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INTRODUCTION

For even in the study of animals disagreeable to perception,
the nature that crafted them likewise provides extraordinary
pleasures to those who are able to know their causes and are
by nature philosophers. (De Partibus Animalium 1. 5)

The De Partibus Animalium is the heart and soul of Aristotle’s
philosophical, that is to say causal, investigation of animals. This is
clear from two entirely unrelated considerations.

First, there are reasons that derive from the very nature of the
biological enterprise itself. Being is prior to becoming (PA I. 1,
640"3—6, “13—19). It is for the sake of being—that is, living—that
animals come to be, and for that reason Aristotle argues that tele-
ology, or goal causation, is scientifically prior to motive causation
(PA 1.1, 639°15-19; I1. 1, 646*25-"1). The first order of business,
then, when it comes to the causal investigation of animals, is the
study of the living animal in its actualized, functional form. Thus
explanations of the sort we find in P4 I1-1V are explanatorily prior
to the complex account of animal development we find in the De
Generatione Animalium (GA 1. 1, 715 1—17).!

Moreover, causes are prior to their effects. Whatever the chrono-
logical relationship of the writings that have come down to us under
the title Historta Animalium, the research they represent was car-
ried out in order to achieve the type of explanatory understanding
which is the aim of the De Partibus Animalium and De Generatione
Animalium (HA 1. 6, 490™7—14; PA 11. 1, 646*7—12).

There are, however, also reasons for the centrality of the De Par-
tibus that we owe to the first editor of the zoological works of Aris-
totle. For he attached what appears to be an independent group
of essays on the philosophical foundations of the study of living
nature to the causal investigation of animal parts in P4 I[I-IV. Now
he may have done so because he believed one of the lessons of
those essays was that P4 11-IV should immediately follow them—
we shall never know. Whatever his reasons, the result is that De

' And of course the explanations of I’4 presuppose the account of living function
in the De Amima.
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INTRODUCTION

Partibus Animalium as we have it not only contains Aristotle’s
causal/explanatory theory of the parts of fully mature animals; it
opens with a book devoted to laying the philosophical foundations
of the entire biological enterprise.

A few words need to be said about the translation and following
commentary. There are two readily available English translations
of the whole of De Partibus Animalium, that of William Ogle (now
lightly revised for inclusion in Jonathan Barnes’s edition of the
Complete Works) and that of Arthur Peck for the Loeb Classical
Library. In addition, the first book is available in David Balme’s
Clarendon translation, with notes. The latter has served in many
ways as a model for my own translation, and where my rendition of
PA 1 differs from his it is with his stated aim in mind—*to remain
semantically faithful to what Aristotle says, remaining obscure or
ambiguous where the Greek is obscure or ambiguous’. [ have learnt
a great deal from consulting the editions of Ogle and Peck, but
ultimately I find the translations, while elegant, often misleading.

The above quote from Balme’s preface might lead one to suppose
that ‘expansive’ translations, such as Peck’s and even more Ogle’s,
always decrease obscurity and ambiguity in the Greek original. By
means of one example I want to stress that the opposite is often
the case.

There are a number of quite extensive groups of animals that
Aristotle identified and that he uses with some consistency in or-
ganizing his zoological writings. T'wo such groups are identified
by the conjunction of the number of feet these animals have with
their mode of reproduction: a straightforward translation might be
‘those that have four feet and lay eggs’ or ‘those that have four feet
and bear live young’. Peck and Ogle have taken the perfectly natural
and understandable tack of using Latinate scientific terminology—
oviparous quadruped, viviparous quadruped.

Understandable though it may be, this practice is misleading in
many respects. First, Aristotle tells us that these groups are un-
named; it is sometimes valuable to discuss animals that share these
two characteristics as a group, but if one gets the idea from a trans-
lation that Aristotle has a technical, taxonomic vocabulary for these
groups, one is being seriously misled. The same goes for the groups
that Ogle translates ‘testacea’, ‘crustacea’, and ‘cephalopoda’.

Second, once you opt for the above translations, you will be forced
to hide other significant information in the Greek original. For ex-
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INTRODUCTION

ample, Aristotle does not always list mode of reproduction first, fol-
lowed by number of feet. Which characteristic is listed first is often
determined by which grouping of animals serves as the assumed
background and which distinguishing characteristic is currently in
focus. So, for example, in one discussion the wider group might be
the egg-laying animals, within which Aristotle may need to distin-
guish birds (two feet) and fish (no feet) from those with four feet;
in another, he may be discussing four-footed animals and need to
distinguish those that lay eggs from those that bear live young. The
translation ‘oviparous quadruped’ hides all such subtlety from the
English reader, while at the same time leading him to believe falsely
that Aristotle has a fixed taxonomic vocabulary.

