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From quotations which I had seen, I had a high notion

of Aristotle's merits, but I had not the most remote notion

what a wonderful man he was. Linnaeus and Cuvier have

been my two gods, though in very diiferent ways, but they

were mere schoolboys to old Aristotle.

Charles Darwin to

William Ogle, on
the publication of
his translation of
The Parts of Ani-
mals, 1882.
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FOREWORD
Aristotle refers to the De partibus animaliiim as an
inquiry into the causes that in each case have deter-

mined the composition of animals. He does not,

hovever, employ the category of causation in the

manner normally adopted by men of science, since

in this book causes are ahvays considered in relation

to ends or purposes, and design is regarded as having
had a far larger share in the origin and development
of living structures than that allotted to necessity.

In the Histor'ia ajiimalium the parts themselves are

described, for although this work is to some extent

physiological, its main object vas to deal with the

anatomy of the organism. The De partibus ariimaliu?n,

on the other hand, is almost exclusively physiological

and teleological, and treats of the functions of the

parts. But Aristotle's position Avas that of a teleo-

logist only in a limited degree, for he appears to

have taken that view of life which Bergson calls the

doctrine of internal finality (that is to say, that each
individual, or at any rate each species, is made for

itself, that all its parts conspire for the greatest good
of the, and are intelligently organized in view
of that end but without regard for other organisms
or kinds of organisms). Since every organ or part

of the body was held to have its peculiar function,

the existence of vestigial or rudimentary organs was

a2 3



FOREWORD

unrecognized. This Avas the doctrine of internal

finality which was generally accepted until DarAvin

elaborated his theory of Natural Selection. The
wider doctrine of external finality, according to

which living beings are ordered in regard to one
another, never gained acceptance among scientific

philosophers, and the only indication that Aristotle

ever adopted it is furnished by a passage in \vhich

he suggests that the mouth in Selachians is placed

on the under surface so as to allo\v their prey to

escape while the fish are turning on their backs

before taking their food ; but even this he qualified

by the suggestion that the arrangement served a

useful end for the fishes in question by preventing

them from indulging in the harmful habit of gluttony.

The De partibus animalium opens with an intro-

duction devoted to general considerations. This is

followed by a discussion of the three degrees of

composition, the first degree being composition of

physical substances, the second degree, of homo-
geneous parts or tissues, and the third, of hetero-

geneous parts or organs. The tissues referred to are

blood, fat, marrow, brain, flesh, and bone. After

describing these, the organs are dealt vith, and a

consideration of their respective functions, first in

sanguineous animals (i.e. in Vertebrates), and secondly

in bloodless animals (i.e. Invertebrates), occupies the

remainder of the book. The account given of the

physiology of the blood is especially interesting, and
it is noteworthy that Aristotle understood something
of the nature of the process of absorption whereby
the food becomes converted into nutriment which is

carried by the blood to all parts of the body. He
supposed, however, that the matter derived from the
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gut passed first to the heart in the form of vapour
or serum, and that it was there converted into true

blood by a process of concoction. Aristotle knew
nothing of the real nature of respiration, and he
regarded the lungs as serving to temper the bodily

heat by means of the inspired air. He Avas also

entirely ignorant of the fact that the blood passes

back to the heart and lungs after supplying the

tissues and organs with nourishment. On the other

hand, he fully appreciated the existence of excretory

organs, the function of which was to remove from the

body such substances as could not be utilized. In

this category are included fluids such as bile, urine,

and sweat. In the section on the gall-bladder, as

in so many other passages in his works on natural

history, it is truly remarkable how correct Aristotle

is in his statements. He points out that the gall-

bladder is not found either in the horse and ass or

in the deer and roe, but is generally present in the

sheep and goat. In the light of the knoAvledge that

he possessed, therefore, Aristotle could scarcely have
adopted a theory about this organ which has found
expression in certain modern writings. According
to this theory the gall-bladder is present in the sheep
and ox because, these being ruminating animals,

bile is only required at certain particular times when
food passes into the intestine, Avhereas in the horse,

which does not chev the cud, but yet is constantly

eating, food is continually passing into the intestine

and consequently a perpetual flow of bile is desirable.

Since the gall-bladder is present in the non-ruminating
pig but absent in the ruminating deer and roe, it

is obvious that this theory cannot be consistently

applied.
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It is interesting to speculate about the school of

research workers who must have contributed in

providing material for this and the other works on
natural science ascribed to Aristotle—v/ho they were,

the circumstances under Avhich they lived, and what
manner of facilities were available for their investiga-

tions—for it would seem certain that no man single-

handed could possibly have acquired such a vast body
of knowledge, hardly any of which could have been
derived from earlier observers. Yet the work in its

completed M'hole seems to show the mark of one
master hand, and its uniform character and the clear

Une of teleological reasoning that runs through it

have been well brought out in Dr. Peck's translation.

But putting aside its philosophical implications, the

book consists of an attempt at a scientific record of

all the apparently known facts relating to animal

function. These are considered comparatively and
as far as possible are brought into relation with one

another. And thus, as the earliest text-book on

animal physiology in the world's history, this treatise

will ever make its appeal, not only to the classical

philosopher, but to all are interested in the origin

and growth of biological science.

F. H. A. M.
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INTRODUCTION
Title. The traditional title of this treatise is not a very

informative one. The subject of the work is, how-
ever, stated quite clearly by Aristotle at the begin-

ning of the second Book in these words : "I have
already described with considerable detail in my
Researches upon Animals what and how many are the

parts of which animals are composed. We must now
leave on one side what was said there, as our present

task is to consider what are the causes through which
each animal is as I there described it " (646 a 7 foil.).

The title ought therefore to be " Of the Causes of the

Parts ofAnimals," and this is the title actually applied

to it by Aristotle himself (at De gen. an. 782 a 21)."

Even so, the word " parts " is misleading : it in-

cludes not only what we call parts, such as limbs and
organs, but also constituents such as blood and
marrow.* Perhaps, therefore, no harm is done by
leaving the accepted (and convenient) Latin title

untranslated.

Zoological The De partihus, as well as the other treatises
^°^ * contained in this volume, forms a portion of Aris-

totle's zoological works. The foundation of these is

the Historia animalium, or Researches about Animals,

in nine books (the tenth is generally held to be

" For the meaning of Cause see note below, p. 24.
* See note on " part " below, p. 28.
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spurious), in which observations are recorded, and
consequent upon this are the treatises in which
Aristotle puts forward theories founded upon these
observations.

An animal is, according to Aristotle, a " concrete

entity " made up of " matter " and " form." Hence,
in the De part'ibus Aristotle treats of the causes on
account of which the bodies-—the " matter "—of

animals are shaped and constructed as they are, in

general ; in the De incessu he deals specially with
the parts that subserve locomotion. In the De anima
he proceeds to consider Soul—the " form " of an
animal. In the remaining treatises, of which De
motu, included in this volume, is one, he deals Avith

what he calls the functions " common to body and
Soul," among which he includes sensation, memory,
appetite, pleasure, pain, waking, sleeping, respira-

tion, and so forth (see De sensu 436 a). The complete
scheme is set out below :

I. Record of observations.

Historia animalium. 10 (9) books.

II. Theory based upon observations.

(«)

De part'ibus

animalium

De incessu

animalium

(b) De anima

treating of the way in

which the
'

' matter "

of animals is ar-

ranged to subserve
their various pur-

poses.

(treating of the "form"
of animals — the

Soul.

9

4 books

1 book
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(c)

Parva naiuralia —
De moiu ani-

malium

De generatione

animalium

1 book

5 books

^ treating of the func-

tions " common to

body and Soul," and
in particular of

some special de-

partments of ani-

mal behaviour.

The section (6) is necessary to the completeness of

the scheme, but as it has given rise to a whole depart-

ment of study, it is usually treated apart from the rest.

Thus the main bulk of the zoological and biological

works may be taken to consist of the three great

treatises, Histcria anivialium, De partihus animalium,

and De generatione animalium. It was these which,

through translations made from the Arabic, were

restored to the West by those who revived scientific

studies at the beginning of the thirteenth century.

Date of The late D'Arcy W. Thompson, in the prefatory

'""'w^n.' note to his translation of H.A.,<' wrote :
" I think it

can be shown that Aristotle's natural history studies

were carried on, or mainly carried on, in his middle

age, between his two periods of residence at Athens,"

i.e. in the Troad, in Lesbos and in Macedonia, between
the years 347 and 335 : and this view has recently

received convincing support from Mr. H. D. P. Lee,*•

who bases his argument upon an examination of the

place-names in H..A. This is opposed to the view

which has been current for some years past,'' that

the zoological works belong to a late period in Aris-

totle's life, and has important consequences for the

reconstruction of Aristotle's philosophical develop-

• Tfu WorL• of Aristotle translated, vol. iv., Oxford, 1910.
» C.Q. xlii. (1948), 61 fF.

« See W. D. Ross, Aristotle, and W. W. Jaeger, Aristotle.

10



PARTS OF ANIMALS

ment, which cannot be dealt with here. It may,
however, be remarked that, as Thompson said, it

would follow that we might legitimately proceed to

interpret Aristotle's more strictly philosophical work
in the light of his work in natural history. But apart

from these considerations, the great importance of

the zoological works is that they represent the first

attempt in Europe to observe and describe in a

scientific way the individual living object.

Throughout the De partibits Aristotle endeavours to Teleology.

provide a Final Cause " to explain the facts >vhich

he records—some purpose which they are supposed
to answer ; and Causes of this sort are by far the

most common in his treatise. His outlook is there-

fore justly described as " teleological "
; but it is

important not to read too much into this description.

Aristotle is never tired of telling us that Nature makes
nothing and does nothing " without a purpose "

;

but if we ask >vhat that purpose is we may find that

the answer is not quite what we had expected.

Plato's notion of the " form " tended to divert his

attention from individuals through a hierarchy of

successive " forms "
; but for Aristotle " form " is

not independent of matter : form must be embodied
in some matter, that is, in individuals. Thus we find

all through that Aristotle cannot long keep his eyes
from the individual wherein the form is actually

embodied, because it, after all, is the End, the
crowning achievement of the efforts of the four

Causes. This outlook controls the arrangement of

Aristotle's treatise. Since all processes of production

are determined by the nature of the product vhich
is to result from them, it is the fully developed product
which we must first make it our business to observe,

" The four Causes are dealt with in a separate note, p. 24.

11
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and when we have discovered what are its actual

characteristics we may then go on to work out its

Causes and to examine the processes by vhich it was
produced.

Syiiojisis I give a brief synopsis and a contents-summary

Summrry! «f the De partibus :

BRIEF SYNOPSIS OF DE PARTIBUS

Introduction : Methods.

Composition of Substances : Three modes :

(1) The primary substances.

(2) The " uniform " parts.

(8) The " non-uniform " parts.

Consideration of (1) Hot, cold, solid, fluid.

(2) Uniform parts : (a) fluid, (6) solid.

(3) Non-uniform parts, as foUows :

—

External parts of animals.

Internal parts of blooded animals.

Internal parts of bloodless animals.

External parts of bloodless animals.

External parts of blooded animals (resumed),

(a) Vivipara. (b) Ovipara.

SUMMARY
Book I.

639 a 15 ch. 1 Introduction. On the Method of Natural
Science.

Two questions propounded :

(1) Are we to begin with the ultimate

species and describe its characteristics,

or with those that are common to

many species .''

12
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639 b 8 (2) (Put in three ways) :

(a) Are we to take first the phenomena,
and then proceed to their Causes ?

(b) Which is the primary Cause, the
Final or the Efficient (Motive) ?

(Answered immediately : The
Final ; with a reference also to the
influence of Necessity.)

(c) Are we to discuss first the pro-
cesses by which the animal is

formed, or the characteristics of
it in its completed state ?

Ansicer to question (2).

We must begin with the phenomena,
then go on to the Causes, and the forma-
tive processes—or, in other words, the
Final Cause concerns us first and foremost.
This differs from the practice of the early
philosophers, who concerned themselves
vith the Material Cause, though some-
times also with the Efficient (Motive)
Cause. We must begin at the End, not
at the beginning.

640 b 17 Thus we must consider not merely the
primary substances, but the " uniform

"

parts, which are made out of them, and
also the " non-uniform " parts. In doing
this, we shall be paying attention to the
Formal Cause, which is more important
than the Material Cause : the animal as
a finished whole is more significant than
the substances out of which it was made.

640 b 30 But mere form or shape is not enough :

" shaped matter " is not an animal.
" Form " in its full and true sense involves
" Soul "

:
" Soul " somehow is the

animal's Efficient and Final Cause. Act-
ually, it is not Soul in its entirety, but

13
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some " portion " of Soul which fulfils this

office.

641 b 10 Thus the universe and the living objects

in it are the products of something
analogous to human art : they are con-
trolled by a Final Cause.

642 a 1 But Necessity also has its place in the

universe

—

not (1)
" absolute " necessity

nor (2)
" coercive " necessity

but (3)
" conditional " necessity.

These two Causes, the Final Cause and
Necessity, set the stage for our piece.

642 b 5 ch. 2 Criticisms of dichotomy as a method of
classification of animals.

644 all ch. 4 The correct method of classification is by
groups, such as Birds and Fishes.

644 a 23 Answer to question (1).

We must deal with groups, not species (e.g.

Bird, not Crane), and where a species does

not belong to a larger group, we must deal

with species, not individuals (e.g. Man,
not Socrates).

644 b 21 ch. 5 An Exhortation to the study of animals.

645 b 1 Final summary of the Method, combining
answers to both the original questions :

(1) First we discuss the attributes common
to a group ;

(2) Then we give the explanation of them.

Book II.

646 a 8 ch. 1 Purpose and outline of the Treatise : Our
subject is the causes of the parts of
animals.

14
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646 a 13 Three modes of composition .•

(1) Out of the " elements " or dynameis
(hot, cold, fluid, solid).

(2) The uniform parts (bone, flesh, etc.).

(3) The non-uniform parts (face, hand,
etc.).

The relation of them to each other, and
the way in which the Causes control this

relation.

647 a 3 Parts may be divided into :

(a) Instrumental parts (non-uniform).

(b) Media of sensation (uniform).

647 a 25 The faculty of sensation has its seat in the
heart, which is thus uniform ; but it is

also non-uniform, as it has to do with
motion.

647 b 10 ch. 2 The uniform parts, generally. Variations

occur in each of them, as is illustrated by
the example of Blood.

648 a 20 Resumption of the Three modes of com-
position :

649 b 9 (1) The primary substances : meaning of
" hot," " cold," " solid," " fluid," with
special reference to Blood. This merges
into a discussion of

(2) The Uniform parts.

Blood. Fibres. Intelligence and sensi-

tivity, and " temperament "generally.

Serum.

651 a 20 ch. 5 Lard and Suet (forms of Blood).

651 b 20 ch. 6 Marrow (a form of Blood).

652 a 24 ch. 7 The Brain.

653 b 19 ch. 8 Flesh—the " part " par excellence—
and its counterpart.

Bones, and their counterparts, and
parts similar to Bone,

ch. 10 (3) The Non-uniform parts of animals.

(This occupies the rest of the work.)

15
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676 b 16 ch. 2

677 b 15 ch. 3

677 b 37 ch. 4
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697 a 15 (c) Intermediate Creatures:
Cetacea.

Seals and Bats.

Ostrich.

697 b 27 Conclusion.

Method of A glance at the summary will show clearly the

BwiUon. order of subjects which Aristotle lays( in the

first book to be followed in a treatise such as the

one in which he is enffaged.

First, (A) to describe the parts of animals as they

are observed to be ; and
then, (B) to give an account of their causes, and

their formative processes.*

Under (A) the order of preference is to be : €rst,

the parts (1) common to all animals -, (2)

where necessary, those common to a

group of animals only ; and lastly, (3) in

exceptional instances, those peculiar to a

single species.

Also, it will be seen how Aristotle Vorks out this

scheme in the three books which folloAV. Before

considering that, however, we should notice that

Aristotle has a great deal to say about the correct

classification of animals—or rather, against the in-

correct classification of them. Chiefly, he inveighs

against the method of dichotomy ; and his chief

objection to it is a simple and effective one—that it

does not work. It forces us to assign to each species

one distinguishing mark, and one only (642 b 21

—

64•3 a 24). And it cuts off kindred species from each

other on the strength of some quite subordinate

" De partihus is concerned chiefly with the causes and less
* with the processes.

18
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characteristic (642 b 10 foil.). The right method,
says Aristotle, is to follow popular usage and divide

the animals up into well-defined groups such as

Birds and Fishes." And this leads him to distinguish

tvo stages of difference :

(a) Cases in vhich the parts differ " by excess or

defect "—as in different species of the same
genus or group.

(b) Cases in which the resemblance is merely one
of analogy—as in different genera.

Examples of (a) : differences of colour and shape ;

many or few ; large or small ;

smooth or rough ; e.g. soft and
firm flesh, long and short bill,

many or few feathers.

(b) bone and fish-spine ; nail and
hoof ; hand and claw ; scale and
feather.

(Reff. for the above, De part. an. 644. a 1 1-b 15 ; Hist,

an. 486 a 15-b 21. See also Gen. An. (Loeb), Introd.)

The doctrine of differences of" excess and defect," "The more

or, as Aristotle also calls them, of " the more and ^° '®^^•

less," may usefully be compared with that which

underlies the modern theory of Transformations, and
the comparison of related forms. Indeed, Professor

D'Arcy Thompson asserts that " it is precisely . . .

this Aristotelian ' excess and defect ' in the case

of form which our co-ordinate method is especially

adapted to analyse, and to reveal and demonstrate

as the main cause of vhat (again in the AristoteUan

sense) ve term * specific ' differences " (Gronih and

" And of course, into Blooded and Bloodless, though there

are, as Aristotle points out, no popular names for these

groups.

19
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Form, p. 726j. The co-ordinates to which he refers

are those of the Cartesian method, on which is based
the theory of Transformations. By means of them
it is possible to exhibit, say, the cannon-bones of the

ox, the sheep, and the giraffe as strictly proportionate

and successive deformations of one and the same form.

These deformations can be either simple elongations,

as in the instance just cited, or they may occur

according to an oblique or a radial system of co-

ordinates, etc." In this way, differences of " excess

and defe'ct " are reduced to the terminology of

mathematics ; and it is especially interesting to

notice this, as the phi-ase " excess and defect " itself

had, in the Greek of Aristotle's time, a mathematical
connexion. With it may be compared the well-

known Platonic phrase, " the great and small." But
this is not the place to enlarge upon such topics. *"

ciassifiea- To return to Aristotle's classification. We find

^tarts'
that he implements his prehminary outline in the

following vay :

I. First, he treats of the parts which are found in

many different groups of animals, and also those

wliich are to be considered counterparts of each

other in different groups. This corresponds to

A (1) above.

II. As he proceeds with this, he comes to the

Viscera, which occur only in blooded animals."

This provides a convenient point for embarking

upon his second main division—corresponding

• For details see D'Arcy Thompson, op. cit. eh. xvii.

* The reader is referred to A. E. Taylor, " Forms and
Numbers," in Mind, xxxv. 419 foil. ; xxxvi. 12 foil. ; D'Arcy
Thompson, " Excess and Defect," in Mind, xxxviii. 43 foil.

« By " viscera " Ar. means the blood-like ones only.

20
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to A (2) above—the parts common to a group
of animals, and we have first :

The Internal Parts of Blooded Animals.

III. This is folloAved by

—

The Internal Parts of Bloodless Animals. Then,

IV. The External Parts of Bloodless Animals. Then,

V. The External Parts of Blooded Animals,

which includes

—

(a) Vivipara.

(6) Ovipara.

(i) Serpents and Quadrupeds.
(ii) Birds.

(iii) Fishes,

(c) Intermediate Creatures.

References to exceptional instances, as to Man,
corresponding to the division A (3) above, are of
course to be found throughout the Avork,

Aristotle thus works out the main lines of his

classification. And in each instance, where possible,

he endeavours to assign the Cause, to name the
purpose, which is responsible for the parts as he
describes them. This corresponds to (B) above.

And here Aristotle is forced to admit an apparent Necessity.

addition to his scheme of Causes. The purpose, the
good End, the final Cause, cannot always get a free

hand. There is another Cause, Necessity. Aristotle

takes great care to explain what is the nature of this

Necessity (642 a 2 foil.). It is what he calls Necessity
" ex hypothesi," or " conditional " Necessity, the sort

of Necessity which is implied by any final Cause
being what it is. If a piece of wood is to be spUt
by an axe, the axe must ex hypothesi be hard and
sharp, and that necessitates the use of bronze or

21
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iron in the making of it. The same sort of Necessity
applies in the works of Nature, for the Hving body
itself is an instrument. It is thus the final Cause
which necessitates the various stages of the process

of formation and the use of such and such material.

Another kind of Necessity, however, makes its

appearance in Natural objects, and that is " simple
"

Necessity. The mere presence of certain things in

a living organism entails of necessity the presence of

others (see 6^5 b 32, 677 a 17, b 22). Some results

follow inevitably from the very nature of the material

used. This " simple " Necessity can therefore be
regarded as a reassertion of themselves by the
motive and material Causes * as against the final

Cause. Sometimes, hovever, even in circumstances

where " simple " Necessity operates. Nature is able to

use the resulting products to subserve a final Cause
(663 b 22, 32, 677 a 15 ; see also the note on Residues,

p. 32). Cf. Gen. An. (Loeb), Introd. §§ 6-9-

Scheme of The following table Avill show at a glance the

scheme of Animals as treated of by Aristotle in the

De pariibus :

animals.

A. Blooded Animals
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Terminology

Technical The follo^^ng notes on some of the more difficult
**'"™^• and important of the technical terms used by Aristotle

in the De pariibus will, I hope, help to explain my
translation and also to give some indication of the

background of Aristotle's thought. (A fuller account

will be found in De Gen. An., Loeb edn.), " cause."

I retain the traditional translation " cause,"

although perhaps in some contexts " reason " may
be a closer rendering, but a variation in the English

term might well produce more confusion than clarity.

To know, says Aristotle, is to know by means of

Causes (see Anal. post. 91 a 20). A thing is explained

vhen you knoV its Causes. And a Cause is that

which is responsible, in any of four senses, for a

thing's existence. The four Causes, of Avhich two
are mentioned very near the beginning of the first

book (639b 11), are:

(1) The Final Cause, the End or Object towards

which a formative process advances, and ybr the

sake of n-hick it advances—the logos, the rational

purpose.

(2) The Motive (or Efficient) Cause, the agent vhich
is responsible for having set the process in motion

;

it is that 6j/ which the thing is made.

(3) The Formal Cause, or Form, which is responsible

for the character of the course which the process

follows (this also is described as the logos, ex-

pressing n-hat the thing is).

(4) The Material Cause, or Matter, out of which the
thing is made.

24
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It will be seen that the first three Causes tend
naturally to coalesce under the aegis of the Formal
Cause, in opposition to the fourth, the Material

Cause, a contrast which is clearly put by Adam of

St. Victor in one of his hymns :

effect'iva velformalis

causa Deus, etfinalis,

sed numquam materia.

Hence, of course, comes the regular contrast of
" form " and " matter," in which, oddly enough, in

modern usage the terms ha\e almost exchanged
meanings. " Mere form," " empty form," in con-

trast with " the real matter," are phrases Avhich

indicate a point of view very different from that of

Aristotle. An equally drastic reversal of meaning
has overtaken the term " substance," as contro-

versies on " transubstantiation," and the existence

of the word " unsubstantial " prove. " Cause " has

certainly been more fortunate ; but its meaning has

been narrowed doAvn, so that " cause " now usually

suggests the " efficient " cause only. At the same
time, we ourselves a \nder variety of " efficient

"

causes than Aristotle, and are more ready to admit
actions and events or even series of actions and events.

We have, in fact, applied Aristotle's precise termin-

ology to the wider uses of everyday non-technical

purposes. For Aristotle, the doctrine of the Four
Causes provides an exhaustive and precise classifica-

tion of the things which can be responsible for another

thing's existence, and by the naming of them the

thing can be completely accounted for.

As an illustration the following vill serve.

Suppose the object to be explained is an oak. The
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chronological order of the Causes is different from
their logical one.

(i.) The Motive Cause : the parent oak which
produced the acorn.

(ii.) The Material Cause : the acorn and its nour-

ishment.

(iii.) The Formal Cause. The acorn as it grew
into a tree folloAved a process of development
vhich had the definite character proper to

oaks.

(iv.) The Final Cause : the end towards which
the process advanced, the perfected oak-tree.

Aoyos.

There are several places in the De partibus where,
rather than represent ? by an inadequate or

misleading word, I have transliterated it by logos.

This serves the very useful purpose of reminding the

reader that here is a term of very varied meanings,
a term Avhich brings into mind a number of correlated

conceptions, of which one or another may be upper-

most in a particular case. It is an assistance if we
bear in mind that underlying the verb Xeyen', as it

is most frequently used, is the conception of rational

utterance or expression, and the same is to be found
with Aoyo?, the noun derived from the same root.

Aoyos can signify, simply, something spoken or uttered ;

or, with more prominence given to the rationality of

the utterance, it can signify a rational explanation^

expressive of a thing's nature, of the plaji of it ; and
from this come the further meanings oi principle, or

law, and also of definition, or formula, as expressing
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the structure or character of the object defined.

(Note here the application of the term logos to the
Final and Formal Causes, recorded in the foregoing
note.) Another common meaning is seen especially

in the use of the dative (c/". the verb
and its noun)

—

by reasoning, in thought, as opposed to

fact or action. (See 640 a 32, Art is the?
epyov 6 avev tvJs ^ ', at 6i6 b 2 we read of the? of a process of formation such as building, and
the? of the house which is built ; at 678 a 35

of the? which defines the essence of something,
and at 695 b 19 of " the? of the essence." At
639 b 15 the " Cause for the sake of Avhich "—the
Final Cause—is described as being a ?.)

Feveat?, " formation," or " process of formation.", " to be formed," " to go through a process

of formation."

These are the translations which I normally use,

as more appropriate in a biological treatise than
" coming into being," and the like.

The process of formation is of course closely con-

nected in Aristotle's thought with the doctrine of the
Four Causes.

Feieat? is a process which, at any rate in biology,

results in the production of an actual object, a hving
creature.-? is also contrasted vith'' and?" : the

order of things, are told, in the process of formation

is the reverse of the oi'der in reality. For example,
the bricks and mortar exist for the sake of the house

" Care should be taken not to regard .5 as meaning
" the process of."
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which is to be built out of them, but they and not it

come first in the order of time and fact. Aristotle

sums this up by saying that what comes last in the
process comes first in " nature " (64^6 a 25).

, " part."

The term Avhich occurs in the title of the treatise

and is traditionally rendered " part " includes more
than is normally included in the EngUsh " part of

the body." For instance, this Avould not normally

be applied to blood, but the term is applied

by Aristotle to all the constituent substances of the

body as well as to the limbs and organs. For him,

blood is one of the {'wwi'. (648 a 2 ; see also

664 a 9j 690 a 8). A striking instance of the use of

in this sense is the phrase ,
which are the subject of the next following note.

, " the uniform parts."^, " the non-uniform parts."

Aristotle's application of the term to both
these classes emphasizes the inclusiveness of its

meaning. As examples of the " uniform " parts he
mentions (647 b 10) blood, serum, lard, suet, marrow,
semen, bile, milk, flesh—these are soft and fluid"'

ones ; also bone, fish-spine, sinev, blood-vessel

—

these are hard and sohd ones. Of " non-uniform
"

parts he gives as examples (640 b 20) face, hand, foot.

The relation of the " uniform " parts to the " non-

uniform " he describes as foUoAvs (647 b 22 foil.) :

" For the meaning of " fluid " and " solid " see below,

p. 32.
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(a) some of the uniform are the material out of
which the non-uniform are made (i.e. each
instrumental part is made out of bones, sinews,

flesh, etc.) ;

(b) some act as the nutriment of (a) ;

(c) some are the residue of (b)—faeces, urine.

It is not possible to equate the two classes with the
later division into tissues and organs, since blood,

for instance, though " uniform," is not a tissue ; the
term " organs," however, corresponds closely with
Aristotle's own description— ]
(647 b 23), " instrumental parts."

The practical difference betveen the two classes

is that each of the uniform parts has its own definite

character as a substa?ice (in the modern sense), while

each of the non-uniform parts has its definite

character as a conformation or organ. The heart is

the only part which belongs to both classes (647 a 25

foil.) : it consists of one uniform part only, namely,
flesh ; but it also has essentially a definite configura-

tion, and thus it is a non-uniform part.

Three stages or " degrees of composition," so far

as biology is concerned, are enumerated by Aristotle

(at 646 a 13 foil.). What Aristotle seems to mean,
though he has not expressed himself quite clearly,

is that there are three stages involved in the com-
position of compound bodies, namely,

(1) the /65 (see following note) ;

(2) the uniform parts ;

(3) the non-uniform parts ;

and finally, of course, out of the non-uniform parts

(4) the animal itself is composed.
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We have thus

:

(1) the simplest sorts of matter
;

(2) the simplest organic substances compounded
out of the foregoing (having no definite size,

shape, or structure) ;

(3) the instrumental parts of the body constructed

out of the foregoing (having definite size, shape,

and structure) ; and

(4) the organism as a \vhole, assembled out of the

foregoing.

Note.—For a description of the way in Avhich the

term has caused confusion in the accounts

of Anaxagoras's theories see Class. Qu., 1931, xxv. 34-

foUowing.

This is one of the most difficult terms to render in

Enghsh.

The specialized meaning of 8€, " potenti-

ally," as opposed to evepyeia, " actually," is so well

that there is no need to enlarge upon it here.

Nor need I discuss the mathematical meaning of. Other meanings need some comment.

(1) /xts was the old technical term for what
were later to be called- (elements). It

appears in the writings of the Hippocratic corpus

and in Plato's Tiinaeus. The best example of its

use in De pariibus is at the beginning of Book II.

(646 a 15). The list of <; included the sub-

stances known as vypov, ro ', ,, ', -, , etc., etc. Only
the first four of these were regarded by Aristotle as
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the material of compound bodies : all the " other
differences," he says, are consequent upon these.

The original meaning underlying this usage of the
term seems to have been " strong substance of a
particular character." This would be very appro-

priate to TO 8, TO TTLKpov, etc. (see Uepl\). There is no notion here of the substance
having poAver in the sense of power to affect an
external body in a particular way. (This meaning
developed later.) If any effect did result, it would
be described simply as the presence of the strong

substance, and the remedy for it Avas to " concoct
"

the strong substance or otherAvise to bring it into

a harmless condition by " blending " it with other

substances.

(2) As each of the substances known as /xeis

has its own peculiar character, sharply marked off

from the others, the meaning of " peculiar and dis-

tinctive character " Avas naturally associated with the

term. This seems to be its meaning in 655 b 12 :

']^ 8e '- €^
yap {'>^. Indeed, in this mean-

ing, /^ seems to be a slightly more emphatic
version of -, with which it is often used in con-

junction (in Hippocrates, for instance), or in a parallel

way as in the passage just cited. Compare also

651 b 21, where the marroAV is asserted to be !'/05
Tts, not, as some suppose, x/ys yovijs-€
Svi'apAs. Other instances of this use of ''/§ will

be found in De partibus.

(3) From this usage it is not far to the idiomatic,

pleonastic usage, e.g. :

678 a 13 i) tmv /Ats almost = evTepa.

682 h 15 .
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657 a 4 $ ^?.
This is paralleled by a similar usage of- i

663 a 34 '.
676 b 11 .'.
(Other references for//xis : 640 a 24, 646 a 14,

b 17, 650 a 5, 651 b 21, 652 b 8, 12, 653 a 2, 655 b 12,

658 b 34. See further Gen. An., Loeb edn., Introd.

§§ 23 if.).

To vypov KOI Th, " fluid substance and solid

substance," " the fluid and the sohd."

These are two of the ^';.
Following Ogle, I use these renderings as being

more in conformity with the definitions given by
Aristotle than " the moist and the dry," Avhich have
often been used. Actually neither pair of Enghsh
words quite expresses the Greek. Aristotle's de-

finition of them (at De gen. et corr. 329 b 30) is this :

" vypov is that which is not limited by any hmit of

its own but can be readily Umited, 7] is that

which is readily limited by a limit of its but can
with difficulty be hmited "

—

i.e. of course by a Umit
imposed from without.

He discusses the various senses in which these

terms are used at 649 b 9 following., " residue."

This term I have translated throughout " residue,"
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as being more literal and at the same time less mis-
leading than " excrement." " Sui'plus " would have
been even better if the word had been a Uttle more
manageable,

" Residue " is so called because it is that which is

left over Avhen the living organism, by acting upon
the nutriment which it has taken, has pro\-ided itself

>nth a sufficient supply for its upkeep. Some of the

surplus Avill be useless material contained in the food

from the outset, or else has been produced during
the process of reducing the food into a condition

suitable for its purposes in the body. The useless

residues include the excrements. In order to appreci-

ate the status of the useful residues the outlines of

the processes through which the food passes must be
kept clearly in mind. Briefly, then, the food is

masticated in the mouth, then passed on to the

stomach and then the heart, where it is concocted "*

by means of heat—in other words, it is turned into

blood, which is the " ultimate nourishment "
; and

this, when distributed into the blood-vessels, supplies

the body with nutrition. Generally, hovever, more
blood is produced than is necessary for the actual

upkeep of the body, and this surplus undergoes a

further stage of concoction, and is used by Nature

in various ways. Marrow is a residue ; so are semen,

catamenia, milk. Sometimes, when nutrition is

specially abundant, the surplus blood is concocted

into fat (lard and suet). And some of the blood,

reaching the extremities of the vessels in which it

travels, makes its way out in the form of nails, claws,

or hair. The AristoteUan doctrine of residues came
down to Shakespeare, as is shown by the passage

• See page 34.
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in Hamlet (iii. iv.) where the Queen says to Hamlet

:

Your bedded haire, like life in excrements,
Start up, and stand an end.

This theory, as applied to hair, is expounded by
Aristotle at 658 b 1 4 following, and modern biochemists
have reason for believing that some pigmentation in

animals, such as the black melanin of mammalian
hair, or the yelloAv xanthopterine of the butterfly's

wing, is physiologically a form of excretion.

" Concoct," " concoction."

These terms, vhich have already appeared in

these notes, are used to translate, -^. The
Greek words are the same as those employed to

denote the process of ripening or maturing of fruit,

corn, and the like by means of heat—also that of

baking and cooking.

Terms sometimes associated Anth these are

and. For example, at 650 a 5 we read

that /? and take place }?/€5 ; and at 651 b 26, as the creatures grow
and get " matured," the parts their

colour, and so do the viscera.

", " Soul."

The English rd " Soul," as ,' be seen, over-

emphasizes, vhen compared with ^', certain

aspects of the Greek term, but it is by far the most
convenient rendering, and I have used it in pre-

ference to " life " or " vital principle."

It will be useful to have an outline of Aristotle's

general doctrine about Soul.

The different " parts " or " faculties " of Soul can
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be arranged in a series in a definite order, so that the
possession of any one of them implies the possession
of all those which precede it in the list :

(1) nutritive Soul in all plants

(2) sentient Soul in all animals

(3) appetitive Soul V . ,

/a( 4.• c 1 i
111 some animals

(4) locomotive boul J

(5) rational Soul in man only

At 641 a 23 Aristotle speaks of " parts " of the
Soul, and though he often uses this phrase, the
description he prefers is " faculties." In the passage
which follows (641 a 33 foil.) all except appetitive

Soul are mentioned. Sentient Soul is mentioned
again at 650 b 24, 667 b 23, 672 b 16.

Aristotle raises the question whether it is the
business of Natural science to deal with Soul in its

entirety, and concludes that it is not necessary, since

man is the only animal in Avhich rational Soul is

found. Thus it is only some part or parts of Soul,

and not Soul in its entirety, which constitute animal
nature.

In the passage 641 a 14 following, Aristotle takes
for granted his doctrine about Soul, which is as

folloAvs (De anhna. Book II.). Animate bodies, bodies
" Avith Soul in them " ('//), are " concrete sub-

stances " made up of matter and form. In this

partnership, of course, the body is the matter and the
Soul is the form. Thus Soul may be described as the
" form " or " realization " (kvTe\k\em, " actuality ")

of the animal (cf. De part., loc. cit.).

This statement, however, is elsewhere made more
precise. It is possible to distinguish tivo " realiza-

tions " of an animal ; for an animal " has Soul in it
"
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even it is asleep, but its full activity is not
evident until it is avi^ake and about its business. We
must call Soul, then, the " first realization " of the
animal, its Avaking life its " second realization."

This distinction does not concern us in the Departibus.

But an expansion of the definition is not irrelevant.

Aristotle states that the Soul is the first realization

of a body furnished -with organs. The priority of

Soul over body is emphasized in the passage just

referred to (640 b 23—64.1 a 32), and in another in-

teresting passage (687 a 8 foil.) Aristotle maintains
that man has hands because he is the most intelli-

gent animal, and not, as some have said, the most
intelhgent animal because he has hands.

With this is connected the question whether the
Soul is independent of the body ; though it is not
raised in De partibus. As we have seen already, a^ is a single concrete entity made up of Soul and
body, i.e. a certain form implanted in certain matter.

The matter can exist, for it did exist, apart from the
form ; and as the form that is implanted in all the
individuals of a species is one and the same form,

clearly it can exist apart from any one individual's

matter—though of course its existence is not in-

dependent of all the individuals' matter. Further-

more, the form—the Soul—requires matter of a
particular kind : not any sort of matter will do.

From these considerations tvo conclusions seem to

follow : (1) that transmigration is impossible : a

human Soul cannot function in a hyena's body, any
more than the carpenter's art can be executed by
means of musical instruments

; (2) the Soul cannot
function without a body at all ; cannot, we may say,

exist (414- a 19).
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So far, so good. But Aristotle is not satisfied.

He feels the Soul is more than that. He finds a

loophole. There may be some " part " of Soul (the

rational part) which is not the " realization " of any
body. The Soul, besides being the form, the formal

Cause, of the body, is also its final Cause, and not

only that, but the motive Cause too of all the changes
originated in the body (De anima 415 b 7-28), for, as

we saw (p. 25), the three non-material Causes tend
to coalesce into one. This independent " part " of

Soul " comes into the body from without " (see De
gen. an. 736 b 25 foil.) and continues to exist after

the death of the body (see De anima 4^13 a 6, b 24 foil.,

430 a 22, etc.). All .this, however, raises problems
not touched upon in De pariibus ; indeed Aristotle

himself offers no solution of them.

^^» Kpacris,,(.
I have indicated above, in the note on '/.5,

some of the older (Hippocratic) medical terminology
of vhich traces are to be found in the De pariibus.

There is no room for an adequate discussion of such
terms and theories, and the following bare references

must suffice.

In the Hippocratic treatise Tlepl the theory
is put forward that the human organism, body and
Soul alike, is composed of fire and water (Avhich

really consist of " the hot," " the solid," " the cold,"

and " the fluid ")—the function of fire being to cause
motion, of Avater to provide nourishment. In ch. 35
we have a list of the different varieties of Blend

(,, ^?) of fire and water Avhich may be
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found in the Soul in different individuals, and upon
the Blend its health and sensitivity " depend.
With these statements may be compared the

following passages in De partibus :

652 b 8 Some, says Aristotle, maintain that the

Soul is file ; but it is better to say

that it subsists in some such material.
" The hot " is indeed the most ser-

viceable material for the functions

which the Soul has to perform, and
these include nourishing and causing

motion.

64)7 b 30 foil. Here is a reference to the different

varieties of blood, and Aristotle tells

us which sort of blood is

and which animals are on that account' (cf. 650 b 24 and 686 b 28).

The phrase •; is actually

used at 686 a 9- (Cf. also 650 b 29, the

KpaaLs in the heart ; 652 b 35, the parts

in the head are colder than the (-
jLterpos - ; 669 a 11, the npaats

of the body ; 673 b 26, its.)
The term •;, which occurs frequently in the

Ilept ,)/?, is found only once in the De partibus

at 677 a 14—bile is said to be a residue or •;.
Properly speaking,•; is the term applicable to

the " colliquescence " or decay of the parts of the body
themselves. (Cf. at De gen. an. 724 b 26

foil. ; also arixiy^ts', 456 b 31 ; cf. also Piatt's note

at the end of his translation oiDe gen. an., onTii b27.)

The effect of the colliquescence is to produce an

" The adjective used is.
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unhealthy (abscession)—a very common
term in Ilepl (see chh. 58 foil, throughout).

It occurs twice in De partibus. In both places it is

used of a. At 690 a 9 the surplus earthy
matter-, and forms a continuous
nail or hoof. At 681 b 35 Aristotle speaks of the
place where the -- or the

is effected ; and here --? seems to

mean simply " act of excretion." The meaning of

the term seems both here and in Hippocrates to be
specially associated with., either useful

ones, or useless and even harmful ones. A great
deal of is taken up with suggestions for

getting rid of harmful.
The meaning of? is therefore wider than

" excretion " or " secretion," as used in their present

usual sense, though these are included among its

meaning's•

T6 , " the more and less," see

above, p. I9, and Gen. An. (Loeb), Introd. §§ 70 if.

Translations of Aristotle's Zoology

The history of the translation of Aristotle's works Transla-

begins with the Nestorian Christians of Asia Minor, AristoUe's

who were familiar Avith the Greek language as their zoological

service-books were wTitten in it, and Ijcfore the
coming of the Arabs they had translated some of the
works of Aristotle and Galen into Syriac. Before
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435, Ibas, who in that year was made Bishop of

Edessa, had translated into Syriac the commentaries
of Theodore on the works of Aristotle. Jacob, one
of Ibas's successors at Edessa (d. 708), translated the

Categories into Syriac, but a much earUer version had
been made by Sergios of Resh 'Aina (d. 536), who
had studied Greek at Alexandria. In 765 the Nes-
torian physician Georgios was summoned to Bagdad
by the Cahph, and translated numerous Greek words
into Arabic for him. By the beginning of the ninth

century, translation was in full swing at Bagdad,
under the CaUphate of al-Mamun (813-833), son of

Harun-al-Rashid. The first leader of this school

of translators was the physician Ibn al-Batriq, who
translated the Historia animalium, the De partibus

animalium, and the De generatione animalium into

Arabic.

But it was through southern Italy, Sicily and Spain
that the transmission of Aristotle's from the

Arabic into Latin was effected. Messina had been
recovered from the Saracens by 1060, and the whole
of Sicily vas freed by 1091. Under the Norman
kings, Greeks, Saracens and Latins lived together

in one community, and the court was the meeting-
ground for eminent persons of all nations and
languages. The reconquest of Spain had begun in

the eighth century, so that here also an opportunity

offered for making the works of Greek science

available in Latin. Archbishop Raymond of Toledo

(1126-1151) and Bishop Michael of Tarazona (1119-

1151) were the patrons of the translators, vho made
Toledo the centre of their activity. One of these

was Michael Scot.

There is in existence an Arabic translation of
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the zoological Avorks, of which there is a ms. in

the British Museum." It is probable that this is the
translation made by Ibn al-Batriq, and that this

Arabic version is the original from Avhich Michael
Scot made his Latin translation at Toledo.'' Michael
was, among his other accompUshments, astrologer to

Frederick II., King of Sicily, at his court at Palermo,
and before 1217 he had reached Toledo and was at

Vrk there on his translations from the Arabic. His
De animalibus (a translation of the zoological works in

nineteen books) is one of his earliest Avorks, and two
Mss. of it '^ contain a note Avhich gives a later Umit
of 1220 for the work. Other evidence'^ establishes

that it was certainly finished before 1217, and it may
even be placed in the first decade of the century.

It is probable that Michael had as collaborator one
Andrew, canon of Palencia, formerly a Jew. One
of the earliest to make use of Michael's transla-

tions was Robert Grosseteste," Bishop of Lincoln

(d. 1253), one of the leading Aristotelian scholars

of the time, who quotes from Michael's version of

" B.M.Add. 7511 (13th-14th century). This is the m3.
referred to by Steinschneider, Die arabischen Ubersetzungen

p. 64. as B.M. 437. I have seen this ms.
'' Judging from the passages which Dr. R. Levy kindly

read for me in the Arabic ms., the Latin version is a close

translation from it. Also, the contents-preface which is found
prefixed to Michael Scot's translation corresponds exactly
with the preface which precedes the Arabic version in this

MS. (see the B.M. catalogue, Catalogus codicum manuscrip-
torum orientalium, p. 215).

'^ One of them is ms. Caius 109, in the library of Gonville
and Caius College, Cambridge. It is of the thirteenth

century.
^ See S. D. Wingate, The Medieval Latin Versions, p. 75.
• Born at Stradbroke, Suffolk. A Franciscan,
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Oe generatione.'^ The De an'imalihus also formed the
basis of a commentary in tAventy-six books by
Albertus Magnus.'' This was probably written soon
after the middle of the thirteenth century. Except
for the portions Avhich appear in Albertus 's com-
mentary, and the earlier part of the first chapter,<=

Michael's version has never been printed in extenso.

Michael died in or before 1235, and is reputed to

have been buried, as he was born, in the loAvlands of

Scotland.

About the same time, at the request of a pupil of

Albertus, St. Thomas Aquinas (1227-1274), who re-

quired more accurate versions for his commentaries
on the Avorks of Aristotle, new translations, direct

from the Greek, were being undertaken by Wilham
of Moerbeke.'^ William was born about 1215. He
became a Dominican, Avas confessor to Popes Clement
IV. and Gregory X., and Avas Archbishop of Corinth.

He acted as Greek secretary at the Council of Lyons
in 1274. He died in 1286. The earhest dated trans-

lation made by him is one of the Departibus animalium.

The date 1260 occurs in a ms. of it at Florence (Fae-

sulani 168), which also contains Hist, an., De progressu

an., and De gen. an. This translation was made at

Thebes.
Among later Latin translators of the zoological

" According to Roger Bacon, Michael appeared at Oxford
in 1230, bringing with him the works of Aristotle in natural

history and mathematics.
" Ed. princeps, Rome, 1478 ; latest ed., H. Stadler,

1916-1921.
« 639 a 1—640 a 20, printed by G. Furlani in Rivista

degli Studi Oriental!, ix. (1922), pp. 246-249.
<* A small town south of Ghent on the borders of Flanders

and Brabant.
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works the names of two Greeks must be mentioned.
George of Trebizond (Trapezuntiiis), wlio 8 born
in Crete in 1395, visited Italy between 1430 and
1438, and was secretary to the humanist Pope
Nicholas V., an ardent AristoteUan. George's work,
however, was hurried and not over-exact, and he,

together Avith his predecessors, was superseded by
liis contemporary Theodore of Gaza, was born
in Thessalonica about 1400, and was professor of

Greek at Ferrara in 1447. In 1450 Theodore was
invited by the Pope to go to Rome to make Latin
versions of Aristotle and other Greek authors. His
translation of the zoological works,'' dedicated to the
Pope, Sixtus IV., soon became the standard version,

and it is printed in the Berlin edition of Aristotle.

Translations of the De gen. were made by Augus-
tinus Niphus, of the University of Padua (1473-1546),

and of the De gen. and De incessu by Peter Alcyonius

(Venice, 1487-1527). The Degen. was also translated

by Andronicus Callixtus of Byzantium (d. 1478).

\Vith the later Latin versions we need not here
concern ourselves, but something must be said of

the scientific Avorkers who were inspired by Aristotle,

and of the translations into modern languages.

The Renaissance biologists shoAV unmistakably the Aristotle's

difference in quality Avhich there is between Aristotle's successors.

physics and his biology. Hieronimo Fabrizio of

Acquapendente (1537-1619) kneAV and admired
Aristotle's work on embryology, and what is more,
himself carried out further important observations

on the same subject. His brilliant successor, William

Harvey (1578-1657), >vas a student of Aristotle, and

" In eighteen books, excluding the spurious tenth book of

the Historia animalium.
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much of his inspiration came from that source.

William Harvey was the first to make any substantial

advance in embryology since Aristotle himself. But
this is more appropriate to the De generatione than

to the De partihus. In other departments of study,

hovever, during the seventeenth century, the

authority of Aristotle and the scholastic doctrine

^vith which he was, identified were being combated
in the name of freedom, and thus it came about that

the zoological vorks also, vhich had been brought
to hght by the dark ages, were alloved to pass back
into oblivion by the age of enlightenment. They were
not rediscovered until the end of the eighteenth

century by Cuvier (1769-1832) and Saint-Hilaire

(1805-1895) in the nineteenth.

Modern Editions

1. The Berlin edition of Aristotle, by Immanuel Bekker.
Vol. i. (pp. 639-697) includes P.A. Berlin, 1831.

1a. The Oxford edition (a reprint of the preceding). Vol. v.

includes P.A. Oxford, 1837.

2. One-volume edition of Aristotle's works, by C. H. Weise
(pre-Bekker text). Leipzig, 1843.

3. The Leipzig edition. Vol. v. contains P.A., edited and
translated into German by A. von Frantzius. Leip-

zig, 1853.

4. The Didot edition. Vol. iii. includes P.A. Edited by
Bussemaker. Paris, 1854.

5. The Teubner edition. Edited by Bernhardt Langkavel.

Leipzig, 1868.

6. The Bude edition. Edited by Pierre Louis. With a

French translation and notes. Paris, 1956.

Translations without Text

7. Thomas Taylor. English translation of Aristotle in ten
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volumes. Vol. vi. includes.. (pp. 3-163). London,
1810.

8. F. N. Titze. German translation of Book I. In his

Aristoteles uber die wissenschaftliche Behandlungsart
der Naturkunde. Prague, 1819.

9. Anton Karsch. German translation. Stuttgart, 1855
(second ed., Berlin, 1911).

10. William Ogle. English translation, with notes. Lon-
don, 1882.

11. J. Barthelemy-Saint-Hilaire. French translation, with
notes. Paris, 1885.

11. WUliam Ogle. English translation, with notes (a re-

vision of No. 10). Oxford 1911.

12. Francisco Gallach Pales. Aristoteles: Obras com-
pletas. Vol. X contains De partibus and De incessu

animalium. Spanish translation, without notes. Vol.

Ixii. of Nueva Biblioteca Filosofica. Madrid, 1932.

Langkavel reproduces almost verbatim the Berlin

text, together with Bekker's apparatus, to which a

great deal of other matter has been added, including

some of Bekker's ms. notes in his copy of Erasmus's

edition, and some corrected reports of the readings

of the MS. E, which Langkavel himself inspected.

Also, there are some emendations proposed by
Bonitz.

Any English translator must stand very much
indebted to the work of William Ogle, whose trans-

lation, originally published in 1882, was revised by
its author and republished in the Oxford series of

translations of Aristotle in 1 911. It is not possible

to overrate the care and exactness with which this

piece of work was executed. I should like here to

acknowledge my owti indebtedness to it, and I have
had its accuracy as a model before me. With re-

gard to style, it will be seen that I have aimed at pro-

ducing something rather different from Ogle's version.
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The Text

of the text.

The Mss. The manuscript authorities cited by Bekker for the

De partibus be found on p. 50.

The dates of some of the mss. as given by different

scholars vary considerably : for details I refer the

reader to the various catalogues, and also to L. Ditt-

meyer's edition oi Hist. an. (Leipzig, 1907) and W. W.
Jaeger's edition oi De an. viotu, etc. (Leipzig, 1913).

Restoration I have relied upon the apparatus of Bekker and
Langkavel for the readings of the Greek mss., except
for those of Z, the oldest parts of which I have collated

from photostats "
; and at several places I have in-

spected the MS. itself. In some places (e.g. 663 b 17,

685 a 2, 16) I found the reading had been defectively

reported. It is clear that a more reliable collation of

the chief mss. of De partibus is clearly needed. From
a different source I have attempted to restore intelligi-

bility to several corrupt passages \nth the aid of the
Arabic version and the Latin version of Michael
Scot, Avhich represent an earlier stage of the Aristo-

teUan text than our Greek mss. Among the passages
dealt with in this Avay are the passage at 654 b 14
following, which has been dislocated by glosses and
phrases imported from elscAvhere, and the remark-
able passage about the structure of the Cephalopods
at 684 b 22 following, Avhere considerable havoc has
been done to the text by references to a diagram
which were inserted at some period betveen the
date of the ms. from which the Arabic version was
made and that of the archetype of all our present
Greek mss. I have been able to restore this passage,
though not always the actual Greek words, by refer-

ence to the Arabic version and Michael Scot's Latin

" See additional note on p, 4p34.
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translation made from it. Dr. Reuben Levy has
most kindly read this passage for me in the 13th-14th
century Arabic MS. in the British Museum, Add. 7511.

For these two passages, and for a good many other

suspected places, I have consulted all the known mss.

of Michael Scot's version which are to be found in

this country. They are (excluding mss. Avhich contain

merely abridgements or extracts) :

Cambridge, Gonville and Caius College 109

„ University Library li. 3. 16
Dd. 4. 30

Oxford, Merton College 278

„ Balliol CoUege 252
London, British Museum Royal 12. C. XV

„ „ „ Harl. 4970

»

All these are of the thirteenth or fourteenth

century.

I have inspected at test places the following three

Mss. of William of Moerbeke's version :

Oxford, Merton College 270

>» >» 271

„ Balliol College 250

William's translation was made from a MS. or mss.

which had already been infected by the corruptions

found in the Greek mss. which exist to-day.

I should like here to express my thanks to the

Librarians who so kindly made arrangements for me
to inspect the mss. under their care.

Where I have accepted the reading of the Berhn Scope of

edition, I have not given any record of the ms. vari- '^ruZul!^'

ants. These are to be found in the apparatus criticus

of that edition and of Langkavel's edition.

