection with the small size of
their gill-openings has, from Aristotle’s days to our own,
been the accepted view of naturalists, though their explana-
tion of this connection, it need hardly be said, differs
widely from his, and is based on the supposed preservation
of the branchie from desiccation. But experimental
evidence has of late years been adduced by Paul Bert?
which seems to show that this generally adopted explana-
tion is in fact inadequate, and that the main reason for
the prolongation of life of these fishes in the air is that
the vital changes which are dependent upon the absorp-
tion of oxygen go on in eels with much less intensity than
in the generality of fishes, and that consequently they
have, as Aristotle had said, less imperative demand for
respiration. Nor is Aristotle’s statement, that the
adequacy of gills to perform their special office varies
with the extent of their surface—an opinion, the truth of
which might be accepted on merely a priori grounds—
without its corroborative evidence. For it has been shown

! 478, b. De Resp. 16, 5, and 480, b, 12. De Resp. 21, 5.
2 696, b, 16. D¢ Part. iv. 13, 19, 3 Legons 5. la Kesp. pp. 254-266.
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by the experiments of Flourens that the main reason why
an ordinary fish dies so rapidly in the air is not that its
gills are unable to act in that medium, but that, when no
longer floating freely in water, they collapse into a heap,
and that by this collapse the surface they present to the
air is so enormously reduced as to more than counter-
balance the greater richness of oxygen in that medium
than in their natural element.’

v

Such, then, were the conclusions as to the organs, the
process, and the utility of respiration to which Aristotle
was led by his anatomical investigations. ILooked at in
the strong light of modern science, the errors and the
inadequacies of the theory are glaringly conspicuous.
But if we perform the difficult task of excluding from our
minds all ideas and facts since acquired, we shall, I think,
find ourselves constrained to admit that in Aristotle’s days
no better hypothesis could have been devised with which
to colligate the facts, or supposed facts, then available.

Among these, however, there was at any rate one,
for which it must have been difficult to find satisfactory
explanation in the hypothesis; and as it occupied a
prominent place in the speculations and researches of all
later natural philosophers, until after some twenty centuries
it was made to yield up the secret of respiration, it will be
well to devote some little space to its consideration. It
was well known to Aristotle that an animal confined in a
limited amount of air or water soon perishes,® and with
sagacious insight he placed this fact side by side with the
extinction of fire under similar conditions, as when the lid
of a chafing-pan is kept down, and the burning embers
within shut off from all access of air? How were these
notable phenomena to be explained? It was clear that

v Ann, d. Se. Nal. 1830, xX. 5.
* Cf. note 137. ¥ 470, a, 8. De fuv. 8, 5.
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in one case combustion, in the other respiration, had
wrought some change in the medium that rendered it unfit
for the maintenance of these processes. This change we
know now to consist in the loss of oxygen and the
increase of carbonic acid gas; but all such chemical
changes were, of course, utterly unknown in the days of
Aristotle, and for many long centuries afterwards, and not
the least suspicion was entertained of the existence of any
invisible aeriform bodies other than air itself. The only
assignable alteration in the medium was that it had pre-
sumably become somewhat hotter than before; and
though mere immersion of the hand — thermometrical
instruments being then unknown—would have shown that
death ensued long before the medium was notably, or, in the
case of fishes in water, before it was perceptibly heated, and
indeed when it had been kept purposely at a very low
temperature, it was naturally and indeed almost necessarily
to this, as the only imaginable alteration, that Aristotle
ascribed the fatal result. The animal died because the
medium was no longer cold enough to produce the
requisite refrigeration ; the flame was extinguished because
its fuel was consumed too rapidly by the untempered heat.!
The notion apparently was that the flame of a lamp is fed
by the oil mounting up in the wick, but that when the
heat of the flame is very intense it consumes the oil faster
than it can be supplied, and the flame consequently goes
out for want of sustenance. This was, indeed, the mode in
which Aristotle supposed death to be produced when the
cardiac fire was not tempered by respiration. The fire
was fed by vapour of food rising up from the stomach
through the blood-vessels, as the lamp is fed by oil rising
up through the wick, and when the cardiac fire became too
intense from lack of refrigeration, it burned up its fuel
faster than the stomach could supply it, and, like the flame
of the lamp, perished from inanition.

! Cf. note 34
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How Aristotle managed to get over the obvious fact
that, when an animal is shut up in a box or other close
receptacle, death ensues before the apparent heat of the
medium is materially increased, we can only surmise.
Possibly the very simple experiment that would have shown
this was not made by him. The difficulty, however, would
not have appeared so insuperable to him as it appears to
us ; for not only were the notions of the nature of heat at
that time extremely vague, but it was held by Aristotle
that touch was a very inadequate test of the presence or
absence of heat, and that the amount of this could be
gauged by much more certain indications than mere tactile
impressions. For instance, a snake, a fish, and a calamary
all appear indistinguishably cold to the hand, but in Aris-
totle’s belief the difference in their respective temperatures
was enormous, the snake being much hotter than the fish,
and the fish than the calamary. This he inferred with
unhesitating confidence from their structure ; for heat was
the necessary agent in the development of the body, and
the more complex the organism the greater must have been
the heat that produced it. Probably it was by some such
considerations as this, as showing that heat might exist in
bodies in, so to speak, a state of latency, and without
manifesting itself to touch, that Aristotle got over the
difficulty. It may be well, however, to inquire very briefly
how those later physiologists who accepted Aristotle’s
theory that the necessity of respiration lay in the need of
refrigeration explained the rapid death of an animal, and
the analegous extinction of fire, in a limited amount of air.
Galen, for instance, held the doctrine of refrigeration, and
also agreed with Aristotle in regarding respiration and
combustion as nearly allied processes. If, he says, we
could only tell what are the causes that bring about the
extinction of fire, we could also tell what is the reason why
an animal dies when its respiration is prevented. Now one
of the main causes of the extinction of fire is the accumu-
lation of smoke and fuliginous matter, and from this it is
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to be inferred as probable that smoke and fuliginous matter
are produced by the fire within the heart, and that, when
respiration is stopped, these accumulate and choke the
vital flame.!

This explanation was open in the first place to the
manifest objection that no visible smoke or fuligo, such as
is given off by an ordinary fire, is detectible in the expired
air, and, as alrcady stated, there was in those days no sus-
picion of the existence of invisible gaseous bodies other
than air; and, secondly, to the further objection that the
extinction of fire by accumulated smoke is simply due to
the fact that the smoke prevents the access of air, and
clearly affords no explanation whatsoever of why air is
necessary. Many centuries later ingenious attempts were
made to show that accumulated smoke would extinguish a
flame not simply by depriving it of air, but by more direct
action, and that the need of air consisted merely in its
furnishing a current by which smoke could be carried away
and accumulation round the flame be prevented. Thus it
was suggested by Van Helmont that the exhalation of
smoke or fuligo is a necessary condition of all combustion,
and that, if such exhalation be prevented, combustion is
thereby made impossible. Now smoke occupies space, and
must, when exhaled, have some place in which to lodge ;
this it finds in the  vacuities or emptinesses of the air,’ that
is, in the interspaces between the aerial particles. But

! “Ego vero cum fornacem viderem, ob id quod perspirationsm non
haberet, extingui, et postea ipsum aperiri, atque tum multam fuliginem exspi-
rare, tum multum purum aerem externum inspirare, atque utroque facto
flammam splendorem recipere, non parvam esse rationatus sum exspirationis
utilitatem ad hoc, ut id, quod veluti fuligo sanguinis est, evacuetur. Favilla
enim et fumus et fuligo, et omnis hujusmodi ustz materize superfluitas,
nihilo minus quam aqua, ignem extinguere consuevit. Quare ex omnibus
potissimum recipiendi sunt, qui dicunt insiti caloris gratid animalia respirare.
Nam et moderate ventilari utile est et mediocriter refrigerari. -Ambo enim
haec internam caliditatem videntur corroborare ; necessariumque est motum
habere ad fuliginosum, ut ita loquar, extra evacuandum quod a sanguinis
naturi redundat. Hac quidem scientificam persuasionem non habent neque
necessariam demaonstrationem, qua'!n:m in aliis semper adducere 1n usn habemus :
non tamen fide omnino carent.’—2D¢ Udilit. Kespiv. chapter 3.
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when a flame is burning in a confined space, these ‘ vacuities ’
are soon filled, and the sooner of course the smaller the
space, and when this occurs no more smoke can be given
off, and consequently fthe fire, being deprived of air,
perishes ; not indeed in respect of denied nourishment or
of a participated life, but for want of room which cannot
contain the smoak.”! This explanation, which was adopted
by other and later writers, received its death-blow from
Boyle and Mayow, who pointed out* that, were it true, a
candle should burn, and an animal survive, longer under a
bellglass from which the air had been partially or wholly
removed by the air-pump than under one in which it had
been left, for the exhausted glass would clearly afford more
space for the smoke ; but that, as a matter of fact, the very
contrary was the case, the removal of the air causing more
rapid extinction both of flame and life. This observation
of Boyle was equally fatal to another attempted explanation,
advanced by Lord Bacon. When the wick of a lighted
candle or a bit of burning coal is closely compressed between
the flat ends of a pair of tongs, the fire is at once extin-
guished. This extinction Bacon attributed to the pressure,
and he argued that when a candle is burning in a confined
space, the air is expanded by the heat of the flame, and
puts this out by the pressure it exercises on the wick.?

! Van Helmont’s Works, Eng. Transl. 1662, p. 84. Although Van Helmont
propounded this theory, in a later passage (p. 159) he says that a flame is
extinguished, when put into a vessel in which a previous flame has burnt to
extinction, * by a wild gas, the onely odour whereof extinguishes a new flame,”
and he speaks vaguely of the same gas extinguishing life. His ¢ wild gas’
was of course the carbonic acid of later days.

? ¢« Upon the exsuction of the air, the animal dies a great deal sconer than if
it were left in the vessel ; though by that exsuction the ambient space is left
much more free to receive the steams that are either breathed out of the lungs
of the animal or discharged by insensible transpiration through the pores.”
Boyle's Works, i. 104. Mayow (Quingue Tract., Oxford, 1674, p. 11) uses the
same arguments as to the burning of a candle under a glass.

3 ¢ Flame, if it be too much compressed, is extinguished, as may be seen
by putting a glass over a candle. For the air, expanded by the heat, com-
presses the flame, and therehy lessens and extinguishes it. . . . Ignited bodies
are also extinguished by compression ; for if you press a burning coal harnd
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VI

And this brings us to the final topic to be handled
in this introductory essay, namely, the ultimate fate of
Aristotle’s doctrine of respiration. It had apparently been
the belief of Aristotle’s immediate predecessors that the
expansion and subsidence of the thorax, which visibly
accompany the act of respiration, are brought about by the
alternate admission and discharge of air. Aristotle inverted
this statement, and taught that the expansion and sub-
sidence are not the consequence but the cause of the
air’'s motion to and from the thoracic cavity ; and this
basal fact in the mechanism of respiration, together with
the apt simile in which Aristotle compared the action of
the thorax to that of the bellows in a smithy, remains
sterecotyped in every handbook of physiology to the present
day.'

Aristotle, however, further taught that the force which
put the thoracic bellows in motion was heat developed in
the heart. This erroneous part of his teaching was not
destined to long survival. Who it was that first overturned
it cannot be stated with certainty. But by the time of
Galen it was a thoroughly established fact that the move-
ments of the thorax are due to muscular action, and that

with the tongs or with your foot, the flame is immediately put out.’—Bacon’s
Works, Spedding’s ed. v. 3I1.

I A distinction must be made between the expansion of the thorax and the
expansion of the lungs. Aristotle erroneously thought that both were com-
parable to the expansion of bellows, which is the cause of the entrance of air,
whereas the thorax alone resembles bellows, and the lung is rather to be com-
pared to a bladder which the entrance of air dilates. This was pointed out by
Boyle : ¢ Some maintaining that the chest with the contained lungs may be
resembled to a pair of bellows which comes therefore to be filled because it
was dilated ; and others pleading to have the comparison made to a bladder,
which is therefore dilated because it is filled. For as to the thorax, it seems
evident from what has been lately said that it, like a pair of bellows, happens
to be partly filled with air, but because it was dilated ; but as to the lungs
themselves, who want fibres to distend them, they may fitly enough be com-
pared to a bladder, since they are dilated by being filled ( Hords, i. 101).

E
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great physiologist was even able to give details as to the
precise muscles engaged in the process, and to state that
the one on which the main part of the duty devolves is the
diaphragm.'

Much longer lived was Aristotle’s doctrine of the use
of respiration. This remained master of the field for more
than eighteen centuries after his death. Not, however,
without antagonists; for there were always some, and
perhaps many, who held that the effect of respiration was
not refrigeration but the production of heat? These two
rival hypotheses, however, as has been already noted, were
not so diametrically opposed as would at first appear to be
the case. For to Aristotle as much as to his opponents
the ultimate effect of respiration was the maintenance of
vital heat. The difference between them was not as to the
ultimate effect, but as to the mode in which this effect was
brought about. Aristotle said that excess of heat was incom-
patible with the maintenance of fire, and that the inspired
air acted by carrying this excess away, to which Galen
further added that it also carried away the fuliginous
matter, and other ® ust@ materie superfluitas, which would
extinguish the fire, if allowed to accumulate; while
Aristotle’s and Galen’s opponents held that the action of
air in the production of heat was more direct; for that in
some unexplained way it supplied the fire with fuel. We
know now that this surmise was correct, and that the fuel

V D¢ Causis Resp. and De Ltil. Fart. v, 14.

2 There was also the view of Erasistratus, that the purpoese of respiration
was the introduction of air into the arteries fer the formation of vital spirit ;
this physiologist having made the blunder—often erroneously attributed to
Aristotle—of supposing that the arteries contain air and not blood. But that
the inspired air served for the formation of spirit was an opinion that could be
held in conjunction with that of Aristotle that it served for refrigeration ; and
it was held in such conjunction. For Boyle, in his enumeration of the various
opinions held as to the use of respiration in his time, says that some maintain
¢ that air gets into the left ventricle, not only to temper its heat, but to provide
for the generation of spirits.” There was also the doctrine, already discussed
(p- 24), that the utility of respiration consisted in its facilitating the action of
the heart.
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supplied by the air is oxygen, while the ‘wst@ materie
superfluitas’ of Galen is carbonic acid, and that the supply
of oxygen for combustion, and the carrying away of the
carbonic acid, that is its result, are in fact the great uses to
which respiration is subservient ; but in ancient days, and
for the first sixteen centuries of our own era, the surmise
that air served as fuel was quite unintelligible, and
Aristotle’s less true, but more intelligible, hypothesis was
naturally, and properly, the one generally accepted.

It was not till the latter half of the seventeenth century
that Aristotle’s doctrine as to the use of respiration received
its death-blow. Of the experiments that brought this to
pass, the most directly fatal was one made by Robert
Boyle. Starting from the fact, already noted by Aristotle,
that an animal confined in a limited amount of unrenewed
air soon perishes, he showed that this result is neither
prevented nor delayed by surrounding the vessel in which
the animal is confined with ice or a freezing mixture, and
so keeping the air within at a much lower temperature
than that of the actual atmosphere; and, when to this
experiment was added by other physiologists the observation
that an animal can maintain life in air which is much
hotter than its own blood,! the theory of refrigeration
clearly ceased to be any longer tenable. For the animal
in the one case continued to live in air that could not
possibly cool its blood, and in the other died when the
conditions for the supposed refrigeration were more than
usually favourable.

It is, however, not to be expected that a structure,
which has stood for well-nich twenty centuries, should
yield to the first serious attack made upon it, and vanish
like “ the baseless fabric of a vision.” Some “rack” will
certainly be left behind; and it need therefore be no
matter of surprise to find the doctrine of refrigeration, in
spite of the deadly blow given to it by such experiments

' ¢ Vivitur in aere qui sanguinis calorem superat.”—Haller's EZ Pihys. iii. 346.
Ez
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as that of Boyle, still maintaining a lingering existence
for full another century. It was upheld before the French
Academy of Sciences by Helvetius! in 1718, and found
a warm advocate in Hamberger? in 1751; and probably
diligent search through the musty works of the latter
part of the eighteenth century would reveal the names of
still later, if less distinguished, supporters. The doctrine
of Aristotle, however, as held by these physiologists, had
undergone one most important modification. Aristotle,
as we have seen, had taught that the use of refrigeration
was to prevent the vital heat from being exhausted by
its own excess ; and this original doctrine had not become
extinct in the earlier half of the seventeenth century, for
we find it in the treatise of Fabricius of Acquapendente on
respiration,® and still later in Sir Thomas Browne's
‘ Pseudodoxia Epidemica.’* But Helvetius, Hamberger,
and their followers, and indeed some of their predecessors,
such as Descartes® and Swammerdam,® had altogether
abandoned this notion, and held that the main use of
refrigeration was to bring about the condensation of the
blood. Were it not for such condensation, said Helvetius 7

\ Mém. de I Acad. Roy. d. Sciences for 1718.

* Hamberger, D¢ Resp. Mechan. atgue Usu Genuino,

* ¢« Caloris tutelam potissimum in ejus refrigeratione consistere, ostensum
jam est ; hanc autem aerem frigidd sui qualitate prestare, et hoc quoque est
notissimum,’ and again, ‘aerns attractionem sequitur ealoris refrigeratio et
denique ejus tutela et conservatio.’—Fabricius, De Respir. ef efus Instrum.
Patavii, 1625. Lib. i. ¢ 4.

4 ¢ The proper use of ayre attracted by the lungs, and without which there
is no durable continuation in life, is not the nutrition of parts, but the contem-
poration of that fervor in the heart, and the ventilation of that fire alwaies
maintained in the forge of life."— Fulgar Errors, ili. 21.

5 Descartes (Cousin's ed.), iv. 339 and 446.

s Tractatus de Respir, Usugue Pulm. (Lugduni Batav. 1738), cap. 1, § ix.

p- 2.
7 Helvetius further supposed that the condensation of the blood made it
more fluid. *Le principal usage de la respiration . . . est de diminuer la -

raréfaction du sang, de le condenser, de réunir toutes ses parties et de lui
donner plus de fluidité. Puisqu’il est certain que les liqueurs en ont souvent
davantage, étant condensés, qu’elles n'en avaient, lorsqu’elles étaient raréfiées.
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and Hamberger,! the blood which has been heated and
rarefied in its passage through the veins, and which there-
fore arrives at the right side of the heart with increased
bulk, would be unable to pass through the lungs to the
left cavities, inasmuch as both these and the blood-vessels
which lead to and from them are of smaller dimensions
than the corresponding cavities and vessels of the right
heart. That the systemic arteries are of smaller capacity
than the corresponding veins is an unquestionable fact,
but, as Helvetius himself admits, this smaller capacity
can be compensated by the blood flowing more rapidly
through them in consequence of their more muscular walls
and the greater vis a fergo supplied by the left ventricle ;
but whether there is a similar difference between the
pulmonary arteries and veins, or between the right and
left ventricles, is, to say the least, excessively doubtful.? If
such a difference exists, it must be very slight, and can
be compensated by the right ventricle contracting under
ordinary circumstances before it is fully distended, and
when the blood within it is only equal in amount to that
in the corresponding cavity on the left. How the physio-
logists who put forth this new and ingenious argument
in favour of the refrigerating use of respiration got over
the apparently insuperable objection to that theory pre-
sented by Boyle’s experiment it is difficult to imagine.
We can hardly suppose that they were ignorant of that
and other similar experiments, and yet, so far as I have
been able to discover, there is no reference whatsoever to

A—— . e e

Ce qui se découvre visiblement dans l'eau de savon et de chocolat, qui
deviennent moins fluides, lorsqu'ils sont moussés que quand ils ne le sont pas.’
—O0p. cit. p. 244.

! ¢ Immediatus igitur respirationis usus est refrigeratio masse sanguinew,
ex quo oritur secundus, condensatio, et hunc excipit tertius, cujus causze priores
sunt, circulalio nempe mass® sanguini®, minima vero, uti plurimorum est
opinie, miscela aeris cum massi sanguined.’—O0p. cit. i. § Ixvi.

* Some anatomists, as Winslow, Santorini, and Haller, think that the pul-
monary veins are slightly smaller than the corresponding arteries. Others find
no such difference. Cf. Quain’s Anar. ii. 1153.
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them in their treatises. Possibly this is only an instance
of the very general truth that men, when their mind is
strongly occupied by any theory or belief, are able to shut
out completely from their view any fact, however obvious
to others, that tells against it.

Be this, however, as it may, experiments, such as those
of Boyle, afforded so conclusive a demonstration that the
necessity of respiration for the maintenance of life could
not depend on its refrigerating effect on the blood, that
the ingenious arguments of Helvetius and Hamberger
failed to find any very general acceptance. And this the
more so, inasmuch as a new theory of respiration, against
which no such experimental objections could be raised,
had been gradually assuming form and consistency, and
was now ready to take the place of the discredited doc-
trine of refrigeration. According to this new teaching,
which had however its roots in ancient theories, the key
to the problem of respiration was to be found not in the
physical properties of the air, such as its temperature or
its elasticity, but in its chemical constitution; and the
reason why an animal died, or a flame was extinguished,
when kept in a limited amount of unrenewed air, was that
respiration and combustion either took from the air some
ingredient that was necessary for their continuance, or
added something to it which brought them to an end.

The similarity of the process of respiration to that of
combustion had been, as we have seen, more or less dis-
tinctly recognised by Aristotle, Galen, and later philo-
sophers, but the actual identity of their effects upon the
atmosphere appears to have been first demonstrated by
Mayow, who showed that the alteration which made un-
renewed air after a time unfit to maintain the one process
made it also unfit to maintain the other; for a flame was
immediately extinguished when brought into a receiver
under whichananimal had been confined until the contained
air could no longer minister to respiration. What, then, was
this change that the air had undergone? That it was
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not a change of temperature, as Aristotle had supposed,
Boyle's experiment with a receiver surrounded by ice
clearly showed ; nor was it a change of elasticity which,
said Boyle,' was the chief physical characteristic of air, and
to which some physiologists were inclined to ascribe its
main importance, so far as related to respiration. If, then,
the change was not in the physical properties of the air, it
must be in its chemical constitution; and this clearly
might consist either in something being added to the air
by combustion and respiration, that was incompatible with
the maintenance of those processes, or in something being
subtracted by them from it, that was necessary for their
support. It was to this latter view that the English ex-
perimenters of the middle of the seventeenth century—such
as Hook, Boyle, and Mayow—inclined, though they were far
from entirely excluding the supplemental notion that some
deleterious effluvium was carried away in expiration. But
that the accumulation of such effluvium in the air was the
sole or the main cause of its unfitness to support combustion
and respiration they would not admit. Apparently they did
not take intoconsideration the possibility that such effluvium
might be an invisible aeriform body, such as the spiritus
sylvestris or gas sylvestre, which Van Helmont had stated
to be given out in the process of combustion, and also when
acid was poured upon certain chalky substances,® and the
isolation of which, had he been able to effect it, would have
made him the discoverer of carbonic acid gas. And thus
Boyle apparently thought that he had adequately dealt
with the hypothesis which attributed the extinction of
flame to the accumulation of some product of combustion,
when he had shown by experiment that such extinction

.

' Cf. Works, iv. go.

? ¢ Acidum stillatitium dum lapides cancrorum solvit, eructatur spiritus
sylvestris.” Van Helmont expressly speaks of this gas as invisible, and it was,
indeed, hecause of its obstinately remaining invisible that he called it sy/pestre.
‘ Gas sylvestre sive incoercibile quod in corpus cogi non potest visibile’ (De
Flat. 4).
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occurred just as certainly though there was no visible
smoke to cause it. ‘I have found, he says, ‘by trials
purposely made that a small flame of a lamp, though fed
perhaps with a subtle thin oyl, would in a large spacious
receiver expire for want of air in a far less time than one
would believe, and this, he proceeds to say, is not due to
‘ gross fuliginous smoak,’ for the same occurs when spirits
of wine, which emit no visible smoke, are used instead of
oil. Rejecting, then, the explanation based on a supposed
pollution of the air, Boyle strongly inclines to the belief
that the necessity of fresh air for the maintenance of a
flame depends on the presence in it of some substance
“ which enabling it to keep flame alive does yet by being
consumed or depraved render the air unfit to make flame
subsist’; and later on, assuming this to have been demon-
strated in the case of a flame, he extends his hypothesis to
respiration and says that ¢ the necessity of fresh air to the
life of hot animals . .. . suggests a great suspicion of
some vital substance, if I may so call it, diffused through
the air, whether it be a volatile nitre, or rather some
anonimous substance, syderial or subterranean, but not
improbably of kin to that which I lately noted to be so
necessary to the maintenance of other flames.’” When Boyle
thus wrote, he clearly had not arrived at the conclusion
that the substance which was required for respiration,
though kin to that required for combustion, was actually
identical with it; nor did he think this substance was a
constituent part of the air itself, but ‘ some odd substance
solar or astral or of some other exotic nature’ intermixed
with it. Mayow, however, made a nearer approach to the
truth ; for he held that the substance which ministered to
respiration was identical with that which ministered to
combustion, and formed part of the air itself, which was
not, as usually supposed, a simple element, but a compound
of which one—and this the most active constituent
was what he called the igneo-aerial particles, or the nitro-
aerial spirit, that is to say the aeriform body, or spirit, that
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is given off when nitre is decomposed by heat! It was
this nitro-aerial spirit that was the pabulum both of com-
bustion and of respiration.

These views were, it should be said, not absolutely
new. Almost invariably, when a discovery has been made,
there are found passages in the works of earlier writers,
which seem to imply anticipation of the discovery. Such
passages, however, rarely, ifever, indicate definitely formed
judgments, but merely express passing fancies, unsup-
ported by evidence or reasoning, and in no way detract
from the credit of the later and more serious researches.
Thus Paracelsus, that fantastic combination of charlatan
and man of science, had said ? long before the time of
Mayow that ‘as the stomach concocts meat and makes
part of it useful to the body, so the lungs consume
part of the air, and proscribe the rest.” Of this apparent
anticipation Boyle says wvery justly, ‘This opinion is
not, as some of the same author, absurd ; but, besides
that, it should not be barely asserted but explicated and
proved.’

The chemical explanation of the processes of combus-
tion and respiration, having been thus fairly started,
gained strength and definiteness with each succeeding set
of experiments. DBut to follow out the gradual develop-
ment of the theory, to show how the doctrine of dele-
terious products of combustion, and the doctrine of some

! Mayow's proof, in his little treatise De Sal-mitre et Speritu Nitvo-
Aereo, that the igneo-aerial particles of air are also a constituent of nitrous
spirit is as follows. Sulphur will burn under a jar full of air, but will not burn
if the air has been removed from the jar by the air-pump. But it will readily
burn in the exhausted jar if mixed with nitre. The nitre clearly supplies
something which the air supplied before. If nitre be decomposed by heat, an
aerifform substance or nitrous vapour is given off, and a solid substance remains
behind. This solid substance, if mixed with sulphur, does not enable it to
burn in the exhausted jar. The something, then, supplied by nitre must be
contained in the nitrous vapour.

? I make this quotation on the authority of Boyle (Hrks, i. 107), but
have been unable mysell to find the passage in the labyrinth of the writings of
Paracelsus.
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necessary substance contained in the air, became fused
together, and how the noxious product and the essential
air constituent were successively isolated and examined,
and were christened respectively as carbonic acid and
oxygen, would be beyond the scope of this introduction.
For our present purpose the point of interest is to note
that the doctrine to which Aristotle’s theory had eventually
to succumb was in reality a development of ancient views
with which that theory had successfully contended through
a long series of centuries ; for the doctrine of air rendered
unfit for combustion or respiration by the product of
those processes themselves takes us back to Galen with
his jfulige and his ust@e materie superfluitas, while the
doctrine of a necessary substance supplied by the air
takes us still further back to the pre-Aristotelian surmise
that the air served in some unexplained way as the
pabulum of fire.!

The theory, then, which based the necessity of respira-
tion on the necessity of blood refrigeration was swept
away by the rising tide of chemical knowledge. There
still, however, remained the question, does the supposed
refrigeration, whether useful or not, as a matter of fact
occur at all? Is the blood that has passed through the
lungs colder than that which comes to them ? That heat is
constantly being lost in expiration is an obvious fact, and
it was a natural inference that the heat thus lost was
derived from the pulmonary blood, which thus became
cooler. It might, however, be that this loss was com-
pensated and masked by the development of fresh heat in
the lungs themselves, and that such was the case was the
opinion of Haller,® and was held very generally in that
later period when it was supposed, on the authority of
Lavoisier, that the lungs were, so to speak, the fireplace of
the system, inasmuch as it was in them that the oxygen
of the inspired air combined with the carbon of the body.

1 See p. 27. 2 El Physiol. iii. 345-6.
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But when it had been shown that this part of Lavoisier’s
teaching was erroneous, the question again became open
to discussion ; and physiologists returned to the earlier
view, and again held that the blood was cooled in its
pulmonary transit, partly by directly warming the inspired
air, and partly by supplying heat for the abundant
evaporation of fluid. Nor was this merely an a prior:
inference from the greatly increased moisture and heat
acquired by the air during its sojourn in the air-passages,
but was an opinion supported by direct experiments,
and notably by those of G. von Liebig' and Claude Bernard,?*
who found that the blood in the left cavities of the heart
was perceptibly colder than that in the right ventricle,
These results have, however, not been unchallenged, and
among those who have called them in question may be
mentioned Sir William Savory,® who pointed out serious
defects in the conditions under which the experiments
had been made, and came to the conclusion from his own
experiments, that, when these defects are avoided, it is
found that the blood, so far from being cooled in the
passage through the lungs, becomes slightly heated, the
extra heat being derived, we must suppose, from a cer-
tain amount of combustion going on in the pulmonary
tissues and vessels, as in the other parts of the body.
Very much the same results were obtained ten years
later by Professor Colin of Alfort.! For this physiologist
found, as the outcome of an extensive and careful series
of experiments upon various animals, that though the
change undergone by the blood in its transit from the
right to the left side of the heart is very far from con-
stant, yet much the most common alteration, and that
which must be regarded as the normal occurrence, is a
slight rise of temperature. If we accept these results as

Uber die Temp. des ven. und ard. Bletes, Giessen, 1853,

Comiptes Rendus, 1856, Sept. 15.

O the relative temperature of arterial and venous blood. London, 1857,
Anit. d. Sciences Nat, 1867, sér. v. t. 7, p. 83.
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final—and there seem no adequate grounds for doing
otherwise—the last wvestize of Aristotle’s doctrine of
refrigeration will have disappeared ; for it will have been
shown that not only is such refrigeration unnecessary, but
that, as a matter of fact, it does not occur.



ON YOUTH AND OLD AGE, AND
ON LIFE AND DEATH

(Ck. 1.) Let us now treat of Youth and Old Age
and of Life and Death ; with which subjects we may
perhaps find ourselves compelled to combine that of
Respiration and its causes; for it is on respiration
that, in some animals,’ life and death depend.

Our views concerning the soul have been set
forth elsewhere ;* and it has been shown that,
though the soul cannot be itself corporeal, yet it
manifestly has its seat in some special part of the
body, and this a dominating part.

Now, of the various parts or faculties of the soul
—whichever may be the proper term by which to
designate them—the only ones with which we need
now concern ourselves are those which belong to all
such living things as possess not only life but
animality. For, though an animal must necessarily
be a living thing, living things are by no means of
necessity animals ; for plants live, and yet are with-
out sensation, which is the distinctive characteristic
of an animal. And the part in which is lodged that
faculty of the soul in virtue of which a thing lives
must also be the part in which is lodged that faculty
in virtue of which we call it an animal?® The
part, that is, must be actually one and the same,

467, b, 25 1 For Notes, see end of Text, p. 107.



62 ON YOUTH AND OLD AGE

though ideally multiple and diverse ; for to live and
to be an animal are diverse things. And this
part must lie in the centre between the anterior
and posterior aspects of the body ; for such is the
position of the sensorium commune, or the one
general meeting-place to which are conducted the
motions from the several organs of special sense.
By anterior is meant the direction in which the
senses operate,’ and by posterior is meant the op-
posite direction.

Again, the part must be midway between the
upper and the lower halves of the body. For the
body of every living thing, be it an animal or a
plant, may be divided into an upper and a lower
portion, and the seat of the nutritive faculty must
manifestly be in the middle between these two.®
By upper is meant that part which contains the
orifice for the admission of food; and we speak of
this as upper with reference to the body itself, and
not with reference to the encompassing universe.
By lower we mean that portion of the body which
contains the excremental vent.

There is a great contrast in this matter between
plants and animals. For in man, and in man alone,
owing to his erect attitude, the upper part of the
body is turned towards the upper part of the
universe ;* while in other animals it is turned
neither to this nor to the lower aspect, but in a
direction midway between the two. But in plants,
that are fixed to the earth and derive from it their
nourishment, the part by which they imbibe nutri-
ment, that is, their upper part, must of necessity

always be placed downwards.” For the roots of
468, a, 9
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plants are analogous to what is called the mouth in
an animal, being the organ by which food is admitted,®
and in the case of plants the food is derived from
the earth [ett/ker directly| or through the intermedia-
tion of plants themselves.”

(Ch. 2.) The body of every perfect animal is
divisible into three parts, namely one by which food
is taken in, one by which excrement is discharged,
and a third which is placed between the two others.
This last is in the larger animals called the chest,
while in the smaller it may have no special name ; it
is, moreover, much less distinct in some animals
than in others.

Such animals, again, as are capable of progression
have also other additional parts that minister to this
office, namely the legs and feet, or parts equivalent
to these, which serve for the transport of the whole
trunk.

Now it is in the central of the three parts, above
distinguished, that the nutritive principle has its seat,
as is not only demonstrable by rational inference but
is visible to the senses. For in many cases either
the upper part, that is the head, or the lower part,
that is the receptacle of the food, may be cut off
and yet life be maintained by the remaining ex-
tremity which is still in connection with the central
part.!® This phenomenon is very conspicuous in the
case of insects, such as wasps and bees; but there
are also many animals," other than insects, that are
able to retain vitality after their body has been cut
in pieces.” This they can do because their nutritive
principle, though actually one, is potentially multiple,

their constitution in this resembling that of plants.
468, a, 29
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For the separate segments of a plant retain vitality
after subdivision, and a single tree can thus give
rise to many. While, however, the segments of a
plant can live on indefinitely, this is not the case with
the segments of an animal.  For such segments are
without the organs necessary for the maintenance of
life, being destitute some of a mouth for the prehen-
sion of food, some-of a stomach for its reception, and
some of both of these parts and of others besides.™

As to the reason why slips can be taken only
from some plants, while the rest cannot be propa-
gated by subdivision, that is a question to be dis-
cussed elsewhere.! But in this respect at any rate
plants and animals resemble each other; for only
some animals can live after division of their body.
Such animals resemble an aggregate of individuals
fused together by growth.”  But in animals of the
most perfect constitution such subdivision with re-
tention of life is impossible ; for in them the organi-
sation has reached the highest degree of unity.

[t follows from what has been said that in in-
sects'® the nutritive principle, though actually one,
must be potentially multiple. And the same is true
also of the sensory principle; for the separated
segments of the animals in question plainly retain
some sensibility.'”  Some of them also even make
feeble movements,'”® showing that they are still
subject to some psychical influence. For the trunk
moves after the viscera have been extracted, or
even, as in tortoises, after the heart has been removed.

(Ch. 3.) However, that the main seat of the
nutritive soul is central is plainly to be seen both in

plants and in animals. In plants it is manifested in
468, b, 17
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the phenomena presented by the germination of
seeds and by graftsand cuttings. For invariably the
development of a seed proceeds from a central spot.
For all seeds consist of two valves,® which are
joined together ?! at the point where the seed is con-
nected with the mother-plant; and it is from this
point as a centre, which belongs equally to either
side, that both stem and root are given off when
growth begins ; for it lies midway between them, and
gives origin to both.?

In the case of grafts and cuttings, it is the eyes
or buds that are the main seats of growth; for it is
from one of these that each branch originates, as
being a centre of development. It is therefore the
eyes or buds that the gardener takes for his cuttings
or inserts as grafts,™ in order that branch or roots may
spring from them, as being centres that can give
rise to both.

Again, in such animals as have blood, it is the
heart that, is the first part to be formed, as we have
ourselves seen in those cases where we were able
to observe the growth of the embryo.* And what
is true of the heart in sanguineous animals cannot
but be also true of the part that corresponds to a
heart in bloodless animals.

It has already been stated in the treatise on the
Parts of Animals® that the heart is the centre
from which the blood-vessels spring, and that the
blood is in sanguineous animals the ultimate nutri-
ment out of which the parts are formed. Itis mani-
fest, therefore, that though one operation in regard
to the reduction of the food is performed by the

mouth,* and a second part in the same business falls
469, a, 4 v
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to the stomach, it is the heart on which the highest
duty devolves, and that effects the final elaboration.