The commentary is primarily philosophical rather than ‘scien-
tific’, though where possible I have tried to give the philosophical
reader enough information about the animals and their parts dis-
cussed by Aristotle to make his argument intelligible. The notes
to Ogle’s 1882 edition are still very helpful in this respect, and 1
have consulted a number of standard works in comparative anatomy
as well.

Nevertheless, the commentary #s primarily philosophical, and
there are a number of interpretative questions that unify it themat-
ically:

1. How should we understand the relationship between the zoologi-
cal investigation of PA II-1V and the philosophical norms of expla-
nation and enquivy defended in PA I? Broadly, this theme has two
intertwined aspects. One wonders first of all about consistency—is
Aristotle doing in Books I[I-IV what a reader of Book I would ex-
pect him to be doing? Were this the case, then P4 [1-1V may aid
us in interpreting the philosophy of zoology of P4 1. But there is
serious danger of interpretative circularity here. Having a preferred
reading of Aristotle’s philosophical account of a concept may lead
one to over-interpret the use of that concept in his working zoology.
My default hypothesis is that the philosophical norms of P4 1 are
reflected in P4 II-1V, but I have indicated places where I find this
hypothesis under severe strain.

2. How should we understand the relationship between the science
outlined in PA I and practised in PA II-IV, on the one hand, and
the theory of scientific demonstration and inquiry outlined in the Prior
and Posterior Analytics? This question has been the subject of lively
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INTRODUCTION

debate over the last twenty-five years, and the position I adopt in
this commentary will come as no surprise to those who have read
my contributions to this discussion. Where I think there is clear
evidence that Aristotle has in mind a scientific enquiry like that
envisaged in An. Post. 11, or a demonstrative science like that en-
visaged in An. Post. 1, 1 shall point to it and discuss it. But I will
also note the many ways in which the Analytics conception of sci-
ence must be enriched and supplemented in order to be applicable
to a biological context—indeed, I believe it is the purpose of P4 1
to provide this enrichment and supplementation. To cite just one
example: the concept of conditional, suppositional, or hypothetical
necessity (ananké hupotheseos) is, as Aristotle notes when he intro-
ducesitin P4 1. 1, not among the concepts of necessity discussed in
the Posterior Analytics, even though there is a discussion (An. Post.
I1. 11, 94%27—95%8) of explanations appealing jointly to necessity
and teleology. Yet this concept plays a central role in the discussion
of biological explanation in P4 1. 1.

3. The connections between Meteorology IV and the account of the
uniform parts in PA II. Recent scholarship has established a close
connection between the account of uniform bodies in Meteorology
IV and Aristotle’s account of the uniform parts such as blood, fat,
brain, flesh, and bone in P4 I1. I shall make use of and build on that
research in the commentary given here. As David Furley indicated
in his fine discussion of Meteorology IV (Furley 1983/1989), the
more precisely these accounts mesh, the more unlikely it is that
they were composed by different authors.

4. The relationship between the accounts of the parts of animals in
PA II-1V and the discussion of the same parts in HA. The research
undertaken by David Balme for the forthcoming edition of the
Historia Animalium convinced him that much of the information
recorded in HA I-IV was borrowed from PA II-IV and that a
significant amount of the rest reflects more knowledge about the
animals discussed than PA. This was, and is, a controversial thesis,
and one I resisted for a number of years. When asked to contribute
a paper to a conference reconsidering the question of Aristotle’s
philosophical development, I took the opportunity to explore the
question {LLennox 1996a). I became convinced by that exploration
of the complexity of the question, and of the plausibility of ‘the
Balme hypothesis’. The present commentary allows me, part by
part, to explore this issue. This has a consequence that some will
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INTRODUCTION

enjoy and others will find tedious. [ have in each case explored what
HA has to say about the parts and the kinds discussed and have
often commented on the similarities and differences between the
two discussions.

When one takes the above points into account, it adds up to
the need for a fuller commentary than is typical of a Clarendon
edition. I shall not take all the blame for this, however. My editors,
and especially Lindsay Judson, have encouraged me to explore
these issues in the commentary. I, at least, thank them for this
encouragement,

XV






TRANSLATION

The translation avoids the use of square or angle brackets as much
as possible. If the addition of English terms for which there is no
corresponding Greek is necessary to make the translation intelli-
gible, they are added. If this calls for comment, it will be found
in the commentary. The paragraphs and the punctuation do not
necessarily reflect what is found in the texts I have used. They are
intended to make the flow of argument intelligible.