" So far as I know, this ms. has not been mentioned in any
of the published lists of mss. of Michael Scot's De animalibus.
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I have endeavoured, except in the passage

691 b 28 to 695 a 22 in the fourth Book, to record

all places Avhere I have departed from the text of

the Berlin edition, and I have given the source of

the reading which I have adopted. Where Bekker

himself introduced a reading different from that of

the Mss., this is attributed to him by name.
Punctua- I have not recorded all of the many passages in

'°°' which I have corrected the punctuation. The text

has been reparagraphcd throughout.
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BOOK I

There are, as it seems, t>vo vays in which a
person may be competent in respect of any study or

investigation, whether it be a noble one or a humble :

he may have either what can rightly be called a
scientific knowledge of the subject ; or he may have
what is roughly described as an educated person's

competence, and therefore be able to judge correctly

which parts of an exposition are satisfactory and
which are not. That, in fact, is the sort of person

we take the " man of general education " to be ; his
" education " consists in the ability to do this. In

this case, however, ve expect to find in the one
individual the abiUty to judge of almost all subjects,

whereas in the other case the abiUty is confined to

some special science ; for of course it is possible to

possess this abiUty for a limited field only. Hence
it is clear that in the investigation of Nature, or

Natural science, as in every other, there must first

of all be certain defined rules by which the ac-

ceptability of the method of exposition may be

tested, apart from whether the statements made
5Z
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represent the truth or do not. I mean, for instance,

should M'e take each single species severally by turn
(such as Man, or Lion, or Ox, or whatever it may
be), and define what we have to say about it, in and
by itself ; or should we first establish as our basis the
attributes that are common to all of them because
ofsome common character which they possess ?—there

being many attributes which are identical though
they occur in many groups which differ among them-
selves, e.g. sleep, respiration, grovth, decay, death,

together A\-ith those other remaining affections and
conditions vhich are of a similar kind. I raise this,

for at present discussion of these matters is an obscure
business, lacking any definite scheme. Hovever,
thus much is plain, that even if Ave discuss them
species by species, Ave shall be giving the same de-

scriptions many times over for many different animals,

since every one of the attributes I mentioned occurs

in horses and dogs and human beings alike. Thus,
if our description proceeds by taking the attributes

for every species, we shall be obliged to describe the
same ones many times over, namely, those Avhich

although they occur in different species of animals are

themselves identical and present no difference Avhat-

ever. Very likely, too, there are other attributes,

AA'hich, though they come under the same general

head, exhibit specific differences ;—for example, the

locomotion of animals : of Avhich there are plainly

more species than one

—

e.g. flight, SAvimming, walk-

ing, creeping.

Therefore Ave must make up our minds about
the method of our investigation and decide Avhether

we will consider first what the whole group has in
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" This point is resumed and decided below, 644 a 23 if.,

645 b 2 if.

'' " Causes." See Introduction, pp. 24 IF.

' " Formation." See Introduction, pp. 27 f.

** i.e. tlie " final " cause.
" i.e. the " motive " or " efficient " cause.
' See Introduction, pp. 26 f. « Cf. 645 a 24.
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common, and afterwards the specific peculiarities ;

or begin straightvay A\'ith the particular species.*

Hitherto this has not been definitely settled. And
there is a further point vhich has not yet been
decided : should the student of Nature follow the
same sort of procedure as the mathematician follows

in his asti'onomical expositions— that is to say,

should he consider first of all the phenomena which
occur in animals, and the parts of each of them, and
having done that go on to state the reasons and the

causes ; or should he follow some other procedure ?

Furthermore, we see that there are more causes ''

than one concerned in the formation " of natural

things : there is the Cause ybr the sake of ivhich the
thing is formed,*^ and the Cause to vvhich the begin-

ning of the motion is due.^ Therefore another point

for us to decide is which of these two Causes stands

first and which comes second. Clearly the first is

that which Ave call the " Final " Cause—that for the
sake of which the thing is formed—since that is

the logos ^ of the thing—its rational ground, and
the logos is always the beginning for products of

Nature as well as for those of Art. The physician

or the builder sets before himself something quite

definite— the one, health, apprehensible by the

mind, the other, a house, apprehensible by the

senses ; and once he has got this, each of them
can tell you the causes and the rational grounds
for everything he does, and why it must be done
as he does it. Yet the Final Cause (purpose) and the
Good (Beautiful) ^ is more fully present in the works
of Nature than in the vvorks of Art. And moreover
the factor of Necessity is not present in all the

works of Nature in a similar sense. Almost all
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' " Absolute," i.e. simple or unconditional necessity,

belongs to the " eternal things," such as the heavenly bodies

or the eternal truths of mathematics. For further details

see Oe gen. et corr. 337 b 14 if.

* At Met. 1025 b ff. Aristotle makes a threefold classifica-

tion of the sciences into (a) theoretical (contemplative),

(6) practical, (c) productive. The result of (a) is knowledge
only, of (6) knowledge and action, of (c) knowledge, action,

and some article or product. The three " theoretical

"

sciences are theology {i.e. metaphysics), mathematics, and
phj'sics (natural science). In the present passage, however,
Aristotle contrasts natural science with the " theoretical

"

sciences. This is because he is considering Nature as a

craftsman whose craft or science belongs to the third class

—

the "productive" sciences. Our study of Nature's science
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philosophers endeavour to carry back their explana-
tions to Necessity ; but they omit to distinguish the
various meanings of Necessity. There is " absolute

"

Necessity," Avhich belongs to the eternal things ; and
there is " conditional " Necessity, which has to do
with everything that is formed by the processes of

Nature, as Avell as A\ith the products of Art, such as

houses and so forth. If a house, or any other End,
is to be realized, it is necessary that such and such
material shall be available ; one thing must first be
formed, and set in motion, and then another thing ;

and so on continually in the same manner up to the

End, which is the Final Cause, for the sake of vhich
every one of those things is formed and for which it

exists. The things which are formed in Nature are

in like case. Howbeit, the method of reasoning

in Natural science and also the mode of Necessity

itself is not the same as in the Theoretical sciences.

(I have spoken of this matter in another treatise.*)

They differ in the following vay.'' In the Theoretical

sciences, we begin vith Avhat already is ; but in

Natural science \•ith what is going to be : thus, we say,

Because that which is going to be—health, perhaps, or

man—has a certain character, therefore of necessity

some particular thing, P, must be, or must be formed ;

not, Because is, or has been formed, therefore

the other thing (health, or man) of necessity is now
may be a " theoretical " science, but Nature's science itself

is " productive."
' The reasoning process in a " theoretical " science, e.g.

mathematics, begins, say, with A, and then deduces from it

the consequences B, C, D. In a " productive " science,

e.ff. building, it begins with the house wliich is to he built,

D, and %\Orks backwards through the preHminary stages

vhich must be realized in order to produce the house,

C, B, A. Cf. below, 640 a 16 ff.
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" Though of course this Necessity has its place in natural

science (see 642 a 31 if.). It is, however, not the only sort

of Necessity in Natural science, and not the paramount one.
* See De gen. et corr. 337 b 25 if. An example of a non-

convertible proposition is : Foundations are necessary for a
house to be built. You cannot say, " If foundations are laid

a house must of necessity be built," because it is not " ab-

solutely " and always necessary that a house should be built.

' Cf. Plato, Philebus 54 a-c.
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or will be in the future. ** Nor, in a process of
reasoning of this kind, is it possible to trace

back the links of Necessity to eternity, so as to say,

Because A is, therefore is. I have, however, dis-

cussed these matters in another work,* and I there
stated vhere either kind of Necessity applies, which
propositions involving Necessity are convertible, and
the reasons why.
We must also decide Avhether we are to discuss

the processes by Avhich each animal comes to be
formed—which is Avhat the earlier philosophers

studied— or rather the animal as it actually is.

Obviously there is a considerable difference betveen
the two methods. I said earlier that we ought first

to take the phenomena that are observed in each
group, and then go on to state their causes. This

applies just as much to the subject of the process of

formation : here too v>e ought surely to begin vith
things as they are actually observed to be vhen
completed. Even in building the fact is that the

particular stages of the process come about because
the Form of the house is such and such, rather than
that the house is such and such because the process

of its formation follows a particular course : the

process is for the sake of the actual thing, the thing

is not for the sake of the process." So Empedocles
was vrong vhen he said that many of the character-

istics which animals have are due to some accident

in the process of their formation, as when he
accounts for the vertebrae of the backbone by say-

ing '^ " the fetus gets tAvisted and so the backbone
is broken into pieces "

: he vas unaware (a) that

the seed which gives rise to the animal must to

*• Emped. frag. 97 (Diels, Fragmented, 31 97).
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* tSv : vulg.
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* (1. 27) . . ., ex 3Iet. 1032-1034 exorta,

olim ut vid. in marg. 640 b 4• adscripta ; inepta seclusi.
' OTt Z^ : otl a. a. vulg.

" i.e. the same character as the animal which it is to pro-
duce. For dynamis see Introduction, pp. 30 if.

* No doubt a marginal note appended to 640 b 4.
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begin with have the appropriate specific character "
;

and () that the producing agent vas pre-existent

:

it was chronologically earlier as \vell as logically

earlier : in other words, men are begotten by men,
and therefore the process of the child's formation is

what it is because its parent vas a man. [Similarly

too with those that appear to be formed spontane-

ously, just as \^th those produced by the arts ; for

some that are formed spontaneously are identical

with those produced by art, e.g. health. As for those

things whose producing agent is pre-existent, e.g. the

art of statuary, no spontaneous formation occurs. Art

is the logos of the article without the matter. And
similarly Avith the products of chance : they are

formed by the same process that art Avould employ.] **

So the best way of putting the matter would be to

say that because the essence of man is what it is,

therefore a man has such and such parts, since there

cannot be a man without them. If we may not say

this, then the nearest to it must do, viz. that there

cannot be a man at all otherAvise than with them, or,

that it is well that a man should have them. And
upon this these considerations : Because man is

such and such, therefore the process of his formation

must of necessity be such and such and take place

in such a manner ; Avhich is why first this part is

formed, then that. And thus similarly with all the

things that are constructed by Nature.

Now those who Avere the first to study Nature in
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" As Empedocles and Anaxagoras, Avhose attempts to

discover the "material" and the "efficient" causes are
mentioned a few lines below. See also Met. 983 b 6 if

.

* " Material " cause : see Introduction, pp. 24 ff.

* " Residue "
: lit. " surplus "

; see Introduction, pp. 32 S.
" Cf. Hippocrates, Hepl ';?, i. 9.

' " Parts "
: see Introduction, pp. 28 £F.
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the early days " spent their time in trying to discover

vhat the material principle or the material Cause ^

was, and vhat it was like ; they tried to find out
how the Universe is formed out of it ; what set

the process going (Strife, it might be, or Friendship,

Mind, or Spontaneity) ; assuming throughout that

the underlying material had, by necessity, some
definite nature : e.g. that the nature of Fire vas hot,

and light ; of Earth, cold, and heavy. At any rate,

that is hoAv they actually explain the formation of

the vorld-order. In a like manner they describe the

formation of animals and plants, saying (e.g.) that the

stomach and every kind of receptacle for food and for

residue '^ is formed by the vater flo\ving in the body,

and the nostril openings are forcibly made by the

passage of the breath.** Air and water, of course,

according to them, are the material of which the body
is made : they all say that Nature is composed of

substances of this sort. Yet if man and the animals

and their parts ^ are products of Nature, then account

must be taken of flesh, bone, blood, in fact of all the
" uniform parts," ^ and indeed of the " non-uniform

parts " too, viz. face, hand, foot ; and it must be
explained how it comes to pass that each of these is

characterized as it is, and by what force this is effected.

It is not enough to state simply the substances out of

which they are made, as " Out of fire," or " Out of

earth." If we were describing a bed or any other

like article, we should endeavour to describe the form

of it rather than the matter (bronze, or wood)—or, at

' " Uniform " and " non-uniform "
: see Introduction, pp.

28 IF. The distinction between " uniform " and " non-uniform "

parts is, historically, the predecessor of the distinction be-

tween " tissues " and " organs."
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any rate, the matter, if described, would be described
as belonging to the concrete whole. For example,
" a bed " is a certain form in certain matter, or,

alternatively, certain matter that has a certain form
;

so ve should have to include its shape and the manner
of its form in our description of it—because the
" formal " nature is of more fundamental importance
than the " material " nature.

If, then, each animal and each of its parts is what it

is in virtue of its shape and its colour, what Demo-
critus says will be correct, since that Avas apparently
his vicAv, if one understands him aright when he says

that it is evident to everyone Avhat " man " is like as

touching his shape, for it is by his- shape and his

colour that a man may be told,^ < Now a corpse has
the same shape and fashion as a living body ; and
yet it is not a man. Again, a hand constituted in

any and every manner, e.g., a bronze or wooden
one, is not a hand except in name ; and the same
applies to a physician depicted on canvas, or a flute

carved in stone. None of these can perform the
functions appropriate^o the things that bear those

names. Likewise, the eye or the hand (or any other

part) of a corpse is not really an eye or a hand.

Democritus's statement, therefore, needs to be quali-

fied, or a carpenter might as claim that a hand
made of vood really was a hand. The physiologers,*

however, Avhen they describe the formation and the

causes of the shape of animal bodies, talk in this

selfsame vein. Suppose Ave ask the carver " By what
agency was this hand fashioned ?

" Perhaps his

ansAver will be " By my axe " or " By my auger,"

just as if we ask the physiologer " By Avhat agency
was this body fashioned } "he will say " By air " and
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; see Introduction, p. 24.

" See above, 64.0 b 26.
• " Soul "

: see Introduction, pp. 34 flF.

* Or " motive."
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" By earth." But of the tAvo the craftsman will give

a better answer, because he will not feel it is sufficient

to say merely that a cavity was created here, or a

level surface there, by a blow from his tool. He will

state the cause" on account of \vhich, and the purpose

for the sake of Avhich, he made the strokes he did ;

and that will be, in order that the wood might finally

be formed into this or that shape.

It must be evident that the statements of the

physiologers are unsatisfactory. We have to state

how the animal is characterized, i.e., what is the

essence and character of the animal itself, as well as

describing each of its parts ;
just as Avith the bed we

have to state its Form.''

it may be that the Form of any living creature

is Soul,^ or some part of Soul, or something that in-

volves Soul. At any rate, when its Soul is gone, it

is no longer a living creature, and none of its parts

remains the same, except only in shape, just like the

animals in the story that Avere turned into stone.

If, then, this is really so, it is the business of the

student of Natural science to inform himself con-

cerning Soul, and to treat of it in his exposition ;

not, perhaps, in its entirety, but of that special part

of it which causes the living creature to be such as it

is. He must say Avhat Soul, or that special part of

Soul, is ; and Avhen he has said what its essence is,

he must treat of the attributes Avhich are attached

to an essence of that character. This is especially

necessary, because the term " nature " is used

—

rightly—in two senses : (a) meaning " matter," and

(b) meaning " essence " (the latter including both

the " Efficient "«^ Cause and the "End"). It is, of

course, in this latter sense that the entire Soul or
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to this part of the Soul.
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some part of it is the " nature " of a living creature.

Hence on this score especially it should be the duty
of the student of Natural science to deal with Soul
in preference to matter, inasmuch as it is the Soul
that enables the matter to "be the nature " of an
animal (that is, potentially, in the same way as a piece
of wood " is " a bed or a stool) rather than the matter
vhich enables the Soul to do so.

In view of what we have just said, one may vell ask
whether it is the business of Natural science to treat

of Soul in its entirety or of some part of it only

;

since if it must treat of Soul in its entirety (i.e.

including intellect) there will be no room left

for any other study beside Natural science—it

include even the objects that the intellect appre-

hends. For consider : wherever there is a pair

of interrelated things, such as sensation and the

objects of sensation, it is the business of one
science, and one only, to study them both. Now
intellect and the objects of the intellect are

such a pair ; hence, the same science vill study
both of them, which means that there be
nothing whatever left outside the purview of

Natural science. All the same, it may be that

it is neither Soul in its entirety that is the

source of motion, nor yet all its parts taken

together ; it may be that one part of Soul, (a), viz.

that which plants have, is the source of growth

;

another part, (6), the " sensory " part, is the source

of change"; and yet another part, (c), the source

of locomotion. That even this last cannot be the

intellectual part is proved, because animals other

than man have the power of locomotion, although

none ofthem has intellect. I take it, then, as evident
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that we need not concern ourselves vith Soul in its

entirety ; because it is not Soul in its entirety that is

an animal's " nature," but some part or parts of it.

Further, no abstraction can be studied hv Natural
science, because vhatever Nature makes she makes
to serve some purpose ; for it is evident that, even
as art is present in the objects produced by art, so in

things themselves there is some principle or cause of
a like sort, which came to us from the universe around
us, just as our material constituents (the hot, the
cold, etc.) did." \\Tierefore there is better reason for

holding that the Heaven was brought into being by
some such cause—if we may assume that it came
into being at all—and that through that cause it

continues to be, than for holding the same about the
mortal things it contains—the animals ; at any rate,

there is much clearer e"idence of definite ordering
in the heavenly bodies than there is in us ; for what
is mortal bears the marks of change and chance.

Nevertheless, there are those who affirm that, while

ever)' living creature has been brought into being
by Nature and remains in being thereby, the heaven
in all its glory was constructed by mere chance
and came to be spontaneously, although there is no
evidence of chance or disorder in it. And whenever
there is evidently an End tovards which a motion
goes forward unless something stands in its way, then
we always assert that the motion has the End for its

purpose. From this it is evident that something of

the kind really exists—that, in fact, which we call

" Nature," because in fact we do not find any chance
creature being formed from a particular seed, but A
comes from a, and from b ; nor does any chance

seed come from any chance individual.^ Therefore
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" There is a reference here, which is not apparent in the
English version, to the etymological connexion between
(nature) and^ (to grow). Cf. Met. 1014 b 16 fiF.

* Viz. actuality is prior to potentiality.
' These treatises are referred to again in the Politics

(1282 b 19) and in the Eudemian Ethics (1217 b 23). The
two modes of necessity seem to be (1) " absolute " necessity

(mentioned here), and (2) " coercive " necessity (see Met,
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the individual from which the seed comes is the
source and the efficient agent of that Avhich comes
out of the seed. The reason is, that these things

are so arranged by Nature ; at any rate, the offspring

grows " out of the seed. Nevertheless, logically

prior to the seed stands that of which it is the seed,

because the End is an actual thing, and the seed is

but a formative process. But further, prior to both
of them stands the creature out of vhich the seed
comes. (Note that a seed is the seed "of" some-
thing in two senses—two quite distinct senses : it

is the seed " of" that out of which it came

—

e.g. a

horse—as well as " of " that Avhich will arise out of

itself-

—

e.g. a mule). Again, the seed is something
by potentiality , and Ave know Avhat is the relation of

potentiality to actuality.*

We have, then, these tAvo causes before us, to wit,

the " Final " cause, and also Necessity, for many
things come into being owing to Necessity. Per-

haps one might ask which " Necessity " is meant
when it is specified as a cause, since here it can be
neither of the two modes which are defined in

the treatises AVTitten in the philosophical manner."
There is, howe\'er, a third mode of Necessity : it

is seen in the things that pass through a process of

formation ; as when we say that nourishment is

necessary, we mean " necessary " in neither of

the former two modes, but we mean that without
nourishment no animal can be. This is, practically,

"conditional" Necessity. Take an illustration: A
hatchet, in order to split wood, must, of necessity, be
hard ; if so, then it must, of necessity, be made of

1015 a 20 fF.). The third he has referred to already at

639 b 2.0. viz. " conditional " necessity. See pp. 21 f.
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four substances, earth, water, air, fire.

" This is probably a reference to Democritus's opposition

to the theories of Protagoras, who held that " what appears
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bronze or of iron. Now the body, like the hatchet,

is an instrument ; as well the whole body as each
of its parts has a purpose, for the sake of which it

is ; the body must therefore, of necessity, be such
and such, and made of such and such materials,

if that purpose is to be realized.

It is, therefore, evident that of Causation there are

two modes ; and that in our treatise both of them
must be described, or at least an attempt must be
made to describe them ; and that those vho fail

herein tell us practically nothing of any value about
" Nature," for a thing's " nature " is much more a
first principle (or " Cause ") than it is matter. (In-

deed, in some places even Empedocles, being led

and guided by Truth herself, stumbles upon this,

and is forced to assert that it is the logos vhich is a
thing's essence or nature." For instance, when he is

explaining what Bone is, he says not that it is any one

of the Elements,** or any tvo, or three, or even all of

them, but that it is " the logos of the mixture " of

the Elements. And it is clear that he would explain

in the same way what Flesh and each of such parts is.

Now the reason why earlier thinkers did not arrive

at this method of procedure was that in their time

there was no notion of " essence " and no way of

defining " being." The first to touch upon it was
Democritus ; and he did so, not because he thought

it necessary for the study of Nature, but because he

was carried avay by the subject in hand and could

not avoid it.*' In Socrates' time an advance Avas

made so far as the method was concerned ; but at

that time philosophers gave up the study of Nature

to be to you, is for you." Protagoras had emphasized the

validity of sense-data ; Democritus denied it.
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" " Goodness," or " virtue," is one of the chief topics
discussed by Socrates in the Platonic dialogues. Of.
Aristotle, Met. 987 b 1, " Socrates busied himself about moral
matters, but did not concern himself at all with Nature as
a whole."

* I have not attempted, except by one insertion, to straigh-

ten out the text of this confused account, which looks
like a displaced note intended for the paragraph above
(ending " realized," p. 77). If it is to remain in the text, it

would follow at that place (after 642 a 13) least awkwardly.
For a more lucid account of the process of Respiration see
De resp. 480 a 16-b 5.

" This is usually held to include Plato, on the ground that
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and turned to the practical subject of " goodness,""
and to political science.)

* Here is an example of the method of exposition.

We point out that although Respiration takes place
for such and such a purpose, any one stage of the
process follows upon the others by necessity. Neces-
sity means sometimes (a) that if this or that is to

be the final Cause and purpose, then such and such
things must be so ; but sometimes it means (6) that

things are as they are o'n'ing to their \'ery nature, as

the folloving shows : It is necessary that the hot
substance should go out and come in again as it

offers resistance, and that the air should flow in

—

that is obviously necessary. And the hot substance
within, as the cooling is produced, offers resistance,

and this brings about the entrance of the air from
\\ithout and also its exit. This example shoAvs hoV
the method vorks and also illustrates the sort of

things whose causes we have to discover.

II. Now some AATiters *" endeavour to arrive at the

ultimate and particular species h\ the process of

dividing the group (genus) into two differentiae.^

This is a method which is in some respects difficult

and in other respects impossible. For example :

the method of dichotomy is used in the Sophist and Politicus.

But the method can hardly be said to be seriously applied
to the classification of animals in the Politicus, and in the

Sophist it is introduced partly in a, humorous way, partly
to lead up to the explanation of to (not-being). Either
Aristotle has mistaken the purpose of the method (as he
has at An. Pr. 46 a 31 fF.) or (much more probably) he is

referring to some other writer's detailed application of it.

See e.g. Stenzel in Pauly-Wissoica, s.v. Speusippus.
^ Each stage of the division gives two differentiae, which

are treated as " genera " for the next stage of the division,

and so on.
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" Other groups will get broken up under several lines of
division, as Aristotle goes on to say, and he repeats this at

643 b 14, where he adds that " contrary " groups will get
lumped together under a single line (and " contrariety is

maximum ' difference,' " see Met. 1055 a 5 ff., cf. 1018 a 30).
*' Aristotle holds that one is not enough ; see 643 b 9 ff.

and 29 ff.
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(a) Some " groups will get only one differentia,'' the
rest of the terms being superfluous extras," as in the
example : footed, two-footed, cloven-footed ^—since

this last one is the only independently vaUd differentia.

Other^vise the same thing * must of necessity be
repeated many times over.

(b) Again, it is a mistake to break up a group, as

for instance the group Birds, by putting some birds

in one dision and some in another, as has been done
in the divisions made by certain A\Titers : in these

some birds are put in with the water-creatures, and
others in another class. (These two groups, each

possessing its set of characteristics, happen to

have regular names—Birds, Fishes—but there are

other groups which have not, e.g. the " blooded
"

and " bloodless " groups : there is no one regular

name for either of these.) If, then, it is a mistake

to break up any group of kindred creatures, the

method of division into two ,\\ be pointless, because

those who so divide are compelled to separate them
and break them up, some of the many-footed animals

being among the land-animals and others among the

water-animals.

III. (c) Again, this method of tAA-ofold division

makes it necessary to introduce privative terms, and
those who adopt it actually do this. But a privation, as

* i.e. all terms except the final one can be dispensed,
because none of them constitutes an independent {)
differentia ; one line of division yields one valid differentia

and no more (c/. 644 a 2-10).
" Cf. 644 a 5 and Met. 1038 a 32.
• In this case, " -footed "

{cf. Met. 1038 a 19 if.). But
Aristotle does not explain how8 is " superfluous."
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privation, can admit no differentiation ; there cannot
be species of what is not there at all, e.g. of " foot-

less " or " featherless," " as there can be of " footed
"

and " feathered "
; and a generic differentia must

contain species, else it is specific not generic. How-
ever, some of the differentiae are truly generic and
contain species, for instance " feathered " (some
feathers are barbed, some unbarbed) ; and likewise
" footed " (some feet are " many -cloven," some
" t\vy-cloven," as in the animals with bifid hoofs,

and some " uncloven " or " undivided," as in the

animals with solid hoofs). Now it is difficult enough
to arrange the various animals under such hues of

differentiation as these, which after all do contain

species, in such a way that every animal is included in

them, but not the same animal in more than one of

them (e.g. when an animal is both winged and Aving-

less, as ants, glov-worms, and some other creatures

are) ; but it is excessively difficult and in fact im-

possible to arrange them under the opposite Unes of

differentiation. Every differentia must, of course, be-

long to some species ; and this statement \vill apply

to the negative differentiae as well as to the positive.

Now it is impossible for any essential characteristic

to belong to animals that are specifically different and
at the same time to be itself one and indivisible * : it

will ahvays admit of differentiation. (For example,

Man and Bird are both two-footed, but this essential

characteristic is not the same in both : it is differenti-

ated.'' And if they are both " blooded," the blood

must be different, or else it cannot be reckoned as

part of their essence.) If that is so, then, the one

' As the privative characteristic would have to be.

" See below, 693 b 2 flF.
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" Because it cannot fulfil the condition of admitting
differentiation. At \vhatever stage of the division it comes
(unless at the very end), the privative term Mill cover at least

two species, and therefore at the next stage the dichotomists
will have to divide it—illegitimately, as Aristotle maintains.
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differentia wiW belong to \ species. And if so,

it is clear that a privative cannot be a valid

differentia.'^

(d) Now assuming that each species is indivisible : if

each differentia also is indivisible, and none is common
to more species than one, then the number of differ-

entiae \\\\\ be equal to the number of species. (Suppos-

ing it Avere possible to have a differentia which though
indivisible was common ; clearly, in that case, animals

which differed in species be in the same di\'ision

in virtue of that common differentia. Therefore, if the

differentiae under which the indivisible and ultimate

species fall are to be proper and private to each

one, it is necessary that no differentia be common

;

otherwise, species vhich are actually different will

come under one and the selfsame differentia.) And
we may not place one and the same indivisible

species under two or three of the lines of diff"erentia-

tion given by the divisions ; nor may we include

diff"erent species under one and the same line of

differentiation. Yet each species must be placed

under the lines of diff'erentiation available. It is

evident from this that it is impossible to arrive at the

indivisible species either of animals or of any other

group by the method of twofold division as these

people practise it, for even on their sho\nng the

number of ultimate differentiae must of necessity be
equal to the total number of indivisible species of

animals. Thus, suppose 'e have some particular

group of creatures whose prime differentiae are
" pale " and " not pale "

; by that method these

two -ill each give t\vo other differentiae, and so

forth, until in the end the indivisible differentiae are

reached : these last ones be either four in
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" His point is that it is nonsensical to suppose that this
numerical correspondence is bound to occur.

" As at 641 a IS ff.

« See Met. 10-25 a 30.
^ These are enumerated in De sensu, 436 a 7 ff., and Aris-

totle seems here to be thinking of them as grouped together
under the several faculties—nutritive, appetitive, sensory,
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number, or some higher value of 2"
; and there will

be an identical number of species."

(The species is the differentia in the Matter. There
is no animal part which exists without matter ; nor

on the other hand is there any which is matter only,

for body in any and every condition cannot make an
animal or any part of an animal, as I ha"e often

pointed out.*)

(e) Again, the di\"ision ought to be made according

to points that belong to the Essence of a thing and
not according to its essential (inseparable) attributes.

For instance, in making di\-isions of geometrical

figures, it would be ^^ong to di^ide them into those

whose angles are together equal to two right angles

and those vhose angles are together greater than two

right angles ; because it is only an attribute of the

triangle that its angles are together equal to two
right angles.''

(/) Again, di\'ision should be by opposites,

opposites being mutually " different," e.g. pale and

dark, straight and curved. Therefore, provided the

tvo terms are truly " different," di%-ision should be

by means of opposites, and should not characterize

one side by ability to Svim and the other side by
some colour. And besides this, di^^sion of U\-ing

creatures, at any rate, by the functions which are

common functions of body and soul,** such as we
actually find done in the dixisions mentioned above,

where animals are divided into " walkers " and
" fliers

"—for there are some groups, such as that of

the Ants, which have both attributes, being both

locomotive, and thought (see Be an. 414 a 38 ff.). His point

is that the correct way to divide and classify animals is rather

by bodily characteristics, which is what he himself does.
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" i.e. with the preceding terms. See below, 644 a 5.
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" winged " and " ^vingless "—and by " wild " and
" tame," " is not permissible, for this similarly would
appear to divide up species that are the same, since

practically all the tame animals are also found as

wild ones : e.g. Man, the horse, the ox, the dog (in

India **), swine, the goat, the sheep ; and if, in each

of these groups, the Avild and the tame bear the same
name, as they do, there is no division betveen them,
vhile if each group is specifically a unit, then it

follows that " wild " and " tame " cannot make a

valid differentiation."

And generally, the same thing inevitably happens
whatever one single line of differentiation is taken for

the division. The proper course is to endeavour to

take the animals according to their groups, fol-

loving the lead of the bulk of mankind, have

marked off the group of Birds and the group of Fishes.

Each of these groups is marked by ma?iy differentiae,

not by means of dichotomy. By dichotomy (a) either

these groups cannot be arrived at at all (because the

same group falls under several divisions and contrary

groups under the same division) or else there will be

one differentia only, and this either singly or in

combination ** Avill constitute the ultimate species.*

But (b) if they do not take the differentia of the differ-

entia, they are forced to folloV the example of

those people who try to give unity to their prose by a

free use of conjunctions : there is as little con-

tinuity about their division. Here is an example

to show vhat happens. Suppose they make the

division into " wingless " and " winged," and then

divide " winged " into " tame " and " wild " or into

• And this will never completely represent any actual

group or species. See below, 644( a 6 flF.
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" pale " and " dark "
: neither " tame " nor " pale

"

is a differentiation of " winged," but the beginning

of another line of differentiation, and can come in

here only hy accide?it. Therefore, as I say, in dividing

we must distinguish the one original group forthwith

by numerous differentiae ; and then too the privative

terms will make valid differentiae, which they

never do in the system of dichotomy.

Here are further considerations to show that it is

impossible to come at any of the particular species by
the method of dividing the group into two, as some
people have imagined.

Obviously it is impossible that one single differentia

is adequate for each of the particular species covered

by the division, whether you adopt as your differentia

the isolated term or the combination of terms " (for

this is intended by the continuity of the series of

differentiae throughout the division from the original

group, to indicate that the Avhole is a unity ; but, in

consequence of the form of the expression, the last

one comes to be considered as the sole differentia).

And it is evident that there cannot be more than one

such differentia ; for the division proceeds steadily until

it reaches the ultimate differentia, and—supposing the

division is aiming at " Man "—this is either " cloven-

footed " alone, or else the whole combination, e.g.

if one combined " footed," " two-footed," " cloven-

footed." ^ If Man vere merely a cloven-footed

animal, then this Avould be the one differentia, arrived

at by the right method. But as he is not merely

" i.e. the last term of any series, or all its terms together,

as he goes on to sav• Cf. 643 b 15 f.

" This definition 'appears also in Met. 1037-1038.
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1037 b 27—1038 a 30.

* On this point see D'Arcy W. Thompson, Growth and
Form, esp. ch. 17, and the same author's paper Excess
and Defect ; or The Little More and the Little Less, in

Mind, xxxviii. (N.S.) 149, pp. 43-55. See also infra,
661 b 28 ff., 692 b 3 ff. ; and Introduction, p. 39.
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that, it is necessary that there should be many
differentiae, not under one hne of division. And yet
there cannot be more than one differentia for the same
thing under one Hne of dichotomy : one hne must end
in one differentia. So it is impossible for those who
follow the method of twofold division to arrive at any
of the particular animals.'*

IV. Some may find it puzzling that general usage
has not combined the water-animals and the feathered
animals into one higher group, and adopted one name
to cover both, seeing that in fact these two groups
have certain features in common. The answer is that

in spite of this the present grouping is the right one ;

because while groups that differ only " by excess
"

(that is, " by the more and less " *) are placed

together in one group, those which differ so much
that their characteristics can merely be called ana-

logous are placed in separate groups. As an illus-

tration : {a) one bird differs from another bird " by
the more," or " by excess " : one bird's feathers

are long, another's are short ; whereas (6) the
difference betveen a Bird and a Fish is greater,

and their correspondence is only by analogy : a fish

has no feathers at all, but scales, Avhich correspond

to them. It is not easy to do this in all cases, for

the corresponding analogous parts of most groups of

animals are identical.

Now since the ultimate species are " real things," ^ Method.

while within them are individuals which do not differ

in species (as e.g. Socrates and Coriscus),'* we shall

have to choose (as I have pointed out) * between

' Lit. " substances."
' i.e. within the species " man."

• Above, at 639 a, b, etc.
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describing first of all the general attributes of many
species, and repeating the same thing many times
over. (By " general " attributes 1 intend the
" common " ones. That vhich belongs to many wa
call " general.") One may well hesitate whether of
the two courses to follow. For, in so far as it is the
specifically indivisible which is the " real thing," it

would be best, if one could do it, to study separ-

ately the particular and specifically indivisible sorts,

in the same way as one studies " Man," to do this

with " Bird " too, that is, to study not just " Bird
"

in the mass, but—since " Bird " is a group which
contains species—the indivisible species of it, e.g.

Ostrich, Crane, and so on. Yet, on the other hand,
this course is somewhat unreasonable and long-

winded, because it makes us describe the same attri-

butes time and again, as they happen to be common
attributes of many species. So perhaps after all the

right procedure is this : (a) So far as concerns the

attributes of those groups which have been correctly

marked off by popular usage—groups which possess

one common nature apiece and contain in themselves
species not far removed from one another, I mean
Birds and Fishes and any other such group vhich
though it may lack a popular name yet contains

species generically similar—to describe the common
attributes of each group all together ; and (b) vith

regard to those animals which are not covered by
this, to describe the attributes of each of these by
itself

—

e.g. those of Man, and of any other such species

there may be.

Now it is practically by resemblance of the shapes

of their parts, or of their Avhole body, that the groups

are marked off from each other : as e.g. the groups
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Birds, Fishes, Cephalopods," Testacea.^ Within each
of these groups, the parts do not differ so far that they
correspond only by analogy (as a man's bone and a
fish's spine) ; that is, they differ not structurally, but
only in respect of bodily quahties, e.g. by being
larger or smaller, softer or harder, smoother or
rougher, and so forth, or, to put it generally, they
differ " by the more and less."

We have shown :

(1) how to test a method of Natural science ;

(2) what is the most systematic and easiest way of
studying Natural science

;

(3) vhat is the most useful mode of Division for
our present purpose

;

(4) why dichotomy is in one respect impossible and in

another futile.

Now that we have made this beginning, and clearly

distinguished these points, we may proceed.

V. Of the works of Nature there are, we hold, two Aprotreptic

kinds : those which are brought into being and perish, of anhnalsf^
and those which are free from these processes through-
out all ages. The latter are of the highest worth and
are divine, but our opportunities for the study of

them are somevhat scanty, since there is but little

evidence available to our senses to enable us to con-

sider them and all the things that we long to knov
about. We have bettermeans of information, however,
concerning the things that perish, that is to say, plants

and animals, because ve live among them ; and any-

one who will but take enough trouble can learn

much concerning every one of their kinds. Yet
each of the two groups has its attractiveness. For
although our grasp of the eternal things is but

slight, nevertheless the joy which it brings is, by
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" This passage, 6i5 a 6-15, is quoted by R. Boj-le {Of the
Usefulnesse of Naturall Philosophy, 1663) both in Gaza's
Latin version and in an English translation, and he intro-

duces it thus: "And, methinks, Aristotle discourses very
Philosophically in that place, where passing from the con-
sideration of the sublimist productions of Nature, to justifie

his diligence in recording the more homely Circumstances of
the History of Animals, he thus discourses." He also quotes
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reason of their excellence and worth, greater than
that of knowing all things that are here below

; just
as the joy of a fleeting and partial glimpse of those
whom we love is greater than that of an accurate
view of other things, no matter hoAv numerous or how
great they are. But inasmuch as it is possible for us
to obtain more and better information about things
here on the earth, our knowledge of them has the
advantage over the other ; and moreover, because
they are nearer to us and more akin to our Nature,
they are able to make up some of their leeway as

against the philosophy which contemplates the things

that are divine. Of " things divine " we have al-

ready treated and have set doAvn our views concerning
them ; so it now remains to speak of animals and
their Nature. " So far as in us lies, we \11 not leave

out any one of them, be it never so mean ; for though
there are animals which have no attractiveness for

the senses, yet for the eye of science, for the student
who is naturally of a philosophic spirit and can dis-

cern the causes of things, Nature which fashioned

them pro\'ides joys vhich cannot be measured. Ifwe
study mere likenesses of these things and take pleasure

in so doing, because then we are contemplating the
painter's or the carver's Art Avhich fashioned them, and
yet fail to delight much more in studying the works
of Nature themselves, though we have the ability to

discern the actual causes—that Mould be a strange

absurdity indeed. Wherefore we must not betake
ourselves to the consideration of the meaner animals

with a bad grace, as though we were children ; since

in all natural things there is somcAvhat of the mar-

the following passage, a 15-23, describing it as " that Judicious
reasoning of Aristotle."
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separate one from another" (frag. 8, Diels, Fragmented,
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vellous. There is a story which tells how some
visitors once wished to meet Heracleitus, and when
they entered and saw him in the kitchen, warming
himself at the stove, they hesitated ; but Heracleitus

said, " Come in ; don't be afraid ; there are gods
even here." In like manner, ve ought not to hesi-

tate nor to be abashed, but boldly to enter upon our
researches concerning animals of every sort and Idnd,

knoAving that in not one of them is Nature or Beauty
lacking.

I add " Beauty," because in the works of Nature
purpose and not accident is predominant ; and the

purpose or end for the sake of which those works have
been constructed or formed has its place among what
is beautiful. If, however, there is anyone who holds

that the study of the animals is an unworthy pursuit,

he ought to go further and hold the same opinion

about the study of himself, for it is not possible

without considerable disgust to look upon the blood,

flesh, bones, blood-vessels, and suchlike parts of

which the human body is constructed. In the same
way, when the discussion turns upon any one of the

parts or structures, we must not suppose that the

lecturer is speaking of the material of them in itself

and for its sake ; he is speaking of the whole
conformation. Just as in discussing a house, it is the

vhole figure and form of the house Avhich concerns us,

not merely the bricks and mortar and timber ; so in

Natural science, it is the composite thing, the thing

as a whole, which primarily concerns us, not the

materials of it, which are not found apart from the

thing itself whose materials they are."

59 8) ; also from the logical point of view, as seen in

Plato, Theaetetus, 201 ff.
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First of all, our business must be to describe the Final

attributes found in each group ; I mean those of th^^"^^
" essential " attributes vhich belong to all the ^lethod.

animals, and after that to endeavour to describe the

causes of them. It will be remembered that I have
said already that there are many attributes which
are common to many animals, either identically the

same (e.g. organs like feet, feathers, and scales, and
affections similarly), or else common by analogy
only (i.e. some animals have a lung," others have no
lung but something else to correspond instead of

it ; again, some animals have blood, Avhile others have
its counterpart,^ Avhich in them has the same value

as blood in the former). And I have pointed out

above that to treat separately of all the particular

species would mean continual repetition of the

same things, if we are going to deal with all their

attributes, as the same attributes are common to

many animals. Such, then, are my views on this

, as each of the parts of the body, like every

other instrument, is for the sake of some purpose,

viz. some action, it is evident that the body as a

whole must exist for the sake of some complex
action. Just as the saV is there for the sake of

sawing and not sawing for the sake of the saw,

because sawing is the using of the instrument, so in

some way the body exists for the sake of the soul,

and the parts of the body for the sake of those

functions to which they are naturally adapted.

So first of all we must describe the actions (a)

larvae {Chiro7W)nus), worms (Arenicola). In other in-

vertebrates the blood may be blue (Crustacea) or green
(Sabellid worms), or there may be no respiratory pigment
at all (most insects).
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which are common, and those which belong (b) to a
group, or (c) to a species. By " common " I mean
those that are present in all animals ; by " those
which belong to a group " I mean those of animals
whose differences we see to be differences " of
excess " " in relation to one another : an example of
this is the group Birds. Man is an example of a
species ; so is every class which admits no differ-

entiation of its general definition. These three sorts

of common attributes are, respectively, (1) analogous,

(2) generic, (3) specific.

Now it is evident that when one action is for the
sake of another action, then the instruments which
perform the two actions differ exactly as the two
actions differ : and if one action is " prior " to another
and is the " end " of that other action, then the part
of the body to which it belongs \nll be " prior " to

the part to which the other action belongs. There
is also a third possibility, viz. that the action and its

organ are there simply because the presence of others

necessarily involves them.'' (By affections and actions

I mean Generation, Grovth, Copulation, Waking,
Sleep, Locomotion, and the other similar ones that

are found in animals. Examples of parts are : Nose,
Eye, Face ; each of these is named a " limb " or
" member." And the same holds for the rest too.)

Let this suffice concerning the method of our
inquiry, and let us now endeavour to describe • the

causes of all these things, particular as well as

common ; and, according to the principles laid down,
we begin with the first ones first.
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BOOK II

I HAVE already described with considerable detail Purpose and

in my Researches upon Ayiimals what and how many the treatise,

are the parts of vhich the various animals are

composed. We must now leave on one side vhat
Avas said there, as our present task is to consider

Avhat are the causes through vhich each animal is as

I there described it.

Three sorts of composition can be distinguished.

(1) First of all " we may put composition out of the

Elements (as some call them), viz. Earth, Air, Water,
Fire ; or perhaps it is better to say dynameis ^ instead

of Elements—some of the dynameis, that is, not all,

as I have stated previously elsewhere. '^ It is just

these four, the fluid substance, the solid,'' the hot, and
the cold, which are the matter of composite bodies ;

and the other differences and qualities—such as

heaviness lightness, firmness looseness, roughness

smoothness, etc.—which composite bodies present

are subsequent upon these. (2) The second sort of

contposition is the composition of the "uniform"*
substances found in animals (such as bone, flesh,

etc.). These also are composed out of the primary

appropriate : in others, " moist " and " dry " (the traditional

renderings). Aristotle defines them at De gen. and corr.

329 b 30. See also below, 649 b 9. I have normally trans-

lated them " fluid " and " solid " throughout.
* " Uniform," " non-uniform " ; see Introduction, p. 28.
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substances. (3) The third and last is the composition
of the " non-uniform " parts of the body, such as

face, hand, and the hke.

Now the order of things in the process of formation
is the reverse of their real and essential order ; I

mean that the later a thing comes in the formative
process the earlier it comes in the order of Nature,
and that which comes at the end of the process is at

the beginning in the order of Nature. Just so bricks

and stone come chronologically before the house,
although the house is tiie purpose which they sub-

serve, and not vice vers^. And the same applies to

materials of every kind. Thus the truth of my state-

ment can be shown by induction ; but it can also

be demonstrated logically, as. Everything
which is in process of formation is in passage from
one thing towards another thing, i.e. from one Cause
towards another Cause ; in other words7Tt proceeds
from a primary motive ** Cause which to begin with
possesses a definite nature, towards a Form or an-

other such End. For example, a man begets a man
and a plant begets a plant. These new indi-

viduals are made out of the substrate matter appro-

priate in each case. Thus, matter and the process

of formation must come first in time, but logically*

the real essence and the Form of the thing comes
first. This is clear if we state the logos <^ of such a

process. For example, the logos of the process of

building includes the logos of a house, but that of a
house does not include that of the process of building.

And this holds good in all such cases. Hence we
see that the matter, viz. the Elements, must exist

for the sake of the uniform substances, because

these come later in the process of formation than
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the Elements
; just so the non-uniform parts come

later than the uniform. The non-uniform parts,

indeed, Avhose manner of composition is that of the
third sort, have reached the goal and End of the
whole process ; and we often find that processes of
formation reach their completion at this point.

Now animals are composed out of both of these two
sorts of parts, uniform and non-uniform ; the former,

hoAvever, are for the sake of the latter, as it is to the
latter that actions and operations belong (e.g. eye,

nose, the face as a vhole, finger, hand, the arm as a

vhole). And inasmuch as the actions and movements
both of an animal as a whole and of its parts are mani-
fold, the substances out of vhich these are composed
must of necessity possess divers dynameis. Softness is

is useful for some purposes, hardness for others ;

some parts must be able to stretch, some to bend.

In the uniform parts, then, such dynameis are

found apportioned out separately : one of the parts,

for instance, be soft, another hard, while one is

fluid, another solid ; one viscous, another brittle.

In the non-uniform parts, on the other hand, these

dynameis are found in combination, not singly. For
example, the hand needs one dynamis for the action

of compressing and another for that of grasping.

Hence it is that the instrumental parts of the body
are composed of bones, sinews, flesh, and the rest of

them, and not the other Avay round.

The Cause Avhich I have just stated as controlling

the relation bet>veen them is, of course, a Final

Cause ; but when we go on to inquire in \vhat sense

it is necessary that they should be related as they are,

it becomes clear that they must of necessity have

been thus related to each other from the beginning.
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It is possible for the non-uniform parts to be con-

structed out of the uniform substances, either out of

many of them, or out of one only. (Examples of the

latter are furnished by certain of the viscera, which,

although they are of manifold shapes and forms,

yet for all practical purposes may be said to consist

of one only of the uniform substances.) But it is

impossible for the uniform substances to be con-

structed out of the non-uniform parts : for then

we should have an uniform substance consisting of

several non-unifoi-m parts, which is absurd.

These, then, are the Causes owing to vhich some of

the parts of animals are simple and uniform ; while

others are composite and non-uniform.

Now the parts can also be divided up into (a)

instrumental parts and (b) sense-organs." And we
may say that each of the instrumental parts of the

body, as I have stated earlier, is ahvays non-uniform,

while sensation in all cases takes place in parts that

are uniform. The reasons why this is so are the

folloving : The function of each of the senses is

concerned with a single kind of sensible objects ; and
the sense-organ in each case must be such as can

apprehend those objects. when one thing

affects another, the thing which is affected must be

potentially what the other is actually ; so both are the

same in kind, and therefore if the affecting thing is

single, the affected one is single too. Hence we
find that while A\1th regard to the parts of the

body such as hand, or face, none of the physiologers

attempts to say that one of them is earth, and
another water, and another fire ;

yet they do conjoin

" organ " in the stricter meaning of the word. " Organs "

are normally " non-uniform," sense-organs are " uniform."
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each of the se?ise-organs with one of the elementary
substances, and they assert that this sense-organ is

air, this one fire.

Sensation thus takes place in the simple parts of
the body. The organ in which touch takes place is,

hoAvever, as should expect, the least simple of all

the sense-organs, though of course like the others it

is uniform. This is evidently because the sense of
touch deals with more kinds of sense-objects than
one : and these objects may have several sorts of

oppositions in them, e.g. hot and cold, solid and fluid,

and the like. So the sense-organ which deals A\dth

these—viz. the flesh, or its counterpart—is the most
corporeal of all the sense-organs. Another reason
we might adduce why animals must of necessity

possess some uniform parts at any rate, is that there

cannot be such a thing as an animal with no power
of sensation, and the seat of sensation is the uniform
parts. (The non-uniform parts supply the means for

the various activities, not for sensation.)

Further, since the faculties of sensation and of

motion and of nutrition are situated in one and the

same part of the body, as I stated in an earlier work,"^

that part, which is the primary seat ofthese principles,

must of necessity be included not only among the

simple parts but also among the non-uniform parts

—

the former in virtue of receiving all that is perceived

through the senses, the latter because it has to do
with motion and action. In blooded animals this

part is the heart, in bloodless animals the counterpart

of the heart, for the heart, like every one of the other

viscera, can be divided up into uniform pieces ; but

on the other hand it is non-uniform oAving to its

shape and formation. Every one of the other so-
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called viscera follows suit. They are all composed
of the same material, as they all have a sanguineous
character, and this is because they are situated
upon the channels of the blood-vessels and on the
points of ramification. All these viscera (excluding
the heart) may be compared to the mud which
a running stream deposits ; they are as it vere
deposits left by the current of blood in the blood-
vessels. As for the heart itself, since it is the starting-

point of the blood-vessels and contains the substance
\dynamis) by which the blood is first fashioned,
it is only to be expected that it will itself be com-
posed out of that form of nutriment which it

originates.

We have stated why the viscera are san-

guineous in formation, and why in one aspect they are

uniform and in another non-uniform.

II. Of the uniform parts in animals, some are The uniform

soft and fluid, some hard and firm. Some are
^^'^ ^'

permanently fluid, some are fluid only so long as they
are in the living organism

—

e.g. blood, serum, lard,

suet, marrow, semen, bile, milk (in the lactiferous

species), flesh. (As these parts are of course not to

be found in all animals, add to this list their counter-

parts.) Other of the uniform parts are solid and
firm : examples are bone, fish-spine, sinew, blood-

vessel. This division of the uniform parts admits a

further distinction : There are some of them of which
a portion has, in one sense, the same name as the

whole (e.g. a portion of a blood-vessel has the name
blood-vessel), and in another sense has not the

same name. (In no sense is this the case with a

non-uniform part ; for instance, a portion of a face

cannot be called face at all.)
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Now first of all there are many sorts of Cause " to
which the existence of these uniform parts, both the
fluid and the solid ones, is to be ascribed. Some of
them act as the material for the non-uniform parts

(e.g. each of the instrumental parts is composed of

these uniform parts—bones, sincAvs, fleshes, and the
like, which contribute either to its essence, or else

towards the discharge of its proper function). An-
other group of the uniform parts—fluid ones—act as

nutriment for the ones just mentioned, since every-

thing that grows gets the material for its gro\i:h

from vhat is fluid ; and yet a third group are residues^

produced from the second group : examples, the
excrement deposited from the solid nutriment and
(in those animals Avhich have a bladder) from the fluid

nutriment.

Further, variations are found among different

specimens of these uniform parts, and this is to sub-

serve a good purpose. Blood is an excellent illustra-

tion. Blood can be thin or thick, clear or muddy,
cold or warm ; and it can be different in different

parts of the same animal : instances are known of

animals in which the blood in the upper parts differs

from that in the lower parts in respect of the char-

acteristics just enumerated. And of course the

blood of one animal differs from that of another.

And there is the general division betAveen the

animals that have blood and those which instead of it

have a part*^ which is similar to it though not actually

blood.

The thicker and warmer the blood is, the more it

makes for strength ; if it tends to be thin and cold,

it is conducive to sensation and intelligence.** The
same difference holds good with the counterpart of
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blood in other creatures : and thus we can explain
Avhy bees and other sinailar creatures are of a more
intelligent nature than many animals that have
blood in them ; and among the latter class, why
some (viz. those whose blood is cold and thin) are
more intelligent than others. Best of all are those
animals vhose blood is hot and also thin and clear

;

they stand well both for courage and for intelligence.

Consequently, too, the upper parts of the body have
this pre-eminence over the lower parts ; the male over
the female ; and the right side of the body over the
left.

What applies to the blood applies as well to the
other uniform parts and also to the non-uniform
parts ; similar variations occur. And it must be
supposed that these variations either have some re-

ference to the activities of the creatures and to their

essential nature, or else bring them some advantage
or disadvantage." For example, the eyes of some
creatures are hard in substance, of others, fluid

;

some have eyelids, others have not. In both cases

the difference is for the sake of greater accuracy of

vision.

Before we can go on to consider the reasons why all

animals must of necessity have blood in them or some-
thing which possesses the same nature, and also what
the nature of blood itself is, we must first come to

some decision about hot and cold. The nature ofmany
things is to be referred back to these two principles,

and there is much dispute about Avhich animals and
which parts of animals are hot and which are cold.

Some assert that water-animals are hotter than land-

animals, and they allege that the creatures' natural

heat makes up for the coldness of their habitat.
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Further, it is asserted that bloodless animals are
hotter than those that have blood ; and that females
are hotter than males. Parmenides and others, for

instance, assert that women are hotter than men on
the ground of the menstrual flow, which they say is

due to their heat and the abundance of their blood.

Empedocles, hoAvever, maintains the opposite
opinion. Again, some say that blood is hot and bile

cold, others that bile is hot and blood cold. And if

there is so much dispute about the hot and the cold,

\vhich after all are the most distinct of the things

which affect our senses, vhat line are we to take
about the rest of them ?