[t follows then of necessity that it must be in the
heart that the nutritive soul (as also the sensory)
has its central habitation. For as regards nutriment,
the offices of the other organs are ancillary to the
office of the heart ; and that must be the dominating
organ in which the final result is achieved rather than
any of those that are subservient to merely prepara-
tory processes, as a physician who restores health
is above the subordinates who supply him with
materials.

Again, the presiding seat at any rate of sensa-
tion is in all sanguineous animals in the heart, where
all the organs of sense have their common sensorium.
Two of the senses, namely taste and touch, are
manifestly connected with the heart, and from this
we may infer that the same is the case with the
others. For the organs of these other senses can
communicate their motion to the heart, while taste
and touch show no connection with the upper region
[that s with the brain]™

Besides this, if that which gives life be lodged
in all animals in the heart, it is plain that there also
must be lodged the sensory principle ; for the prin-
ciple in virtue of which an animal has life is, in our
view, inseparable from that in virtue of which it is
an animal; and this latter is, according to us, the
sensory principle.*®

As for the reason why some of the senses are in
manifest connection with the heart, while the rest
are situated in the head—a fact which has led some

persons to suppose that the brain is the organ of
469, a, 22
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sensation—2", this is a question which has been dis-
cussed separately elsewhere.™

The evidence of facts, then, as stated above,
clearly demonstrates that the main seat of the sen-
sory soul, as also of that which is concerned with
growth and nutrition, is in the central of the three
parts of which the body is composed ; (CZ. 4) and
the same conclusion may be drawn by rational
inference from the observed law that out of possible
arrangements nature invariably adopts that which is
most advantageous. For, by the soul with its seve-
ral faculties being placed in the centre of the body,
each part will be best enabled to perform its office,
whether it be the part in which the nutriment is
finally elaborated or that which is its recipient.
For, when so placed, the soul will stand in nearest
relation to both.®® Moreover, a central position *
is that which is most appropriate for a ruling power.
Nor should the instruments and the user of the
instruments be without distinction of place. For, as
they are separate in function, so, when possible,
they should have separate location, as the hand is
separated in space from the flute on which it plays.

The sensory faculty, then, which is the distinc-
tive characteristic of an animal, must in sanguineous
animals be lodged in the heart, and in bloodless
animals in the analogous organ.

Soalso is it as regards natural heat. For the body
of every animal, and each of its several parts, pos-
sesses a certain innate natural heat, so that during life
they are sensibly warm, but become cold when life
departs and death ensues. Now, the fountain-head

of this heat must in sanguineous animals be of neces-
469, b, 10 F 2
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sity in the heart, and in bloodless animals in the ana-
logous organ ; for the elaboration and concoction of
the food, though carried on in all parts® by the agency
of their natural heat, is especially effected in the domi-
nating organ, that is in the heart or its analogue.

Thus it is that all the other parts of the body
may become cold, and yet life be maintained ; but,
if this happen to the heart, there is no escape from
destruction, inasmuch as the heart, or, in bloodless
animals, that which takes the place of a heart, is the
primal source of heat and the residence of the soul,
which is, so to speak, embodied there in fire,

The maintenance, then, of this fire and the main-
tenance of life are of necessity identical, and its
destruction is what is known as death.

(C#k. 5.) Now there are two ways in which fire ™
outside the body can, as we see, come to an end,
namely, exhaustion and extinction. By exhaustion
we mean that termination which is produced by the
fire itself ; by extinction, that which is produced by
the contraries of fire [Z4at is by cold and fluid ).

Of these terminations, the former is brought
about [within the body] by old age® the latter by
external force. Both endings are, however, due to
one and the same cause [namely lack of fue!] For
cold arrests the process of concoction [22 the stomack),
and so prevents the fire in the heart from being duly
fed ; and, when the fuel fails and the heat can no
longer obtain its necessary sustenance, it comes to an
end. Exhaustion, too, is brought about by heat ac-
cumulating in excess, owing to deficient respiration,
and, consequently, deficient refrigeration. And such

excess of heat, equally with cold, causes the fuel to
469, b, 30
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fail ; inasmuch as it consumes this so rapidly, that it is
used up before a fresh supply can rise by exhalation
| from the stomack).

Thus not only does a large fire cause exhaustion
of a smaller fire,’® but the flame of a candle is
destroyed when placed in a greater flame; for this
consumes the lesser flame as it would any other
combustible substance, seizing its contained fuel and
using it up, before a fresh supply can rise to the
wick. For fire is like a river, ever flowing away,
and ever being formed anew, though the substitution
is so rapid as to elude observation.

It is evident, then, that if the heat is to be main-
tained—and such maintenance is a necessary condi-
tion of life—there must be some provision for the
refrigeration of that which is in the central heart.

We may illustrate this from the phenomena
presented by the coals in a chafing-pan,* when the
cover is shut down. For if this be kept down
continuously, the embers are soon extinguished ;
whereas, if it be put on and taken off in frequent
alternation, they will remain alive for a considerable
time. Merely covering the fire with ashes keeps it
alight; for the ashes on the one hand offer no
hindrance to transpiration, inasmuch as they are of
a porous character, and, on the other hand, prevent
the external air from extinguishing the fire by its
opposite excess of cold.” This difference, however,
in the results of covering the fire with ashes and
covering it with a close couvre-feu is a subject that
has been discussed in the Book of Problems. #
The one process exhausts the fire, the other allows

it to remain alight for a considerable time.
470, a, 18
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(Ch. 6.) Inasmuch as everything that lives** has
a soul, and the soul, as has been already set forth,
cannot subsist without natural heat, there must in all
living things be some provision to protect this heat
from exhaustion. Now in plants the refrigeration that
1s effected by food and by the surrounding medium
is sufficient for the purpose. For food, no less than
air, when it is first taken in, causes refrigeration ;
and this is true even in the case of man. Fasting,
on the other hand, causes heat and induces thirst.
For air, if it remain without motion, always becomes
heated.” But the admission of food moves the air,
and cools it, until such time as the food has been
concocted.

The natural heat of plants, then, is adequately
guarded under ordinary conditions ; but, should the
medium in which they are living become excessively
cold, owing to the occurrence of severe frosts in
winter, they shrivel up ; and, similarly, should intense
" heat prevail in the summer, and the fluid absorbed
from the soil be unable to produce refrigeration,
the natural heat of trees is brought to an end by
exhaustion ; and in such seasons they suffer from
what is called star-stroke and blighting. It is to
prevent this that gardeners cover the roots of plants
with certain kinds*? of stones or with pans of water,
that they may be kept cool.

As regards animals, some of whom are aquatic
while others are terrestrial, it is the medium in which
they are living, water or air as the case may be, that
supplies the means of refrigeration ; and how this is
effected we must now explain, interrupting our dis-

course for this purpose.
470, b, 5
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ON RESPIRATION

(Ch. 1.) The subject of respiration has been
handled by several of the old physicists, but not by
many. Some of those, moreover, who have dealt
with the matter have said nothing whatsoever as to
the purpose to which the process is subservient in
an animal’s body, while the rest have treated of
this, but erroneously and without due cognisance of
the facts. Moreover, they assert that all animals
respire, which is far from being the case.® As,
however, we would not be thought to be misrepre-
senting men who are no longer here to defend
themselves, our first business must be to give a
fuller exposition of the statements of these writers.

So far, then, as concerns those animals that have
a lung, it is manifest that they all breathe. Not
but that even among these there are differences.
For those of them whose lung is poorly supplied
with blood and of spongy texture have compara-
tively little need of respiration, and are consequently
able to live without breathing for a considerable
time, the duration of which depends upon their
bodily strength. The lung is of this spongy cha-
racter in all the ovipara,* as, for example, in frogs.
So also is it in tortoises and Emydes,” and these
animals can therefore remain under water for a long
time.** For their lung has but scanty heat, inas-
much as it has but scanty blood ; when, therefore,
it has once been inflated, it produces |adeguate] re-

frigeration by its own motion,”” and thus enables the
470, b, 21
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animal to live without further respiration for a con-
siderable period.

Even these animals, however, are eventually
suffocated, if they be held forcibly under water for
too long a time ; for no animal of this kind takes in
water after the manner of fishes. Those animals,
on the other hand, whose lung is rich in blood have
much greater need of respiration, because of their
much greater heat. There remain the animals that
have no lung, and of these there are none that
breathe.*

(Chk. 2.) Now Democritus of Abdera and some
others of those who have treated of respiration
have not spoken very definitely as to these lungless
animals, though their words seem to imply a belief
that all animals alike respire. Anaxagoras, how-
ever, and Diogenes distinctly state that such is the
case, and, as regards fishes and oysters, give an
account of the manner in which, according to them,
respiration is effected. What Anaxagoras says is
that when the water is discharged by a fish through
its gills air takes its place in the mouth, inasmuch as
there is no such thing as a vacuum, and that the
fish sucks this air in, and so respires ; while Diogenes
says that, when the water is discharged, a vacuum
is formed in the fish's mouth, and that air is drawn
in by the action of this vacuum from the water that
environs the fish's head, the water, according to his
view, containing air.' But these accounts cannot
possibly be true. For in the first place these writers
entirely leave out one half of the matter; for what
they say applies not to respiration in its wider sense,

as embracing the whole process, but to respiration
471, 3, 7
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in its narrower sense, as applied to one part only of
the process, namely, to inspiration. For respiration
is made up of inspiration and of expiration; and
concerning this latter, and the mode in which it is
effected in the animals in question, neither of them
says a word. Indeed, there was nothing they could
possibly say. For when an animal has inspired air,
it must discharge this again by the same channel as
that by which it was taken in,™ and inspiration and
expiration must go on in constant alternation.
Either, therefore, the fish must expire the air at the
very same time as it is admitting water into its
mouth, in which case the ingoing water and the
outgoing air would meet and impede each other;
or the expiration must occur, be it by mouth or gills,
at the time when the water is being discharged from
these latter, in which case inspiration and expiration
would occur simultaneously, for this is the very time
when, according to them, the fish inspires. DBut
that inspiration and expiration should occur simul-
taneously is impossible. Inasmuch, therefore, as
respiration involves expiration as well as inspiration,
and inasmuch as none of the animals we are con-
sidering can possibly expire, it follows that none of
them can breathe.

(C%. 3.) Moreover, to say that a fish extracts air
from the water by means of its mouth, and then
draws it in out of that cavity, is to maintain an im-
possibility. For a fish, having no lung, has in
consequence no windpipe, its stomach coming im-
mediately behind its mouth. Any drawing in of air
would therefore have to be done by its stomach.

But if the stomach has this power, other animals
471, a, 24
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would use it in the same way, which is not the case.
Fishes themselves, moreover, would be seen so
acting when taken out of the water ; but they plainly
do nothing of the kind.

Again, in all animals that respire and draw in
breath we see a certain motion occurring in that part
of the body by which the drawing in is effected.
But no such motion is observable in fishes in the
region of the stomach ; the only movement that can
be seen being in the gills, and this whether the fish
be in the water or lie gasping on the bank.

Again, when any animal that can breathe is
suffocated under water its breath is expelled with
force and forms bubbles. This is the case, for in-
stance, when tortoises or frogs are held under the
surface. But with fishes—vary the form of the ex-
periment as you may—nothing of the kind occurs,
which implies that no external air has been inhaled.’!

Moreover, if fishes could respire in the way
these writers say they do, men also should be able
to do the same when under water. For why should
not men and other animals be able, just as much as
fishes, to draw air into their mouths out of the
water about them, and again draw this out of their
mouths ? If it were possible in the one case, it
would be possible in the other. But as it is impos-
sible for man, so also manifestly must it be impos-
sible for fishes.

Still further, if fishes breathe, how comes it that,
when they are pulled out of the water and kept in
the air, we see them gasping, just like animals that
are being choked, and eventually dying?** For

most assuredly it is not because the lack of water is
471, b, 14
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a lack of sustenance that they are thus affected ;
and as for the reason assigned by Diogenes, it is
simply foolish. He says that the fish dies in the
air because, when there, it takes in too much of it:
whereas when in the water it only takes in a mode-
rate amount. But if this were so, land animals also
should be liable to a similar affection; but, as a
matter of fact, no land animal 1s ever choked by an
excess of breath.

Again, if all animals breathe, then insects, being
animals, must do so. Now many insects, as for
instance those known as Scolopendra, can live after
they have been cut in two; or even when they are
not merely cut in two but divided into numerous bits.
Now how can these divided insects breathe, and by
means of what organ ?

The main cause of these erroneous statements
was the ignorance these writers were in as to the
internal organs, and the fact that they had not
grasped the truth that nature in all her works
has a final cause in view. For had they put the
question to themselves, what is the purpose for
which respiration exists, and had they sought for an
answer by investigating the parts of the animal
body, such as the gills and the lungs, they would
soon have hit upon the right explanation.”

(Ch. 4.) Democritus, it is true, does ascribe a
certain consequence to respiration ; for he says that
it prevents the soul from being pressed out of the
body. He by no means, however, says that nature,
in giving respiration, had this purpose in view ; for,
like the rest of the Physicists, he has no conception

of such a thing as a final cause. What he says is
472, 2, 3



76 ON RESPIRATION

that the soul and heat are one and the same thing,
being the primary forms of spheroids, and that
when these are being expelled by the pressure of
the environing medium, respiration comes to the
rescue.> For that in the air there are a vast
number of those spherical atoms which he identifies
with mind and soul; and that, when the animal
inspires, and the air enters in, these spheroids enter
with it, and by counteracting the pressure prevent
the soul from quitting the animal's body. This, he
says, is the reason why life and death are deter-
mined by inspiration and expiration. For when
respiration is obstructed, so that the outer air can no
longer get in and counterbalance the pressure of the
surrounding medium, the animal forthwith perishes ;
death being, in fact, the departure from the body of
these spheroid forms, which have been driven out
by the pressure of the environment.

As for any conceivable reason why death should
necessarily come to all animals; or why, allowing
that it must come, it should not come indifferently at
any period of life, but only come in old age (that is
supposing the death to be natural and not due to
violence), not a word of explanation is offered by
Democritus. And yet, seeing that natural death
occurs only at one period of life and not indifferently
at all, some explanation was wanted, and we ought
to have been told whether the cause was something
acting from without the body or something acting
from within. Again he says nothing whatsoever as
to the cause by which respiration is initiated, and
whether this also is something acting from without

or something acting from within. The starting-
472, a, 22



ON RESPFIRATION 77

point, however, of respiration, and of the motion that
accompanies it, must be something internal ; for it
cannot be that the external mind watchfully provides
the supposed assistance to the internal mind, by
forcing the environing air to make its way in.
Strange too does it seem that the environing medium
should at one and the same time cause the destruc-
tive pressure and by its entrance cause the counter-
acting expansion,

Such then is the account given by Democritus,
and such pretty nearly are the words in which he
has expressed himself.

Let us now assume that what was stated a little
way back is true, and that only some animals, and
not all, respire. In that case the explanation of
death, as given by Democritus, must be taken as ap-
plicable not to all deaths but to the deaths of those
animals only that breathe. But in reality it is not
applicable even to these, as is plainly shown by
phenomena and facts with which we are all familiar.
For in sultry weather, when our bodies are more
than usually hot, we all have greater need of respira-
tion and breathe with increased rapidity. On the
other hand, when we are in a cold environment,
which contracts and congeals our bodies, we hold
our breath ;% and yet, if the view of Democritus
were true, this is above all other the time when
the outer air should be admitted and prevent the
expulsion of the spherical atoms by pressure. What
really happens is just the opposite. For it is when
heat has accumulated in excess, owing to its not
having been discharged by expiration, that the need

of respiration is most urgent, and the inhalation of
472, b, 3
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air most necessary. And the reason why men
breathe so rapidly when they are hot is that the
purpose of respiration is to cool the body ; whereas,
if Democritus were right, this more rapid breathing
would simply be adding fire to fire.

(Ch. 5.) As to the pushing-round process de-
scribed in the Timeaeus,” we are not told whether the
same process goes on in all animals alike, or whether
in animals that are not terrestrial there is some other
method by which the preservation of the heat is
effected.®” And yet, if respiration be peculiar to land
animals, we ought to be told why they are thus
specially distinguished ; and if, on the other hand,
aquatic animals are also able to breathe, but after
some different fashion, this also should have been
clearly explained to us.

Moreover the proposed explanation of the process
of respiration is purely fantastical. For the account
given is that, when the hot breath is discharged by
the mouth, the surrounding air is thrust forward by
it, and being carried on by the impulse is made to
pass through the porous surface of the body until it
occupies the same place as that from which the hot
air had issued, the replacement being determined by
the impossibility of a vacuum ; and that this air in its
turn, when it has become heated, passes out again
by the same channels as had given it admission, and
impinging on the air that had previously been dis-
charged in a hot condition through the mouth, drives
it back again through that orifice to the interior
space ; and that thus a continuous alternation of in-
spiration and expiration is kept up. According to

this view, expiration must be anterior to inspiration ;
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whereas the contrary can be shown to be the case,
For inspiration and expiration are inseparably
associated processes, and as expiration is the final
one of the two—for those who die expire—inspira-
tion must necessarily be the first of them.

Again, those who give this account of respiration
say nothing whatsoever as to any purpose to which
inspiration and expiration may be subservient in the
animal body, but deal with the whole process as a
mere incidental result; and yet life and death are
absolutely dependent upon it, as we plainly see ; for,
when any animal that breathes is prevented from so
doing, it forthwith dies.

Again, it seems extraordinary that the discharge
of the hot air by the mouth and the re-entrance of
the air by the same channel should be plainly visible
to us, but that the entrance of the breath through
the pores into the thorax and its discharge thence
when heated should be quite imperceptible.

Nor less strange is the statement that hot matter
is introduced by inspiration ; ** for, according to all
appearances, the very opposite is the case, seeing
that the air when expired is hot, while the inspired
air is cold. Moreover, in hot weather animals pant
when breathing ; for they are obliged to draw breath
frequently because the air that is inhaled does not
cool them sufficiently.

(C4. 6.) Neither can we possibly accept the idea
that the purpose of respiration is nutritive, meaning
thereby that the internal fire is fed by the breath ;%
and that inspiration is, as it were, the throwing of
fuel on a furnace, while expiration is the blast of hot

air that follows on such feeding of the fire.
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To this supposition we make the same objection
as to those previously discussed, namely that, were
it true, the same process, or an analogous process,
ought to occur in all animals ; for all animals have
vital heat. Moreover, in what sense are we to
understand this fantastical notion, that heat is gene-
rated out of the breath? For it is out of food rather
than out of air that we see heat developed. Again
the suppasition implies that the nutritive matter and
its residue are admitted and discharged by one and
the same opening, which is quite opposed to all
analogy.®

(Ch. 7.) The subject of respiration has also been
dealt with by Empedocles. But he, like the rest,
says nothing as to its use, nor states clearly whether
he supposes all animals to breathe or only some.
Moreover, when he is only speaking of the passage
of air through the nostrils, he imagines that he is
dealing with the essential process of respiration.
But, besides the passage of air through the nostrils,
there is also the passage of air through the windpipe
to and from the chest, and the nostrils by themselves
without the windpipe cannot possibly inspire. Indeed
the passage of air through the nostrils may be en-
tirely stopped and the animal be no whit the worse ;
but, when the air is prevented from passing through
the windpipe, the animal dies.

The passage of air through the nostrils is not,
however, without its end.” For in some animals
nature uses it for a bye-purpose, namely, to minister
to the sense of smell.®! I say in some animals, for,
though nearly all animals have the sense of smell,

they do not all smell with the same organ. This,
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however, is a subject which has been dealt with
elsewhere in greater detail.”

Empedocles explains inspiration and expiration
in the following way. He says that there are certain
vessels that contain blood, but not in such amount as
to fill them. These vessels communicate with the
external air by pores, which are too small to give
passage to the particles of blood, but large enough
to give passage to those of air. Now, it is the
nature of blood to move to and fro,”® and when it
moves downwards the air flows in and inspiration
occurs ; but when, on the other hand, it moves up-
wards, the air is driven out, and expiration is pro-
duced. This process he illustrates by comparison
with a clepsydra, as follows * :—

Thus all breathe in and all breathe out. In all

Are tubes, unfilled by blood,* that through the flesh
Stretch surface-wards, to where the projecting nose %6
Is tunnelled through with close-set®? passages.

In these have they such openings as give

Free pass to air, but keep the gore confined.

When inwards from the surface ebbs the blood,
Tempestuous air with eager wave flows in,

Again to be expelled, with course reversed,

When turns the tide. So, when some girl at play,
Taking a bronze clepsydra % for her toy,

Blocks up with shapely hand its open tube

And dips % the vessel ‘neath the silvery sheen

Of lmpid water, not a drop of this

As yet makes entrance ; for the air within,

Pressing with force upon each orifice,

Forbids all ingress, till the girl withdraws

Her hand, when straight the yielding air gives way
And in its stead flows in an equal stream.

Now is the vessel full ; the girl, again,

Blocks with her palm 7 the bronze-wrought pipe, and now

The outer air, besieging all the pores,

473, b, 26 G
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Forbids the imprisoned flood to percolate

With pattering drops the strainer’s 7! openings,
Till the child lifts her hand. Then the strong air,
Conquered before but now the conqueror,
Inrushing through the tube, drives out the stream
In headlong rout before it through the pores.

So when the thin ™ blood, coursing through the limbs,
Retires with ebbing stream to inner depths,
Straightway the air flows in with surging wave,
Again to hurry forth, with equal force

Of expiration, when the blood rebounds.

Such, then, is the account of respiration given
by Empedocles. Now, all animals that visibly
respire breathe, as we have already stated, through
the windpipe, the air passing in by the mouth and
at the same time by the nostrils. If, then, this re-
spiration through the windpipe is that of which
Empedocles is speaking, we must examine how far
his account of the process harmonises with the
visible phenomena ; and it is manifest that it is far
from so doing. For, when an animal makes an in-
spiration, the part into which the air passes is ex-
panded, like the bellows in a smithy. This expansion
[és quite unexplained by the theory of Empedocies,
but] is reasonably attributable to heat or to the
blood which acts in virtue of its heat. Similarly,
when the animal expires, the part falls in and
collapses, again like the smith's bellows. There is,
however, this difference. The air in the bellows is
not admitted by the same orifice as that by which it
is discharged, whereas one and the same channel
serves alike for inspiration and for expiration.

But if Empedocles is not speaking of respiration
through the windpipe, but only of the passage of

air through the nostrils, his account is very wide of
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the mark. For respiration is not a process confined
to the nostrils, inasmuch [as some of the air s trans-
mitted, not by these passages, but by the mouth, and
inasmuch, moreover,] as the air which has entered by
the nostrils passes through the narrow passage ™
which is close to the uwvula, at the far end of the
arched roof of the mouth, there being openings that
connect this part with the nostrils ; and the air
which enters and issues by this passage, and the air
which passes directly by the mouth, together make
up the inspiration and the expiration.

Such, then, and so great are the difficulties that
present themselves in the accounts of respiration
given by previous writers.

(Chk. 8.) It has already been stated that life and
soul require for their presence a certain heat.™ For
not even concoction, by which food is converted into
nutriment, can be effected either without heat or
without a soul ; for it is by fire that all such opera-
tions are wrought. It follows, therefore, of necessity
that the same primary region of the body, and the
same primary part of that region, which is the
necessary seat of this principle of heat, shall also be
the seat of the primary or nutritive soul. And this
region is that which lies midway between the part
by which food is taken in and the part by which the
residue is voided. Now, in the bloodless animals
this portion of the body has no name, but in animals
that have blood it is called the heart. For the
nutriment out of which the parts of animals are
directly formed is the blood, and the blood must
have the same centre or starting-point as the blood-

vessels, for blood and vessels exist for each other,
474, by 7 G 2



84 ON RESPIRATION

the vessels being receptacles to hold the blood. But
the centre or starting-point of the vessels, in all
animals that have blood, is the heart, for the vessels
do not merely traverse the heart, but originate in it,
as we see clearly on dissection.”™

The nutritive soul, then, must be seated in the
heart, for it cannot possibly subsist apart from the
vital heat, for nature has embodied it in this fiery
substance ; and as the other faculties of the soul
cannot possibly subsist apart from the nutritive, for
reasons that have already been set forth in the
treatise on the soul, they also must be located in the
heart.™

Now fire, as has previously been stated,” may
come to an end in two ways, either by extinction or
by exhaustion. Extinction is suppression by a con-
trary. Fire, then, can be extinguished by cold in
the environment, and this in mass, though the ex-
tinction is more rapid if the fire be previously
scattered. Now, to this violent termination living
things, as well as lifeless things, are liable. For
animals are killed by congelation from excess of
cold, and the more rapidlv if the animal be first
cut in segments.”® Exhaustion, on the other hand,
is from excess of heat. For if the surrounding
heat be excessive, and the fire be not fed, the
combustion comes to an end, not from cold, but
from exhaustion.™ Against such a termination re-
frigeration is a safeguard ; and, therefore, if animals
are to be secured from it, they must of necessity
have means of refrigeration.

(Ch. 9.) Now some animals are aquatic, while

others live on dry land ; and of each kind there are
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some that are excessively small and bloodless. To
such the refrigeration that is brought about by the
environing medium, be this air or water, provides
an adequate security against death from excess of
heat ; ® for, inasmuch as they have but little heat,
they require but little provision against its excess.
[t is owing to this paucity of heat and absence of
blood that such animals® are almost invariably
short-lived, for a very slight change on either side
suffices to upset the balance.

Among insects, however, though they are all
destitute of blood, there are some that have a longer
span of life. In such there is a fissure below the
waist,®* and the membrane that covers this fissure is
thinner than elsewhere, so that refrigeration may
occur through it. For such insects, having more
heat, require more perfect provision for refriger-
ation. Among these insects are bees®—for some
bees live as long as seven years *—and such other
insects as make a humming noise; for instance,
wasps, cockchafers, and cicade. For the sort of
panting sound made by these insects is produced by
the innate spirit within their bodies,™ which, by the
rise and fall which it occasions, causes friction against
the membrane at the junction of trunk and abdomen.
For there is a motion of this part in insects, like the
motion brought about by the lung in animals that
breathe the outer air, or by the gills in fishes. This
movement is closely analogous to that which occurs
in any animal that breathes, when it is choked by
holding its mouth under water ; for a similar heaving
of the chest is brought about under such circum-

stances by the lung. But, whereas in animals that
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breathe, this kind of motion® does not produce
adequate refrigeration, in insects it is sufficient for
the requirements.

[t is, then, by friction against the membrane that
insects produce the sound ¥ which we term hum-
ming ; just as children produce a sound by blowing
through a reed, in which they have bored a hole,
and covered it with a thin membrane. The cicada
also, such cicade that is as sing, produce their song
by means of a similar membrane. For these cicada
are hotter than their fellows, and have a fissure
below the junction of trunk and abdomen, whereas
there is no such fissure in those that are unable to
sing.®®

Among those animals that have blood® and
possess a lung, there are some that’ can live for a
long time without breathing. Theseare those whose
lung is of a spongy texture and contains but little
blood or fluid, in consequence of which it admits of
great expansion.”  For its own proper motion
enables it to produce sufficient refrigeration for a
considerable time,” There is, however, a limit to
its power, and such animals, if prevented from
breathing, are eventually suffocated, as was said
betore. For suffocation is the term applied to
exhaustion by lack of refrigeration; and animals
that so perish are said to be suffocated.

It has already been stated that insects are not
animals that breathe ; and this is manifest in the
small kinds such as flies and bees. For, if such
insects be immersed in any fluid, they swim about
in it for a considerable time, unless the fluid be ex-

cessively hot or excessively cold; and yet animals
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with small strength as a rule require more frequent
respiration.  Eventually the fly or bee perishes,
from what is called suffocation, because its belly gets
so drenched that the membrane ** at the junction of
the trunk and the abdomen is rendered perfectly
useless. This explains why the insect recovers
itself, if it be put for a time to lie in the warm ashes.

Again, of aquatic animals, those that are blood-
less live longer when removed from their element
and exposed to the air than do those that have blood
and that take in the sea-water after the manner of
fishes.” For, inasmuch as they have but little heat,
the air suffices for their refrigeration for some con-
siderable time; not but that in the end it proves
inadequate to maintain their vitality.

The Malacostraca [¢rustacea] and the poulps ™
are instances, for these are animals with little heat.
| Nor need we be surprised at this ;] for even fishes are
frequently * found underground, and when dug up
are still living, though in a motionless condition.
For animals that are entirely without a lung, or that
have a lung that is deficient in blood, have compara-
tively infrequent need of refrigeration.

(Ch. 10.) We have now dealt with the bloodless
animals, and have pointed out how to some of them
the surrounding air, and to others the surrounding
water, supplies the requisite aid for the maintenance
of life. But of animals with blood, and that possess
a heart, all those that also have a lung take in air,
and effect their refrigeration by means of inspiration
and expiration. And those have a lung that are
viviparous ; that is to say, that are internally vivi-

parous and not merely externally ; for the Selachia
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are viviparous, but not internally.*® Again, among
the Ovipara, those have a lung that have wings, as
birds ; and those also that have scaly plates, as tor-
toises, lizards, and snakes. But in the former, that
is in the Vivipara, the lung is rich in blood, while
in the latter, that is in the Ovipara, it is in most
cases 7 of a spongy character, on which account,
as was said before, these animals have less constant
recourse to respiration. They do, however, respire,
as do all animals that have a lung, even those that
spend their lives habitually in the water, as for in-
stance water-snakes,” frogs, crocodiles, fresh-water
tortoises,!® and those that inhabit the sea, and not
only such as live on land, and seals. For all these
animals, and others that resemble them, though they
produce their offspring on land,'" sleep indiffer-
ently on land or in the water, keeping in the latter
case their head above the surface, so as to be able
to breathe. On the other hand, all animals that
have gills are refrigerated by the admission of water.
Such is the group of animals known as Selachia,®
and such are other apodous animals, among which
are included all fishes ; for the appendages of fishes
are not feet but after the fashion of wings.'”

Of animals with feet there is but one that has
a gill among all such as have come under observa-
tion,'™ namely the animal known as a tadpole ;'™
and no animal has yet been seen having at the same
time lung and gills.’™ And the reason is, that the
lung exists for the purpose of refrigeration by air
(whence seemingly its name in Greek; pnreumon
meaning lung, and pnenma the air which it takes in),

and the gills exist for the purpose of refrigeration by
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water. But for a single purpose it is well to have
a single instrument, and in all cases one mode of
refrigeration is sufficient. Since, then, nature, as
we see, makes nothing in vain, and since, were there
two instruments of refrigeration, one of them would
be to no purpose, some animals have a lung while
others have gills, but no animal has both.'”

(Ch. 11.) Now, seeing that every animal requires
food to maintain its existence, and also needs re-
frigeration to preserve itself from perishing, nature
makes one and the same organ minister to both
these requirements. For just as in some animals
she has made the tongue serve for the perception of
flavours and also for the communication of ideas, so
has she made the part known as the mouth serve, in
animals that have a lung, both for the comminu-
tion of food and for inspiration and expiration.!’8
But, in animals that are without a lung and do not
breathe, the mouth serves for the comminution of
food,'"™ while there are gills to minister to refrige-
ration ; supposing, that is, the animal to be one that
needs [special organs of | refrigeration,””

As to the manner in which the organs that have
been mentioned respectively produce refrigeration,
this is a subject of which we shall speak hereafter.
In order, however, to prevent the food from hinder-
ing the process, much the same plan is adopted in
animals that breathe air as in animals that are cooled
by the admission of water; for as the latter do not
take in food at the same time as they take in water,
so the former abstain from swallowing during in-
halation. Should they act otherwise, they are

choked by the food, fluid or solid as the case may
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be, slipping into the lung through the windpipe.
For the windpipe lies in front of the cesophagus,!
that is of the passage through which the food passes
to the stomach.

Now in those sanguineous animals that are
quadrupedous, and bring forth their young alive, the
windpipe is provided with a kind of lid, namely the
epiglottis. In birds and in oviparous quadrupeds
there 1s no such provision, but the same result is
brought about by the animal contracting the en-
trance of the windpipe."” For the Ovipara contract
the windpipe during deglutition, while the Vivipara
shut down the epiglottis. Then, when the food has
passed, the windpipe is again expanded, or the epi-
glottis is again raised, and air is admitted for the
purpose of refrigeration. As for animals that have
gills, they first discharge the water through these
appendages, and then take in food and transmit it
through the mouth. For they have no windpipe,
so that any mischief that could happen to them
would not be the miscarriage of water into that pas-
sage, but its admission into the stomach. On this
account both the discharge of the water and the
deglutition of the food are performed by them with
great rapidity ; and, as there is no possibility of their
chewing their food,'* their teeth are sharp and their
dentition '™ in almost all cases serrated.

(Ch. 12.) As regards those aquatic animals that
are cetaceous,"® that is to say the dolphins, the
whales, and such other animals as have the so-called
blowhole, any one might fairly feel puzzled, though a
rational explanation can be given even as to these.

For though they are apodous, and though they have
476, b, 16
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a lung, nevertheless they take in sea-water. The
explanation, however, which we give of this is that
the water is not taken in for the purpose of refrigera-
tion, for these animals have a lung and their refrige-
ration is effected by respiration. This, too, it is
that explains why they keep their heads above the
surface when they are sleeping, and snore; as is at
any rate the case with the dolphins."® Moreover,
when they chance to be caught in the fisherman’s
nets they soon perish, being suffocated by the
stoppage of their respiration.''” Again, they are to
be seen on the surface of the water, coming there
in order to breathe. Inasmuch, however, as they
must necessarily take their food in the water, the
water must of necessity get admission to their
mouths, and must as necessarily be again discharged,
and it is to meet this necessity that they are all pro-
vided with a blowhole. For it is through this pas-
sage that they discharge the water they have taken
into their mouth, just as fishes discharge it through
their gills.!'8

The position of the blowhole is a further indica-
tion of this. For it does not lead to any of the
organs that are rich in blood, but is situated in front
of the brain, and here it discharges the water.!!

A similar explanation may be given of the fact
that the Malacia (cgplhalopoda) and the Malacostraca
(¢rustacea),’™ by which latter 1 mean such animals as
those known as Carabi (spiny lobsters) and Carcini
(¢rabs), also take in water. For none of these animals
have any need of respiration, seeing that they are all
bloodless and have but little heat, so that the water

in which they are bathed is sufficient for their due
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refrigeration. They discharge the water, then, lest,
being taken in at the same time as the food, it should
flow into the stomach. In the Malacostraca (erus-
tacea), such as the Carcini (¢c7abs) and Carabi (spiny
lobsters), the water is discharged through the over-
folds alongside of the shaggy appendages;'®' and
in the sepias and poulps through the pipe which
1s above the so-called head. But these are matters
of which a more detailed account has already been
given in the Historia Animalium.

The explanation, then, which we give of the
taking in of water is that in some cases it is sub-
servient to refrigeration, and that in others it occurs
because animals that are by nature aquatic must
needs take their food out of the water in which they
live.

(Ch. 13.) We have next to treat of the means
by which refrigeration is effected in animals that
breathe, and in animals that have gills. Now, that
all animals breathe that have a lung, has already
been stated. DBut the reason why only some animals
have this organ, and why such animals need respira-
tion, is this. To the nobler kinds of animals a
greater amount of heat has been allotted ; for with
greater heat is necessarily associated a nobler soul ;
and on this account animals are all of nobler nature
than plants. Wherefore, also, those animals whose
lung is most richly supplied with blood and heat are
of more than average bulk ; ™** and the animal that
possesses the most abundant and the purest blood
of all—namely, man—is of all the most upright, and
alone of all has his upper part turned towards the

upper part of the universe,'” in virtue of his pos-
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sessing a lung with this kind and quantity of blood.
It is this part, then, as much as '*! any other that
can be named, that in man, and in such other animals
as have it, must be held to constitute the essential
character.

Such, then, is the final cause for which animals
have a lung. But as to the material and the efficient
cause, we must ' suppose that the ultimate compo-
sition of some animals is such that they have this
part, just as the ultimate composition of many others
is such that they have it not. Forsome animals are
mainly formed of earth—in this resembling plants—
while others are formed of water, as are aquatic
animals ; while animals that fly and animals that live
on land are formed in the one case of air, and in the
other of fire; and they are so distributed that each
is in a station of which the constitution is akin to its
OWIL.