Now it looks as if the difficulty is due to the term Tho primary

" hotter " being used in more senses than one, as there
^^^ f.'hoV'^

seems to be something in what each of these writers and "cold,"

says, though their statements are contradictory.

Hence we must permit no ambiguity in our application

of the descriptions " hot " and " cold," " solid " and
" fluid " to the substances that are found produced by
nature. It is surely sufficiently established that these

four principles (and not to any appreciable extent
roughness, smoothness, heaviness, lightness, or any
such things) are practically the causes controlling life

and death, not to mention sleep and vaking, prime
and age, disease and health. And this, after all, is

but reasonable, because (as I have said previously in

another work) these four—hot, cold, solid, fluid—are

the principles of the physical Elements."

Let us consider, then, whether the term " hot
"

has one sense or several. To decide this point, we
must find out Avhat is the particular effect which a

body has in virtue of being hotter than another, or,

if there are several such effects, hoAv many there are.
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A is said to be " hotter " than (1) if that which
comes into contact with it is heated more by it than
by B. (2) If it produces a more violent sensation
when touched, and especially if the sensation is

accompanied by pain. (The latter is not always a
true indication, since sometimes the pain is due to the
condition of the percipient.) (3) If it is a better
melting or burning agent. (4) If it is of the same
composition as B, but greater in bulk," it is said to be
"hotter" than B, and in addition (5) if it cools

more sloAvly than B, or Avarms up more quickly : in

both these cases Ave call the thing " hotter " in its

nature—as we call one thing " contrary " to another
Avhen it is far removed from it, and " like " it when
it is near it. But although the senses in which
one thing is said to be " hotter " than another
are certainly as many as this, if not more, yet
no one thing can be " hotter " in all of these

Avays at once. For instance, boiling water can im-
part heat more eifectiv^eh^ than flame ; but flame

is able to cause burning and melting, whereas
Avater is not. Again, boiling \A^ater is hotter than
a small fire, but the hot water will cool off more
quickly and more thoroughly than the small fire,

since fire does not become cold, but all water

does. Again, boiling water is hotter to the touch

than oil, yet it cools and solidifies more quickly. And
again, blood is Avarmer to the touch than either water

or oil, yet it congeals more quickly. Again, stone

and iron and such substances get hot more sloAvly

than water, but once they are hot they burn other

things more than water can. In adchtion to all this

there is another distinction to be made among the

things that are called " hot "
: in some of them the
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heat is their own ; in others it has been derived from
without. And there is a very great difference be-
tween these two ways of being hot, because one of
them conies near to being hot " by accident " and
not hot " of itself" ; as is obvious, supposing anyone
Avere to assert, if a fever-patient were " by accident

"

a man of culture, that the man of culture is hotter

than a man whose heat is due to his perfect health.

Thus some things are hot " of themselves " and
some hot " by accident," and though the former cool

more slowly, the latter are in many cases hotter in

their effect upon the senses. Again, the former have
a greater power of burning : e.g. a flame burns you
more than boiling water, yet the boiling water,

which is hot only " by accident," causes a stronger

sensation of heat if you touch it. From this it is

plain that it is no simple matter to decide which of

two things is the hotter. The first will be hotter in

one way, and the second in another. In some cases

of this sort it is actually impossible to say simply that

a thing is hot or is not hot. I mean cases in vhich
the substratum in its permanent nature is not hot,

but when coupled <Mith heat) is hot ; as if we were

to give a special name to hot water or hot iron : that

is the mode in which blood is hot." These cases, in

which the substratum is hot merely through some

external influence, make it clear that cold is not just a

privation but a real thing in itself. Perhaps even fire

may be an instance of this kind. It may be that its

substratum is smoke or charcoal : and, though smoke

is ahvays hot because it is an exhalation, charcoal

when it goes out is cold. In the same way oil

and firwood ^ become cold. Further, practically all
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things that have passed through a process of com-
bustion have heat in them, such as cinder, ash, the
excrement of animals, and bile (an instance of a
residue). These have passed through fire and some
heat is left behind in them. FirAvood and fatty

substances are hot in another way : they can quickly
change into the actuality of fire.

We must recognize that " the hot " can cause both
congealing and melting. Things that consist of

water only are solidified by the cold, those that con-

sist of earth, by fire. Again, hot things are solidified

by cold : those that consist chiefly of earth solidify

quickly, and the product cannot be dissolved again
;

those that consist chiefly of water can be dissolved

after solidification. I have dealt more particularly

with these matters in another work," where I have
stated what things can be solidified, and the causes

that are responsible for it.

So, in view of the fact that there are numerous
senses in which a thing is said to be "hot" or "hotter,"

the same meaning will not apply to all instances, but
we must specify further, and say that A is hotter
" of itself," perhaps " by accident "**

; and again

that C is hotter potentially, D actually ; and we
must also say in what way the thing's heat manifests

itself: e.g. causes a greater sensation of heat when
touched ; F causes flame and sets things on fire.

And of course, if " the hot " is used in all these

senses, there will be an equal variety of senses

attaching to " the cold."

This will suffice for our examination of the terms
" hot " and " cold," " hotter " and " colder."

III. It follows on naturally after this to discuss (bi "_soiid
'

"the solid" and "the fluid"" on similar hnes.
*"
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These terms are used in several senses. E.g.
" solid " and " fluid " may mean either potentially

solid and fluid or actually solid and fluid. Ice
and other congealed fluids are said to be solid

actually and by accident, though in themselves and
potentially they are fluid. On the other hand, earth
and ash and the like, when they have been mixed
with a fluid, are fluid actually and by accident, but
potentially and in themselves they are solid. When
these mixtures have been resolved again into their

components, we have on the one hand the watery
constituents, which are anaplastic," and fluid actually

as well as potentially, and on the other hand the

earthy components which are all solid : and these

are the cases where the term " solid " is applicable

most properly and absolutely. In the same way,
only those things which are actually as vell as poten-

tially fluid, or hot, or cold, are such in the proper

and absolute sense of the terms. Bearing this dis-

tinction in mind, we see it is plain that in one way
blood is hot [e.g. what is the essential definition of

blood ?], for the term " blood " is used just as the

term for " boiling water " would be, if we had a

special name to denote that ; but in another way,

i.e. in respect of its permanent substratum, blood is

not hot. This means that in one respect blood is

essentially hot, and in another respect is not. Heat
mil be included in the logos of blood, just as fair-

ness is included in the logos of a fair man, and in

this vay blood is essentially hot ; but in so far as

it is hot owing to external influence, blood is not

essentially hot.

A similar argument would hold with regard to the

solid and the fluid. And that is why some of these
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substances in the living organism are hot and
fluid, but when separated from it congeal and are

observed to be cold, as blood does ; others, like

yellow bile, are hot and of a thick consistency while

in the organism, but when separated from it undergo

a change in the opposite direction and become cool

and fluid. Blood becomes more solid, yelloAV bile

becomes fluid. And we must assume that " more
and less " " participation in opposite characteristics

is a piOperty of these substances.

We have now pretty well explained in vhat \vay

blood is hot, in what way it is fluid, and in Avhat

Avay it participates in opposite characteristics.

Everything that grows must of necessity take food.

This food is always supplied by fluid and solid matter,

and the concoction ^ and transformation of these is

effected by the agency of heat.'' Hence, apart from

other reasons, this would be a sufficient one for

holding that of necessity all animals and plants

must have in them a natural source of heat ; though

there are several parts which exert action upon the

food. In the case of those animals whose food needs

to be broken up, the first duty clearly belongs to

the mouth and the parts in the mouth. But this

operation does nothing whatever towards causing

concoction : it merely enables the concoction to

turn out successfully ; because when the food has

been broken up into small pieces the action of the

heat upon it is rendered easier. The natural heat

comes into play in the upper and in the loAver gut,

stance," as emphasizing its proper and specific natural

character, which makes it a particularly good agent for

effecting concoction. See Introduction, pp. 30-32.
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which effect the concoction of the food by its aid.

And, just as the mouth (and in some animals the

so-called oesophagus too vhich is continuous with
it) is the passage for the as yet untreated food, and
conveys it to the stomach ; so there must be other

passages through which as from a manger the body
as a whole may receive its food from the stomach and
from the system of the intestines." Plants get their

food from the earth by their roots ; and since it

is already treated and prepared no residue is pro-

duced by plants—they use the earth and the heat

in it instead of a stomach, whereas practically all

animals, and unmistakably those that move about

from place to place, have a stomach, or bag,—as it

were an earth inside them—and in order to get the

food out of this, so that finally after the successive

stages of concoction it may reach its completion, they

must have some instrument corresponding to the

roots of a plant. The mouth, then, having done its

duty by the food, passes it on to the stomach, and
there must of necessity be another part to receive it

in its turn from the stomach. This duty is under-

taken by the blood-vessels, Avhich begin at the bottom

of the mesentery,'' and extend throughout the length

of it right up to the stomach. These matters should

be studied in the Dissections'' and my treatise on

Natural History.^

We see then that there is a receptacle for the food

at each of its stages, and also for the residues that

are produced ; and as the blood-vessels are a sort of

container for the blood, it is plain that the blood (or

its counterpart) is the final form of that food in Uving

<* The Natural History, otherwise History of Animals or

Researches upon Animals. See 495 b 19 ff., 514 b 10 ff.
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creatures. This explains why the blood diminishes
in quantity when no food is taken and increases

when it is ; and why, when the food is good, the
blood is healthy, when bad, poor. These and
similar considerations make it clear that the purpose
of the blood in living creatures is to provide them
with nourishment ; and also vhy it is that Avhen the
blood is touched it yields no sensation, as flesh does
when it is touched. Indeed, none of the residues

yields any sensation either, nor does the nourishment.
This difference of behaviour is because the blood is

not continuous with the flesh nor conjoined to it

organically : it just stands in the heart and in the

blood-vessels like water in a jar. A desci-iption of

the way in Avhich the parts of the body derive their

growth from the blood, and the discussion of nourish-

ment in general, comes more appropriately in the

treatise on Generation " and elsewhere. For the

present it is enough to have said that the purpose
of the blood is to provide nourishment, that is to

say, nourishment for the parts of the body. So
much and no more is pertinent to our present

inquiry.

IV. The blood of some animals contains vhat are The uniform

called fibres ; the blood of others (e.g. the deer and B^ood*.

the gazelle) does not. Blood which lacks fibres does

not congeal, for the foUoAving reason. Part of the

blood is of a more watery nature, and therefore

does not congeal ; vhile the other part, which is

earthy, congeals as the fluid part evaporates off.

The fibres are this earthy part.

Now some of the animals whose blood is watery

have a specially subtle intelligence.'' This is due not

to the coldness of their blood, but to its greater thin-
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ness and clarity, neither of which characteristics

belongs to the earthy substance ; and an animal
which has the thinner and clearer sort of fluid in it

has also a more mobile faculty of sensation. This
is Avhy, as I said before,*^ some of the bloodless
creatures have a more intelligent Soul than some
of the blooded ones ; e.g. the bee and the ants
and such insects. Those, however, that have ex-

cessively Avatery blood are somewhat timorous.
This is because water is congealed by cold ; and
coldness also accompanies fear ; therefore in those
creatures whose heart contains a predominantly
Avatery blend, the Avay is already prepared for

a timorous disposition.'' This, too, is Avhy, gener-
ally speaking, the bloodless creatures are more
timorous than the blooded ones and why they
stand motionless Avhen they are frightened and
discharge their residues and (in some cases) change
their colour. On the other side, there are the
animals that have specially plentiful and thick

fibres in their blood ; these are of an earthier

nature, and are of a passionate temperament and
liable to outbursts of passion. Passion produces heat

;

and solids, Avhen they have been heated, give oflf

more heat than fluids. So the fibres, Avhich are solid

and earthy, become as it Avere embers inside the

blood and cause it to boil up Avhen the fits of passion

come on. That is why bulls and boars are so hable

to these fits of passion. Their blood is very fibrous ;

indeed, that of the bull is the quickest of all to congeal.

But just as when the earthy matter is taken out

of mud, the Avater which remains does not congeal

;

so when the fibres, which consist of earth, are taken

out of the blood, it no longer congeals. If they are
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not taken out, it does congeal, as moist earth does
under the influence of cold : the cold expels the heat
and makes the fluid evaporate, as has been said

before ; so it is due to the solidifying effect of
the cold, and not of the hot, that Avhat remains
becomes congealed. And while it is in the body the
blood is fluid on account of the heat vhich is there.

There are many points both in regard to the tem-
perament of animals and their power of sensation

which are controlled by the character of the blood.

This is what ve should expect : for the blood is the
material " of vhich the whole body consists—material

in the case of living creatures being nourishment, and
blood is the final form vhich the nourishment assumes.

For this reason a great deal depends upon vhether
the blood be hot, cold, thin, thick, muddy, or clear.

Serum is the watery part of blood ; and it is watery
either because it has not yet undergone concoction or

because it has been already corrupted ; consequently

some of the serum is the result of a necessary process,

and some is there for the purpose of producing blood.

V. The difference between lard and suet^ is parallel Lard and

to a difference in the blood. They both consist of

blood that has been concocted as the result of plentiful

nourishment ; that is, the surplus blood that is not

used up to nourish the fleshy parts of the animal, but

is well concocted and well nourished. (This point

is proved by their greasiness, for grease in fluids is

a combination of Air and Fire.) This explains

why there is no lard or suet in any of the bloodless

animals. And among the others, those vhose blood

is denser tend to contain suet rather than lard. Suet

due to varying proportions of unsaturated triglycerides and
the lengths of the carbon chains.
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is of an earthy character ; it contains but little

water against a large proportion of earth ; so it

congeals just as fibrous blood and broths do. So
too the animals which have horns but have teeth
in one jaw only contain suet. And it is clear that
their natural constitution is full of this element
(earth) from the fact that they have horns and huckle-

bones, for they are all of them solid and earthy in

constitution. On the other hand, the animals which
have incisor teeth in both jaws and have toes (not

uncloven hoofs), but no horns, contain lard instead

of suet. Lard neither congeals nor sphts up into

small pieces when it dries, omng to the fact that

it is not earthy.

Lard and suet when present in the parts of animals

in moderate quantities are beneficial : they do not

hinder the action of the senses, and they contribute

towards the health and strength of the body. But
when the amount of them is excessive they are

destructive and injurious. This is shovn by the

consideration that if the vhole body were to become
lard and suet, it Avould perish. The sine qua no?i of a
Uving creature is its sensory part, Avhich is flesh or its

counterpart ; and since, as I have said before, blood

is not sensitive, neither lard nor suet, vhich are just

concocted blood, is sensitive. Therefore, if the whole

bodA* were to become either of these, it would have

no sensation whatever. For this reason, too, unduly

fat animals age quickly : their blood gets used up to

produce fat, so there is very little of it left ; and
anything that has but httle blood is well on the road

to decaA'. In fact, decay is just a form of blood-

deficiency ; and an animal deficient in blood is

easily susceptible to the effects of accidental cold and
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heat. The same cause is responsible for the com-
parative sterility of fat animals : that part of the
blood which ought to go to form semen and seed gets

used up in forming lard and suet, which are formed
by the concoction of blood. Hence in fat animals
there is either no residue " at all, or else very little.

I have spoken of blood, serum, lard and suet,

describing the nature and the Causes of each of them.
VI. Marrov, again, is really a form of blood, and not, Marrow.

as some* think, the same as the seminal substance"

of the seed. This is proved by the case of very voung
animals. In the emi)ryo, the parts are composed out
of blood and its nourishment is blood ; so it is not

surprising that the marrow in the bones has a blood-

like appearance. As they grow and become mature,•*

the marroAV changes its colour just like the other parts*

of the body and the viscera, which Avhile the creature

is young all have a blood-like appearance owing to the

large quantity of blood in them.
Animals which contain lard have greasy marrow,

like lard ; those whose concocted blood produces not

a substance like lard but suet have suety marrow.

Hence, in the horned animals which have teeth in

one jaw only the marrow is suety, and in the animals

that have teeth in both ja\vs and are polydactylous it

is like lard. (The spinal marrov cannot possibly be

of this nature because it has to be continuous and

to pass Avithout a break right through the whole

spine Avhich is divided into separate vertebrae ; and if

it were fatty or suety it could not hold together as

well as it does, but it Avould be either brittle or fluid.)

' Dynamis. See Introduction, pp. 30 ff. and note on 6\6 a 14.

* Lit. " are concocted."
• A good instance of Aristotle's usage of the term " part."
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Some animals have no marrow worth mentioning i

these are they whose bones are strong and close-

textured : for instance, the Lion, whose bones con-

tain so insignificant an amount of marroV that they
look as if they contained none at all. Now in view of

the fact that the bodies of animals must have in them
either bones or the counterpart of bones {e.g. the

spines in vater-animals), it follows of necessity that

some of them must contain marrow as well, due to the

enclosing of the nourishment out of which the bones
are formed. Now we have stated already that the

nourishment of all the parts of the body is blood.

And it is quite reasonable that the various sorts of

marrow should be suety and lardy ; because the

blood undergoes concoction owing to the heat pro-

duced by its being surrounded by bone, and the

product of blood when it undergoes concoction by
itself is suet and lard. And also, of the animals that

have strong, close-textured bones, some have no
marrow, others have but little, and this is reasonable

too, because the nourishment gets used up to supply

the substance of the bones themselves.

In those animals that have no bones but spine

instead, the backbone contains the only marro\v they

possess. It is the nature of these creatures to have

but a small amount of blood, and their only holloV

spine is that of the backbone. Therefore the marrow
is formed in it—indeed, it is the only bone where

there is room for the marrow, and the only one

which requires something to connect it together,

owing to its being divided up into segments.

This also explains Avhy the marrow here is (as

I have already said) somewhat different from the

marrow elsewhere. It has to serve as a fastening,
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and so it is sticky ; and it is sinewy too so that it

can stretch.

We have now explained why marrow is present in

certain animals. We have also made clear what
marroV is. The surplus of the blood-like nourishment
which is distributed to the bones and spine gets
enclosed within them, and after it has undergone
concoction then it is marro\v.

^ II. The brain is the next subject on our list. It Brain,

comes appropriately after the marroAv, as many think
that the brain is really marroV " and is the source of

the marrow, because, as observation shows, the spinal

marrow is continuous with the brain. As a matter
of fact, however, the two are quite opposite in nature.

The brain is the coldest of all the parts in the body,
whereas the marrow is hot, as is sho>vn by the fact

that it is greasy and fat. And that is the real reason
why the spinal marroAv is continuous with the brain.

Nature is always contriving to set next to anything
that is excessive a reinforcement of the opposite sub-
stance, so that the one may level out the excess of

the other. Now there are many indications that the

marrow is hot ; and the coldness of the brain is

shown not only by its being cold to the touch, but
also by its being the driest of all the fluid parts of the

body and the one that has the least blood in it—in

fact, it has none at all. It is, however, not a residue,

nor is it to be classed among the parts that are con-

tinuous. It is peculiar in its nature, and this after all

is but reasonable. Inspection shoAvs that the brain

has no continuity with the sensory parts, but this is

shown still more unmistakably by the fact that like

the blood and the residue of animals it produces no
sensation when it is touched.

« Cf. Plato, Timaeus 75 c, d.
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The brain is present in order to preserve the animal
organism as a whole. Some * maintain that the Soul

of an animal is Fire or some such substance. This is

a crude way of putting it ; and might be improved
upon by saying that the Soul subsists in some body
of a fiery nature. The reason for this is that the

hot substance is the most serviceable of all for the

activities of the Soul, since one of the activities of

the Soul is to nourish ; another is to cause motion
;

and these are most readily effected by means of

this substance (viz. the hot). So to say that the

Soul is fire is like saying that the craftsman, or his

craft, is the saw or the auger which he uses, on

the ground that the activity is performed the

two are near together. From Avhat we have said this

at any rate is clear : animals must of necessity have in

them a certain amount of heat., everything needs

something to counterbalance it, so that it may achieve

moderation and the mean ; for it is the mean, and
not either of the extremes apart, vhich has re-

ality and rationality.'' For this cause nature has

contrived the brain to counterbalance the region of

the heart and the heat in it ; and that is vhy animals

have a brain, the composition of which is a combina-

tion of Water and Earth. Hence, although all

blooded animals have a brain, practically none of

the others has (unless it be just a counterpart, as

in the case of the Octopus), for since they lack blood

they have but little heat.

The brain, then, makes the heat and the boihng in

the heart well blent and tempered ;
yet in order that

the brain may still have a moderate heat, blood-

vessels run from the great Blood-vessel and what is

known as the Aorta, till they reach the membrane
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which surrounds the brain. And in order to prevent
injury being done through heat, the blood-vessels
surrounding it are not few and large but small and
multitudinous ; and the blood is not muddy and
thick but thin and clear. This also explains why
fluxes begin in the head ; they occur when the
parts around the brain are colder than the rightly-

proportioned blend." What happens is that, as the
nourishment exhales upwards through the blood-

vessels, the residue from it becomes cooled owing
to the specific nature of the brain, and produces
fluxes of phlegm and serum. And we should be justi-

fied in maintaining that this process resembles, on
a small scale, the one which produces rain-showers.

Damp vapour exhales up from the earth and is carried

into the upper regions by the heat ; and Avhen it

reaches the cold air up aloft, it condenses back again

into water OV^ng to the cold, and pours dovn to-

wards the earth. However, so far as Natural Philo-

sophy is concerned with these matters, the proper

place to speak of them is in the Origins of Diseases. 6

Furthermore, it is the brain (or, if there is no brain,

its counterpart) which produces sleep in animals.

It cools the of blood which comes from the

food (or else is due to other causes of the same sort),

and veighs down the part where it is (that is why
when a person is sleepy his head is weighed down),

and causes the hot substance to escape below to-

gether with the blood. Hence, the blood accumu-

lates iniduly in the lower region of the body and

produces sleep ; at the same time it takes away
from those animals whose nature is to stand upright

the power to do so, and the others it prevents from

* See p. 38. '' No such treatise exists.
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holding their heads upright. These matters have
been spoken of separately in the treatises on Sensation

and on Sleep.'*

I said the brain is compounded of Water and
Earth. This is sho^vn by Avhat happens when it is

boiled. Then it becomes solid and hard : the earthy
substance is left behind after the Water has evapor-

ated oAving to the heat. It is just Avhat happens
when pulse and other forms of fruit are boiled ; they
also get hard and earthy altogether, because the

greater part of them is earth, and the fluid mixed
Avith it departs when they are boiled.

Of all the animals, man has the largest brain for

his size ; and men have a larger brain than \vomen.
^

In both cases the largeness is due to there being a
great deal of heat and blood in the region around the

heart and the lung. This too explains why man is

the only animal that stands upright. As the hot sub-

stance prevails in the body it induces growth, begin-

ning from the centre along its ^ line of travel.

It is against great heat, then, that a large supply of

fluid and cold is provided. This bulk of moisture

is also the reason why the bone that surrounds the

brain (called by some the bregma) ^ is the last of all

to solidify ; the hot substance takes a long time to

evaporate it off. This phenomenon does not occur

in any other of the blooded animals. Again, man
has more sutures in the skull than any other animal,

and males have more than females. The size of the

brain is the reason for this also ; it is to secure

ventilation, and the larger the brain, the more
ventilation it requires. If the brain becomes unduly

fluid or unduly solid, it \vill not perform its proper

function, but will either fail to cool the blood or else

155



ARISTOTLE
653 b

^
, , „ , / X

5 € '
iv Tjj Kaphia €
ioTL € '-€.

Yiepl

10 € € '€€
€€ -, €€ 77]| ,̂̂,

15 ,?,', .
VIII. -

so ,, ^ .8 -
" ,

' , ' -
25 , ,

" At Be gen. an. 722 a, 776 a 15 ff.

156



PARTS OF ANIMALS, II. vii.-viii.

will make it set fast, thus producing various forms of
disease, madness, and death. Indeed, the heat that
is in the heart, being the source, is extremely re-

sponsive to any influence upon it ; and if the blood
vhich surrounds the brain undergoes any change or
any other affection, then this heat at once becomes
sensitive of it.

We may now claim to have considered all the fluids

which are present in animal bodies from their very
earliest stages. There are others which are first

produced only at some later stage, and among these

we must reckon the residues of the nourishment

—

that is to say, the deposits from the bladder and
from the gut ; and also semen, and milk ; these

make their appearance according to the species and
sex of the animal concerned. Discussion of the resi-

dues of the nourishment vill come in appropriately

during our general consideration and examination

of nourishment ; we shall then show in what animals

they occur, and why they do so. Semen, which
gives rise to generation, and milk, Avhich exists on
account of generation, we shall deal with in the

treatise on Generation."•

VIII. We must now go on to consider the rest of Flesh and

the uniform parts. Let us take first of all Flesh (and,
'^°°®•

where Flesh is absent, its counterpart), for this is to

animals both a principle and a body in itself. Its

primacy can also be logically shown, as follows. We
define an animal as something that has the power of

sensation, and chiefly the primary sensation, which

is touch ; and the organ through which this sensation

is effected is the flesh (or its counterpart). And
flesh is either its primary organ (comparable to the

pupil in the case of sight), or else it is the organ and

157



ARISTOTLE
653b ^ ^ ,, , , - , »6€, .' €€ ,€ et. im

re ovhev* €, '
ef• €-

80? , ',, '
veupa ,^, ert,, -

jU.ejU7];)^avi7Tat(,
85 , ', ,

88.
654 3, eVta , (,, -, •, 8

6, ^, .
1 {) Ogle.

" Apparently because the objects with which it deals are
more " corporeal " than those of the other senses—it has
to be in bodily contact with them.

* As apart from a priori reasoning.
" Sometimes, as here, " counterpart " could be represented

by the modern term " analogue."
•* Lit., " the soft-shelled creatures."

158



PARTS OF ANIMALS, II. viii.

the medium of the sensation combined in one (com-
parable to the pupil plus the Avhole of the transparent
medium in the case of siwht). Now not only Avas it

pointless, it Avas impossible for Nature to make such
a combination in the case of the other senses ; with
touch, hoAvever, it Avas due to necessity, since its

sense-organ is the only one Avhich is corporeal

—

or at least it is definitely the most corporeal one."
It is also clear from our actual experience in sensation''

that all the other parts exist for the sake of the organ
of touch (the flesh). In these I include the bones, the
skin, the sinews, the blood-vessels ; also the hair, nails

of every sort and kind, and the like. The bones,
for instance, Avhich are hard in substance, have been
devised for the preservation of the soft parts. The
same is true of the counterpart '^ of the bones in other
creatures : two examples in species of fish are spine

and cartilage.

Now with some animals this hard supporting
substance is situated inside the body, Avith others

(some of the bloodless ones) it is outside. It is out-

side in the case of all the Crustacea '^ (e.g. the Crabs
and the group of Crayfish), and the group of Testacea*

too, e.g. those that are knoAvn as Oysters. All these

have their fleshy part inside, and the earthy part

which holds it together and protects it is out-

side—outside, because it performs an additional

function as well : since these creatures are bloodless,

they possess but little heat, and the shell acts like

a couvre-feu ; it encloses the faintly burning heat

and protects it. Another quite different group of

creatures, the Turtles and the group of freshAvater

' Lit., " the shell-skinned creatures." " Testacea " is the

nearest modern term. See Introduction, p. 23.
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Tortoises, are apparently in like case. On the other
hand, the Insects and the Cephalopods are differ-

ently constructed from these, as well as beino•

different from each other. Not only, as it appears,
have they no bony part, but they have practically

no earthy part at all distinct from the rest of the
body. The Cephalopods are almost wholly soft

and fleshy, yet in order to prevent their bodies
from being easily destructible as fleshy struc-

tures are, the substance of Avhich they are formed
is intermediate between flesh and sinew, having the
softness of flesh and the elasticity of sinew. When
it is split up, it breaks as flesh does, that is, not
longitudinally but into circular portions. The reason
for this seems to be that such a structure secures

the greatest strength. There is found also in these

creatures the counterpart of the spinous bones of

fishes ; examples are : the " pounce " (o$ sepiae) of

the cuttlefish, and the " pen " (gladius) of the

calamaries. Nothing of this sort, however, appears

in the Octopuses : this is because in them what is

called the " head " forms but a small sac, whereas
in the cuttlefish and calamaries the " head " is of

considerable length. So we see that, in order to

secure that they should be straight and inflexible,

nature prescribed for them this hard support, just

as she gave to the blooded creatures bones or spines.

Quite a different contrivance obtains in the Insects—
different both from the Cephalopods and from the

blooded creatures, as has already been stated. In

the Insects we do not find the clear-cut distinction

of hard parts and soft ; here, the whole body is hard,

yet its hardness is such that it is more fleshlike than
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bone is and more bony and earthy than flesh. The
purpose of this is to ensure that the body shall not
easily break up.

IX. The system of the bones is similar to that of Bones,
the blood-vessels : each is a connected system begin-
ning from one point. There is no such thing as a
bone by itself in isolation ; every bone is either
actually part of the connected scheme, or else is

attached to it and so is in contact with it. This
enables Nature to use any couple of bones either

as a single connected piece, or, when flexion is

required, as two distinct pieces. In like manner,
there is no such thing as a blood-vessel by itself in

isolation : they are all of them parts of one blood-
vessel. An isolated bone could never discharge the
function for which all bones exist ; for, being dis-

continuous and disconnected from the rest, it could

never sei've as the means either for bending or for

straightening a limb ; but Avorse than that, it would
be a source of harm, like a thorn or an arrow sticking

in the flesh. Similarly, if we imagine a blood-vessel

isolated and not connected with the source of them
all, it could never keep the blood within it in a proper
condition, since it is the heat vhich comes from that

source which prevents the blood from congeahng, as

is shoAvn by the putrefaction of blood when separ-

ated from it. This source of the blood-vessels

is of course the heart, and the corresponding source

of the bones in all bony species is what is called the

backbone. The system of the bones is a connected

whole, starting from the backbone, since the back-

bone connects together the length of the animal's

body and holds it straight. Now although this back-

bone is a unity because it is connected together, it
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is also a thing of many parts because of its division

into vertebrae, since the body must be able to bend
while the animal is in motion. And the bones of the
various limbs (in those animals which have them)
are connected vith this backbone, from which they
originate. Some of them have extremities which fit

on to each other : either (a) one is hollow and the
other rounded, or (6) both are hollow and hold a
huckle-bone betAveen them (as it might be a bolt),

to admit of bending and extension, since these

movements would be quite impossible or at any rate

unsatisfactory -ithout such an arrangement, (c)

There are some joints in which the adjacent ends of

the tAvo bones are similar in shape
; [these are bound

together by sinews,] and there are pieces of cartilage

inserted in between them, like a pad, to prevent
them from rubbing against each other."

Now the whole system of the bones exists to sub-

serve the fleshy parts of the body, Avhich have their

place around the bones and are attached to them by
thin fibrous threads. Modellers who set out to mould
an animal out of clay or some other plastic substance
begin first of all with a hard and solid core and mould
their figure round it. Nature's method has been the

same in fashioning animals out of flesh. With one
exception, all the fleshy parts have a core of bone :

for the parts that move and bend, this is present as

a means for enabling the limb to bend ; for those

that do not move, it serves as a protection : an

example of this are the ribs, enclosing the chest,

which are a means of protection for the viscera in

" The text of this paragraph has been confused by a
number of interpolations, most of which I have omitted in

translating.
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the region of the heart. The exception is the parts
near the belly, which in all animals are boneless.

The purpose of this is that the Svelling which takes
place of necessity after the receipt of nourishment
may not be hampered, and (in females) to prevent
any interference Avith the groAvth of the fetus.

The nature of the bones is similar in all viviparous

animals (that is, internally viviparous as well as

externally) ; and as the \^vipara are much larger

proportionately in bodily size than other animals,

their bones are strong. In some places many of these

animals grow to a great size, as for example in Libya
and other hot dry countries. These large animals

need stronger and bigger and harder supports,

especially those of them that are particularly violent

in their habits. Hence, the bones of males are harder
than the bones of females, and those of carnivorous

animals than those of herbivorous, because the car-

nivorous have to fight for their food. An example
is the Lion : it has such hard bones that when they
are struck fire is kindled as it is from stones. Note
that the Dolphin, being viviparous, has bones like the

other viviparous creatures, and not fish-spines.

In the creatures which though blooded are not

viviparous Nature has made a series of graduated
changes : for example, birds have bones, but they

are weaker than the bones of the Vivipara. The
oviparous fishes have fish-spine, not bone ; and the

serpents have bone whose nature is that of fish-spine ;

except the very large species, and they have bones,

because (just like the Vivipara) if their bodies are

to be strong the solid framcAvork of them must be

stronger. The creatures called Selachia " have spines

made of cartilage. This is because their movement
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has to be somewhat supple, and accordingly the
supporting framcAvork of their bodies must be some-
what pliable, not brittle. In addition. Nature cannot
allot the same plentiful supply of any one substance
to many different parts of the body ;

<» and in the case
of the Selachia she has used up all the available earthy
substance in constructing their skin. In the Vivipara
too there are many instances of cartilaginous bones :

they are found where it is an advantage that the
solid framework should be pliable and glutinous for

the benefit of the flesh that surrounds them. This
applies to the ears and the nostrils. Such projecting

parts quickly get broken if they are brittle. Car-
tilage and bone are the same in kind and differ

only by " the more and less " ^
; so neither of them

continues to grow when it has been cut out of the

hving organism.

The cartilages of land-animals contain no marrow

—

that is, no marrow existing as a separate thing.

What in ordinary bones is separable is here mixed
in with the body of the cartilage and gives it its

pliable and glutinous character. In the Selachia,

however, although the backbone is cartilaginous it

contains marrow, because it stands to these creatures

in place of a bone.

The following substances or " parts " resemble
bones very closely as regards their feel : the various

sorts of nail ; hoof and talon ; horn, and beak.

All these substances are present for the sake of self-

defence. This is shown by the fact that the complete

structures which are made out of them and bear the

same names

—

e.g. the complete hoof, or horn—have
been contrived in each case by Nature for the creature's

self-preservation. We must reckon the teeth in this
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class too. In some creatures teeth are present to

discharge one function only—viz. mastication ; in

others they are a means of force as well (e.g.

sawhke teeth and tusks). All these parts are

of necessity earthy and solid in character ; that

is the proper sort of substance for a weapon.
So there is a tendency for all parts of this sort to

appear in the four-footed \^ivipara more extensively

than in man, because the former all have more earthy
matter in their constitution. We shall, hovever, con-

sider these substances, and the other kindred ones

such as slvin, bladder, membrane, hair, feather, and
the counterparts of them, and all such parts, when
we come to deal with the non-uniform parts. Then
also we shall consider the Causes of them and for

what purpose each ofthem is present in animal bodies;

since it is true to say, of both sets of things, that our

knowledge of them must be derived from a study of

the functions which they discharge. The reason why
we have just been taking them Avith the uniform

substances and out of their proper order is that in

them the name of the complete structure is the same
as that of a portion of it, and also because the sources

and principles of them all are bone and flesh. We
also left out all mention of semen and milk Avhen we
were considering the fluid uniform substances. As
semen is the source of the things that are generated

and milk is the food that feeds them, the proper place

to discuss these is in the treatise dealing with

Generation.

X. We may now make Avhat is practically a fresh The non-

beginning. We Avill begin first of all with the things ^^^j^^"»

that come first in importance.
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An animal can neither exist nor grow without food.
Therefore in all living creatures of perfect formation "

there are two parts most necessary above all : one by
which food is taken in and the other by which residues
are eliminated. (Plants—which also we include
under the head of living things—have, it is true, no
place for the useless residue, but this is because their

food, which they get out of the earth, is already con-
cocted before it enters them, and instead of this

residue they yield their fruit and seeds.) And in all

creatures there is a third part intermediate between
these indispensable tAvo, and this is the seat of the

source and principle of life. Plants, again, are so made
as to remain in one place, and thus they do not exhibit

a great variety of non-uniform substances ; they have
few actions to perform, and therefore but few organs

are needed to perform them. For this reason we must
consider plants and their formations separately. But
with creatures that not only live but also have the

power of sensation, the formations are more varied,

and there is more diversity in some than in others, the

greatest variety being found in those creatures which

in addition to living have the capability of Uving the

good life, as man has. Man is the only one of the

animals known to us who has something of the divine

in him, or if there are others, he has most. This is

one reason why we ought to speak about man first,

and another is that the shape of his external parts is

better knovvTithan that of other animals. Another and

obvious reason is that in man and in man alone do the

natural parts appear in their natural situation : the

733 b 1 and 737 b 16, 26, the " perfect " animals are the

viviparous ones. For the " most highly finished " animals

see 666 a 28.
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upper part of man is placed towards the upper part
of the universe." In other words, man is the only
animal that stands upright.

In man, the head is lacking in flesh, and this follows of the

of necessity from what we have said about the brain. 5®*•*^ • *^*h/ \•/• Brain*
borne " say (erroneously) that it the head abounded Sense-

with flesh mankind's lifespan would be longer than °^s^^^•

it is, and they explain the absence of flesh as on pur-

pose to facilitate sensation, their view being that the
brain is the organ of sensation, and that sensation

cannot penetrate parts that are too fleshy. Neither
of these assertions is true. The truth is that if

the part surrounding the brain were fleshy, the

effect of the brain would be the very reverse

of that for which it is intended : it would be
unable to cool the rest of the body because it would
be too hot itself. And, of course, the brain is not

responsible for any of the sensations at all ; it has no

more power of sensation than any of the residues.

People adopt these erroneous views because they are

unable to discover the reason why some of the senses

are placed in the head ; but they see that the head
is a somewhat unusual part, compared Avith the rest,

so they put tAvo and two together and argue that

the brain is the seat of sensation. The correct view,

that the seat and source of sensation is the region

of the heart, has already been set forth in the treatise

Of Sensation,'^ where also I show why it is that two of

the senses, touch and taste, are evidently connected

to the heart ; of the remaining three, smell is placed

between the other two, hearing and sight, and these

are practically always located in the head : this is

owing to the nature of the organs through which

• Be sensu, 438 b 25 ff.
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PARTS OF ANIMALS, II. x.

they operate. Sight is always located there. The
case of hearing and smell in fishes and the Hke
shows that the opinion I maintain is patently correct.

These creatures hear and smell, although they have
no obvious and visible organs for these senses in the
head. As for sight, it is reasonable enough that

when present it should ahvays be located near the
brain, for the brain is fluid and cold, and the sense-

organ of sight is identical in its nature with water,

vhich of all transparent substances is the easiest to

keep confined. Again, those senses which are in-

tended for more precise vork than the others must
necessarily receive greater precision by being situ-

ated in parts where the blood is specially pure, since

the movement of the heat in the blood ousts the

activity appropriate to sensation. These are the

reasons why the organs of these senses are placed in

the head.

Now the back of the head is free from fleshiness as

well as the front. This is because the head is the

part which all animals that possess one have to hold

as upright as possible. Nothing that carries a burden

can raise itself upright, and the head would be

burdened if it were well covered ^\^th flesh. And
this is another reason to show that the lack of flesh

on the head is not for the purpose of enabling the

brain to function in sensation. There is no brain in

the back of the head, although the back has no more
flesh on it than the front.

Some animals have their organ of hearing as

as of sight located in the region of the head. This is

well explained on our view, which is that the organ

of hearing is of air. The space in the head called the

vacuum is full of air.
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Passages (or channels) run from the eyes to the
blood-vessels that are round the brain. And, again,
a passage runs from the ears and connects to the
back of the brain.

[No bloodless part is capable of sensation, nor
indeed is the blood itself. It is the parts which are
made out of blood that have this faculty. Hence,
in the blooded animals, no bloodless pai*t is capable
of sensation, nor indeed is the blood itself, for it is

no part of animals.] '^

The brain, whenever there is one, is in the forepart

of the head. This is (a) because all acts of sensation

take place in a forward direction
;

(b) because the
heart, from which sensation has its origin, is in the
forepart of the body ; and (c) because the process

of sensation depends upon parts that have blood

in them, Avhereas the sac at the back of the head
contains no blood-vessels at all. In fact. Nature
has located the sense-organs in a very satisfactory

manner. The ears are half-Avay round the circum-

ference of the head, because they are to hear sounds
from all directions alike and not only from straight

before them. The eyes face front : this is because

sight is along one straight line, and we must be able

to see along the line in Avhich we are moving, which
is directly forward. The nostrils are between the

eyes, and this is quite reasonable. Each of the

sense-organs is double, because the body itself is

double : it has a right side and a left side. It must
be admitted that this duality is not at all clear in the

case of touch : this is because the primary sense-

organ of touch is not the flesh or a corresponding part,

but something internal. With the tongue the duahty

is not very clear, but more so than with touch.
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(Taste, in fact, is itself, as it were, a sort of touch.)

The duality is plain, however, even with this sense,
for it is seen to be divided." With the other senses,

the organ is more evidently parted into two : there
are two ears and tvo eyes, and two passages for the
nostrils in the nose. The sense of smell, if it had
been other^vise placed—separated into two, that is,

like the sense of hearing—would not have been
able to perform its proper function ; nor would
that part of the body in which it is situated, since

in animals which have nostrils, the sensation of

smell is effected by means of inspiration, and this

part is at the front and in the middle. This is

why Nature has brought the nostrils together in a

straight line and made them the central of the three

sense-organs in the head, located where the motion
of in-breathing takes place.

In the other animals as Avell as in man these sense- :

organs are very satisfactorily arranged as required

by the peculiar nature of each animal. XI. For

instance, the quadrupeds have ears that stand out free

from the head, and they are higher than the eyes

—

or appear to be, although this is not really so : it is

an illusion due to the fact that these animals are not

upright but stand on all fours. And as they are

usually in this posture when in motion, it is useful for

them to have their ears well up in the air, and also

movable : this enables them to be turned round and

oick up sounds better from all directions.

XII. Birds have the auditory passages only,

o\nng to the hardness of their skin, and because

they have feathers instead of hair, vhich means that

they have not got the right material for forming

ears. The same argument apphes to those oviparous
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quadrupeds which have horny scales. One vivi-

parous animal, the Seal, has no ears but only auditory
passages ; but this is because, though a quadruped,
it is deformed."

XIII. Man, the Birds, and the Quadrupeds (both Eyes.

viviparous and oviparous) have a protective covering

for their eyes. The viviparous quadrupeds have
t\vo eyelids to each eye (which also enable them
to blink) ; some of the birds, especially the heavily

built ones, and the oviparous quadrupeds, when
they close their eyes, do so with the lower eyelid

;

birds, however, can blink, vith the aid of a mem-
brane that comes out of the corner of the eye. The
reason for the existence of these protective cover-

ings is that the eye is fluid in order to ensure

keenness of Aision. If the eye had been con-

structed with a hard skin it would of course have

been less liable to injury by impact from without,

but its vision would have been duller. For this

cause the skin round the pupil is left thin and fine,

and the safety of the eye is ensured by the addition

of the eyelids. The movement of the eyelids known
as blinking is a natural and instinctive one, not

dependent on the, and its object is to prevent

things from getting into the eyes. All animals

that have eyehds do it, but human beings bhnk

most of all, because they have the thinnest and

finest skin.

the eyelid is encased with skin ; and that is

why, like the tip of the foreskin, it will not unite

again once it has been cut, because both of them

are skin and contain no flesh.

We said just now that some birds and the ovi-

parous quadrupeds close the eye with the lower
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eyelid only. This is due to the hardness of the
skin which surrounds the head, (a) The heavily
built birds are not great fliers, and so the material
which Avould have supplied growth for the Avings has
been diverted, resulting in thickness of the skin.

These creatures, then, use only the bottom eyelid to
cover the eye ; Avhereas pigeons and such use both
eyelids, (b) With regard to the oviparous quad-
rupeds : As the horny scales with which they are
covered are in every case harder than hair, so their

skin also is harder than ordinary skin. And as the
skin on their heads is hard, they can have no upper
eyelid ; but down the skin has some flesh with
it, and so they have a lover eyehd that is thin and
extensible.

Now the heavily built birds blink not with this

lower eyelid, because its motion is slow, but %vith

the membrane above mentioned, whose motion is

swift, as is requisite. This blinking or nictitating

begins at the corner of the eye nearest the nostrils,

because it is better that the membranes should have
one place of origin rather than two, and in these birds

this is where the eye and nostril are conjoined ; also,

the front is more a place of origin than the side.

The oviparous quadrupeds do not blink in this

way, because, unlike birds, vhich have to use their

eyes over great distances, they go upon the ground,
and therefore there is no need for them to have
fluid eyes or great accuracy of sight. The crook-

taloned birds are sharp-sighted, for they view their

prey from above, and that also explains why they
fly to a greater height than other birds. The
birds that remain on the ground, however, and do
not fly much (e.g. barn-door foAvls and the like) are
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not sharp-sighted, since there is no urgent necessity
for it in their kind of hfe.

Many differences in the eye itself are found among
the Fishes, the Insects and the hard-skinned Crus-
tacea, thougli not one of them has eyehds. In the
hard-skinned Crustacea there cannot be an eyelid at
all, for the action of an eyelid depends upon s-wdft

working of the skin. To compensate for the lack
of this protection, all these creatures have hard
eyes : it is as though the eyelid were all of a piece
with the eyeball, and the creature looked through
the lid as well. But since the vision is bound to be
dimmed by this hardness of the eye, Nature has
given the Insects (and even more noticeably the
Crustacea) movable eyes, just as she has given some
quadrupeds movable ears ; this is to enable them
to turn toAvards the light and catch its rays and so

to quicken their vision. Fish have fluid eyes for the
following reason. They move about a good deal and
have to use their sight over long distances. Now
when land-animals do this, they are looking through
air, which is highly transparent ; but fish move about
in water, which is inimical to sharpness of vision ; so

to counteract its opacity their eyes are fluid in

composition. At the same time, water contains far

fewer objects to strike against the eyes than the air

does ; hence fish need no eyelids, and because

Nature never makes anything without a purpose,

they have none.

XIV. Those animals that have hair on their body Eyelashes

have eyelashes on their eyelids : the others (birds
^"

and the creatures with horny scales) have none.

There is one exception to this rule : the Libyan

ostrich, which has eyelashes. The cause of this
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will be explained later.'* Man is the only animal
which has eyelashes on both lids. Why is this ?

The quadrupeds tend to have more hair on their

backs than on the underside of the body ; but in

man the reverse is true. The purpose of hair is to

give protection ; and as the quadrupeds go on all

fours, they need more protection on their backs ; so

they have no hair on their front, although the front

is the nobler of the two sides. Man goes upright,

and so there is nothing to choose as regards his need
of protection between front and back. Therefore

Nature has prescribed the protection for the nobler

side, the front—an example of how, out of given

conditions, she is ahvays the cause of that which is

the better. This, then, is why none of the quad-

rupeds has lower eyelashes (though some have a

few scattered hairs growing on the lower eyelid),

or hair in the axillae or on the pubes, as man has.

Instead of this, some of them have thick hair all

over the back part of* their body {e.g. dogs), some
of them have a mane {e.g. horses and such), others

a flowing mane, like the male lion. Again, if an
animal has a tail of any length, Nature decks that

with hair too ; long hair for tails Avith a short stem

(e.g. horses), short hair for tails with a long stem.

This, however, is not independent of the general

condition of the whole animal, for Nature gives

something to one part of the body only after she

has taken it from another part. So when she has

made an animal's body extremely hairy, we find

that there is not much hair about the tail. An
example of this is the Bears.

» See 697 b 13 ff.

* Piatt deletes " the back part of,"
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Man has the hairiest head of all the animals. This
is (a) due to necessity, because the brain is fluid, and
the skull has many sutures ; and a large outgrowth
necessarily occurs where there is a large amount of

fluid and hot substance. But also (h) it is on purpose

to give protection ; that is, the hair affords shelter

both from excessive cold and from excessive heat.

The human brain is the biggest and the most fluid

of all brains ; therefore it needs the greatest amount
of protection. A very fluid thing is very liable both
to violent heating and violent cooling, while sub-

stances of an opposite nature are less hable to such

affections.

This, however, is a digression. We were led into it

because the subject was connected with our investi-

gation of the cause of eyelashes. Anything further

that there is to be said about it will be said in its

proper place.

XV. Both eyebrows and eyelashes exist to afford

protection to the eyes : the eyebrows, like the eaves

of a house, are to protect the eyes from the fluids

that run down from the head ; the eyelashes are hke
the palisades which are sometimes put up in front of

an enclosure ; their purpose is to keep out things that

try to get in." However, the eyebrows are placed

vhere two bones join (which is why they often get so

thick in old age that they have to be cut) ; and the eye-

lashes are placed at the ends of small blood-vessels,

which have to stop where the skin itself comes to

the Sight . . . and the like, is well inquired & collected in

Metaphisicke, but in Phisicke they are impertinent." But

there is no incompatibility, p. 33, " For the cause rendred

that the haires about the Eye-liddes arefor the safeguard of the

sight, doth not impugne the cause rendred, that Pilositie is

incident to Orifices of Moisture." See also Xen. 3Iem. i. 4. 6.
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an end. Thus, owing to the fact that the moisture
which comes off is corporeal in composition, hair must
be formed at these places even on account of a neces-

sary cause such as this, unless some function of Nature
impedes by diverting the moisture to another use.

XVI. The general run of viviparous quadrupeds Nostriia.

differ very little among themselves as regards the
organ of smell. The folloving variations occur, how-
ever. Those animals whose jaws project forward and
become gradually narroAver, forming what is called

a snout, have the organ of smell in their snout—this

being the only possibility ; in the others, the jaws
and nostrils are more definitely separated. The
elephant's nose is unique owing to its enormous size

and its extraordinary character.** By means of his

nose, as if it were a hand, the elephant conveys

his food, both solid and fluid, to his mouth ; by
means of it he tears up trees, by winding it round
them. In fact, he uses it for all purposes as if it

Avere a hand. This is because the elephant has a

double character : he is a land-animal, but he also

Hves in swamps. He has to get his food from the

water ; yet he has to breathe, because he is a land-

animal and has blood ; owing to his enormous size,

however, he cannot transfer himself quickly from the

Avater on to the land, as do quite a number of blooded

viviparous animals that breathe ; hence he has to be

equally at home on land and in the water. Some
divers, when they go down into the sea, provide

themselves Avith a breathing-machine, by means of

which they can inhale the air from above the surface

while they remain for a long time in the water.

Nature has provided the elephant Avith something of

this sort by giving him a long nose. If ever the
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elephant has to make his way through deep water,

he will put his trunk up to the surface and breathe
through it. This is possible, because, as I have said

already, the trunk is really a nostril. Now it would
have been impossible for the nostril to be put to all

these uses if it had not been soft and able to bend ;

for then by its very length it have prevented
the animal from getting its food, just as they say the

horns of the " backvard-grazing " oxen do, forcing

them to walk backwards as they feed." So the trunk

is soft and pliable ; and in consequence Nature, as

usual, takes advantage of this to make it discharge

an extra function beside its original one : it has to

serve instead of forefeet. Now in polydactylous

quadrupeds the forefeet are there to serve as hands,

not merely in order to support the weight of the

animal ; but elephants (which must be included under

this class of animals, because they have neither a

solid hoof nor a cloven one) are so large and so heavy
that their forefeet can serve only as supports ; and
indeed they are no good for anything else because

they move so slowly and are quite unsuited for

bending.

So the elephant's nostril is there, in the first place,

to enable him to breathe (as in all animals that have

a lung) ; and also it is lengthened and able to coil

itself round things because the elephant spends

much of his time in the water and cannot quickly

emerge upon land. And as his forefeet are not

available for the normal function. Nature, as Ave

said, presses the trunk into service to supply what

should have been forthcoming from the feet.

The Birds and Serpents and the quadrupeds which

» See above, on 648 a 16. This is from Herodotus, iv. 183.
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like them are blooded and oviparous, have their
nostril-passages in front of the mouth : but they have
nothing which except for its function can be called
nostrils—nothing distinctly articulated. A bird, at
any rate, one might say has no nose at all. The
reason for this is that its beak really replaces jaws.
And this is because of the natural structure of birds.

A bird is a vinged biped ; hence its head and its neck
must be hght in veight, and its breast must be
narrow ; and it has a beak, which (a) is made out of
bony material, so that it \vill serve as a weapon as

well as for the uptake of food, and (6) is narrow, owing
to the small size of the head. It has the passages for

smell in this beak, but it is impossible for it to have
nostrils there.

We have spoken already about the animals that do
not breathe, and shovn why they have no nostrils :

some of them smell by means of the gills, some
through a blow-hole ; vhile the insects smell through
the middle part of the body. All of them smell, as

all of them move, by means of the connate pneuma <*

of their bodies, vhich is not introduced from without,
but is present in all of them by nature.

In all blooded animals that have teeth, the hps have Lip•,

their place below the nostrils. (As stated already,

birds have a bony beak for getting food and for de-
fence ; and this is as it were teeth and lips run into

one. The nature of the beak can be illustrated thus.

Supposing, in a human being, that the lips were
removed, and all the upper teeth were welded to-

" Cf. De somno et vig. 455 b 34 ff. For a full account of/ See G.A. (Loeb edn.), pp. 576 fF.

» wnep SUZ" : € vulg. * <> Peek.
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PARTS OF ANIMALS, II. xvi.

gether, and similarly all the bottom teeth, and then
each set were extended in a forward direction, and
made to taper : this Avould result in a beak such as

birds have.) In all animals except man the lips are
intended to preserve and to protect the teeth ; hence
ve find that the distinctness of formation in the lips

is directly proportionate to the nicety and exactitude
of formation in the teeth. In man the lips are soft

and fleshy and can be separated. Their purpose is

(as in other animals) to protect the teeth ; but

—

still more important—^they subserve a good pur-

pose, inasmuch as they are among the parts that

make speech possible. This double function of the

human lips, to facilitate speech as Avell as to protect

the teeth, may be compared with that of the human
tongue, which is unlike that of any other animal, and
is used by Nature for two functions (a device of hers

which we have often noted), (a) to perceive the

various tastes, and (h) to be the means of speech.

Now vocal speech consists of combinations of the

various letters or sounds, some of which are produced

by an impact of the tongue, others by closing the lips ;

and if the lips Avere not supple, or if the tongue were
other than it is, the greater part of these could not

possibly be pronounced. For further particulars

about the various diiferences between these sounds

you must consult the authorities on Metre.

Itv.'as weceiiari/, however, from the start that each of

these two parts should be adapted and well-fitted for

their function as stated above ; therefore their nature

had to be suitable thereto, and that is why they are

made of flesh. Human flesh is the softest kind of flesh

there is ; and this is because man's sense of touch is

much more delicate than that of any other creature.
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XVII. Under the vaulted roof of the mouth is Tongue,

placed the tongue, and it is practically the same in

all land-animals ; but there are variations in the other
groups, whose tongues are as a vhole different from
those of land-animals and also different among them-
selves. The human tongue is the freest, the broadest,
and the softest of all : this is to enable it to fulfil

both its functions. On the one hand, it has to per-

ceive all the various tastes, for man has the most
delicate senses of all the animals, and a soft tongue
is the most sensitive, because it is the most re-

sponsive to touch, and taste is a sort of touch. It

has, also, to articulate the various sounds and to

produce speech, and for this a tongue which is soft

and broad is admirably suited, because it can roll

back and dart forward in all directions ; and herein

too its freedom and looseness assists it. This is

shown by the case of those whose tongues are shghtly

tied : their speech is indistinct and lisping, which
is due to the fact that they cannot produce all the

sounds.

A tongue which is broad can also become narrow,
on the principle that the great includes the small,

but not vice versa. That is why the clearest

talkers, even among birds, are those Avhich have
the broadest tongues. On the other hand, the

blooded viviparous quadrupeds have a limited vocal

articulation ; it is because their tongues are hard

and thick and not sufficiently loose. Some birds

—

the smaller sorts—have a large variety of notes.

The crook-taloned birds have fairly broad tongues.

All birds use their tongues as a means of communica-

tion with other birds, and some to a very consider-

able extent, so much so that it is probable that in
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some cases information is actually conveyed from one
bird to another. I have spoken of these in the
Researches upon Anwials.^•

The tongue is useless for the purpose of speech in

most of the oviparous and blooded land-animals be-

cause it is fastened doA\Ti and is hard ; but it is very
useful for the purpose of taste, e.g. in the serpents and
lizards, which have long, forked tongues. Serpents'

tongues are very long, but can be rolled into a small

compass and then extended to a great distance ; they
are also forked, and the tips of them are fine and hairy,

owing to their having such inordinate appetites ; by
this means the serpents get a double pleasure out

of what they taste, owing to their possessing as it

were a double organ for this sense.

Even some of the bloodless animals have an organ

for perceiving tastes ; and of course all the blooded

animals have one, including those which most people

would say had not, e.g., certain of the fishes, Avhich

have a paltry sort of tongue, very like what the river-

crocodiles have. Most of these creatures look as if

they had no tongue, and there is good reason for this.

(1) All animals of this sort have spinous mouths ;

(2) the time Avhich vater-animals have for perceiv-

ing tastes is short ; hence, since the use of this

sense is short, so is the articulation of its organ.

The reason why their food passes very quickly into

the stomach is because they cannot spend much time

sucking out its juices, otherwise the water would get

in as ^. So unless you pull the mouth well open,

you will not be able to see that the tongue is a sepa-

rate projection. The inside of the mouth is spinous,

because it is formed by the juxtaposition of the gills

which are of a spinous nature.
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Among the factors which contribute to the de-
formity of the crocodile's tongue is the immobihty
of its lower jaw, to which the tongue is naturally

joined. We must remember, hoAvever, that the
crocodile's javs are topsy-turvy ; the bottom one is

on top and the top one below ; this is clearly so,

because in other animals the top jaw is the immovable
one. The tongue is not fixed to the upper jav (as

one might expect it to be) because it would get in

the way of the food as it entered the mouth, but to

the lower one, which is really the upper one in the
wrong place. Furthermore, although the crocodile

is a land-animal, his manner of life is that of a fish,

and this is another reason Avhy he must have a tongue
that is not distinctly articulated.

Many fish, however, have a fleshy roof to their

mouths. In some of the fresh-\vater fish

—

e.g.

those 10\ as Cyprinoi—it is very fleshy and soft,

so that casual observers think it is a tongue. In

fish, however, for the reason already given, the

tongue, though articulated, is not distinctly so ; yet,

inasmuch as the power also of perceiving tastes

resides in the tongue-like organ, though not in the

whole of it equally but chiefly in the tip, therefore on
this account in fish the tip only is separate from the

jaw.

all animals are able to perceive the pleasant

taste vhich is derived from food, and so they have a

desire for food, because desire aims at getting that

which is pleasant. The part, however, by which this

perception or sensation of the food takes place, is

not identical in all of them, for some have a tongue

which moves freely and loosely, others (vhich have no

vocal functions) have a tongue that is fastened down.
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Some again have a hard tongue ; others a soft or
fleshy one. So we find that even the Crustacea

—

e.g.

the Crayfish and such—have a tongue-like object
inside the mouth, and so have the Cephalopods

—

e.g.

the Sepias and the Octopuses. Of the Insects, some
have this organ inside the mouth (e.g. the Ants),

and so have many of the Testacea. Others have it

outside, as though it Avere a sting, in which case it is

spongy and hollow, and so they can use it both for

tasting and for drawing up their food. Clear ex-

amples of this are flies and bees and all such creatures,

and also some of the Testacea. In the Purpurae," for

instance, this " tongue " has such strength that they
can actually bore through the shells of shellfish with

it, including those of the spiral snails which are used
as baits for them. Also, there are among the gad-
flies and cattle-flies creatures that can pierce through
the skin of the human body, and some can actually

puncture animal hides as well. Tongues of this sort,

we may say, are on a par with the elephant's nose ;

in their tongue these creatures have a useful sting

just as the elephant has a handy implement in his

trunk.

In all other animals the tongue conforms to the

description we have given.

indigo) is obtained from Murex hrandaris. For the boring
powers of these creatures' tongues see the reference for

Purpura lapillus given by Ogle (Forbes and Hanley, Brit.

Mollusca, iii. 385).
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BOOK III

The subject which follows naturally after our previous Teeth,

remarks is that of the Teeth. We shall also speak
about the Mouth, for this is bounded by the teeth
and is really formed by them.

In the lower animals teeth have one common
function, namely, mastication ; but they have addi-

tional functions in different groups of animals. In
some they are present to serve as Aveapons, offensive

and defensive, for there are animals which have
them both for offence and defence (e.g. the Avild

carnivora) ; others (including many animals both
Avild and domesticated) have them for purposes of

assistance.

Human teeth too are admirably adapted for the
common purpose that all teeth subserve : the front

ones are sharp, to bite up the food; the molars

are broad and flat, to grind it small ; and on the

border between the two are the dog-teeth whose
nature is intermediate between the two : and just as

a mean shares the nature of both its extremes, so

the dog-teeth are broad in one part and sharp in

another. Thus the provision is similar to that of

the other animals, except those Avhose teeth are

all sharp ; but in man even these sharp teeth, in

respect of character and number, are adapted

chiefly for the purposes of speech, since the
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front teeth contribute a great deal to the formation
of the sounds.

As we have said, the teeth of some of the animals

have one function only, to break up the food. Of
those animals whose teeth serve also as a defence
and as weapons, some (like the Swine) have tusks,

some have sharp interlocking teeth, and are called
" saw-toothed " as a result. The strength of these

latter animals lies in their teeth, and sharpness is

the means of secui-ing this ; so the teeth Avhich are

serviceable as weapons are arranged to fit in side by-

side Avhen the jaAvs are closed to prevent them from
rubbing against each other and becoming blunt. No
animal has saw-teeth as >vell as tusks ; for Nature
never does anything without purpose or makes any-

thing superfluously. These teeth are used in self-

defence by biting ; tusks by striking. This explains

Avhy sows bite : they have no tusks.

(At this point we should make a generalization, "The more

which will help us both in our study of the foregoing J^^
^^

cases and of many that are to follow. Nature allots

defensive and offensive organs only to those creatures

which can make use of them, or allots them " in a

greater degree," '^ and " in the greatest degree " to

the animal which can use them to the greatest ex-

tent. This applies to stings, spurs, horns, tusks, and
the rest. Example : Males are stronger than females

and more spirited ; hence sometimes the male of a

species has one of these parts and the female has

none, sometimes the male has it"in a greater degree."

Parts which are necessary for the female as well as

for the male, as for instance those needed for feed-

ing, are of course present though " in a less degree "
;

but those which serve no necessary end are not
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present. Thus, stags have horns, does have not.

Thus, too, cows' horns are different from bulls' horns,

and eves' from rams'. In many species the males
have spurs while the females have not. And so with

the other such parts.)

All fishes are saw-toothed except one species,

the Scarus." Many of them have teeth on their

tongues and in the roof of the mouth. This is

because as they live in the vater they cannot help

letting some of it in as they take in their food, and
they have to get it out again as quickly as possible.

If they failed to do so, and spent time grinding the

food small, the vater would run down into their gut.

So all their teeth are sharp and intended only for cut-

ting up the food. Further, they are numerous and
placed all over the mouth ; so by reason of their

multitude they can reduce the food into tiny pieces,

and this takes the place of the grinding process.

They are also curved ; this is because practically the

whole of a fish's offensive force is concentrated in

its teeth.

The mouth, too, is present in animals on purpose Mouth,

to fulfil these same offices, but it has also a further

pui-pose, at any rate in those animals which breathe

and are cooled from without—namely, to effect re-

spiration. As said earlier. Nature often quite

spontaneously take some part that is common to all

animals and press it into service for some specialized

purpose. Thus, the mouth is common to all animals,

and its normal and universal function has to do with

food : but sometimes it has an extra function, peculiar

to some species only : in some it is a weapon, in others

a means of speech ; or more generally, though not

universally, it serves for respiration. Nature has
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brought all these functions together under one part,

whose formation she varies in the different species to

suit its various duties. That is vhy the animals
which use their mouths for feeding, respiration and
speaking have rather narrov mouths, vhile those
that use them for self-defence ha\^e wide and gaping
mouths. All the saw-toothed creatures have these
wide mouths, for their method of attack is biting, and
therefore they find it an advantage to have a mouth
that will open Avide ; and the vider it opens the

greater the space the bite will enclose, and the
greater the number of teeth brought into action.

Biting and carnivorous fishes have mouths of this

sort ; in the non-carnivorous ones it is on a tapering

snout, and this suits their habits, whereas a gaping
mouth would be useless.

In birds, the mouth appears in the form of a beak, Beak,

which serves them instead of lips and teeth. Various

sorts of beak are found, to suit the various uses in-

cluding defensive purposes to which it is put. All

of the birds known as crook-taloned have a curv'ed

beak, because they feed on flesh and take no vegetable

food : a beak of this form is useful to them in master-

ing their prey, as being more adapted for the exertion

of force. Their beak, then, is one -eapon of offence,

and their claws are another ; that is why their claws

are exceptionally curved. Every bird has a beak
Avhich is ser\aceable for its particular mode of life.

The woodpeckers, for instance, have a strong, hard

beak ; so have crows, and other birds closely related

to them ; small birds, on the other hand, have
a finely constructed beak, for picking up seeds and
catching minute animals. Birds that feed on herb-

age and that live by marshes (e.g. swimmers and

215



ARISTOTLE€, €
e^ei , ?, •. eVt '

15 kvia€•.
Hepl , ev ttj

€^6€, '
/^) € ,

20 , eotKev-^ -
£€.

II. ,€€ €, , '
25 . *
'•)/ '' • '€ ,,; ^-

30 ,. ^} ,, ,
', ? 7;)^''•' yap

'?,
" Under this heading all the Mammalia known to Aristotle

216



PARTS OF ANIMALS, III. i.-n.

web-footed birds) have a beak adapted for their

mode of life, a special instance of which is the broad
beak, which enables them to dig for roots easily, just

as the broad snout of the pig enables it to dig—an
example of a root-eating quadruped. These root-

eating birds and other birds of similar habits some-
times have sharp points at the end of the beak. This
enables them to deal easily with the herbaceous food
which they take.

We have now, I think, spoken of practically all

the parts that have their place in the head ; but
in man, the portion of the body betAveen the head
and the neck is called the Prosopon (Face), a name
derived, no doubt, from the function it performs.

Man, the only animal that stands upright, is the

only one that looks straight before him (prosotken

opope) or sends forth his voice straight before him
(proso, opd).

II. We still have to speak of Horns : these also, Homs.

when present, grow out of the head. Horns are

found only in the Vivipara ; though some other

creatures have Avhat are called horns, owing to their

resemblance to real horns. None of these so-called

horns, however, performs the function proper to horns.

The reason why the Vivipara have horns is for the

sake of self-defence and attack, and this is not true

of any of these other creatures, since none of them
uses its " horns " for such feats of strength either

defensively or offensively. The polydactylous ani-

mals,** moreover, have no horns, because they possess

other means of defence. Nature has given them claws

or teeth to fight mth, or some other part capable of

are included, except ruminants, solid-hoofed animals, and
Cetacea.
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rendering adequate defence. Most of the cloven-
hoofed animals, and some of the solid-hoofed, have
horns, as weapons of offence ; some have horns for

self-defence, as those animals which have not been
given means of safety and self-defence of a different

order—the speed, for instance, which Nature has
given to horses, or the enormous size which camels
have (and elephants even more), which is sufficient

to prevent them from being destroyed by other
animals. Some, hoAvever, have tusks, for instance

swine, although they are cloven-hoofed.

In some animals the horns are a useless appendage,"
and to these Nature has given an additional means
of defence. Deer have been given speed (because

the size of their horns and the numerous branches
are more of a nuisance to them than a help). So
have the antelopes and the gazelles, which, although

they Avdthstand some attackers and defend them-
selves with their horns, run away from really fierce

fighters. The Bonasus,*" whose horns curve inwards

to meet each other, protects itself Avhen frightened

by the discharge of its excrement. There are other

animals that protect themselves in the same way.
Nature, however, has not given more than one
adequate means of protection to any one animal.

Most of the horned animals are cloven-hoofed,

though there is said to be one that is solid-hoofed,

the Indian Ass,*' as it is called.

The great majority of horned animals have two
horns, just as, in respect of the parts by which

its movement is effected, the body is divided

into two—the right and the left. And the

of it comes from the Indica of Ktesias of Knidos, quoted in

Photius's Bibliotheca, Ixxii. pp. 48 b 19 (Bekker) foil.
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reason in both cases is the same. There are, how-
ever, some animals that have one horn only, e.g.

the Oryx (Avhose hoof is cloven) and the " Indian
Ass " (whose hoof is solid). These creatures have
their horn in the middle of the head : this is the
nearest approximation to letting each side have its

own horn, because the middle is common equally to
both extremes. Now it is quite reasonable that the
one horn should go with the solid hoof rather than
\nth the cloven hoof, because hoof is identical in

nature Avith horn, and we should expect to find

divided hoofs and divided horns together in the same
animal. Again, division of the hoof is really due to

deficiency of material, so it is reasonable that as

Nature has used more material in the hoofs of the
solid-hoofed animals, she has taken something away
from the upper parts and made one horn only.

Again, Nature acted aright in placing the horns
on the head. Momus in Aesop's fable" is quite

wTong vhen he finds fault with the bull for having
his horns on the head, which is the Aveakest part of
all, instead of on the shoulders, which, he says,

Avould have enabled them to deliver the strongest

possible blow. Such a criticism shows Momus 's

lack of perspicacity. If the horns had been placed

on the shoulders, as indeed on any other part of the

body, they would have been a dead veight, and
would have been no assistance but rather a hindrance

to many of the animal's activities. And besides,

strength of stroke is not the only point to be con-

sidered : width of range is equally important.

Where could the horns have been placed to secure

this .'' It would have been impossible to have them
on the feet ; knees with horns on them would have
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been unable to bend ; and the bull has no hands ; so
they had to be where they are—on the head. And
being there, they offer the least possible hindrance
to the movements of the body in general.

Deer alone have horns that are solid throughout

;

and deer alone shed their horns : this is done (a) on
purpose to get the advantage of the extra lightness,

(b) of necessity, owdng to the weight of the horns.

In other animals the horns are hollow up to a certain

distance, but the tips are solid because solid tips are

an advantage when striking. And to prevent undue
weakness even in the hollow part, which grows out
from the skin, the solid piece which is fitted into it

comes up from the bones. In this way the horns
are rendered most serviceable for offensive pur-

poses and least hampering during the rest of the
time.

This completes our statement of the purpose for

which horns exist and the reason why some animals

have them and some have not.

We must now describe the character of that
" necessary nature," owing to which certain things

are present of necessity, things which have been
used by " rational nature " to subserve a " purpose." *

To begin with, then : the larger the animal, the

greater the quantity of corporeal or earthy matter

there is in it. We know no really small horned

animal—the smallest known one is the gazelle. (To

study Nature we have to consider the majority of

cases, for it is either in what is universal or what
happens in the majority of cases that Nature's

ways are to be found. Now all the bone in animals'

" rational nature" see above 640 b 8-29, 64•! a 25 ff., 642 a

1 flF., and cf. G.A. (Loeb edn.), Introd. § 14.
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bodies consists of earthy matter ; so if we consider
the majority of cases, we can say that there is most
earthy matter in the biggest animals.) At any rate,

in the larger animals there is present a sm-plus of
this corporeal or earthy matter, produced as a
residue, and this Nature makes use of and turns to
advantage to provide them Mith means of defence.

That portion of it vhich by necessity courses upwards
she allots to form teeth and tusks in some animals,

and to form horns in others. And we can see from
this vhy no horned animal has incisor teeth in both
jaws, but only in the bottom jaw. Nature has
taken away from the teeth to add to the horns

;

so that the nourishment vhich would normally be
supplied to the upper teeth is here used to grow the
horns. Why is it, then, that female deer, although
they have no horns, are no better off for teeth than
the male deer ? The ansver is : Both of them are,

by nature, horned animals ; but the females have
lost their horns because they Avould be not only

useless but dangerous. The horns are indeed of no
more use to the males, but they are less dangerous
because the males are stronger.

Thus in some animals this " part " " of the body
is secreted for the formation of horns ; in others,

however, it causes a general increase in the size of

the teeth, and in others again it produces tusks,

which are like horns springing out of the jaws

instead of the head.

We have now dealt with the " parts " that apper-

tain to the head.

III. The place of the neck, when there is one, is of the

beloV the head. I say " when there is one," because oesophl^s.

only those animals have this part which also have
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those parts that the neck subserves—viz. the larynx
and the oesophagus, as it is called.

The larynx is present for the sake of the breath :

when animals breathe in and out, the breath passes
through the larynx. Thus creatures which have no
lung {e.g. fish) have no neck either. The oesophagus
is the passage by which the food makes its way to
the stomach ; so those that have no neck have no
distinct oesophagus. So far as food is concerned,
however, an oesophagus is not necessary, since it

exerts no action upon the food ; and there is really

no reason why the stomach should not be placed
immediately next the mouth. The lung, however,
could not be so placed, because some sort of tube
must be present, common to both lungs, and divided
into two, by Avhich the breath is divided along the

bronchial tubes into the air-tubes : this is the best
method for securing good breathing, both in and out.

This respiratory organ, then, of necessity, is of some
length ; and this necessitates the presence of an
oesophagus, to connect the mouth to the stomach.

Now the oesophagus is fleshy, and it can also be
extended like a sinew. It is sinewy so that it can
stretch as the food enters in ; and it is fleshy so that

it may be soft and yielding and not be damaged by
the food grating on it as it goes down.
What are called the larynx and windpipe are Larynx and

constructed of cartilaginous substance, since the pur- ""° ^'P^"

pose they serve includes speech as well as respira-

tion ; and an instrument that is to produce sound
must be smooth and firm. The windpipe is situated in

front of the oesophagus, although it causes it some
hindrance vhen food is being admitted—as when a

piece of food, no matter whether solid or fluid, gets
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into the windpipe by mistake, and causes a great deal

of choking and distress and violent coughing. This

sort of thing occurs and can be observed whenever a
piece of food goes the wrong way

; yet they must be
mysteries to those who hold that animals take in their

drink by vay of the \vindpipe. " And there are many
counts on which we can shoV that this is a ridiculous

opinion to hold, (a) There is no passage leading from
the lung into the stomach, such as the oesophagus,

which, as ve can see, leads thither from the mouth.
And again, (6) there is no doubt where the fluid dis-

charge comes from in cases of vomiting and sea-sick-

ness, (c) It is plain, too, that the fluid matter which

we take does not collect immediately in the bladder,

but goes first into the stomach. This is shown by
the fact that the dregs of dark wine affect the co-

lour of the residual discharge from the stomach ; and
this colouring has often been observed in cases where
the stomach has been wounded. Still, perhaps it is

silly to be too minute in discussing these silly theories.

The windpipe, as we have said, is situated in front, Epiglottis.

and therefore is interfered vrith by the food. To deal

with this difficulty. Nature has contrived the epi-

glottis. Not all Vivipara ^ have this, but only those

which have a lung, and a hairy skin, and are not

covered vith horny scales or feathers. Those that

are so covered have, to serve instead of the epiglottis,

a larynx vhich closes and opens, just as the epiglottis

does in the others ; it comes down and lifts up again :

it Hfts up during the entrance and exit of the breath,

and subsides while food is being taken, to prevent

" See e.g. Plato, Timaeus 70 c 7, and Taylor ad loc. ^^

» Ogle changes the text here to read " blooded animals,

which brings the statement nearer the truth.
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anything coming in by mistake into the windpipe. If
there is any error in this movement, or if you breathe
in while you are taking food, coughing and choking
results, as I have said. But the movement of the
epiglottis and of the tongue has been so neatly
contrived that while the food is being masticated in

the mouth and is passing over the epiglottis, the
tongue seldom gets in the way of the teeth, and
hardly ever does any food slip into the windpipe.

I mentioned some animals that have no epiglottis.

This is because their flesh is dry and their skin hard

;

and thus if they had one, it would not move easily,

because it would have to be made out of constituents

of this sort. It is quicker to contract the edges of the

windpipe itself than it would be to close an epiglottis,

if, as in the hairy creatures, it were made out of the

same sort of flesh as the rest of their bodies.

This will suffice to show why some animals have an
epiglottis and some not ; how Nature has contrived

it so as 'to remedy the unsatisfactory position of

the windpipe in front of the oesophagus. Still, the

windpipe is bound by necessity to be in this position

for the following reason. The heart is situated in the

middle of the body and in the fore part of it ; and in

the heart, we hold, is the principle of life and of all

movement and sensation. Both of these activities

take place in the direction we call forwards : that is

the very principle which constitutes the distinction

between before and behind. The lung is situated in

the region of the heart, and surrounding it. Now
breathing takes place for the sake of the lung and

the principle which is situated in the heart : and the

breath passes through the windpipe. So, since the

* SUY : vulg.
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heart must of necessity be situated in the front place
of all, both the larynx and the vindpipe, which lead
to the lung and the heart, must of necessity be
situated in front ofthe oesophagus which leads merely
to the stomach. Speaking generally, unless some
greater object interferes, that which is better and
more honourable tends to be above rather than below,
in front rather than at the back, and on the right side
rather than on the left.

We have spoken of the neck, the oeso-

phagus, and the winc^pipe, and our next topic is the
viscera.

IV. Only blooded atiimals have viscera. " Some, but internal

not all, have a complete set of them. As no blood- blooded
less animals have them, Democritus must have been animaia

wrong in his ideas on this point, if he really supposed
that the viscera in bloodless creatures are invisible

owing to the smallness of the creatures themselves.

Against this we can put the fact that the heart and
the liver are visible in blooded animals as soon as they
are formed at all, that is, when they are quite small

:

in eggs they are visible, just about the size of a point,

sometimes as early as the third day, and very small

ones are visible in aborted embryos. Further, just

as each animal is equipped vith those external parts

which are necessary to it for its manner of life and its

motion, and no tvo animals require exactly the same
ones, so it is with the internal parts : they vary in the

various animals.

Viscera, then, are peculiar to the blooded animals, Heart,

and that is why each one of the viscera is formed of

blood-like material. This is clearly to be seen in the

new-born offspring of blooded animals ; in them the

viscera are more blood-like, and at their largest in
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proportion <»
: this is because the nature of the material

and its bulk are especially obvious at the first stage
of a creature's formation. The heart is present in
all blooded animals, and the reason for this has been
already stated ; It is obviously necessary for all

blooded creatures to have blood, and as blood is a
fluid, there must of necessity be a vessel to hold
it, and it is evidently for this purpose that Nature
has contrived the blood-vessels. And these blood-
vessels must have a source—one source (one is

always better than many where it is possible), and
this source is the heart. This is certain, because the
blood-vessels come out of the heart and do not pass
through it ; and again, the heart is homogeneous and
in character identical with the blood-vessels. Further-
more, the place in which it is set is the place of

primacy and governance. It is in a central position,

and rather in the upper part of the body than the
lower, and in front rather than at the back ; Nature
always gives the more honourable place to the more
honourable part, unless something more important
prevents it. Wliat I have just said is seen most
clearly in the case of man, yet in other animals the

heart tends in a similar \vay to be in the centre of

the " necessary body," i.e. the portion of it which
is terminated by the vent \vhere the residues are

discharged. The limbs vary in the various animals,

and cannot be reckoned among the parts that are
" necessary " for life, which is why animals can lose

them and still remain alive ; and obviously they could

have limbs added to them Avithout being killed.

Those who suppose that the source of the blood-

vessels is in the head are wrong, because : (1) this

involves holding that there are many sources,
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scattered about ; and (2) it involves placing them
in a cold region (its intolerance of cold proves this).

The region round the heart, on the other hand, is

warm. And (3) as has been said already, the blood-

vessels run all through" the other -iscera, whereas
none passes through the heart ; Avhich clearly shows
that the heart forms part of the blood-vessels and
is their source. ^Miich is reasonable enough : since

the centre of the heart is a body of dense and hollow
structure, and this is full of blood : it is holloAv to

form a receptacle for the blood ; dense to guard the

source of heat ; and the store of blood is obviously

there because that is the starting-point of the blood-

vessels. In none other of the \iscera and in no other

part of the body is there blood and vet no blood-

vessels ; in each of the other parts the blood is con-

tained in blood-vessels. And this too is reasonable,

as the blood is conveved and conducted away from
the heart into the blood-vessels, whereas none is

thus conveyed into the heart from elsewhere, for the

heart is itself the source and spring of the blood, or

the first receptacle of it. All this, however, is more
clearly brought out in Dissections and Formative

Processes, vhere it is shown that the heart is the

first of all the parts to be formed and has blood in it

straightvay. Further, all motions of sensation, in-

cluding those produced by what is pleasant and pain-

ful, undoubtedly begin in the heart and have their

final ending there. This is in accord with reason
;

since, vherever possible, there must be one source

only ; and the best situation for that is the centre,

because there is only one centre, and the centre is

equally (or nearly equally) accessible from every

direction. Again, as every bloodless part, and the
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blood itself as well, is without sensation, it is clear

that the part where the blood is present first, and
Avhich holds it as in a receptacle, must of necessity be
the source.

This reasoning is supported by the evidence of
the senses. In embryos, as soon as they are formed,
the heart can be seen moving before any of the
other parts, just like a living creature "

; which
shows that it is the source of their nature in all

blooded animals. Another piece of evidence to

support this is that all blooded creatures have a
heart : why } because they are bound to have a

source for their blood. All blooded creatures, it is

true, have a liver too ; but no one would care to

maintain that the liver is the source either of the

blood or of the whole body, because it is nowhere near

the place of primacy and governance, and, also, in

the most highly finished * animals it has something
to counterbalance it, as it Avere, viz. the spleen.

Again, the liver has no receptacle for blood in itself

as the heart has : like the rest of the viscera, it keeps
its blood in a blood-vessel. Again, a blood-vessel

runs all through it, Avhereas no blood-vessel runs

through the heart : all blood-vessels have their source

from the heart and begin there. Since, therefore, of

necessity the source must be one of these two, the

heart or the liver, and as it is not the liver, it must of

necessity be the heart which is the source of the blood

just as it is of the rest. An animal is defined by the

fact that it possesses sensation : and the part of the

body to have sensation first is the part that has blood

in it first—in other words, the heart, which is the

source of the blood and the first part to have it.

The apex of the heart is sharp and more soUd than
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the rest, and it lies towards the breast, and altogether
in the fore part of the body so as to prevent it from
getting cooled : for in all animals the breast has com-
paratively little flesh on it, Avhile the back is well

supplied and so gives the heat of the body ample
protection on that side. In animals other than man
the heart is in the centre of the region of the breast

;

in man it inclines slightly to the left side so as to

counteract the cooling there, for in man the left side

is much colder than in other creatures. I have
said already that the placing of the heart is the

same in fishes as in other animals, though it appears
to be different, together \Wth the reasons " for the

apparent difference. In fishes its apex is turned to-

wards the head *
; but in them the head is " forwards,"

because the head is in the line of direction in which
they move.
The heart has in it an abundance of sinews, Avhich

is reasonable enough, as the motions of the body have
their origin there ; and as these are performed by
contraction and relaxation, the heart needs the sinevs

to serve it and to give it strength. We have said

already that the heart is like a living creature inside

the body that contains it.

In all cases that we have examined the heart is

boneless, except in horses and a certain kind of ox.

In these, oA\-ing to its great size, the heart has a bone

for a support, just as the whole body is supported

by bones.

In the large animals, the heart has three cavities, in

the smaller ones, two only ; and in no species has it less

than one. The reason for this has been given : there

appear to be an exception to this rule, but only because in

them " forwards " is towards the head.
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must be some place in the heart Avhich will be a
receptacle for the blood when first formed. (As we
have stated several times, blood is first formed in

the heart.) Now there are tvo chief blood-vessels,

the so-called Great Blood-vessel, and the Aorta ; each
of these is the source of other blood-vessels ; and
the two diifer from each other (this Avill be discussed

later) ; hence it is better for them to have separate

sources. This result can be obtained by ha\^ng two
separate supplies of blood, and thus we find two
receptacles wherever this is possible, as in the larger

animals which of course have large hearts. But it is

better still to have three cavities, and then there is

an odd one in the middle which can be a common
source for the other two ; since, hoAvever, this requires

the heart to be particularly large, only the very
largest hearts have three cavities.

Of these cavities it is the right-hand one which
contains the most blood and the hottest (that is why
the right side of the body is hotter than the left)

;

the left-hand cavity contains least blood, and it is

colder. The blood in the middle cavity is inter-

mediate both in amount and heat, although it is the

purest of them all ; this is because the source must
remain as calm as possible, and this is secured vhen
the blood is pure, and intermediate in its amount and
heat.

The heart has also a sort of articulation, which

resembles the sutures of the skull. By this I do not

mean to say that the heart is a composite thing,

consisting of several parts joined together, but an

articulated Avhole, as I said. This articulation is more
distinct in animals whose sensation is keen, and less

distinct in the duller ones, such as swine. There are
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other differences in the heart ; some hearts are large,

some small, some are hard, some soft ; and these
tend by some means to influence the creature's

temperament. Illustrations of this are : animals
whose powers of sensation are small have hearts that

are hard and dense, those Avhose sensation is keen
have softer ones ; and those with large hearts are
cowardly, those with small or moderate-sized ones,

courageous (this is because in the former class the
affection which is normally produced by fear is

present to begin with," as their heat is not proportion-

ate to the size of their heart, but is small and there-

fore hardly noticeable in the enormous space that it

occupies ; so that their blood is comparatively cold).

The following creatures have large hearts : the hare,

the deer, the mouse, the hyena, the ass, the leopard,

the marten, and practically all other animals whose
cowardice is either outright or else betrayed by their

mischievous behaviour.

Similar conditions obtain in the blood-vessels and
the cavities of the heart : if they are large, they are

cold. The effect of the same-sized fire is less in a

large room than in a small one ; and the same applies

to the heat in these receptacles, the blood-vessels and
the cavities. Further, extraneous motions have a

cooling effect upon hot things ; and the more roomy
a receptacle is, the greater the amount of air (or

pneinna) in it and the stronger its effect. Thus we
find that no animal which has large cavities or large

blood-vessels has fat flesh, and conversely, that all (or

most) fat animals have indistinguishable blood-vessels

and small cavities.

The heart is the only one of the viscera—indeed

» Cf. 650 b 27. See also 692 a 20.
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the only part in the whole body—which cannot
withstand any serious affection. This is readily
understood : the other parts depend upon the heart,
and when this source itself is ailing, there is no place
vhence they can obtain succour. A proof that the
heart cannot put up with any affection is this : Never
has the heart in a sacrificial victim been observed
to be affected in the way that the other viscera

sometimes are. Very often the kidneys are found
to be full of stones, growths, and small abscesses

;

so is the liver, and the lung, and especially the
spleen. Many other affections are observed in

these organs ; but in the lung they occur least

often in that portion which is nearest the windpipe,
and in the liver in that portion vhich is nearest its

junction Avith the Great Blood-vessel. This is readily

understood : those are the places Avhere they are

most closely in communication with the heart.

Those animals, however, which die as the result

of disease, and affections such as I have mentioned,
when cut open are seen to have diseased affections

of the heart.

We have now spoken of the heart : we have said

Avhat its nature is, what purpose it serves, and why it

is present ; and that will suffice.

V. I suppose that the next subject for us to discuss Blood-

is the Blood-vessels, that is, the Great Blood-vessel ^^^^^ ^'

and the Aorta. It is these into which the blood

goes first after it leaves the heart, and the other

blood-vessels are merely branches from these. We
have already said that these blood-vessels are present

for the sake of the blood : fluid substances always

need a receptacle, and the blood-vessels generally

are the receptacles which hold the blood. We may
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now go on to explain why there are two of these blood-

vessels, why they begin from a single source, and why
they extend all over the body.

The reason \vhy finally they both coincide in one

source and also begin from one source is this. The
sensory Soul is, in all animals, one actually ; there-

fore the part which primarily contains this Soul is

also one (one potentially as well as actually in the

blooded animals, but in some of the bloodless animals

it is only actually one "), and for this reason the source

of heat also must of necessity be in the selfsame

place. But this concerns the blood, for this source

is the cause of the blood's heat and fluidity. Thus
we see that because the source of sensation and the

source of heat are in one and the same part, the blood

must originate from one source too ; and because

there is this one origin of the blood, the blood-vessels

also must originate from one source.

The blood-vessels are, however, two in number, be-

cause the bodies of the blooded creatures that move
about are bilateral : we can distinguish in all of

them front and back, right and left, upper and lower.

And just as the fore part is more honourable and

more suited to rule than the back part, so is the Great

Blood-vessel pre-eminent over the Aorta. The Great

Blood-vessel lies in front, Avhile the Aorta is at the

back. All blooded creatures have a Great Blood-

vessel, plainly visible ; but in some of them the Aorta

is indistinct and in others it cannot be detected.

The reason Avhy the blood-vessels are distributed

all over the body is that blood (and in bloodless

creatures, its counterpart) is the material out of

Avhich the whole body is constructed, and blood-

vessels (and their counterparts) are the channels in
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which this material is carried. As regards the
manner in which animals are nourished, the source

of the nourishment, and the processes by which
they take it up from the stomach, it is more appro-

priate to consider these subjects and to discuss them
in the treatise on Generation.

[But since the parts of the body are composed
out of blood, as has been said, it is easy to see why
the course of the blood-vessels passes throughout
the whole body. The blood must be everywhere
in the body and everywhere at hand if every one of

the parts is constructed out of it.]
<»

The system of blood-vessels in the body may be
compared to those Avater-courses which are con-

structed in gardens : they start from one source,

or spring, and branch off into numerous channels,

and then into still more, and so on progressively, so

as to carry a supply to every part of the garden.

And again, when a house is being built, supplies of

stones are placed all alongside the lines of the

foundations. These things are done because (a)

water is the material out of which the plants in the

garden grov, and (6) stones are the material out of

which the foundations are built. In the same way,

Nature has provided for the irrigation of the whole

body with blood, because blood is the material out

of which it is all made. This becomes evident in

cases of severe emaciation, when nothing is to be

seen but the blood-vessels : just as the leaves of vines

and fig-trees and similar plants, when they vither,

leave behind nothing but the veins. The explana-

tion of this is that the blood (or its counterpart) is,

potentially, the body (that is, flesh—or its counter-

part). Thus, just as in the irrigation system the
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biggest channels persist whereas the smallest ones
quickly get obliterated by the mud, though when
the mud abates they reappear ; so in the body the
largest blood-vessels persist, while the smallest ones
become flesh in actuality, though potentially they
are blood-vessels as much as ever before. Accordingly
we find that, as long as the flesh is in a sound con-
dition, wherever it is cut, blood floAv ; and
although no blood-vessels are visible, they must be
there (because we cannot have blood without blood-
vessels)—just as the irrigating channels are there
right enough, but are not visible until they are

cleared of mud.
The blood-vessels get progressively smaller as they

go on until their channel is too small for the blood

to pass through. But, although the blood cannot
get through them, the residue of the fluid moisture,

which Ave call sweat, can do so, and this happens when
the body is thoroughly heated and the blood-vessels

open wider at their mouths. In some cases, the sweat
consists of a blood-hke residue **

: this is due to a bad
general condition, in which the body has become loose

and flabby, and the blood watery owing to insufficient

concoction, which in its turn is due to the weakness
and scantiness of the heat in the small blood-vessels.

(We have already said that all compounds of earth

and water are thickened by concoction, and this cate-

gory includes food and blood.) The heat may, as

I say, be in itself too scanty to be able to cause

concoction, or it may be that it is scanty in comparison

with the amount of food that enters the body, if

See A. E. Garrod, Inborn Errors of Metabolism, Oxford, 1923,

pp. 136 ff. Also H. Giinther, Deutsches Archiv f. klin.

Medizin, 1920, 1S4, pp. 257 S.
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this is excessive ; and this excess may be due either

to the quantity of it or (since some substances are
less patient of concoction than others) to its quahty.
(Haemorrhage occurs most vhere the passages are

widest, as from the nostrils, the gums and the
fundament, and occasionally from the mouth. At
these places it is not painful ; when, however, it

occurs from the windpipe, it is violent.)

The Great Blood-vessel " and the Aorta, which in

the upper part are some distance from each other,

lower doAvn change sides, and thus hold the body
compact. That is to say, Avhen they reach the place

where the legs diverge, they divide into tvo, and
the Great Blood-vessel goes over to the back from
the front, and the Aorta to the front from the back

;

and thus they unite the body together, for this

changing over of the blood-vessels binds together
the front and the back of the body just as the cross-

ing of the strands in plaiting or twining makes the

material hold together more stoutly. A similar

thing occurs in the upper part of the body, where
the blood-vessels that lead from the heart are inter-

changed. For an exact description of the relative

disposition of the blood-vessels, the treatises on
Anatomy and the Researches upon Animals ^ should be
consulted.

We have now finished our discussion of the heart

and the blood-vessels, and we must go on to consider

the remaining viscera on the same hnes.

VI. First the Lung. The reason why any group of Lung,

animals possesses a lung is because they are land-

creatures. It is necessary to have some means for

cooling the heat of the body ; and blooded animals

are so hot that this cooling must come from outside
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them, though the bloodless ones can do their own
cooling by means of the connate pneuma."• Now
external cooling must be effected either by water or

by air. This explains why none of the fishes has
a lung. They are water-cooled, and instead of a
lung they have gills (see the treatise on Respiration).^

Animals that breathe, on the other hand, are air-

cooled, and so they all have a lung. All land-animals

breathe ; so do some of the Avater-animals (e.g. the
whale, the dolphin, and all the spouting cetacea).

This is not surprising, for many animals are inter-

mediate between the two : some that are land-

animals and breathe spend most of their time in the
water owing to the blend " in their bodies ; and
some of the water-animals partake of the nature of

land-animals to such an extent that the hmiting
condition of life for them Ues in their breath.

Now the organ of breathing is the lung. It has

its source of motion in the heart, and it affords a

wide space for the breath to come into because it is

large and spongy : >vhen the lung rises up, the

breath rushes in, and when it contracts the breath

goes out again. The theory '^ that the lung is pro-

vided as a cushion for the throbbings of the heart is

not correct. This leaping of the heart is practically

not found except in man, and that is because man is

the only animal that has hope and expectation of

the future. Besides, in most animals the heart is

a long way off from the lung and lies well above
it, and so the lung cannot be of any assistance in

absorbing the throbbings of the heart.

^

There are many differences in the lung. Some

' In quadrupeds the lung is above the heart, but not in

man, owing to the difference of posture.
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animals have a large lung, which contains blood
;

others a small one and spongy. In the Vivipara it is

large and has much blood in it because these creatures

have a hot nature : in the Ovipara it is dry and small,

but it can expand to a great size when inflated :

examples of these are : among land -animals, the
oviparous quadrupeds like the lizards, tortoises, and
all such creatures, and in addition to these the
tribe of winged things, the birds. All these have a

spongy lung, which, like froth, runs together and
contracts from a large volume into a small one. So
it counts as small ; and also it is membranous. As a
result, all these creatures are not much subject to

thirst, and di'ink but little ; and also they can bear to

remain a long time under the water : this is because
their heat is scanty and can therefore be sufficiently

cooled over a long period by the mere motion of the

lung, which is void and air-like.

(Consequently, one may add, in general these

creatures are smaller in size than the majority of

animals, as gro\\i:h is promoted by heat, and a plenti-

ful supply of blood is a sign that heat is present.

Furthermore, heat tends to make the body upright,"

which explains vhy man is the most upright among
the animals and the Vivipara the most upright among
the quadrupeds. And there are no viviparous

creatures, either with or without feet, so fond of

creeping into holes as the 0\'ipara are.)

The lung, then, is present for the sake of the

breathing : this is its function ahvays. Sometimes,

to serve the purpose of a particular group, it is blood-

less, and such as has been described above. There

is no common name which is applied to all animals

that have lungs. But there ought to be : because

i2 259



ARISTOTLE
669 b

^ ^^

ctti tlvos, 7€
etvai € iaxL, ev ttj

€€.
VII.€ euvai,^ /cat,

16,€, ' €
£€. €€ ,' €6 8. € . '',

20 , ', ^
'. 8 6 .?.

ev ^
25 .^*8 . '^ 6, ?,
30 , ,

(^^)^ , ' -.
€V ,[ ]^?-^?, ?
^ ye Peck : € vulg. ^€ conieceram ; maior pars 11.

' seclusi : ev cm. : coni. Th.

260



PARTS OF ANIMALS, III. vi.-vii.

the possession of a lung is one of their essential

characteristics, just as there are certain char-

acteristics which are included in the essence of
a " bird," the narae which is apphed to another such
class.

VII. Some of the viscera appear to be single why the

(e.g. the heart and the lung) ; others double.
(e.g. the kidneys) ; and some it is difficult to place

under either heading. The liver and the spleen ap-

parently are intermediate ; they can be considered

either as each being a single organ, or else as two
organs taking the place of one and having a similar

character. In fact, however, all of them are double.
And the reason for this is that the structure of the

body is double, though its halves are combined under
one source. We have upper and lower halves, front

and back halves, right and left halves. Thus even the

brain as well as each of the sense-organs tends in all

animals to be double ; so does the heart—it has

cavities. In the Ovipara the lung is so much divided

that they appear to have two lungs. The kidneys

are obviously double ; but there is fair room for

hesitation about the liver and spleen. This is be- Liver and

cause in those animals which of necessity have a ^P'®®°•

spleen, the spleen looks rather like a bastard liver,

while in those which have a spleen though not of

necessity

—

i.e. a very small one, as it were by way
of a token—the liver is patently double, and the

larger part of it tends to lie towards the right, the

smaller towards the left. Still, there are cases even

among the Ovipara where this division is less distinct

than in those just described, while in some Vivipara

the division is unmistakable

—

e.g. in some districts
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hares appear to have a couple of livers ; so do certain
fishes, especially the cartilaginous ones."

The spleen owes its existence to the liver being
placed somewhat over to the right-hand side of the
body : this makes the spleen a necessity in a way,
though not an urgent one, for all animals.

Thus, the reason why the viscera are double in

their formation is, as we have said, that the body
is two-sided, having right and left. Each of the two
aims at similarity, just as the sides themselves strive

to have a similar nature, and to be as like as^
;

and just as the sides, though dual, are conjoined
together into a unity, so also it is with the several

viscera.

The viscera which are below the diaphragm are

all of them present for the sake of the blood-vessels,

in order that the latter may have freedom of carriage

and at the same time be attached to the body by
means of the viscera, Avhich act as a bond. Indeed,

there are, as it were, anchor-lines thro\vTi out to

the body through the extended parts : e.g. from the

Great Blood-vessel to the liver and to the spleen, for

these viscera act, as it were, like rivets and fasten it

to the body ; that is to say, the liver and the spleen

fasten the Great Blood-vessel to the sides of the body
(since blood-vessels pass to them from it alone), while

the kidneys fasten it to the rear parts. And to the

kidneys—to each of them—there is a blood-vessel

passing not only from the Great Blood-vessel but

also from the Aorta.

These advantages, then, accrue to the animal organ-

ism from the lover viscera. Liver and spleen also

assist in the concoction of the food, since they both

'" Sharks, etc.
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have blood in them and so are hot. The kidneys
assist in connexion with the residue which is excreted
into the bladder.

Now the heart and the liver are necessary to all

animals. The heart is necessary because there must
be a source of heat : there must be, as it were, a
hearth, where that which kindles the whole organism
shall reside ; and this part must be well guarded,
being as it were the citadel of the body. The liver is

necessary for the sake of effecting concoction. All

blooded creatures must have these two viscera, and
that is why these two are always present in them.
A third, the lung, is present in those animals that

breathe.

But the spleen, where present, is present ofnecessity spieen.

in the sense of being an incidental concomitant, as

are the residues in the stomach and in the bladder.

So in some animals the spleen is deficient in size,

as in certain birds Avhich have a hot stomach, e.g.

the pigeon, the hawk, and the kite ; the same applies

to the oviparous quadrupeds (all of these have an
extremely small spleen) and to many of the scaly

creatures. These animals just mentioned also lack

a bladder, because their flesh is porous enough to

enable the residues formed to pass through it and
produce feathers and scales. For the spleen draws
off the residual humours from the stomach and in

virtue of its blood-like nature can assist in the con-

coction of them. If, however, the residue is too

bulky or the spleen has too little heat, the stomach
gets full of nourishment and becomes diseased.

And in many cases, when the spleen is ailing,

the stomach becomes hardened owing to the

fluid which runs back into it. This happens with
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PARTS OF ANIMALS, III. vii.

those who make water excessively : the fluids are
drawn back again into the stomach. But in animals
where the amount of residue produced is small, as in

birds and fishes, the spleen is either small or present
simply by vay of a token. In the oviparous quadru-
peds, too, the spleen is small and compact, and
hke a kidney, because the lung is spongy and the
animals drink little, and also because the residue

which is produced is applied for the benefit of the
body itself and of the scaly plates which cover it,

just as in birds it is applied for the benefit of the
feathers.

In those animals, however, which possess a bladder,

and whose lung contains blood, the spleen is watery.

The reason already given partly explains this. An-
other is that the left side of the body is generally

more watery and colder than the right. As we know,
the opposites are di\aded up into two columns," so

that each is classed with those that are akin to it, e.g.

right is in the opposite column to left, and hot to

cold ; and thus some of them stand together in the

same column, as I have just indicated.^

Kidneys are present in some animals, but not

of necessity ; they are present to serve a good pur-

pose ; that is to say, their particular nature enables

them to cope with the residue vhich collects in the

bladder, in those cases where this deposit is somewhat
abundant, and to help the bladder to perform its

function better.

Since the bladder is present in animals to serve

precisely the same purpose as the kidneys, we must

now say something about it. This will involve a

departure from the serial order in which the parts

actually come, for we have said nothing so far about
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PARTS OF ANIMALS, III. vn.-viii.

the diaphragm, though this is one of the parts that
are near the viscera.

VIII. The bladder is not present in all animals : Bladder.

Nature seems to have intended only those animals
which have blood in their lung to have a bladder.
And this is quite reasonable, when we remember that
such animals have an excess of the natural substance
which constitutes the lung, and are therefore more
subject to thirst than any others ; i.e. they need a
larger amount of fluid food as well as of the ordinary
solid food, and the necessary result of this is that a
larger amount of residue also is produced, too large

in fact for all of it to be concocted by the stomach
and excreted with its own proper residue ; hence it

is necessary to have some part that will receive this

additional residue. This shows us why all animals
which have blood in their lung possess a bladder
too. As for those whose lung is spongy and which
therefore drink Httle, or which take fluids not as

something to drink but as food (e.g. insects and
fishes), or which are covered with feathers or scales

or scaly plates, not one of these has a bladder, owing
to the small amount of fluid which they take and
owing to the fact that the surplus residue goes

to form feathers or scales or scaly plates, as the

particular case may be. Exceptions to this are the

Tortoises : though scaly-plated they have a bladder.

In them the natural formation has simply been
stunted. The cause of this is that in the sea-varieties

the lung is fleshy and contains blood, and is similar to

the lung of the ox ; while in the land-varieties it is

disproportionately large. And whereas in birds and
snakes and the other scaly-plated creatures the

moisture exhales through the porous flesh, in these it
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cannot do so, because the integument which surrounds
them is dense, Hke a shell ; and so the excretion is

produced in such quantities that the Tortoises need
some part which shall act as a vessel to receive it.

That, then, is why they are the only animals of the
kind which have a bladder. In the sea-tortoise it is

large, in the land-tortoise quite small.

IX. Much the same may be said of the kidneys as Kidneys.

of the bladder. Kidneys are not present in any of
the animals that have feathers or scales or scaly plates,

except the two sorts of tortoises just mentioned. In
some birds, however, there are flat kidney-shaped
objects, as if the flesh that was allotted to form the
kidneys had found no room for its proper function

and had been scattered to form several organs. The
Emys " has neither bladder nor kidneys : this is be-

cause it has a soft shell which allows the moisture to

transpire freely through it. But, as I said before, all

the other animals whose lung contains blood have
kidneys, since Nature makes use of them for two pur-

poses : (1) to subserve the blood-vessels ; and (2) to

excrete the fluid residue. (A channel leads into them
from the Great Blood-vessel.)

There is always a hollow (lumen), varying in si/e,

in the kidneys, except in the seal, vhose kidneys are

more solid than any others and in shape resemble

those of the ox. Human kidneys too resemble those

of the ox : they are, as it were, made up out of a

number of small kidneys,* and have not an even

surface like those of the sheep and other quadrupeds.

Thus, when once an ailment attacks the human

any animal now known as Emys, seems to be that of some
freshwater tortoise.

" This is not true of the normal adult, but it is true of

the foetus.
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PARTS OF ANIMALS, III. ix.

kidneys, the trouble is not easily removed, because
it is as though the patient had many kidneys diseased
and not one only ; and so the cure is more difficult to

effect.

The channel which runs from the Great Blood-
vessel to the kidneys does not debouch into the
hollow part of the kidneys, but the whole of what
it supplies is spent upon the body of the kidneys

;

thus no blood goes into the hollows, and at death
none congeals there. From the holloAv part of the

kidneys two sturdy channels " lead into the bladder,

one from each ; these contain no blood. Other
channels come from the Aorta to the kidneys ;

these are strong, continuous ones. This arrange-

ment is on purpose to enable the residue from the
moisture to pass out of the blood-vessel into the
kidneys, and so that when the fluid percolates

through the body of the kidneys the excretion that

results may collect into the middle of the kidneys,

where the holloAV is in most cases. (This explains,

incidentally, why the kidney is the most ill-scented

of all the viscera.) From the middle of the kidney
the fluid is passed off through the aforesaid channels

into the bladder ; by which time it has practically

taken on the character of excremental residue. The
bladder is actually moored to the kidneys : as has

been stated, there are strong channels extending

from them to it.

We have now given the causes for Avhich the

kidneys exist, as well as their character and functions.

The right kidney is always higher up than the left.

The reason for this is that as motion always begins on
the right-hand side, the parts that are on that side are

stronger than those on the other ; and owing to this
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PARTS OF ANIMALS, III. ix.

motion they are bound to make their way upwards
before the ones on the left. Thus people raise the
right eyebrow more than the left, and it is more
arched. A result of this drawing up of the right

kidney is that in all animals the liver, which is on the
right side of the body, is in contact with it.

The kidneys contain more fat than any other of the Fat in

viscera. This is partly a necessary consequence upon '^^*^"''y*

the percolation of the residue through the kidneys :

in other words, the blood which gets left behind there

is easy of concoction because it is pure, and when
blood undergoes complete concoction the final pro-

ducts are lard and suet. (A parallel is to be found in

the case of solid substances which have undergone
combustion : e.g. a certain amount of fire gets left

behind in ash. So, in fluid substances which have
undergone concoction : some portion of the heat

which has been generated remains behind. That is

vhy oily substances are light and come to the top of

fluids.) This fat is not formed actually in the kidneys

themselves, because they are so dense : it collects

outside them. In some it has the form of lard, in

others the form of suet, according to the character of

the animal. (The difference between the two has

been explained already in another connexion.) "

This formation of lard, then, about the kidneys is

the necessary consequence upon the conditions which

necessarily obtain in animals that possess kidneys.