(Ck. 14.) Empedocles, then, was in error when
he said that the hottest animal and those that had
most fire were such as live in water, and that
they took refuge there in order that their excess of
natural heat and their deficiency in cold and fluid
might be balanced by the contrary characters of the
medium, inasmuch as water was not so hot as air.!'*®
For in the first place it is utterly inconceivable how,
after being severally generated on the earth, they
should be able to change their habitat to the water ;
for they are almost all apodous. Yet Empedocles,
speaking of their original formation, says that they
are generated on the land, but migrate from this to
the water.'”™ In the second place, according to all

appearances, they are not hotter than land animals ;
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for some of them are utterly destitute of blood, and
others have but little. But in deciding what kind
of animals should be called hot and what kind cold,
Empedocles made unsupported assumptions.'*® As
regards, however, the cause of which Empedocles
speaks, it is in a certain sense correct to say that
organisms seek to attain the mean, but nevertheless
what he says on the subject is assuredly not true.!®
For those animals that present excesses due’ to
acquired habits of body find security in places and
in seasons of character contrary to such excess.
But an animal, so far as its natural or material con-
stitution is concerned, is most secure in places of
a constitution similar to its own. For the matter
out of which any given animal is made is not the
same thing as the conditions, persistent or temporary,
of that matter.’® [ mean, for instance, that if
nature were to make a thing of wax or of ice, she
would not give it security if she set it in a hot
medium ; for it would speedily be destroyed by this
contrary inasmuch as heat melts that which derives
its consistency from cold. Neither, again, if a
thing consisted of salt or of nitre, would nature
place it in water ; for things to which hot and solid
matter give their consistency are dissolved by fluid.
Supposing, then, that fluid and solid are the mate-
rials of which all bodies are made,' such as consist
of fluids will reasonably have their place in fluids,
and such as consist of solids will have their natural
home in solids; and similarly with things that
consist of cold matter. For this reason trees grow
not in water but in earth; and yet, if what
Empedocles says as to things with excess of heat
477, b, 29
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were true, these trees should by parity of reasoning
migrate to the water, because of their excess of
solid matter. For thither they would go, not in
virtue of its cold, but in virtue of its fluid constitu-
tion. The material composition then of a thing,
that is, its natural composition, agrees with the
composition of the place in which it exists; things
of fluid composition are in water, things of solid
composition are on land, and things of hot composi-
tion are in the air, Constitutions, however, that are
derived from habit, if they have an excess of heat,
are best off when placed in cold, and, if they have
an excess of cold, when placed in a hot environment ;
for the environment equalises their excess and
reduces it to the mean. Such reduction to the
mean must be sought [éy mzigration] within the
medium of which the material constitution tallies
with that of the organism, and in changes of season
by which all media alike are affected. For it is
possible for the habitual constitution to be contrary
to that of the environment, but it is not possible for
the material composition to be so.

Thus much, then, in contradiction to the state-
ment of Empedocles, that some animals live in water
because of the heat of their natural constitution,
while others live on land because of their opposite
composition ; thus much, also, as to the reason why
some animals have a lung, while others are without
that organ.

(Ch. 15.) As to the reason why those animals
that have a lung take in air and respire, and especi-
ally those among them whose lung is rich in blood,

the explanation is to be found in the spongy character
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of this organ, which is full of pipes, and in the fact
that of all the so-called viscera it is the lung which
is most abundantly supplied with blood.

For those animals whose lung is rich in blood
require that their refrigeration shall be effected
with rapidity, seeing that it requires but very little
to destroy the balance of their vital heat. They
require, moreover, that the cooling agent shall make
its way into every part of the lung, because of the
abundance of its blood and heat. Both these
requirements can be easily fulfilled by air. For air
is of a subtle nature, so that it can permeate all
parts, and this with speed, and therefore can produce
rapid refrigeration ; whereas water is of an opposite
character. The reason why animals whose lung is
rich in blood have more perfect respiration than
other animals is also manifest ; for, the greater the
heat, the greater the demand for refrigeration.

The inspired air, at the same time as it permeates
the whole lung, also passes with readiness to the
source of heat, which is in the heart. (Cé. 16.) For
the heart is connected with the lung by passages,'*
the disposition of which must be studied in dissec-
tions, and in the description given in the Natural
History of Animals.

The natural constitution of animals, then, is such
that they all, without exception, require refrigera-
tion because of the cardiac fire in which their soul
is incorporate. In animals that in addition to a
heart have also a lung, this refrigeration is effected
by breathing ; but in such animals as fishes, which,
though they have a heart, have no lung, it is

effected by the passage of water through the gills,
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these animals being of aquatic nature. As regards
the position of the heart in relation to the gills,
the treatises on anatomy must be consulted for
pictorial representation,’® and the Natural History
of Animals for detailed description.’™ It may be
well, however, to give here a short account of the
matter, and the arrangement in summary is as
follows. The position of the heart in fishes would
appear to the eye to be different from its position in
land animals. In reality, however, it is the same in
both cases. For the point of the heart is in both
turned in the direction in which the animal inclines
its head ; but inasmuch as the head 1s not moved in
the same direction in fishes as in land animals, the
heart in the former has its apex turned towards the
mouth.™ From the extremity of the heart a tube,
resembling a sinewy blood-vessel, runs to the central
place, where all the gills unite with each other.!®
The tube here described is the largest, but there are
also others on either side of the heart, and these run
to the extremity of each gill, and it is through them
that the cooling, due to the continuous passage of
the water through the interstices of the gills, is
imparted to the heart.

Corresponding to the motion of the gills in
fishesis the motion of the thorax in animals that
breathe ; for this moves upwards and downwards
in frequent alternation as the breath is taken in or
expelled.

Animals that breathe in a limited amount of air
that is unrenewed are suffocated ; ™7 [and the same
happens lo fiskes in a limited amount of waler ;| for

the air or the water soon becomes hot, being heated
478, b, 18 H
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by contact with the blood. But if the medium be
hot, refrigeration is arrested.

Again, if the motion of the lung in animals that
breathe, or of the gills in animals that live in the
water, be prevented, be it by disease or by old age,
death forthwith ensues.

(Ch. 17.) All animals alike, then, present these
two phenomena: they are all born and they all die.
The modes, however, of these occurrences present
specific differences. For decay also is not without
diversity, though its forms have a common element.

Death is either violent or natural ;: violent when
the originating cause is something external ; natural
when the cause is internal, and when the death is due
to the original constitution and not to some adven-
titious ailment.

Now, in plants this natural ending is termed
withering, while in animals it is termed senile decay.
Death and decay appertain to all living things alike
that are not imperfect. To the imperfect also they
appertain after a fashion, but not in exactly the same
way. By imperfect I mean such things as eggs and
the seeds of plants as yet without roots.

Now, in all living things decay is brought about
by the failure of heat; and in perfect creatures by
failure of heat in the part in which the essential
principle resides; and this, as has been already
stated, 1s placed at the meeting point of the upper
and the lower parts; namely, in plants at the junc-
tion of root and stem ; '*® in animals that have blood,
in the heart; and in bloodless animals, in the part
that 1s analogous to a heart.

In some of these bloodless animals, however, the
479, a, 2
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centre of life is not one, but multiple ; that is to say,
there are many centres potentially, though not actu-
ally. And this is the reason why some insects
live after their body has been divided; and why,
even among sanguineous animals, such as are not
too highly vitalised continue to live for a consider-
able time after their heart has been removed. Such,
for instance, is the case with tortoises, who, so long
as their shell is left, struggle with their feet after the
removal of the heart,"™ because their physical con-
stitution is of low grade and approximates to that of
insects.

The principle or source of life is lost to its pos-
sessor when the heat with which it is associated is
no longer tempered by refrigeration; for then, as
has been repeatedly observed, it is consumed by its
own activity.

When, therefore, the lungs or the gills, as the
case may be, have in the course of time got dried
up, and have become hard and earthy, their motion
is impeded, and they can no longer be duly elevated
and depressed; and at last something happening
that intensifies this condition, the fire burns out from
exhaustion. Thus too it is that in old age the oc-
currence of even slight ailments causes speedy death,
for in old age the heat is but scanty—most of it
having been exhaled in the course of a long life—
and it is therefore soon extinguished should any
kind of stress affect the heart ; for its fire is now like
a small and feeble flame which the slightest move-
ment will put out.

On this account also the death that comes in old

age is painless, for the aged die without any violent
479, a, 21 H2
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affection befalling them, and the parting of their soul
is quite unfelt,’

Again, all such diseases as cause the lung to
become hard—be it by tubercles or by residual matters
or by excess of morbid heat, as in fevers—increase the
frequency of the respiration, because the lung cannot
be raised up or depressed in sufficient degree; and
finally, when its motion is entirely stopped the sick
man gives out his last breath and dies.

(Ch. 18.) Birth,"" then, consists in the first incor-
poration of the nutritive soul in its hot substratum,
and life is the maintenance of this embodiment.
Youth corresponds to the growth of the primary
organ of refrigeration, old age to the wasting of this
organ, while the interval between these two periods
is the prime of life.

Death and decay when violent consist in the
extinction or the exhaustion of the [zzza/] heat, either
of which may cause dissolution. Natural death and
natural decay consist in the exhaustion of this same
heat, but only when such exhaustion is brought
about by lapse of time and fulfilment of the natural
term of life. The termination is in plants called
withering, but in animals it is called death; and
when such death comes in old age, it is due to the
senile inability of the lung to produce refrigeration,
and the consequent exhaustion of the heat.!?

We have now explained in what birth, life, and
death severally consist, and for what reasons animals
are subject to them.

(C#4. 19.) It is plainly apparent also from what
has been said why animals that breathe are suffocated

when placed in water, while fishes are suffocated
479, b, 10
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when placed in air; for in these latter refrigeration
can only be brought about by water, while in the
former it can only be brought about by air, and by
the change of place each is deprived of its require-
ment.

We new proceed to explain what is the cause to
which the motion, in some animals of the lung and
in others of the gills, is due; and how by the eleva-
tion and depression of these parts, in the one case
air, in the other case water, is taken in and dis-
charged ; and, lastly, we shall describe the structure
of these organs.'®

(C/%. 20.) In connection with the heart are three
phenomena that might be taken to be of one and
the same nature, but are not so in reality. These
are palpitation, pulsation, and respiration.

Palpitation, then, is due to the driving inwards
of hot matter from the rest of the body to the heart,
in consequence of a refrigeration caused either by
residual substances or by substances derived from
body-waste."  Such palpitation occurs in sundry
diseases, and especially in that known as Palmus.
It occurs also in terror, for in terror, no less than
in the above-mentioned disease, the upper parts of
the body are chilled, and the hot matter, escaping
thence and becoming concentrated in the heart, causes
this organ to palpitate.!*

Sometimes indeed the concentration is carried to
such an extent as to extinguish life, and the animal
dies from terror and the morbid affection which terror
produces. !

The pulsation of the heart, that is the motion

which we see always going on without intermission
479, b, 27
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in that organ, resembles the throbbing in an abscess ;
only the latter motion, which continues until the pus
1s fully concocted, is accompanied by pain, inasmuch
as the change going on in the blood is an unnatural
change. This affection is comparable to ebullition ;
for ebullition occurs when fluid is aerified by
heat, for its bulk then becomes greater, and in
consequence it rises up. DBut while in the process
of ebullition the fluid finally escapes beyond the
limits of the vessel that contains it, the termination
in the abscess is that the fluid, if it be not dispersed
by evaporation, becomes thickened, and corrupt
matter is formed. |

Now the heart is constantly being supplied
with fluid 7 derived from the food; and this, ex-
panding under the influence of heat, lifts up the
outer tunic of the heart and so causes pulsation.
And this goes on continuously ; for the fluid matter,
out of which the blood is formed, 1s always flowing
without interruption into the heart; this being the
place where the blood is first elaborated, as is plainly
shown in the development of the embryo. For the
heart is visible and is seen to contain blood,'® at a
period when the vessels are not yet distinctly formed.

The uprising of the vapour [of food info ihe
keart] is more abundant in the young than in those
of more advanced years, and consequently pulsation
is greater in youth than in old age.'® Again, all
the vessels pulsate, and pulsate simultaneously, inas-
much as they are all in connection with the heart;
and, as the heart is always in motion, so also are
they, simultaneously with it and with each other.™"

Palpitation, then, is the reaction from the forcible
480, a, 13
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compression of hot matter in the heart by cold.
Pulsation is the aerification of the fluid matter as it
gets heated ; (Ck. 21) and respiration is the result
of the increase of the hot matter in which the nutri-
tive principle is embodied. For just as all the other
constituents of the body require sustenance, so also
does this hot matter, and more than they, for it is
the cause of their being nourished.

Now when the hot matter is increased, it cannot
but cause the organ which surrounds it to expand.
This organ we must picture to ourselves as being
constructed much after the fashion of the bellows in
a smithy ; for this represents fairly enough the form
that has been given to the lung, as also to the
heart.” We must further picture the bellows as
being double ; ¢ for it behoves the nutritive prin-
ciple to be in the centre of the cooling influence.’

The organ, then, increases in bulk and expands ;
and, when it expands, so also of necessity must the
part that environs it. Indeed, this expansion is
visible during inspiration ; for when persons inspire,
they expand their chest ; because the principle which
is lodged within, [ #4at zs, the internal fire], causes a
similar expansion in the part we have compared to
a pair of bellows.” But, when the organ expands,
the outer air will of necessity flow in, just as it flows
into the expanded bellows, and being cold, and pro-
ductive of refrigeration, will quench the excess of
the internal fire. And as the part expanded with
the increase of the heat, so also will it of necessity
subside with its diminution ; and by this subsidence
the air which was previously admitted will be again

di charged ; and, though it was cold when admitted,
480, b, 4 :
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when discharged it will be hot, having been heated
by contact with the hot matter within the part, and
especially so when the animal is one whose lung is
rich in blood.

For the air makes its way into numerous pipes
or narrow passages within the lung, and alongside
each of these run blood-vessels, so that the lung
seems completely full of blood.

The entrance of the air is termed inspiration,
and its exit is called expiration ; and so long as the
animal lives, these motions of inspiration and expi-
ration go on without interruption, so that life and
respiration are inseparably bound together.

After a like fashion also is the motion of the
gills produced in fishes. For when the hot matter
in the blood expands as it flows through the parts,
it lifts up the gills and lets the water pass through,
but when the hot matter has been cooled and passes
down to the heart through the channels,” the gills
fall back again and discharge the water. And this
expansion of the hot matter in the heart, and this
return of it thither when cooled, go on in continuous
alternation. Life or not-life depend, then, in these
animals on the admission of the water, as in animals
that breathe they depend on the admission of air.

We have now treated of Life and Death, and have
also pretty fairly discussed such other topics as are
akin to them. Health and disease are subjects that
come within the province not merely of the phy-
sician, but so far as the consideration of their causes
goes, within that of the natural philosopher.

That these inquirers differ from each other, and

examine the subject from distinct points of view,
480, b, 24
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must be fully recognised. Yet that their respective
provinces are to some extent conterminous is shown
by the fact that such physicians as are men of refine-
ment and wide culture ™ are wont to talk of the
laws of nature, and profess to derive thence their
principles of practice, while the most accomplished
of the natural philosophers rarely fail in the end to

touch on the principles of medicine.
480, b, 30






NOTES

1. Aristotle says ¢ in some animals,’” because respiration i1s limited
by him to animals that breathe air by lungs. Cf. Note 43.

2. 414, a, 20. De Animd . 2, 16.

3. That the several faculties or parts of the soul of an animal, with
the doubtful exception of the intellectual faculty, are inseparable from
each other is laid down very positively in the De Animd (413, b. il 2,
and 411, b. i. 5, 30). The main fact on which this conclusion is based
appears to be that, when such an animal as an insect is divided, it 1s
not found that one piece retains the nutritive, another the sensory,
and another the motor faculty, but that any part that retains one of
these faculties also retains the rest. Cf Note 17.

4. A very unsatisfactory definition of ‘anterior,’ even if vision be
taken to represent the senses, as it is elsewhere (712, b, 15-20). De
fncesswe 14, 7.

5. Because, as appears later (cf. Note 31), this is the most advan-
tageous position, inasmuch as by it the nutritive principle is in the
centre of the parts to be nourished, and nature cannot but select the
most advantageous plan. Cf. Introd. p. 2.

6. Upper in the universe is defined elsewhere (208, b, 19. Nas.
Auwux. iv. 1, 5) as the direction in which fire and light bodies ascend ;
lower as the direction in which heavy bodies fall.

7. “Nor is that an absurd similitude or conformity which has been
remarked between man and a plant inverted. For the root of the
nerves and faculties in animals is in the head, while the seminal parts
are the lowest—the extremities of the legs and arms not reckoned.
In a plant, on the other hand, the root (which answers to the head) is
regularly placed in the lowest part, and the seeds in the highest.’
—Bacon, Newv. Org. I1. xxvii.

8. 'Aristotle supposed that the food of plants was taken in exclu-
sively by the roots ; and that previously to absorption it had under-
gone elaboration by the agency of the heat of the soil, which served
the plant in lieu of a stomach. A consequence of this was that
plants had no excretions (D¢ Partf. . 3. 1o, ii. 10. 2; 650, a, 22,
and 655, b, 32), for their food contained no useless residue, and any
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excess in amount was used up in fruit and seeds. A necessary
corollary of this was that the absorbed matter was very composite,
containing as it must all the constituents of the plant, even to the
savours of the fruits (De Sensw 4. 7 : 441, a, 30), already formed.

These views were universally accepted for many centuries. Van
Helmont {1577-1644), however, who, like Thales (983, b, 2z0. Mefapi. i.
3, 5), held that the ultimate constituent of all things was water, supposed
that this fluid was the only thing absorbed by the roots, and that it was
converted by the activity of the plant into all the various constituents
of its substance. Later on Malpighi, in his dnafomes Plantarum fdea
(1671), showed that it was in the leaves that the crude materials
absorbed by the plant were converted into the substances required for
its growth ; after which Hales (1677-1761) proved that the leaves
were not merely laboratories for the formation of nutritive substances,
as Malpighi had supposed, but also the channels through which most
of the materials required by the plant made their entrance, a much
larger part of its solid substance being derived from the air than from
the soil or the water. If to these successive discoveries be added
one which Sachs (Hist. Bol. p. 464) ascribes to Jung (1587-1657), that
plants do give off excreta, it will be seen that the whole of Anistotle’s
doctrine as to the nutrition of plants has been swept away.

g. The text is undoubtedly corrupt. I have attempted, however, to
give a meaning to &' airor, by supposing Aristotle to allude to
grafts and parasitic plants, which only derive food indirectly from
the soil.

10. Cf. Introd. pp. 1-3. Aristotle's language as to the retention
of vitality by the segments of a divided animal is not always quite con-
sistent. Sometimes, as here, he speaks as though that segment alone
remains alive which is in connection with the central part in which is
lodged the heart or its analogue. Thus, in the Hise. Anim. (iv. 7, 3 ; 531,
b, 30) we read ¢ All insects retain life when cut in two, except those
that are either of excessively cold constitution or so small as rapidly
to lose their heat. For even wasps live after such section ; and that
segment, whether head or abdomen, that remains in connection with
the central part retains life, while the head, if not so connected, dies.
But in other passages he speaks as though such connection with the
centre were not absolutely necessary. Thus, speaking in the De
Animd (i. 5, 30 ; 411, b, 19) of insects that have been cut in two, he
says ‘ Each of the two segments retains sensation and the power of
locomotion for some time. That they do not retain these faculties
permanently is not to be wondered at, for they have not got the organs
that are required for their preservation. Nevertheless, all the several
parts of the soul are present in each severed part, and [#hese segmien-
fary sowls) are similar in kind to one another and to the soul of the
entire insect.” See also 413, b, 21. De Animd 11. 2, 9, and 467, a,
19. De Long. et Brev. Vite 6, 4.

h-— &
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The contradiction is, however, more apparent thanreal. He holds
that in insects the soul with its faculties exists dispersedly in all parts
of the body, but that, even in insects, 1ts main seat i1s in the heart or
analogous organ. The difference, therefore, between the segment in
connection with the heart and the segment not so connected is rather
of degree than of kind.

11. It does not appear to what animals Aristotle here alludes.
Among them, however, was probably the tortoise (cf. Note 139);
perhaps also earthworms and eels.

Aristotle knew (508, b, 7. Hist. An. ii. 17, 24) that, when the tail
of a lizard has been lost or removed, another grows in its place ; but
he did not carry his observations on divided animals far enough to
discover that in some cases the separate portions develop into perfect
animals ; indeed, he expressly states (467, a, 21. De Long. ef Br. Vit.
6, 4) that such is not the case. This was, in fact, not known till the
middle of the eighteenth century, when it was shown by Trembley (Meme.
powr sere. @ Phist. dun genre de Polypes d'eaw dowce. Leyden, 1744)
to be the case with the freshwater hydra ; and then by Réaumur and
others with earthworms, ¢ sea-millipedes,’ starfishes &c. (Méum. p. serv.
a I Hist, Nat, des Tnsectes, vi. Ixi. Ixiv. Ixix.).

12. The iteration and confusion, noticed in the Preface, is very
conspicuous in this part of the treatise, and has necessitated some
readjustment and dovetailing of clauses and sentences,

13. Cf Introd. pp. 2-7. 411, b, 23. D¢ Animd 1. 5. 30, and 467,
a, 21. e Long, et Brev. Vil 6, 4.

14. There i1s no such discussion in the extant works. Perhaps it

ras in the lost treatise on plants.

15. Cf. Introd. p. 2. One is tempted to credit Aristotle with a
knowledge of such organisms as the Polyzoa, or the social and com-
pound Ascidia ; but had he known of them, he would most assuredly
have made mention of them here.

16. For €év tois éyover, which is unintelligible, I read év rois
evTipOLE.

17. “ Chez les animaux les plus inférieurs . . . . la facult? de sentir
ne semble étre l'apanage d'aucun instrument physiologique spécial,
car elle peut persister dans tout fragment de I'étre séparé du reste du
corps.'—M. Edwards, Legons xi. 356.

18. For ufﬂ'ﬂl}mu I read r:fl'r;a'ﬂ-'.

19. Insects, such as grasshoppers, from which the viscera have
been entirely removed and replaced by cotton-wool, as entomological
specimens, if not pinned down, often fly away. As to the tortoise, see
Note 139.

20. The seeds which Aristotle examined, and which led him to the
erroneous belief that all seeds are bivalved, were beans and the like
(752, a, 22. De Gen. 111, 2, 3). Theophrastus, though he tries to make
out that the grains of corn are in some kind of a way bipartite or
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bivalved, says this is much more conspicuous in the case of legumina
(Hist. Plant. viii. 2, 2). The division of plants into those with a two-
leaved and those with a one-leaved or leafless embryo, or, in modern
terms, into dicotyledons, monocotyledons, and acotyledons, was first
made in the seventeenth century by Ray.

21. The very doubtful word €yera: must correspond to the euvrijrrac
in the parallel passage in the D¢ Gemeratione (iii. 2, 3; 752, a, 21),
and refer to the junction of the two cotyledons, or ceflar, while
7 mponawéduxe refers to the junction of the seed with the funicle, or Aifum.
These in the bean and most seeds are closely contiguous, and are con-
sidered by Aristotle to be identical. He regards this point as central,
not only because it lies between the seed and the mother-plant, but
because it is between the cotyledons on either side, and the plumule
and radicle above and below. :

22. This point of union between root and stem played an important
part in the speculations of botanists even so late as in our own century.
It was known by them as the cor, the cerebrum, the fundus plante,
and later as the co/fwm. Here Cesalpino, writing in the sixteenth
century, located the soul of the plant; and though the Linnman
botanists of the nineteenth century neither knew what Cesalpino
had done nor believed in a soul of plants, ‘ they still entertained,’ says
Sachs (Hist. Bot. 1. ch. 2), *a superstitious respect for this part of the
plant, which is really no part at all ; and this, it would seem, explains
the fact that an importance, scarcely intelligible without reference to
history, was once attributed to it, especially by some French botanists.’

23. Omit eis.

24. Cf. 663, a, 33. De Part. iil. 4, 2 : ¢ In sanguineous animals the
heart and the liver are visible enough when the body is enly just formed,
and while it is extremely small. For these parts are to be seen in the
egg sometimes as early as the third day, being then no bigger than a
point, and are visible also in aborted embryos while still excessively
minute.! And again, 561,a, 11. Al An vi. 3, 2, where it 1s said that
the heart at its first appearance looks like a bloody spot, and palpitates
as though endowed with life, a deseription which is the origin of the
prenctum saliens of later writers. The heart is not actually the first
structure that appears in the embryo, but it is the first part to enter
actively into its functions, contracting in the chick early in the second
day of incubation, and becoming a few hours later rhythmical in its
motion. Cf. Introd. p. 4.

25. 665, b, 15. De Part. iil. 4, 6.

26. Meaning of course mastication. °‘The mouth, however, does
not actually concoct the food, but merely facilitates concoction ; for
the subdivision of the food into small bits facilitates the action of heat
upon it’ (850, a, 10. De Pari. . 3, 8).

27. Aristotle held that the objects of sense could act on the sense
organs only through a medium to which they imparted their motion,
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which it in turn communicated to the organ, whence it was conveyed
inwards to the semsorsunt commune. Airand water formed the medium
for sight, hearing, and smell alike, but not in virtue of the same quality.
In sight it was the transparent (Swacharés) which was effectual ; in smell
it was a nameless something which, like the transparent, was common
to both elements ; and, similarly, there was another nameless some-
thing in them which served as the medium of sound. In short, as
modern physicists assume the existence of a luminiferous ether, so
Aristotle assumed the existence of three similarly hypothetical media,
one of which he called the transparent, while the two others received
in later days the names of the ‘transolent’ (§loopor), and the ‘trans-
sonant’ (8uyes). See Torstrik, Notes to De Animd . 7. The organs
of these three senses were of course the eye, ear, and nose. These were
connected with the interior of the skull and surface of the brain by
certain passages or channels (mdpoi), and this again was connected with
the heart by blood-vessels; and, therefore, so far as anatomy went, either
brain or heart might be the seasorizem commune of these three senses.
But it was not so, he thought, with touch and taste. Of these the flesh
and the tongue could not be the actual sense-organs, for the analogy
of the other senses showed that a sense-object could not produce the
appropriate sensation if placed in direct contact with the sense-organ,
but required the intervention of a medium, whereas an object gave rise
to the sensation of taste or touch when placed directly in contact with
tongue or flesh.

“If a coloured body be placed in direct contact with the eye, the
eye will not see it. There must be a transparent medium, such as air,
which is set in motion by the colour, and which in turn sets in motion
the sense-organ, with which it is in continuity. For Democritus was
mistaken in supposing that, if the interval between the eye and the
object were a vacuum, vision would be so distinct that we should be
able to discern so small an object as an ant, though it were at the dis-
tance of the heaven. . . . In reality, with a vacuum in place of a
mediumgthere would be no vision at all. The same is true in the case
of hearing and of smelling. A smell or sound sets the medium in motion,
and this in turn moves the organ of sense. DBut when the object from
which the sound or smell proceeds is placed directly upon the sense-
organ, it produces no sensation. The same is true of touch, though it
is not so evident, for reasons to be given hereafter’ (419, a. De An.
ii. 7), and again, ‘ The direct contact of an object with an organ of
sense in no case produces a sensation. Thus, if a white body be placed
in contact with the eye, there is no sensation of whiteness. This
shows plainly that the sense-organ of touch hes deeper than the flesh.
For the same must occur in the organ of touch as in the organs of the
other senses. Thatis to say, it must be—as they are—insensible to
objects in direct contact with it. The fact, then, that objects are felt
when in contact with the flesh shows that the flesh must be the medium
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that separates the object from the sense-organ ; the flesh and tongue
standing to touch and taste apparently in the same relation as do air
and water to sight and hearing’ (423, b. D An. ii. 11).

The flesh, then, and the tongue must be the medium and not the
organs of these senses. But the flesh and the tongue were in no con-
nection whatsoever with the brain (nerves of course being then undis-
covered), and were indeed shut off from it completely by the bony
walls of the skull. They were, however, not thus shut off from the
heart, which was, moreover, made of the same substance as themselves,
and could therefore readily respond to their motion. As, then, all five
senses alike could communicate their motions to the heart, while only
three could communicate them to the brain, the heart and not the
brain must be the sensoriune comneune.

The flesh, then, being the medium of touch and taste, what were
their sense-organs? There were none distinct from the sensorium,
none being required, inasmuch as this medium was itself in direct
contact or contiguity with the senserizem commuene, and consequently
a motion which affected the medium affected the sensorium simul-
taneously, so that the heart was at once sensorium and sense-organ.
The flesh stood to the heart in the relation that a shield stands to a
man’s body with which it is in contact. * When the man is wounded by
a blow through the shield, we are not to suppose that the shield is first
struck and then strikes the man, but shield and man are smitten
together ;* and similarly the motion of the tangible object is communi-
cated to flesh and heart, that 15 to medium and sensorium simul-
taneously (423, b, 15. De An. ii. 11, 13).

28. Aristotle had previously argued that, as the sensory prin-
ciple was clearly located in the heart, there also must be located the
principle of nutrition. Here he reverses the argument.

29, E.g. Plato in the Timews (Jowett's Transl. ii. 568), who pro-
bably borrowed the opinion, as Galen says (De Usu Part. 1. 8) he did
his physiology generally, from Hippocrates. Democritus, also (Zeller,
Pre-Soc. Ph. ii. 258), had taught that the sovereign part of the soul
was in the head, and Diogenes of Apollonia, more directly, had held
that the brain was the seat of sensation, being surrounded by a layer
of hot dry air, which was in connection with the sense-organs by means
of the blood-vessels, and so sympathised with their motions and affec-
tions (Grote's Plafe, 1. 65).

30. 656, b, 5. e Part. il 10, 10. See note 9 to that chapter in
my translation, for a discussion of the reasons which led Aristotle to
make the heart rather than the brain the seat of sensation.

31. As I understand this somewhat obscure passage, Aristotle
divides the body into two departments : one, the heart in which the
food is finally elaborated, and, the other, that part to which the food,
thus elaborated, is distributed, that is to say, all the body excepting the
heart. That the soul shall be placed in the former will be the most
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advantageous arrangement for both ; for the soul will thus be in a
central position, and so best placed for the government of the whole ;
while no part of the body will be far removed from the source of its
sustenance and heat. By ro 8exricdy, then, is meant not the stomach,
which is the receptacle of the mndigested food, but the mass of the
body, other than the heart, which is the recipient of the eladorated
food.

32. I omit the words rot rewdrov as unintelligible ; and, a line or
two on, I read ramor for rpomor. :

33. This seems at first inconsistent with the former statement that
the final elaboration of the food takes place in the heart. Aristotle,
however, did not suppose that a// the material that passed to the
heart was there elaborated ; for he speaks (651, a, 18, D¢ Part. ii.
4, 8) of the serum as ¢ the watery part of the blood that has not as yef
undergone concoction’; moreover, the elaborated blood was held by
him to undergo a second elaboration in the several organs, so as to
adapt it to special uses; thus the blood by a local concoction was
converted in the mammary organs into milk (776, b, 35. D¢ Gen.
iv. 8, 13); in the generative organs into the seminal fluid (719, b, 2. Je
Gen. 1. 12, 2) ; and in all parts of the body into fat (652, a, 9. De Part.
ii. 6, 6).

Natural heat, and all the vital activities that depend on that heat
nutritive, sensory, and motor—were in some degree diffused throughout
the body, though their central seat and fountainhead was in the heart.

34. Aristotle’s views as to the nature of fire are very obscure, and
his language far from consistent. Sometimes (e.g. 761, b, 18. De Gen,
lii. 11, 10; and 649, a, 20. De Part. ii. 2, 13) he speaks of it as
having no independent existence, but as requiring some other material
substratum ; apparently inclining to the view more distinctly enuntiated
by his pupil Theophrastus (D¢ Jegwe 3), that fire is not an actual
material substance but an affection of matter.

More usually, however, he regards fire as an actual material sub-
stance, being one of the four compounds that result from binary
combinations of the four primary forms of ultimate matter or protyle
(n mpary vAn), viz. hot, cold, solid, and fluid (see my translation of the
De Partibusii. 1, notes 3and 4). Of these, solid and cold form earth, fluid
and hot form air, cold and fluid form water, while hot and solid con-
stitute fire ; the first-mentioned constituent in each pair predominating
(331, 8, 4. De Gen. et Corr. ii. 3, 8).

Anything that neutralises or removes either of the two components
in any one of the pairs of course destroys the compound.

Thus cold and fluid neutralise respectively hot and solid, which are
the components of fire, and the termination of fire which is produced
by these contraries 15 called by Anstotle o3éois or extinction.

But, independently of this violent termination—violent because due
to external agency—fire can come to an end of itself, by what Aristotle

I
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terms pdpavets or exhaustion ; and it is asregards this exhaustion that
Aristotle’s precise views are doubtful. That the exhaustion is due to
want of fuel 1s manifest ; but how comes it about that fire requires
fuel for its maintenance ? Aristotle’s explanation apparently must have
been much as follows:—There is a tendency in fire for its two con-
stituents, hot and solid, to separate from each other; and the solid
matter, combining with the air, passes off as smoke, which is a com-
pound of air and solid matter or earth, in which solid matter is the
predominating constituent (331, b, 26. De Gen. ef Corr. ii. 4, 11 ; 443,
a, 27. De Sensu 5, 7). Consequently fire would come to an end if left
to itself, and no fresh solid matter or earth were supplied. But this is
done by means of fuel, which furnishes solid matter to take the place
of that which is lost as smoke. Thus the fire is always being destroyed
and always being reconstituted, ‘like a river, says Aristotle, ‘ever
flowing away and ever being formed anew.’

This is, I think, the only coherent account that can be given of
Aristotle’s views as to fuel ; but it must be acknowledged that there
are passages difficult to bring into exact accord with it. His notions
were probably not perfectly fixed and definite, though they involved a
rudimentary conception of the process of combustion.

In the living body, the fire in the heart may, like fire outside, be
extinguished by cold ; and animals die when exposed to this in excess,
partly from the direct action of the cold, which neutralises the heat,
and partly because cold checks the action of the stomach, and so cuts
off the supply of fuel. For the fire is fed by fuel derived from the food,
which rises up in the form of vapour to the heart (456, b, 4. De
Somne 3, 3). If this fuel fails, as in starvation, the animal dies from
exhaustion of heat (466, b, 28. De Long. ef Br. Vite 5, 10). But the
same result will of course ensue if the fire consumes the fuel faster than
the stomach can replace it ; and this will be the case if the fire be
excessive. To prevent this, the fire must be kept in bounds ; and this
is effected by respiration of air, or, in fishes, by the passage of water
through the gills. See Introd. p. 45.

35. Vital heat, according to Aristotle, suffers in two opposite ways
in old age. Firstly, much of it has been lost in the course of years,
so that the feeble remnant can be easily extinguished ; secondly, the
lungs have become hardened, by gradual loss of fluid, and perform
their duty of tempering the cardiac heat inadequately, so that the heat
burns up its fuel too quickly, and is thereby exhausted. It is to this
second factor that the text refers (see Note g7).

Stripped of erroneous detail, there is this solid nucleus of truth in
Aristotle’s account of senility : the temperature of the body is lower in
old age than in youth, and its regulation is less perfect, Cf. Introd.
P2

36. See Introd. p. 27.

37. The mmyeds was clearly some kind of receptacle inside which
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fuel could be burnt, and was provided with a cover by which all access
of air could be prevented ; and from a passage in Aristophanes
(Clowds 96) it would appear that this cover was probably dome-shaped.
It can scarcely, then, have been an oven, but must rather have re-
sembled a warming-pan. I have rendered it ‘chafing-pan,’ as a general
term which would include this implement and any other of analogous
construction.

38. It seems clear that for feppdryros should be read Jruypirgros.
The porosity of the ashes allows the excessive heat to escape, and a
moderate cold to enter, though it obstructs the ingress of excessive cold.

39. No passage answering to this reference can be found in the
Proflems as they have come down to us. It is strange that Aristotle
should not have noticed a most palpable and fatal objection to his
explanation of how it comes about that fire goes out when closely and
continuously covered up, so as to be kept from access of air. It is
obvious that, if such going-out were due to the fire being no longer
kept in bounds, and therefore rapidly consuming its fuel, this fuel
should be found to be exhausted when the cover is finally raised,
whereas such is of course not the case.

4o. If {@ov be the true reading, it must here be used to include
plants, and cover all things with life. But perhaps for mar {@Gor should
be read wdrra ra {Grra.

41. Aristotle entertained the strange notion that a fan cools a heated
body not merely by bringing a continuous current of colder air into
contact with it, but directly by its own motion, that is, independently
of the air. ¢ Every hot body,’ he says (667, a, 27. De Part. iii. 4, 30),
“is cooled by the motions of bodies external to itself’ And, again, he
supposes (669, a, 36. De Part. iil. 6, 8) that when an animal is under
water its lung will continue in motion, and that, though no air is
admitted, the motion itself will produce a certain amount of refrigera-
tion in the neighbouring parts. Insects again are, he says (475, a, 14.
De Resp. 9, 4), cooled sufficiently by the mere motion of their ab-
domen.