But there is another reason for its formation, and that

is, on purpose to safeguard the kidneys themselves

and to preserve their natural heat. The kidneys are

the outermost of all the viscera, and therefore they

need more warmth. Whereas the back is liberally

supphed with flesh, which enables it to act as a
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PARTS OF ANIMALS, III. ix.

protection for the viscera about the heart, the loin,

in common with all parts that bend, is not so supplied
;

and this fat we have been speaking of serves as a
safeguard to the kidneys in place of flesh. Further,
the kidneys are better able to secrete and to concoct
the fluid if they are fat, because fat is hot and heat
causes concoction.

These are the reasons why the kidneys are fat. In
all animals, however, the right kidney has less fat

than the left. This is because the right-hand side

is dry and solid and more adapted for motion than
the left ; and motion is an enemy to fat, because it

tends to melt it.

Now it is an advantage to all animals to have fat

kidneys, and often they are completely filled with fat.

The sheep is an exception : if this happens to a sheep
it dies. But even if the kidneys are as fat as can be,

there is always some portion which is clear of fat, if

not in both kidneys, at any rate in the right one. The
reason why this happens solely (or more especially)

to sheep is as follows. Some animals have their fat

in the form of lard, which is fluid, and thus the wind
cannot so easily get shut up within and cause trouble.

When this happens, however, it causes rot. Thus, too,

in the case of human beings who suffer from their

kidneys, although it is an advantage for them to be
fat, yet if they become unduly fat, pains result which
prove fatal. As for the animals whose fat is in the

form of suet, none has such dense suet as the sheep

has ; and moreover, in the sheep the amount of it is

much greater ; the fact that they get fat about the

kidneys much more quickly than any other animal

shows this. So when the moisture and the wind get

shut up within, rot is produced, which rapidly kills

277



ARISTOTLE
672 b

^ ^ , X V ^ , ^ ^ ^
5 avaipovvrai' ^. ,. . -
10 -. / •.,,, e^et ,

Kaphiav . ' otl

15 ,̂?
0;. -. '^ ,

20 ,
•,,8." /

25^ , '

. ,
278



PARTS OF ANIMALS, III. ix.-x.

the sheep off. The disease makes its way directly to
the heart through the Aorta and the Great Blood-
vessel, since there are continuous passages leading
from these to the kidneys.

We have now spoken of the heart and the lung ;

and also of the Uver, the spleen and the kidneys.
X. These two sets of viscera are separated from Diaphragm.

each other by the diazoma, which some call the
phrenes (diaphragm). This divides off the heart and
the lung. In blooded animals it is called phrenes, as

I have said. All blooded creatures have one, just as

they all have heart and liver. The reason for this

is that the diaphragm serves to divide the part
round the stomach from the part round the heart,

to ensure that the source of the sensory Soul may be
unaiFected, and not be quickly overwhelmed by the

exhalation that comes up from the food when it is

eaten and by the amount of heat introduced into the

system. For this purpose, then. Nature made the

division, and constructed the phrenes to be, as it were,

a partition-Avall and a fence ; and thus, in those

creatures where it is possible to divide the upper
from the lower, she divided off the nobler parts

from the less noble ones ; for it is the upper which

is " better," that ybr the sake of which the lower ex-

ists, while the lower is " necessary," existing ybr the

sake of the upper, by acting as a receptacle for the

food.

Towards the ribs the diaphragm is fleshier and

stronger, while in the middle it is more like a mem-
brane : this makes it more serviceable as regards

strength and extensibility. An indication to show

why there are, as it Avere, " suckers," to keep off the

heat which comes up from below, is provided by
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what actually happens : whenever, o\ving to their

proximity, they draw up the hot residual fluid, this

at once causes a recognizable disturbance of the
intelligence and of sensation. And that is why they
are called phrenes : as if they took a part in the act

of thinking (pkronein). This of course they do not
do ; but their proximity to those organs which do
so take part makes the change of condition in the
intelligence recognizable. That, too, is why the

phrenes are thin in the middle ; this is not due
entirely to necessity (though as they are fleshy to

begin with, the parts of them nearest the ribs must
of necessity be more fleshy still) ; there is another
reason, which is, to enable them to have as little

moisture in them as possible, since if they had been
wholly of flesh they would have tended to draw
to themselves and to retain a large quantity of

moisture. Another indication that it is when heated
that they quickly make the sensation recognizable is

afforded by what happens when we laugh. When
people are tickled, they quickly burst into laughter,

and this is because the motion quickly penetrates to

this part, and even though it is only gently warmed,
still it produces a movement (independently of the

will) in the intelligence which is recognizable. The
fact that human beings only are susceptible to

tickling is due (1) to the fineness of their skin and

(2) to their being the only creatures that laugh. Tick-

ling means, simply, laughter produced in the way I

have described by a movement applied to the part

around the armpit.

It is said that when in var men are struck in the

part around the diaphragm, they laugh « on ac-

count of the heat which arises owing to the bloAv.
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This may be so ; and those Avho assert it are more
credible than those who tell the tale of how a man's
head speaks after it is cut off. Sometimes they cite
Homer in support, who (so they say) was referring to
this vhen he WTote

As it spake, his head was mingkd with the dust

(not

As he spake, his head was mingkd with the dust.) "

In Arcadia '' this kind of thing was at one time so
firmly believed that one of the inhabitants Avas

actually brought into court on the strength of it.

The priest of Zeus hoplosmios had been killed, but
no one knew Avho had done it. Certain persons,
hovever, affirmed that they had heard the man's
head, after it had been cut off, repeating the follow-

ing line several times

'Twas Kerkidas did slaughter man on man.

So they set to work and found someone in the
district who bore this name and brought him to trial.

Of course, speech is impossible once the windpipe
has been severed and no motion is forthcoming from
the lung. And among the barbarians, Avhere they
cut heads off Math expedition, nothing of this sort

has taken place so far. Besides, why does it not

occur vith the other animals ? [For (a) the story

about the laughter when the diaphragm has been
struck is plausible, for none of the others laughs

;

and (b) that the body should go forvard some distance

after the head has been cut off, is not at all absurd,

since bloodless animals at any rate actually go on

Cook, Zeus, ii. 290, who gives the evidence, and J. Schaefer,

De Jove apud Cares culto, 1912, pp. 370 f.)
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living for a long time. The reason for these pheno-
mena has been explained elsewhere.]
We have now said what is the purpose for which

each of the viscera is present ; but also they have
been formed ofnecessity at the inner ends of the blood-
vessels, because moisture, i.e. moisture of a blood-
like nature, must of necessity make its way out there,
and, as it sets and solidifies, form the substance of

the viscera. That, too, is why they are blood-like in

character, and why the substance of all of them is

similar, though different from that of the other
parts.

XI. All the viscera are enclosed in membranes. Membranes.

Some covering is needed to ensure their safety, and
it must be a light one. These conditions are fulfilled

by a membrane, Avhich is close-textured, thus making
a good protection ; does not consist of flesh, and
therefore does not draw in moisture or retain it ; is

thin, therefore light, and causes no burden. The
biggest and strongest membranes are those round
the heart and the brain, which is natural enough, as

it is always the controlling power Avhich has to be
protected ; therefore the heart and the brain, Avhich

have the supreme controlling pover over the life of

the body, need the most pi-otection.

XII. Some animals possess a full complement of Variations

viscera, some do not. We have already stated what \?ig^l^

animals have less than the full number, and the

reason. But also, the same viscera are different in

the various animals that have them. For instance,

the heart is not identical in all the animals which have

a heart ; nor is any other of the viscera. The liver

illustrates this : in some it is split into several parts,

in some almost undivided. This variation of form is
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found first of all even among the viviparous blooded
animals ; but it is more noticeable among the fishes

and oviparous quadrupeds, whose livers differ not
only from those of the Vivipara, but also from each
other's. In birds, the liver very closely resembles
that of the Vivipara : in both, its colour is pure and
blood-like. The reason for Avhich is, that their bodies
give a very free passage to the breath, which means
that they retain very httle foul residue ; hence, indeed,
some of the Vivipara have no gall-bladder, and this is

largely due to the very considerable assistance given
by the liver in maintaining a good blend" and healthi-

ness in the body. This is because the purpose which
these viscera serve lies chiefly in the blood, and after

the heart the liver contains more blood than any
other of the viscera. In most of the oviparous
quadrupeds and the fishes the liver is yellowish, and
in some of them it is altogether bad-looking, on a
par Avith the bad blend of the rest of their bodies.

This happens in the toad, the tortoise, and the like.

As for the spleen : In horned animals that have
cloven hoofs it is rounded : e.g. in the goat, the sheep,

and similar animals ; unless greatness of size has
made it grov out at some point lengthways, as in the

case of the ox. In all the polydactylous animab the

spleen is long, as in the pig, in man, and in the dog.

In animals with solid hoofs the spleen is intermediate

between the two and has the characteristics of both :

in one place it is broad, in another narrow, as exempli-

fied in the horse, the mule, and the ass.

XIII. Now the viscera differ from the flesh not only

in the bulkiness of their mass, but also in their

situation, for the flesh is on the outside of the body,

while they are inside. The reason for this is that
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their nature shares that of the blood-vessels : some
of them exist for the sake of the blood-vessels,

others do not exist apart from the blood-vessels.

XIV. Below the diaphragm is the Stomach, which stomach

is placed where the oesophagus ends (if there is an
intestines

oesophagus ; if not, immediately next to the mouth).
Next after the stomach and continuous with it is what
is called the Gut.

It must be obvious to everyone why all animals
have these parts. It is a necessity for them to have
some receptacle for the food they take in, and to

expel it again when its moisture has been extracted
from it ; and there must be two different places for

these two things—the unconcocted food and the
residue ; there must also be another place in which
the change from one to the other is effected. Two
receptacles, then, one for the incoming food, one for

the residue which is no more use—as there is a

separate time for these so there must be a separate

place. However, it will be more appropriate to go
into these matters in our treatise on Generation and
Nutrition.'^ At the present we must consider the

variations that are to be found in the stomach and its

subsidiary parts.

The stomach differs both in size and appearance in

different animals. Those of the blooded Vivipara

which have front teeth in both jaws have one

stomach ; e.g. man, the dog, the lion, and the other

polydactyls ; so also those that have solid hoofs,

e.g. the horse, the mule, the ass ; and those which

although they are cloven-hoofed have front teeth

in both jaws, e.g. the pig. These rules apply unless

the size of the frame and the character of the food
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modify them : for instance, if the food is thorny and
woody and therefore not easy to concoct, in which
case the animal has several stomachs, e.g. the camel

;

so also have the horned animals, as they have not front

teeth in both jaws. Thus also the camel has not the
two rovs of front teeth either, although it has no
horns ; this is because it is more necessary for the
camel to have several stomachs than to have all these
front teeth. So, as it resembles the animals which
lack the upper front teeth in that it has several

stomachs, therefore the arrangement of its teeth

is that which normally accompanies the multiple

stomachs : in other words, it lacks these front teeth,

as they would be no use to it. And also, as its food
is thorny, and as the tongue has of necessity to be
of a fleshy character, Nature has made use of the
earthy matter saved from the missing teeth to make
the roof of the mouth hard. Again, the camel
ruminates as the horned animals do, because it has

stomachs that resemble theirs. Every one of the

horned animals (such as the sheep, the ox, the goat,

the deer, and the like) has several stomachs ; and the

purpose of them is this : Since the mouth is deficient

in teeth, the service vhich it performs upon the food

is deficient ; and so one stomach after another

receives the food, Avhich is quite untreated when it

enters the first stomach, more treated in the next,

completely treated in the next, and a smooth pulp

in the next. And that is ^v\^y these animals have

sevei'al such places or parts, the names of which are

(1) the paunch (rumen), (2) the net or honeycomb-bag
{reticulum), (3) the manyplies (oviasum), (4) the reed"

{abomasum). For the relation of these to each other

<• Or, true stomach.
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as regards position and appearance, the Researches
upon Animals " and the treatises on Anatomy should be
consulted.

The same reason as has just been described accounts
for the difference which presents itself in birds in the
part which receives the food. Birds, like the other
animals, do not get the full service from the mouth in

dealing with the food—since they have no teeth at

all, and they have nothing with which to bite up or

grind down the food ; and so some of them have,

before the stomach, what is called the crop, to per-

form the work instead of the mouth. Others have
a broad oesophagus ; or their oesophagus has a
bulge in it, just before it reaches the stomach, in

which they keep a preliminary store of untreated

food ; or some part of the stomach itself sticks out.

Others have a strong and fleshy stomach * which
is thus able to store the food up for a long period

and to concoct it although it has not been ground
down ; thus Nature makes up for the deficiency of

the mouth by means not only of the heat of the

stomach but also by its special character. Other
birds have none of these devices, but a long crop,"

because their food is moist : these are the long-legged

marsh birds. The reason for this is that the food

which all of these take is easily ground doAvn, and
the result is that the stomachs of birds of this sort

are moist [owing to the unconcocted and moist state

of the food].

The tribe of fishes have teeth : practically all have

saw-teeth. There is one small group to which this

does not apply, e.g. the Scarus,** as it is called, and

it seems reasonable to suppose that this is why

<* The parrot-fish ; see above, 662 a 7.
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it alone ruminates, for horned animals which have no
teeth in the upper jav also ruminate. All teeth in fish

are sharp ; this enables them to bite up their food,

though somewhat unsatisfactorily ; this is because
they cannot spend long over mastication ; hence
they neither have flat teeth nor may they grind
the food down ; therefore it would be idle to have
the teeth. Furthermore, some fishes have no gullet

at all, others have a short one ; but, in order to as-

sist the process of concoction, some of them, like the
Kestreus," have fleshy stomachs, similar to those of

birds ; the majority, however, have a large number
of appendages ** by the side of the stomach, in which
to store up the food as it might be in additional cellars

and there putrefy it up and concoct it. The ap-

pendages of fishes are, hoAvever, quite different from
those of birds. In fishes they are fairly high up
beside the stomach, whereas vhen present in birds

they are doAvn below at the end of the gut. Some
of the Vivipara also have appendages ** of this latter

kind, and their purpose is the same.

The whole race of fishes is gluttonous for food,

because their equipment for reducing it is defective,

as a result of which most of it passes through un-

concocted. Of all, those which have a straight intes-

tine are especially gluttonous, since the food passes

through quickly, which means that their enjoyment

of it is brief, and therefore in its turn the desire for

food must come on again very quickly.

I have already said that in animals with front

teeth in both jaws the stomach is small. These

stomachs fall into two main classes. Some have a

stomach resembling that of the dog, some that of
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the pig. The pig's stomach is larger than the dog's,

and it has some folds of medium size, so as to prolong
the time of concoction. The dog's is small in size

—

not much bigger indeed than the gut, and its inner
surface is smooth. The gut has its place next after

the stomach in all animals. Like the stomach, this

part too presents many various forms. In some
animals it is simple and similar throughout its

length, when uncoiled ; in others it is not similar

throughout. Thus, in some it is wider near the
stomach, and narrower towards the end (that is why-

dogs find difficulty in discharging their excrement) ;

in the majority, however, it is narrower at the tojj,

and wider at the end.

In the horned animals, the intestines are longer and
have many convolutions ; and their bulk (as well as

the bulk of the stomach) is greater, owing to the size

of the animal : horned animals being, on the whole,

large in size because of the ample treatment which
their food receives. Except in those animals where
it is straight the intestine gets wider as it proceeds,

and they have what is called the colon and the

blind and swollen part of the gut '^
; and then after

that point it gets narrower again and convoluted.

After this, it goes on in a straight line to the place

where the residue is discharged ; and in some this

part (which is called the anus) is supplied vith fat, in

others it is devoid of fat. All these parts have been
devised by Nature to suit their appropriate functions

in treating the food and in dealing with the residue

produced. As the residue proceeds on its way and goes

downwards, it finds a wider space where it remains

in order to undergo transformation ; this is what

" The caecal dilatation.
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happens in the animals which need and take more
food oving either to their size or to the heat of these
parts of the body. After this, just as it goes into a
narrower part of the intestine after it leaves the upper
gut," so also it goes into a narrover channel after

the colon or wide part of the gut,^ and into

the spiral coil ; into these the residue passes when
its juices have been completely exhausted. In this

vay Nature is enabled to keep the material in store,

and the residue is prevented from passing out all at
the same moment.

In those animals, hovever, which have to be more
controlled in their feeding, there are no great wide
spaces in the lover gut, but their intestine is not
straight, as it contains many convolutions. Spacious-

ness in the gut causes a desire for bulk of food, and
straightness in the intestine makes the desire come
on again quickly. Hence, animals of this sort are

gluttonous : those with simple receptacles eat at very

short intervals of time, those with spacious ones eat

very large quantities.

Since the food in the upper gut, when it has just Jejunum,

entered, must of necessity be fresh, and when it

has proceeded further downAvards must have lost its

juices and be practically dung, the organ Avhich lies

betveen the two must of necessity be something
definite, in which the change is effected, where food

is no longer fresh and not yet dung. Therefore all

animals of this sort have what is called the jejunum,

which forms part of the small intestine, which is next

to the stomach. That is to say, it has its place

between the upper gut, where the unconcocted

food is, and the lower gut, Avhere the now useless

residue is. All these animals have the jejunum, but
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two receptacles do not bulge, and so the jejunum is visible

;

and though after the animal has fed you might expect to see

the jejunum, because it should be full of food which is being
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it is apparent only in the larger ones, and in them
only when they are fasting, not when they have
recently been eating, for Avhen they are fasting, there
is an interspace between the two receptacles, whereas
vhen they have been eating, the time taken by the
change is short.** In females the jejunu7)i can have its

place in any part of the upper intestine ; in males
it is placed immediately before the caecum and the
lower gut.

XV. What goes by the name of Rennet is present Rennet

in all animals which have a multiple stomach ; the
hare is the only animal with a single stomach which
has it. In the former class the rennet is not in the

paunch ^ nor in the reticulum, nor in the abomasum (the

last of the stomachs) ; but in the stomach between
the last one and the first ones, i.e. the so-called

omasum (manyplies)." All these animals have rennet

because their milk is so thick ; similarly, the single-

bellied animals have no rennet, because their milk

is thin. This also explains why the milk of horned
animals coagulates, while that of the hornless does

not. As for the hare, it has rennet because it feeds

on herbs with fig-like juice ; and this juice can

coagulate the milk in the stomach of sucklings. I

have stated in the Problems^ why, in the animals

that have many stomachs, the rennet is formed in

the manypUes.

transmuted inside it (see above, 675 b 32), it is not visible,

because the change is eifected so rapidly.
'' Lit. " the great stomach."
•^ See above, 674 b 14 if.

* No such reference can be found.
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BOOK IV

What has been said already on the subject of the
viscera, the stomach, and each of the other parts

mentioned, apphes to the footless creatures (such as

the Serpents) as well as to the oviparous quadrupeds.
Indeed, the Serpents are akin to these : for a serpent
is like a long and footless lizard. A third class in

vhich all these parts are similar is the Fishes : the
only difference is that the first two classes are land-

creatures and therefore have a lung, vhereas fishes

have no lung but gills instead. Fishes have no
bladder, nor has any of these creatures (except the

tortoise) ; the reason is that they drink little (because

their lung is bloodless), and the moisture in them
is diverted to the horny scales, just as in birds it is

diverted to the feathers. And in all these creatures,

as in birds, the residue " is Avhite on the surface,

since in those animals that have a bladder, Avhen the

residue has been voided an earthy salt deposit

settles in the vessels, the sweet and non-briny por-

tion, oving to its lightness, being used up upon the

flesh.

The Vipers have the same peculiarity among the

Serpents as the Selachia have among the Fishes.

Both of them are externally viviparous, though

they first produce their ova internally. All these

" See Introduction, pp. 32 ff.
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creatures have one stomach only, as do the other

animals that have front teeth in both jaws. And
their viscera are quite small, as are those of the

other creatures which have no bladder. However,
on account of the shape of the serpents' bodies,

which is long and narrow, the shape of their viscera

too is consequently long, thus differing from those

of other animals. This is because the shape of them
is fashioned, as though in a mould, on account of the

space available for them.
All blooded animals have an omentum, a mesen-

tery, and the Avhole intestinal equipment ; also a dia-

phragm and a heart ; and all but the fishes have a

lung and a vindpipe too. The relative positions of

the windpipe and the oesophagus are the same in all

of them. The reasons for this have been given

already."

II. The majority of the blooded animals have a Gaii-biadder

gall-bladder in addition. In some it is placed up '"^

against the liver ; in others it is separate from the

liver and placed against the intestines, indicating

that equally in these its derivation is from the lower

gut.'' This is clearest in the fishes, all of which have

one, and in most of them it is placed against the

intestines, though in some it runs along the whole

length of the intestine, like a Avoven border, as in

the Amia ; a similar arrangement is found in most of

the serpents. Hence, those vho assert that the gall-

bladder is present for the sake of some act of sensation

are wTong. They say its purpose is as follows :

—

on the one hand (a) to irritate that part of the Soul

which is around the liver, and so to congeal it "
;
and

on the other hand (b) by running free to make that

part cheerful. This cannot be true ;
because some
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animals have no gall-bladder at all, such as the horse,

the mule, the ass, the deer, and the roe ; and the
camel has no distinct gall-bladder, but what would
better be described as consisting of small biliary

vessels. There is no gall-bladder in the seal, nor

(among sea-animals) in the dolphin. Sometimes in

the same group there are some animals vhich look as

if they have one, and some as if they have none" :

This is true of the Mice ; and also of the human
species, as in some individuals the gall-bladder is

placed against the liver and is obvious ; while in some
it is missing. The result of this has been a dispute

concerning the group as a whole. Whatever an

observer has found to be the condition of the indi-

viduals he happens to have seen, that he holds is true

of every individual throughout the group. The same
has occurred vith regard to sheep and goats, most of

which have a gall-bladder ; but, whereas in some
Individuals it is so large that its excessive size is

portentous (e.g. in Naxos), in others it is entirely

absent (e.g. in a particular district of Chalcis, Euboea).

A further point, already mentioned, is that in fishes

the gall-bladder is separated from the liver by a good
distance. Moreover, it is safe to say that Anaxa-

goras's school is wTong in holding that the gall-bladder

is the cause of acute diseases : they say that when it

gets too full it spurts its liquid out into the lung and

blood-vessels and sides. This must be vvTong, because

nearly everyone who suffers from these affections

actually has no gall-bladder, and this would be proved

if they were dissected. Besides, there is no com-

parison between the amount of bile which is present

in these ailments and that which is emitted from the

gall-bladder. No ; it seems probable that, just as the
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bile elsewhere in the body is a residue or colliques-
cence, so this bile around the liver is a residue
and serves no purpose—like the sediment pro-
duced in the stomach and the intestines. I agree
that occasionally Nature turns even residues to
use and advantage, but that is no reason for trying
to discover a purpose in all of them. The truth is

that some constituents are present for a definite

purpose, and then many others are present of
?iecessitij in consequence of these.

We may say, then, that in animals vhose liver is

healthy in its composition, and in which the blood
that supplies the liver is sweet, there is either no
gall-bladder at all by the liver, or else the bile is in

tiny vessels, or else in some these are present and in

some not. This is \vhy the livers of gall-bladderless

animals are, generally, of a good colour and sweet

;

and in those that have a gall-bladder the part of the
liver immediately below it is verv sweet. But in those

animals which are formed out of blood which is less

pure, the bile is the residue of this ; since " residue
"

means that which is the opposite of " food," and
" bitter " the opposite of " sweet "; and healthy blood

is SAveet. So it is evident that bile exists for no de-

finite purpose, but is merely an offscouring. So that

Avas an extremely neat remark which find made
by some of the old authors, when they say that if you
have no gall in you your life will be longer. This

was a reference to animals with uncloven hoofs and
to deer, which have no gall-bladder, and are long-

lived. And also, certain other animals are long-hved,

such as the dolphin and camel, which, though un-

observed by them, have no gall-bladder. After all,

the liver is vital and indispensable for all blooded
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animals, and so it is quite reasonable to hold that the
condition of it controls the length of its owner's life.

And it is equally reasonable to hold that the liver

produces a residue such as the bile although none of

the other viscera does so. Take the heart : no such
humour as bile could possibly come near the heart,

because the heart cannot withstand any violent

affection. Of the other viscera none is indispensable

to an animal, except the liver only, and that is why
this phenomenon occurs in connexion Avith the liver

exclusively. And it would be absurd to say that

phlegm and the sediment produced by the stomach
are residues when found in some places but not in

others ; and clearly the same applies to bile : its

locality makes no difference.

We have now spoken of the gall-bladder, and we
have shovn why some animals have it and why some
have not. III. It remains to speak of the Mesentery
and of the Omentum. These are in the same region

and close to the parts we have just described.

The Omentum is a membrane, formed of suet Omentum,

or lard according to the animal in Avhich it is. (We
have already stated vhich animals contain suet and

which lard.) " Whether the animal has one stomach

or many, the Omentum is always fastened to the

middle of the stomach, on the line marked on it like a

seam ; and it covers the rest of the stomach and most

of the intestines. This is so in all blooded creatures,

land- and water-animals alike.

As for the necessary * formation of this part, it

occurs as follows. When a mixture containing solid

substance and fluid is warmed up, the surface of

it always becomes skin-hke and membranous ; and

• At 651 a 26 ff. * See Introd. p. 22.
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the place where the Omentum is is full of nutriment
of this very sort. Furthermore, Oving to the thick-

ness of the membrane, that portion of the blood-like

nutriment which percolates through it must of neces-

sity be fatty, because that is the finest in texture

;

and then owing to the heat in that part it will be
concocted and so become suet or lard instead of some
fleshv or blood-like substance. This, then, is the way
in which the formation of the Omentum occurs.

Nature, however, turns the Omentum to advantage in

the concoction of the food, so as to enable the animal

to concoct its food more easily and more quickly ;

for the Omentum is fat ; fat things are hot, and hot

things aid concoction. For this reason, too, the

Omentum is fastened to the middle of the stomach

;

since as regards that part of the stomach which is

beyond, the liver which is close by it assists it in

concoction. So much for the Omentum.
IV. What is called the Mesentery is also a mem- Mesentery.

brane ; and it extends continuously from the line of

extension of the intestines as far as the Great Blood-

vessel and the Aorta. It is full of blood-vessels,

which are many in number and closely packed

together ; and they extend from the intestines as

far as the Great Blood-vessel and the Aorta. We
shall find, as with the other parts, that the develop-

ment and formation of the Mesentery is the result

of necessity. As for its purpose in the blooded animals,

that is clear enough to those who consider. Animals

must of necessity take in nutriment from without

;

and, again, out of this the " ultimate nutriment

"

has to be made ; and from this store the supply is

distributed directly to the parts of the body. (In

blooded animals this is called blood ; there is no
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special name for it in the others.) Now there must
be some passage or passages (as it might be roots)

through which this nutriment shall pass from the

stomach to the blood-vessels. The roots of plants

are of course in the ground, because that is the

source from which plants get their nutriment. For

an animal, the stomach and the intestines correspond

to the ground, the place from which the nutriment

has to be derived. And the Mesentery exists to

contain these vessels, corresponding to roots ; they

pass through the inside of it. This completes my
account of its Final Cause. As for the means by
which the nutriment is taken up, and the way in

which that portion of the ultimate nutriment which

is distributed into the blood-vessels reaches all the

parts of the body through them, these points will

be dealt with in the treatises on the Generation of
Animals and on Nutrition.

I have now described the blooded animals as far

as concerns the parts that have been dealt vith, and

also the causes that are responsible. It remains,

and would follow after this, to speak of the organs

of generation, by Avhich male and female are dis-

tinguished. But as we shall have to deal Avith

generation itself, it is more appropriate to speak of

these organs in our consideration of that subject.

V. The animals called Cephalopods and Crustacea ^^^*'*p'•

are very different from the blooded ones. First of all, bloodless

they have no visceral structure at all. This is true animals.

of all the bloodless creatures, in Avhich are included

beside Cephalopods and Crustacea two other groups,

the Testacea and the Insects. This is because none

of them has blood, which is the material out of which
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viscera are made ; and the reason for this is that a
condition of this sort is part of their being : the fact

that some animals are blooded and some bloodless

will be found to be included in the logos " which
defines their being. Further, we shall see that none
of those purposes for whose sake blooded animals

have viscera operate in these other creatures : they
have no blood-vessels and no bladder, they do not

breathe : the only organ they must necessarily have
is the counterpart of the heart, since the sensitive

part of the Soul and the original cause of life is always
situated in some place which rules the body and its

parts. Also, they all have of necessity the parts

adapted for dealing with food and nuti-ition ; but the

manner of these varies according to the places where
they take their food.

The Cephalopods have two teeth around what is

called their mouth ^
; and inside the mouth, instead of

a tongue, they have a fleshy object, by means of

Avhich they discriminate the savour of things to eat.

Likewise, the Crustacea have these front teeth and

the fleshy counterpart of the tongue. The Testacea

all have this latter part, too, for the same reason that

blooded animals have a tongue, viz. to perceive the

taste of the food they eat. Similarly, too, the Insects

have, some of them, a proboscis which comes out

from the mouth, as ^vith the Bees and Flies (this has

been mentioned earlier <=) ; and the ones Avhich have no

sharp protrusion in front have a part such as this

inside the mouth, as Ants, and the like. Some of

these creatures have teeth, though somewhat differ-

ent from ordinary teeth (as the Flies,** and Bees) ;

« At 661 a 21 ; cf. Hist. An. 528 b 28.
** Or " Ants " (translating Meyer's emendation).
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others have no teeth at all : these are the creatures

whose food is fluid. Indeed, in many of the insects

the purpose of the teeth is not mastication of food at

all, but for use as weapons.
Of the Testacea, as we stated in the opening treat-

ise,° some have a very strong tongue (so-called) ; and
the Sea-snails actually have two teeth as well, like the

Crustacea. In the Cephalopods there is a long gullet

next after the mouth, and contiguous to that is a

crop like a bird's. Continuous with this is the

stomach, then immediately the intestine, which is

simple and reaches to the vent. In the Sepias and
Octopuses these parts round the stomach are similar

both in shape and in consistency. The creatures called

Calamaries, like the others, have the two gastric

receptacles,'' but the first of them is less like a crop ;

and they differ in shape from the organs of the

previous classes, and that is because their bodies are

composed of softer flesh throughout.

These creatures have these parts arranged in this

way for the same reason that birds have them : they,

like birds, are unable to grind dovn their food ; hence

the crop is placed before the stomach.

The Cephalopods, for the sake of self-defence and

self-preservation, have Avhat is called their Ink. This

is contained in a membranous bag which is attached

to the body, and comes to an end in an outlet where

the residue from the stomach is discharged by the so-

called funnel. This is on the under side of the body.

All the Cephalopods have this pecuHar part, but it is

most remarkable in the Sepia, as well as the largest

in size. When the Sepia is frightened and in terror,

« At Hist. An. 528 b 30 if.

* Viz. the crop and the stomach.
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it produces this blackness and muddiness in the
water, as it were a shield held in front of the body.
Now the Calamaries and Octopuses have this ink-bag
in the upper region of the body, quite near the mytis°",

whereas in the Sepia it is lower down, against the

stomach, since it has a larger supply because it uses

it more. This circumstance is due (1) to its living

near the land and (2) to its having no other means of

defence—nothing like the Octopus, for instance, which
has its tAvining feet, Avhich are useful for this purpose

;

it can also change its colour, and it does so (just as

the Sepia emits its ink) when put in fear. Of all

these, only the Calamary lives well out at sea and gets

protection thereby. Hence, compared with it, the

Sepia has a larger supply of ink ; and because this is

larger, it is lower in the body, as it is easy for it to be

emitted even to a considerable distance when the

supply is great. The ink is earthy in its nature, like

the white deposit on the excrement of birds, and it is

produced by these creatures for the same reason

—

they, like birds, have no urinary bladder ^
; so the

earthiest matter is excreted into this ink, especially

in the Sepia, for the Sepia contains an exceptionally

large amount of earthy matter. An indication of

this is its bone, which is earthy. The Octopuses do

not have this bone, and in the Calamary it is cartila-

ginous and slight. (VVe have said why some of these

animals have this part and why some have not, and

what in each case its character is.)

These animals, as they have no blood, are cold and

hable to take fright. While in some other animals

fear causes a disturbance of the stomach, and in some

the discharge of residue from the bladder, in these

creatures its effect is to make them discharge their

321



ARISTOTLE
679a

^ ^ ,€ e/c€€, 8e -
80 €." , €-, €, €

,

, , '

35 [ ]^•, '
679 b ,' ^-

.", ' -
5. -, ', -?, , ',,, '
10 ' , ^, ' •. '

^ seclusit Rackham.

322



PARTS OF ANIMALS, IV. v.

ink ; and though this is an effect due to necessity,

like the discharge of urine in the others, yet Nature
makes good use of this residue at the same time
for the animal's defence and preservation.

The Crustacea as well, that is, both the Crabs and
the Caraboids, have the two front teeth, and between
the teeth they have the tongue-like flesh, as has
already been stated ^

; and immediately next to the
mouth they have a gullet which is quite small com-
pared with the animal's size ; and immediately after

that the stoniach ; and on this the Carabi and some
of the Crabs have another set of teeth, since the

upper ones do not masticate the food sufficiently.

From the stomach a simply formed intestine runs

straight to the vent where residues are discharged.

These parts are present in every one of the Testacea

as well, more distinct in some, less in others. They
are more clearly marked in the larger animals.

Take the Sea-snails. These have (1) as stated al-

ready, the teeth, which are hard and sharp, (2) the

fleshy object in between them, similarly to the

Crustacea and Cephalopods ; (3) the proboscis, as

already mentioned,'' something between a sting and

a tongue ; (4) immediately after the mouth is a sort

of bird's crop, and (5) after that the gullet ; (6) con-

tinuous with that is the stomach, and (7) in the

stomach is what is kno\vn as the mecon"; and (8) at-

taching to this is an intestine : this intestine begins

directly from the mecon. This residue (the mecon)

appears to be the most tasty piece in all the Testacea.

The other creatures that have spiral shells (e.g. the

« At 678 b 10.

" At 661 a 15 ff.

* The hepatopancreas or liver ; see above, 679 a 9.
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Purpuras and the Whelks) are similar to the Sea-
snails in structure.

There are very many genera and species of Tes-
tacea. Some have spiral shells, like the ones just
mentioned ; some are bivalves, some univalves. In
a way, the spiral shells resemble the bivalves, as they
have, all of them, from birth, a covering" over the
exposed part of their flesh, e.g. the Purpuras, the
Whelks, the Nerites, and the whole tribe of them.
This covering serves as a protection ; for in any place
where the animal has no shell to protect it, it could

quite easily be injured by the impact of external

objects. The univalves' means of preservation is this

:

they cling to some object, and have their shell on the
upper side ; so they become in a way bivalves in

vii-tue of the borrowed protection afforded by the
object to Avhich they cling. Example, the Limpets.
The bivalves proper (e.g. Scallops and ^lussels) get
their protection by closing themselves up ; the spiral-

shelled creatures by the covering I mentioned, which,

as it were, turns them from univalves into bivalves.

The Sea-urchin has a better defence system than any
of them : he has a good thick shell all round him,

fortified vith a palisade of spines. As I stated pre-

viously, the Sea-urchin is the only one of the Testacea

which possesses this peculiarity.

The natural structure of the Crustacea and of the

Testacea is the reverse of that of the Cephalopods.

The latter have their fleshy part outside, the former

have the earthy part outside and the fleshy inside.

The Sea-urchin, however, has no fleshy part at all.

All these parts, as described—mouth, tongue-like

object, stomach, vent for the residue—are present

in the rest of the Testacea too, but they differ in
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their position and size. For the details of these, con-
sult the Researches upon Animals'^ and the Dissections.

Some points are better explained by inspection ** than
in Avords.

The Sea-urchin and the genus of Ascidians are
peculiar among the Testacea. The Sea-urchin has
five teeth,'' and between them it has the fleshy sub-
stance (the same as in all the above-mentioned
creatures) ; after that, the gullet, after that, the
stomach, which is divided into several compartments,
so that the animal seems to have several stomachs.
But although they are separated from each other and
are full of residue, they all spring from the gullet and
they all terminate in the residual vent. Apart from
the stomach, these creatures contain no fleshy sub-

stance, as I have said. They have, however, what
are called ova '^

; there are several of them and each

is in a separate membrane ; and scattered at random
round the body, beginning from the mouth, are

certain black objects," which have no name. There
are several kinds of Sea-urchin, and in all of them
these parts are present. Not all, however, have
edible•'^ ova, and, except in the common «' varieties,

they are quite small. There is a similar distinction

among the other Testacea : the flesh is not equally

edible in all of them, and in some of them the residue

(the so-called mecon) is edible, in others not. In the

spiral shells, the mecon is in the spiral, in univalves

^ These are really ovaries (or testes) : gonads.
' These may be the ambulacral vesicles, but the identifica-

tion is not certain.
^ See the story of the Spartan in Athenaeus iii. 41.

" The word translated " common " may mean " living near

the surface."
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For a most interesting discussion of this and kindred matters
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(like limpets) it is in the tip ; in bivalves it is near
the hinge. In the bivalves the so-called ovum is on
the right-hand side, and the residual vent on the left.
" Ovum " is a misnomer ; actually it corresponds to
fat in blooded creatures when they are in good con-
dition ; and that is why it appears only in spring and
autumn, which are the seasons when they are in good
condition. In great cold and great heat all the
Testacea are hard put to it ; they cannot endure in-

ordinate temperatures. The behaviour of the Sea-
urchins is a good illustration of this : they have ova
in them as soon as they are born, and at the time of
full moon these increase in size ** ; and this is not, as

some think, because the creatures eat more then, but
because the nights are Avarmer OAving to the moon-
light. These creatures have need of the heat because
they are bloodless and therefore adversely affected

by cold. That is why they are in better condition

during the summer, and this is true of them in all

localities except the strait of Pyrrha,^ where they
flourish equally well in winter, and the reason for this

is that in winter they have a more plentiful supply of

foodstuff, due to the fish leaving the district at that

season.

The Sea-urchins all have the same number of ova

—

an odd number, five, identical with the number of

teeth and stomachs vhich they have. This is ac-

counted for by the " ovum " not being really an ovum
(as I said before) but simply a result of good nourish-

ment. The " ovum " is found in Oysters too, though

see H. M. Fox, Selene, especially pp. 35 ff., and id. Proc.

Roy. Soc. B., 1923, 95, 523.
" In Lesbos, leading to the lagoon, one of Aristotle's

favourite hunting-grounds : see Hist. An. 544 a 21 (sea-

urchin), 548 a 9, 603 a 21, 621 b 12. Cf. Gen. An. 763 b 2.
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on one side of the body only ; it is the same as that of
tlie Sea-urchin. Now the Sea-urchin is spherical,

and is not just one flat disk hke the Oysters ; thus,

being spherical, it is not different shapes in different

directions, but equiform in all directions ; hence of
necessity its " ovum " is correspondingly arranged,
since this creature's perimeter is not, as in the others,

non-equiform " : they all have their head in the
centre, whereas the Sea-urchin's is at the top.

Yet even so the " ovum " cannot be continuous,

since no other of the Testacea has it thus ; it

is always on one side of the disk only. Hence,
since this is a common property of all species

of Testacea, and the Sea-urchin is peculiar in having
a spherical shape, the result follows of necessity that

the Sea-urchins cannot have an even number of ova.

If they were even, they would have to be arranged in

diametrically opposite positions, because both sides

would have to be alike, and then there would be ova
on both sides of the circumference ; but this arrange-

ment is not found in any of the other Ostreae ; both

Oysters and Scallops have ova on one side only of

their circumference. Therefore there must be three,

or five, or some other odd number of ova in the Sea-

urchin. If there were three, they would be too far

apart ; if more than five, they would be quite con-

tinuous ; the former would not subserve a good
purpose, the latter is impossible. Therefore the

Sea-urchin must of necessity have five ova.

For the same cause the creature's stomach is cloven

into five and it has five teeth. Each of the ova, being,

as it were, a body belonging to the creature, must
conform to the general character of the stomach,

• That is, it is circular in all planes, not in one only.
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because growth has its origin from the stomach.
Now if there were only one stomach, either the ova
would be too far a>vay from it, or the stomach would
entirely fill up the cavity, which would make it

difficult for the Sea-urchin to move about and to find

sufficient food to replenish itself. But, as it is, there
are five ova separated by five intervals, and so there
must be five departments of the stomach, one for

each interval. For the same reason there are five

teeth, since this enables Nature to assign one tooth
alike to each ovum and each department of the
stomach.

I have now stated why the Sea-urchin has an odd
number of ova, and why it has five of them. Now
some Sea-urchins have quite small ones, and some
large : the reason for this is that the latter have a

hotter constitution, and the heat enables them to

concoct their food better. This explains \vhy the

uneatable ones tend to be full of residue. This

natural heat also induces the creatures to move about,

and so instead of remaining settled in one place they

keep on the move as they feed. An indication of

this is that Sea-urchins of this sort always have some-
thing sticking on to their spines (which they use

as feet),* which suggests that they are continually

moving about.

The Ascidians ^ differ very little in their nature from

plants, but they are more akin to animals than the

Sponges are, which are completely plants. Nature

passes in a continuous gradation from lifeless things

to animals, and on the way there are Hving things

which are not actually animals, with the result that one

class is so close to the next that the difference seems

infinitesimal. Now a sponge, as I said just now, is in
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all respects like a plant : it lives only while it is

growing on to something, and when it is pulled off it

dies. What are called Holothuria and the Sea-lungs"
and other similar sea-animals differ only slightly

from the sponges in being unattached. They have
no power of sensation, but they live just as if they
were plants unattached to the soil. Even among
land-plants such instances exist : hving and groving
either on other plants or quite unattached : for

example, the plant found on Parnassus, sometimes
called the Epipetron (Rockplant). If you hang this

up on the pegs^ it vill keep alive for a consider-

able time. Sometimes it is doubtful Avhether these

Ascidians and any other such group of creatures

ought to be classed as plants or as animals : In so far

as they live only by growing on to some other object

they approach the status of a plant ; but yet they
have some fleshy substance and therefore probably

are capable of sensation of a kind.

This particular creature (the Ascidian) has two
orifices and one septum ; by one orifice it takes in fluid

matter for food, by the other it discharges the surplus

moisture ; so far as can be seen it has no residue like

the other Testacea. And as no plant ever has any
residue this is a strong justification for classing it

(and any other such animal) as a plant. Through its

middle there runs a thin partition, and it is reason-

able to suppose that the governing and vital part of

the creature is situated here. As for what are called

Knides or Acalephae,'' they are not Testacea, it is

true, but fall outside the defined groups. In their

nature they inchne t0vards the plants on one side

Those common to the Mediterranean are more virulent in

their stinging powers than those of the north.
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and the animals on the other. Towards the animals,

because some of them detach themselves and fasten

upon their food, and are sensible of objects that come
up against them ; and also because they make use
of the roughness of their body for self-preservation.

Towards the plants, because they are incomplete,
and quickly attach themselves to rocks ; and further,

because they have no residue that can be seen,

though they have a mouth. The group of Starfish

resembles these creatures ; Starfish too fasten on to

their food, and by doing this to oysters suck large

numbers of them dry. But Starfish also resemble
those unattached creatures of which we spoke, the

Cephalopods and the Crustacea. The same may be
said of the Testacea.

The parts connected with nutrition are such as I

have now described. These must of necessity be
present in all animals. But there is yet another part

which every animal must have. These creatures must
have some part which is analogous to the parts

which in blooded animals are connected with the

control of sensation. In the Cephalopods this con-

sists of a fluid contained in a membrane, through

which the gullet extends towards the stomach. It is

attached to the body rather towards the upper " side.

Some call it the myt'is. An organ just like this, also

called the mytis, is present in the Crustacea. This

part is fluid and corporeal at the same time. The
gullet, as I said, extends through the middle of it.

If the gullet had been placed between the mytis and

the dorsal side, the gullet not have been able

to distend sufficiently when the food enters, owing to

the hardness of the back. The intestine is placed up

against the outer surface of the mytis, and the ink-bag
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up against the intestine ; this is to ensure that it and
its unpleasantness are kept as far as possible from the
body's entrance and from the sovereign and most
noble part. The mytis occupies a place vhich corre-

sponds exactly with that of the heart in blooded
creatures : which shows that it is the counterpart of
it." Another proof of this is that the fluid in it is

sweet—that is, it has undergone concoction and is of
the nature of blood.

In the Testacea the part which rules sensation

occupies the same place but is not so easy to pick out.

But this source of control should always be looked for

around some middle position in these creatures : in

stationary ones, in the midst between the part which
receives the food and the part where the seed or the

residue is emitted ; and in those which move about,

always midway between the right side and the left.

In insects the part where this control is placed, as

was said in the first treatise,^ is situated between the

head and the cavity where the stomach is. In the

majority there is one such part, but in creatures like

the Centipede, that is, which are long in the body,
there are more than one : so if the creatures are cut

up they go on living. Now Nature's desire is to make
this part a unity in all creatures, and when she can,

she makes it a unity, when she cannot, a plurahty."

This is clearer in some cases than in others.

The parts connected with nutrition are by no means
alike in all insects ; indeed they exhibit great

differences. For instance : Some have what is

knovn as a sting inside the mouth—a sort of com-
bination of tongue and lips,—which possesses the

" The heart of invertebrates escaped the notice of Aristotle.

» At Hist. An. 531 b 34. ' Cf. 667 b 22 ff.
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character of both. Those that have no sting in front
have a sense-organ of that sort behind the teeth.

After the mouth, in all insects comes the intestine,

which is straight and simple right up to the residual
vent. (Sometimes, however, it has a spiral in it.)

And some there are Avhich have the stomach next
after the mouth, while from the stomach runs a
twisted intestine ; this gives the bigger and more
gluttonous insects room for a larger amount of food.

Of all these creatures the grasshoppers are the most
peculiar. In them the mouth and tongue are united
so as to make one single part, and through this they
draw up their nourishment from fluid substances as

through a root. All insects take but little nourish-

ment ; and this is not so much because they are

small as because they are cold. (Heat needs nourish-

ment and quickly concocts it ; cold needs none.)

This is most marked in the grasshoppers. They find

sufficient nourishment in the moisture which the air

deposits ; so do the one-day creatures Avhich occur

around the Black Sea. Still, they live only for the

space of a day ; whereas the grasshoppers live for

several, though not many, days.

Now that we have spoken of the internal parts of

animals, we must go back and deal with the remainder

of the external parts. We had better begin with the

creatures of which we have just been speaking, and
not go back to the point Avhere we left the external

parts. This will mean that we take first those which

need less discussion, and that will give more time for

speaking of the " perfect " animals, i.e. the blooded

ones.

VI. Insects first, then. Though their parts are not external

numerous, insects differ from one another. They all ^^^
34-1
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have numerous feet ; this is in order to make their («) insects.

motion quicker, and to counteract their natural slow-

ness and coldness. Those which are most subject to

coldness owing to their length (e.g. the Centipedes)

have the greatest number of feet. Furthermore,

these creatures have several sources of control ; and
on that account they have the " insections " in their

bodies, and the numerous feet which are placed in

precise correspondence.

Those that have fewer feet are winged by way of

compensation. Some of these flying insects live a

wandering life and have to go abroad in search of

food ; so they have a light body and four wings, two
on either side ; such are the bees and the kindred

tribes. The small ones have only two wings all told

—like the flies. Those that are heavy and sedentary

in their habits have the larger number of wings like

the bees, but they have shards round their wings

(e.g. the Melolonthae" and similar insects) to preserve

them in their proper condition ; for, as these creatures

are sedentary, their Avings are more liable to be

destroyed than those of the nimbler insects ; and

that is why there is this protection round them.

An insect's wing is not divided, and it has no shaft.

In fact, it is not a wing at all, but a membrane of skin,

which being dry detaches itself of necessity from the

creature's body as the fleshy part cools off.

I have already stated some reasons vhy these

creatures have " insected " bodies : there is another,

viz. it is so that they may curl up and thus escape

injury and remain safe. It is the long ones that roll

themselves up, and this would be impossible for them

if they were not insected. Those that do not roll up

« Perhaps cockchafers (Ogle).
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increase their hardness by closing up the insections.

This is obvious if you touch them

—

e.g. the insects

called Canthari (dung-beetles) are frightened when
touched and become motionless, and their bodies

become hard. But also it is necessary for them to

be insected, for it is of their essential being to have
numerous sources of control ; and herein they re-

semble plants. Plants can live when they are cut

up ; so can insects. There is a difference, however,
for whereas the period of survival of a divided insect

is limited, a plant can attain the perfection of its

nature when divided, and so two plants or more come
out of one.

Some of the insects have a sting as well, for defence

against attackers. In some the sting is in front, by
the tongue ; in others it is behind at the tail-end.

Consider the elephant's trunk : this is its organ of

smell ; but the elephant uses it as a means of exert-

ing force as well as for the purposes of nutrition.

Compare with this the sting of insects : when, as in

some of them, it is ranged alongside the tongue, not

only do they get their sensation of the food by means
of it, but they also pick up the food with it and convey

it to the mouth. Those which have no sting in front

have teeth ; which some of them use for eating,

others for picking up the food and conveying it to the

mouth, as do the ants and the whole tribe of bees.

Those that have a sting at the back are fierce crea-

tures and the sting serves them as a weapon. Some-

times the sting is well inside the body, as in bees and

wasps. This is because they are Avinged, and a deli-

cate sting on the outside of the body would be easily

destroyed ; on the other hand, a thick one such as

scorpions have would weigh them down. Scorpions
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themselves, being land-creatures and having a tail,

are bound to have their sting on their tail ; otherwise

it would be no use for exerting foixe. No two-
winged insect has a sting at the rear ; these are small

weak creatures, and can be supported by a smaller

number of wings : that is why they have only two.

The same reason explains why they have their sting

in the front : owing to their weakness they cannot
well deliver a blow with their hind parts. Many-
winged creatures, on the other hand, owe their

greater number of wings to their own greater size,

and so too their hind parts are stronger and bear the

sting. It is better, when it is possible, that one and the

same organ should not be put to dissimilar uses ; that

is, there should be an organ of defence vhich is very

sharp, and another organ to act as a tongue, vhich

should be spongy and able to draw up nourishment.

And thus, whenever it is possible to employ two
organs for tAvo pieces of vork without their getting in

each other's way. Nature provides and employs two."

Her habits are not those of the coppersmith who for

cheapness' sake makes you a spit-and-lampstand

combination. Still, where two are impossible, Nature

employs the same organ to perform several pieces

of Avork.

Some insects, whose eyesight is not distinct owing

to their eyes being made of some hard substance, have

specially long forefeet, which enable them to clear

away anything that comes down on to the eyes.

Flies and bees and the like are obvious examples :

they are always crossing their front legs. These

creatures' hind legs are longer than their middle ones

for two reasons ; (1) to assist them in walking, and

(2) to lift them more easily off the ground when they
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rise in flight. This peculiarity is even more notice-

able in the leaping insects, such as locusts and the
various sorts of fleas, which first bend their hind legs

and then stretch them out again, and this forces them
to rise up from the ground. The rudder-shaped legs

which locusts have are at the rear only and not in

front ; this is because the joint must bend inwards,*

and no front limb satisfies this condition. All

these creatures have six feet, inclusive of the parts

used for leaping.

VII. In Testacea the body is not divided into (/>) Testacea.

several parts, owing to their being of stationary

habits, as opposed to creatures which move about

:

the latter are bound to have more parts to their body
because their activities are more numerous, and the

more motions of vhich a species is capable, the more
organs it requires. Now some of the Testacea are

altogether stationary : others move about but little ;

and so, to keep them safe, Nature has compassed

them about Avith hard shells. Some of them are (as I

said earlier **) one-valved, some two-valved ; and some
conical, either spiral like the Whelks, or spherical

like the Sea-urchins. The two-valved shells are

divided into (a) those which open

—

i.e. w^hich have a

joint on one side and can open and shut on the other ;

e.g. the scallops and mussels
; (6) those which are

joined together on both sides, e.g. the group of razor-

fishes. In all Testacea, just as in plants, the head is

dowTi below. The reason for this is that they take up

their food from below, as plants take it up by their

roots ; so they have their nether parts above and their

upper parts below. These creatures are enveloped

in a membrane, and through this they strain fresh-

» See note on 693 b 3, p. 433. • At 679 b 16.
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water to drink, which is their way of taking nourish-

ment. All of them possess a head, but except for

the part vhich takes in the food none of the other

parts has a special name.
VIII. All the Crustacea can walk on land as well as (c) Cru>

swim ; and hence they all have numerous feet. There "*"*"

are four main groups of Crustacea, called (l) Carabi

;

(2) Astaci; (3) Carides; and (4) Carcini." Each of

these contains several species which differ not only

in shape, but also in size, and that considerably, for

some species are large, others extremely small. The
Carcinoid and the Caraboid Crustacea resemble each

other, in both having claAvs. These claws are not for

the sake of locomotion, but serve instead of hands,

for catching and holding ; and that is why they bend
in an opposite direction to the feet, which bend and

tAvist toward the concave side, while the claws bend

toward the convex side. This makes the claws

serviceable for catching hold of the food and convey-

ing it to the mouth.
The tvo groups, Carabi and Carcini, differ in that

the former have a tail and the latter have not. The
Carabi find a tail useful because they are swimmers :

they propel themselves with it as though with oars,

A tail A\Ould be useless to the Carcini, which spend

their lives near the land and creep into holes and

crannies. Those that live out at sea and move about

but little, and Ove their safety to their shelly exterior, i

have for these reasons feet which are considerably less

effective for locomotion : examples of this are the

» Roughly, these four divisions may be represented by our

own groups, thus : (1) lobsters ; (2) crajrfish ; (3) prawns and
shrimps ; (4) crabs.
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Maiae ** (whose legs are thin) and the crabs called

Heracleotic (Avhose legs are short).

The little tiny crabs, which are found among the
catch Avith small fishes, have their hindmost feet flat,

like fins or oars, to make them useful for SAvimming.

The Carides diifer from the Carcinoids in having a
tail, and from the Caraboids just mentioned in not
having claws. Claws are absent because they have
more feet : the material for their growth has gone
into the feet. And they have more feet because they
swim about more or move about more.

As for the parts on the under '' surface around the

head, in some animals these are formed like gills so as

to let in the water and to discharge it ; the lower

parts, however, of female crabs are flatter in formation

than those of male ones, and also the appendages on

the flap are hairier. This is because they deposit

their eggs there instead of getting rid of them, as the

fishes and the other oviparous animals do. These
appendages are wider and larger and so can provide

more space for the eggs. In all the Carabi and in

all the Carcini the right claw is bigger and stronger

than the left. This is because all animals in their

activities naturally use the right side more ; and
Nature ahvays assigns an instrument, either ex-

clusively or in a better form, to those that can use it.

This holds good for tusks, teeth, horns, spurs and all

such parts which serve animals for assistance and

oiFence.

In Lobsters only, whether male or female, it is

a matter of chance which claw is the bigger. The

" Probably the spiny spider-crab.
' That is, ventral.
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reason why they have claws is because they belong
to a group which has claws ; and they have them
in this irregular way because they themselves are
deformed and use the claws not for their natural
purpose but for locomotion.

For an account of every one of the parts, of
their position, and of the differences between them,
including the differences between the male and the
female, consult the Anatomical treatises and the
Inquiries upon Animals.'^

IX. With regard to the Cephalopods, their internal (S) Cepha-

parts have already been described, as have those ^"P"•^*•

of the other animals.'' The external parts include

(1) the trunk of the body, which is undefined, and

(2) in front of this, the head, with the feet round it

:

the feet are not beyond the eyes, but are outside the

mouth and the teeth. Other footed animals either

have some of their feet in front and some at the

back ; or else arranged along the sides—as with the

bloodless animals that have numerous feet. The
Cephalopods, however, have an arrangement of

their . All their feet are on what may be

called the front. The reason for this is that their

back half is drawn up on to the front half,'' just as

in the conical-shelled Testacea. And generally,

though in some respects the Testacea resemble the

Crustacea, in others they resemble the Cephalopods.

In having their earthy material outside and their

fleshy material inside, they resemble the Crustacea ;

but as resrardinsr the formation and construction of

their body they resemble the Cephalopods— all of

controversy between G. St-Hilaire and Cuvier about unity of

type. This controversy excited Goethe more than the revolu-

tion of the same year. (Ogle.)
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them do so to some extent, but most markedly
those conical Testacea which have a spiral shell,

since both these classes have this natural struc-

ture "
; and therefore they tvalk nith an even gait,

and not as is the case with quadrupeds and man.''

Now man has his mouth placed in his head, vis. in the

upper part of the body, and after that the gullet, then
the stomach, and after that the intestine which
reaches as far as the vent where the residue is dis-

charged. This is the arrangement in the blooded
animals, i.e., after the head comes what is known as

the trunk, and the parts adjoining. The remaining
parts (e.g. the limbs at front and back) have been
added by Nature for the sake of those which I have
just mentioned and also to make movement possible.

Now in the Crustacea too and in the Insects the

internal parts tend to be in a straight alignment of

this kind ; though with regard to the external parts

Avhich subserve locomotion their arrangement differs

from that of the blooded animals. The Cephalopods
and the conical-shelled Testacea have the same

" The passage which follows has been badly corrupted by
references to a diagram which have ousted the text. The
words in italics have been translated from the Arabic version,

of which Michael Scot's Latin translation is given opposite, in

default of the original Greek. See supplementary note on

p. 432.
* This refers to their uneven progression by moving first

one side of the body and then the other. The Testacea, how-
ever, " have no right and left" (De incessu an. 714 b 9), and
their movement was evidently an awkward problem for

Aristotle. He reserves them until the very end of the De
incessu, and he has to admit that they move, although they

ought not to do so ! They move-. The mechan-

ism of their motion can be detected by the microscope, and is

known as ciliary. See also De incessu, 706 a 13, 33, Hist,

An. 528 b 9.
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arrangement as one another, but it differs completely
from that of the others, as the tail-end of these
creatures is bent right over to meet the front,

just as if I were to bend the straight line over
until the point D met the point A. Such

A C D
then, is the disposition of their internal parts.

Round them, in Cephalopods, is situated the sac (in

the Octopuses and in them only it is called the head) :

in the Testacea the corresponding thing is the conical

shell. The only difference is that in the one case
the surrounding substance is soft, and in the other
Nature has surrounded the flesh with something
hard, to give them the preservation they need ovdng
to their bad locomotion. As a result of the above-
mentioned arrangement, in both sets the residue

leaves at a point near the mouth : in the Cephalopods
under the mouth, in the conical Testacea at the side

of it.

So what we have said explains why the feet of

Cephalopods are where they are, quite differently

placed from all other animals' feet. Sepias and
Calamaries, however, being swimmers merely, differ

from the Octopuses, Avhich are walkers as well ; they

have six small feet above the teeth, and of these the

ones at each end are larger ; the remaining two out

of the total eight are dovn below and largest of

all. These creatures have their strongest feet down
below, just as quadrupeds have their strongest limbs

at the back ; and the reason is that they carry the

weight of the body and they chiefly are responsible

for locomotion. The two outer feet are larger than

the inner ones because they have to help the others
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in performing their duty. In the Octopuses, however,
the four middle feet are the biggest.

And although all these creatures have eight feet,

the Sepia's and the Calamary's are short ones, since

their bodies are large in the trunk, and the Octopus's
feet are long, because his body is small. Thus in

one case the substance which she took from the body
Nature has given towards lengthening the feet, and
in the other she has taken away from the feet and
made the body itself bigger. Hence it results that

the Octopuses have feet vhich will serve them for

walking as weW as for swimming, whereas the other

creatures' feet not do so, being small, while the

body itself is big. And inasmuch as these creatures'

feet are short, and useless for holding on tightly to

the rock in a storm when there is a strong sea running,

or for bringing to the mouth objects that are at a

distance, by way of compensation they have two long

probosces, with which during a storm they moor
themselves up and ride at anchor hke a ship ; there-

with also they hunt distant prey and bring it to their

mouths. These things the Sepias and Calamaries

do. The Octopuses have no probosces because their

feet serve these purposes. Some creatures have

suckers and tvining tentacles as Avell as feet : these

have the same character and function as vell as the

same structure as those plaited tubes which the early

physicians used for reducing dislocated fingers." They
are similarly made out of plaited fibres, and their

reduction, if you make extension of the finger both ways,

grasping the tube at one end and the wrist at the other."

The was thus a tube open at both ends. A similar

passage in Diodes ap. Apollonius of Kitium, no doubt taken

from Hippocrates, refers to " the aeipai which children plait

"

(L.C.L. iii. 453).
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action is to draw flesh and yielding substances, as
follows. First they encircle the object while they
are still relaxed ; then they contract, and by so doing
compress and hold fast the whole of whatever is in
contact Avith their inner surface.

So, as these creatures have nothing else with which
to convey objects to the mouth except the feet (in

some species) and the probosces (in others), they
possess these organs in lieu of hands to serve them
as weapons and generally to assist them otherwise.

All these creatures have two rows of suckers, except
a certain kind of Octopus, and these have only one,

because owing to their length and slimness they are

so narrow that they cannot possibly have another.

Thus they have the one row only, not because this

arrangement is the best, but because it is necessitated

by the particular and specific character of their being.

All these animals have a fin which forms a circle

round the sac. In most of them it is a closed and con-

tinuous circle, as it is in the large Calamaries (ieutki),

while in the smaller ones called teuthides it is quite

wide (not narrow as in the Sepias and Octopuses),

and furthermore it begins at the middle and does not

go round the whole \vay. They have this fin to

enable them to swim and to steer their course, and

it answers to a bird's tail-feathers and a fish's tail-

fin. In the Octopuses this fin is extremely small and

insignificant because their body is small and can

be steered well enough by means of the feet.

This brings to an end our description of the internal

and external parts of the Insects, the Crustacea, the

Testacea, and the Cephalopods.

X. we must go back and begin again with
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the blooded viviparous animals. Some of the parts
which we have already enumerated still remain to
be described, and we will take these first. This
done, we will describe similarly the blooded Ovipara.

We have already " spoken of the parts around the external

head, and what is called the neck, and the throat, bloomd
All blooded animals have a head, but in some of the animals.

bloodless ones the head is indistinct {e.g. in crabs).
'^'»•

All Vivipara have a neck, but not all Ovipara : to
be precise, only those which breathe in air from with-
out and have a lung.

The presence of the head is mainly for the sake of Head and

the brain. Blooded creatures must have a brain,

which (for reasons aforeshov^^) ^ must be set in some
place opposite to the heart. But in addition. Nature
has put some of the senses up in the head, apart from
the rest, because the blend of its blood is well pro-

portioned and suitable for securing not only warmth
for the brain but also quiet and accuracy for the senses.

There is yet a third part which Nature has disposed of

in the head, viz. the part which manages the intake

of food ; it was put here because this gave the best-

ordered arrangement. It would have been impossible

to put the stomach above the source and sovereign

part, the heart ; and it would have been impossible

to make the entrance for the food below the heart,

even with the stomach below the heart as it actually

is, because then the length of the body would be
very great, and the stomach would be too far away
from the source which provides motion and concoc-

tion. These then are the three parts for whose sake

the head exists. The neck exists for the sake of the

« At 655 b 27—665 a 25. " At 652 b 17 if.
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windpipe : it acts as a shield and keeps the windpipe
and the oesophagus safe by completely encircling

them. The neck is flexible and has a number of

Vertebrae in all animals except the wolf and the lion

whose neck consists of one bone only, for Nature's ob-

ject was to provide these with a neck that should be
useful for its strength rather than for other purposes.
The anterior limbs and the trunk are continuous Limbs, and

with the head and neck. Man, instead of forelegs relative

and forefeet, has arms and hands. Man is the only ^^^^^•

animal that stands upright, and this is because his

nature and essence is divine. Now the business of

that which is most divine is to think and to be intelli-

gent ; and this would not be easy if there were a great

deal of the body at the top weighing it do^vn, for

weight hampers the motion of the intellect and of the

general sense." Thus, when the bodily part and the

weight of it become excessive, the body itself must
lurch forvard towards the ground ; and then, for

safety's sake, Nature provided forefeet instead of

arms and hands—as has happened in quadrupeds.

All animals which walk must have two hind feet, and
those I have just mentioned became quadrupeds be-

cause their soul could not sustain the weight bearing

it dowTi. Compared with man, all the other animals

are dAvarf-like. By " dwarf-like " I mean to denote

that which is big at the top (i.e. big in the " trunk,"

or the portion from the head to the residual vent),

and small where the weight is supported and where

them all ; thus Aristotle {De somno) argues that their simul-

taneous inactivity during sleep is not a mere coincidence but

is due to the inactivity of the central perceptive faculty of

which they are differentiations. Among the functions of the
" general " sense are : discrimination between the objects of

two senses, and the perceiving that we perceive.
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locomotion is effected. In man, the size of the trunk
is proportionate to the lo\ver portions, and as a man
grows up it becomes much smaller in proportion.
In infancy the reverse is found : the upper portion is

large and the lower is small (and that is why infants

cannot walk but crawl about, and at the very be-
ginning cannot even crawl, but remain where they
are). In other words, all children are dvarfs. Now,
in man, as time proceeds, the lower portion grows :

Not so with the quadruped animals : their lower
portion is biggest at the beginning, and as time
proceeds the top portion grows (i.e. the trunk, the
portion between the head and the seat). Thus foals

are quite or almost as high as horses, and at that age a

foal can touch its head with its hind leg, but not when
it is older."^ What has been said holds good of the

animals that have solid hoofs or cloven. The poly-

dactylous, hornless animals are indeed dwarf-like

too, but not so markedly, and so the growth of their

lower portions compared Avith the upper is propor-

tionate to the smaller deficiency.

The whole groups of birds and fishes are dwarf-like

;

indeed, so is every animal with blood in it, as I have
said. This is why all animals are less intelligent than

man. Even among human beings, children, when
compared with adults, and dwarf adults when com-

pared with others, may have some characteristics in

which they are superior, but in intelligence, at any

rate, they are inferior. And the reason, as afore-

said, is that in very many of them the principle of the

soul is sluggish and corporeal. And if the heat which

« These observations are entirely correct. Cf. Ogle's

quotation ad loc. from T. H. Huxley. See also Hist. an.

500 b 26 ff.
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raises the organism up wanes still further while the
earthy matter waxes," then the animals' bodies vane,
and they will be many-footed ; and finally they lose

their feet altogether and lie full length on the ground.
Proceeding a little further in this Avay, they actually

have their principal part dovn belo\v, and finally the
part which answers to a head comes to have neither
motion nor sensation ; at this stage the creature
becomes a plant, and has its upper parts beloV and its

nether parts aloft ; for in plants the roots have the
character and value of mouth and head, whereas the
seed counts as the opposite,^ being produced in the
upper part of the plant on the ends of the twigs.

We have now stated why it is that some animals

have two feet, some many, some none at all ; why
some creatures are plants and some animals ; and
why man is the only one of the animals that stands

upright. And since man stands upright, he has no
need of legs in front ; instead of them Nature has

given him arms and hands. Anaxagoras indeed

asserts that it is his possession of hands that makes
man the most intelligent of the animals ; but surely

the reasonable point of vicAv is that it is because he
is the most intelligent animal that he has got hands.

Hands are an instrument ; and Nature, like a sen-

sible human being, always assigns an oi'gan to the

animal that can use it (as it is more in keeping to

give flutes to a man who is already a flute-player

than to provide a man who possesses flutes with the

skill to play them) ; thus Nature has provided that

which is less as an addition to that which is greater

and superior ; not vice versa. We may conclude, then,

that, if this is the better way, and if Nature always does

the best she can in the circumstances, it is not true
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to say that man is the most inteUigent animal because
he possesses hands, but he has hands because he is the
most intelbgent animal. We should expect the most
intelligent to be able to employ the greatest number
of organs or instruments to good purpose ; now the
hand would appear to be not one single instrument
but many, as it were an instrument that represents
many instruments. Thus it is to that animal (viz.

man) which has the capability for acquiring the
greatest number of crafts that Nature has given that

instrument (viz. the hand) whose range of uses is the
most extensive.

Now it must be wrong to say, as some do, that

the structure of man is not good, in fact, that it is

worse than that of any other animal. Their grounds
are : that man is barefoot, unclothed, and void of

any weapon of force. Against this we may say

that all the other animals have just one method of

defence and cannot change it for another : they are

forced to sleep and perform all their actions with

their shoes on the time, as one might say

;

they can never take off this defensive equipment of

theirs, nor can they change their weapon, Avhatever

it may be. For man, on the other hand, many
means of defence are available, and he can change
them at any time, and above all he can choose what
weapon he will have and where. Take the hand :

this is as good as a talon, or a claw, or a horn, or again,

a spear or a Svord, or any other weapon or tool :

it can be all of these, because it can seize and hold

them all. And Nature has admirably contrived the

actual shape of the hand so as to fit in with this

arrangement. It is not all of one piece, but it

branches into several pieces ; which gives the possi-
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bility of its coining together into one solid piece,

whereas the reverse order of events would be im-
possible. Also, it is possible to use them " singly, or

two at a time, or in various ways. Again, the joints

of the fingers are well constructed for taking hold
of things and for exerting pressure. One finger is

placed sidcAvays : this is short and thick, not long
like the others. It would be as impossible to get
a hold if this were not placed sideways as if no hand
were there at all. It exerts its pressure upwards
from below, whereas the others act downwards from
above ; and this is essential for a strong tight grip

(hke that of a strong clamp), so that it may exert

a pressure equivalent to that of the other four. It

is short, then, first, for strength, but also because it

would be no good if it were long. (The end finger

also is small—this is as it should be—and the middle

one is long like an oar amidships, because any object

which is being grasped for active use has to be
grasped right around the middle.) And on this

account it is called " big " although it is small, be-

cause the other fingers are practically useless vithout

it. The nails, too, are a good piece of planning. In

man they serve as coverings : a guard, in fact, for the

tip of the fingers. In animals they serve for practical

use as well.''

The joints of the arms in man bend in the opposite

direction to those of quadrupeds : this is to facilitate

the bringing of food to the mouth, and other uses to

which they are put. Quadrupeds must be able to

bend their fore limbs inwards ^ so that they may be

serviceable in locomotion, since they use them as

'> That is, as tools.

See note on 693 b 3, p. 433.
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feet ; though even among quadrupeds the poly-
dactylous ones tend to use the fore Hmbs not only for

locomotion but also instead of hands ; and this can
actually be seen happening : they take hold of things
and defend themselves with their fore limbs. (Solid-

hoofed animals, on the other hand, do this with their

hind limbs, as their forelegs have nothing that corre-

sponds to elbows and hands.) This explains why
some polydactylous quadrupeds actually have five

toes on their forefeet (lions, wolves, dogs and leo-

pards, for instance), although there are only four on
their hind feet : the fifth one, like the fifth " digit

on the hand, is a " big " one.'' However, the small

polydactylous quadrupeds have five toes on their

hind feet too, because they are creepers ; and this

gives them more nails, and so enables them to get a

better hold and creep up more easily to greater

heights and above your head.

Between the arms in man (in other animals be- Br&ast

tween the forelegs) is what is known as the breast. In

man the breast is broad, and reasonably so, for the

arms are placed at the side and so do not in any way
prevent this part from being wide. In the quadru-

peds, hoAvever, it is narrow, because as they walk

about and change their position the limbs have to be

extended forwards. And on this account, in quadru-

peds, the mammae are not on the breast. In man,
on the other hand, as the space here is wide, and the

parts around the heart need some covering, the

breast is fleshy in substance and the mammae
are placed on it and are distinct. In the male they

are themselves fleshy for the reason just given. In

" Now generally called the " first."

^ And needed when the foot is used as a hand.
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the female, Nature employs them for an additional

function (a regular practice of hers, as I maintain),

by storing away in them nourishment for the off-

spring. There are two mammae because the body
has two parts, the right and the left. The fact that

they are somewhat hard and at the same time two in

number is accounted for by the ribs being joined to-

gether at this place and by the nature of the mammae
not being at all burdensome. In other animals it is

either impossible or difficult for the mammae to be
situated upon the breast, i.e. in between the legs,

since they be a hindrance to walking ; but, ex-

cluding that particular position, there are numerous
Avays in Avhich they are placed. Animals Avhich have

small litters,both those that have solid hoofs and those

that carry horns, have their mammae by the thighs ;

and there are two of them. Animals that have large

litters or are polydactylous, either have numerous

mammae placed at the sides upon the abdomen

—

e.g. swine and dogs ; or have only two, set in the middle

of the abdomen

—

e.g. the lion." The reason for this is

not that the lion has fcAV cubs at a birth, because

sometimes the number exceeds two, but that it is

deficient in milk. It uses up all the food it gets upon

the upkeep of the body, and as it is a flesh-eater it

gets food but rarely.

The elephant has only two mammae (this is because

it has its young one at a time), and they are under the

axillae of the forelegs and not by the thighs because

the elephant is polydactylous and no polydactylous

animal has them there. They are high up, near the

axillae, because that is the place of the foremost

<» This, like many of Aristotle's statements about the lion,

is incorrect.

379



ARISTOTLE
688 b

^ « - ^ - . y ,,

10 OTt ovTOL, . €
eVt• & ev, e^etv ?• ' etatv .

15 eAet^a? 6;^et

ev , Trepi, ' jU-a-^? em' ^€
' ^,

20 avay/caiov €€• 6 ',
jUT] 7;^7^'}/ ^? €€ , ,,{ , /,

25 ^^), ', '
^^? , '-[ ' ? 6),• "/

30, ,,, ',.
^ ev \Tilg. : del. Ogle.

380



PARTS OF ANIMALS, IV. x.

mammae in those that have many, and these are the
ones that yield the most milk. An illustration of
this is the case of the sow : a sow will offer the
first of its mammae to the first ones of the litter.

Thus, where the first of an animal's litter amounts
to one and no more, such an animal must possess

these first mammae, and " the first mammae " means
those under the axillae. This explains, then, the

number and position of the elephant's mammae.
The animals that have large litters have theirmammae
upon the abdomen. Why is this ? They have
numerous young to feed, and so they need numerous
mammae. Now as the body has two sides, right and
left, the mammae cannot be more than two deep
across the body, and so they have to be disposed

lengthwise, and the only place where there is suffi-

cient length for this is between the front and hind

legs. Non-polydactylous animals which yet produce

few at a birth, or carry horns, have their mammae by
the thighs, as the horse and the ass (both solid-

hoofed) and the camel (cloven-hoofed), all of Avhich

bear their young singly ; also the deer, the ox, the

goat, and all such animals. The reason for which is,

that in them the growth of the body proceeds in an

upward direction ; so the place where the superfluous

residue and blood collects is down below, near the

places of efflux, and there Nature has made the

mammae ; for where the food is set in motion, there

is the very place where they can get it. In man, both

male and female have mammae, but some males of

other animals have none, as e.g. stallions, some of

which have none, while others, which resemble their

dams, have them.
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This concludes our remarks on the mammae.
After the breast comes the region around the

stomach, which is not enclosed hv the ribs for

the reason stated earlier,* viz. to avoid interference

(a) with the food when it swells, as it must do when
it is heated, and (b) with the womb during pregnancy.

At the end of Avhat is called the trunk are the parts Excretory

that have to do Avith the discharge of the residue,
°''8^°^•

both solid and fluid. Nature employs one and the

same part for the discharge of the fluid residue and
for copulation in all blooded animals (with a few
exceptions), male and female ahke, and in all Vivipara

without exception. The reason is that the semen is a

fluid, and a residue. (This statement may stand for

the present : the proof of it will be given later on.*)

The same applies to the catamenia in females, and

the part vhere they emit the semen." This also will be

dealt with particularly later on. For the present, let

the statement stand simply that the catamenia in

females (like the semen in males) are a residue. Now
both semen and catamenia are fluids, so it is reason-

able that things which are alike should be discharged

through the same parts. A clear account of the

internal structure of these parts, showing the differ-

ences between the parts connected with semen and

those connected with conception, is given in the

Researches upon Animals ^ and the Dissections, and

there will be a discussion of them in the book on

j\j- g55 a 2.
" In De gen.'an. 724 b 21 ff.

« This seems to agree with what Aristotle says on the

subject in the Hist. An., but contradicts what he says in De
gen. an. Piatt's suggested emendation would make the

translation read :
" and to the semen, if so be they emit any."

" At 493 a 24-b 6, 497 a 24 ff., book iii, oh. 1.
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Generation.'^ Still, it is clear that the actual forms of
these parts is determined of necessity by the function
they have to perform. The male organ, however,
exhibits differences corresponding to those of the
body as a whole, for some animals are more sine^vy,

some less. Further, this organ is the only one which
increases and subsides apart from any change due
to disease. Its increasing in size is useful for copula-

tion, its contraction for the employment of the rest

of the body, since it would be a nuisance to the
other parts if it were always extended. And so it

is composed of substances Avhich make both con-
ditions possible : it contains both sinew and cartilage ;

and so it can contract and expand and admits air

into itself. All female quadrupeds discharge the

urine backwards, as this arrangement is useful to

them for copulation. A few males do this (among
them are the lynx, the lion, the camel, and the

hare), but no solid-hoofed animal does so.

The rear parts and the parts around the legs are Rear parts.

peculiar in man compared with the quadi'upeds, nearly

all of which (Ovipara as well as Vivipara) have a tail,

vhich even if it is not of any great size, still is present

for a token as a sort of stump. Man has no tail, but

he has buttocks, which no quadruped possesses.^ In

man, the legs, both in thighs and calves, are fleshy

:

in all other animals that have them (not only Vivi-

para) the legs are fleshless, being sinevy, bony and

spinous. One might say that there is a single ex-

planation which covers them all, which is, that man is

« At 716 a 2—721 a 29.
'' There seems to be something wrong this statement,

but perhaps when taken in conjunction vith the whole of the

argument which follows, it may appear less unjustifiable.

* Buss.: vulg. *]8 .
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the only animal that stands upright. Hence, Nature,
so as to make the upper parts light and easy to carry,

took oiF the corporeal matter from the top and trans-

ferred the weight doAvn below ; and that is how she
came to make the buttocks and the thighs and the
calves of the legs fleshy. At the same time, in

making the buttocks fleshy, Nature made them useful

for resting the body. Quadrupeds find it no trouble

to remain standing, and do not get tired if they
remain continually on their feet—the time is as good
as spent lying down, because they have four supports
underneath them. But human beings cannot remain
standing upright continually with ease ; the body
needs rest ; it must be seated. That, then, is why
man has buttocks and fleshy legs, and for the same
reason he has no tail : the nourishment gets used up
for the benefit of the buttocks and legs before it can
get as far as the place for the tail. Besides, the

possession of buttocks takes aAvay the need and
necessity of a tail. But in quadrupeds and other

animals it is the opposite : they are dwarf-like, which
means that their heavy corporeal substance is in the

upper part of them and does not come into the lower

parts ; and as a result they have no buttocks and their

legs are hard. Yet to ensure that the part Avhich

serves them for the discharge of the residue shall be
guarded and covered over. Nature has assigned to

them tails or scuts by taking off somewhat of the

nourishment which would otherwise go into the legs.

(The Ape is, in form, intermediate between the

two, man and quadruped, and belongs to neither, or

to both, and consequently he has no tail, qua biped,

and no buttocks, qua quadruped.)

There are numerous differences in the various tails,
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which provide another example of Nature's habit of
using an organ for secondary purposes, for she
employs the tail not only as a guard and covering for

the fundament but also in other serviceable \vays.

There are differences too in the feet of quadrupeds. Hoofs, etc

Some have a solid hoof, some a cloven hoof ; others

have a foot that is divided into several parts. Sohd
hoofs are present in those animals which are large

and contain much earthy substance," which instead of

making horns and teeth forms an abscession'' so as

to produce nail, and o\\-ing to the abundance of it, it

produces not several separate nails but a single one,

in other words, a hoof. Because of this, these

animals in general have no hucklebone ; and also

because the presence of a hucklebone makes it

rather difficult to bend the hind leg freely, since a

limb that has one angle can be bent to and fro more
quickly than one that has several. It is a sort of

connecting-rod, and therefore practically interpolates

another bit of a limb betAveen the tvo, thereby in-

creasing the weight ; but it makes the animal's footing

more reliable. This explains why, when hucklebones

are present, they are present in the hind limbs

only, never in the front : the front limbs have to be

light and flexible because they go first, while the

hind limbs must be reliable and able to stretch.

Further, a hucklebone puts more force into a —

a

useful point in self-defence—and animals >vhich have

one use their hind limbs in this way : if anything

hurts them they kick out at it.

Cloven-hoofed animals have a hucklebone, as their

hind limbs are on the light side ; and that is the very

reason why they are cloven-hoofed : the bony sub-

stance stays in the joint and therefore is deficient in
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the foot. The polydactylous animals have no huckle-

bone, otherwise they would not be polydactylous,

and the divisions of the foot would cover only so

much width as the hucklebone itself. So most of

the animals which have a hucklebone are cloven-

hoofed.

Man of all the animals has the largest feet for his

size, and reasonably so, since he is the only one of

them that stands upright, and as the feet have to bear
the whole weight of the body and there are only

two of them, they must be both long and broad.

Also the toes are short compared with the fingers,

and this too is reasonable. The business of the hands
is to take hold and to keep hold of things, and this is

done by means of that part of the hands which bends ;

therefore the fingers must be long. The business of

the feet is to get a firm and reliable footing ; and to

secure this the undivided part of the foot must be
greater than the toes. And it is better to have the

tip of the foot divided than not, for otherwise, if one

part Avere affected the whole foot Avould suffer as well,

whereas this is to some degree avoided by the divi-

sion of the tip of the foot into toes. Again, short

toes are less liable to injury than long ones would be.

All this indicates Avhy the human foot has toes and
why they are short. There are nails on the toes for

the same reason that there are nails on the fingers :

the extremities have but little strength and there-

fore specially need to be protected.

We have now dealt with practically all the blooded

animals that are viviparous and live on the land.

XI. We now pass on to another class of blooded (') Ovipara:

animals, the oviparous, some of Avhich have four feet, and^^'^^^"'^"
QQi quadrupeds.
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and some no feet at all. Actually there is only one
group that has no feet, the Serpents ; and the reason
why they have none has been stated in my treatise on
the Locomotion of Animals."• In other respects their

conformation is similar to that of the oviparous
quadrupeds.
These animals have a head, and the parts that com-

pose it, for the same reasons that other blooded
creatures have one, and they have a tongue inside the
mouth—all except the river crocodile, vhich appar-
ently has none, but only a space for it ; and the reason
is that in a vay he is both a land-animal and a water-
animal. In virtue of being a land-animal, he has a
space for a tongue ; as a water-animal, he is tongue-
less. This agrees with our previous statement,'' that

some fishes appear to have no tongue unless you pull

the mouth very well open, others have one which is

not distinctly articulated. The reason for this is that

these creatures have not much need for a tongue
because they cannot chew their food or even taste

it before they eat it : they can perceive the pleasant-

ness of it only while they are swallowing it. This

is because the perception of juices is effected by the

tongue ; whereas the pleasantness of solid food is

perceived Avhile it is passing down the gullet, and
thus oily food and hot food and the like are per-

ceived while they are being swallowed. Of course

the Vivipara as well as these creatures have this

power of perception (indeed, the enjoyment derived

from practically all edible dainties takes place while

they are being sAvallowed and is due to the distension

of the oesophagus—Avhich is why intemperate ap-

petite for edible dainties is not found in the same
animals as intemperate appetite for drink and juices) ;
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but whereas the rest of the animals have the pover of

perception by taste as Avell, these are ^vithout it

and possess the other one only. Among oviparous

quadrupeds, lizards (and serpents too) have a two-

forked tongue, the tips of which are as fine as hairs.

(This has been stated earlier.") Seals also have a

forked tongue. This forked tongue explains why all

these animals are so dainty in their food.

The four-footed Ovipara also have sharp interfitting

teeth, as Fishes have. Their sense-organs are all

similar to those of other animals : nostrils for smell,

eyes for sight, and ears for hearing—though their ears

do not stand out : they are merely a duct, as in

birds ; and in both groups the cause is the same, viz.

the hardness of their integument. Birds are covered

with feathers, and these creatures are all covered

with horny scales which correspond in position to the

scales of fishes, but are harder in substance. This

is clearly illustrated by the tortoises, the great snakes,

and the river crocodiles, where the scales are made of

the same material as the bones and actually grow

stronger than the bones.

These animals, like birds, have no upper eyehd

;

they close their eyes ^\ith the lower lid. The reason

which was given ** for birds applies to them too. Some

birds can also bhnk by means of a membrane which

comes out of the corner of the eye ; but these

animals do not do this, since their eyes are harder

than birds' eyes. The reason for this is that keen

sio-ht is of considerable use to birds in their daily

• At 660 b 9. "At 657 b 6 ff.

^ Karsch : . vulg.

* UY.
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life, because they fly about ; but it would be very
little good to these creatures, because they all spend
their time in holes and corners.

Their head has tvo divisions : the upper part, and
the lower jaw. In man and in the viviparous

quadrupeds the lower jaw moves from side to side as

well as up and down ; in fishes, however, and birds

and these oviparous quadrupeds it moves up and
down only. The reason is that this vertical motion is

useful for biting and cutting up food, vhile the
sideways motion is useful for grinding the food down.
Of course this sideways motion is useful to animals
which possess grinder-teeth ; but it is of no use to

those which lack grinders, and so not one of them
has it. Nature never makes or does anything that is

superfluous. All these animals, then, move the lower
jaAv—with one exception, the river crocodile, which
moves the upper jaw, and the reason for this is that

his feet are no use for seizing and holding things :

they are too small altogether. So Nature has given

him a mouth Avhich he can use for these purposes

instead of his feet. And when it comes to seizing

things and holding them, the most useful direction

for a blow to take is that which gives it the greatest

strength. Now a blow from above is ahvays stronger

than one from below. And to an animal Avho has no
hands and no proper feet, who has to use his mouth
for seizing his food as well as for biting it, the power
to seize it is the more necessary ; and therefore it is

more useful to him to be able to move his upper jaw
than his loAver one. For the same reason crabs move
the upper part of their claws and not the lower :

claws are their substitute for hands, so the claws have

to be useful for seizing things (not for cutting them

397



ARISTOTLE
691 b ^ ^ , , , V ^ ,

20 Set eti'ai he SteAetv -
epyov,

ev8e;^eTat

iv etvat,, € xepalv, hiaipovGL

25 ' /
7€7,€ , .,- a!3;^e'ra.,̂

30 , , '. 'iSiov

692 a , '
' ,88 .

5 ,
yap, ,.

10 ' ' ^/, ' , '. ' 8
^ hinc usque ad 695 a 22 varia codd. ; text. vulg. exhibui.

898



PARTS OF ANIMALS, IV. xi.

up : this, and biting, is the business of the teeth).
In crabs, then, and in other creatures M'hich, because
their mouth does not come into action while under
water, can take their time about seizing their food,
the labour is divided : they seize their food \vith

their hands or feet, and cut it up and bite it vith
the mouth. For the crocodile, hoAvever, by making
the jaws move as I have described. Nature has
constructed a mouth which can be used for both
these purposes.

All these animals have also a neck ; this is because
they have a lung and there is a long windpipe through
which they admit the breath to it.

Since the neck is the name given to the part of
the body betveen the head and the shoulders, the
serpent would appear to be the very last of these
creatures to possess one : at any rate, if the neck is

to be defined by the limits mentioned above, he has

merely something analogous to a neck. Compared
with kindred animals, serpents have this peculiarity :

they can turn their heads backAvards Avhile the rest of

the body remains still. The reason is that their body
(like an insect's) can roll up ; the vertebrae are cartila-

ginous and flexible. This, then, is the necessary cause

why they have this ability; but it serves a gooc? purpose

too, for it enables them to guard against attacks from
the rear, and with their long bodies devoid of feet

they are ill adapted for turning themselves round to

keep watch over the rear. To be able to raise the

head and yet unable to turn it round would be useless.

These animals have also a part which is a counter-

part to the breast. But they have no mammae either

here or elsewhere ; nor have any of the birds or fishes.

This is because the mammae are receptacles, vessels,
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as it were, for the milk, and none of these creatures
has any milk. Neither has any of the other animals
that are not internally viviparous ; the reason is that
as they produce eggs the milky nutriment which they
contain goes into these eggs. A more detailed

account of these matters will be given in the treatise

on Generation.^• With regard to the way in which they
bend their legs, a general account, including all

animals, has already been given in the treatise on
the Locomoiion of Animals.

^

These creatures have a tail, some a large one, some
a small one. We have already given the reason for

this as generally applicable."

Among the oviparous land-animals, the chameleon
has the least flesh on him ; this is because he has

least blood, and the same reason is at the root of the

animal's habit of soul—he is subject to fear (to vhch
his many changes in appearance are due), and fear is

a process of cooling produced through scantiness of

blood and insufficiency of heat.**

This fairly concludes our account of the external

parts of the blooded animals both footless and four-

footed, and of the reasons thereof.

XII. We now pass on to Birds. As among them- (u.) Birds,

selves, they differ in their parts in respect of the

more and less, and excess and defect ^

—

e.g., some of

them have long legs, some short ones ; some have

a broad tongue, some a narrow one ; and similarly

with the other parts. Thus, as among themselves

<• At 752 b 16 ff.

" At 712 a 1 ff. See also below, 693 b 3, and additional

note on that passage, p. 433.
" At 689 b 1 ff.

« Compare the passages at 650 b 27 and 667 a 1 1 ff.

« See 644 a 19, and introductory note on p. 19.
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they have few parts which differ from one to another.

But as compared with other animals, they differ in

respect of the form of their parts. One pecuHarity
of the birds is that they all have feathers, vhereas
in other animals the parts are covered wdth hair, or

scales, or horny plates. A bird's feather is split, and
therefore different in form from the wing of certain

insects, vhich is undivided ; as well as having a shaft,

Avhereas the insects have none. Another peculiarity

of birds is the beak, an extraordinary appendage to

the head. It is made of bone, and serves them
instead of teeth and lips, just as the elephant's trunk

takes the place of hands, and the tongue of certain

insects replaces a mouth. We have spoken already

of the sense-organs.''

Birds have a neck which sticks up, and for the same
reason that other creatures have one. Some have a

long neck, some a short one : in most of them it corre-

sponds in length fairly closely to the legs, so that the

long-legged birds have a long neck and the short-

legged birds a short neck (web-footed birds excepted.)

What assistance in getting food out of the ground

would a short neck be to a bird on long legs, or a long

neck to a bird on short legs ? Furthermore, the

carnivorous birds would find a long neck a real dis-

advantage in their daily life. These birds depend
for their livelihood on superior strength, and length

of neck means lack of strength ; so no crook-taloned

bird has a long neck. Web-footed birds, how-

ever, together with others in the same class whose

« In Book II. chh. 12 S.
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feet though divided into toes yet are fashioned hke
a snub-nose °—these have long necks, because a long
neck is useful to them for getting food out of the
water. Their feet, on the contrary, are short so that
they can swim.

Birds' beaks also differ according to their different

habits of life. Some beaks are straight, some curved ;

straight if they are used simply for feeding, curved if

the bird eats raw meat, because a curved beak is

useful for overpoAvering their prey, and such birds

have to get their food from animals, most often by
force. Those whose life is spent in swamps and are

herbivorous have broad beaks, which are useful for

digging and pulling up their food and for cropping
plants. Some of them, hovever, have a long beak and
a long neck as well, because they get their food from
some depth. Practically all these birds and the com-
pletely or partially veb-footed ones live by preying

upon certain of the tiny water-animals, and their

neck is to these birds what his fishing-rod is to an
angler, while their beak is like a line and hook.

The under and the upper sides of the body (i.e. of

what is called the trunk in quadrupeds) are in birds

one uninterrupted whole. Instead of arms and fore-

legs they have mngs attached to this part (wings are

another peculiarity), and hence, instead of having the

shoulder-blade on their back they have the ends of

the wings there.

Birds, like men, have two legs, which are bent in-

" According to Ogle, this means that the main stem of the

toe corresponds to the ridge of the nose, and the lobes on
either side of it to the flattened nostrils.
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wards as in the quadrupeds, not outwards as in man."
The wings are bent with the convex side outwards,

hke the forelegs of quadrupeds. It is inevitable that

a bird should have two feet, for (a) it belongs essenti-

ally to the blooded creatures and (6) it is winged,
and (c) four is the greatest number of motion-

points which a blooded creature can have. So there

are four parts (or limbs) attached to a bird's body,

and this corresponds exactly with the other blooded

creatures, viz. those that live and move upon the

ground. The only difference is that whereas the

latter have two arms and tvo legs (or, if they are

quadrupeds, four legs), the peculiarity of birds is

that they have wings instead of arms (or forelegs).

As its very essence includes the power to fly, a

bird must have something which it can stretch out,

and vdngs provide this.^ So it remains that of ne-

cessity a bird shall have tAvo feet : these with the two

^vings bring up the number of its motion-points

to four.

All birds have a sharp-edged, fleshy breast :

sharp-edged, for flying (a wide surface displaces so

much air that it impedes its motion) ; fleshy,

because a sharp-edged thing is Aveak unless it has

a good covering.

Below the breast is the stomach, which extends (as

in the quadrupeds and in man) as far as the residual

vent and the point where the legs join the body.

Those are the parts, then, which have their situation

between the wings and the legs.

Birds, in common with all animals which are pro-

tive in the next line. Literally, the passage reads

:

" for it is at these [viz. the wings] that birds are stretchable ;

and flight-ability is included in the essence of a bird."
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duced alive or out of eggs, have an umbilicus while

they are developing, but when they are more fully

grown it ceases to be visible. The reason for this is

clear from what happens during their development :

the umbilical cord grows on to the intestine and
unites with it, and does not form a part of the system
of blood-vessels, as it does in the Vivipara."

The good fliers have big strong wings, e.g. the

birds which have crooked talons and feed on raw
meat : these must be good fliers owing to their habits

of life, and so they have an abundance of feathers and
big wings. But there are other sorts of birds which are

good fliers beside these : birds Avhose safety lies in

their speed of flight ; and migrants. Some birds are

poor fliers : heavy birds, which spend their time on

the ground and feed on fruits ; or birds that live on
and around the water. The crook-taloned birds, leav-

ing out of account their wings, have small bodies, be-

cause the nutriment is used up to produce the wings

and weapons of offence and defensive armour. The
poor fliers, on the contrary, have bulky, and therefore

heavy, bodies. Some of these instead of wings have

as a means of defence " spurs " on their legs. The
same bird never possesses both spurs and talons, and

the reason is that Nature never makes anything that

is superfluous or needless. Spurs are of no use to a

states that in the bird's egg, as the embryo grows, the allantois

(the " second umbilicus ") collapses first and then the " first

umbilicus" {Be gen. an. 754 a 9). Actually the reverse

order is the correct one, but the interval is comparatively

short. The umbilical vesicle in mammals, which shrivels

very early in the process of development, escaped the notice

of Aristotle, who supposed their allantois to be comparable to

the umbilical vesicle of reptiles and birds. The umbilical

vesicle of mammals was discovered by Needham in 1667.

(See Ogle's note ad loc.)
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bird that has talons and can fly well : spurs are useful
for fights on the ground, and that is why certain of
the heavy birds possess them, while talons would not
be merely useless to them but a real disadvantage "

:

they would stick in the ground and impede the birds

when walking. And in fact all crook-taloned birds

do walk badly, and they never perch upon rocks ;

in both instances the nature of their claws is the
impediment.**

This state of affairs is the necessary result of the
process of their development. There is earthy sub-

stance in the bird's body which courses along and
issues out and turns into parts that are useful for

weapons of offence. When it courses upwards it

produces a good hard beak, or a large one ; if it

courses downwards it produces spurs on the legs or

makes the claws on the feet large and strong. But
it does not produce spurs and large claws simul-

taneously, for this residual substance would be
weakened if it were scattered about. Again, some-
times this substance makes the legs long ; and in

some birds, instead of that, it fills in the spaces be-

tAveen the toes. Thus it is of necessity that water-

birds either are web-footed, simply, or (if they have
separate toes) they have a continuous fan or blade,

as it were, running the whole length of each toe and
of a piece with it.

From the reasons just stated it is clear that feet

of this sort are the result of necessity, it is true ; but

they conduce to a good end and are meant to assist

the birds in their daily life, for these birds hve in the

water, and Avhile their wings are useless to them,

these feet are useful and help them to swim. They

" See above, note on 648 a 16.
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are like oars to a sailor or fins to a fish. A fish that
has lost its fins can no longer swim ; nor can a bird
whose webs have been destroyed.

Some birds have long legs, owing to their living in

marshes ; for Nature makes the organs to suit the
work they have to do, not the work to suit the organ.
And these birds have no webs in their feet because
they are not water birds, but because they live on
ground that gives under them they have long legs

and long toes, and most of them have additional joints

in their toes. Furthermore, though these birds are

not great fliers, they are composed of the same ma-
terials as the rest, and thus the nutriment which in the

others goes to produce the tail feathers, in these is

used up on the legs and makes them grow longer, and
Avhen in flight these birds stretch them out behind

and use them in place of the missing tail feathers :

placed thus, the legs are useful to them ; otherwise

they would get in the way.

Short-legged birds keep their legs up against the

belly while they are flying, because if the feet are

there they are out of the way ; the crook-taloned

birds do it for an additional reason : the feet are

convenient for seizing prey.

When a bird has a long neck, this is either thick and

is held stretched out during flight ; or it is slender

and is bent up during flight, because being protected

in this way it is less easily broken if the bird flies into

anything. All birds have an ischium, but in such

a way that they not appear to have one ; it is

so long that it reaches to the middle of the belly and

looks more like a second thigh-bone. The reason for

this is that a bird, although a biped, does not stand
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upright ; and if it had an ischium which extended
only a short way from the fundament and was fol-

lowed immediately by the leg (as in man and the

quadrupeds), it would be unable to stand up at all.

Man can stand upright, and quadrupeds have fore-

legs to support their forward weight ; birds, how-
ever, neither stand upright (because they are dwarf-

like), nor have forelegs (because they have wings in-

stead).* By way of compensation, Nature has made
the ischium long, reaching to the middle of the

body, and has fixed it fast, while beneath it she has

placed the legs, so that the weight may be equally

distributed on either side and the bird enabled to

walk and to stand still. This shows why birds are bi-

peds although they are unable to stand upright. The
reason why their legs are lacking in flesh is the same
as for all quadrupeds and has been stated already.''

All birds, web-footed or not, have four toes on each

foot. (The Libyan ostrich will be dealt with later,*'

and its cloven hoof and other inconsistencies with the

tribe of birds will be discussed.) Of these four toes,

three are in front, and the fourth is at the back in-

stead of a heel, for stability. In the long-legged

birds this toe is deficient in length, as for instance in

the Crex. Still, the number of toes does not exceed

four. This arrangement of the toes holds good gener-

ally, but the wi-yneck is an exception, for it has only

two toes in front and two at the back. This is because

" See above, 693 b 3 ff.

* See 689 b 10 ff.

« At the end of the book.

* Y6 : vulg.
' add. 6.

•
. . . Karsch : . . . vulg.
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the weight of its body tends forward less than that of
other birds.

All birds have testicles, but they are inside the
body. The reason for this will be stated in the
treatise on the different methods of generation
among animals."

This concludes our description of the parts of Birds, (iu.) Fishes

;

XIII. In the tribe of Fishes the external parts
are still further stunted. Fishes have neither legs,

hands, nor %\ings (the reason has been stated earlier),

but the whole trunk has an uninterrupted line from
head to tail. Not all fishes' tails are alike ; but the Taiu

general run of them have similar tails, though some
of the flat-fish have a long, spiny one, because the
material for the tail's groA\'th goes into the width
of the flat body : this happens in the torpedo-fishes,

in the Trygons, and any other Selachians of the same
sort. These have long, spiny tails. Others have
short, fleshy ones, and for the selfsame reason : it

comes to the same thing M^hether the tail is short

and has a good deal of flesh or long \\-ith little flesh.

In the fishing-frog ^ the opposite has taken place.

Here, the Avide, flat part of the body in front is not

fleshy ; Nature has taken the fleshy material avay
from the front and added an equivalent amount at

the back—in the tail.

Fishes have no separate limbs attached to the body,

(a) This is because Nature never makes anything that

is superfluous or needless, and by their essence and

constitution^ fishes are natm-ally swimmers and so

* Lophius piscaforius, known as the " goosefish " in

U.S.A., erroneously included by Aristotle {De gen. an,

754 a 25) with the Selachia, though he observed that it

differed in many important points.

• Logos : see Introduction, pp. 26 f.

417



ARISTOTLE
695b ^ ^

20 ] TTOiei. errei ' €, ea-at€ €€,8•^ iirl ^
iaTLV. 8, ' ovBev

25 eVai/i.a. 8 ?,." ,, ,
696 a , ' ', ., '?

6 ,
Tt . '8, ,,,' ^ ^

10 .,8, ' ?.,
^ rov Peck : vulg.
^ : delevi: 65

y^iig•

*» The Cordylus was probably the hirval form of some
triton or newt, such as Triton alpestris or Salamandra atra,
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need no such limbs. But also (6) they are essentially

blooded creatures, which means that if they have four

fins they cannot have any legs or any other limbs of
the sort ; so they have the fins because they are

swimmers and do not have the feet because they are

not walkers (when an animal has feet it has them
because they are useful for moving about on land).

The Cordylus," however, has feet in addition to its

gills, since it has no fins, but only a scraggy flattened-

out tail.

Excluding flat-fish (like the Batos and Trygon), fish Fins,

have four fins : two on their under and two on their

upper surface, never more, for then they would be
bloodless animals. Almost all fishes have the two
upper ^ fins, but some of the large, thick-bodied fishes

lack the under " two—as for instance the eel and the

conger, and a sort of Cestreus that is found in the lake

at Siphae.•* Fishes that have even longer bodies than

these, and are really more like serpents (as the

Smyraena*), have no fins at all, and move along by
bending themselves about : that is, they use the

water just as serpents use the ground. And in fact

serpents swim in exactly the same way as they creep

on the ground. The reason why these serpent-like

fishes have no fins and the reason why serpents

have no feet are the same, and this has been stated

in the treatises on the Locomotion and Movement of
Animals/ (a) If they had four motion-points, their

movement would be poor, because the fins would

^ In Boeotia, on the south coast near Thespiae ; now
Tipha. Aristotle refers to this Cestreus of Siphae again,

De incessu an. 708 a 5. Cf. also Hist. An. 504 b 33.
* Probably Muraena Helena.
f See De incessu an. 709 b 7 ; perhaps the other passage

which Aristotle has in mind is 690 b 16, in this book.
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either be very close together, or else a long way apart,
and in either ease would not move easily, (b) On the
other hand, if they had more than four motion-points
they would be bloodless creatures. The same reason
holds good for those fishes that have only two fins.

These also are serpent-like and fairly long, and they
use their pover of bending instead of the two missing
fins. And this enables them besides to crawl about
and to live a good length of time on dry land ; and
it is some while before they begin to gasp ; indeed,

those which are akin to the land-animals are affected

even less than the others.

Except for those vhose width and flatness prevents
it, all fishes that have only two fins have the upper *

ones ; and these fins are by the head, because there

is no length of body just there which they could use

instead of fins for propulsion—length such as fish

of this sort have towards their tail-end. The Batoi

and such fishes swim by means of the edge of their

flat surface which they use instead of fins. Fish

which are not so flat, such as the torpedo-fish and the

fishing-frog, possess fins, but they have their upper
fins toward their tail-end oAving to the flatness of

the forepart, and their under fins near the head (since

the flatness of the fish does not prevent its motion) ;

but the under ones are smaller than the upper ones,

to make up for being placed forward. The torpedo-

fish has two of his fins by his tail ; and instead of

these two he uses the wide piece on each of his semi-

circles ^ as though it were a fin.

We have already spoken of the parts in the head

and of the sense-organs.

" i.e. pectoral.
* C/. De incessu an. 709 b 17.
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The peculiarity which marks off fishes from the GiUa.

other blooded animals is the possession of gills. It

has been explained in the treatise on Respiration ° why
they have them. All fishes have coverings over their

gills, except the Selachia, none of which have them.
This is because their bones are cartilaginous, whereas
other fishes' bones are of fish-spine, and this is the

substance out of which the coverings are made. And
again, the Selachia move sluggishly OAving to their

lack of fish-spine—and of sinews—while the spinous

fishes move quickly, and the movement of the cover-

ing must be a quick one, for gills are a medium for

expiration of a sort. On this account in the selachian

group of fishes the passages of the gills can close up
by themselves, and no covering is needed to make sure

they close quickly.

Now some fish have many gills, some have few ;

some have double ones, some single. The last one

is nearly ahvays a single one. (For precise details

consult the Anatomical treatises and the Researches

upon Animals^) The number of gills depends upon
the amount of heat in the heart. The more heat an

animal has, the quicker and stronger must be the

movement of its gills ; and if the gills are numerous

and double they are better adapted for this than if

they are few and single. And on this account, some

fishes (e.g. the eels and the serpentine fishes) which

need but little cooling, as is shown by their having

only a few weakish gills, can live a long time out of

vater.

Fish differ also with regard to the mouth. Some Mouth,

have their mouth right at the tip, straight in front

;

• At 476 a 1 flf., 480 b 13 ff.

» At 504 b 28 ff.
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others have it underneath {e.g. the dolphin " and the
selachians) and that is why they turn on to their backs
to get their food. It looks as if Nature made them
do this partly to preserve other animals from them,
for they all prey on living things, and while they are
losing time turning on to their backs the other things

get away safely ; but she did it also to prevent them
from giving way too much to their gluttonous craving
for food, since if they could get it more easily they
would presently be destroyed through repletion.

Another reason is that their snout is round and small

and therefore cannot have much of an opening in it.

There are differences too among those that have
their mouth above. With some it is a great wide
opening (these are the flesh-eaters, as e.g. those with
sharp interfitting teeth, whose strength is in their

mouth) ; with others (the non-flesh-eaters) it is on
a tapering snout.

As for the skin : some have a scaly skin (these Skin,

scales are shiny and thin and therefore easily come
loose from the body) ; others have a rough skin, e.g.

the Rhine and the Batos and such. Those with

smooth skins are the fewest. Selachia have skins

which are scaleless but rough, owing to their bones

being cartilaginous : instead of using the earthy

matter on the bones Nature has used it for the skin.

No fish has testicles * either without or within. Nor Testicles.

the creature, some editors consider this reference to be an
interpolation.

'' By this Aristotle does not mean that fish have no organ
for the secretion of sperm, but that they have no organ similar

in shape and consistency to those of mammaha, etc. He calls

the corresponding organs in fish not testes, but tubes, or roe.

Aristotle's statement does not, of course,.include the Selachia,

which have compact, oval testes.
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have any other footless animals, and this includes the

serpents. In fish the passage for the residue and for

the generative secretion is one and the same ; and
this is so in all other oviparous animals, four-footed

ones included. This is because they have no bladder

and produce no liquid residue.