Of all his erroneous notions this, and the idea that right was in
nature superior to left and upper to lower, appear to me to have been
the most mischievous.

42. The *certain kinds of stones ’ must have been such as are bad
conductors of heat. ©Une plante donnée,’ says De Candolle, * résiste
mieux aux extrémes de la température dans un terrain plus compacte
ou moins bon conducteur du calorique ou moins doué de la faculté
rayonnante, que dans un sol ou trop léger ou bon conducteur, ou
rayonnant fortement le calorique.’

43. Arnstotle confines the term ¢ respiration’ to the admission and
discharge of air to and from lungs ; whereas we often use it, in a wider
sense, to include all processes by which oxygen is absorbed and car-
bonic acid discharged.
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44. In amphibia and in some lizards the lungs are reduced to simple
membranous bags ; and, though these bags are in most reptiles more
or less divided out by internal dissepiments, which increase the
respiratory surface, the parenchyma is always of a much looser and
more coarsely spongoid character than is the case in mammals. There
is very much difference in different groups in the extent to which the
subdivision of the lung cavity is carried ; and it is noticeable, as showing
what care Aristotle took in his anatomical investigation of these organs,
that he rightly states (671, a, 16. D¢ Pass 1. 8, 4) that the lungs of
sea-tortoises are in this respect superior to those of land-tortoises (cf.
Cuvier, Legons iv. 324 and 332).

The lungs in birds are very much smaller in proportion to the bulk
of the body than in mammals ; but are far more subdivided and much
more amply supplied with blood than those of reptiles or amphibia. In
annotating the De Parfibus (111, 6. Note 10) | suggested that Aristotle,
when he speaks of the lungs of birds as resembling those of reptiles in
their spongoid character, might have taken the air-sacs of the former
for the lungs ; but on further consideration I think this an improbable
supposition, and that it is wvery unlikely that Aristotle anticipated
Harvey in the discovery of these air-sacs. Nor is such a supposition
required ; for, owing to the walls of the deeper air-tubes being thick
and remaining always patulous, and those of the superficial tubes into
which they open being transparent, the lung of a bird presents on
section a peculiar perforated tubular appearance (Carus, Cowgp. Anat.
p- 118) ; and this, with their small size, would be to Aristotle a sufficient
justification for regarding them as of inferior character.

45. It appears from the Aist. Anim. (v. 33, 3), as also from a
passage later on in the treatise (cf. Note 100}, that the Emys was a
freshwater tortoise, probably the £. Ewropea. DBut in the De Part.
(iii. 9, 2; 671, a, 32) Emys is said to have a soft shell, which is
not the case with any freshwater tortoise with which Aristotle was
likely to have been acquainted, though it is true of the Trionyx of the
Nile. Aristotle’s soft-shelled tortoise can hardly have been anything
but the Testudo coriacea, frequent in the Mediterranean ; and the name
Emys must have been common to this marine animal and to the fresh-
water tortoise. The words ‘ tortoises and Emydes’ may therefore be
considered as equivalent to ‘land and water tortoises.’

46. Darwin ( Vayage of ¢ Beagle, p. 464), speaking of the Galapagos
tortoises, says ‘A seaman on board sank one with a heavy weight
attached to it, thinking thus to kill it directly ; but when, an hour
afterwards, he drew up the line it was quite-active.’ Frogs will live
for months under water, if this be constantly renewed, their cutaneous
respiration sufficing for the maintenance of life ; and they do not die
for some hours, even when submerged in water from which all air has

been removed. CL W. F. Edwards, De P infl. d. Agens phys. surla Vie,
pp. 48, 50
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47. Cf. Note 41.

48. Cf. Note 43.

49. See Introduction, pp. 17-19. There does not seem much
difference between the accounts given by Anaxagoras and Diogenes.
But the latter supposes a vacuum to be formed in the fish’s mouth,
which Anaxagoras holds to be impossible. Aristotle does not tell us
what were their notions as to oysters.

50. Aristotle does not say why inspiration and expiration must be
by one and the same channel. Apparently, he is merely guided by the
analogy of the wind-pipe.

5. Cf. Introd. p. 19.

52. Cf. Introd. pp. 20, 21.

53. Cf. Introd. pp. 28, 209.

54. Cf. Introd. pp. 25, 26.

55. One cannot see what led Aristotle to say that men hold their
breath when the air is cold. Perhaps he meant no more than that they
often, when going suddenly into frosty air, close the mouth and breathe
solely by the nostrils. Or perhaps he meant to say—and this is what
we should have expected him to say—that respiration is slower in
a cold than in a hot medium. But this—though it is true of cold-
blooded animals, and of such mammals as hybernate—is not true of
man and such warm-blooded animals as do not hybernate, unless the
difference of temperature be very great. ¢ Cette accélération,’ says
W. Edwards, ‘n'a ordinairement lieu d'une mani¢re bien sensible, que
lorsque la chaleur est accablante ou quelle est trés incommode® (De
Pinfl. d. Agens phys. sur la Vie, Paris, 1824, pp. 296, 301, &c.)

56. The passage in the Timaeus is as follows : ‘Let us once more
consider the phenomena of respiration, and enquire into the causes
which have made it what itis. They are as follows :—5eeing that there
15 no such thing as a vacuum into which any of those things which are
moved can enter, and the breath i1s carried from us into the external
air, the next point is, as will be clear to every one, that it does not go
into a vacant space, but pushes its neighbour out of its place, and that
which is thrust out in turn drives out its neighbour ; and in this way
everything at last comes round to that place from whence the breath
came forth, and enters in there, and, following the breath, fills up the
vacant space ; and this goes on like the rotation of a wheel, because
there can be no such thing as a vacuum. Wherefore, also, the breast
and the lungs, when they emit the breath, are replenished by the air
which surrounds the body, and which enters in through the pores of
the flesh and is driven round in a circle ; and again, the air which is
sent away and passes out through the body forces the breath inwards
through the passage of the mouth and nostrils’® (Yimaus, Jowett's
Transl. ni. sor1).

57. This seems to imply that Plato thought the ultimate use of
respiration to be the preservation of heat. And such may have been



118 NOTES

the case, for Plato borrowed his main physiological doctrines from
Hippocrates (Galen, De Usie Part. 1. 8), who held (Galen, De Uil Resp.
ch. 1) that the purpose of respiration was ‘nutritio et refrigeratio,’ by
which apparently was meant that it supplied the internal fire with fuel
and at the same time prevented it by refrigeration from consuming its
fuel too rapidly. Cf. Note 59.

58. This passage seems to be a criticism of Democritus rather than
of Plato. It is simply a repetition of what was said by Aristotle when
criticising the former (pp. 77,78). Very probably the passage was
interpolated, and in the wrong place, by the transcriber, when he was
collating two versions of the treatise.

59. It may have been Hippocrates who thus taught (cf. Note 57),
though I can find no passage to this effect in his admittedly genuine
treatises. DBut in the spurious treatise De Flafibus (ch. v.) we read
¢ Air is the nutriment of fire ; for fire, if deprived of air, cannot sub-
sist ;' and again in the De AZmento (ch. xi.) “For air is a nutriment.’

Sir T. Browne (Vule. Errors, iii. 21) says of air, ¢ Although in
some manner it concurreth unto nutrition, yet cannot it receive the
proper name of nutriment, and therefore by Hippocrates de afimento
it is termed Alimentum non Alimentum, a nourishment and no nourish-
ment. That is in a large acception, but not in propriety of language ;
conserving the body, not nourishing the same ; not repairing it by
assimilation, but preserving it by ventilation ; for thereby the natural
flame is preserved from extinction, and so the individual supported in
some way like nutrition.’

6o. Not to all analogy; for there are animals, such as the
Ceelenterata and certain Echinodermata, in which the mouth is the
only outward opening of the digestive tract, and serves therefore also
as anus.

61. ‘So the nostrils are useful both for respiration and smelling,
but the principal use is smelling ; for many have nostrils which have
no lungs, as fishes, but none have lungs or respiration, which have
not some show, or some analogy of nostrils,’—Browne, Vulg. Err. iii.
21. Cf. 444, a, 25. De Sensu 5, 19.

62. That fishes, insects (444, b, 7-15. D¢ Semsu 5, 22), testacea
(443, a, 4. De Semsu 5, 2), cephalopoda and crustacea (534, b, 16.
Hist. An. iv. 8, 25), and generally all animals that are not of imperfect
or stunted development (425, a, 10. D¢ Aan. iii. 1, 5), have the sense
of smell, was inferred by Aristotle from their being attracted to suit-
able food from a distance, though he admits that the exact position of
the organ of smell in these animals is uncertain.

The association, however, in man and the higher animals of this
sense with the organ of respiration—or, as Aristotle would say, of
refrigeration—led him to suspect a similar association in other cases ;
and consequently he located smell in the gills of fishes, in the blowhole
of cetacea, in the drums of cicadz, and, in other insects, in those thinner
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parts of the integument which he supposed to serve for the regulation
of heat (659, b, 15. De Part ii. 16. Note 10, in my translation of
that treatise).

There is not much greater certainty, even at the present day, as to
the olfactory organs in some of these animals. It is very doubtful
whether cetacea, fishes, or agquatic molluscs and crustacea can smell
at all; and, though the existence of this sense in the terrestrial
gasteropods and insects seems indisputable, there is an astounding
diversity of opinion as to the position of its organ. Thus Cuvier
thought that in the pulmonate gasteropods the whole integument
served as olfactory organ; Treviranus placed it in the mouth;
Carus in the orifice of the pulmonary sac ; Leydig in the anterior part
of the foot ; while Moquin Tandon and others assign it to the upper
tentacles. There is a similar variety of opinion in the case of insects ;
though most naturalists now agree in considering the antennz as the
chief, if not the only, olfactory organs in these animals. Cf. Jourdain,
Les Sens chez les Animaunx Inféricurs, ch. v.

63. That there should be an inherent tendency in the blood to
move to and fro would not seem so strange a notion to the ancients
as to us, For, as they were ignorant of the cause of tides, the sea
would appear to have such a natural tendency.

64. Though the general meaning of the passage here quoted from
Empedocles is clear enough, there are many words and phrases in it,
of which the rendering can at best be conjectured. Much latitude
must therefore be allowed to the translator.

65. It is plain from the context and from Aristotle’s paraphrase
that by Aigpaepor Empedocles does not mean absolutely bloodless but
partially so. The term oupiyyes is used by Aristotle for the air-
passages ; very probably Empedocles did not distinguish these from
the blood-vessels, thinking that both contained a mixture of blood
and air.

66. It is clear that Aristotle understood by pwar the nostrils, and a
similar view is taken by Scaliger, by Sturz, and by Mullach (Frag
Phil. Greee. 1. 68) among the commentators on Empedocles. But some
authorities, as Karsten (Phel. Grec. Vel. Rel. ii. 248) and Lommatschius,
suppose that by pwer Empedocles meant the skin, and that he was
speaking of a supposed cutaneous respiration (cf. Introd. pp. 20,
21) ; and this view has been adopted by Zeller (Pre-Socrat. Phil. ii.
165) and others. There appear to me, however, to be no sufficient
reasons for holding Aristotle to have misinterpreted Empedocles.
The language used by Empedocles, e.g. Aidip mapralwr karaBfreras
oidpart pdpye, is very hyperbolical even when applied to ordinary
nasal respiration, unless we suppose him to refer to snoring, but is
utterly inapplicable to the supposed passage of air through the pores
of the skin, noiseless and imperceptible.

67. 1 take adofi to mean the nasal channels or passages, and
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mucvats to be close-set, alluding to their close contiguity ; possibly,
however, it may mean ‘secret,’ or we should read smukrois and take it
with oroptos. :

68. The clepsydra of these lines is clearly the same implement
as the clepsydra of the Prodlems (xvi. 8). It is usually supposed to
be the water-clock known by this name. If so, the water-clock of the
time of Empedocles and Aristotle must have differed much in form
from those of later days. For, putting aside such complicated instru-
ments as that described by Vitruviuas, with its cogwheels and other
refinements, the ordinary clepsydra appears to have resembled one of
our sand-glasses, or even to have been a simple amphora with a hole in
the bottom, through which water was discharged when the amphora
was in an upright position (cf. King, Early Christ. Numismatics,
p. 113). But the clepsydra of Empedocles and of the Prodlems was
a funnel-shaped vessel, of which the wider end was covered with a
much-perforated disc. It resembled, in short, a funnel-strainer, such
as is used to decant wine and keep back any dregs ; or the removable
nozzle or rose of a common watering-pot, the narrow tube being the
athos, and the perforated disc the ffuos. It has, indeed, been sug-
gested that clepsydra was the name by which the Greeks designated
such a nozzle or rose. Thus Denis Petau in a passage quoted by
Sturz (Emped. 1i. 430) says that the name was applied ‘ad ea vasa
quibus ad perpluendas hortorum areolas utimur ;’ and a still older
writer, Pietro Vettori, also says (Var, Lect. xxxii. 1) ‘existimo voca-
tum guoque fuisse a Grecis hoc nomine vas illud quo mos est hortos
irrigare.’ I cannot find that their opinion rests on any better foundation
than conjecture. The conjecture, however, seems to me far from
improbable, and perhaps the more so because I recollect myself, as a
child, playing with the rose of a watering-pot just in the way the girl
is represented as doing in the verses of Empedocles.

69. Holding it, of course, upright, with the perforated disc down-
wards. If held slantingly the air escapes as stated in the Prodlems
(xvi. 8, 3).

70. Bringing, of course, the vessel out of the water in an upright
position, and with the perforated disc downwards.

71. For lofucio | read jfuoio.

72. The vague word reper, when applied to fluids, as tears, water,
blood, apparently means clear, limpid, free from clot. [In this place,
then, as applied to blood, it would correspond to Shakespeare’s  thin
and wholesome blood® (Hamlet, i. 5, 70).

73. The posterior nares.

74. By ‘a certain heat,’ I takeit, is meant a certain quality or kind,
not a certain quantity, of heat. For in a notable passage (737, a, 5. De
Gener. ii. 3, 12) Aristotle says that the heat to which the vital activities-
of animals are due is not ordinary heat or fire, nor derives from such
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fire its efficacy, but is a nobler kind of heat akin to, or identical with,
that of the heavenly bodies. See Introd. p. &.

75. By ai dvaropai Aristotle sometimes means actual dissection
(e.g.-677, a, 9, and 764, a, 35. De Part. iv. 2, 6,and De Gen. iv. 1, 10),
and sometimes his treatise on anatomy (2.2. 497, a, 32, and 746, a, 14.
Hist. An. i. 17, 19, and De Gen. ii. 7, 6). Here he may mean either,
but I have taken him to mean actual dissection.

76. See Note 3 and Introd. p. 3.

77. See Life and Death, ch. 5, pp. 68-70.

78. Such I take to be the meaning of this obscure and probably
corrupt sentence. A heated body cools more rapidly when broken up
into pieces than when left entire, because the subdivision exposes a
greater surface to the air ; and Aristotle supposes the same to be the
case when an animal that retains life after division, such as a centi-
pede, has been cut in segments. This tallies with the passage (531,
b, 31. Hist. Aa. iv. 7, 3) in which it is said that insects of very cold
nature cannot survive division.

79. CL. Note 34.

80, The function which in the higher animals devolves on lungs or
gills is, as a matter of fact, performed by the general surface in
animals without special respiratory organs. Cf. Introd. p. 37.

81. That large-sized animals are, as a general but by no means
universal rule, longer-lived than small animals, and sanguineous
animals or vertebrates than invertebrate, is set forth more fully in the
little treatise De Long. ef Brev. Vite (466, a, ch. 4). Elsewhere
(777, a, 32. De Gener. iv. 10, 1-3) it is further noted that there is a
connection between long life and a lengthy gestation period. ‘As a
general rule the period of gestation is in each animal proportionate to
its length of life ; for it is reasonable that the development of animals
that live long should also be lengthy. Still, long gestation cannot be
the cause of long life, for it is not invariably associated with this, but
only generally. Again, the larger and the more perfect of the san-
guineous animals are long-lived, but nevertheless do not invariably
surpass other animals in this respect. For, with the exception of the
elephant, man has the longest life of all animals concerning which we
have trustworthy knowledge, and yet man is of smaller bulk than the
animals with manes and than many others. The cause of any animal
being long-lived is that its composition is in close harmony with that
of the environing air, while there are also other physical characters
that are indications of longevity. The period of gestation is determined
by the bulk of the generated product ; for, as elsewhere so in animals,
constructions of large size cannot be completed in a short space of
time. On this account horses and animals akin to them, though their
life is shorter than that of man, have a longer gestation period, &c.’

As to the agreement of these views with those of modern physiology,
see Introd. p. 15. As regards the facts, vertebrates are as a rule, so
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far as our scanty knowledge goes, longer-lived than invertebrates :
and, among vertebrates, the mammals are the most highly organised,
and on the average live longest. Of these, again, those that are
believed to have the longest span are the whale, elephant, rhinoceros,
hippopotamus, and camel, all animals of huge bulk ; while among
birds the raven, goose, falcon, parrot, and among reptiles the crocodiles
and tortoises, all of comparatively large bulk, are those that are said
to live longest. Trees, again, are as a rule larger and longer-lived
than shrubs, and these than herbs. See Ray Lankester, Comp.
Longevily, pp. 55-61.

82. Cf. Introd. pp. 36, 37, and Note 10 to ii. 16 in my translation
of the De Partibus.

83. John Hunter ( Works, iv. 427) thought that bees were probably
the only insects that developed heat ; an error corrected later on by
Newport (Phil. Trans. 1837).

84. Virgil also (Georg. iv. zo7) gives a life of seven years to
bees. Aristotle elsewhere (554, b, 6. Hist. An. v. 22, 13) says they
sometimes live for seven years, but usually for six only. Réaumur
(/{ist, d. fnsectes, v. 715) thought they scarcely lived more than a year.
It is held by modern beekeepers (Girard, Les Adeilles, pp. 111, 123)
that though queens may live for three or four, or occasionally five,
years, ordinary workers live only for from six weeks to about eight
months ; those hatched in spring and summer, the season of hard
work, having the shortest span of life, and those hatched in late
autumn having the longest. The facts are ascertained by giving a
Ligurian queen to a hive of black bees, and noting when the black
bees are replaced by bees with Ligurian characters.

85. As to the ‘innate spirit,’ see Note 11 to ii. 16 of my translation
of the De Partibus. As to the sounds made by insects, see Note 87.
As to their respiration, see Introd. pp. 36, 37.

86. Cf. Note 41.

87. Authorities are not yet in full agreement on all points as to the
production of sounds by insects. Adopting, however, the usually
accepted views, we may group the sounds and the modes in which
they are produced under five headings : Firstly, fickinge or rapping,
produced by striking a hard substance with the mandibles, e.&. Anobium
or the death-tick. Secondly, séridulation, produced by rubbing one
part of the chitinous integument against another specially modified for
the purpose, e.g. grasshoppers and crickets. Thirdly, Aumming and
buzzing, mainly produced by the forcible expulsion of air through the
stigmata or spiracles, some of which, according to Landois, have in
their orifices certain chitinous plates, that are set in vibration by the
outgoing current of air, e.g. bees and wasps. Fourthly, so-called
singing, produced by certain special membranous drums, set in vibra-
tion by muscles ; or, according to Landois, produced by discharge of
air from the metathoracic spiracles, and only intensified by the drums,
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e.g. cicada. Fifthly, the sound produced by rapid vibration of the
wings, which contributes to the humming or buzzing of the third
method.

Of the first of these five modes Aristotle makes no mention. The
second was recognised by him and noted in the /st An. (iv. 9, 4 ;
£35, b, 12) : *The sound made by grasshoppers is produced by friction
with the large hind legs.

The sounds of the third and fourth kind were distinguished by him,
but supposed to be produced by one and the same mechanism, namely
by vibration of drums, as in cicadz, or of membranes, answering to
drums, in bees and other humming insects. And, if Landois be right,
Aristotle was correct in so thinking ; his error consisting in his having
supposed that the drums or analogous membranes were set in vibration
by air confined inside the insect’s body, and not by air discharged
through spiracles, of whose existence he was ignorant, as was every one
until Malpighi discovered them in 1660.

The fifth mode of sound-production was also recognised by
Aristotle, e.g. *If any one holds a wasp by the legs and allows it to
buzz with its wings®’ (628, b, 19. Aisf. An. ix. 41, 13).

88. The male cicadze alone sing, and in the females the drums are
imperfectly developed. Hence the well-known line of Xenarchus,
‘ Happy the cicadae live, for they all have voiceless wives.! As to the
drums of the cicad, see Introd. pp. 36, 37.

89. This paragraph seems misplaced. It would come more fitly
somewhere towards the beginning of the next chapter, where san-
guineous animals are discussed. Here it breaks up unmeaningly the
consideration of bloodless animals, and especially of insects.

go. Cf. Note 44. g1. Cf. Note 41.

92. For vypot I read dpévos. The insect immersed in water dies,
because its spiracles are obstructed so that it can no longer breathe,
and it recovers, when taken out and warmed, because the water evapo-
rates and leaves the spiracles again free. But if the fluid be oil, which
will not evaporate, the insect does not recover. The fact was known
to Aristotle (6os, b, 19. Hist. An. viii. 27, 3), and explained by Mal-
pighi (De Bombye. p. 14).

93. That is, take it as fishes do in order to bathe the gills, and not
as whales and porpoises, or, as Aristotle supposed, as poulps and
crustacea (see Note 120), merely as an incidental accompaniment of
the prehension of food.

94. The reason why these animals can live out of water so much
longer than ordinary fishes is presumably that their gills are more
perfectly secured against desiccation, and that their vital changes are
much less energetic, so that they have less imperative need of oxygen.
Substitute throughout this treatise ‘need of oxygen’ for ‘need of re-
frigeration,’ and Aristotle’s observations will be found to be remarkably
just.
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5. I omit ei before mohdoi, for Aristotle cannot have szid that mos#
fishes present the phenomenon in question. Eels often bury them-
selves in the mud, and are dug up alive on the banks of rivers. But
as Aristotle, when describing the habits of eels (592, a. Aist. An. viii. 2),
does not mention this, he is more probably alluding to certain Indian
fishes (Ophkiocephalis) that, in common with other tropical freshwater
fishes, act in the same way. Of these he may have acquired know-
ledge through Alexander's expedition. Or he may refer to the fishes
that Theophrastus mentions as being dug up alive in Pontus and in
Paphlagonia, or as living, when the river has dried up, in wet holes in
the ground in Babylonia {Theoph., Schneider's ed., i. 827, 829, 826).

g6. ¢ Internally viviparous’ is equivalent to Mammalia, whose ovum
was unknown to Aristotle. It excludes all ovo-viviparous animals which
Aristotle called ‘externally viviparous but internally oviparous.’

Under the term Seclachia Aristotle includes all the cartilaginous
fishes, among which he erroneously classed the Lophius. All these,
he often says, are, with the exception of Lophius, ovo-viviparous, that
is to say, they retain their ova within the body till hatched. This,
however, is not the case with all of them ; for the oviparous dog-fishes
and rays are exceptions. See as to this subject my translation of the
De Partibus, iv. 1, note 5,and iv. 13, note 5.

g7. Cf. Note 44. Aristotle here says ‘in most cases,’ admitting
exceptions, whereas before he had said “all’ There are, of course,
great differences in the degree of sponginess presented by the lungs of
ovipara.

g8. Aristotle is clearly here writing carelessly. The infrequent
respiration cannot be the consequence of the spongy character of the
lung ; but, in common with that structure, is an adaptation to the
scanty need of oxygen, or, as Aristotle would say, of refrigeration.

99. In the Hist. Animalinm (ii. 14, 1; 505, b, 6) Aristotle says that
snakesare mostly terrestrial, a few only living in fresh water, but a con-
siderable variety in the sea. By these last he probably means the
Indian Hydrophides, of which, as of certain Indian fishes (cf. Note 95),
he may have heard owing to Alexander’s expedition. The freshwater
snakes probably mean the common ringed snake (Nafrix torguata),
which is ¢ extremely fond of water, taking to it readily, and swimming
with great ease and elegance, having head and neck above the surface.
It is very probable that it resorts to the water in search of frogs’ (Bell's
Brit. Reptiles, p. 54).

100. I have here rendered Emydes by ‘freshwater tortoises.” Cf
Note 45.

101. It need hardly be said that this is not the case at any rate
with frogs.

102. Cf. Note g6. There seems no special ground for mentioning
the Selachia here more than any other group of fishes. Aristotle seems
to imagine that there is some mysterious correlation between feet and
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lungs, and between fins and gills. Feet and lungs are adaptations for
terrestrial life, and are consequently very generally found associated
in the land vertebrates ; while gills and fins are adaptations for aquatic
life, and are consequently very generally associated in aquatic verte-
brates.

103. Resembling wings rather than legs or feet in form because of
their expanded surface, and still more resembling them in their motion,
so that Aristotle elsewhere (644, a, 12. De Parf. 1. 4, 1) expresses
surprise that some common name has not been devised to comprise
animals that swim and animals that fly. In Plato’s Sephistes
(Jowett’s Transl. ii. 479) we read ‘of swimming animals one class
live on the wing, and another in the water.’ Flying fishes can support
themselves for a short space in the air by means of their fins, and
there are both insects and birds that can use their wings for swimming.
Thus Darwin says of the jackass penguin ( Poyage of * Beagle) ch. ix.)
“In diving, its little wings are used as fins ;' and Wallace (Darwinism,
p. 116) says of the dippers that they ® have the extraordinary power of
flying under water.’ The Greek term for a fin (wrepvyior) means ‘a
little wing.’

104. The Perennibranchiate Amphibia had not as yet ‘ come under
observation.

105. Cf. 695, b, 25. e Part. iv. 13, 7. It is strange and yet, as it
appears to me, indisputably true that Aristotle was perfectly ignorant
of the fact that tadpoles are the larval forms of frogs and newts. For
it is impossible that he can have known it and yet made no mention
of what would have seemed to him, as indeed it 15, a most extraordinary
phenomenon.

106, Aristotle neither knew of the Dipnoi among fishes, nor of the
Amphipneusta among amphibians, in both of which groups gills and
lungs are coexistent.

107. Similarly Aristotle states elsewhere, with much foundation of
fact, that no animal has more than one adequate instrument of defence,
See my translation of the De Partibus, iii. 2, note g,

108. Although Aristotle here gives these exceptions, and repeats
them and others elsewhere (661, b. De FPard. 1. 1, 2 ; and 659, a, 22.
De Part. ii. 16, 8), he held that the general rule was ‘a separate
organ for each separate office.’ For the doctrine of the physiological
division of labour, which Milne Edwards thought he was himself the
first to enunciate (Legons 5. £, Phys. 1. 16), was distinctly formulated by
Aristotle again and again. Thus : ¢ It is better, when possible, that one
and the same instrument shall not be made to serve several dissimilar
uses . . . Whenever, therefore, Nature 1s able to provide two separate
instruments for two separate uses, without the one hampering the
other, she does so, instead of acting hke a coppersmith, who for
cheapness makes a spit and lampholder (d3elwrkohiyrwor) in one. It
i5 only when this is impossible that she uses one organ for several
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functions’ (683, a, 23. De Part. iv. 6, 13 ; and note g in my translation
of that chapter).

109. ¢ In all fishes the teeth are sharp ; so that these animals can
divide their food, though imperfectly. For it is impossible for a fish
to linger or spend time in the act of mastication, and therefore they
have no teeth that are flat or suitable for grinding ; for such teeth
would be to no purpose’ (675, a, 5. De Part. iii. 14, 12). As a matter
of fact the sharp oral teeth of fishes serve to seize and hold their food
rather than for its comminution, though the pharyngeal teeth, with
which many are provided—but of whose existence Aristotle was prob-
ably ignorant, as he makes no special mention of them—often effect
a more or less perfect trituration.

11o. As all animals, and indeed all living things, according to
Aristotle, need refrigeration to some extent, he must here mean special
organs of refrigeration, and I have consequently introduced these
words. y

111. And therefore, he implies, in a position which favours the
intrusion of food. ¢The windpipe lies in front of the wsophagus,
although this position causes it to be some hindrance to the latter in
the act of deglutition’ (664, b, 3. Jlle Pari i 3, 10). See note 5 to
that chapter in my translation of the D¢ Parfibus, for a supposed
explanation of the awkward position.

Aristotle somewhat over-estimated, as most later physiologists have
done, the necessity of the epiglottis. On the other hand some moderns
have gone to the opposite extreme. Thus Magendie assigned to it a very
subordinate part in the exclusion of food from the air-passages, and
thought that an animal was very little inconvenienced by its removal.
But Longet showed that this was erroneous as regards fluids, though it
was to a certain extent true as regards solids.

112. See Introd. p. 38. Mammals alone have an epiglottis. In
other pulmonate vertebrates the opening into larynx and trachea is
closed simply by constrictor muscles, Cf. 664, b, 25. [ Part, 1il. 3, 14,

113. See Note 109.

*  114. The oral teeth of fishes vary much in form, but usually are
elongated cones, more or less sharp-pointed, and slightly curved
inwards, so as to be suitable for holding slippery prey. But there are
many exceptions, and many more than are recognised by Aristotle,
who says (675, a, 3. [De Parf il 14, 11) ‘Fish are provided with
teeth which are almost invariably serrated. For there is but one
small group in which it is otherwise. Of these the fish called Scarus
(the parrot-fisk) is an example.! It seems strange that Aristotle should
not have noticed the tesselated teeth of certain rays and skates with
which he was well acquainted ; but probably he did not regard these
as teeth, but as indurated lips.

115, See note 38 to iv. 3 in my translation of the De Pariibus, for
Aristotle’s views concerning Cetacea.
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116. This statement is often repeated by Aristotle (e.z. 537, b, 3—
566, b, 15—589, b, 9. AHist. An. iv. 10, 11—vi. 12, 4—viii. 2, 6).
Whether dolphins really snore when asleep I do not know ; but their
snorting is especially heard at night. Cf. Bates' dwmaszon, jrd ed. p. 75.

117. When in the net, so that they are kept under water and can-
not rise to the surface, they die, and this can only be, says Aristotle,
because they are animals that breathe, and consequently require to
come to the surface.

118. Cuvier (Régne Animal, i. 285) gives the same account as
Aristotle of the use of the blowhole, and it is still the popularly
received view, But it is now known by naturalists to be erroneous. The
real use of the blowpipe is to provide a more perfect safeguard, than
the epiglottis by itself would do, against the intrusion of water into the
air-passages. For the cetacean larynx is lengthened out into a rigid
tube which is thrust up into the blowpipe, so as completely to shut off
the air-passages from the cavity of the mouth ; and the blowing or
spouting is due, not to the expulsion of water from the mouth, but to
spray and condensed vapour driven up by the force of expiration
when the animal rises to the surface.

119. Aristotle apparently means that if the blowhole was intended
to allow of the escape of heat from the blood, that is to say if it were
an instrument of expiration, it should lead to some organ such as the
lung, which is rich in blood. This, however, it does not de, but is
nearest to the part which has least blood and least heat, viz. the
brain.

120. As to the characters and divisions of the malacostraca or
crustaceans, see Je Farf. 1v. §, note 1, in my translation ; and, as to
the malacia or cephalopods, iv. g, note 1.

121. By the flaps or overfolds (émmriypara) I understand the bran-
chiostegites, or plates that cover in the branchial chambers, though
possibly they may be the same as the émxakippara, mentioned later in
this note. The shaggy appendages (ra daoea), which one is tempted
to interpret in this place as the gills, must, [ think, be—as in the A7s/.
An. (iv. 2, 13; 526, a, 27}—the shaggy processes of the various organs
of manducation.

It is not through the mouth, as seems here implied, that crustacea
take in or discharge the water. In lobsters, crayfishes, and crabs,
water is admitted into each branchial cavity by a cleft between the
great lateral flap of the carapace (émrriypa) and the animal's body.
This cleft is of considerable length in lobsters and crayfishes, but in
crabs is reduced to a comparatively small slit at the base of the great
claws and not far behind the mouth. The water that has made its
entrance by this inlet, after bathing the gills, is discharged by a canal
which opens externally just in front of the mouth and behind the eyes.

Aristotle (£éss. An. iv. 2 and 3) had made out both this inlet and
outlet, and knew that they were distinct from the true mouth, that is,
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from the orifice by which food is admitted, and he describes their
position with some accuracy. The water, he says, is, in the crab
(526, b, 18. Hist. Awn. iv. 2, 19), admitted in the neighbourhood of the
mouth (wapd 6 oripa), and is discharged by the upper (i.e. anderior)
channels of the mouth (rods dve wdpovs Toil grdpares), which are im-
mediately behind the eyes (527, b, 18. A5t Aan. iv. 3, 5). From this
description of the position of the outlet, it appears that Aristotle con-
sidered the whole of the quadrate space, in which are situated both the
aperture for the admission of food and the aperture for the discharge
of water, to constitute the mouth ; and when he says * the anterior pas-
sages of the mouth,’ he means, as we should say, the passages in fron!
of the mouth. Indeed, he speaks of one of these apertures as ‘a small
part of the mouth’ (526, b, 19. Aist. An. iv. 2, 19). Moreover
Aristotle not only knew of these distinct inlets and outlets for
water, but also knew that they were closed and opened alternately
(527, b, 19. Aist. A v. 3, 5) so as to determine the direction of the
current.

The water is driven through the chamber by the action of a curious
process (scaphognathite) given off from the second maxilla; and, in
order to effect this, the second maxill:e are in constant motion. This
motion was noted by Aristotle (526, a, 27. Aist. An ii. 2, 14) in
lobsters, but he did not know its purpose. Neither did he know of
the gills, or, if he knew of them, recognise their character ; for, when
he speaks of certain shaggy processes (réd daaéa) of branchiform aspect
which are round the mouth, he clearly alludes to the hairy palps and
processes connected with the organs of manducation.

He thought that the water was admitted into the branchial chamber
not for respiratory purposes, or, as he would say, for refrigeration, but
simply to prevent its going into the mouth proper with the food ; and
he pictured the process in the following way : When a current of
water with floating food comes to the animal's mouth, the food is
admitted, but the water is thrust aside and diverted into the special
inlet for it near the mouth by certain opercula (émkakitppara), by which
he must mean the quadrate plates that are given off from the external
maxillipedes, and fit over the mouth like a pair of folding deors, and
are of course moved from it when food is taken in. Cf Huxley,
Crayfish, p. 275.

In the cephalopods also it is not by the mouth that the water is
admitted, but by a large opening leading into the branchial chamber ;
and Aristotle’s more accurate language in the Aist. A, (iv. 1, 11;
524, a, 10) seems to recognise this. * These animals, when their mouth
is engaged in the reception of food, take in water by the abdominal
sac (r@ «vre), and then discharge it by the pipe.! A fair enough state-
ment, excepting that it supposes the water to be taken in only at the
time of feeding. Aristotle had noticed the gills in these animals, but
did not recognise their use. ‘These amimals,’ he says, ‘have also in
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their body certain hairlike or filamentous processes’ (rpuymdy drra)
524, b, 21. Hist, An. iv. 1, 20.

122. The mammalia are, on the average, of considerably larger
size than other existing vertebrates, and the vertebrates generally than
the invertebrates.

123. Cf. Note 6.

124. I suspect we should read kafdmep oid’ Griotiv, Z.e. “more than
any other.

125. The text is clearly corrupt. 1 omit kai v, and substitute &ei.
Aristotle argues that, final causes apart, the structure of an organism
can only be such as its ultimate material composition and the conditions
under which it originates will allow ; and that we must suppose that
a composition mainly consisting of cold and fluid matter, or develop-
ment without adequate heat, is incompatible with the formation of a
lung. Nature, in forming an organism, gives it the best structure she
can ; but that structure may not be the best 1deally, but the best only
that the material conditions permit.

He further argues that the materials of an organism can only be
such as are to be found in the place where it originates, and that con-
sequently an organism that originates in the water must of necessity
be made of water, that is, must have a preponderance of cold and fluid
in its composition ; and that thus may be explained the absence of
lungs from such animals as fishes, although, from the point of view of
final causes, the presence of such organs might possibly be desirable.

As the materials of any organism must of necessity be those of the
place where it originates, there must in all cases be a correspondence
in composition between an orgamism and the medium in which it lives ;
and it is thus that Aristotle would explain the harmony between an
organism and its habitat, and the disturbance in its well-being that often
ensues on its transplantation or migration into strange surroundings.

126. This doctrine of Empedocles is mentioned also by Theo-
phrastus (De Cawxs. Plant 1. 21, § and 22, 2). See also Plutarch
( Plac. Phil. 4, 22).