Thus we have seen what are the diiferences to be inter-

noticed in fish as a group as compared with other CTeatures

:

animals. Dolphins and whales and all such Cetacea, (') Cetacea.

however, have no gills, but they have a blowhole

because they have a lung. They cannot help letting

the sea-water enter the mouth because they feed in

the water, and once it has got in they must get it out

again, and they do so through the blowhole. Gills,

of course, are of service herein to those creatures that

do not breathe. The reason for this has been given

in my book on Respiration'^ : no creature can breathe

and at the same time have gills ; instead, these

Cetacea have a blowhole for getting rid of the water.

It is placed in front of the brain, otherwise it would
separate the brain from the spine. The reason why
these creatures have a lung and breathe is that large

animals need more heat than others to enable them to

move ; consequently they have a lung inside them
full of heat derived from the blood. They are, in a

way, land-animals as well as water-animals : they

inhale the air, like land-animals, but they have no
feet and they get their food from the water as water-

animals do. Similarly, seals and bats are in an inter- (u.) Seals

mediate position. Seals are between land-animals
''***

and water-animals, bats between land-animals and
fliers : thus they belong to both classes or to neither.

References given above, see on 696 b 2.
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Seals, if regarded as water-animals, are anomalous in

having feet ; if regarded as land-animals, in having
fins (their hind feet are altogether like those of
fishes—I.e. fins ; and all their teeth too are sharp and
interlocking). Bats, too, if regarded as birds, are

anomalous in having feef* ; ifregarded as quadrupeds,
in not having feet * ; furthermore, they have neither a
quadruped's tail (because they are fliers) nor a bird's

tail (because they are land-animals). This their lack

of a tail like a bird's is a necessary consequence,
since they have membranous wings, and no creature

has a tail of this sort unless it has barbed feathers :

such tails are always made out of barbed feathers.

And a tail of the other sort gro\ving among feathers

would be a definite impediment.
After the same style is the Libyan ostrich: in (m.) The

some points it resembles a bird, in others a quadruped.
As not being a quadruped, it has feathers ; as not

being a bird, it cannot rise up and fly, and it has

feathers that are like hairs and useless for flight.

Again, as being a quadruped, it has upper eye-

lashes, and it is bald in the head and the upper part

of the neck, as a result of which its eyelashes are

hairier than they would otherwise be ; as being a

bird, it is feathered on its lower parts. Also, as

a bird, it has two feet ; but, as a quadruped, it has

cloven hoofs (it has hoofs and not toes). The reason

is that it has the size not of a bird but of a

quadruped. Speaking generally, a bird has to be

very small in size, because it is difficult for a body of

large bulk to move off the ground.

" That is, of the sort that birds ought not to have, viz. on

their wings.
* That is, of the sort that quadrupeds ought to have.
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We have now spoken severally of all the animals : conclusion.

we have described their parts, and stated the reason

why each is present in them. Now that this is

concluded, the next thing is to describe the various

ways in which animals are generated.
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Additional Note on 684 b 21-29

Commentators agree that no satisfactory sense can be
obtained from the first three lines of this passage as it stands

in Bekker's edition. None has so far produced a remedy

;

but an examination of the Arabic translation (or of Michael
Scot's Latin translation made from the Arabic) shows plainly

what has happened. In neither of these two translations is

there any reference v:hatever to a diagram until 685 a 2.

Thus the MS. from which our present Greek text is derived

had been corrupted through the efforts of someone who tried

to improve the text of 684 b 22-27 by inserting references to

a diagram here also ; and the result is that these references

have caused the complete loss of one important phrase (b 22)

and serious corruption of another (b 24-25). Some disloca-

tion has also been caused in the lines following, up to line 29.

The two diagrams given in the sis. are obviously con-

structed to suit the interpolated text. One of the mss. (Mer-
ton 278) of Michael Scot's version has an entirely different

diagram ; the three mss. of Scot at Cambridge have no
diagram at all, nor has the Arabic ms. B.M. Add. 7511.

I give below the passage as it appears in Michael Scot's

version.

Natura ergo istorum duorum modorum est sicut diximus ;

et propter hoc ambulant imiformiter^ sicut accidit animalibus
quadrupedibus et hominibus etiam. homo vero habet os in

capite, scilicet in parte superiori corporis ; delude habet

stomachum, deinde ventrem, et post ventrem intestinum per-
veniens ad locum exitus superfluitatis. iste ergo res in

animalibus habentibus sanguinem sunt secundum hanc dis-

positionem, et post caput est clibanus, scilicet pectus, et quod
vicinatur ei. alia vero membra sunt propter ista, etc.

I am much indebted to Dr. R. Levy for his kindness in

reading this passage for me in the Arabic in Brit. Mas. ms.

Add. 7511.

" inuniformiter Caius 109 & Camb. U.L. li. 3. 16; fortasse igitoi
scribendum uniformiter et non inuniformiter.
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Additional Note on 693 b 3

Explanation of Aristotle's terminology for describing the
bending of limbs.
When Aristotle is speaking about the bending of limbs,

backwards and forwards are relative to the direction in

which the whole animal moves ;

inwards and outwards are relative to the bulk of the body
itself.

Thus, backwards means that the angle of the bent joint

points backwards ; inwards means that the extremity of the
li7nb is brought inwards towards the body, that is, the angle
of the bent_/ points away from the main bulk of the body.
(" Inward " and "outward " bending thus have no connotation
of " bandy-legs " and " knock-knees.")

All four legs bend inwards ;

Example (1) y^~~~\\ The forelegs bend forwards :

The hindlegs bend backwards.

Example (2)
The leg bends inwards, and

backwards.

(See Be incess. an. 711 a 8 ff., Hist. An. 498 a 3 IF.)
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Additional Note on the ms. Z

The following portions of the text of De partibus are con-
tained in the Oxford ms. Z (see p. 50)

:

fol. 60», 60'. I. 639 b 29 to 640 b 24. to

inclusive.

fol. 61', 61'. I. 644 a 25 to 645 a 17. ^ to to'is in-

clusive.

Between these two folios it has apparently lost four folios,

as well as one at the beginning of Book I and another at the
end.

fol. I'-IQ'. Book II.

fol. 19'-36'. Book III, but the MOrds ov to evpvxwpovs
inclusive (675 a 30-b 27) are omitted,
with no indication by the original scribe

that anj^hing has been omitted : this

passage has been supplied by a later hand
in the margins of fol. 35' and 36' and
on 36'.

Book IV is written by j-et another (later) hand, and this

Book occupies fol. 37'-59', at the end of which folio it breaks
off at the words (694 a 13). The rest of Book
IV is lost.

In the apparatus I have used the following abbreviations
in quoting this ms. :

Books I, II and most of III (first hand, c. a.d. 1000).
Z^ indicates the reading of the first hand where this has

been altered by another.
Z* indicates later correctors of Z^.

indicates the readings of the ms. in Book IV.

I have collated from photostats the whole of the portion
written by the first hand, and the readings of quoted have
been confirmed by reference to the photostats.

I have used the symbol when quoting the readings of
from 680 b 36 onwards, as this part of the ms. is written

in a later hand.
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INTRODUCTION

That the De incessu animalium is a genuine work of

Aristotle himself has never been disputed. The De
viotu animalium has been regarded by many critics as

a spurious work, though recent opinion has favoured

its genuineness. Brandis, Rose and Zeller all con-

denon it, but its Aristotelian authorship has been up-

held by Werner Jaeger {Hermes, xMii. pp. 31 if.), who
makes out a very strong case in its favour, and by the

Oxford translator, Mr. A. S. L. Farquharson. Those
who deny its authenticity rely mainly on the supposi-

tion that there is a reference in 703 a 10-1 1 to the De
spiritu. This treatise is generally admitted to be im-

Aristotelian, but the reference, as Mr. Farquharson
has pointed out, might relate equally well to numerous
other passages in the Aristotelian corpus ; Michael
Ephesius refers it to a treatise Hepl, not
otherwise kno^^l. In style, vocabulary and syntax

the De viotu animalitim is entirely Aristotelian, and its

doctrine corresponds with that set forth in Aristotle's

genuine works.

Each treatise has its proper place in the scheme of

Aristotle's biological vorks. Both are theoretical,

the De incessu animalium, like the De partibus ani-

malium, dealing with the material side of living things,

and the De motu animalium, hke the De generatione

animalium, dealing with their consequential pro-

perties.
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The chief mss. of the De motu aiiimalhim are E, Y,
and S." Of these E, one of the most famous of

AristoteHan mss., is the oldest ; is closely related

to E. and S are similarly related and form a second
group.

Of the De incessu animalium the principal mss. are

Z, Y, U, S and P.° Of these is the oldest, and is

closely related to it, Avhile the other three mss. form
another group.

A full account of these mss. and their relations to

one another Mill be found in the Introduction (pp.
iv. if.) of W. W. Jaeger's text (Teubner, 1913).

The text used for the present translation is based
on that of I. Bekker, all divergences from which are

noted and the authority given for the reading adopted.

Jaeger's text and apparatus criiicus have been con-

sulted throughout.

The Commentary of Iichael Ephesius (Com-
mentaria in Ar'istotelem Graeca, xxii. 2, Hayduck, 1904)

has been of some assistance both for the text and for

the interpretation, and the Latin version of Nicholaus

Leonicus (died 1599)) printed in the Berlin Aristotle,

Vol. Ill, has been constantly consulted.

The two treatises have been translated into French
by J. Barthelemy-Saint-Hilaire, and into English by
Mr. A. S. L. Farquharson in the Oxford translation

(1912). This translation -with its ample explanatory

notes constitutes much the most serious attempt that

has been made to interpret these two treatises, and
anyone who follows in Mr. Farquharson 's footsteps

must necessarily be heavily indebted to him.

E. S. F,

" For the meanings of these symbols see pp. 439 and 483.
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ANALYSIS OF CONTENTS

Chap. I. The origin of all movement must itself be un-

moved. So if there is to be animal movement, something

in the animal must be at rest. Hence joints are necessary.

II. There must also be a resisting medium external to the

moving animal. Illustration from the rowing of a boat.

III. The nature of the " prime mover." The fable of

Atlas.

IV. The " prime mover " is of necessity outside the

universe. The movement of inanimate things must
originate from animate things.

V. Alteration, growth, generation and corruption as

forms of motion.
VI. How does the soul move the body .'' Animal move-

ment lies in the sphere of action. Its limitation in com-
parison with eternal movement.

VII. Animal movement the result of the syllogism of

action, not of the speculative syllogism. Animal move-
ment compared with that of automatic toys.

VIII. TTie psychology of animal movement and the

organic changes which accompany it. The cause ofmove-
ment must be situated in a definite origin.

IX. The two sides of the body are similar and can move
simultaneously : both are moved by the soul.

X. The motive power is " innate spirit." Comparison
between the animal organism and a well-ordered civic

community.
XI. Involuntary and non-voluntary movements. Con-

clusion.
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= Codex Parisinus Regius 1853.

= Codex Vaticanus 261.

= Codex Vaticanus 1339.

S= Codex Laurentianus 81. 1.

Leon.= Latin translation of Nicolaus Leonicus.

Mich.= Greek commentary of Michael Ephesiug.
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ON THE MOVEMENT OF ANIMALS

I. We have inquired elscAvhere " into the details of
the movement of the various kinds of animals, the
differences between these movements, and the causes
of the characteristics which each exhibit ; we must
now inquire generally into the common cause of

animal movement ofwhatever kind—for some animals

move by flight, some by sAvimming, some by walking,
and others by other such methods.
Now that the origin of all the other movements is

that vhich moves itself, and that the origin of this is

the immovable, and that the prime mover must neces-

sarily be immovable, has already been determined
when we were investigating ^ whether or not eternal

movement exists, and if it does exist what it is. And
this we must apprehend not merely in theory as a

general principle but also in its individual manifesta-

tions and in the objects of sense-perception, on the

basis of which we search for general theories and
with which we hold that these theories ought to

agree. For it is clear also in the objects of sense-

perception that movement is impossible if there

is nothing in a state of rest, and above all in the

animals themselves. For if any one of their parts

moves, another part must necessarily be at rest ; and

" In the Oe partibus animalium.
" Physics vlii. 258 b 4-9. '
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is difficult to render in English by a single word. It is some-
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701 b33), but more often of a localized "origin " of movement,
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MOVEMENT OF ANIMALS, i.

it is on this account that animals have joints. For
they use their joints as a centre, and the whole part
in which the joint is situated is both one and two,"

both straight and bent, changing potentially and
actually because of the joint. And when the part

is being bent and moved, one of the points in the
joint moves and one remains at rest, just as would
happen if A and D in the diameter of a circle were
to remain still while moved, and the radius AC
were formed. (In geometrical figures, however, the
centre is considered to be
in every respect indivisible

—

for movement, too, in such
figures is a figment, so they
say, since in mathematics
nothing actually moves,

—

\vhereas the centres in the
joints are, potentially and
actually, sometimes one and
sometimes divided.) Be that as it may, the origin ^

to which the movement can be traced, qua origin,

is always at rest v/hile the part below it is in motion
—the elbow-joint, for instance, when the forearm
is in motion, the shoulder when the whole arm is

moved, the knee when the shin is moved, and the

hip vhen the whole leg is moved. It is obvious, then,

that every animal too must have in itself something
that is at rest, in order to provide that which is

moved with the origin of its movement, supported

whether, as here, in a single member, or at the centre of the
body, viz. the heart (701 b 25, 29), where a further idea of
" ruling " seems to be implied {e.g. 703 a 37). It is also used
sometimes in the literal sense of " beginning," and this and
the meaning of " origin " of motion may occur in the same
passage and cause confusion {e.g. 702 a 36-b 2).
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MOVEMENT OF ANIMALS, i.-n.

upon which it will move both as an integral whole
and in its several parts.

II. Any quality of rest, however, in an animal is of

no effect unless there is something outside it which is

absolutely at rest and immovable. And it is worth
while to stop and consider this dictum ; for the re-

flection which it involves applies not merely to animals,

but also to the motion and progression of the universe.

For just as in the animal there must be something
which is immovable if it is to have any motion, so

a fortiori there must be something which is immov-
able outside the animal, supported upon which that

which is moved moves. For if that which supports

the animal is to be ahvays giving way (as it does when
mice walk upon loose soil " and when persons walk on
sand), there Avill be no progress, that is, no walking,

unless the ground were to remain still, and no flying

or SAvimming unless the air or sea were to offer resist-

ance. And that which offers resistance must be other

than -that which is moved, the whole other than the

whole, and that which is thus immovable must form

no part of that \vhich is moved ; otherwise the latter

\\i\\ not move. This contention is supported by the

problem : Why can a man easily move a boat from

outside if he thrusts it along vith a pole by pushing

against the mast or some other part of the boat,

but if he tries to do this when he is in the boat

itself, Tityus could not move it nor Boreas by blow-

ing from inside it, if he really blew as the artists

than likely that the comparison is with a mouse trying to

walk upon a heap of corn. Farquharson emends ry y-g to

eV TTJ ^€, which would bear this meaning•. (The form ^;,

cp. Petrie Pap. ii. p. 69 (3rd cent, b.c), would be nearer to the

MS. reading.) Diels' suggestion of( for is in-

genious, but does not give the required sense.
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\ OF ANIMALS, ii.-iii.

paint him " ; for they make him emit the breath
from his own hps. For whether one emits the

breath gently or so strongly as to create the greatest

gale (and the same is true if that Avhich is thrown
or pushed is something other than breath), it is

necessary, first, that one should be supported upon
one of one's own members, which is at rest, when one
pushes, and secondly, that either this member itself

or that of which it forms part, should remain still,

resting upon something which is external to it. Now
the man vho tries to push the boat while he himself

is in it and leaning upon it, naturally does not move
the boat, because it is essential that that against

which he is leaning should remain still ; but in

this case that which he is trying to move and that

against \vhich he is leaning, is identical. If, on
the other hand, he pushes or drags the boat from
outside, he can move it ; for the ground is no part of

the boat.

III. The difficulty may be raised, whether, if some-
thing moves the Avhole heaven, this motive power
must be urmioved and be no part of the heaven nor

in the heaven. For if it is moved itself and moves the

heaven, it can only move it by being itself in contact

vith something that is immovable, and this can be no

part of that which causes the movement ; or else, if

that which causes the movement is from the first im-

movable, it will be equally no part of that which is

moved. And on this point at any rate they are quite

right who say that, when the sphere is moved in a

circle, no part of it whatsoever remains still ; for

either the whole of it must remain still, or its continu-

ity must be rent asunder. They are not right, how-

ever, in holding that the poles possess a kind of force,
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MOVEMENT OF ANIMALS, in.

since they have no magnitude and are only ex-

tremities and points. For besides the fact that

nothing of this kind has any substance, it is also im-

possible for a single movement to be started by a dual

agency ; and they represent the poles as two. From
these considerations one may hazard the suggestion

that there is something which stands in the same
relation to Nature as a whole as the earth stands to

the animals and the things Avhich are moved through

them."
Now those who in the fable represent Atlas as hav-

ing his feet planted upon the earth seem to

have shown sense in the story Avhich they tell, since

they make him as it Avere a radius, twisting the

heaven about the poles ; it would be a logical account,

since the earth remains still. But those who hold

this view must declare that the earth is no part of the

universe ; and, fm-ther, the force of that which causes

the motion and the force of that which remains still

must be equal. For there must be a certain amount
of force and strength in virtue of which that which

remains still remains still, just as there is a force in

virtue of which that which causes motion causes

motion ; and there is of necessity a similar proportion

betveen absences of motion as there is between
opposite motions, and equal forces are unaffected by
one another, but are overmastered by a superiority.

Therefore Atlas, or whatever else it is of like kind

within that causes motion, must not exert any pressure

which is too strong for the equihbrium of the earth ;

or else the earth will be moved away from the centre

and her proper place. For as that which pushes

pushes, so that which is pushed is pushed, and in

exact proportion to the force exerted ; but it creates
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MOVEMENT OF ANIMALS, iii.-iv.

motion in that which is first at rest, so that the force

exerted is greater than the immobiUty rather than
similar and equal to it, and like\vise greater than the
force of that which is moved but does not create
movement. Therefore the pover of the earth in its

immobility will necessarily be as great as that pos-
sessed by the whole heaven and that which sets it in

motion. If, however, this is impossible, the move-
ment of the heaven by any such force within it is also

impossible.

IV. A problem also arises about the movements
of the parts of the heaven, which might well be dis-

cussed, since it is closely connected with what has
been said above. If one were to overmaster the im-
mobihty of the earth by the power of motion, one will

obviously move it away from the centre.*^ Moreover
it is clear that the force from which this power is de-

rived is not infinite ; for the earth is not infinite, and
so its weight is not infinite either. the word
" impossible " is used in several senses (we are using

it in different senses when we say that it is impossible

to see a sound, and when we say that it is impossible

for us to see the men in the moon ; for the former is

of necessity invisible, the latter are of such a nature

as to be seen but will never be seen by us), but we
hold that the heaven is of necessity impossible to

destroy and dissolve, whereas according to our present

argument it is not necessarily so ; for it is within the

nature of things and the bounds of possibility that a

motive force should exist greater both than that

which causes the earth to be at rest and than that

which causes the fire and upper body ^ to move.
If, therefore, the overpowering motive forces exist,

these will be dissolved by one another ; but if they
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MOVEMENT OF ANIMALS, iv.

do not really exist, but there is a possibility of
their existing (for an infinite motive force " is impos-
sible because an infinite body is also impossible),

it would be possible for the heaven to be dissolved.

For what is there to prevent this happening if it

is not impossible ? And it is not impossible, unless

the opposite proposition is inevitable. But let us
leave the discussion of this question for another
occasion.*

Must there, then, or must there not, be something
immovable and at rest outside that which is moved
and forming no part of it ? And must this be true

also of the universe ? For it would perhaps seem
strange if the origin of motion were inside. And so

to those who hold this view Homer's words would
seem appropriate :

Nay, ye could never pull down to the earth from the
summit of heaven,

Zeus, the highest of all, no, not if ye toiled to the utmost.
Come, ye gods and ye goddesses all, set your hands to

the hawsers."

For that which is entirely immovable cannot be
moved by anything. And it is here that we must
look for the solution of the problem stated some time
ago, namely, whether it is possible or impossible for

the composition of the heaven to be dissolved, seeing

that it depends upon an origin which is immovable.
Now in the animals there must exist not only that

which is immovable in this sense,•^ but there must
also be something immovable in the actual things

wiiich move from place to place and which themselves

•^ Iliad viii. 20-22. The lines are quoted in the wrong
order and the textus receptus reads' for.

* i.e. something immovable and at rest which is outside

that which is moved and forms no part of it (c/. 699 b 32).
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\ OF ANIMALS, iv.-v.

move themselves. For while one part of the animal
must be in motion, another part must be at rest,

supported upon which that will be moved which
is moved, if, for example, it moves one of its parts ;

for one part rests on another part in virtue of the
fact that the latter is at rest.

But regarding inanimate things which are moved,
one might raise the question whether they all possess

in themselves both that which is at rest and that which
creates movement, and whether they too must be
supported by something external which is at rest.

Or is this impossible—for example, in the case of
fire or earth or any inanimate thing—but motion is

due to the primary causes by which these are moved ?

For all inanimate things are moved by something else,

and the origin of all the things that are thus moved is

the things that move themselves. Among things of

this class we have already dealt with animals ; for all

such things must necessarily have within themselves
that Avhich is at rest and something outside them on
which they are to support themselves. But whether
there is something higher and primary which moves
them is uncertain, and the question of such an origin

of movement is a matter for separate discussion. But
animals which move all do so supported upon things

outside themselves, as also Avhen they draw their

breath in and out. For it makes no difference whether
they propel a great or a small weight, as those do who
spit and cough, and breathe in and out.

V. But is it only in that which moves itself in

respect of place that something must remain at rest,

or is this also true of that in which alteration is

caused by its own agency and in that which grows ?

The question of original coming into being and
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MOVEMENT OF ANIMALS, v.-vi.

corruption is a different one ; for if there is, as we
assert, a primary movement, this would be the cause
of coming into being and wasting away, and per-
haps of all the other movements as well. And as in
the universe, so in the animal, this is primary motion,
when the animal comes to perfection ; so that it is

itself the cause of its own growth, if this ever takes
place, and of any alteration which occurs ; otherwise
it is not necessary that something should remain at
rest.® But the first growth and alteration occur
through another's agency and by other means, and
nothing can in any way be itself the cause of its own
coming into being and wasting away ; for that which
moves must be prior to that which is moved, and that
which begets to that which is begotten, and nothing
is prior to itself.

VI. Now whether soul is moved or not, and if

it is moved, how it is moved, has already been
discussed in our treatise On Sotd. But since all

inanimate things are moved by something else—and
how that which is primarily and eternally moved is

moved, and how the prime mover moves it, has been
already set forth in our work on First Philosophy ^—
it remains to inquire how the soul moves the body
and what is the origin of movement in an animal.

For, if we exclude the movement of the universe,

animate things are the cause of movement in every-

thing else, except in things which are moved by one
another through coming into collision with one
another. Therefore all their movements have a

Umit ; for the movements of animate things have a

hmit. For all animals move and are moved with

some object, and so this, namely their object, is the

limit of all their movement. Now we see that the
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MOVEMENT OF ANIMALS, vi.

things which move the animal are intellect, imagina-
tion, purpose, wish and appetite. Now all these can
be referred to mind and desire. For imagination
and sensation cover the same ground as the mind
(since they all exercise judgement) though they
differ in certain aspects as has been defined else-

where." But will, temper, and appetite are all

forms of desire, while purpose partakes both of
intellect and of desire. So the objects of desire and
intellect first set up movement—not, however, every
object of intellect, but only the end in the sphere of
action. So amongst good things it is the good in the
sphere of action that sets up movement, and not any
and every good ; for it sets up movement only in so

far as it is the motive of something else or the end
of something which has something else as its object.

And we must lay down the principle that the apparent
good can take the place of a real good, and so can the
pleasant, for it is an apparent good. So that it is

clear that in one respect that which is eternally

moved by the eternal mover, and the individual

animal, are moved in a similar manner, but that in

another respect they are moved differently ; and so,

while other things move eternally, animal movement
has a limit. the eternally beautiful and that

which is truly and primarily good, and not at one
moment good and at another not good, is too divine

and precious to have anything prior to it.

The prime mover, then, moves without itself being

moved, but desire and the desiderative faculty set

up movement while being themselves moved. But
it is not necessary that the last of a series of things

Avhich are moved should move anything ; and from

this it is clear that it is only reasonable that pro-
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MOVEMENT OF ANIMALS, vi.-vii.

gression should be the last thing to happen in things
that are moved, since the animal is moved and walks
from desire or purpose, when some alteration has been
caused as the result of sensation or imagination.

VII, But why is it that thought sometimes results

in action and sometimes does not, sometimes in

movement and sometimes not ? Apparently the
same kind of thing happens as when one thinks and
forms an inference about immovable objects." But
in the latter case, the end is speculation (for when you
have conceived the tvo premisses, you immediately
conceive and infer the conclusion) ; but in the former
case the conclusion drawTi from the two premisses
becomes the action. For example, when you conceive

that every man ought to walk and you yourself are a

man, you immediately walk ; or if you conceive that

on a particular occasion no man ought to walk, and
you yourself are a man, you immediately remain at

rest. In both instances action follows unless there is

some hindrance or compulsion. Again, I ought to

create a good, and a house is a good, I immediately
create a house. Again, I need a covering, and a

cloak is a covering, I need a cloak. What I need I

ought to make ; I need a cloak, I ought to make
a cloak. And the conclusion " I ought to make a

cloak " is an action. The action results from the

beginning of the train of thought. If there is to be
a cloak, such and such a thing is necessary, if this

thing then something else ; and one immediately

acts accordingly. That the action is the conclusion is

quite clear ; but the premisses which lead to the doing

of something are of two kinds, through the good and
through the possible.

And as those sometimes do who are eliciting con-
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MOVEMENT OF ANIMALS, vii.

elusions by questioning," so here the mind does not
stop and consider at all one of the two premisses,
namely, the obvious one ; for example, if walking is

good for a man, one does not waste time over the pre-

miss " I am myself a man." Hence such things as we
do without calculation, we do quickly. For when a
man acts for the object which he has in view from
either perception or imagination or thought, he
immediately does what he desires ; the carrying out
of his desire takes the place of inquiry or thought.

My appetite says, I must drink ; this is drink, says

sensation or imagination or thought, and one
immediately drinks. It is in this manner that animals

are impelled to move and act, the final cause of their

movement being desire ; and this comes into being
through either sensation or imagination and thought.

And things which desire to act, at one time create

something, and at another act, by reason either of

appetite or of passion, or else through desire or wish.

The movement of animals resembles that of

marionettes which move as the result of a small

movement, when the strings are released * and strike

one another ; or a toy-carriage vhich the child that

is riding upon it himself sets in motion in a straight

direction, and which afterwards moves in a circle

because its vheels are unequal, for the smaller Avheel

acts as a centre," as happens also in the cylinders.''

Animals have similar parts in their organs, namely,

the growth of their sinews and bones, the latter cor-

responding to the pegs in the marionettes and the

^ The marionettes seem to have been worked by means of

cylinders round which weighted strings were wound, the

cylinders being set in motion by the removal of pegs.
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MOVEMENT OF ANIMALS, vii.-viii.

iron," while the sinews correspond to the strings, the

setting free and loosening of which causes the move-
ment. In the marionettes and the toy-carriages no
alteration takes place, though, if the inner wheels
were to become smaller and then again larger, the

same circular movement would take place. In the

animal, however, the same part can become both

greater and smaller and change its form, the mem-
bers increasing through heat and contracting again

through cold and thus altering. Alteration is

caused by imagination and sensations and thoughts.

For sensations are from the first a kind of altera-

tion, and imagination and thought have the effect

of the objects which they present ; for in a Avay the

idea conceived—ofhot or cold or pleasant or terrible

—

is really of the same kind as an object possessing one

of these qualities, and so we shudder and feel fear

simply by conceiving an idea ; and all these affec-

tions are alterations, and when an alteration takes

place in the body some parts become larger, others

smaller. Now it is clear that a small change taking

place in an origin of movement ^ causes great and

numerous changes at a distance ;
just as, if the rudder

of a boat is moved to an infinitesimal extent, the

change resulting in the position of the boAvs is con-

siderable. Furthermore, when, owing to heat or

cold or a similar affection, an alteration is caused

in the region of the heart—and even in an imper-

ceptibly small part of it—it gives rise to a consider-

able change in the body, causing blushing or pallor

or shuddering or trembling or the opposites of these.

VIII. The origin, then, ofmovement, as has already

* i.e. here, the heart, cf. below, 701 b 30 ; see also note on

698 bl.
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been said, is the object of pursuit or avoidance in the
sphere of action, and heat and cold necessarily follow
the thought and imagination of these objects. For
vhat is painful is avoided, and what is pleasant is

pursued. We do not, it is true, notice the effect of
this in the minute parts of the body ; but practically

anything painful or pleasant is accompanied by some
degree of chilling or heating. This is clear from the
effects produced. Reckless daring, terrors, sexual
emotions and the other bodily affections, both pain-

ful and pleasant, are accompanied by heating or

chilling, either local or throughout the body. Re-
collections too and anticipations, employing, as it

were, the images of such feelings, are to a greater or

less degree the cause of the same effects. So it is

with good reason that the inner portions of the body
and those vhich are situated near the origins of the

motion of the organic parts are created as they are,

changing as they do from solid to liquid and from
liquid to solid and from soft to hard and vice versa.

Since, then, these processes occur in this way, and since,

moreover, the passive and the active principles have
the nature Avhich we have frequently ascribed to them,
vhenever it so happens that the one is active and the

other passive and neither fails to fulfil its definition,

immediately the one acts and the other is acted upon.

So a man thinks he ought to go, and goes, practically

at the same time, unless something else hinders him.

For the affections fittingly prepare the organic parts,

the desire prepares the affections, and the imagina-

tion prepares the desire, while the imagination is due
to thought or sensation. The process is simultaneous

and quick, because the active and the passive are by
nature closely interrelated.
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"̂ i.e. the same relation as the forearm has to the elbow.
* i.e. the end of the stick where it meets the hand.
' i.e. the origin of the movement of the hand which is

situated in the wrist.
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(see note on 698 b 1). The sentence 7 to |t/Xov . . ,

explains why the of the hand is called, viz. that there is another- (in the sense of " be-
ginning ") in the stick, namely, the point nearest the hand.
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Now that which first causes movement in the
animal must be situated in a definite beginning.
Now it has already been stated that the joint is the
beginning ofone thing and the end ofanother ; Avhere-

fore nature employs it sometimes as one and some-
times as two. For \vhen movement is being origin-

ated from it, one of its extreme points must be at
rest, while the other must move ; for we have already
said that what causes movement must be supported
on something Avhich is at rest. The extremity, there-
fore, of the forearm is moved and does not cause
movement, but in the elboV-joint one part, namely
that vhich is situated in the actual Avhole which is in

motion, is moved, but there must also be something
which is unmoved ; and this is what we mean when
we say that a point is potentially one but becomes
actually two. So ifthe forearm were a living creature,

it is somewhere near this point that the origin ofmove-
ment set in motion by the soul would be situated.

Since, however, it is possible for an inanimate object

to bear this same relation to the hand," for instance

if one moves a stick in one's hand, it is clear that the
soul could not be situated in either of the extremities,

neither in the extremity of that which is moved ^ nor
in the other origin of movement(-) ''

',
for the stick

has an end and a beginning (?)) ^ in relation to the

hand. So, for this reason, if the origin of movement
set up by the soul is not situated in the stick, it is not
situated in the hand either ; for the extremity of the
hand * bears the same relation to the wrist as the
latter does to the elbow. For there is no difference

between what is attached by growth and what is not

• i.e. the point where the hand joins the stick.
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in the hand. The wrist, elbow, and shoulder are all of them
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so attached ; for the stick becomes a kind of detached
member. The origin of movement, therefore, cannot
be situated in any origin which is the termination of
something else, nor in any other part which is farther
from it ; for example, the origin of movement of the
extremity of the stick is in the hand, but the origin

of the movement of the hand is in the wrist." And
so if the origin of movement is not in the hand, be-
cause it is still higher up,* neither is it in this higher
position ; for, again, if the elbow is at rest, the con-
tinuous part below it can be set in motion as a whole.

IX. Now since there is similarity in the left and the
right sides of the body, and the opposite parts can be
moved simultaneously, so that it is impossible for the
right side to move just because the left is at rest or vice

versa, and the origin of movement must be in that

which lies above both sides, it necessarily follows that

the origin of movement in the moving soul must be
betveen them ; for the middle is the limit of both
extremes. And it stands in the same relation to the

movements above as to those below, to those, for

example, which proceed from the head and to those

which proceed from the spine in animals which have
a spine. And there is good reason for this ; for we
say that the organ of sensation is also situated in

the centre of the body ; and so if the region round
about the origin of movement is altered by sense-

perception and undergoes change, the parts which

are attached to it change with it by extension or con-

traction, so that in this way movement necessarily

takes place in animals. And the central part of the

in relation to the parts below them, but the true

is situated in the soul, which lies in the centre of the body.
" i.e. the wrist.
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body is potentially one, but actually must necessarily
become more than one ; for the limbs are set in

motion simultaneously from the origin of movement,
and when one is at rest the other is in motion. For
example, in ABC, is moved and A moves it ; there
must, however, be something at rest ^
if one thing is to be moved and
another is to move it. So A, though
potentially one, be actually two,
so that it must be not a point but a
magnitude. Again, C may be moved
simultaneously with B, so that both ^ ^

the origins in A must cause movement by being
moved ; there must, therefore, be something other

than these origins which causes movement without
being itself moved. Otherwise, when movement took
place, the extremities, or origins, in A would rest

upon one another, like men standing back to back and
moving their limbs. There must be something which
moves them both, namely the soul, other than such

a magnitude as we have described but situated in it.

X. In accordance Avith the definition which defines

the cause of motion, desire is the central origin, which
moves by being itself moved ; but in animate bodies

there must be some bodily substance which has these

characteristics. That, then, which is moved but does

not possess the natural quality of setting up move-
ment may be affected by a power external to it, and
that which causes movement must possess some
power and strength. Now all animals clearly both

possess an innate spirit and exercise their strength

in virtue of it. (What it is that conserves the innate

spirit has been explained elsewhere.") This spirit

seems to bear the same relation to the origin in the
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soul as the point in the joints, vhich moves and is

moved, bears to that which is unmoved. Now since

the origin is in some animals situated in the heart, in

others in what corresponds to the heart, it is therefore

clear that the innate spirit also is situated there.

Whether the spirit is always the same or is always
changing must be discussed elsewhere (for the same
question arises about the other parts of the body) ;

at any rate it is clearly well adapted by nature to be
a motive power and to exercise strength. Now the

functions of movement are thrusting and pulling, so

that the organ of movement must be able to increase

and contract. And the nature of spirit has these

qualities ; for when it contracts it is vidthout force,"

and one and the same cause '' gives it force and en-

ables it to thrust, and it possesses weight as compared
with the fiery element, and lightness as compared
with the contrary elements." Now that which is to

create movement without causing alteration must be
of this kind ; for the natural bodies ** overcome one

another according as one of them prevails, the light

being conquered and borne down by the heavier and
the heavy borne up by the lighter.

We have now stated what is the part by the move-
ment of which the soul creates movement and for

what reason. The constitution of an animal must be
regarded as resembling that of a well-governed city-

state. For when order is once established in a city

there is no need of a special ruler with arbitrary

powers to be present at every activity, but each indi-

vidual performs his own task as he is ordered, and one

act succeeds another because of custom. And in the

• The contrary of fire is water, cf. De gen, et corrupt. 331 a 1

.

"* i.e. the elements.
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animals the same process goes on because of nature,

and because each part of them, since they are so

constituted, is naturally suited to perform its own
function ; so that there is no need of soul in each
part, but since it is situated in a central origin of
authority over the body,** the other parts live by
their structural attachment to it and perform their

own functions in the course of nature.

XI. We have now discussed the manner of the
voluntary movements of animals, and the cause of

them. Some of their parts, hoAvever, undergo certain

involuntary movements, though most of these are

really non-voluntary. By involuntary I mean such
movements as those of the heart and of the privy

member, which are often moved by the presentation

of some image and not at the bidding of reason. By
non-voluntary I mean sleeping and waking and respira-

tion and the like. For neither imagination nor desire

is strictly speaking responsible for any of these move-
ments ; but, since animals must necessarily undergo
physical alteration, and, when their parts undergo
alteration, some increase and others decrease, and so

their bodies immediately move and undergo the

natural sequence of changes (the causes of their

movements being the natural heatings and chillings,

both external and internal), the movements too of

the above-mentioned parts ^ which occur contrary to

reason are due to the occurrence of a change. For
thought and imagination, as has already been said,"

induce the states which cause the affections ; for

they present the images of the things which cause

them. Now these parts act in this way much more
conspicuously than any others, because each is as it

were a separate vital organism[, the reason being that
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each contains vital moisture]." The reason for this as

regards the heart is plain, for it contains the origins

of the senses. That the generative organ is of the

same nature is shown by the fact that the seminal

force comes forth from it, being as it were a hving

thing. it is only in accordance with reason that

movements are set up both in the central origin by
the parts and in the parts by the central origin,

and thus reach one another. Let A be the central

origin ; the movements at each letter in the diagram
drawn above ^ reach the central origin, and from the

central origin, Avhen it is moved or undergoes change
(for it is potentially many), the origin of movement
in goes to B, and the origin of movement is C to C,

and of both to both ; but from to C it travels by
going from to A as to a central origin, and from

A to C as from a central origin. Movement, hoAvever,

contrary to reason, sometimes takes place and some-
times does not take place in the organs as the result

of the same thoughts, the reason being that the

matter which is liable to be affected is sometimes
present and sometimes not present in the proper

quantity and quality.

We have now dealt with the reasons for the parts

of each animal, the soul, and also sense-perception,

sleep, memory, and general movement. It remains

to deal with the generation of animals.

are unnecessarj' in view of the following sentences and con-

tradictory in doctrine to them.
"" See figure on p. 473.
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I. We must next discuss the parts which are useful

to animals for their movement from place to place,

and consider why each part is of the nature which

it is, and Avhy they possess them, and further the

differences in the various parts of one and the same

animal and in those of animals of different species

compared with one another. We must first decide

what questions we have to discuss.

One question is, what is the smallest number of

points at which animals move ; the next is, why red-

blooded animals move at four points, while bloodless

animals move at more than four ; and, in general,

why some animals are vdthout feet, others biped,

others quadrupeds, and others polypods, and why all

that have feet at all have an even number of feet

;

and, in general, why the points at which movement

is made are even in number.

We must further consider why a man and a bird are

bipeds, while fishes are without feet ; and why a man
and a bird, being both bipeds, have opposite bend-

ings of the legs. For a man bends his legs in a convex

direction, a bird in a concave direction ; and a man
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himself bends his legs and his amis in opposite

directions, the arms concavely and the knees con-
vexly. And viviparous quadrupeds bend their limbs
in the opposite Avay to a man's and in opposite
ways to one another ; for they bend their front legs

convexly and their back legs concavely. Further,
quadrupeds which are not viviparous but oviparous
have the peculiarity of bending their legs sideways.

A further question is Avhy do quadrupeds move their

legs diagonally."

We must examine the reasons of all these and
similar facts ; that they are facts is clear from our
Natural History,^ and we have now to examine their

causes.

II. We must begin our inquiry by assuming the
principles which Ave are frequently accustomed to

employ in natural investigation, namely, by accept-

ing as true what occurs in accordance with these

principles " in all the works of nature. One of these

principles is that nature never creates anything
without a purpose, but always what is best in view
of the possibilities allowed by the essence of each
kind of animal ; therefore, if it is better to do a thing

in a particular manner, it is also in accordance with
nature. Further, we must accept the dimensions of

magnitude in the size and quality in which they are

present in various objects. For there are six dimen-
sions grouped in three pairs, the first being the

superior and the inferior, the second the front and
the back, and the third the right and the left. We
must further postulate that the origins of movement
from place to place are thrusting and pulling. These
are movements per se ; that which is carried by
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something else is only moved accidentally, for what
is carried by something else is regarded not as mov-
ing itself but as being moved by something else.

III. These points having been decided, let us

proceed to the considerations which follow from
them. Of the animals, then, which change their local

position, some do so with their whole body at the

same time, for instance those which jump ; others

move pai-t by part, for example those that walk.

In both these changes the animal that moves makes
its change of position by pressing against that which

is beneath it ; and so, if the latter slips away too

quickly to allow that which is setting itself in motion

upon it to press against it, or if it offers no resistance

at all to that which is moving, the animal cannot move
itself at all upon it. For that which jumps performs

that movement by pressing both on its own upper

part and on that which is beneath its feet ; for the

parts in a way lean upon one another at their joints,

and, in general, that which presses leans on that

which is pressed. Hence athletes jump farther if

they have the weights in their hands than if they

have not," and runners run faster if they swing their

arms ^
; for in the extension of the arms there is a

kind of leaning upon the hands and wrists. Now that

which moves always makes its change of place by the

employment of at least two organic parts, one as it

were compressing and the other being compressed.

For the part which remains still is compressed by

Athletic Sports and Festivals, pp. 298 fF., who proves by
experiment the truth of the statement made in the present

passage.
>> On the importance attached by the Greeks to arm-

action in running, especially in short races, cf. N. Gardiner,

op. cit, p. 282.
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having to carry the weight, and the part which is

raised is extended by that which carries the weight.

And so nothing that is vithout parts can move in

this manner ; for it does not contain in itself the

distinction between what is to be passive and what
is to be active.

IV. Now the dimensions by which animals are

naturally bounded are six in number, namely,
superior and inferior, front and back, and also right

and left." Now all living things have a superior and
an inferior part ; for the superior and the inferior is

found not only in the animals but also in plants.''

The distinction is one of function and not merely of

position in relation to the earth and heavens. For
the part from which is derived the distribution of

nutriment and the growth in any particular thing is

the superior ; the part to vhich the growth extends

and in which it finally ends is the inferior. The one

is a kind of origin, the other a termination ; and it is

the superior which is an origin. It might, however,

seem that in plants the inferior is the more essential "

part ; for the superior and the inferior are not in the

same position in them as in the animals. Though in

relation to the universe they have not the same posi-

tion, they are similarly situated as regards function.

For in plants the roots are the superior part "*
; for it

is from them that the nutriment is distributed to the

parts that grow, and it is from their roots that plants

receive it, as do animals from their mouths.

Things which not only live but are also animals have

both a front and a back. For all animals have sense-

perception, and it is on account of sense-perception

that the front and the back are distinguished ; for

the parts in which the sense-perception is implanted
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and whence every kind of creature derives it are at

the front, and the opposite parts to these are at the
back.

Those animals which not only partake of sense-

perception but can also of themselves make the
change from place to place, in addition to the dis-

tinctions already mentioned," have a further distinc-

tion of left and right, these being each, like the above,
distinctions of function and not of position. For the
part of the body where the origin of change from
place to place naturally arises is the right in each
kind of animal, while the part which is opposed to

this and naturally its lead is the left.

There is a greater differentiation between right

and left in some animals than in others. All animals
which make the above-mentioned change ^ by the use
of instrumental parts—for example, feet or wings
or the like—shov a greater differentiation between
right and left in such parts ; those, on the other hand,
that progress not by means of such parts but by
moving the body itself in sections—like some of the
footless animals, such as snakes and the caterpillars,

and also earthworms—possess, it is true, this differ-

entiation, but it is not nearly so clearly defined.

That the origin of movement is from the right side

is showTi by the fact that men always carry burdens
on the left shoulder ; for then it is possible for that

which bears the weight to be set in motion, that

which is to initiate the movement being free. (For

this reason, too, it is easier to hop on the left leg ; for

it is natural to the right leg to initiate movement,
and to the left to be set in motion.) The burden,

therefore, must rest not on the part Avhich is to

initiate movement, but on that vhich is to be set in
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PROGRESSION OF ANIMALS, iv.

motion ; and if it be placed on that which causes
and is the origin of movement, it will either not be
moved at all or with greater difficulty. The manner
in which we step out also shoVS that the origin of
movement is in the right side ; for all men put the
left foot foremost, and, when standing, preferably
place the left foot in front, unless they do otherwise
accidentally. For they are moved, not by the foot

which they put in front, but by that with which they
step off; also they defend themselves with their

right limbs. Therefore the right is the same in all ;

for that from which the origin ofmovement is derived
is the same in all and has its position by nature in the
same place, and it is from the right that the origin

of movement is derived. For this reason, too, the
stromboid testaceans all have their shells on the
right ; for they all move not in the direction of the
spiral but in the opposite direction, the purple-fish,

for example, and the trumpet-shell. Since, then,

movement in all animals starts from the right, and
the right moves in the same direction as the animal

itself, they must all alike be right-sided." Now man
more than any other animal has his left limbs de-

tached, because of all animals he is most in accord-

ance with nature, and the right is naturally better

than the left and separated from it. Therefore the

right is most right-sided in man. And since the right

is differentiated, it is only reasonable that the left is

less easily set in motion and most detached in man.
Moreover the other principles,'' the superior and the

front, are in man most in accord with nature and most
differentiated.

" The here are the of 704 b 19, 705 a 26,

from the point of view of function rather than position.
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V. Animals in which the superior and the fi-ont are
differentiated, man, for example, and the birds, are
bipeds (two of the four points being wings in birds,

and hands and arms in man). But the animals in

which the superior and the front are in the same
position " are four-footed (quadrupeds), many-footed
(polypods), and footless. By " foot " I mean the part
that is at a point which has connexion with the ground
and gives movement from place to place ; for the
feet (?roSes) seem to have derived their name from
the ground (). Some animals have their front

and their back in the same position, for example the
molluscs and the stromboid testaceans ; with these
we have already dealt elsewhere.''

Now since there are three regions, the superior,

the middle, and the inferior, bipeds have their

superior part in a position corresponding to the

superior region of the universe, polypods and footless

animals in a position corresponding to the middle
region, and plants in a position corresponding to the

inferior region. The reason is that plants lack

movement, and the superior part is situated Avith a

view to nutriment, and their nutriment comes from
the earth. Quadrupeds, polypods, and footless

animals have their superior part in a position corre-

sponding to the middle region because they are not

erect ; bipeds have it in a position corresponding to

the superior region because they are erect, especially

man, the biped most in accordance with nature. And
it is only reasonable that the origins " should come
from these parts ; for the origin is honourable, and
the superior is more honourable than the inferior, and
the front than the back, and the right than the left.

It is also true if Ave reverse the proposition and assert
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that, because the origins are situated in these parts,

they are therefore more honourable than the opposite

parts,

VI. It is clear, then, from what has been said that

the origin of movement is on the right. Now in

anything continuous of which part is in motion and
part at rest (the Avhole being able to move while one
part stands still), there must be, at the point where
both parts move in opposite movements, something
common to both which makes these parts continuous

with one another (and at this point must be situated

the origin of the movement of each of these parts,

and likewise also of their immobility) : it is evident,

therefore, that in respect of whichever of the above-

mentioned contraries " the individual movement of

each of the opposite parts takes place, there is in

all these cases a common origin of movement by
reason of the interconnexion of the said parts, namely,

of the right and the left, the superior and the inferior,

the front and the back. The differentiation accord-

ing to front and back is not one which apphes to

that which moves itself, because nothing possesses a

natural movement backAvards nor has the moving
animal any distinction in accordance with which it

can make a change from place to place in each of

these two directions *
; but there is a differentiation

of right and left, superior and inferior. All animals,

therefore, which progress by the employment of in-

strumental parts have these parts diiferentiated, not

by the distinction between front and back, but by the

other two pairs, iirst, by the distinction of right and
left (for this must immediately exist where there are

' In other words an animal cannot divide itself into two
parts, one of wliich goes forwards and the other backwards.
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PROGRESSION OF ANIMALS, vi.-vii.

two things), and, secondly, by the distinction which
must arise as soon as there are four things."

Since, then, the superior and the inferior, and the
right and the left are connected with one another by
the same common origin (and by this I mean that
which controls their movement ^), and since in any-
thing which is to carry out the movement of each
part properly the cause of all the said movements
must be somehow defined and arranged at the right

distance in relation to the said origins, namely,
those in the limbs, which are in pairs opposite or

diagonal to one another,*' (and the cause of their

movement is the common origin from which the
movement of left and right and likewise of superior

and inferior in the animal's limbs is derived), and
since this origin must in each animal be at a point

where it is in more or less the same relation to each
of the origins in the said parts,'* (VII•) it is, therefore,

clear that movement from place to place belongs

either solely or chiefly to those animals which make
their change of place by means of two or four points.

And so, since this condition occurs almost exclusively

in red-blooded animals, it is clear that no red-blooded

animal can move by means of more than four points,

and if an animal is so constituted by nature as to

move by means of four points only, it must neces-

sarily be red-blooded.

What actually occurs in animals is also in agree-

ment with the above statement. For no red-blooded

animal can live for any time worth mentioning if it be

•* There are two kinds of in, e.ff., a quadruped, (a)

those in each of the four legs and (b) the central in the

heart ; the former must each be approximately equidistant

from the latter.
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divided into several parts, and can no longer partake
of the motion from place to place whereby it moved
while it was still continuous and undivided. On the
other hand, some of the bloodless animals and poly-

pods can, when they are divided, live in each of

these parts for a considerable time and move with

the same motion as before they were divided, the so-

called scolopendi'ae,''for example, and other elongated

insects ; for the hinder part of all these continues to

progress in the same direction as the fore-part. The
reason why they live when they are divided is that

each of them consists as it were of a continuous body
made up ofmany animals. And the reason why they

are of this kind is clear from what has been said above.

Animals which are constituted most in accordance

with nature naturally move by means of two or four

points, and likewdse also those among the red-blooded

animals which are footless ; for they too move at four

points and so effect locomotion. For they progress

by means of two bends ; for in each of their bends

there is a right and a left, a front and a back in

their breadth—a front point on the right and another

on the left in the part towards the head, and the two
hinder points in the part towards the tail. They
appear to move at two points only, namely, the points

of contact with the ground in front and behind. The
reason for this is that they are narrow in breadth ;

for in these animals too, as in the quadrupeds, the

right leads the way and sets up a corresponding move-

ment behind. The reason of their bendings is their

length ; for just as tall men walk with their backs

hollowed ^ and, while their right shoulder leads the

* XopSos is the opposite of ^, hunchbacked (Hippocr.

Fract. 763).
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way fonvard, their left hip inch'nes towards the rear

and the middle of the body becomes concave and
holloAv, so we must suppose that snakes too move
upon the ground with their backs holloAved. And
that they move in the same manner as quadrupeds
is shown by the fact that they change the concave
into the convex and the convex into the concave.

For when the left forward point is again leading

the way, the conca\'ity comes in turn on the other

side, for the right again becomes the inner. Let
the front point on the right be A, and that on the

left B, and the rear point on the right C, and that on
the left D.

This is the way that snakes move as land-animals,

and eels, conger-eels and lampreys and all the

other snake-like creatures as Avater-animals. Some
water-animals, hovever, of this class, lampreys for

example, have no fin and use the sea as snakes

use both the sea and the land ; for snakes swim in

just the same manner as when they move on land.

Others have two fins only, conger-eels for example,

and ordinary eels and a species of mullet Avhich occurs

in the lake at Siphae." For this reason too those

vhich are accustomed to live on land, the eels for

example, move with fever bends in the water than

on dry land. The kind of mullet which has only two

fins makes up the number of four points in the water

by its bends.* VIII. The reason why snakes are

footless is, first, that nature creates nothing without
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a purpose but ahvays with a view to what is best for

each thing within the bounds of possibiUty, preserv-

ing the particular essence and purpose of each ; and,

secondly, as yve have already said, because no red-

blooded animal can move by means of more than four

points. It is clear from this that all red-blooded
animals whose length is out of proportion to the rest

of their bodily constitution, like the snakes, can none
of them have feet ; for they cannot have more than
four feet (for if they had, they would be bloodless),

whereas, if they had two or four feet, they be
practically incapable of any movement at all, so slow

and useless would their movement necessarily be.

Every animal which has feet must necessarily have
an even number of feet ; for those which move from
place to place by jumping only do not require feet

(at least not for this movement), while those which
jump but do not find this mode of locomotion suffi-

cient by itself and need to valk also, must clearly

either progress better with an even number of legs

or else cannot otherAvise pi-ogress at all." For since

this kind of change from place to place is carried out

by a part and not, like jumping, vith the whole of

the body at once, some of the feet during the change
of position must remain at rest while others are in

motion, and the animal must rest and move with

opposite legs, transferring the weight from the legs

in motion to those at rest. Hence no animal can

708 b 5 if.), would walk better with an even number ; quad-
rupeds and bipeds, on the other hand, cannot walk at all with

an uneven number of legs. Farquharson's insertion of

seems therefore a certain emendation : the omission of,
however, in our mss. would be better accounted for if it is

inserted before SAws rather than before woptvecdai.
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walk using either three legs or one leg ; for if it uses

one leg it has absolutely no support on which it is to

rest the weight of the body, and if it uses three it will

rest it on a pair of opposite legs, so that, if it attempts
to move thus, it necessarily falls. Polypods, however,
for instance the scolopendrae, can achieve progression

with an odd number of legs, as they can be immediately
seen to do if you mutilate one of their feet, because
the maiming of some of the feet in the opposing rows
is compensated by the greater number of feet still

remaining on either side ; the result is that the

maimed leg is as it Avere dragged along by the others,

and the animal does not walk properly. However,
it is clear that these maimed animals would achieve

the change of position better if they had an even
number of feet, that is, if none were lacking and they

had all the feet in the corresponding rows ; for then

they would be able to distribute their weight evenly

and would not sway to one side, if they had corre-

sponding supports on each side and had not one space

in the opposite rows devoid of a leg. An animal,

then, when it walks progresses by means of each of

its limbs alternately ; for thus its state is restored so

as to be identical vith its original form.