127. It is much to be regretted that we have not got the actual
words of Empedocles which might have enabled us to ascertain what
he exactly meant by saying that water animals originated on land.
We may, however, feel certain that he could not have meant crudely
that an animal, such as an ordinary fish, utterly incapable of living in
air, and without power of terrestrial locomotion, originated on land
and then made its way to sea or river. Possibly he may have noticed
that eels, though fishes, can live in air for a considerable time, and can
travel over dry ground, and have supposed that this was the original
condition of all fishes. Be this, however, as it may, the view pro-
pounded by him is exactly the opposite of that generally entertained
by modern naturalists. They hold that the primal ancestors of all
land animals, and probably of all land plants, were aquatic ; and that

Ik
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certain of their descendants became adapted for terrestrial life by
gradual modification of structure. Some of these modified descend-
ants, however,—as the whales and seals—afterwards reverted to their
ancient habitat, and may thus be said, with Empedocles, to have
migrated from the land to the water.

The doctrine that all animals originated on land is repeated by
Lucretius, who, however, does not explain how, in that case, fishes got
from land to water, though he points out the impossibility of terres-
trial animals having migrated from water to land :

Nam neque de exlo cecidisse animalia possunt,

Nec terrestria de salsis exisse lacunis.

Linquitur ut merito maternum nomen adepta

Terra sit, e terra quoniam sunt cuncta creata (v. 793).

128. Aristotle is himself open to a similar accusation. Cf Introd.
p- 9. As to his tests of vital heat, see my translation of the D¢ Part.
p. xxiil

129. The text is very obscure, partly from its extreme condensation ;
but I take it that with 6 {yrovperor must be understood pérpiov (just
as a little way on, in rovro dei {yreiw, the rovro = perpor), and that “the
cause of which Empedocles speaks’ is the final cause of the medium,
which was in his opinion the correction of the material composition of
an organism by its own opposite composition, '

This doctrine, says Aristotle, cannot possibly be true. Anorganism
can only come into being and exist in a medium in which its own
material constituents predominate. But there is this amount of truth
in the doctrine of Empedocles : adventitious conditions of the organism
can be corrected by opposite conditions in the medium. A bird, for
instance, or a fish can only live in a medium corresponding in com-
position with itself—the bird in air, the fish in water. But supposing
some adventitious cause—say, disease—to produce abnormal exaltation
or depression of the temperature of the animal, it will derive benefit by
migration to cooler or warmer regions within the limits of its proper
medium, where its abnormal condition will be corrected by the opposite
condition of the environment ; or, independently of migration, the
correction may result from change of temperature induced by change
of season, which affects all media alike, whether air, water, or earth.

130. Both & and 8idfeos (8, b, 28. Categ. 8) are qualities (motdryres)
or conditions of the body that are not necessary results of its material
constitution, inasmuch as they can be acquired or removed while that
remains unaltered. They differ from each other in the tenacity of
their respective holds on the body. A Swiferis is temporary, fugitive,
easily displaced (edwirmrog), but by frequent repetition may become
more deeply engrained and be converted into a éfs, difficult to era-
dicate (Svokivyros). No English equivalents for these words can be
given. Perhaps éfis might be approximately rendered ¢ habit of body,’
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and 8wdfeais be retained as diathesis ; but, unfortunately, diathesis has
been used by medical writers rather as an equivalent of &y, as in ‘the
gouty diathesis.’ 1 have therefore rendered the terms as ‘conditions,
persistent or temporary.’

131. The four ultimate forms of matter, of combinations of which
all earthly things consist, were, according to Aristotle, solid, fluid, hot,
and cold, though here, for brevity, he only mentions the two first. See
De Parf ii. 1, note 3 in my translation. In the next line I omit the
words xal Yruypot.

132. Hist. An. 1. 17 and iii. 2-3. See also, as to Aristotle's views
concerning heart and lungs, D¢ FPari. iil. note g, and iii. 4, note 23,
in my translation.

Aristotle does not mean that there are open passages by which air
can pass directly from lung to heart, but merely that there are blood-
vessels connecting the heart with the lung, and allowing the air to pass
through their walls from the contipuous air-tubes. *There are also
ducts (i.e. the pulmonary blood-vessels) which lead from the heart to the
lung, and there divide and subdivide, their branches accompanying
the branches from the windpipe. But there 1s no communication
between the two (oldels 8¢ éore xowds mipos). Notwithstanding this,
however, air can pass from the latter (i.e. #te bronckial fibes) into the
former (i.e. the pulmonary wvessels), owing to the close contact in which
the two lie (S mjr odvayrr), and be transmitted to the heart’ (496,
a, 31. Hist, An. 1. 17, 6).

133. Or perhaps ‘resort must be had to dissection for ocular
demonstration.” Cf. Note 75.

134. 507, b, 3. Hist. An i 17, 1.

135. The substratum of fact for this fanciful notion is that in fishes
the aortic bulb (see next Note), which Aristotle takes to be the apex of
the heart, runs directly forwards, pointing therefore to the head ; and
the head, closely amalgamated with the body, can of course only move
in the forward direction ; but in mammals the apex of the heart inclines
towards the sternum, towards which the head also moves when nodded.

136. The heart of almost all fishes terminates anteriorly in an
aortic bulb. (This is Aristotle’s apex, and considered by him to be part
of the heart.) From the bulb is given off in the middle line a stout
vessel, the branchial artery. (This is Aristotle’s largest tube or duct.)
From this central branchial artery are given off on either side the
aortic arches. (These are the smaller ducts which run to the extremity
of each gill.}

Aristotle speaks of these aortic arches as given off on either side
of the heart itself. Probably the fish he examined was a ray, and here
the branches which supply the three hinder pairs of gills are given off
so close to the bulb that they may almost be said to come from it ;
and the bulb, as already mentioned, was held by Aristotle to be part
of the heart itself.
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137. Cf. Introd. p. 44. The words introduced in brackets are re-
quired to give meaning to éwirepor, and are further justified by the
passage in Hist. An. (viil. 2, 38 ; 592, a, 19-23). ¢ Eels and other fishes
are suffocated if kept in a small quantity of water that is unrenewed,
and the same happens to air-breathing animals when shut up in a
limited quantity of air’ Perhaps # #8arc should be read after dépe.

A line further on the words r6 aipe are unmeaning, and should be
omitted or rov alpares substituted.

138. Ct. Note 23.

139. This passage with some others (503, b, 23 ; Hist. An.ii. 11, 11
765, a, 26 ; De Gen. iv. 1, 23. 774, b, 31 ; De Gen. iv. 6, 7) show that
Aristotle occasionally vivisected animals. The presence of the carapace
is not of the importance Aristotle seems here toattribute toit. He does
not appear to have observed that the heart itself sometimes continues to
beat after removal, and even its separated pieces. Haller (EZ Phys.
i. 436) cites various instances of animals, both cold- and warm-blooded,
that ran about and uttered sounds after removal of the heart, and
among others states, on the authority of J. B. Caldesi, that a tortoise
¢ per quadraginta horas ambulavit’ after such operation.

140. This passage with a portion of the next chapter are the only
parts of the treatise that deal specially with Youth and Old Age. This
seems (uite incompatible with Weise's subdivision, according to
which the first six chapters form a separate opusculum on Youth and
Old Age.

141. Birth is a very inadequate rendering of Aristotle’s gemesis.
For by birth is ordinarily understood the separation of the young from
its mother’s body, and the commencement of independent existence ;
but Aristotle’s genesis goes back through all the series of earlier pro-
cesses to the first formation of the unfecundated germ. The animal soul,
he says, is imparted to the germ by fecundation ; but the unfecundated
germ must be held to possess some sort of nutritive soul, derived from
the mother, inasmuch as it is capable of a certain amount of develop-
ment (736, a, 32. De Gen. 1. 3, 3-4).

142. Aristotle finds the cause of senile decay in the gradual dissi-
pation of heat and fluid, the dissipation of fluid being indeed ultimately
loss of heat. For it acts by causing desiccation and consequently
induration of the lung, which is thus rendered unable to perform its
office, the caloris preservatio per refrigerium. See Introd. p. 41.

143. As Aristotle has not yet dealt with the several topics here
mentioned, it is plain that rotrer ror rporer must refer—in accordance
with the very common usage of ofros—to what follows, not to what
has gone before. But it is to be noted that the discussion of the
topics enumerated does not follow at once, as roiror would lead us
naturally to expect, but is only entered on after a long interposed
passage—which seems quite out of place—concerning palpitation and
pulse, neither of these being included in the subjects which Aristotle
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has said that he is now going to discuss. [ am therefore inclined to
believe that the whole of Chapter XX. is a later interpolation.

144. The distinction between residual matter and that derived from
body-waste is elaborated in the D¢ Generafione (1. 138 ; 7206, a).

The causes of disease recognised by Aristotle seem to have been
senile decay (Note 142), exposure to excessive cold or heat, and the
retention in the body of the products—always noxious—of body-waste
(ourrypara) or of residual substances (wepirropara), in which were
included all excretions and secretions, and also such surplus of nutri-
ment as is not required for the maintenance of the fabric.

145. Cold and terror have been everlastingly coupled together by
writers of all ages, e.g. Virgil, &n. 3, 40; Faery Queen,i. 9, 25 ;
Hamdlet, 1. 5, 16. The notion is of course founded on the fact that many
of the external signs of fear—as pallor, shivering, chattering of teeth,
erection of hair—are identical with the signs of intense cold.

146. In the De Partibus (iii. 6, 5 ; 669, a, 20) Aristotle says that
palpitation from terror occurs ‘so to speak’ in man alone.

147. Sometimes the food is said to reach the heart as a fluid, some-
times, as later on in this chapter, as a steam or vapour.

148. Cf. Note 25. From this passage and another in the Je Par-
fibus (il 4, 12 ; 666, a, 10) it would appear that Aristotle supposed
the heart and the blood within it to be formed simultaneously, which
is indeed the case. For the heart when it first appears is a compact
mass of cells, of which the outer coalesce to form the walls, while the
inner separate and form the first blood corpuscles. See Introd. p. 4.

149. It is not clear whether Aristotle means that the pulse is
stronger in youth than at a later age, or that it is more frequent. The
latter is the case; for, according to Quetelet, the pulse in a child
shortly after birth averages 44 per minute, at five falls to 26, at fifteen
to twenty to 20, at twenty to twenty-five to 19, and at thirty to 16, after
which it becomes slightly more rapid.

150. Aristotle’s account of the pulse and its relation to inspiration
is so vague and obscure that any attempt to state his view must be to
some extent conjectural. He had to explain two pairs of unceasing
alternations : one, the alternation in lung and thorax of expansion
with subsidence ; the other, the alternation in heart and vessels of
beat with pause. As he was entirely ignorant of muscular contraction,
the only force to which he could attribute these movements was the
cardiac heat ; and consequently he had to explain how this force could
bring about the two alternations, and how, moreover, the two alter-
nations, though due primarily to one and the same cause, came
nevertheless to be asynchronous, pulsation being very much more
frequent than respiration. It is true that Aristotle, strangely enough,
makes no mention of this asynchronism, though it is noted in the
spurious treatise [e Sperifue (4,6 ; 483, a, 1) ; but it is impossible to
suppose that he was ignorant of this very obvious fact, which must
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indeed have forced itself on his observation every time emotion, or
unwonted effort of exercise, made his heart’s action more than usually
perceptible to him. It must, consequently, be assumed that his ex-
planation included this palpable asynchronism.

The mode in which he pictured the processes to his mind must,
then, have been much as follows: When the heat, perpetually gene-
rated in the heart, has reached a certain degtee of intensity, it causes
lung and thorax to expand. Cold air rushes into the expanded lung,
cools the excess of cardiac heat, and lung and thorax in consequence
subside ; and so on in constant alternation.

But though the cardiac heat is reduced by the inspired air to a
point that is insufficient to maintain the expansion of the lung, it is
never reduced to a point below that which is sufficient to keep the
blood in the heart in a state resembling ebullition—a state, that is, in
which its bulk is augmented (dyrwoes) with a formation of steam
(rrevparwots) and a boiling over into the blood-vessels (ékrrwois Gt
rav opulovrav év v (ére). This, then, always goes on in the heart,
alike during inspiration and expiration. The beat of the heart is
caused by the distension of its outer coat by the swollen blood, and
the simultaneous pulse in the vessels by the discharge into them of the
steam and overflowing fluid ; but by such discharge the distension of
the heart is relieved, and this condition, when its wall momentarily
subsides and the blood, replenished by fresh material from the stomach,
is preparing for another expansion, corresponds to the perod of pause.

It is to be noted that, according to Aristotle’s view, the beat of the
heart corresponds to its dilated condition, not, as 1s generally held by
modern physiologists, to its contracted or systelic condition.

151. Before mpoodéfacfar read roi. In comparing the heart to
bellows, Aristotle implies that the blood, or fluid on the way to become
blood, is sucked in by that organ as well as expelled by it. What he
had not made out was that there were separate vessels for the in-current
and the out-current.

152. The ancients used single bellows made as ours, and also
double bellows—a pair of bellows—consisting of two bags, each with
its separate inlet, but with a common nozzle or outlet. See Smith's
Dict. of Antig. under Follts.

153. The heart with the nutritive principle must be in the centre of
the lungs in order that it may be equally cooled on all sides.

For guowis, which seems unmeaning, I have adopted an emenda-
tion suggested to me by Mr. Poste, and read Yuerwis. Another
possible emendation would be ¢guogrikgs.  In the next line it would be
better, though not absolutely necessary, to read mAéovos yevopévov
(scil. Tol Bepuot).

154. For roi rotoirov popiov, which is unintelligible, I read o
rowiTor popor. The passage is somewhat obscure ; but, as I under-
stand it, the thorax is said to expand in consequence of the expansion
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of the bellows-like lung, which in its turn has been made to expand by
the internal heat. For elogpéperr in the next line I read elopeir.

155. Aristotle here speaks of the water as not only discharged but
admitted by the gill openings, which is not the case, save, exception-
ally, in such fishes as the lamprey and the hag-fish. It is admitted in
most fishes by the mouth, and in Selachia by special spiracles. These
spiracles are not mentioned by Aristotle ; but that the mouth is the
ordinary inlet is stated in the Hisé, Animalivm (1. 13, 4 ; 504, b, 29).
“The gills form in fishes a distinctive organ, and through them they
discharge the water, which they have taken in by the mouth.’

156. The channels (rdpor) are of course the branchial vessels which
Aristotle supposes to carry blood in each direction between heart and
gills, See Note 151.

157. That xouyroi #) mepiepyor 15 used in a good sense, and not
intended to imply a pretence of over-refinement, is shown by the
parallel passage in the De Sensw (i. 4; 436, a, 20). ‘It comes also
within the province of the natural philosopher (gud physiologist) to
treat of the first principles of health and disease. For these are con-
ditions that only affect things that have life. Wherefore most natural
philosophers finally touch on questions of therapeutics, while such
physicians as pursue their art in a philosophical spirit base their thera-
peutics on the laws of Nature.
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Follett.— 7xr Sreaker
House oF REPRESENTATIVES.
FoLLETT. With an
ALBERT BuUsHNELL
Harvard University,

o r5E
By M. P.
Introduction by
Hart, Ph.D., of
Crown 8vo, 5.

Froude (James A.).
T Hrsrory or Envcranvp, from the

Fall of Wolsey to the Defeat of the Spanish |

Armada.
Popular Edition. 1z vols. Crown 8vo.
3s5. bd. each.
* Silver Library® Edition, 12 vols,

Crown 8vo., 3s. 6. each.

CATHERINE OF
Crown Bvo., Bs.

Tre DivorceE oF
A rAcon.
TreE Sepavisyg Srory oF vH5E AER-
MaD4, and other Essays. Cr. 8vo., 35. 64.
Tue Excrisa iv IRELAND IN THE
ElsHTEENTH CENTURY.
Cabinet Edition. 3 wvols. Cr. 8vo., 18s.
*Silver Library® Edition. 3vols. Cr.8vo.,

105, B,
ENGLISH SEAMEN IN THE SIXTEENTH
Cexrury. Cr. Bvo., bs.
Trr Couvwncic oF Trexr. Crown
8vo., Os.

SHORT STUDIES ON GREAT SUBJECTS.
4 vols. Cr. Bvo., 35. 6d. each.

Csar: a Sketch. Cr. 8vo, 35. 6d.

Gardiner (SamueL Rawson, D.C.L.,
LL.D.).

Hisrory or Excranp, from the Ac-
cession of James I. to the Outbreak of the
Civil War, 1603-1642. 10 vols. Crown
Bvo., Bs. each.

A Hisrory oF r#E GrREAT CHvic
W.ar, 1642-1649. 4vols. Cr.8vo.,6s.each.

A Hisrory oF THE COMMONWEALTH

AND THE PROTECTORATE. 1649-1660.
Vol.I. 1649-1651. With 14 Maps. 8vo.,21s.

i Gardiner (SamuerL Rawsox, D.C.L.,

LL. D y—continued.

Twe Srvpexr’'s History oF Exc-
Lanp., With 378 Ilustrations. Crown
8vo., 125.

Also in Three Volumes, price 4s. each.

Vol. 1. B.c. 55—a.D. 1509. 173 Illustra-
tions.

Vol. Il. 1509-168g.
Vol, 111. 168g-188s5.

gh Illustrations.
rog Tllustrations.

Greville.—A4 JovrnNar oF THE REIGNS
oF KinG GrorcE IV., King MriLiaa IV .,
AND QUuEeN VicToria. By CHarLes C, F.
GreviLLE, formerly Clerk of the Council.
Cabinegt Edition. 8 wvols. Crown Bvo., 0s.

each.
¢ Silver Library ' Edition.
8vo., 35 6d. each.

& vols. Crown

| HARVARD HISTORICAL STUDIES.

Trur SUpPPRESSION OF THE AFRRICAN
SLAVE TRADE To THE UNITED STATES OF
AxERiCa, 1638-1850. By W. E. B. Dv
Bois, Ph.D., 8vo., 7s, 6d.

THE CONTEST OVER THE RATIFICATON
OF THE FEDERAL CONSTITUTION IN Af455.4-
causeErTs. By 5. B. Harpmva, A.M.
Bvo., B,

A CriricAL Srvupy oF NULLIFICATION
IN Sourn CaroLiva. By D. F. Houston,
AM. 8wvo., bs.

*. Other Volumes are in preparation.

Hearn.—7#%E GoVvERNMENT OF ENG-
LAND: its Structure and its Development.
By W. Epwarp Hearn., 8vo., 16s.

Historic Towns.—Edited by E. A.

Freemax, D.C.L.,and Rev. WiLLiam HuxT,
M.A. With Maps and Plans. Crown 8vo.,
35. O, each.

Bristol. By Rev. W. Hunt. | Oxford. By Rev. C. W,
Carlisle. By Mandell | Boase.
Creighton, D.D. Winchester. By G. W,
Cingue Ports. By Mon-| Kitchin, D.D.
Burrows, York. By Rev, James
. By Rev.E.L. Raine.
Cutis, | New York, By Theodore
Exeter. By E. A. Freeman., Roozevelt.
London. By Rev. W, ]J. Boston (U.5.) By Henry
Loftie. |  Cabot Lodge.

Joyce.—A Sworr History or Iz
EAND, from the Earliest Times to 1608, B
P. W. Jovce, LL.D. Crown 8vo., 10s. 6,
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Kaye and Malleson.—¢ Hisrory oF
THE Inpran MuTivy, 1857-1858'. By Sir
Joux W. Kave and Colonel G. B. MaLLE-
sox. With Analytical Index and Maps and

Plans. Cabinet Edition. 6 vols. Crown
Bvo., Bs. each.
Knight.—Maipacascar iv War |

TivE : THE Experiences oF * THE Times’ |
SPECIAL CORRESPONDENT WITH THE |
Hovas DURING THE FRENCH J[NVASION |
oF 18g5. By E. F. KwnigHT. With |
16 Illustrations and a Map. 8vo., 125. 6d. |

Lang (ANDREW).

PICKLE THE SPY:
of Prince Charles.
fvo,, 18s,

or, The Incognito
With 6 Portraits. |

With 8 Plates and I

ST. ANDREWS.
24 Ilustrations in the Text by T. Hopce.

|

8vo., 155. net, .

[

|

Laurie. — Aisroricar SurRvEYy oF |
PRE-CHRISTIAN EDUCaTION. By 8. 8. |

Lavrie, A.M., LL.D. Crown 8vo., 12s.

|
Lecky(WirLiam Epwarp HARTPOLE). | |

HisTorY oF ENGLAND IN THE FKicH- | |
TEEMNTH CEATURY. |

Library Edition. 8 vols. B8vo., £7 45.
Cabinet Edition. ENGLAND. 7 vols.
Crown 8vo., 6s. each. IRELAND. 5

vols. Crown 8vo., 6s. each.

Hisrory or EuvkorEan Morars
FROM AUGUSTUS To CHARLEMAGNE. 2|
vols. Crown 8vo., 16s,

= o —

History oF THE RisE Axp INrFrU-|
ENCE OF THE SPIRIT 0F RATIONALISM I '1.

Eprope. 2 vols. Crown 8vo., 16,
DeyocrRAcY Axp Liserty. 2 vols. |
Bvo., 3bs.
Trwe Eumpirg: its value and its

Growth. An Inaugural Address delivered

at the Imperial Institute, November 20,
18g3. Cr. 8vo., 1s5. 64.

Aﬂ'ﬂ
B}r I
Bvo., 215, |

Lowell GOVERNMENTS
PARTIES 1IN CONTINENTAL EUROPE,
A. LawreNcE LoweLL. 2 vols.

Macaulay (Lorb).

Tur Lire avp Worxs or Lorb
Macavray. *Edinburgh’ Edition. 10
vols. 8vo., 6s. each.

Vols, L.-IV. AIsTORY OF £NGLAND.

Vals. V.-VII. Essavs; BioGRAPHIES
Ivorany PENvaL Copg; CONTRIBUTIONS
70 ANIGHT'S "QUARTERLY MAGAZINE .

Vol. VIII. Spercies; Lays oF ANCIENT
Koarg ; MiscELLANEQUS PoEMS.

Vola. IX. and X. T'wE LIFE AND LETTERS
oF Lorp Macaviay. By the Right
Hon. Sir G. Q. TREVELYAN, Bart., M.P,

| This Edition is a cheaper reprint of the Library
| Edition of Lorp MacavLay’s Life and Works.

Cowprere IWorks.

Cabinet Edition. 16 vols. Post 8vo.,
A4 165,

Library Edition. 8 vols. 8vo., £5 ss.

*Edinburgh’ Edition. 8 vols. 8vo., 06s.

each.

Hisrory oF ENGLAND FROM THE
ACCESSION OF FAMES THE SECOND.
Popular Edition. 2z vols. Cr. 8vo., §s.
Student's Edition. 2 vols. Cr. 8vo., 125,
People's Edifion. 4 vols. Cr. 8vo., 16s.
Cabinet Edifion. 8 vols. Post 8vo., 43s.

¢ Edinburgh’ Edition. 4 vols. 8vo., 6s.
each.
Library Edition. 5 vols. Bvo., £4.
CriTICAL AND HisToricAL Essays,

WiTH LAvs oF ANCIENT Ko WE, in I

voluime.

Popular Edition. Crown Bvo., 25. bd.

Authorised Edition. Crown 8vo., 25. 6d.,
or 3s. bd., gilt edges.

Silver Library Edition. Cr. 8vo., 35. 6d.

CRITICAL AND HIsToricAL Ess4vs.
Studen?t’s Edition. 1 vol. Cr, 8vo., Bs.
People’s Edition. 2 vols. Cr. 8vo., 8s.

* Trevelyan ' Edition. 2vols. Cr. 8vo., gs.
Cabinet Edition. 4vols. Post 8vo., 245.

*Edinburgh’ Edition. 4 vols. Bvo., 6s.
each.
Library Edition. 3 vols. 8vo., 3bs.

Lssays which may be had separately
price bd. each sewed, 1s5. each cloth.

Addison and Walpole. Ranke and Gladstone.
Croker's Boswell's _!ﬂhll:l‘&tln.. Milton and Machiavelli.
Hallam’s  Constitutional | Lord Byron.

History, Lord Clive.
Warren Hastings. Lord Byron, and The
The Earl of Chatham (Two Comic Dramatisis of

Essays). the Restoration.
Frederick the Great.

Miscerraveovs Wrrrives
People’s Edition. 1vol. Cr, 8vo., 45. bd.
Library Edition. 2 vols, 8vo., 21s.
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Macaulay (Lorp)—continued.
Miscerranveovs Wririves
SFEECHES.
Popular Edition, Crown 8vo., 25. 6d.
Cabinet Edition. Including Indian Penal

AND

Code, Lays of Ancient Rome,and Miscel- |

laneous Poems. 4 vols. Post 8vo., 245.
SELECTIONS FROM THE WERITINGS OF
Lforp Macaviay. Edited, with Occa-
sional Notes, by the Right Hon. Sir G. O.
Trevelyan, Bart. Crown 8vo., s.

MacColl.—Trwe SvrLran AND THE
Powers. By the Rev. MaLcoLsm MacCoLr,
M.A., Canon of Ripon. 8vo., 10s. bd.

Mackinnon.—Twe Unioxn or Enc-
LAND AND SCOTLAND:
- INTERNATIONAL HisTtory. By JaMmes
Mackinwon. Ph.D. Examiner in History
to the University of Edinburgh. Svo., 16s.

May.—7wre ConsrirvrioNar His-
ToRY orF ENGLAxND since the Accession
of George II1. 1760-1870. By Sir THOMAS
Erskixe May, K.C.B. (Lord Farnborough).
3 vols. Cr. 8vo., 18s.

Merivale (THE LATE DEaN).
Hisrory oF THE ROMANS UNDER THE

EypirE. Bvols. Crown 8vo., 3s5. 6d. each
The Farr orF theE Roywan Repusric:

a Short History of the Last Century of the
Commonwealth. 12mo., 7s. 6d.

Montague. — Tvx ELEMENTS OF
EncLisy ConNsTITUTIONAL fisTory. By
F. C. MonTAaGUE, M.A. Crown Bvo., 35. Bd.

O'Brien.—/risi fpEAS. REPRINTED
Appresses. By WiLLiam O'Briex. Cr.
Bvo. 2s. 6d.

Richman.— 4drrenvzerr : Pure Die-
MOCRACY AND PASTORAL LIFE IN [NNER-
Ruoprx. A Swiss Study. By Irvine B.
Rictman, Consul-General of the United
States to Switzerland, With Maps. Crown
Hvo., 55.

Seebohm (FRrREDERIC).

Tue Evcrisa Vierace CoMMuNIiTy
Examined in its Relations to the Manorial
and Tribal Systems, &c. With 13 Maps
and Plates. 8wvo., 16s.

Tre Trigar SvsTteEw IN WALES:
Being Part of an Inguiry into the Struc-
ture and Methods of Tribal Society.
With 3 Maps. 8wvo., 125

Sharpe.— Lonpow awp riE KiNcpoar:
a History derived mainly from the Archives
at Guildhall in the custody of the Corpora-
tion of the City of London. By REGiNALD
R. Suarpre, D.C.L., Records Clerk in the
Office of the Town Clerk of the City ot
London. 3 weols. B8vo. 1os. 64, each.

4 Srroy oF |

Sheppard. — Meworiars or Sr.
Fanes's Farace. By the Rev. Encar
Suepparn, M.A., Sub-Dean of H.M.

Chapels Royal. With 41 Full-page Plates (8
Photo-Intaglio) and 32 Illustrations in the
Text. 2 vols. B8wo., 30s. net.

Smith.— Carriace aND 1H#E CARTH-

AGINIANS. By R. BosworTH SmiTH, M.A.,
With Maps, Plans, &c. Cr. 8vo., 3s. 6d.

Stephens. — 4 Hisrory oF THE
Frenck Revorvrion. By H. Morse
StepuENs. 3vols. 8vo. Vols. I. and II.
185, each.

| Stubbs.— Hisrory or tHE UNIWVER-
sty oF Duerin, from its Foundation to
the End of the Eighteenth Century. By ]J.
W. StuBBs. 8vo., 12s. 6d.

Sutherland.—- 7wz Hisrory or Aus-
TRALIA AND NEW EEALAND, from 1606 to
18go. By ALEXANDER SUTHERLAND, M.A.,
and GEorRGE SUTHERLAND, M.A. Crown
Bvo., 25, 6d.

Taylor.—A Srvpenr's Mavvar oF
T History oF Ixpra. By Colonel MEea-
pows Tavior, C.5.1., &c. Cr. Bvo., 7s. 6d.

GOVERN-
By

Todd. — PARLIAMENTARY
MENT IN THE BRITISH COLONTES.
Arruieus Topp, LL.D. 3wvo., 30s. net.

Wakeman and Hassall—ZEssays
INTRODUCTORY TO THE STUDY OF ENGLISH
ConsTiTuTioNaL History. By Resident
Members of the University of Oxford.
Edited by Henry OFrFLEY WAKEMAN,
M.A., and ArTHUR Hassare, MLA  Crown
fvo., Bs.

| Walpole.—Hisrory or ENGLAND
FROM THE CONCLUSION OF THE GREAT
War v 1815 70 1858. By BSreENcEr
Warrore. 6 wols. Crown 8vo., bs. each.

Wolff, — Opp Brrs or History:
being Short Chapters intended to Fill Some
Blanks. By Henry W, Worrr. Bvo., 8s. Gd.

Wood-Martin.—P4cany JIRELAND :
AN ArcnwoLocic 4L SkETcH. A Handbook
of Irish Pre-Christian Antiquities. By W.
G. Woon-Martiv, M.R.IA.  With 512
[Mustrations. Crown Svo., 155,

Wrylie. — Hisrory or ENGLAND
 UnpER Hexgy IV. By James Haminton
WryLie, M.A., one of H. M. Inspectors of
Schools. 3wvols. Crown8vo. Vol L., 1309-
1404, 10s. 64. Vol. 1L, 155. Vol.IIL, 15s.

[Vol. IV. In the press
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Armstrong.—7WE LiFEANDLETTERS
oF Epvwunp ¥. Armsrtronvs. Edited by
G. F. ArmsTrONG. Fcp. 8vo., 7s. 64,

BEC'DH.—THE LETTERS AND LIFE OF
FRANCIS BACON, INCLUDING ALL HIS Oc-
caAsioNat Works, Edited by JAMES SPED-
DING. 7 vols. Bvo., £4 45.

Bagehot.— BrocrapiicAr Srubies,
By WaLTER Bacgenor. Crown 8vo., 35.6d.
Blackwell. — Proxveer

Work x

OPENING THE MEDICAL FPROFESSION TO

Wowmex: Autobiographical Sketches. By

Dr. EL1zageTH BrackweLL. Cr. 8vo., 6s.

Boyd {AI Kl Ht] (‘ ﬁIKIH-I-BI.I}'

TWENTV-FIVE VYeEars oF S
Axprews. 1B6s5-18go. 2 wvols. Bvo.
Vol. 1. 125. Vol. II. 1ss.

ST. ANDREWS AND ELSEWHERE: |

Glimpses of Some Gone and of Things |

Left. 8wvo., 155.

TrE LasT YEars o ST. AvprEWS * |
Sepremser 18go To SEPTEMBER 1895. |

Bvo., 15s.

Brown.—Fforp Mapox Broww: A
Record of his Life and Works. By Forp M.
HUEFFER.
Autotypes) and 7 [llustrations in the Text.
8vo., 42s.

Buss.—Fravces Mary Buss AND
HER Work For EpuUcarioN. DBy ANNIE
E. RipLEY,
trations. Crown 8ve, 7s. 6d.

Carlyle.— Twoumis Carcvie : A His-
tory of his Life. By JaMES ANTHONY

FrouDk.
I7g5-1835. =2 wvols. Crown 8vo., 7s.
t834-1881. 2 wvols. Crown Bvo., 7s.

Digby.— 7we Lire or Sik KeneLs
Dicey, by one of his Descendants, the
Author of ‘ The Life of a Conspirator,’
*A Life of Archbishop Laud,’ etc. With
7 IMustrations.,  8vo., 165,

Erasmus.—L:ire anp LErTERs oF
Erasnuyus. By James AnTHoNY FroubDe.
Crown Svo.

Fox.— T Earry History oF
CHARLES F AMES Fox. By the Right Hon.
Sir G. 0. Taeveryan, Bart.

Library Edition. 8vo., 18s.
Cabinet Edition. Crown 8vo., 65,

Biography, Personal Memoirs, &e.

With 45 Full-page Plates (22 |

With 5 Portraits and 4 Illus- |

Halford.—7we Lire oF Stk Hexry
HaLForp, Barr., ¢.C.H., M.B., F.R.5.,
By WiLLiam Munk, M.D., F.5.A. 8vo.,
125, G,

Hamilton.—Zsre or Sz Witiiam
Hawrrron. By R. P. Graves. Bvo. 3vols.
15s5. each. AppEwnum. 8vo., 6d. sewed.

Harper.— A4 Meworr- or Huco
Lranier Harper, D.D., late Principal of
Jesus College, Oxford, and for many years
Head Master of Sherborne School. By L.
V. Lester, M.A. Crown 8vo., 55,

' Havelock.—MEesoirs or Sik HENRY
| Havecock, K.C.B. By Joux CrLarx
| MarsHMaN, Crown 8vo., 35, 6d.

| Haweis.— My Musicar Livg. By

| the Rev. H. R. Haweis. With Portrait of

| Richard Wagner and 3 [llustrations. Crown
Bvo., 75, Gd.

Holroyd.—TwE Girrroop or Maria
YosgpHa Hoirovp (Lady Stanley of
Alderley). Recorded in Letters of a Hun-
dred Years Ago, from 1776 to 1706. Edited
by J. H. Apeane. With 6 Portraits.
d3vo., 18s.

|
J
|

Luther. — Lirz or Lurwer. By
Juiius Kostrin. With Illustrations from
Authentic Sources. Translated from the
German. Crown 8vo., 7s. 6d.

 Macaulay.—7wE LiFrg AND LETTERS
oF LogDp MacavLay. By the Right Hon.
Sir (. O. TrEVELYAN, Bart., M.P.

Pupular Edition. 1 vol. Cr. 8vo., 2s. 6d.

Student’s Edition 1 vol. Cr. 8vo., 63,
‘abinet Edifion. 2vols. Post 8vo., 12s.
Library Edition. 2 vols. B8vo., 36s.
‘Edinburgh® Edition. 2 wvols. Bvo., 6s.

each.

Marbot. — 7we MEeMOIRS OF THE
Haron pE Marpor. Translated from the
French. Crown 8vo., 7s. 6d.

Nansen,—Fr:/orior Nawvsen, 1861-
18g3. By W. C. Bricser and NorDAHL
Rovrsexn. Translated by WiLL1AM ARCHER.
With 8 Plates, 48 Illustrations in the Text,
and 3 Maps. 8ve., 125 64,
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Romanes.—7we Lire avp Lerrers | Turgot.—Twe Lire anp WriTines
oF GEORGE FounN Rosranes, MA., LL.D., | oF TuvkcoTr, Comptroller-General of France,
F.RS. Written and Edited by his WiFe. | 1774-1776. Edited for English Readers by
With Portrait and 2 Illustrations. Crown | W. WALEKER STEPHENS, S8vo., 12s5. 6d.
Bvo., bs. [

Verney. —Mesoirs oF rHE VERNEY

Seebohm.— TwEQxrorp REFORMERS | FanLy.
—FoHN COLET, ERASMUS AND THOMAS | Vols. 1. & II.. During THE Crvil Wag.
Moge : a History of their Fellow-Work. By Frances ParTHENOPE VERXEY. With
By FREDERIC SEEBOHM. 8vO0., 145. 38 Portraits, Woodcuts and Fac-simile.

Raoyal 8vo., 42s.
Shakespeare. — OUTLINES OF THE | vwol, TIL., Durin THE COMMONWEALTH.

LIFE OF SHAKESPEARE. By ]. O. HaLLI- 1650-1660. By MarcareT M. VERNEY.
weLL-PHILLIPPS. With [llustrations and With 10 Portraits, &c. Roval 8vo., 21s.

Fac-similes. 2 vols. Royal 8vo., 1 15,

Wellington.—Zi/#z or reE Duke

Shakespeare’s Trve LiFe. By | " or wWerLLiveron. By the Rev. G. R.
James WaLTer. With 500 Illustrations by | Greie, M.A. Crown Svo., 35. 6d.

GeraLD E. Moira. Imp. 8vo., 215 .
Wolf.—Twe Lire or Josers Woir,
Stephen.— Essayvs in EcCLESIAST)-| Axiwal Panter. By A, H. Pamer
cAal Brocraray. By Sir James StepHeEN. | With 53 Plates and 14 Illustrations in the
Crown 8vo., 75. bd. Text. 8vo., zi1s.

Travel and Adventure, the Colonies, &e.

Arnold (Sir Epwin), Bent (]J. THEODORE)—continued.

SEAS AND L‘,I‘a'_rﬂs_ With ?I I"us_ TI.I‘F.E Szifﬂ'ﬁ'ﬂ CITI" aF THE E.Tfffﬂ-

Piaxs: being a Record of Travel and

Research in Abyssinia in 18g3. With 8

Wanperine Worps. With 45 Plates and 65 Illustrations in the Text.
Illustrations. 8wvo., 18s. Bvo,, 1os. Gd.

trations. Cr. 8vo., 35 64d.

Easr avp Wesr: With 14 Illus- | Bicknell. — T x4avEr anp ADVENTURE
trations by R. T. PrircueTrT. 8vo., 185 IN NorriErN QUEENSLAND. By ARTHUR

C. BickxeLr. With 24 Plates and 2z Illus-

AUSTRALIA AS 7T IS, or Facts | trations in the Text. 8vo., 155.

and Features, Sketches, and Incidents of
Australia and Australian Life with Notices | Brassey.— Vovices awvp TrRAVELS

of New Zealand. By A CLERGYMAN, oF Lorp BRAsSEY, K.C.B., B.C. L., 1862-

thirteen years resident in the interior of | 1894, Arranged and Edited by Captain S.
New South Wales. Crown 8vo., 55. | EarprLeEv-WiLsmor. 2z vols. Cr. 8vo., 105,
|

Baker (Sir S. W.).

Brassey (THE LATE Lapvy).

Fr e T o et e R AT P A Vovace in rak* Suvgeas;’ Ovr

Illustrations. Crown 3vo., 35. Gd. gﬂ"”‘? o TES Depan. JOR SECEEEN.
ONTHS.

TwE RiFtE Axp THE Housxp In Library Edition. With 8 Maps and
Cevioy, With 6 Illustrations. Crown Charts, and 118 Tllustrations. 8wvo. 215.
8vo., 35. bd. Cabinet Edition. With Map and 66

Illustrations. Crown 8vo., 7s. 64.
Bent (]. THE{)DQRE},‘ Silver Library Edition. With 66 Illustra-
tions. Crown 8vo., 3s5. 6d.

Ture Ruivep Crries or MASHONA- Popular Edition. With 6o Illustrations.
Lanvp: being a Record of Excavation 4to., 6d. sewed, 1s. cloth.
and Exploration in 18gr. With 117 School Edition. With 37 Illustrations,
Illustrations. Crown 8ve., 3s. 6d. Fcp., 2s. cloth, or 3s. white parchment.
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Travel and Adventure, the Colonies, &e.—continued.

Brassey(THE LATE LapY)}—continued.

SvnsHing AND Srory ix THE EAsT.

Library Edition. With 2 Maps and 141
Iustrations. Svo., 21s.

Cabinet Edition. With 2z Maps and 114
Ilustrations. Crown 8vo., 75 6d.

Popular Edition. With 103 Illustrations.
4to., 6d. sewed, 15. cloth.

Iv raE TRADES, THE ITROPICS, AND
THE * ROARING FORTIES.’
Cabinet Edition. With Map and 220
IMustrations. Crown 8vo., 7s. 6d.
Popular Edition. With 183 Illustrations.
4to., 64. sewed, 1s. cloth.

THREE VOVAGES IN THE * SUNBEAM'. |

Popular Ed. With 346 [llust. 4to., 25. 6d.

Browning,—A Gizt's WaxperiNes
IN Huvgary., By H. ELpLEx BrowsING.
With Map and 20 Illustrations. Crown Bvo.,
75. 6.

Froude (James A.).

Oczana : or England and her Col-
onies. With g Illustrations. Crown 8vo.,
zs. boards, zs. 6d. cloth.

TrE Evcrrsia ivn THE WEsST INDIES ©
or, the Bow of Ulysses. With g Illustra-
tions. Crown 8vo., 25. boards, 2s. 6d. cloth.

Howitt.— Visits 70 REMARKABLE
FPraces. Old Halls, Battle-Fields, Scenes,
illustrative of Striking Passages in English
History and Poetry. By WiLLiam Howrrr.
With 8o Illustrations. Crown 8vo., 3s. 6d.

Knight (E. F.).

The CRUISE oF THE * ALERTE’ ! the |

Narrative of a Search for Treasure on the
Desert Island of Trinidad. With 2 Maps
and 23 Illustrations. Crown 8vo., 3s. 6d.

Weere THrREE EMPIRES MEET:
Narrative of Recent Travel in Kashmir,
Western Tibet, Baltistan, Ladak, Gilgit,
and the adjoining Countries.
Mapand 54 Illustrations. Cr. 8vo., 3s. 6d.

- THE * Farcon’ ox rHE Barric: a
Voyage from London to Copenhagen in

a Three-Tonner. With
Illustrations. Crown 8vo., 3s. 6d,

Lees and Clutterbuck.,—B.C.1887:
o RAMBLE IN BRITISH COLUMEI4. By J. A. |
LEEs and W. ]J. CLurTERBUCK. With Map |
and 75 Illustrations. Crown 8vo., 35, 6d. |

3 |

With a |

10 Full-page |

Nansen (Friptjor).

THE FirsT CRoSSING 0F (GREEN-
Eanvp, With numerous [llustrations and
a Map. Crown 8vo., 3s. 6d.

|
|
! Eskrwo Lire. With 31 Illustrations.
! 8vo., 16s.
|
Oliver.—Crics Axp CRATERS:
! Rambles in the Island of Réunion. By
| Witriam DupLey Ovmver, M.A. With
| 27 Illustrations and a Map. Cr. 8vo., 6s.
Peary. — My Arcric Jovrwnar: a
year among Ice-Fields and Eskimos. By
JoseEpHINE DieriTscH-PearRY. With 19
Plates, 3 Sketch Maps, and 44 Illustrations
in the Text. 8vo., 12s.

Quillinan.— fovawvar or 4 Few
Monarus' REsipEAcE IN PorTUGAL, and
Glimpses of the South of Spain. By Mrs.
QuiLLinaNy (Dora Wordsworth). New
Edition. Edited, with Memoir, by Epmuxp
Leg, Author of * Dorothy Wordsworth,” &c.
Crown Bvo., Bs.

Smith.—Criveive iv Ti#HE BRITISH
fsegs. By W. P. Haskert SuiTH, With
INlustrations by ELLis CArg, and Numerous
Plans.

Part 1. Excrann.
Part II.
35. Gd.

Part I11. Scorcanvp.

16mo., 35. 6d.

HIALES AND fRELAND, 10mo.,

[In preparation.

Stephen. — Zwe Prav-Grouvnp orF
LurorE. By LEsLIE STEPHEN., New
Edition, with Additions and 4 Illustrations.
Crown 8vo., 6s. net,

THREE IN NORWAY. By Two

of Them. With a Map and 59 Illustrations.
Crown 8vo., 2s5. boards, 2s. 6d. cloth.

 Tyndall.—Twe Grdciers oF THE
Acrps: being a Narrative of Excursions
and Ascents. An Account of the Origin
and Phenomena of Glaciers, and an Ex-
position of the Physical Principles to which
they are related. By Joun TynpaLy,
F.R.5. With numerous Illustrations. Crown
8vo., B5. 6d. net.

Whishaw.— Twe Romance orF THE
Woops : Reprinted Articles and Sketches.
By FreD. J. WHisHAw. Crown 8vo,, 6s.
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Veterinary Medicine, &e.

Steel (Joun HENRY). \Fitzwygram. — Horses awnp
|  STaBrLes. By Major-General Sir F. Fitz-
A TrrEATISE ON THE [)ISEASES oF| WyGRAM, Bart. With 56 pages of [llustra-

rHE Doc. With 88 Illustrations. 8ve., | tions. 8vo., 2s. 6d. net.

1os. 6d.
‘Stonehenge.' — 7w Doc in
A Trearise o raeE Disgases dr| HEALTH anp Disease. By * STonE-
reE Ox. With 11g Hlustrations. 8vo., 155, HENGE . Witk 78 Wood Engravings.
Bvo., 7s. bd.

A Trearise onv THE DisEASES oF | W
THE SHEEP. With 100 Illustrations. | Youatt (WiLrLiam).

8vo., 12s. Tue Horse. Revised and Enlarged
by W. Warson, M.R.C.V.5. With 52

OuTiiNes oF EQUINE ANvATomy : a Wood Engravings. Svo., 75 b
Manual for the use of Veterinary Students | Z#& Doc. Revised and Enlarged.
in the Dissecting Room. Cr. 8vo., 7s. 6d. With 33 Wood Engravings. S8vo., bs.

Sport and Pastime.

THE BADMINTON LIBRARY.

Edited by HIS GRACE THE DUKE OF BEAUFORT, K.G.; Assisted by ALFRED E.
T. WATSON.

Complete in 28 Volumes. Crown 8vo., Price 10s. 6d. each Volume, Cloth.

*o" The Volumes are also issued half-bound in Leather, with gilt top. The fprice can be had
Srom all Booksellers,

ARCHERY. ByC. ]. Loneman and BILLIARDS. By Major W. Broap-
Col. H. Warroxn., With Contributions by roor, R.E. With Contributions by A. H.

Miss LEGH, Viscount DirrLox, Major C Bovyp, SvpeEnsam Dixox, W. ]J. Forb,
Hawgkins Fisuer, &c. With 2 Maps, 23| DubprLey D. PontiFex, &c. With 11 Plates,
Plates and 17z Illustrations in the Text. | 19 Illustrations in the Text, and numerous
Crown 8vo., 10s. Gd. Diagrams and Figures. Crown Bvo., 1os. bd,

ATHLETICS AND FOOTBALL.
By MoNTAGUE SHEARMAN. With 6 Plates | BOAT/NG. By W. B. WooDGATE.
and 52 INustrations in the Text. CI'OM-'I'I With 10 P[ateg 30 Illustrations in the Text
8vo., 10s. 6d, | and from Instantaneous Photographs, and

5 y 4 Maps of the Rowing Courses at Oxford,
BIG GAME SHOOTING. By Cambridge, Henley, and Putney. Crown

CrLive PHILLIPPS-WOLLEY. 8vo., 105. G,
Vol. 1. AFRICA AND AMERICA.

With Contributions by Sir Samuer W. | : p 4
BAKER, W. C. OsweLL, F. J. Jackson, COURSING AND FALCONRY.

WarBurTON Pike, and F. C. SeLous. By Harpine Cox and the Hon. GERALD
With zo Plates and 57 Illustrations in the LasceLres. With zo Plates and 56 Ilus-
Text. Crown Bvo., 1os 6d. trations in the Text., Crown 8vo., 1os. 6d.

vﬂ!::RII‘il EUROPE, ASIA, AND THE

CTIC REGIONS. With Contribu- .

tions by Licut.-Colonel R. Heser CKRICKET. By A. G. STEEL and
Percy, ArnoLp Pikg, Major ALGERNON the Hon. R. H. LyrTrerLTox. With Con-
C. HeEper Percy, &c. With 17, Plates tributions by AnprEw Laxa, W, G. Guacg,
and 56 Ilustrations in the Text. Crown F. GaLe, &c. With 12 Plates and 52 [llus-
8vo., 105, bd. trations in the Text. Crown Svo., 105. 6d.
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THE BADMINTON

CYCLING. By the EarL oF ALBE- | WOUNTAINEERING.

marlLE and G. Lacy HmLrigr., With 19
Plates and 44 Illustrations in the Text.
Crown 8vo., 10s, 6d.

DANCING. By Mrs. LiLLy GRoVE,
F.R.G.S. With Contributions by Miss
MippLeTon, The Hon. Mrs. ArRMYTAGE,
&c. With Musical Examples, and 38 Full-
page Plates and g3 Illustrations in the Text.
Crown 8vo., 10s. 6d.

DRIVING. By His Grace the Duke
of Beavrort, K.G. With Contributions by
other Authorities, With Photogravure
Intaglio Portrait of His Grace the Duke orF
BeavrorT, and 11 Plates and 54 Illustra-

Sport and Pastime—continued.

tions in the Text. Crown 8vo., 1os, 64,

FENCING, BOXING, AND ‘
WRESTLING. By WavLTter H.PoLLocE, |
F.C. Grove, C. PrEvosT, E. B. MiTCcHELL, |
and WaALTER ArMsTRONG. With 18 Intaglio |
Plates and 24 Illustrations in the Text. |
Crown 8vo., 10s. 64d.

FISHING. By H. CHOLMONDELEY- |

|
Pennerr, Late Her Majesty's Inspector |
of Sea Fizheries. !

|

Vol. I. SALMON AND TROUT. With |
Contributions by H. R. Frawcis, Major |
Joux P. Tranerxg, &. With Frontis- |
piece, 8 Full-page Illustrations of Fishing |
Subjects, and numerous Illustrations of
Tackle, &c. Crown 8vo., 1os. Had.

Vol. II. PIKE AND OTHER COARSE |
FISH. With Contributions by the |
Marguis oF Exerer, WiLLIAM SENIOR, |
G. CHrRisToPHER Davis, &c. With
Fromtispiece, 6 Full-page Illustrations of |
Fishing Subjects, and numerous Illustra- |
tions of Tackle, &c. Crown 8vo., 10s. 6d.

GOLF. ByHorace G. HurcHiNson.
With Contributions by the Rt. Hon. A. J. |
Bavrour, M.P., Sir WarTer Simpson, Bart.,
ANDREW Lang, &c. With 25 Plates and
65 Illustrations in the Text. Crown 8vo., |
10s5. bd. '

HUNTING. By His Grace the Duke

orF BeavrorT, K.G., and Moweray Morris.
With Contributions by the EarL oF SuFFoLK
AND BeEresHire, Rev. E. W. L. Davies,
J- 5. Gigeons, G. H. Loneuman, &c,. With
5 Plates and 54 Illustrations in the Text.
Crown Bvo., 1os. bd. |

LIBRARY —continued.

By C. T
DexT. With Contributions by Sir W, A,
Cowway, D. W. FresurizLp, C. E.
MatTHEws, &c. With 13 Plates and g5
IMustrations in the Text. Cr. Bvo., 10s. 6d.

POETRY OF SPORT (THE)—
Selected by HeprLey Peexk. With a
Chapter on Classical Allusions to Sport by
Axprew Lang, and a Special Preface to
the Badminton Library by A. E. T. WaTsow.
With 32 Plates and 74 Illustrations in the
Text. Crown 3wo,, 10s. bd.

RACING AND STEEPLE-CHAS-
ING. By the EARL oF SUFFOLK AND
BeErgsHire, W. G. Craven, the Hon. F,
LAwLEY, ARTHUR CoOVENTRY, and ALFRED
E. T. Warson. With Coloured Frontis-
piece and 56 Illustrations in the Text.
Crown Bvo., 1os. bd.

\ RIDING AND POLO.

RIDING. By Captain Ropertr WeIR,
the Duke oF Bravrorr, the EARL oF
SUFFOLE AND BERESHIRE, the EarL oF
OnsLow, |. Murray Brown, &c. With
8 Plates and 41 Illustrations in the Text,
Crown 8vo., 105, 6d.

SEA FISHING. By Joun BICKER-
pyke, Sir H. W. Gore-Boorn, ALFRED
C. HarmswortH, and W. Sexior. With
22 IFull-page Plates and 175 Hlustrations in
the Text. Crown 8vo., 10s. 6d,

SHOOTING.

Vol. I. FIELD AND COVERT. By Lorp
WarsingHAM and Sir RALPH PavnE-
GaLLwey, Bart, With Contributions by
the Hon. GeraLp LasceLLEs and A. J.
STuarT-WorTLEY. With 11 Full-page
[llustrations and g4 Illustrations in the
Text. Crown Svo., 1os. Od.

Vol. II. MOOR AND MARSH. By
Lornp WarLsmcHamand Sir Raves Pavye-
Garrwey, Bart. With Contributions by
Lorp Lovat and Lord CHARLES LENNOX
Kerr. With 8 Full-page Illustrations
and 57 Illustrations in the Text. Crown
8vo., 105. Bd.
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Sport and Pastime—continued.

THE BADMINTON LIBRARY-—continued.

SKATING, CURLING, TOBOG-| YACHTING.
GANING. By ]J. M. Heatucotg, C. G.
TessutrT, T. MaAXWELL WiTHAM, Rev.

i Vol. I. CRUISING, CONSTRUCTION
Joun Kerr, Ormosp Hake, Hexevy A 2 i c

OF YACHTS, YACHT RACING

Buck, &c. With 12 Plates and 272 Illus- RULES, FITTING-OUT,&c. By Sir
trations and Diagrams in the Text. Crown | Epwarp Svinivax, Bart., THE EAgRL oF
Bvo., 105, 6d. Pemuaroke, Lorp Brassey, K.C.B., C.
S AL fir. ; . e E. SETH-SMITH, C.B., G. L. Warsox, K.
SWIMMING. By ArcHIBALD Sin- | T. PRTCHETE B Ioiann S Wik

cLaIlR and Wirriam Hewxry, Hon. Secs. | : i
of the Life-Saving Society. With 13 Plates | o dPlfétes angl?gtlllusuﬁmﬂnscm ﬂ::‘:: Ei’;‘
and 106 Illustrations in the Text. Crown | ::25 rmfﬂm At apst, Es .

8vo., 10s5. 6. g

TENNIS, LA WN TENNIS,| wel. 1I. YACHT CLUBS, YACHT-
RACKETS AND FIVES. By J. M. and ING IN AMERICA AND THE
C. G. HeatHcoTe, E. 0. PLEYDELL- COLONIES, YACHT RACING, é&c.
Bouverig, and A.C. Aixcer. With Contri- By R. T. Pritcuert, THE MarQuis or
butions by the Hon. A. LyTTELTON, W. C. DUFFERIN AND Ava, K.P., THE EarL oF

MarsmaLL, Miss L, Don, &c. With 12| OnsLow, James McFErran, &c. : With
Plates and 67 Illustrations in the Text 35 Plates and 160 Illustrations in the
Crown 8vo., 105. 6d. Text. Crown 8vo., 10s. 6.

FUR AND FEATHER SERIES.
Edited by A. E. T. Warsox,
Crown 8vo., price 55. each Volume, cloth.

"o The Volumes are also isswed half-bound in Leather, with gilt top. The price can be had
from all Booksellers.

THE PARTRIDGE. Natural His- | 7THE HARZE. Natural History by
tory by the Rev, H. A. MACPHERSON; the Eev. H. A. Macruerson ; Shooting,
Shooting, by A. ]J. STuarRT-WoRTLEY ; | by the Hon. GERALD LaAscELLES ; Coursing,
Cookery, by GEorGE SamnTseury. With | by Crarres Ricaarpses ; Hunting, by ].
11 [llustrations and various Diagrams in | 5. Gieeoxs and G. H. Loxamax ; Cookery,
the Text. Crown 8vo., 5s. | by Col. Kexxey HERBERT. With g

Tilustrations. Crown 8vo, 5s.
THE GROUSE. Natural History by
the Rev. H. A. MacrHERSON; Shooting,
by A. ]. StuarT-WorTLEY ; Cookery, by S P -
GeEorcE SaixTssury. With 13 Illustrations E:quﬂﬂff{EfME:iE;E;LH I%E:FE:EE_
and various Diagrams in the Text. Crown By CAMERON OF LOCHIEL.—Stag

= ing.
8vo., 5s. |  Hunting. By Viscount EBriNGTON.—

; . Cookery. By ALEXANDER INNES SHAND,
THE PHEASANT. Natural History With I}D lllugtmtions by J. CHARLTON and

bv the Rev. H. A, MacPHERSO® ; Shooting, % :
b; % |- Svikes Wounies . Coolieer. Efy A. Tuoreurx. Crown 8vo., 5s.
ALEXANDER InNES Snanp., With 10 Illus-
trations and wvarious Diagrams. Crown
8vo., 55
*F Other Volumes are in preparation.

BADMINTON MAGAZINE | Bickerdyke.—D.i¥s oF my Lirg oN
(THE) OF SPORTS AND PastTines, Edited WaTERS FRESH AND S4LT: and other
by Avrren E, T. Warson (* Rapier"). Papers. By Jous BICKERDYKE. With

With Illustrations. P ; ¥
m:::n1:hI;?-::"mmluE Sl e Photo-Etched Frontispiece and 8 Full-page

Vols. L-1II. 6s. each. | IMlustrations. Crown 8vo., Gs.
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Sport and Pastime-—continued.
DEAD SHOT(TwE): or,Sportsman’s | Payne-Gallwey (Sik Raven, Bart.).

Complete Guide. Beinga Treatiseon the Use
of the Gun, with Rudimentary and Finishing
Lessons on the Art of Shooting Game of all
kinds. Also Game-driving, Wildfowl and
Pigeon-shooting, Dog-breaking, etc. By
MARKSMAN, [ﬁusuated. Cr. 8vo., 10s. 6d.

Ellis.—Cress Sparxs ; or, Short and
Bright Games of Chess. Collected and
Arranged by J. H. ELris, M.A. 8vo., 45. bd.

Falkener.— Gaags, Awxciexr AND
ORIENTAL, AND How 10 Fray THEM. By
Epwarp FavLkener. With numerous
Photographs, Diagrams, &c. 8vo., 215,

Ford.—7wE TuEory AND PRACTICE
oF ArciiEry. By Horace Forp, New
Edition, thoroughly Revizsed and Re-written
by W. BurTt, M.A. With a Preface by C.
J. Loneman, MLA. 8vo., 14s.

Francis.—4 Book ox Axciive: or,
Treatise on the Art of Fishing in every
Branch ; including full Tllustrated List of Sal-
mon Flies. By Francis Francis. With Por-
trait and Coloured Plates. Crown 8vo., 155,

Gibson.— Tosoccaning ox CROOKED
Kuns. By the Hon. Harry Gieson. With
Contributions by F. pE B. STRICKLAND and
‘Lapyv-Tososanner'. With 4o Illustra-
tions. Crown 8vo., 6s.

Graham.— CounTry PASTIMES FOR

Bors. By P. Anperson Granam, With
252 Illustrations from Drawings and
Photographs. Crown 8vo. 6s.

Lang.—dsciive SxercHes. By
AxpreEw Laxc. With 2o Illustrations.
Crown 8vo., 3s. 6d.

Longman.—Cress Orenives. By
Freperick W. Loxeuan. Fep. 8vo., 25. 6d.

Maskelyne.—Swarrs avp Frars: a
Complete Revelation of the Secrets of
Cheating at Games of Chance and Skill. By
Joun NEvIL MaskeLvse, of the Egyptian
Hall. With 62 Illustrations. Crown 8vo., 6s.

Park.—7wE Gamr or Gorr. By
WiLLiaM Parg, Jun., Champion Golfer,
1887-Bg. With 17 Plates and 26 Illustra-
tions in the Text. Crown 8vo., 75. 6d.

Lerrers ro Youne Stoorers (First

Series). On the Choice and use of a Gun,
With 41 Illustrations. Crown 8vo., 7s. 6d.

Lerrers o Youne Sxoorers(Second
Series). On the Production, Preservation,
and Killing of Game. With Directions
in Shooting Wood-Pigeons and Breaking.
in Retrievers. With Portrait and 103
Illustrations. Crown 8vo., r2s. 6d.

Lerrers ro Youne SHOOTERS.
(Third Series.) Comprising a Short
Natural History of the Wildfowl that
are Rare or Common to the British
[slands, with complete directions in
Shooting Wildfowl on the Coast and
Inland. With zoo Tilustrations. Crown
Svo., 18s.

Pole (WiLLian).

Twe Fneory or rinE MobpERN ScrEN-
TIFIC GAME oF WkisT. Fcp. 8vo., 25.6d.

Twe Evorvriovor Weisr: aStudy of

the Progressive Changes which the Game
has undergone. Cr. 8vo., 25. bd.

Proctor.—How 7o Pray Whrisr:
Wit THE Laws anp EriQuerte oF
WearsT. By RicHarp A. Proctor. Crown
Bvo., 3s. 64.

Ronalds.— Twe Froyv-Fisier's Exro-

MoLogy. By ALFPRED Romnannps. With 2o
coloured Plates. 8vo., T4,
Thompson and Cannan, ZHivo-

IN-HAND FiGURE SKATING. By NORCLIFFE
G. Tuomprson and F. Laura Canman,
Members of the Skating Club. With an
Introduction by Captain ]J. H. THoMsoN,
R.A. With [llustrations. 16mo., 6s.

Wilcocks.—TwE SEa FisHERMAN:
Comprising the Chief Methods of Hook and
Line Fishing in the British and other Seas,
and Remarks on Nets, Boats, and Boating.
By J. C. WiLcocks, Illustrated. Cr. Bvo., Gs.
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Mental, Moral, and Politieal Philosophy.

LOGIC, RHETORIC, PSYCHOLOGY, &C.

Abbott.—Twe Erzmenrs or Locic.
By T. K. AssorT, B.D. 12mo., 35.

Aristotle.

Twe Porrrics: G. Bekker's Greek
Text of Books 1., ITI., IV, (VIL), with an
English Translation by W. E. BoLvLaxDn,
M.A.; and short Introductory Essays
by A. Lawg, M.A. Crown 8vo., 75. 6d.

Ture Porrrics: Introductory Essays.
By Awprew Laxc (from Bolland and
Lang’s ® Politics ). Crown 8vo., 25. 6d.

Twe Eraics: Greek Text, Illustrated
with Essay and Notes. By Sir ALExan-
pER GrRanT, Bart. 2 vols. Bvo., 32:.

Ax Inrropvcrion 70 ARISTOTLE'S
Ernrcs. Books L.-IV. (Book X. c. vi.-ix.
in an Appendix). With a continuous
Analysis and Notes. By the Rev. Epwarp
Moore, D.I)., Cr. 8vo. 1os. 64.

Bacon (Francis).
Comprere Worxs. Edited by R. L.

EvLLis, JaMes Spepping and D. D,
HeaTH. 7 vols. 8vo., £3 135. 6d.

Lerrers anvo Lirg, including all his
occasional Works. Edited by James
SreppING. 7 vols. Bvo., 44 4s.

TwE Essays: with Annotations. By
RicHarp WaaTELY, D.D. 8vo., 108. 6d.

Tre Essavs. Edited, with Notes,
by F. Storr and C. H. Giesox. Crown
8vo, 35. 64,

Twe Essays: with Introduction,
Motes, and Index. By E.A. ApsorT, D.D.
2 Vols. Fep. 8vo.,6s. The Text and Index
only, without Introduction and Notes, in
One Volume. Fep. Bvo., 25. 6d.

‘Bain (ALEXANDER).
Cr, 8vo., 6s. 6d.

Morar Scrence. Cr, 8vo., 4s. 6d,

The two works as above can be had in one
volume, price 10s. 6d.

SENSES AND THE INTELLECT,
IS5,

Esorions anp THE WiLr, 8vo., 155.

MENTAL SCIENCE.

8vo.,

Bain (ALEXANDER)—continued.

Locrc, Depvcrive anp Inpvcrive.
Part I. 45. Part II1. 6s. 64d.

Pracricar Essavs. Cr. 8vo., 25,

Bray (CHarLES).

TuEe Prirosoriy or Necessity : or,
Law in Mind as in Matter. Cr. 8vo., 5s.

The Epvcarionor THE FEELINGS: a
Moral System for Schools. Cr. 8vo., 25.64.

Bray.—Erewents or MoraLiry, in
Easy Lessons for Home and School

Teaching. By Mrs. CHaArRLES Brav.
Crown 8vo., 15. 6d.
Davidson.—7wE Locic or Derine-

rion, Explained and Applied. By WiLLiam
L. Davipsox, M.A. Crown 8vo., 6s.

Green (THomas HiLrL).—THE Works
ofF. Edited by R. L. NETTLESHIP.
Vols. L. and II. Philosophical Works.
165, each.
Vol. II1. Miscellanies. With Index to the
three Volumes, and Memoir. 8wo., 215,

LEcTUrRES ON THE PRINCIPLES OF

Porrricar OericAarion. With Preface
by Bernarp BosasgueTr., Bvo., 53,

Bvo.,

Hodgson (Suapworta H.).
Timr anvp Seace: A Metaphysical
Essay. 8&vo., 16s.
Tuwe Twrory o0F PRACTICE:
Ethical Inquiry. 2 vols. 8vo., 245.

Tuwre Puirosorey or REFLECTION.
2 vols. Bwvao., 21s.

an

Hume.— 7wr Prrrosorricar Works
oF Davio Huse, Edited by T. H. GREER

and T. H. Grose. 4 vols. 8vo., 565. Or

separately, Essays. 2 vols. 28s. Treatize

of Human Nature. 2z vols. 28s.
Justinian.—7x& Insrirvres oF

Fusrintan : Latin Text, chiefly that of
Huschke, with English Introduction, Trans-
lation, Notes, and Summary. By THoMmAs
C. Sanpars, M.A. 8vo., 18s,

Kant (ImMANUEL).

CriTiouE 0F PracricAr REASoON,
AND OTHER Works on THE THEORY OF
Ermrcs.. Translated by T. K. ABBOTT,
B.D. With Memoir. 8vo., 125. 6d.
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Mental, Moral and Politiecal Philosophy-—continued.

Kant (ImMANUEL)—continued.
FUNDAMENTAL PRINCIPLES OF THE
MEeTaruysic oF Errrcs.  Translated by
T. K. ABBOTT,
* Kant's Critique of Practical Reason and
other Works on the Theory of Ethics.’)
Crown 8vo, 3s.

INTRODUCTION TO Locrc, AND HIS

Essay on THE Mistakex Sveriery of | Stock.—Depvcrive Locic.

THE Fouk FIGURES..
K. AppoTT. 8wvo., bS.

Translated by T.

Killick.—Hanvpsoox 1o MiLL's
Svsrem oF Locre. By Rev. A, H.
Kririck, M.A. Crown 8vo., 3s5. 6d.

Ladd (GeorGe TRUMBULL).

Prrrosorny oF Minp : An Essay on
the Metaphysics of Psychology. 8vo,, 16s.

Eresments oF Prysrorocic4ar Psy-
CHOLOGY . 3\-"{!1, 2L5:

Ovrrives or Prysiorocrcar FPsy-
cHoLocy. A Text-book of Mental Science
for Academies and Colleges. 8vo., 12s.

Psverorocy, DESCRIPTIVE AND £ x-
PLaNAToRY ; a Treatise of the Phenomena,
Laws, and Development of Human Mental
Life. 8wvo., 215,

PriveEr OoF PSYCHOLOGY.
55, 6d.

Cr. 8vo,,

Lewes.— 7wE History oF PHILOSO-
Py, from Thales to Comte. By GEORGE
Hewry LEwEs. 2 vols. 8vo., 32s.

Max Miller (F.).
Tre Sciexce or Trovcs T, 8vo., 215,

THREE INTRODUCTORY LECTURES ON
THE ScIENcE oF TooveHT. Bvo., 25. O,

Mill.-— ANnarvsis oF THE PHENOMENA

ofF THE Human Mimwp. By James MivL.
2 vols. Bvo., 28s.

Mill (Joun StuarT).
A Svsresm or Locic. Cr. 8vo., 3s. 6d.
Ow Liserty. Crown 8vo.,Is, 4d.

ON REPRESENTATIVE (TOVERNMENT.
Crown 8vo., 25.

Uricrrdrianisa.  Bvo., 2s. 6d.

Examivarion or Sikg Witriaar
Hayirron's PHILOSOPHY. 8vo,, 165,

Narvre, Teg Uricrry oF RELIGION,
AND Tugrsar. Three Essays. 8vo., 5s.

B.D. (Extracted from |

Mosso.—Fear. By AncgEro Mosso.
Translated from the Italian by E. LoveH
and F. Kiesow. With 8 Illustrations. Cr.
8vo., 75. bd.

Romanes.—Mivp avp Morion avo
Monisai. By GeorGE Jous RoOMANES,
LL.D., F.R.8. Cr. 8vo., 45. bd.

By Srt.

Georce Stock. Fep. 8vo., 35. 6d.

Sully (James).
Tre Huswav Mivo : a Text-book ot
Psychology. 2 vols. Bvo., 21s.

QurLiNgs oF PsycHorocy. 8vo., gs.
TrE TEACHER'S HanDpook OF Psy-
cuoLocy. Crown 8vo., 55.

Srupies oF CHILDEOOD.
1os, Gd.

3vo,

Swinburne. — Prcrure Logic: an
Attempt to Popularise the Science of
Reasoning. By ALFRED JAMES SWINBURNE,
M.A. With 23 Woodcuts. Crown 8vo., 3s.

Weber.—Hisrory oF PHILOSOPHY.
By AvrreEp WEBER, Professor in the Uni-
versity of Strasburg. Translated by Frank
ThiLry, Ph.D. 8vo., 16s.

Whately (ArcHBISHOP). :
Bacon's Essavs. With Annotations.
Bvo., 10s. bd.

Erenents or Locic. Cr. Bvo., 45. bd.

- Eremenrs or Rueroric. Cr. 8vo.,
45. bd.

LEessons o Reasovive. Fep. 8vo.,
1s. 6d.

Zeller (Dr. Ebwarp, Professor in the
University of Berlin).

Tur Sroics, EFPICUREANS, AND
Sceprrcs. Translated by the Rev. 0. ].
ReicuiEL, M.A. Crown 8vo., 155.

OurriNes oF THE HISToRY oF
Greex  Puitosopry.  Translated by
Saran F. AvneynNe and EVELYN
Apporr. Crown 8vo., 105, Bd.

Praro avp THE OLpER AcADEMY.
Translated by Saran F. ALLEYNE and
ALFRED Goopwin, B.A. Crown 8vo.

18s. ;
SOCRATES AND THE SOCRATIC
Scroocs. Translated by the Rev. O.

J. ReicueL, M.A. Crown 8vo., 10s. 6Bl
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Mental, Moral, and -Political Philosophy—continucd.

MANUALS OF CATHOLIC PHILOSOPHY.
{ Stonyhurst Series).

A Maxvvar or Poriticarl Ecoxowy.
By C. 5. DEvas, M.A. Crown 8vo., bs. &d.

Firsr Princrpres or KNOWLEDGE.
By Joux Rickaey, S.]J. Crown Bvo., 5s.

GexErRAL Merapryvsics. By JoHN
Rickany, 8.J. Crown 8vo., 55

Locic. By RicuHarp F. CLARKE, S.J.

Crown 8vo., 55

Morar. Prirosorry (ETHICS AND
NaTvraL Law). By JosepH RICKARY, S5.].
Crown 8vo., 55.

| Narvwar Threorocy. By BERNARD
| Boepperg, S.J. Crown 8vo., 6s. 6d.

Fsyvewococy., By MicHAEL MAHER,

| 8.J. Crown 8vo., 6s. 6d.

History and Secienee of Language, &e.

Davidson.—ZLeanive avp Imrori-
ANT ENGLisit Worps : Explained and Ex-
exmplified. By WiLLiam L. Davinsonw,
M.A. Fcp. 8vo., 3s5. bd.

Farrar.— LANGUAGE AND LANGUAGES:
By F. W. Farragr, D.D., F.R.S. Crown
8vo., Gs.

Graham. — Enxceisiy  Syvonyvas,
Classified and Explained : with Practical
Exercises. By G. F. Granam. Fcp. 8vo., 6s.

Max Muller (F.).

T Sciexceor Lavcuace.—Found-
ed on Lectures delivered at the Royal In-
stitution in 1861 and 1863. z vols. Crown
8vo., 215,

Max Miiller (F.)—continued.

Brocrariies orF WorDs, AND THE
Howe or THE Aryas. Crown Bvo., 7s. 6d.

THREE LECTURES ON THE SCIENCE
OF LANGUAGE, AND ITS [Pr4ce Iw
GENERAL Epucarion, delivered at Ox-
ford, 188g. Crown 8vo., 3s.

Roget.— Twesavrus or Encrisk
Worps anp Frirasgs, Classified and
Arranged so as to Facilitate the Expression
of Ideas and assist in Literary Composition.
By Perer Marx Rocer, M.D., F.R.S.
Recomposed throughout, enlarged and im-
proved, partly from the Author’s Notes, and
with a full Index, by the Author’s Son,
Joux Lewis Roger. Crown Svo, 1os. 6d,

Whately.—Zx~crisu Syavonvams. By

E. Jane WaaTeLy. Fcep. 8vo., 3.

Politieal Eﬁnnnmy_and Economies.

Ashley.—Excrisz Econvomic His-
TORY AND Tureory. By W, ]. AsHLEv,
M.A. Crown 8wo., Part 1., 5s.
108, Bd.

Bagehot. — Econvosic Srvpies. By
Warter Bacenor. Crown 8vo., 35. 64d.

Barnett.— Pracricapre SociALisi.

Essays on Social Reform. By the Rev. S.
A. and Mrs. BarNETT. Crown 8vo., Gs.

Brassey.— PAPERS AND ADDRESSES
on Work anp Waces. By Lord Brassey.
Edited by J. PorTER, and with Introduction
by Georce HoweLrL, M.P. Crown Bvo., 5s.