It has now been established that all animals have

an even number of feet, and the reason for this has

been stated. IX. That, if nothing vere at rest, there

could be no bending or straightening is clear from the

follo^ving considerations. Bending is the change from

what is straight to what is curved or angular; straighten-

ing is the change of either of these to what is straight.

In all the above changes the bending or straightening

' scripsi : : ceterl.

* ante add. .
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must necessarily be relative to a single point. Further,

if there were no bending, there Avould be no walking
or swimming or flying. For since animals with feet

stand and rest their weight alternately on each of

their two opposite legs, as one leg advances the other

must necessarily be bent. For the corresponding

legs on either side are naturally equal in length, and
the leg Avhich supports the weight must be straight,

at right angles, as it were, to the ground. But when
a leg advances, it is assuming the position of the side

subtending a right angle," the square upon which
equals the squares ^ on the side which is at rest and
the hne between the two legs ; but since the legs

are equal, the leg which is at rest must bend either

at the knee or, in any kneeless animal that walks, at

the joint. That this is so is shown by the fact that

if a man were to walk on the ground alongside a wall

[vith a reed dipped in ink attached to his head],"

the hne traced [by the reed] would not be straight

but zigzag, because it goes lower when he bends and
higher when he stands upright and raises himself.

It is possible, hoAvever, to move even if the leg has

no bend in it, as happens when children crawl. (The

old account attributed such motion to elephants, but

it is untrue.) Movement of this kind takes place

through a bending in the shoulders or hips. But no

creature could Avalk erect in this way continuously

and safely, but could only move like those who drag

themselves forward through the dust in the wrestling-

school on their knees. For the upper portion of the

can be formed by constructing squares on the side of, e.g. a
triangle.

" The text here is corrupt and something has fallen out in

all our mss. : the words here bracketed are suppUed from the

explanation given by Mich.
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body is large, and therefore the leg must be long ; and

if this is so, there must necessarily be a bending. For

since a standing position is perpendicular, the leg which

is moved forvard, if it is to be unbent, will either fall

as the right angle becomes less, or else it Avill not ad-

vance at all ; for if, while one leg is at right angles, the

other is advanced, the advanced leg will be greater and

at the same time equal ; for it will be equal to the leg

which is at rest and also to the side subtending the

right angle.'' The advancing leg must therefore be

bent, and the animal, as it bends it, must at the same

time stretch the other leg and lean forward and make

a stride and remain in the perpendicular ; for the legs

form an isosceles triangle and the head becomes

loAver when it is perpendicular to the base of the

triangle.*

Of animals which are footless, some advance with

an undulating motion—this can be of two kinds, for

some animals, for example snakes, make their bends

on the ground, while others, for instance caterpillars,

make them upwards—and undulation is bending.

Others move by cravling, like the earthAvorms and

leeches ; for these advance with one part leading the

way, and then draw up all the rest of their body to it,

and in this manner make the change from place to

place. It is plain that, if the two lines which they

* When the stride has been completed the result is an
isosceles triangle formed by the two legs and the ground ; the

head, which is necessarily lower than when the legs were
together, is perpendicularly above the base.
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form were not greater than the one," movement would
be impossible for animals which advance by undula-
tions. For, when the bend is extended, they would
not have made any advance, if it subtended an equal
hne ; whereas, in fact, it is longer when it is extended,
and then, when this part has come to a standstill,

the animal draws up the rest.

In all the above-mentioned changes that which
moves advances by first extending itself straight out
and then curving itself—straightening itself out with
its leading parts and curving itself in the parts which. All animals, too, which jump make a bend
in the loAver part of their body and jump in this

manner. Animals also which fly and those which
swim, fly by straightening and bending their wings
and swim with their fins, some fish having four

fins and others, namely those which are of a more
elongated form (eels for example), having two fins.

The latter accomplish the rest of their movement
by bending themselves in the rest of their body, as a

substitute for the second pair of fins, as has already

been said. Flatrfish use their two fins, and the flat

part of their body instead of the second pair. Fish

that are entirely flat, like the ray, manage to swim by
using their actual fins and the outer periphery of their

body, which they alternately straighten and bend.

X. A question might perhaps be asked as to how
birds, whether flying or walking, can move at four

points, in view of the statement that " all red-blooded

animals move at four points." But this is not exactly

what we stated ; what we said was " at not more than
four points." However, they could not fly if their

these two lines together must be longer than the line which
subtends their angle,
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legs were taken from them, or walk if their wings
were taken from them, just as a man cannot walk
without moving his shoulders to some extent. All

things, as has been said, make their change of position

by bending and stretching ; for they all progress
upon that which, being beneath them, also as it were
gives way to them up to a certain point ; so that,

even if the bending does not take place in any other

part, it must at any rate do so at the point where the
wing begins in flying insects <* and in birds, and where
the analogous part begins in other animals, such as

fishes. In other animals, snakes for example, the

beginning of their bending is in the joints of the body.

In winged creatures the tail is used, like the rudder
in a ship, to direct the flight ; and this too must bend
at the point where it joins the body. Flying insects

also, therefore, and those birds * Avhose tails are ill-

adapted for the purpose just mentioned, peacocks,

for example, and domestic fowls and, generally, those

birds which are not adapted for flight, cannot keep
a straight course. Of the flying insects not a single

one possesses a tail, so that they are carried along

like rudderless ships and collide with anything that

they happen to meet. The same is true of sheath-

mnged insects," such as beetles and cockchafers,

and the sheathless insects, such as bees and wasps.

The tail is useless in such birds as are not adapted

to flight, the porphyrio,*^ for example, and the heron

and water-fowls in general ; these fly stretching out

' Coleoptera.
^ The identity of this bird is disputed. W. W. Merry (on

Aristoph. Aves, 707) suggests some kind of coot ; D'A. W.
Thompson (on H.A. 509 a 11, 595 a 13) suggests the purple

coot or the flamingo.
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their feet in place of a tail and use their legs instead
of a tail to direct their flight. The flight of flying

insects is slow and weak, because the growth of their

wings is not in proportion to the weight of their body ;

for their weight is considerable, while their wings
are small and weak ; so they use their power of flight

like a merchant-ship attempting to travel by means
of oars. The weakness also of the wings themselves
and of their manner of groAvth contributes to some
extent to the result which we have described. Among
birds, the peacock's tail is at one season of no service

because of its size, at another useless because the

bird moults. But birds are the exact opposite of

winged insects in the nature of their \£•5, especially

the swiftest flyers among them, namely, those Avith

curved talons ; for their swiftness of flight is useful

in enabling them to gain their livelihood. The other

parts of their body, too, seem to be similarly adapted

for their particular movement, the head being always

small and the neck not thick and the breast strong and

sharp—sharp so as to be compact like the prow of a

hght-built ship, and strong owing to the \vay the flesh

grows—so as to thrust aside the air which meets it,

and that easily and without effort ; but the hinder

parts are light and contract again to a narrow point,

in order that they may the forvard parts with-

out sweeping the air by their breadth.

XI. So much for the discussion of these topics.

The reason why an animal which is to walk erect

must both be a biped and also have the upper part

of its body lighter and the parts situated beneath

these heavier is obvious ; for only if it were so
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PROGRESSION OF ANIMALS, xi.

constituted would it be able to carry itself easily.

Therefore man, the only erect animal, has legs larger

and stronger in proportion to the upper part of his

body than any of the other animals which have legs.

What happens with children illustrates this : they

cannot walk erect because they are ahvays dwarfish

and have the upper parts of their body too big and

too strong in proportion to the loAver parts. As they

grow older, the lower parts increase more quickly,

until they attain their proper size ; and it is only then

that they can walk with their bodies erect. Birds

are lightly built but can stand on two feet because

their weight is at the back, just like bronze horses

which are made by sculptors with their fore-legs

raised in the air. The chief reason why birds can

stand although they are bipeds is that their hip-joint

resembles a thigh and is of such a size that they seem

to have two thighs, one on the leg above the joint and

the other between this and the fundament ; but it is

not really a thigh but a hip. If it were not so large,

a bird could not be a biped ; for then, just as in man
and the quadrupeds, the thigh and the rest of the

leg would be directly attached to a short hip, and so

the whole body would tend to fall forward too much.

But, as it is, the hip, being long, extends up to the

middle of the belly, and so the legs form supports at

that point and carry the whole body. It is clear too

from this that it is impossible for a bird to stand erect

in the way that a man stands ; for the way that birds'

wings grow is useful to them in the position in which

they now hold themselves, but if they stood erect,
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PROGRESSION OF ANIMALS, xi.-xii.

as winged cupids are represented in pictures, the

wings would serve no purpose.

At the same time it is clear from what has been
said that man, or any other creature of hke form,

cannot be winged, not only because, being red-

blooded, he would then move at more points than

four, but also because the possession of wings would
be useless to him when mo\'ing in a natural manner.
Now nature creates nothing unnatural.

XII. It has already been stated that, if there were
no bending in the legs or shoulders and hips, none
of the animaLs which are red-blooded and have feet

could progress ; and that bending would be impos-

sible if sometliing were not at rest ; and that men
and birds, being both bijjeds, bend their legs in

opposite directions ; and, furtlicrmore, that quadru-

peds bend their pairs of legs in opposite directions

to one another and in an opposite manner to men.
For men bend their arms concavely and their legs

(onvexly, but quadrupcfls bend their front legs con-

vexlv and their back legs conca\ely ; birds too do

the latter. The reason is that nature never does

anything without a purpose, as has been said before,

but creates all things with a view to the best that

circumstances allow. And so since in all creatures

which possess by nature the power of locomotion by

means of their two legs, when each leg is stationary

the weight must be upon it, but when they move
f(jrward, the leading leg must have no weight upon

it, and as progression continues it is necessary to

transfer the weight on to this leg ; it is clearly essential

that the leg after being bent should become straight

again, the point at which the leg is thrust forward

and the shin remaining at rest. And it is possible
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PROGRESSION OF ANIMALS, xii.

for this to happen and for the animal at the same
time to progress if the leading leg can bend forward,
but impossible if it bends backAvards. For in the
first case the extension of the leg will take place with
the forward movement of the body, in the second
case with its backward movement. Further, if the
bending Avere backwards, the planting of the foot
would be carried out by two movements contrary to
one another, one backwards and the other forwards.
For in bending the leg it is necessary to draw the
extremity of the thigh backwards, and the sliin

would move the foot forwards from the point of
bending ; but if the bending be forAvard, the
progression described above will take place not by
two contrary movements but by a single forward
movement.
Man then, being a biped and carrying out the

change from place to place in a natural manner by
means of his legs, bends his legs forwards for the
reason already stated, but bends his arms concavely.
This is only in accordance with reason ; for if they
were bent in the opposite direction, they would be
useless for the purpose of the hands and for taking
food. But viviparous quadrupeds of necessity bend
their front legs in an outAvard curve, because these

legs lead the way when they Avalk, and are also

situated in the front part of their bodies ; and the
reason is the same as in man, for in this they resemble
man. Thus the quadrupeds too bend their legs

forAvard in the manner already described ; for indeed,

since they bend their legs in this way, they will be
able to raise their feet high in the air, whereas, if

they bent them in the opposite direction, they would
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PROGRESSION OF ANIMALS, xii.-xiii.

Bft them only a little way from the ground, because
the whole of the thigh and the joint from which the
shin grows would come up against the belly as the
animal advanced. On the other hand, if the bend-
ing of the back legs were forvard, the raising of the
feet would be similar to that of the front feet (for

they could only be raised a short distance by lifting

the legs, since the thigh and the joint of both legs

would come up under the region of the belly), but
the bending being, as it is, backwards, there is no-

thing to hinder their progression as they move the

feet in this manner. Again, for those animals which
are suckling their young, it is necessary, or at any
rate better, that their legs should bend in this way
with a view to this function ; for if they bent their

legs inwards, it would not be easy for them to keep
their young underneath them and to protect them.

XIII. Now there are four ways of bending the legs

taking them in pairs. Both the fore and the hind

legs must bend either concavely, as in figure A ; or

in the opposite manner, that is convexly, as in :

(Mich, supplies the figures which are lacking in the mss. In each group
the front legs are the left pair, the hind legs the right.)

or inversely, that is to say, not in the same direction,

but the forelegs bend convexly and the back legs

concavely, as in C ; or (the converse of C) Avith the

convexities towards one another and the concavities
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PROGRESSION OF ANIMALS, xiii.-xiv.

outwards, as in D. No biped or quadruped bends its

limbs as in figure A or B, but quadrupeds bend them
as in C. The bendings illustrated by figure D occur
in none of the quadrupeds except the elephant, and
in the movement of the arms and legs by man, for

he bends his arms concavely and his legs convexly.

In man the bendings of the limbs always take
place alternately in opposite directions ; for example,
the elbow bends concavely but the wrist convexly,

and the shoulder again convexly. Similarly in the
legs, the thigh bends concavely, the knee convexly,

and the foot, on the other hand, concavely. And
obviously the limbs bend in opposite directions

to the upper ; for the oi-igin of movement bends in

opposite directions, the shoulder convexly and the

thigh concavely ; therefore also the foot bends con-

cavely and the wrist convexly.

XIV. The bendings, then, of the legs take place

in this manner and for the reasons stated. But the

back legs move diagonally in relation to the front

legs ; for after the right fore leg animals move the

left hind leg, then the left fore leg, and after it the

right hind leg. The reason is that, if they moved the

fore legs at the same time and first, their progression

would be interrupted or they would even stumble

forAvard, with their hind legs as itAvere trailing behind.

Further, such movement would not be walking but

jumping ; and it is difficult to keep up a continuous

movement from place to place by jumping. An illus-

tration of this is that, in actual fact, horses that move
in this manner," for example in religious processions,

soon become tired. For this reason, then, animals do

" i.e. prancing instead of walking.
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PROGRESSION OF ANIMALS, xiv.-xv.

not move separately with their front and back legs "

;

and, if they moved with both their right legs first,

they would not be above their supporting hmbs and
would fall. If, then, they must necessarily move in

one or other of these tAVO ways or else diagonally,

and neither of the first two ways is possible, they
must necessarily move diagonally ; for if they move
thus they cannot, as has been explained, suffer

either of the above ill results. For this reason horses
and similar animals stand at rest with their legs

advanced diagonally and not with both right or both
left legs advanced at the same time. And those
animals which have more than four legs move in

the same manner ; for in any four adjoining legs the
back legs move diagonally with the fore legs, as can
be plainly seen in those which move slowly.

Crabs too move in the same fashion, for they are

among the polypods. They, too, always move on
the diagonal principle in whatever direction they are

proceeding. For this animal moves in a peculiar

manner, being the only animal to move obliquely

and not forward. But since " forward " is determined
in relation to the vision, nature has made the crab's

eyes able to conform with its limbs ; for its eyes
move obliquely, and so, for this reason, crabs too can,

in a sense, be said to move " forward."

XV. Birds bend their legs in the same manner as

quadrupeds ; for in a way their nature is closely

" i.e. do not move first the front legs together and then
their back legs together. The ms. authority is strongly in

favour of the omission of the negative; but 712 b 4 " one or

other of these two ways " implies the alternative of movement
with the front legs together and then the back legs together,

or else with the right legs together and then the left legs

together.
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PROGRESSION OF ANIMALS, xv.

similar. For in birds the vings serve instead of front

legs, and so they are bent in the same manner as the

front legs of quadrupeds, since in the movement
involved in progression the natural beginning of

the change is from the wings, for their particular

form of movement is flight. Hence, if the wings
were taken avay, no bird could stand or progress

forward.

Further, since the bird is a biped and not erect, and
the front parts of its body are lighter, it is either

necessary (or at any rate more desirable), in order to

enable it to stand, that the thigh should be placed, as

it actually is, underneath, by which I mean groAving

towards the hinder part. But if the thigh is neces-

sarily in this position, the bending of the leg must be
in a concave direction, as in the back legs of quad-
rupeds, and for the same reason as we gave in dealing

with viviparous quadrupeds.

Generally in birds and winged insects and creatures

that s\\im in the water (all, that is to say, that progress

in the water by means of their instrumental parts), it

is not difficult to see that it is better that the attach-

ment of such parts should be oblique, as in fact

it seems actually to be in the birds and the flying

insects. The same is also true of the fishes ; for the

wings in birds, the fins in fishes, and the ^vings in

flying insects all grow obliquely. This enables them
to cleave the air or Avater with the greatest speed

and force, and so effect their movement ; for the

hinder parts, too, can thus folloAV in a forward direc-

tion, being carried along in the yielding water or air.

The oviparous quadrupeds which live in holes,

* Jaeger : . ( om.)/ libri.
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PROGRESSION OF ANIMALS, xv.-xvi.

such as the crocodile, the common and the spotted
hzard, and land and water tortoises, all have their

legs attached obliquely and stretched out upon the
ground ; and they bend them obhquely, since they
are thus useful in enabling them to crawl easily into

their holes and to sit upon and protect their eggs.

Since their legs project, they are obliged to raise

their whole body by drawing in their thighs and
placing them underneath them ; and in this process

they cannot bend them otherwise than outAvards.

XVI. It has already been said that bloodless

animals Avhich have legs are polypods, and none of

them quadrupeds. Their legs, except the two
extreme pairs, are necessarily attached obliquely

and bend upvards and are themselves bowed some-
what backwards ; and the reason for this is plain.

For in all such animals the middle legs must both

lead and follow. If, therefore, they were under-

neath them, they would have to bend both for-

wards and backwards—forwards because they lead,

and backwards because they follow. But since they

must do both these things, their legs are boved
and make their bends obliquely, except the extreme
pairs, which are more in accordance with nature,

since the first pair leads and the last pair follows.

The number of legs is a further reason for their being

bent in this way ; for they would thus be less likely

to get in each other's way during movement and

collide with one another. The reason that these

animals are bow-legged is that they all, or most of

^ (cum Mich.) Jaeger:\\ libri.
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PROGRESSION OF ANIMALS, xvi.-xvii.

them, live in holes ; for creatures that live thus
cannot be tall.

Crabs are the most strangely constituted of all the
polypods ; for they do not progress forward (except
in the sense already mentioned"), and they alone
among animals have several leading legs.^ The
reason is the hardness of their feet and the fact that
they use them not for swimming but for walking

;

for they always go along the ground." All the
polypods bend their legs obliquely like the quad-
rupeds that live in holes ; lizards, for instance, and
crocodiles and most oviparous quadrupeds are of
this nature. The reason is that they live in holes,

some only during the breeding season, others through-

out their lives.

XVII. Now the other polypods '^ are bow-legged
because they are soft-skinned, but the legs of the
spiny lobster,^ which is hard-skinned, are used for

swimming and not for walking.^ The bendings of

crabs' legs are oblique but their legs are not bowed,
as are those of vivipai'ous quadrupeds and bloodless

polypods, because their legs are hard-skinned and
testaceous, the crab not being a SAvimming animal

and living in holes, for it lives on the ground. More-
over, the crab is round in shape and does not possess

a tail like the spiny lobster ; for the latter 's tail is

useful for swimming, but the crab does not swim.

And it is the only animal in which the side is like a

hinder part, because its leading feet are numerous,'

' There is no single word in English for this animal, the

Latin locusta and the French langouste.
f And therefore are not bowed, as Mich, explains.

» Since the crab moves sidewise, one of its sides becomes
as it were the back, but why it should be so for the reason

given is obscure.
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PROGRESSION OF ANIMALS, xvii.-xviir.

The reason is that it does not bend its legs forwards
and is not bow-legged. Why it is not bow-legged
has been already explained before, namely, because
its skin is hard and testaceous. For this reason it

must lead off with all its legs and obliquely—obliquely
because its bendings are oblique, and \vith all its legs,

because otherwise those Avhich were at rest would
impede those which vere moving.

Flat-fish sAvim as one-eyed men walk ; for their

nature is distorted. Web-footed birds swim with
their feet. They are bipeds, because they take in

breath and respire ; they are web-footed, because
they live in the water, for their feet being of this

kind are of service to them in place of fins. They do
not have their legs, as the other birds do, in the

centre of the body, but placed rather towards the

back ; for since they are short-legged, their legs

being set back are useful for SAvimming. This class

of bird is short-legged because nature has taken

away from the length of their legs and added to their

feet, and has given thickness instead of length to

the legs and breadth to the feet ; for, being broad,

they are more useful than if they were long, in order

to force aAvay the water when they are swimming.
XVIII. It is for a good reason, too, that winged

animals have feet, while fishes have none. The
former live on dry land and cannot always remain up

in the air, and so necessarily have feet ; but fishes

live in the water, and take in water and not air.

Their fins, then, are useful for svdmming, vhereas

feet would be useless. Also, if they had both feet

and fins, they would be bloodless. Birds in a way

^ TrXareis :? PSUY.
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its citation in the De generatione animalivm, De partibus
animalium, etc., must be regarded as an earlier work. This
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PROGRESSION OF ANIMALS, xviii.-xix.

resemble fishes. For birds have their wings in the
upper part of their bodies, fishes have tV fins in

their fore-part ; birds have feet on their under-part,

most fishes have fins " in their under-part and near
their front fins ; also, birds have a tail, fishes a tail-fin.

XIX. A question may be raised as to what is the

movement of testaceans,* and where their movement
begins if they have no right and left ; for they
obviously do move. Must all this class be regai'ded

as maimed and as moving in the same way as an
animal with feet if one were to cut off its legs, or as

analogous to the seal and bat, which are quadrupeds
but malformed ? " Now the testaceans move, but

move in a Avay contrary to nature. They are not

really mobile ; but if you regard them as sedentary

and attached by growth, you find that they are

capable of movement ; if you regard them as pro-

gressing, you find that they are sedentary.

Crabs shoAV only a feeble differentiation of right

and left, but they do show it. It can be seen in the

claw ; for the right claw is bigger and stronger, as

though the left and right wished to be differentiated.

So much for our discussion of the parts of animals

and particularly those which have to do with progres-

sion and all change from place to place. Now that

these points have been settled, our next task is to

consider soul.**

has led some critics {e.g. Brandis) to reject the whole of this

paragraph as a later addition. Such a paragraph, however,

is a characteristic conclusion in Aristotle, and should not be

rejected as a whole. It is quite possible that the words

nepi are corrupt, and indeed the word has been

supplied by a later hand in Z, whereas the first hand had
left a blank and had written {sic) in the margin, which
would be a reference to the latter part of the group of treatises

known as the Parva Naturalia.
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INDEX TO PARTS OF ANIMALS
The Index is to be regarded as supplementary to the Sum-
mary on pages 12-18. Further references will sometimes be
found in the notes on Terminology, pages 24-39.

The numbers 3 to 50 refer to the pages of the Introduction.

The numbers 39a to 97b (standing for 639a to 697b) refer

to the pages and columns of the Berlin edition which arc

printed at the top of each page of the Greek text. The lines

are referred to in units of five lines ; thus
40al=640al-640a4
40b5 = 640b5-640b9.

Such references include footnotes to the translation,

f, If= following section or sections.

Under any heading, each entry is separated from the pre-

ceding by a dash ( / ), unless it has the same page number.

abdomen (abdominal cavi-

ties) 50a 10
ahomasum 74bl5 / 76alO
abscess 67b5
" abscession " 39 / 90a5
Acalephae 81a35
Aesop 63a35
allantois 93b25
Amia 76b20
analogy, difference by 44b 10

/ 45b5
Anaxagoras 40b5 / 45a35 /

77a5 / 87a5
animal 53b20 / 66a35
antelope 63a 10
ants 50b25 / 78b 15 / 83a5

Aorta 52b25/66b25/67bl5if
/71bl5/77a5/78al

ape 89b30
appendage 70a30
Aquinas, St Thomas 42
Arcadia 73al5
Aristotle, " lantern " of

80a5
art 39bl5 / 40a25
Ascidian 80a5 / 81alO, 25 f .

ass 67a20 / 88b20
" Indian " ass 63al5

Astaci 83b25 if

attributes, " essential " (or
" inseparable") 43a25 /

45b 1

auditory passages 57al5

backbone 51b30 / 52al0 /

54b 10
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backward-grazing oxen
59al5

Bacon, Francis 5Sbl5
barn-door 57b25
bat 97bl fF

Batos 95b25 / 96a25 / 97a5
beak o9bl ff /

62a30ff /92bl5 /93al0f
bear 58b 1

beautiful, the 45a23
bee 48a5 / 501)25 / 61a20 /

78blOf / S2bl0 / 83a5,
30

beetle, see dung-beetle

belly 55a 1

bendins: 54b5 / 83b], 30 /

87b25f / 89a 10 / 93bl
Bergson 3
bile 49b30. See also gall

birds 42b 10 / 57 b5, 15 /

59blff /60a25 / 74bl5ff /

76a30 / 91a20 / 92bl ff /

97b20
bison 63a 10
bivalves 79bl5ff
Black Sea 82a25
bladder 70b25ff / 71bl5, 25 /

76a25
"blend" 31 / 37 / 38 / 39 /

50b25 / 52b25, 35 / 69al0 /

73b30 / 86a 10
blinking 57a35, bl5f / 91a20
blood 4 / 45b5 / 47bl (current

of), 30 ff / 49a 15, b20 /

50a30ff / 51al0 / 56bl /

66b25f /67bl5ff/78a5
blood-vessels 47 b5 / 50a25 f /

52b30 /54bl /65bl0f,25 /

66h2o I 67bl5ff
Great Blood-vessel 52b25 /

66b25 / 67bl5 ff / 71bl /

78al
blooded animals 22 / 42bl0 /

544•

50b25 / 65a25 / 76b 10 f /

78a5 / 85b35 ff

bloodless animals 22 / 23 /

42bl0 / 50b25 / 73a30 /

78a25ff
blowhole 59bl5 / 97al5 ff

boar 51al
Bonasus 63a 10
bone 52alff / 53b30ff /

54a30ff / 66b 15

Bovle, R. 45a6
bram52a20ff/56al0ff/

58bl / 73bl0 / 86a5
breast 88alOff
breathing-machine 59a5
bregma 53a35
bronchial tubes 64a25
bull 51al / 63a35
buttocks 89b5 ff

caecal appendages 75alO
caecal dilatation 75b5
Calamarv 54a20 / 78b30 /

79al5 7 85alOff, bl5
camel 63a 1 / 74a30 / 76b25 /

77a35 / 88b20 / 89a30
Canthari 82b25
Carabi, caraboids 79a30f /

83b25 ff

Carcini 83b25 ff

Caria 73a 15

Carides 83b25 ff

carnivorous animals 55al0 /

61b5 / 62bl / 93al / 97al
Cartesian co-ordinates 20
cartilage 54b25 / 55a30
catamenia 48a30 / 89alO
cattle-flies 61a20
Causes3/8/ 11/21 /24ff/
39bl0ff / 40b5 / 41a25 /

46a10
cavities 66b20 ff

centipede 82a5, bl
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Cephalopods 23 / 54al0 /

78a25 if, b25 if / 84b5 if

Cercidas 73a 15
Cestreus 75al0 / 96a5
Cetacea 69a5 / 97al51f
Chalcis in Euboea 77al
chamaeleon 92a20
cliance 40a30 / 41b20 / 45a20
ciliary motion 84b20
classification 1 8 / 20 / 42b5 if /

43bl0 if

claws 62bl / 83b30f / 84al5,

30
cloven hoof 74a25 / and
passim

cockcliafer 82bl5
" colliquescence " 38 / 77aI0
colon 75b3, 15

common functions to body
and soul 9 / 43a35

components in isolation 45a35
" composition " 4 / 46al0 if

composition of Aristotle's

works 10
" concoction " 31 / 34 / 50a5 /

51a20, b25 / 52a5 / 68b5/
70a20, 25/72al/75al0f/
77b25 f

connate pneuma 59bl5 / 69al
controlling part 73b 10 /

81bl5 if/ 82bl,25 / 86al5
Cook, A. B. 73al5
cooling 56a20 / 62al5 /

68b35 if / 92a20 / 96b20
copulation 89a5, 25
Cordylus 95b25
couvre-feu 54a5
crab 79a30 / 91bl5
Crex 95a20
crocodile 60b25 f / 90b20 /

91al5, b5 if

crop 74b20 if / 78b30 f

crow 62b5

Crustacea 23 / 54al / 57b30 /

78a25 if / 83b25 S
cuttlefisii 54a20. See also

Sepia
Cuvier 44 / 84b 15
Cyprinoi 60b35

Darwin 4/7
deer 50bl5 / 63al0,bl0 / 64al

/ 67a20 / 77a30 / 88b25
deformed animals 57a20 /

60b25 / 84bl / 95b

1

Democritus 40b30 f / 42a25 /

65a30
derivation of words 62b20 /

72b30
diaphragm 70a5 / 72bl0 fif

dichotomy 18 / 42b5 if

differentiae 42b20 if

disadvantageous parts 48al5/
59al5 / 63a5 / 64a5 / 94al5

Dissections 50a30 / 66a5 /

68b30
divers 59a5
divine things 44b25 If / 56a5
" division of labour " 83a20/
91b20

dog 74a 1 / 75a25 / 88a5, bl
Indian dog 43b5

dog-teeth 61bl0
dolphin 55al5 / 69a5 / 77a35 /

96b25 / 97al5
dualitv of the bodv 56b30 /

63a20 / 67b30 / 69b 1 Off
dung 75b30
dung-beetle 82b25
dwarf-like 86bl if / 89b25/

95a5
dynamis 29 / 30-32 / 40a20 /

46al0,bl5if /47b5/55bl0

ears 57alO ff

earth 51a25

s3 545



ARISTOTLE

earthy matter 63b25 ff etc.

editions of Aristotle's De
partibus 44-45

Edwards, Milne 83a20
eel 96al, b20
eggs 65a35 / 84a20 / 92a 15
" Elements " 30 / 42a20 /

46al0, b5 / 47al0 / 48bl0
elephant 58b30ff / 61a25 /

63al / 82b30 / 88b5, 15 /

92bl5
embryo 51b20 / 55a 1 / 65bl /

66a20 / 71b5 / 76al5
Empedocles 40a20, b5 /

42al5 / 48a30
Emvs 71a30
epiglottis 64b20 ff

epipetron 81a20
equivalents, law of organic

55a25
" excess and defect " (" the

more and less ") 19 / 44a20,
bl5 / 49a30 / 55a30 /

61b30ff / 84a30 / 92b5
excrement 63a 15. See

residue
excretory organs 89a5 ff

eye and eyelid 57a25 ff/

91a20
eyebrows 58bl0ff
eyelashes 58al0ff

Fabricius 43
fat 51a20ff / 72al
fear 50b25 / 67al5 f / 79a25 /

82b25 / 92a20
feathers 92b 10
fibres 50b 10, 30
fin 85bl5 / 95b25 ff

Final Cause 21 / 39bl5 ff /

46b25
fire 49a20 / 50a5 ff / 52b5
fishes 42b 10 / 58al / 60b 10 ff,
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35f/62a5f/66bl0/75alff/
76a25, b20 / 95bl ff

fishing-frog 95b 10 / 96a25
fishing-rod 93a20
fiea 83a30
flesh 47a20 / 51b5 / 53bl5 ff /

60a5 f / 68a25 ff

fly 61a20 / 78bl5 / 82bl0 /

83a30
fluid and solid 32 / 46al5
flux 52b30
fontanel, anterior 53a35
foot 82a35ff / 85alOff/
90a25 ff

foreskin 57b 1

form (and matter) 9 / 1 1 / 25 /'

40al5, b20 / 41al5
formation (process of) 27 /

40al0ff / 46a25
funnel 79a 1

gadflies 61a20
gall and gall-bladder 5 /

76bl5ff
gazelle 50b 15 / 63a 10, b25
gills 59bl5 / 96bl ff / 97al5f
gladius 54a20
goat 73b30 / 74b5 / 76b35 f /

88b25
Goethe 84bl5
good, the 39b20 / 59b30 /

70b20
" good life " 56a5
" goodness " {arete) 42a30
goosefish 95b 10 / 96a25
grasshopper 82al5f
grease 51a25
Great Blood-vessel, see under

blood-vessels

Grosseteste, Richard 41
gut 74a 10 / 75a30f

haematoporphyria 68b5
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haemorrhage 68bl5
hair 58al5ff
hand 87a5 fF, bl ff / 90a30
hare 67a20 / 69b30 / 76a 15
Harun-al-Rashid 40
Harvey, William 43 / 44
hawk 70b 1

head 56al0ff / 58bl / 86a5 if

hearing 56b 10
heart 47a25 / 53b5 / 54bl0 /

5,6a25 / 65al0, blOfT /

7l)a20f / 73bl0 / 77bl /

78bl / 86al5 / 96bl5
heat 53b5 / 96bl5 / and
passim

hepatopancreas, see mecon
Heracleitus 45al5
Heracleotic crabs 84a 10
Herodotus 59al5
Hippocrates 30 / 31 / 37 /

40b 1 5 / 48a 1 / 50b20 /

85b5 / 86b25
llistoria Animalium 46a5 /

50a30 / 60bl / 74bl5 /

HOal / 84b5 / 89a 15 /

96b 15
Holothuria 81al5
Homer 73al5
hoof 90a5 if

horned animals 73b30
horns 62b20 if

horse 63a 1 / 66bl5 / 88b20,

30
hot, the 50a5 if

hot and cold 41bl5 / 46al5 /

4Sa20 if

hucklebone 51a30 / 54b20 /

90alOif
hyaena 67a20

" idly " (" Nature does no-

thing idly") 61b20 / 91bl /

94al5 / 95bl5

immortality 37
" Indian ass " 63al5f
ink 79al if / 81b35
Insects 23 / 54a25 / 57b35 /

59bl5 / 78bl0 / 82al if

instruments, instrumental
parts 30 / 45bl5, 25 / 46b25
/ 47al if, b20 / 87a5 if

intelligence 4Bal / 50b20 /

72a30 / 86a25 f / 87a5
intermediate creatures 23 /

69al0 / BlalO, blO /

S9b30 / 97al5 if

" internal finality " 3
inlestines 50al5 / 74al0 fiF /

Tobl if/ 76blO
irrigation 68alO f

ischium 95al ff

jaws 91a25 if

jejunum 75b25 ff

ioints 54bl5. See also

bending

l\erkidas 73a15
Kestreus 75alO / 96a5
kidney 70al5, b20 / 71a25 ff

kite 70bl
Knides 81a35
Ktesias 63al5

' lantern of Aristotle " 80a5
lard 51a20 ff, b25 / 72a5
iajrrnx 64al5 ff

laughter 73a 1 ff

Lee, H. D. P. 10

Leonardo da Vinci 65b5

leopard 67a20 / 88a5
Lesbos 80b 1

life 55b35 / 78bl
limpet 79b25 / 80a20

lion 51b35 / 55al0 / 58a30 /

86a20/ 88a5, bl/89a30
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lips 59b20
liver 66a25ff/ 69b25ff/

73bl5ff / 77al5, 35f, b35
lizard 76a25 /91a5ff
" lizards "(, plaited

tubes) 85b5
lobster 84a30
locust 83a30
logos 26 f / 39bl5 / 40a30 /

42a20 / 46b 1 / 49b25/
78a35 / 95bl5

Lophius piscatorius 95bl0
lumen 71bl
lung 64a20 f / 65al5 / 68b30 if

lynx 89a30

Maia 84a 10
mammae 88al5fF
Man 44al / 45b25 / 53a25 fF /

56a5 / 5Sal5, bl / 59b30 /

eOalOff / 61b5 / 62bl5 /

66b5 / 69a20, b5 / 71bl /

73a5, 25 / 76b30 / 86a2o if /

88b30 / 89b5if / 90a2o /

95a5
maOV 51b20ff
marten 67a20
matter and form 9/35/36
mecon 79b 10 / 80a20
melanin 34
Melolontha 82b 15
membrane 73blflF/77bl5, 35/

82b 15 /83b20 / 91a20
mesentery 50a25 / 76blO /

77b35 ff

jMethydrion 73al5
metre 60a5
mice 67a20 / 76b30
Michael Scot 40 ff / 46-47

migrants 94a5
milk 76al0f /88bl
moderation 52b 15
Moerbeke, William of 42
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moon, full 80a30
mouth 50al0ff / 62al5ff
96b20 ff

Murex 61a20
mussel 79b25 / 83b 15
mytis 79a5 / 81b20ff

nails 87b20 / 90b5
Natural science 39al0 / 40a
" Natural Selection " 4
Nature 39bl5/41a25, blOff,
42a 15 / and passim

Naxos 77al
Necessity 21 / 39b20ff /

42a Iff, 30 ff / 45b30 /

46b25 / 51al5 / 63b20 /

70a30, b20 / 72b30 / 77al5,
b20 / 7Sal / 79a25 / 82b25 /

85bl5 / 92a 1 / 94b5
neck 64al0/86a5ff/92b20ff
Nerites 79b20
nictitating membrane 57a30
' non-imiform " parts 28-30

/

46a20, b5, 30 / 47a25 /

55b25 ff

nostrils 58b25 ff

nutriment (" ultimate ")

50a30 / 51al5 / 78a5, 15

nutrition 47a25 / 50a35

octopus 52b25 / 54a20 /

78b25 / 79a5 ff / 85a5,15 ff

oesophagus 50al5 / 64a 15 ff /

74a 10, b20 / 86a20
/

91al
omasum 74bl5 / 76alOf
omentum 76bl0 / 77bl5
operculum 79bl5
opposites, division by 43a30
orifice 81a25
Oryx 63a20
OS sepiae 54a20
Ostreae 80b20
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ostrich 58alO / 95al5 /

97blOff
"ova " SOalOiF, biff
ox 66bl5 / 71b5 / 88b25

etc.

oyster 80b5, 20 / 8 lb 10

Parmenides 48a2o
Parnassus 81a20
parrot-fish 62a5 / 75al
"part" 28-30 / 51b25 / 64a5 /

90a5/
passages 50a 15 / 56b 15 /

71bl, lOff / 78al0
" pen " of Calamary 54a20
penis 89a20 f
" perfect " animals 55b30/
66a25 / 82a30

philosophers, early 40b5 /

41a5 ff / 47al0
" philosophical treatises

"

42a5
phlegm 53al / 77b5
pigeon 70bl
plants 50a20 / 55b30 / 78 alO /

81al5 ff / 82b30 / 83bl5 /

86b30
Plato 30 / 42b5 / 45a35 /

51b20 / 69al5 / 76b25
pneuma, connate 59b 15 /

69al
" potentiality " 43al / 47a5 /

49blff/67b20/ 68a30
" pounce " (of cuttlefish)

54a20
privative terms, privation

42b20ff /49al5
proboscis 78bl0 / 79a5 /

85a30, blO
Protagoras 42a25
purpose 45a20 / 51al5 /

63b20 / 70b20 / 77al5 /

78al5 / 92al

Purpura 61a20 / 79bl5f
Pyrrha, strait of 80b 1

Pythagoreans 70b20

rain 53al
razor-fishes 83b 15
" realization " 35 ff

relative size of parts 65b5
rennet 76a5 ff

residue 29 / 32-34 / 47b25 /

50a20 / 70b25 / 71a5 /

74al5 / 75blOff / 76a30 /

77al0f, 25 / 81a30
respiration 5 / 42a30 / 62al5 /

64b 1 / 65al5
reticulum 74b 15 / 76a5
Rhine 97a5
rhinoceros 63al5
ribs 55al
Risiis Sardonicus 73al0
rot 72a30 ff

rumen 74bl5
rumination, ruminants 74b5 /

75alf

St-Hilaire, J.Bartholemy- 44/
45

St-Hilaire, G. 84bl5
saw-teeth 61bl5 / 62a5
scales 91al5
scallops 79b25 / 80b20 /

83b 15
Scarus 62a5 / 75al
scorpion 83a 10
sea-anemone 81a35
sea-cucumber 81al5
sea-lung 81al5
sea-nettle 81a35
sea-sickness 64b 10
sea-snail 78b20 / 79b5
sea-squirt 81alO
sea-urchin 79b25f/ 80a Iff, 30,

bl ff / 83blO
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seal 57a20 / 71b5 / 76b25 /

97blf
seed 41b25 / 89a5f
Selachia 4 / 55a20, 25, 35 /

76bl /95b5/96blff /97a5
self-defence 55b5 / 62b25 etc.

semen 51bl0, 20 / 89a5f
sensation 47a 1 ff / 48a 1 /

50b25 / 51alO, bl / 53b 20 /

56a 1, 15 / 66a35 / 72b30 /

81al5ff
sense, " general " 86a30
sense-organs 47a5 / 56b25
senses 56a25 if / 86a 10
Sepia 54a20 / 78b25 / 79a5 ff /

85al0ff
septum 81a30
serpents 60b5 / 76a25, b20 /

90bl5if/ 91b25iF/ 96a5 /

97alO
serum 51al5 / 53al
Shakespeare 33 / 34
sheep 71b5 / 72a25 if / 73b30 /

76b35f
sheep-rot 72a30 ff

sinews 66b 10 / 96b5
Siphae 96a5
sleep 53a 10
smell 59b 15

Smyraena 96a5
snake 91al5
Socrates 42a25
solid and fluid 47a20, blO /

48bl /49bl0if
solidification 49a30 / 51a 10

Soul 9 / 34-37 / 38 / 41al5 if/

50b25 / 52b5f / 67b30 /

72bl5 / 76b25 / 78b 1 /

86b25 / 92a20
sounds 60al

f

speech 59b30 if / 60a20/
61bl5 / 64bl / 73a20

spider-crab 84al0

550

spiral shells 79b 10
spit-and-lampstand 83a25
spleen 66a25 / 69b25 if /

70a30 if, b30
sponge 81al0f
spontaneous production

40a30
spurs 94al0
starfish 81b5f
sterility 51b 10

sting 61 a 15, 25 / 82a 10. b30 if

stomach 74a5 if / 80b25 if /

89b35
stone 67bl
substratum 49al5f
suckers 85b 10
suet 51a20 if, b25 / 72a5
sutures 53a35 / 58b 1 / 67a5
sweat 68b 1

swine 63a5 / 88bl, 10 etc.

symmefria 53b35 / 86alO
systoich'ia, 70b2U

tail 58a30 / 84al / 89bl ff /

95b5f
talons 94a 15
taste 56b35 / 60a20 / 61a5 /

90b25 if

Taylor, Prof. A. E. 20
teeth 55b5 / 61a30 if / 78bl5 /

80b25
teleology 3 / 48al5 / 59al5 /

63alO / 94a20
tentacles 85b 1 f

Testacea 23 / 54al / 78blO, 20

/ 79bl if / 83bl if

testicles 95a25 / 97a 10
text and manuscripts of Be

partibus 45 if

theoretical sciences 40a
Thompson, Prof. D'Arcy 10 /

19 / 20 / 44a20
Tipha 96a5
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tissues 4
toad 73b30
Toledo 40/41
tongue 59b35 ff / 78b5 ff /

90b20 ff

torpedo-fish 95b5 / 96a25 f

tortoise 54a5 / 71al5f /

73b30 / 76a30 / 91al5
touch 47 / 53b20 / 56a35
Transformations, theory of

19 /20
translations of Aristotle's

works 39-43 / 44-45
transmigration 36
troglodytes 69b5 / 84a5
Trygon 95b5, 25
tube-feet 81a5
turtle 54a5
tusks 55b 10

umbilical cord 93b25
umbilicus 93b20
" uniform " parts 28-30 /

40b20 / 46a20, b5, 30 /

47a25, blO
upright posture 53a30 / 56alO

/ 58a20 / 62b20 / 69b5 /

86a25ff/ 87a5 / 89bl0ff/
90a25 / 95al ff

ureters 7 lb 15

vaporization 52b:l5 / 72bl5
variations in " parts " 47b25 ff

/73bl0ff
ventilation 53bl
vermiform appendix 75al5
vertebrae 51b30 / 54bl5 /

86a20
Vertebrates and Inverte-

brates 45b 10
viper 76b 1 f

viscera 47a30 / 65a25 ff /

73bl0ff
Vivipara 55a5, blO / 62b20 /

73bl5/74a25 / 85b35ff

wasp 83a5
whale 69a5 / 97al5ff
whelk 79bl5f /83bl0
windpipe 64a35 ff / 86a 15
wing (of birds) 93b Iff

wing (of insects) 82b5 ff

wolf 86a20 / 88a5
\voodpecker 62b5
wryneck 95a20

xanthopterine 34

Zeus hoplosmios 73al5
zoological works of Aris-

totle 8
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Note 98a-99b = 69Sa-699b
00a-14b = 700a-714b.

The matter contained in lines 1-5, 5-10 etc. is treated as a

section, and each section is referred to by the number of its

first line : e.g. 98al refers to anything contained in page
698a lines 1-4, and ISblO to anj'thing contained in page
713b lines 10-14.

action, the result of the prac-
tical syllogism 01a23 ff

active )( passive 02b 10 /

05a20
alteration, causes of 01bl5
animals passim
appetite 00b 10
arms, movement of, in run-

ning 05a 15
athletes, use of weights in

jumping by 05al5
Atlas, the fable of 99a25, bl

back )( front, of animals
05a25, blO

bat 14bl0
bees lOalO
beetles lOalO
bending, as a means of

motion 07b5 / 08b20 ff /

09b 1 ; concave and convex
ib. 10 ; of legs in \valking

552

by man lla25 ff, by quad-
rupeds ib. blO, by birds
12b20

bipeds 04a 10, 15 / 06a25,
bl ff / 10b5 / 12b30

birds 09b20 ; are bipeds
06a25 ; standing position

of 10bl5 ff ; compared ^vith

fishes 14a20 ff ; birds with
talons the swiftest flj^ers

10a25 ; web-footed birds,

14a5
bloodless animals, progres-

sion of 12b20 ff; struc-

ture of ib. 30 ; can have
more than four feet 08al5

;

can live though divided in

parts 07a30
boat, illustration from a

98b20
bones 01b5
Boreas 98b25
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bronze, horses in 10b20

caterpillars, 05b25 / 09a30
children, their difficulty in

walking lOblO
cockchafer lOalO
conger-eels 08a 1

crabs 12b 10/14b 15; curious
structure of ISblO ff

crawling 09a5, 25
crocodile 13a 15, bl5
cupids, pictures of winged
Hal

Oe anima, referred to 00b5 /

14b20
De pariibus animalium, re-

ferred to 98al
desire, as a cause of motion
00bl5/01al/03a5; absent
in involuntary movements
03b 10

diagonal movement of tlie

legs 04.bl / 12a20, b5
dimensions ofanimals 04bl5 /

05a25

earth, immobility of the

99a30, b5 ff

earthworms 05b25
eels 08al ff / 09bl0
elbow 12alO ; elbow-joint

98b 1 / 02a25
elephant 09alO / 12al0

feet, even number of, in all

animals 04al5 / 08a20 ff

fiery element 03a20
fire, movement of 99b25 /

OOalO
fishes 09b30 / 13b5 ; com-
pared with birds 14a20 ff

flat-fish 09bl0 / 14a5

flying 98a5, bl5 / 09b5
" foot," defined 06a30
footless animals 04a 10 /

05b20 / 06b 1 ; movement
of 07b5 / 09a25

fore-arm 98b 1 / 02a25
fowls, domestic 10a5

geometrical illustrations

98al0 / 02b25 / 03b25
good, the, as a cause of move-
ment 00b25 ; real )( appar-
ent good, ib.

hand 02a30 ff

heart OSalO / 03b5, 20
heavens, movement of the
99alO

heron 10a10
hips 98b5 / 09al0 / lla5; of

birds 10b20, of man ib.

Historia animalium, referred

to 04b 10

Homer, quoted {Od. viii. 20-

22) 99b35
hopping 05b30
horses, of bronze 10b20, in

religious processions 12a30

" impossible," meaning of
99bl5

imagination OOblO / 0Ibl5 /

02al5 / 03bl0 ff

inferior )( superior parts

04b20 / 05a25 / 06bl ff /

07a5
insects 09b30 / 10a5 ff / 13al

intellect 00b 10

joints 98al5 / 02a20 / 03al0 /

05al5 ; of elbow 98bl
jumping 05a5, 15 / 08a20 /

09b5
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knee 98b 1

lampreys 08a 1

leeches 09a30
left )( right 05a25, bl5 ff;

left and right sides of
the body, similar 02b 10 ;

weights carried on left

shoulder 05b30 ; why men
step off with the left foot

06a5
legs, the 98b5 / lOblO ; posi-

tion of, in movement
09bl5 if; of man, bent in

convex direction 04a 15, of

birds, in a concave direc-

tion ib. 20 ; four ways of
bending the legs 12a I

transference ofweight fron
one leg to another llalO
of polypods 13b25 ff

necessary to birds 09b2O
used to direct fliirht

10al5
lizards 13b 15

lobster 13b20 ff

man, the only erect animal
lOblO; right-handed 06a20;
why a biped 04a 15 ; why
not winged llal ; his

action in walking 07b 15 ;

bends his legs in a convex
direction 04a 15

marionettes, illustration from
Olbl

Metaphysics, referred to

00b5
mice 98bl5
molluscs 06a30
moon 99b 15
motion, movement, of the

554^

universe 98bl0, of the
heavens 99al0, blO, of
animate things OOblO, of
inanimate things OOblO,
of the soul OObl, of red-
blooded footless animals
07b5 ; various kinds of
movement 98a5 / 05a 1 ff;

cause ofmovement 00b 1 5 ff;

where situated 02a20, b5 ff;

origin of movement 98a 15,

bl ff / 01b30 / 06bl5;
points at which movement
takes place 04a 10 /07a 15 ft",

b5 ff / 09b20 ; movement
begins on the right side
05b30 / 06b 15 ; movement
implies something at rest

outside 99b30 / 02a25

;

movement of one part
necessitates rest of another
part 98a 15, bl ff / OOao;
movement by bending
08b20 ff / 09bl / lla5

;

voluntary )( involuntary
movement 03b5 ; diagonal
movement of the legs

04b 1 / 12a20, b5 ; move-
ment in jumping, running,
and walking 05a5 ff

mover, the prime 00b5,
moves without being itself

moved 98a5 / 00b35, is

eternal OObSO
mullet 08a 1

nature, creates nothing with-
out a purpose 04b 15 /

08a 10, creates nothing un-
natural llao

nutrition, of plants 06b5, of
plants and animals com-
pared 05b5
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opposite parts of the body
move simultaneously 02b ] )

oviparous quadrupeds 04b 1 /

13al5

passive )( active 02a 10 /

05a20
peacock 10a5, 20
Physics, reference to (258b49

)

98a 10

plants, nutrition of06b5, lack
movement ib., compared
with animals 05b5, superior
and inferior parts of 05a25,
bl ff

points at which movement
takes place 04alO/07al5ff,
b5 ff / 09b20

poles, the 99a20 ff

polypods 04a 10 / 06a30, b5 /

08bl / 12bl0 / 13a25, bl5
porphyrio (a bird) 10a 10

procession, religious 12a30
purple-fish 06a 15

purpose OOblO / 01a5, in

nature 04bl5 / OSalO

quadrupeds 04al0 ff / 06a30 /

07bl5; bending of the letrs

of quadrupeds in walking
llblO ; oviparous quad-
rupeds 04b 1

ray (fish) 09bl5
red-blooded animals lla5,

move at four points 04a 10 /

07al5, b5 / 09b20, cannot
live if divided into parts

07a25
resistance of earth, air or sea

necessary to movement
98bl5

rest )( motion 98b5

right )( left 05a25, bl /

06b25 / 07a5 ; movement
originates on the right side
05b30 / 06bl5 ; right side

superior to left 06a20,
blO ; right limbs used in

defence 06a5
roots of plants 05b5
rudder, slight movement of,

changes direction of boat
01b25

scolopendrae 07a30 / 08b5
seal 14b 10
sensation OlaSo, cause of

alteration 01bl5 ; origin

of sensation situated in the
centre of the body 02b20

sense-])erception, in animals
05bl0; objects of 98alO

sexual organs 03b5, 20
shin 98bl
shoulder 98 bl /09alO / llaJ/

12al0
sinews 01b5
Siphae 08a5
snakes 05b25 / 09a25, move-
ment of 07b20 ff, why
footless 08ao ff

soul, movement of the 90bl,
central position of 03a35,
as origin of movement
02bl ff / 03al

spine 02b20
spirit, innate, in animals

03a 10 ff

stromboid testaceans 06al0,
bl

superior )( inferior parts

04b20/05a25/06bl ff/07a5
swimming 98a5, bl5 / 09b5
syllogism, the practical

OlalOff
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tail, used as a rudder lOal
talons, birds with, the swiftest

flyers 10a25
testaceans 06alO, bl / 14b5
thisjhs 12al5, of birds 12b30
Tityos 98b25
tortoise 13al5
toy-carriage, illustration from

Olbl
trumpet-shell 06al5

universe, movement of the
98blO

viviparous quadrupeds 04a20
voluntary )( involuntary
movement 03b5

walking 05a5
wasps 10a10
water-fowl 10a10
web-footed birds 14a5
weights, used by athletes

when jumping 05al5,
carried on left shoulder

05b30
V, ings 05b20 / 06a25 / 09b5.

30 ; of birds, necessary for

walking 09b20, and for

standing 10b30, serve as

front legs 12b20; ofcupids,
useless Hal ; of insects

10al5 ; grow obliquely

13a5
wrestling-school 09blO
wrist 02b 1
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