Devas.— A4 Manvar oF PoriricAr
Ecoxoary. By C. 5. DEvas, M.A, Cr. 8vo,,
6s. 6d. (Manwals of Catholic Philosophy.)

Dowell.—Ad History oF Taxarion
AND Laxes v Exvcranp, from the Earliest
Times to the Year 1885. By STEPHEN
DoweLL, (4 vols. 8vo). Vols. I. and IL
The History of Taxation, z1s. Vols. III,
and 1V. The History of Taxes, 21s.

Jordan.—7wE Sraxparp oF Varve.

Part II. |

By WiLLiam LeicHTOoN Jorpawn, Fellow

of the Royal Statistical Society, &c. Crown
avo., Bs,

Macleod (Henry Dunning).
Biwerarism. 8vo., 55 net.
Tur ErLemMeENTS oF Bavkive. Cr.

8vo., 3s. bd.

TwE THEORY AND PRACTICE OF
Banking. Vol. 1. 8vo,, 125. Vol. II, 14s.

Ture Tueory or Creoir.  8vo,
Vol. 1., ros.net. Vol.Il,, Part 1., 10s. net.
Vol. II., Part I1., 10s. 6d.

A Drcesr o tHE Law or Birrs

OF EXCHANGE, HANK-NOTES, &c.
[In the press.

Mill—Porrricar Ecowvomy. By

Joun StuarT MILL.
Popular Edition. Crown 8vo., 35. 6d.
Library Edifion. 2 vols. 8vo,, 30s.
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Politieal Economy and Economies-—continued.
Mulhall.—/ypusrries Avp Wearry | Toynbee.—Lecrvres ov tHE I

or Narions. By Micuaer G. MuLHALL, DUSTRIAL REVOLUTION OF THE 18TH CEN-
F.58.5. With 3z full-page Diagrams. TURY IN ENgLanD: Popular Addresses,
Crown 8vo., 85, 6d. Notes and other Fragments. By ArnoLp

Toyxeee., With a Memoir of the Author
SDdEﬁHi.—SﬂCIALHﬂf AND CA THO f- b}l' BEH];‘LMIN IGWETT, D. D, 3"&"{]., 105, B,

cisar.  From the Italian of Count Epwarp Vincent.— Twe Linp QUESTION IN
SopeEriNl. By RicHARD JENERY-SHEE. N S et
s T : oRTH W.aLges: being a Brief Survey of
Er::\!:'n ?WGPT%TCE by Cardinal VAUGHAN. the History, Origin, and Character of the
Tposs Agrarian Agitation, and of the Nature and
S P E ! Effect of the Proceedings of the Welsh
YIQES, —LFOLITICAL LCONOMY . A1 Jand Commission. By J. BE. ViNcenT.
Short Text-book of Political Economy. | gyg, sg,

With Problems for Solution, and Hints for
Supplementary Reading ; also a Supple- | Webb,.—Zwxz Hisrory or TRADE

mentary Chapter on Socialism. By FPro- Untonism. By Smoney and BeATRICE
fessor J. E. Symes, M.A., of University Wees, With Map and full Bibliography of
College, Nottingham. Crown 8vo., 2s. 6d. the Subject. 8vo., 18s.

STUDIES IN ECONOMICS AND POLITICAL SCIENCE.

Issued under the auspices of the London School of Economics and Political Science.

Tae History oF Locar Rares v Derroice's REFERENDUM EN SUISSE.
Encranp: Five Lectures. By Ebpwin Translated, with Introduction and Notes,

Cannan, M.A.  Crown 8vo., 25. 6d. by C. P. TREVELYAN, M.A. [In freparation.
GERMAN Socrar. Democracy. By | SeLecr DocuMents JLLUSTRATING
BerTraND RusseLn, B.A,  With an Ap- THE STATE REcULATION oF WacEs.

pendix on Social Democracy and the| Edited, with Introduction and Notes, by
Woman Question in Germany by ALvs W. A. 5. HEwins, M.A.  [In prefaration.

RUSSELL, B.A. Crown 8vo., 3s. bd. Huncarian Girp Recorps. Edited
Serecr Documents Jrrustrarive| by Dr Jurius ManpeLLo, of Budapest.
THE HIsTorRy oF TrRADE UNroNISAL. [In preparation.

t. The Tailoring Trade. Edited by | TH#E RELATIONS BETWEEN ENGLAND
W. F. Garron. With a Preface by AND THE H.ansgaTic LE4acus. By Miss
Sioney WEeEB, LL.B. Crown 8vo., 5s. E. A, MACARTHUR. [In preparation.

Evolution, Anthropology, &e.

Babington. — Farracies or Race| Lubbock.—7we Oricivor CiviLisa-
THEORIES AS APPLIED TO NATIONAL | TioN, and the Primitive Condition of Man.
CHARACTERISTICS. Essays by WiLLiam | By Sir J. Lussock, Bart, M.P. With 5
Davton Bapinaron, M.A. Crown 8vo., 6s. | Plates and 20 Illustrations in the Text.

| Bwvo., 18s.

||

Clodd (Epwarn). Romanes (GEorRGE JoHN).
Darwin, AND AFTER DarwinN: an
Exposition of the Darwinian Theory, and a
Discussion on Post-Darwinian Questions.
Part I. THE Darwirian TaHeEory. With
Portrait of Darwin and 125 Illustrations.
Crown 8vo., 10s. Gd.

TuE Srory oF CrEAaTioN: a Plain |
Account of Evolution. With 77 Illustra- 1
tions. Crown 8vo., 3s. Gd |

|

A PrimER OF EVEL‘E{TIGN.: being a | Part 1. PosT-DARWINIAN (QUESTIONS:
Popular _Ah::;dged_ Edition of _The Story Heredity and Utility. 'With Portrait of
of Creation’. With Illustrations. Fep. the Author and 5 Illustrations. Cr. 8vo.,
Bvo., 1s. 6d. 10s. 6d.

Axv Exdamivarion oF WEISMANN-
Lang.—Cusrosm anxp Myry : Studies | _ssar.  Crown 8vo., 6s.
of Early Usage and Belief. By Axprew| Zssd4vs—Edited by C. Lrovp
Lane. With 15 Illustrations. Crown 8vo., | MorGax, Principal of University College,
3s. 6d. | Eristol.
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Classieal Literature, Translations, &e.

Abbott,— Hrrrenvica. A Collection
of Essays on Greek Poetry, Philosophy,
History, and Religion. Edited by EvELYN
ABBorT, M.A.,, LL.D. 8vo., 16s.

Aschylus.—Evwenipes oF AEscHy-
Lys. With Metrical English Translation.
By J. F. Davigs. 8vo., 7s.

Aristophanes. — 7wr AciarNIANS
oF ARrisrorHANES, translated into English
Verse. By R.Y. TyrreELL. Crown 8vo., 1.

Aristotle.— Yovrs avp Orp Acek,
LIFE  AND DEATH, AND RESPIRATION.
Translated, with Introduction and Notes,
by W. OcLE, M.A., M.D., F.R.C.P., some-
time Fellow of Corpus Christi College,
Oxford.

Becker (ProrEssor).

GArrvs : or, Roman Scenes in the
Time of Augustus. Illustrated. Post
8vo., 3. 6d

Cxarrcres @ or, Illustrations of the
Private Life of the Ancient Greeks.
Illustrated. Post 8vo., 35. 64.

Cicero.—Cicero's CoRRESPONDENCE.
By R. Y. TyrreLL. Vols. 1., IT., III., 8vo.,
each 125. Vol. IV., 155.

E gbert—/vrrobpvcrion 1o THE
STUDY OF LATIN J[NSCRIPTIONS. By
james C. EcBErT, Junr.,, Ph.D. With
numerous [llustrations and Facsimiles,
Square crown 8vo., 16s.

Farnell.—Grzex Lvric PoETRY:
a Complete Collection of the Surviving
Passages from the Greek Song-Writing,
Arranged with Prefatory Articles, Intro-
ductory Matter and Commentary. By
Grorce S. Farnerr, M.A. With 5 Plates.
&vo., 16s.

—HowEer anp rvvE Eric.
Awnrew Laxc. Crown Svo., gs. net.

By

| Lucan,— THE PHARSALIA OF LUcAN.

Translated into Blank Verse.
RipLey, Q.C. 8vo., 145.

By Epwarn

Mackail.—Serecr ErPiGRAMS FROM
THE GREEK ANTHOLOGY. By ]J. W. Mac-
KAIL. Edited with a Revised Text, Intro-
duction, Translation, and Notes. 8wvo., 16s.

Rich.—A Dicrionary oF ROMAN AND

GreEx AnxrrguiTies. By A. Ricu, B.A.
With 2000 Woodcuts, Crown 8vo., 7s. 6d.

Sophocles.—Translated into English
Verse. By RoeerT WHITELAW, M.A,,
Eﬁssis;ant Master in Rugby School. Cr. 8vo.,

51- 6 -

Tacitus. — Twe History oF P
CorneLivs Tacrrus,  Translated into
English, with an Introduction and Notes,
Critical and Explanatory, by ALBERT
WiLriam Quinr, M.A., T.C.D. 2 vols.
Vol. L. 8vo., 7s5. 6d. Vol. I1. 8vo., 12s. 6d.

Tyrrell.—Transrarions ivro GREEK
AN Larrv VERsgE. Edited by R. Y.
Ty¥RRELL. 8&vo., 6s.

Virgil.
Tue ANErp or Vikcre., Translated
into English Verse by Joun CoNINGTON.
Crown 8vo., 6s.

Twe Porms or Vircie., Translated
into English Prose by Joun ConNINGTON.
Crown #vo., bs.

Twar ALZxeip orF Vircis, freely trans-
lated into English Blank Verse. By
W. J. THorwHILL. Crown 8vo., 7s. 6d.

TwE Averp or Vircie. Translated
into English Verse by James RHoaDES.
Books 1.-VI. Crown 8vo., §s.

Books VII.-XII. Crown 8vo., 5s.

Poetry and

Acworth,—B.arraps oF riE MarA-
T7HAS. Rendered into English Verse from
the Marathi Originals. By Harry ARBUTH-
woT AcwoRTH. 3vo., 5i.

Allingham (WiLL1AM).

Irisi Sones Anvp Porms. With
Frontispiece of the Waterfall of Asaroe.
Fcp. 8vo., bs.

Lavrence Broowriern. With Por-
trait of the Author. Fcp. 8vo., 3s. 6d.

Frower Preces; Dav avp NicHT
Sowngs; Barraps. With 2 Designs by
D. G. RossetrTi. Fcp. 8vo., 6s. large
paper edition, 12s.

the Drama.
Allingham (WiLLiaM)—continued.

Lire axvp Paanrasy : with Frontis-
piece by Sir J. E. MiLLais, Bart., and
Design by ARTHUR HucHEes. Fcp. 8vo.,
6s.; large paper edition, 12s.

Trovcear avn WorbD, AN AsHBY
Manor: a Play. Fcp. 8vo., 6s.; large
paper edition, 12s.

Bracxserries. Imperial 16mo., 6s.

Sets of the above 6 vols. may be had in uni-
form Half-parchment binding, price j0s.
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Poetry and the Drama—continued.

Armstrong (G. F. SAvAGE).
Porns : Lyrical and Dramatic. Fcp.
8vo., Bs.
Kive Savie. (The Tragedy of Israel,
Part I.) Fep. Bvo., 5.

Kive Davip. (The Tragedy of Israel,
Part II.) Fcp. 8vo., 6s.

Kive Soromon. (The Tragedy of
Israel, Part II1.) Fcp. 8vo., Bs.

Ucone @ a Tragedy. Fcp. Bvo., bs.
A Garranp Frowm GreEcE : Poems,
Fep. 8vo., 7s. bd.

Srorigs or Wickrow : Poems. Fep.
8vo., 7s. bd.

MEPHISTOPHELES IN BROADCLOTH
a Satire. Fcp. 8vo., 4s.

Ong N THE INFINITE:
Crown 8vo., 7s. 6d.

Armstrong.—7we Porricar Works

oF Epuunp F. ARMsTRONG. Fep, 8vo., 55.

Arnold (Sir Epwin),

TuwE Licur oF viE WorLp : or the
Great Consummation. With 14 Illustra-
tions after HoLmax Huxt. Cr. Sveo., Bs.

Porrpirar’s WirE, and other Poems. .
Crown 8vo., 55. net.

Apzuma : or the Japanese Wife. A
Play. Crown 8vo., bs. 6d. net.

Twe Tevra Muske, and other Poems.
Crown Bvo., 55. net,

Beesly (A. H.).

a Poem.

Barraps axD orsHER  VERSE.
Fcp. 8vo., 55.

Dawron, axnp orHeEr Verse, Fep.
Bvo., 45. bd.

Bell (Mrs. Huan).

CramsEr Comepies: a Collection
of Plays and Monologues for the Drawing
Room. Crown 8vo., bs.

Farry Tare Prayvs, axp How 10

Acr Tueym. With g1 Diagrams and 5z
Illustrations. Crown 3vo., bs.

Carmichael.— Porms. By JENNINGS
CarMicHAEL (Mrs. Frawncis
Crown Bvo, Gs. net.

Christie.—Zavs anp VERsES.
Nimmo CHRrISTIE. Crown 8vo., 3s. 6d.

By

MuLLis). |

Cochrane (ALFRED).
Tuwe Kesrrer's Nesr, and other

Verses. Fep. 8vo., 35. 6d.
Leviore Prrcrro:  QOccasional
Verses. Fcap. 8vo., 3s. 6d.

Florian’s Fables.— 7w Fiprrs or
Frorran. Done into English Verse by Sir
PHiLir PErRING, Bart. Cr, 8vo., 35. 6d.

Goethe.

Favsr, Part L., the German Text,
with Introduction and Notes. By ALBErT

| M. Serss, Ph.D., M.A. Crown 8vo., 55.

Fauvsr. Translated, with
By T. E. WEBB. 8vo., 125. 6d.

Notes.

Gurney.—Dav-Dreams: Poems.
By Rev. ALFrReD Gurney, MLA. Crown
8vo., 35. 6d.

| Ingelow (JEAx).

Porricar Works. 2 vols. Fep.
Bvo., 128,
LVRIcCAL AND oTHER PorEms. Selec-

ted from the Writings of Jran INcELOW.
Fep. 8vo., 25. 6d. cloth plain, 3s. cloth gilt.

Lang (ANDREW).

Baw avp Arzikrg Bawv: a Rally of
Fugitive Rhymes. Fep. 8vo., 55. net.

Grass oF Parwassvs., Fcep. 8vo.,
zs5. Gd. net.

Barraps or Boorxs. Edited by
AnpreEw Laxe. Fcp. 8vo,, 6s.

THe Brve Porrry Boox. Edited
by AxprEw Lang. With 1oo Illustrations.

Crown Bvo., Bs.
Lecky.—FPozws. By W. E. H.
Lecky. Fep. 8vo,, 5s.
Lindsa{.—ﬂm Frower SELLER,
and other Poems. By Lapy Linpsay,

Crown 8vo., 5s.

Lytton (Tue EarrL oF), (Owen
MEREDITH).
Maraw. Fcep. 8vo., 6s. bd.
Kive Porpy : a Fantasia. With 1

Plate and Design on Title-Page by Ep.
BurNE-Jones, A.R.A. Cr. Bvo., 10s. 64.

Thwe Wanberer., Cr. 8vo., 10s. 64.
Lucire. Crown 8vo., 10s. 6d.
|\ SerEcrEp Porms., Cr. 8vo., 10s. bd,
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Poetry and the Drama——continued.

Macaulay.—.Lavs or Avcienr Rome,
&c. By Lord Macauray.
IMustrated by G. Scearr. Fcp. 4to., 10s. 6d.
Bijou Edition.

18mo., 25. 6d. gilt top.

- Popular Edition.
Fep. 4to., 6d4. sewed, 15, cloth.

IMustrated &hi‘,' J. R. WecueLN. Crown
8vo., 35. Oud,

Annotated Edition.
1s. 6d. cloth.

Macdonald (GeorGg, LL.D.).

A Boox or STRiFE, IN THE FoRM OF
THE Diary oF an Orp Sovr : Poems.
18mo., Gs.

RAMPoLLo ! (FROWTHS FROM AN OLD
Hoor; containing a Book of Translations,
old and new; also a Year's Diary of an
Old Soul. Crown 8vo,, Gs,

Morris (WiLrLiam),

PoETicar. Works—Ligrary EpiTiow.

Complete in Ten Volumes. Crown 8vo.,
price Bs. each.

THE EARTHLY PARADISE.
Bs. each.

Tue LiFE AND DEaTH oF fasonw.
fs.

Twe DEerENcCE 0F GUENEVERE, and
other Poems, 6s.

TrE Story oF SIGURD THE VoLSUNG,
AND THE FALL OF THE NIBLUNGS. ©s.
Love 1s Evoves ; or, the Freeing of

Pharamond: A Morality; and Pozas
By 7HE Way. Bs.

Fep. 8vo., 15 sewed,

4 vols.

Tuae Opvssey oF Howmer., Done
into English Verse. 6s.
TeE AAnxerps oF Virerr. Done

into English Verse. 6s.

Certain of the PoeTicarL WoRrks may also
be had in the following Editions :—

TrwE EARTHLY PARADISE.
Popular Edition. 5 vols. 12mo., 255.;
or 5s5. each, sold separately.
The same in Ten Parts, 255.; or 25. 6d.
each, sold separately.
Cheap Edition, in 1 vol.
7s. bd.

Love is Evover ; or, the Freeing of
Pharamond: A Morality. Square crown
Bvo., 7s. bd.

Poems sy THE Wav.
8vo., bs.
*.' For Mr. William Morris’s Prose
Works, see pp. 22 and 31.

Crown &vo.,

Square crown

Murray (Roeert F.).—Author of
*The Scarlet Gown’'. His Poems, with
a Memoir by Axprew Lang. Fcp. 8vo.,
55. net.

Nesbit.—Lavs axp Lecraps. By E,
MNesBiT (Mrs. HupertT Brawp)., First
Series. Crown 8vo., 35 Bd. Second Series.
With Portrait. Crown 8vo., 5s.

Peek (HEpLEY) (Frank LEVTON).

Sxereron Leaves: Poems. With
a Dedicatory Poem to the late Hon.
Roden Noel. Fep. 8vo., 2s. 6d. net.

Twe Swapows or ror Laxe, and
other Poems. Fep. 8vo., 25. 64, net.

Piatt (Saran).

Axn Enxcoantep CASTLE, AND
OrER Poews: Pictures, Portraits, and
People in Ireland., Crown 8vo., 3s. 6d.

Porms: With Portrait of the
Author. 2 wvols. Crown 8vo., 10s.

Piatt (Joun James).
Inyvrs awvp Lverics or THE QHIO
VacLey. Crown Bvo., 55.

Lirree New Worrp Ipyis.
Bvon, 55.

Cr.

Rhoades.—TerESsA AND OTHER

FPorms. By ]James Ruoapes. Crown
8vo., 35. 64,
Riley (James Waitcome).

Orp Faswionvep Roses: Poems.
I2MO., 55.

Porems: Here at Home. Fcp. 8vo
Bs. net.

A Cuirp-Wortn: Porms. Fep.
Bvo., 5s.

Romanes.—A SELECTION FROM THE

Poeyms oF GEoRGE Foruw Rowanves, M.A4.,
LL.D., F.R.S. ith an Introduction by
T. HErBERT WaRREN, President of Mag-
dalen College, Oxford. Crown 8vo., 45. bd.

Shakespeare.—BowpLER'S FAamiLy
SHaresPEARE. With 36 Woodcuts. 1 vol.
Bvo., 145, Orin 6 vols. Fep. 8veo., 215

THE SHAKESPEARE BirTopAy Book.
By Mary F. DunxBar. 32mo., 1s. 6d.

Sturgis.—A4 Boox or Sowxc. By

JurLian STUrGIS. 16mo. 55
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Works of Fietion, Humour, &e.

Alden.—Ayoxe rwe Fredaxs. By
W. L. ALpex. With 55 Illustrations by J.
F. Svrrivax and Fromrexce K. Urron.
Crown Bvo., 35. bd.

Anstey (F., Author of ¢ Vice Versa’).

Voces Porvri. Reprinted from
 Punch’. First Series. With 20 [luz-
trations by ]. BeErNARD PARTRIDGE.
Crown 8vo,, 35 6d.

THE MAanxn FrROM BLANKLEV'S:
Story in Scenes, and other Sketches.
With 24 Illustrations by J. BERNARD
PARTRIDGE. Post 4to., 65,

Astor.—A4 jJovrxey ¥
Worips : a Romance of the Future. By
Joun Jacos Astor. With 1o Illustrations.
Cr. Bvo., b3,

Baker.— By rirE WesTErN SE4. By

James Baker, Author of* John Westacott', |

Crown 8vo., 35 6d.

Beaconsfield (Tue EarL oF).

Novers awvp Tares.  Complete
in 11 vols. Crown Bve., 15, 64, each,

Vivian Grey. Syhil.
The Young Duke, &c. | Henrietta Temple.
Alroy, Ixion, &c. Venetia.
Contarini  Fleming, | Coningsby.
&e. ! Lothair.
Tancred. i Endymion.

Novers axp Tures. The Hughen-
den Edition. With 2 Portraits and 11
Vignettes, 11 vols. Crown 8vo., 425.

Black.—7T#E PrINCESS
By CLEMENTINA Brack. With 8 Illustra-
tions by Joun WiLLiaMsoN,

Dougall (L.).

Beccars Arr. Cr. 8vo., 3s. bd.

Wear Necessrry Kvows. Crown

8vo., G5,

OTHER |

DESIREE. |

Cr. 8vo., 6s. |

| Doyle {A. Conan).
Micar Crarge: A Tale of Mon-

mouth’s Rebellion. With 10 Illustra-
tions. Cr, 8vo., 3s. 6d.

TiE CAPTAIN OF THE [POLESTAR,
and other Tales. Cr. 8vo., 35. 6d.

Tue Rervcers : ATaleof Two Con-

tinents. With 25 Illustrations. Cr. 8vo.,
35, Bd.
| Twe Starx Muwre Lerrers. Cr.
i 8vo, O3,

a |

\ Farrar (F. W., DEan oF CANTER-

- BURY).

DurxyEss Axnp Daww: or, Scenes
in the Days of Nero. An Historic Tale.
Cr. 8vo., 7s. bd.

| Garwerive Croups: a Tale of the
f Days of 5t. Chrysostom. Cr. 8vo., 75. 6.,

| Fowler.— 7wEe Yovve PRETENDERS.
A Story of Child Life. By Ebprrn H.
FowrLer. With 12 Illustrations by
FPuirip BurNE-]JoxES. Crown 8vo,, Bs.

 Froude.— 7w Two Cuirrs or Duy-
Bov: an Irish Romance of the Last Century.
By JamEes A. Froupe. Cr. 8vo., 35. 6d.

Rep Scavr: A
By P. AxDERsoN
Crown Bvo., 0s.

 Graham.— 7w
| Novel of Manners.
GRAHAM.

Haggard (H. Riper).
Hearr or THE Worep.
[llustrations. Crown Bvo., Bs.
Joax Hasre. With 20 [llustrations.
Crown 8vo., Bs.
Tue Peorre oF veHE Mist. With
16 Illustrations. Crown 8vo., 35. Gd.
| Monrezvna's Daverrer. With 24
- Illustrations. Crown 8vo., 3s. 6d.

Swe. With 32 [llustrations. Crown
8vo., 3s5. 6d.

With 15

| Ariay Qudarermary, With 31
Illustrations. Crown 8vo., 35. 6d.

Marwa’s Revence: Cr. 8vo., 15, 6d.

Coroxer Quarrrc, V.C. Cr. 8vo.
35, Bd.

. Creorarra. With 29 Illustrations,
Crown 8vo., 3s. 6d.



22 MESSRS. LONGMANS & CO.’S STANDARD AND GENERAL WORKS.

Works of Fietion, Humour, &c.—continued.

Haggard (H. RipER)—continued.
Bearrice. Cr. 8vo., 3s5. bd.
Errc BrRIGHTEVES.

trations. Crown Bvo., 35. 6d.

Napa rae Liry. With 23 Illustra-
tions. Crown 8vo., 35. 6d.

Arrav's Wire, With 34 Illustra-

tions. Crown Bvo., 35, 6d.

Twe Wirrcw's Heap. With 16
Illustrations. Crown 8vo., 35. 6d.

Mr, Meeson's Wirr. With 16 |
[llustrations. Crown 8vo., 3s. Od.

Dawnx. With 16 Illustrations. Cr.

Bvo., 35. bd.
Haggardand Lang.— 7we Worio's

Desige. By H. Riper Hacearp and
Axprew Lanc. With 27 Illustrations.
Crown Bvo., 3s. bd.

Harte.—/~ rwe Carouinez Woobs
and other stories. By BreT Harte. Cr.
Bvo., 35. Gd,

Hope.—Twr Hrearr oF PRINCESS

Osr4. By AnTHowy Hore., With g Illus-
trations by Joux WiLLiamsoNn., Crown
Bvo., Bs.

Hornung.—Zwe UnsippeExn GUEST.
By E. W. HorxunaG. Crown 8vo., 3s. 6d.

Lang.—A Moxx or Frre; being
the Chronicle written by Norman LESLIE
of Pitcullo, concerning Marvellous Deeds
that befel in the Realm of France, 1429-31.
By Anprew Lance. With 13 Illustrations
by SELwyx ImMaGce. Cr. 8vo., 6s.

Lyall (Epxa).

TrE AUTORIOCRAPHY OF A SLANDER. |

Fcp. 8vo., 15., sewed.

Presentation Edition.
tions by LANCELOT SPEED.
8vo., zs5. 6d. net.

Twe AUToBIOGRAPHY OF A IRUTH.
Fep. Bvo., 15., sewed ; 15. 64., cloth.

Dorzrxy. The Story of a Singer.
Crown Bvo., 6s.

Magruder.—7we Viorer. By JuLia
Macruper. With 11 Illustrations by C.
. Gigsoxn. Crown 3vo., 0s.

Matthews.—His Firwer's Sov: a
MNovel of the New York Stock Exchange.
By Branper MarrHews. With 13 Illus-
trations. Cr. Svo., 6s.

Crown

With 51 Ilus- |

With zo Illustra- |

Melville (G. J. Wuvrz).
The Gladiators. Holmby House.
The Interpreter. Kate Coventry.
Good for Nothing, Digby Grand.
The Queen's Maries. | General Bounce,
Crown Bvo., 1s. 6d. each.

Merriman,—Frorsaw - The Study
of a Life. By HENRY SETON MERRIMAN,
With Frontispiece and Vignette by H. G.
Massey, A.R.E. Crown 8vo., 6s,

Morris (WiLLIAM).

TwE WeLr Aar THE Worrp's Exp.
2 vols. 8vao., 28s.

Tar Srory orF rHE GLITTERING
Prarv, which has been also called The
Land of the Living Men, or The Acre of
the Undying. Square post 8vo., 55. net.

TwE Roors or tHE MounTAINs,
wherein is told somewhat of the Lives of
the Men of Burgdale, their Friends, their
Neighbours, their Foemen, and their
Fellows-in-Arms. Written in Prose and
Verse, Square crown 8vo., 8s.

.AI Z-ILE ar rNE ﬁriﬂfﬁ.ﬂf OF THE
Worrines, and all the Kindreds of the
Mark. Written in Prose and Verse.
Second Edition. Square crown Svo., 6s.

A Dream or Jouwn Barr, AND 4
King's LEssoxy. 12mo., 15, 6d.

NeEws rFroym NowHERE: or, An
Epoch of Rest. Being some Chapters
from an Utopian Romance. Post Bvo.,
15. Od.

*.* For Mr. William Morris's Poetical

Works, see p. zo.

Newman (Carpinar).

Loss anp Gaiv: The Story of a
Convert. Crown 8vo. Cabinet Edition,
6s. ; Popular Edition, 3s. 6d.

Carcista: A Tale of the Third
Century. Crown 8vo. Cabinet Edition,
6s.; Popular Edition, 35. 6d.

Oliphant.—Ocrp Mr. TrEDGOLD.

By Mrs. OLipHANT. Crown 8vo., 6s.

Phillipps-Wolley.—Swv.»: a Legend
of the Lone Mountain. By C. PHILLIPPS-
WorLey., With 13 Illustrations. Crown
8vo., 3s. 6d.

Quintana.— 7we Cip CAMPEADOR :
an Historical Romance. By D. AnTONIO
pE TrRUEBA ¥ LA Qll_.almw.m. Translated
from the Spanish by Hexry J. GiLr, M.A,,
T.C.D. Crown 8vo., 6s.
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Works of Fietion, Humour, &e.—continued.

Rhoscomyl (Owex).

Tue JEwEL oF Ywvs Garon: being
a hitherto unprinted Chapter in the History
of the Sea Rovers. With 12 [llustrations
by Lanceror Speep. Cr. 8vo., 3s. 6d.

FToweER : a
Frontispiece by R.

BATTLEMENT  AND
Romance. With

Caton WoopviLLe, Crown Bvo., Bs.
Rokeby.— Dorcas Hospav. By
CHarLES Rokery. Crown Bvo., bs.
Sewell (ELizaeTH M.).
A Glimpse of the World | Amy Herbert
Laneton Parsonage. Cleve Hall.
Margaret Percival. Gertrude.
Katharine Ashton. Home Life.
The Earl's Daughter. After Life.
The Experience of Life Ursula. Ivors.
Cr. 8vo., 15. 6d. each cloth plain. 25 6d

each cloth extra, gilt edges.

Stevenson (Rosert Lous).

THE STRANGE Cask or DR. JEKVLL
AND Mr. Hype. Fcep. 8vo., 1s. sewed.
15. Gd. cloth.

T Stranvce Cdasg oF Dr.
FEKVLL anp Mg, HyDE; WITH OTHER
FaprLgs. Crown Bvo., 3s. 6d.

MorE NEwW ARABiAN NicHTs—THE
DynamiTER. By RoBERT Lovis STEVEN-
son and Fauuy vay pe GRIFT STEVEN-
soN. Crown 8vo., 35. 6d,

Tnwe Wrove Box. By ROBERT
Louis STEVENsON and LLovyp OSBOURNE,
Crown 8vo., 3s. Od.

Suttner.—ZLay Dowwsx Your Arwms
(Die Wajffen Nieder): The Autobiography
of Martha Tilling. By BErRTHa voON
SurTser. Translated by T. Houmes.
Cr. Bvo., 1s. 6d.

Trollope (AxtHONY).
Twr Warpen. Cr. 8vo., 1s. 6d.
Barcresrer Towers. Cr.
5. Bd.

True (A) RELATION OF THE TRAVELS
AND PERILOUS ADVENTURES OF MATHEW
Dyupseon, GExTLEMAN: Wherein is truly
set down the Manner of his Taking, the
Long Time of hizs Slavery in Algiers, and
Means of his Delivery. Written by Himself,
and now for the first time printed. Cr.8vo,, 5s.

Bvo.,

Whalford (L. B.).
Mr. Smire: a Part of his Life.

Crown Bvo., 23, Gd.

THE Basyv's GrRaNbpyorHER. Cr.
8vo., 25, 6d.

Couvsins. Crown 8vo., 25. 64d.

TROUBLESOME DAUGHTERS. Cr.
Bvo., 25. 6d.

Pavrive. Crown. 8vo., 2s. 6d.

Dicxe Neruwersy., Cr. 8vo., 25. 6d.

Tag Hisrory oF 4 WEeerk. Cr.
8vo. 235. Bd.

A Srirr-nEckED GENERATION. CI.
Bvo. 25, bd.

Nawn, and other Stories. Cr. 8vo.,
25. B,

TuE Miscaier or Moxica., Cr.
8vo., 25, bd.

Tae Ove Goop Guest. Cr. Bvo.
25, B,

¢ ProvewEp, and other Stones.

Crown 8vo., 25. 64.
Tur Marcemwaxer. Cr.8vo., 2s. bd.

West (B. B.).
Harr-Hovrs wirs rae Mirrion-
AlRES : Showing how much harder it is

to spend a million than to make it. Cr.
8vo., Os.
Stk Stmon Vawperperrer, and

MiNDING HIS ANCESTORS. Cr. Bvo., 55.

A Fivavcrar Arovewenr. Cr. 8vo.,
Gs.

Weyman (STANLEY).
Iwe Hovse oF rag WoLF.
8vo., 3s. 6d.

A GenNrrLEMAN oF France. Cr. 8vo.,
63,

Tre REp CockADE.

Cr.

Cr. 8vo., 6s.

Whishaw.—A Bovir orF THE
fErrieLE: a Romance of the Court of
Ivan the Cruel, First Tzar of Russia.
By Frep. Wuisuaw, With 1z Illustra-
tions by H. G. Massey, A.R.E. Crown
Hvo., Gs.
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Popular Scienee (Natural History, &e.).

Butler—Ovx Hovseworp Insecrs. | Hartwig (Dr. GEORGE)—continued.
An Account of the Insect-Pests found in
Dwelling-Houses. By Epwarp A, BUTLER, VorcAnNoEs AND EARTHOUAKES. jo
B.A., B.Sc. (Lond.). With 113 Illustra- Illustrations. Cr. 8vo., 2s. 6d.
tions. Crown 8vo., 3s5. 6d.

Witp Awnxiyars oF 78 TrRoPICS.
66 Illustrations. Cr. 8vo., 3s. 6d.

Furneaux (W.).

Twe Ovrpboor Worep; or The
Young Collector's Handbook. With 18
Plates 16 of which are coloured, and 549
INustrations in the Text. Crown Bvo.,
75. 6d.

Hayward.— B:xp Nores. Bythe late
Jane Mary Havwarp, Edited by Exma
Husearn. With Frontispiece and 15 Illus
trations by G. E. Lobge, Cr. 8vo., 6s.

Burrerrrigs Axvp Mores (Brtish).
With 12 coloured Plates and z41 Illus-
trations in the Text. Crown 8va., 12s. 6d,

Helmholtz.—FPorvrar LecruRES oN
SCIENTIFIC SUBJECTS. By HERMAXN voN
Hermuontz., With 68 Woodeuts. 2 vols.

Cr. 8vo., 35. G, each.
Lire v Pownps Axp STREAMS. » 3

With 8 coloured Plates and 331 Illustra-
tions in the Text. Crown 8vo., 125, 6d.

Hudson.—FBririse Bieps. By W.
H. Hupsoxn, C.M.Z.5. With a Chapter on

X hra Structure and Classification by Fraxg E,
Hartwig (Dr. GEORGE). Bepparp, F.R.5. With 16 Plates (8 of

TwE SEA AND 175 Lrvive WoNDERS which are Coloured), and over 100 Illustra-

With 12 Plates and 303 Woodcuts. 8vo., tions in the Text. Crown 3vo., Izs. 6.
75. net.

Twe Troricar Worrp, With 8§ | Proctor (Ricuarp A.).
Flat d w ts. 8wo., 75 net. .
S S e st L Lichr ScrevckE ForR LEISURE HoURs.
TwE Porar Worro With 3 Maps, Familiar Essays on Scml:mﬁ-: Subjects. 3
8 Plates and 85 Woodcuts. 8vo., 75. net. vols. Cr. 8vo., 5s. each.
: Rovew Wavs mape Swoorr. Fami-
Twe SvsrerraveEany Worrp., With liar Essays on Scientific Subjects. Crown
3 Maps and 8o Woodcuts. 8vo., 7s. net. 8vo., 35. 6d.

Tue Aeriar, Worrp., With Map, 8| Preasanr Ways v Sciexce. Crown
Plates and 6o Woodcuts. 8vo., 75. net. | 8vo., 3s. 6d.

Narvre Stvpies. By R. A. Proc-
Tor, GraMT ALLEN, A, WiLson, T.
FosTER and LE. Cropb. Crown 3vo.,

HEroEs oF THE Porar Worrn. 19
Illustrations. Cr. 8vo., 25.

. Bd.
WonpersorTae TroricAL FORESTS. 3%
40 Illustrations. Cr. 8vo., 2s. Leisvre Reapives. By R.A, Proc-
tor, E. CLopp, A. WiLson, T. FosTtEr
WorkErs UNDER THE GROUND. 29 and A. C. Ranvarp. Cr. 8vo., 3s. 6d.

ustrations. Cr. Bvo., 25.

* For Mr. Proctor's other books see Messrs.
Marvers OveEr oUR HEADS. 29 | Longmans & Co.’s Catalogue of Scientific
Ilustrations. Cr. 8vo., 2s5. Warks.

SEA MoNSTERS AND SEA BirDs. 75 |
INlustrations. Cr. 8vo., 2s. 6d. | Stanley. —4 Fawiriar History oF
| Bmps. By E. Staxiey, D.D., formerly
DEenizens oF rHE Deep. 117 1llus- | Bishop of Norwich., With Illustrations.
trations. Cr. 8vo., 25 6d. Cr. Bvo., 33. 6d.
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Popular Secience (Natural History, &e.)—continued.

Wood (Rev. ]J. G.).

Homes wirrsovr Hanvps: A Descrip-
tion of the Habitation of Animals, classed
according to the Principle of Construc-
tion. With 140 Illustrations.
75., net.

Ivsecrs ar Howe : A Popular Ac- |

count of British Insects, their Structure,
Habits and Transformations. With 700
Ilustrations. 8vo., 7s. net.

Ixsecrs Aproap: a Popular Account |
of Foreign Insects, their Structure, Habits |
and Transformations, With 6oo Illustra-
tions. 8wvo., 7s. met.

Birsie Axiwars: a Description of |
every Living Creature mentioned in the |
Scriptures. With 112 Illustrations. 8vo.,
71, net. '

PETLAND

Revisirep.  With 33|
[lustrations. ‘

Cr. Bvo., 3s. 6d.

Ouvr or Doors; a Selection of|
Original Articles on Practical Natural

History. With 11 Illustrations. Cr. 8vo.,
35, Bl

HVQ-! |

Wood (Rev. ]. G.)—continued.

Srrance Dwerrives: a Description
of the Habitations of Animals, abridged
from * Homes without Hands’. With 6o
Illustrations. Cr. Bvo., 35. 6d.

Birp Lire oF e Bipre, 32 Illus.
trations. Cr. 8vo., 35. 6d.

WonperrFur Nesrs. 30 lllustrations.
Cr. 8vo., 35. 6d.

Homres vvper THE GrROUND. 28
Illustrations. Cr. 8vo., 3s. 6d.

Wirp ANivars oF THE BiBLE. 29
IMustrations, Cr. 8vo., 35. 64,

Dosresric Anviarais oF THE BiBLE.
23 Illustrations. Cr. 8vo., 3s5. 6d.

Trwe Bravcy Buviipers. 28 Illus-

trations. Cr. Bvo., 25. Gd.

SocidL HABITATIONS AND PARASITIC
NEesrs. 18 Illustrations. Cr. Bvo., 25,

Works of Reference.

Longmans' Gazerreer oF
IWorrp, Edited by Grorce G. CHis-
HoLM, M.A., B.Sc. Imp. 8vo., £2 2s. cloth,
£2 125. 6d4. half-morocco.

Maunder (Samuel).

BrograruaicAal Treasvry. With
Supplement brought down to 138¢. By
Rev. James Woobn. Fep. 8vo., 65,

r#E | Maunder (Samuel)—continued.

Hisroricar Treasvry. Fep.8vo., bs.

SCIENTIFIC AND LiTERARY TREA-
suvRy. Fep. 8vo., Bs.
T ThEasvry oF Boraxy. Edited

by J. LinprLey, F.R.S,, and T. Moorg,
F.L.5. With 274 Woodcuts and 2o Steel
Plates, 2 vols. Fep. 8vo., 125,

TrEASURY 0F Narvrar Hisrory: Roget.— THesavkvs or ExcLisw

or, Popular Dictionary of Zoology. With
goo Woodeuts. Fep. 8vo., 6s.

TrEASURY OF GEOGRAPHY, Physical, |
Historical, Descriptive, and Political.
With 7 Maps and 16 Plates. Fep. &vo., 6s.

Twe TrEASURY oF Brrre Kyow-
LEDGE. By the Rev. J. Avee, M.A. With
5 Maps, 15 Plates, and 300 Woodcuts.
Fep. 8vo., 6s.

TREASURY oF KNOWLEDGE AND LiB-|
RARY oF REFERENCE. Fep. 8vo., 65, |

Worps axp Prrases. Classified and Ar-
ranged so as to Facilitate the Expression ol
Ideas and assist in Literary Composition.
By Peter Mark Rocer, M.D., F.R.5.
Recomposed throughout, enlarged and im-
proved, partly from the Author’s Notes, and
with a full Index, by the Author's Son,
Joux Lewrs Rocer. Crown 8vo., 10s. 6d.

Willich.-- Porviar Tasres for giving

information for ascertaining the value of
Lifehold, Leasehold, and Church Property,
the Public Funds, &c. By CuarLEs M.
WiLricH. Edited by H. BENCE JoxEs.
Crown 8vo., 10s. 6d,
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Children’s Books.

Crake (Rev. A. D.).

Epowy rue Farg; or, The First
Chronicle of Ascendune. Cr. Bvo., 2s. 6d.
Arrcar e Dawne ; or, The Second
Chronicle of Escendune, Cr. 8vo. 25. 6d.
THeE Rivar Herks: being the Third

and Last Chronicle of Ascendune. Cr.
Bvo., 2s. bd.

Trwe Hovseg oF Warperye., A Tale |

of the Cloister and the Forest in the Days
of the Barons” Wars. Crown 8vo., 25. bd.

Brranv Frrz-Couvxr. A Story of
Wallingford Castle and Dorchester
Abbey. Cr. 8vo., 25, 6d.

Lang (ANDREW).—EDITED BY.
Twe Brue Farry Boox. With 138

IMustrations. Crown 8vo., Bs.

The Rep Farry Boox. With 100
Ilustrations. Crown 8vo., 6s.

The Greey Fairy Boox. With gg
Ilustrations. Crown Bvo., Bs.

Tue Yerrow Farry Boox. With
104 Ilustrations. Crown 8vo., 6s.

Twe Bruve Poerry Boox. With 100
IMustrations. Crown 8vo., 6s.

Tue Brve Poerry Book.

Edition, without Illustrations.
25. Bd.

TwE Trure Story Book.
IMustrations, Crown 8vo., 6s.

THaE REp TRUE Story Book.
o0 I[llustrations. Crown 8wvo., 6s.

School
Fep. 8vo.,

With 66
With

| Meade (L. T.).

Dappy's Boy. With Illustrations.
Crown Bvo., 3s5. 6d.

DEr Axnp THE P UCHESS.

| With Illus-

trations. Crown 8vo., 3s. 6d.
Tuwe Beresrorp Prize. With
Iustrations. Crown 8vo., 35. 6d.
| Twe House or Svrprises. With
[llustrations. Crown 8vo. 3s. Gd.
Molesworth—S/zierraorys. By

Mrs. MoveswortH. With Illustrations.

Cr. 8vo., 5s.

Stevenson.—.d CuirLp's GARDEN OF
VEeErsEs. By RoeerT Louls STEVENSON.
Fep. Bvo., §s.

Upton (Frorexnce K. axD BERTHA).
Tue Apvenrvres oF Two Durca
fI0LEs AND 4 * Gorbrwocs'.  Ilustrated

by Frorexce K. Uprton, with Words

by BertHa Urron. With 31 Coloured

Platez and numerous Illustrations in the
Text. Oblong 4to., Bs.
Tue Goroimwoce's BicvcrE CLUB.

Iustrated by Frorexce K. Urron, with
words by BertHa Upron. With 31
Coloured Plates and numerous Illustra-
tions in the Text. Oblong 4to., Bs.
Wordsworth.— 7we Svow GARDEN,
AND OTHER Fairy TALES FoR CHILDREN.
By EvizapeTH WorpsworTH. With 10

TorE Axisrar Srory Boox. With |  Iiustrations by Trevor Happox. Crown
67 Illustrations. Crown 8vo., bs. {  Bvo., 55.
Longmans’ Series of Books for Girls.
Price 2s. 6d. each.
Arerier (Tue) Dv Lys: or, an Art | Neicupovks. By Mrs, MOLESWORTH.

Student in the Reign of Terror.
By THE SAME
MabDEWOISELLE MoRrr:a
Taleof Modern Rome. [Twper 4 CLoub.
TN THE OLpEN TIME: a HESTERSVENTURE
Tale of the Peasant| 7WE FIDDLER OF

AUTHOR.
THAT CHILD.

War in Germany. Lucau.
Tue YouxceEr SisteER. | A CHILD OF THE
KEFOLUTION.
Aruersrone Priory. By L. N.

Comyn.
Twe Story or 4 Serive MorviNG,
etc. By Mrs. MoLeEsworTH. [llustrated.

TweE Parace v THE GARDEN. By
Mrs. MoLesworTH. Illustrated.

Twr Trirp Miss St. Quenriv. By
Mrs. MOLESWORTH.

Very Younc; Anp Quire ANOTHER
Srory. Two Stories. By JEan IncELow.

Can rars 88 Love? By Louisa Pagrr.

Kerra Deramvore. By the Author of
“ Miss Molly .

Srovey. By MARGARET DELAND.

Ax  ArranceEp MARRIAGE.
DoroTHEA GERARD.

Last Worps 170 GIRLS oN LiFE AT
ScHOOL AND AFTER Scroor. By Maria
(GREY.

Srray TwovcHTs rorR Girrs. By
Lucy H. M. Souvrssy, Head Mistress of
Oxford High School. 16mo., 1s. 6d. net.

By
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The Silver Library.

Crown Svo.

Arnold's (Sir Edwin) Seas and Lands. With |
=1 [llustrations. 3s. &4,

Bagehot’s (W.) Blographical Studies. 35. 6. |

Bagehot's (W.) Economic Studies. 3+ 64l

Bagehot's |W.) Literary Studies. With Portrait,
3 vols, 35. 6d. each.

Baker’s (Sir 8, W.) Eight Years in Ceylon.
With 6 [lustrations. 35 6d.

Baker's (Sir 5. W.) Rifle and Hound in Ceylon.
With 6 Iillustrations. 3s. 6.

Baring-Gould's (Rev. 8.) Corlons Myths of the
Middle Ages. 35. Gd.

Baring-Gould's (Rew. 8.) Origin and Develop-
ment of Religlous Belief. zvols. g5 64, each,

Becker's (Prof. ) Gallus : or, Roman Scenes in the
Time of Augustus, Illustrated. 35 64,

Becker's (Prof.) Charicles: or, Illustrations of
the Private Life of the Ancient Greeks.
Mustrated, 3+, 64, {

Bent's (J. T.) The Ruined Cities of Mashona- .
land. With 117 IMustrations, 35, 64

Brassey’'s (Lady) A Yoyage in the °® Sunbeam ’,
With 66 [llustrations, 35 6d.

Butler's (Edward A.) Our Household Insects.
With 7 Plates and 13 INustrations in the
Text, 35 54

Clodd's (E.) 8tory of Creation: a Plain Account
of Evolution. With 77 Illustrations. 3s. 64\

Conybeare (Rev. W. J.) and Howson's (Very
Eev. J. 3.) Life and Epistles of 5t. Paul,
46 [llustrations. 35 64,

Dougall’s (L.) Beggars All: a Novel. 35 64 |
Doyle's (A. Conan) Micah Clarke. A Tale of
Monmoutin's Rebellion. 1o Iilusts. 35 64,

Doyle's (A. Conan) The Captain of the Polestar,
and other Tales. 3s5. 64.

Doyle's (A. Conan) The Refugees: A Tale of |
Two Continents. With 25 Mlustrations, 3564, |

Froude's (J. A.) Short Studies on Great Sub- |
jacts. 4 vols. 35 6. each. |

Froude’s (J. A.) Themas Carlyle: a History of
his Life.
1705-1835. = vols. 75 [
1834-1881. =2 vols. 75

Froude's (J. A.) Cmsar: a Sketch, 3¢ 64, _

Froude's (J. A.) The Spanish Story of tha.
Armada, and other Essays. 3: 64d.

Frounde's (J. A.) The Two Chiefs of Dunboy: an
Irish Romance of the Last Century. 3s. 64.

Froude's (J. A.) The History of England, from
the Fall of Wolsey to the Defeat of the |
Spanish Armada, 12 vols. 35 64, each,

Froude's (J. A.) The English In Ireland., 3vols, |
105, Gl |
[

Gleig's (Rev. G. R.) Life of the Duke of |
Wellington. With Portrait. 3r 64

Greville's (C. C. F.) Journal of the Reigns of |
King George IV., King William IV., and |
Queen Victoria. '8 vols., 35 64, each.

3s5. 6d. EACH VOLUME.

Haggard's (H. R.) Bha: A History of Adventure,
32 Illustrations. a5 G4,

Haggard's (H. R.) Allan Quatermain.
20 [llustrations. 3+ &d.

Haggard's (H. R.) Colonel Quaritch, V.C.: a
Tale of Country Life. 35 64.

Haggard’s (H. R.) Cleopatra. With 2g [llustra-
tions. 36 6d.

Haggard's (H. R.) Eric Brighteyes.
IMustrations. 3.

Haggdard's (H. R.) Beatrice. 3¢ 04

Haggard’s (H. B.) Allan’s Wife. With 34 Illus-
trations. 3. 64

Hagdgard's (H. R.) Montezuma's Danghter. With
25 Illustrations. 3s. G4\

Haggard's (H. R.) The Witch's Head.
16 Illustrations. 35, 64,

Haggard's (H. BR.) Mr. Meeson's Will.
1h [llustrations, 35 64,

Haggard’s (H. R.) Nada the Lily.
Mlustrations. 35, 64

Haggard's (H. R.) Dawn. With 16 [lusts. 35 64,

Haggard's (H. R.) The People of the Mist. With
10 [Nustrations. 3+ 6.

Haggard (H. BE.) and Lang's (A.) The World's
Deslre. With 27 Illustrations. 35 64,

Harte's (Bret) In the Carguinez Woods and
other Stories. 3s. 64

Helmholtz's (Hermann von) Popular Lectures
on Sclentific Subjects. With 68 Illustrations.
2 vels. 34 64, each.

Hornung's (E. W.) The Unbidden Guest. 35 64

Howiit's (W.) Visits to Remarkable Places
8o Illustrations. 37 6d.

Jefferies* (R.) The Story of My Heart:
Autobiography. With Portrait. 35 6d.

Jefferies’ (R.) Field and Hedgerow. With
Portrait. 3s. 6.

Jefferies' (R.) Red Deer. 17 Illustrations. 35 64,

Jefferies’ (R.) Wood Magle: a Fable. With
Frontispiece and Vignette by E. V. B. 33 64,

Jeffaries (R.) The Toilers of the Field., With
Portrait from the Bust in Salisbury Cathedral.
5. G

Hnight's (E, F.) The Cruise of the °Alerte":
the Marrative of a Search for Treasure on
the DTiesert Island of ‘Trinidad. With =
Maps and 23 Illustrations. 3¢ 6d.

Hnight's (E. F.) Whera Thres Empires Meet: a
Narrative of Recent Travel in Kashmir,
Western Tibet, Baltistan, Gilgit. "L'L-’il,ha"rla,p
and =4 "Im.tnlllrms 35, O,

Knight's (E. F.) The ‘ Falcon ® on the Baltic: a
Coasting Voyage from Hammersmith to
Copenhagen in a Three-Ton Yacht. With
Map and xr Illustrations. g5 64,

I..-amj’ué.ﬁ.} Angling Sketches. 2o [llustrations.
E T 8

Laf'lg'n (A.) Custem and Myth : Studies of Early
Usage and Belief. 35 6d.

Lang's (Andrew) Cock Lane and Common-Sense,
With a New Preface, gr 6d.

With

With 51

With
With

With 23

My
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The Silver Library— - continued.

Lees (J. A.) and Clutterbuck's (W. J.) B. G
1887, A BEamble in British Columbia. “With
Maps and 75 Illustrations. 3s5. 64.

Macaulay's (Lord) Essays and Lays of Ancient
Rome. With Portrait and Tllustration. 3s. b4,

Macleod's (H. D.) Elements of Banking. 37 6.

Marshman's (J. €.) Memoirs of Sir Henry
Havelogk. 3+ O

Max Miiller's (F.) India, what can it teach us?
5. b,

iax Miiller's (F.) Introduction to the Beience
of Religion, 3: od.

Merivale's (Dean) History of the Romans

under the Empire. 8 vols. 34 64, each.
Mill's (J. 8.) Political Economy. 35 od.
Mill’s (J. 8.) Bystem of Logle. 3¢ 64,

kiilner's (Geo.) Country Pleasures : the Chroni-
cle of a Year chiefly in a Garden. 35 6d.
Nansen's (F.) The First Crossing of Greenland.
With Ilustrations and a Map. 35 6d.
Phillipps-Wolley's (C.) Snap: a Legend of the
Lone Mountain, 13 Ilustrations. 35 64,
Proctor's (R, A.) The Orbs Around Us, 35 64.

Proctor's (R. A.) The Expanse of Heaven.

Froctor's (R. A.) Other Worlds than Ours, 35.64.

Proctor's (R. A.) Other Suns than Qurs. 35 6.

Proctor’s (B. A.) Rough Ways made Smooth.
34, Bd,

Proctor’s (R. A.) Pleasant Ways in Science.
5. Od.

Proctor's (R. A.) Myths and Marvels of As-
tronomy. 35 64,

Proctor’s (R. A.) Nature SBtudies. 3s 64,

Proctor’s (R, A.) Leisure Readings., By R. A.
ProcTtor, EDpwarp CLoDD, ANDREW
WiLsox, THoMaAs Foster, and A C
Raxvarp, With Ilustrations. 3¢ 64,

Rhoscomyl’s (Owen) The Jewel of Ynys Galon.
With 12 Hlustrations. 3& &4,

Rossetti’s (Maria F.) A Shadow of Dante, 35 64

Emith's (R. Bosworth) Carthage and the Cartha-
ginlans, With Maps, Plans, &e. 345 64.
Stanley's (Bishop) Familiar History of Birds.

16o [llustrations. 3s. 6d.

Stevenson's (R. L.} The Btrange Case of Dr.
Jekyll and Mr. Hyde; with other Fables.
5. Gd.

Stevenson (R. L.) and Osbourne's (LL) The
Wrong Box. 35 64,

Stevenson (Robert Louis) and Stevenson’s
(Fanny van de Grift) More New Arabian
Nights.—The Dynamiter. 3+ 64

Weyman’s (Stanley J.) The House of the
Wolf: a Romance. 31 6d.

Wood's (Rev. J. G.) Petland Revisited. With
33 Iustrations. 35 64,

Wood's (Rev. J. G.) Strange Dwellings. With
oo lustrations, 3. 6d

Wood's (Rev. J. G.) Out of Doors. With 11
IMustrations. 34, 64

Cookery, Domestic Management, Gardening, &e.

Acton, — MoperN CoOKERY.
Eviza Actox. With 150 Woodcuts.
Bvo., 45. Gd.

By

Bull (THomas, M.D.).

Hivrs o Moruwers o v Man-
AGEMENT OF THEIR HEALTH DURING THE
FPERIOD oF PREGNANCY. Fep. Bvo., 15, 6d.

THE MATERNAL MANAGEMENT OF

CHILOREN IN HEALTH AND [SEASE.
Fep. Bvo., 1s. 6d.

De Salis (Mgs.).

CAKES AND CONFECTIONS A LA
Mope. Fcep, 8vo., 1s. bd.
Docs: A Manual for Amateurs.

Fcp. Bvo., 15, 6d.

DRESSED GAME AND PoULTRY ;I LA
Mopg. Fcp. 8vo., 15. 64.

' De Salis (MRrs.).—continued.
Fep. |

DrEssEp VEGETARLES A LA MobE.
Fep. Bvo., 1s. 64,

Drivks 3 a Mopr., Fep.8vo., 15.6d.

ExrrEEs 4 £a Mope. Fep. 8vo,
15, Gd.

Frorar Decorarions. Fep. 8vo,
15. 6d.

GarpeNING A La Mopg. Fcp. 8vo.
Part 1., Vegetables, 1s. 64. Part Il

Fruits, 1s. 64,

Narionar Viaxos 4 L4 Mope. Fep.
Bva., 1s. 6d.

Nenw-rarp Eccs. Fep. 8vo., 15, 64d.

OvsrTers 1 rA Mope., Fcp. 8vo.,

15. 6d.
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Cookery, Domestic Management, &c.—continued.

De Salis (Mgs.).—continued,

PUnDiNGcs AND PH.S' 'RV :I LA MODE..
Fecp. Bvo,, 1s. 64,

Savovrigs A La Mope. Fcp. 8vo.,
15. Bef.
Sours AND Dressep Fisg A LA

Mopg. Fep. 8vo., 15. bd.

Sweers AND Sveprer DIisHES 3 L4
Mope. Fcp. Bvo., 15. 6d.

|
Tearprive DisHES FOR SMALL fN—i

corEs. Fop. 8vo., 1s. 6d.

HWrinkrLEs Anxd NorTroxs FoR
Every Sovsenorp. Crown 8vo,, 15, bd.

Lear.—Marmwcre Cooxery. By H. L.
SIpNEY LEAR. 16mo,, 25

Poole.—Cooxery For THE DNABETIC.
By W. H. and Mrs. PooLE. With Preface
by Dr. Pavy. Fcp. 8vo., 2s. 6d.

Walker (Jane H.).
A Boox ror Every Wosan,
Part I., The Management of Children

— e

in Health and out of Health. Crown
Bvo., 25. Had.
Part II. Woman in Health and out of

i Health.

A Haxppoox ror Moruers: being
being Simple Hints to Women on the
Management of their Health during
Pregnancy and Confinement, together

_ with Plain Directions as to the Care of

l Infants. Crown 8vo., z2s. 6d.

Miseellaneous and Critical Works.

Allingham.— Varizries v Prose.
By WiLLIaM ALLINGHAM, 3 vols. Cr. 8vo.,
185, (Vols. 1 and 2, Rambles, by PaTricius
WaLker, Vol. 3, Irish Sketches, etc.)

Armstrong.—Essays avp SKETCHES.
By Epmunp |. ARMSTRONG. Fep. 8vo,, 55,

Bagehot.— Lirerary Sruries. By
WaLTER BageEnor. With Portrait. 3 vols.
Crown 8vo., 3s5. 6d. each.

Baring-Gould.— Curiovs Myrus oF
THE MippiE Aces. By Rev. 5. Baring-
Gouip. Crown 8vo., 35 6d.

Baynes. — SvaxesPEARE  STUDIES,
and other Essays.

CaMpBELL. Crown 8vo., 75. 64.

Boyd (A. K. H.) *A.K.H.B.").

Aned see MISCELLANEQUS THEOLOGICAL
WORKS, p.32.

Avromy HorLipays oF 4 CouNTRY |

Parson. Crown 8vo., 3s. 6d.
ComMMoNPLACE PHILOSOPHER.
Bvo., 35. bd.
CrRITICAL Es5s54vs oF 4 CoUNTRY
FParson. Crown 3vo., 35. Gd.

Cr.

Easr Coasr Dayvs anvp Memorigs. |

Crown Bvo., 3s. 6d.

Lanbscares, CHURCHES, AND MorA- |

LiriEs.  Crown 8vo., 3s. 6d.

Lersvre Hovrs iv Townw.
8vo., 3s5. 6d.

Crown

By the late THomas |
SeenceEr Bavwes, LL.B.,, LL.D. Witha |
Biographical Preface by Professor LEwis |

Boyd (A.K.H.) (*AK.H.B.,)—
continued.
Lessons oF Mippre Ace. Crown
Bvo., 35. Gd.

OQur Lrrree LiFrs. Two Series.

Crown Bvo., 3s. Gd. each.
Ovr Homery Comepy : anp Tra-
GEDY. CTrown 8vo., 35. 6d.

RECREATIONS 0OF A COUNTRY PARSON.
Three Series. Crown 8vo., 3s. 6d. each,
Also First Series. Popular Edition. 8vo.,
6d. Sewed.

' Butler (SamuEer),
Erewnon. Crown 8vo., 5s.
THE Farrk Haven. A Work in De-

fence of the Miraculous Element in our
Lord’s Ministry. Cr. 8vo., 75. 6d.

Lire anp Hagrr. An Essay after a

Completer View of Evolution. Cr. 8vo.,
75. 6d.

Erorvrion, Octp awvp New. Cr,
Bvo., 10s. Gd.

Arps AnD SaxcrvArres or Prep-
MonNT AND Canvron Tromve.  Tllustrated.
Pott 4to., 10s. 6d.

Luck, orR CUNNING, A5 THE Marv
MEAns oF Orcanvic Mopisicarron?
Cr. 8vo., 7s. 6d.

. Ex Voro. An Account of the Sacro
| Monte or New Jerusalem at Varallo-Sesia.
| Crown Bvo., 1os. 6d.
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Dreyfus.—Lzcrures  on  FRENCH
LrreraTure.  Delivered in Melbourne by
Irema Drevrius. With Portrait of the
Author. Large crown 8vo., 125, bd.

Gwilt.— Ay Ewxcvcrorepra orF AR-
CHITECTURE. By JosepH GwiLt, F.5.A.
Illustrated with more than 1100 Engravings

Miscellaneous and Critical Works —continued,

on Wood. Revised (1888), with Alterations
and Considerable Additions by WryarT
ParworTH. 8vo., £2 rzs. 6d.

Hamlin.—A Texr-Boox orF
History oF ArcHiTeEcTURE. By A. D. F.
Hamuin, A.M., Adjunct-Professor of Archi-
tecture in the School of Mines, Columbia
College. With 229 Illustrations. Crown
8vo:, 7s. bd.

Haweis.—Mvsic avp Morars. By
the Rev. H. BE. Hawers. With Portrait of
the Author, and numerous [llustrations,
Facsimiles, and Diagrams. Crown 8vo.,

75. 6d. |

Indian Ideals (No. 1),

Nirapa Sirka: an Inquiry into |
Love (Bhakti-Jijnisd). Translated from |
the Sanskrit, with an Independendent |
Commentary, by E. T. Sturpy. Crown
8vo., 25. bd. net.

Jefferies.—(RicHarD).

Frerp avp Hepcerow : With Por-
trait. Crown 8vo., 35. 6d.

Twe Srory or My Heagr: my
Autobiography. With Portrait and New
Preface by C. J. Lonamax. Crown Bvo.,
35. 6d.

Rep Derr. With 17 Illustrations
by J. CHarLTOoN and H. TunarLy. Crown
Bvo., 35. Od.

Tue ToiLers or THE Frerp. With
Portrait from the Bust in Salisbury
Cathedral. Crown 8vo., 3s. 6d.

Woop Macic : a Fable. With Fron-
tispiece and Vignette by E. V. B. Crown
Bvo., 35 6d.

TrHovGHTS FROM THE WRITINGS OF
Rrcnarp ¥ ErFERIES. Selected by H. S.

THE |

HooLE WAYLEN. 16mo., 35. 6d.

Johnson.—7Twe Parsnree's Man-
4L : a Treatise on the Law and Practice
of Letters Patent. By J. & J. H. Jounsox,
Patent Agents, &c. 8vo., 10s. 6d.

Lang (ANDREW).

Lerrers to DEAp AUrHoRS.
8vp., 2s. Gd. net.

Fep.

With 2

IMustrations.

Booxs anp BooxMEWN.
Coloured Plates and 17
Fep. Bvo., 25 64. net.

Orp Frienps. Fep. 8vo., 2s5. 6d. net.

Lerrers o LITERATURE.
Bvo., 25. 6d. net.

Fep.

Cock LANE AND
Crown 8vo., 3s. 6d.

ComMMoN SENSE.

Macfarren. — Lecrvkes ov HAr-
mony. By Sir GEorGE A. MACFARREN.
8vo., 125,

Marquand and Frothingham.—
A TeExr-Soox or THE HiSTORY OF
ScorrrvrE. By Avuvan Marguanp, Ph.D.,
and ArTHUrR L. FrorTHINGHAM, Junr.,
Ph.D., Professors of Archzology and the
History of Art in Princetown University.
With 113 Illustrations. Crown Bvo., 6s.

Max Miiller (F).

Ivpra: Wear cav it Tracy Ust
Crown Bwvo., 3. 6d.

Cries FroM A GERMAN WoRKSHOP.

Vol. I. Recent Essays and Addresses.
Crown 8vo,, bs. 6d. net.

Vol. Il. Biographical Essays. Crown

8vo., 6s. 6d. net.

Vol. III. Essayson Language and Litera-
ture. Crown 8vo., 6s. 6d. net.

Vol. IV, Essays on Mythology and Folk
Lore. Crown 8vo, 85. 6d. net.

CoNTRIBUTIONS TO THE SCIENCE OF
AMyrrorocy. 2 vols. 8vo.

Milner.—Covwvrry Preasvrgs: the
Chronicle of a Year chiefly in a Garden.
By GeorGE MiILNEr. Crown 8vo., 3s. bd.



MESSRS. LONGMANS & CO.'S STANDARD AND GENERAL WORKS, 3z

Miscellaneous and Critical Works—continued.

Morris (WiLLiam). | Rossetti, - 4 Swapow or Danre :

- ; - being an Essay towards studying Himself,
Sil?iieiaz (gf'-hw;f' Sﬂeverz %-EECIZI__:_’I'EE{ | his \gﬂ’ﬂrld andyhis Pi'igrimagg gE}' MARIA
S us. £4 Fomons. CErhnilE. 98t | Francesca Rosserti. With Frontispiece
Ll R ; by DANTE GABRIEL FKosSsETTI. Crown
Hores axp FEars ror Arr. Five | 8vo., 3s5. 6d.
Lectures delivered in Birmingham, Lon-

don, &c., in 1878-1881. Crown S8vo.
45. 6. 4 " | Solovyoff.—A4 Mopezny PriesTEss

OF I5i5 (MADAME BLAVATSKY). Abridged

Orchard.— 7we Asrrovosmy orF| and Translated on Behalf of the Society for

‘MirronN's Parapise Lost'. By THoMAs Psychical Research from the Russian of

N. Orcnarn, M.D., Member of the British VsEvoLOD SERGYEEVICH SoLovyorr. By

Astronomical Association. With 13 Illus- Warter Lear, Litt. D. - With Appendices.
trations. 8wvo., 155 Crown 8vo., 6s.

Poore.—Essavs on Rurar Hyciene, : :
By Georce Viviax Poorg, M.D., F.R.C.P. Stevens.—On r#E STOWAGE 0F SHIPS

With 13 Illustrations. Crown 8vo., 6s. 6d. AND THEIR Carcogs. “With Information re-
| garding Freights, Charter-Parties, &c. By

Proctor.—Srrencrr: How to get| RopertT WHiTE STEVENS, Associate-Mem-
Strong and keep Strong, with Chapters on ber of the Institute of Naval Architects.
Rowing and Swimming, Fat, Age, and the | 8vo., 21s.

Waist. By R, A, ProcTror. With g Illus-
trations. Crown Bvo., 2.

: West.— i irrs, axp How Nor 1o

Richardson.— Navrovar Hearrd.| Maxe veem. Witha Selection of Leading
A Review of the Works of Sir Edwin Chad- Cases. By B. B. WesT, Author of “* Half-
wick, K.C.B. By Sir B. W. RicHArRDSON, Hours with the Millionaires™. Fep. 8vo.,
M.D. Crown 8vo., 45. 6d. | 25 6d.

e ————————

Miscellaneous Theological Works.,

*.* For Church of England and Roman Catholic Works see Messrs. Lonamans & Co.'s
Special Catalogues.
Balfour. — 7wz Fouvwparwonvs or Boyd (A.K. H.) (‘A.K.H.B.).

BEeLIEr : being Notes Introductory to the OCCASIONAL ANDIMMEMORIAL I AYVS !

Study of Theology. By the Right Hon. Discourses. Crown 8vo,, 7s. 6d

ARTHUR ]. BaLrougr, M.P. 8vo., 12s. 6d. 7 o et e
CoUNSEL AND CoMFORT FROM A

Crry Purerr.  Crown 8vo,, 3s. 6d.

Bird (RoBErT). SUNDAY AFTERNOONS IN THE PARISH
ik i o : C CHURCH OF A ScorrisH UUNIVERSITY
HILD S KELIGION. r. 8vo., 2s. Ciry. Crown 8vo., 3s. 6d.
= Caancep Aspecrs oF UNCHANGED
Joserwa, rTHE DrEamer. Crown ZruTis. Crown 8vo., 3s. 6d.
8vo., 5s. GRAVER THoUvGHTS 0oF 4 COUNTRY
Parson. Three Series. Crown 8Svo.,
JEsUS, THE  CARPENTER  OF 3s. 6d. each.
Nazarery. Crown 8vo., s5s. Presevr Day Thoverrs. Crown
: : 8vo., 35. 64,
To be had also in Two Parts, price 2s. 6d. -
gach Seasipe Musives. Cr. 8vo., 3s. 6d.
¢ 7o Meer raE Day’ through the
Part I. GaLiLEe AND THE LAkE oF Christian Year : being a Text of Scripture,
GENNESARET. with an Original Meditation and a Short
Selection in Verse for Every Day. Crown

Part II. JerusaLEM AND THE PER=EA, 8vo., 45. 6d.
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Miscellaneous Theological Works—continued,

De la Saussaye.— A Mainvar orF
THE ScIENCE oF KEricroN. By Professor
CHANTEPIE DE LA Saussavie, Translated
by Mrs.

MuLLer)., Crown 8vo., 125, Od.

Gibson.— Twe Apsf pE LAMENNAIS.
AND THE LiBERAL CarTtHollce MoVEMENT
¥ Fravce. By the Hon. W. Gissox.
With Portrait. 8vo,., r2s5. 64,

Kalisch (M. M., Ph.D.).

Biere Srupres. Part L
phecies of Balaam. 8vo., 105, 6d4. Part
II. The Book of Jonah. 8vo., 10s. Bd.

COMMENTARY oN THE OLp TESTA-
MExNT: with a New Translation. Vol. [.
Genesis, 8vo,, 185,
General Reader. 125, Vol II, Exedus.
155. Or adapted for the General Reader.
125. Vol. III. Leviticus, Part I. 155,
Or adapted for the General Reader. 8s.
WVol. IV. Leviticus, Part II. 155, Or
adapted for the General Reader. 8s.

Macdonald (Grorce).
Uvxsporexy Sersroxs. Three Series.
Crown Bvo., 35. 6d. each,
Twe Miracres oF our Lorp.
Crown 8vo., 35. bd.

Martineau (James).

Hovrs or THoOUGHT
FHInvGs : Sermons, 2 vols.
35. Bud. each.

ON SACRED
Crown Bvo.,

FENDEAVOURS AFTER THE CH_.’E!.‘;TJ"_-?N
Lirg. Discourses. Crown 8vo., 75. 6d.

TeE SEar orF AurHoriTy iN RE-
LiGroN, B8vo., 145

Essavs, Reviews, Axp ApDRESSES.
4 Vols. Crown 8vo., 7s. 6d. each.

I. Personal ; Political. II. Ecclesiastical ; Historical.
I1I. Theological; Philosophical. IV. Academical;
Religious.

Home Pravers, with Two SErvices
for Public Worship. Crown 8vo., 35. 6d.

10,000[12/g6,

Pro- |

CoLver FErcuUssox (née Max

Or adapted for the |

Max Miiller (F.).

Higperr LECTURES ON THE OR TGN
AND GROWTH oF RELIGION, as 1llustrated
by the Religionsof India. Cr. 8vo., 75, 6d.

INTRODUCTION TO THE SCIENCE OF
KELIGION 3 Fc:ur Lectures delivered at the
Royal Institution. Crown 8vo., 3s. 6d.

Narvrair Reiiciow, The Gifford
Lectures, delivered before the University
of Glasgow in 1888. Crown 8vo., 105, 6.

Prvsicar Rericion. The Gifford
Lectures, delivered before the University
of Glasgow in 18go. Crown 8vo., 105, 6d.

Axriirororocica Rericron. The
Gifford Lectures, delivered before the Uni-
versity of Glasgow in 18g1. Cr. 8vo., 105. 6d.

TrwrosorHY, OR PsycHorocicAl RE-
Lrcron. The Gifford Lectures, delivered
before the University of Glasgow in 18gz2.
Crown 2vo., 105. Gd.

THREE LECTURES ON THE VEDANTA
FPritosorry, delivered at the Royal
Institution in March, 1804, Bvo., 5s.

Phillips. — Twe TrEACHING OF THE
VEpas. What Light does it Throw on the
Origin and Development of Religion? By
Mavrice Puinries, London Mission,
Madras. Crown #vo., Gs.

Romanes.— THovcHTs ON RELIGION.
By GeorcE ]J. Romaxes, LL.D., F.R.S.
Crown 8vo., 45. 6d.

UPERNATURAL RELIGION:

an Inquiry into the Reality of Divine Revela-
tion. 3 vols, B8wvo., 36s.

Repry (A) ro Dr. LicHTFOOT'S
£ssays.  Bythe Author of * Supernatural
Religion’. 8vo., 6s.

)

Tuwre GOSPEL ACCORDING TO ST.
FeETER: a Study. By the Author of
¢ Supernatural Religil:m . Bwvo., Bs.

Vivekananda.— Yvoca Poicosorsy :
Lectures delivered in New York, Winter of
18g5-g6, by the Swami Vivekananda, on
Raja Yoga; or, Conquering the Internal
Mature ; also Patanjali’s Yoga Aphorisms,
with Commentaries. Crown 8vo, 35 6d.

\_,f