BOOK ONE

CHAPTER I

Regarding every study and investigation, the more humble and
more valuable alike, there appear to be two sorts of state, one of
which may properly be called understanding of the subject-matter,
the other a certain sort of educatedness. For it is characteristic of an
educated person to be able to judge successfully what is well said
and what is not. We think of someone who is generally educated as
a person of that sort, and we think being educated is being able to
make such judgements—only we consider the one person to be a
single individual able to judge about practically all things, the other
about something of a delimited nature; for there might be another
person well disposed in the same way as the person we have been
discussing, but regarding a particular subject.

So it is clear that for the enquiry into nature, too, there should be
certain standards, such that by referring to them one can appraise
the manner of its proofs, apart from the question of what the truth
is, whether thus or otherwise.

I mean, for example, should one take each substantial being
singly and define it independently, e.g. taking up one by one the
nature of mankind, lion, ox, and any other animal as well; or should
one first establish, according to something common, the attributes
common to all? For many of the same attributes are present in
many different kinds of animals, e.g. sleep, respiration, growth, de-
terioration, death, and in addition any remaining affections and
dispositions such as these. (I add this because at the moment it is

I
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639 PARTS OF ANIMALS

permissible to speak unclearly and indefinitely about these things.)
It is apparent that, especially when speaking one by one, we shall
repeatedly say the same things about many kinds; for instance, each
of the attributes just mentioned belongs to horses, dogs, and human
beings. So if one speaks of their attributes one by one, it will be
necessary to speak repeatedly about the same things—whenever,
that is, the same things are present in different forms of animal, yet
themselves have no difference.

Yet there are probably other attributes which turn out to have
the same predicate, but to differ by a difference in form, e.g. the
locomotion of animals; it is apparent that locomotion is not one
in form, because flying, swimming, walking, and crawling differ.
Accordingly, the following question about how one is to carry out
an examination should not be overlooked—I mean the question
of whether one should study things in common according to kind
first, and then later their distinctive characteristics, or whether one
should study them one by one straight away. At present this mat-
ter has not been determined, nor has the question that will now
be stated, namely, whether just as the mathematicians explain the
phenomena in the case of astronomy, so the natural philosopher
too, having first studied the phenomena regarding the animals and
the parts of each, should then state the reason why and the causes,
or whether he should proceed in some other way.

And in addition to these questions, since we see more than one
cause of natural generation, e.g. both the cause for the sake of which
and the cause from which comes the origin of motion, we need also
to determine, about these causes, which sort is naturally first and
which second. Now it is apparent that first is the one we call for the
sake of which; for this is an account, and the account is an origin
alike in things composed according to art and in things composed
by nature. For once the doctor has defined health, and the builder
has defined house, either by thought or perception, they provide
the accounts and the causes of each of the things they produce, and
the reason why it must be produced in this way. Yet that for the
sake of which and the good are present more in the works of nature
than in those of art.

Whatis of necessity is not present in all natural things in the same
way; vet nearly everyone attempts to refer their accounts back to
it without having distinguished in how many ways the necessary is
said. That which is necessary without qualification is present in the

2



BOOK ONE 639"

eternal things, while that which is conditionally necessary is also
present in all generated things, as it is in artefacts such as a house
or any other such thing. It is necessary that a certain sort of matter
be present if there is to be a house or any other end, and this must
come to be and be changed first, then that, and so on continuously
up to the end and that for the sake of which each comes to be and
is. It is the same way too with things that come to be by nature.

However, the mode of demonstration and of necessity is different
in natural science and the theoretical sciences. (These sciences have
been discussed elsewhere.) For the origin is, in the latter cases, what
is, but in the former, what will be. So: ‘Since health or mankind is
such, it is necessary for this to be or come to be’, instead of ‘Since
this is or has come about, that from necessity is or will be’. Nor
is it possible to connect the necessity in such a demonstration into
eternity, as if to say, ‘Since this is, therefore that is’. (These mat-
ters too have been determined elsewhere—in what sorts of things
necessity is present, what sort of necessity converts, and owing to
what cause.)

We should also not forget to ask whether it is appropriate to
state, as those who studied nature before us did, how each thing
has naturally come to be, rather than how it is. For the one differs
not a little from the other. It seems we should begin, even with
generation, precisely as we said before: first one should get hold
of the phenomena concerning each kind, then state their causes.
For even with house-building, it is rather that these things happen
because the form of the house is such as it is, than that the house
is such as it is because it comes to be in this way. For generation
is for the sake of substantial being, rather than substantial being
for the sake of generation. That is precisely why Empedocles mis-
spoke when he said that many things are present in animals because
of how things happened during generation—for example, that the
backbone is such as it is because it happened to get broken through
being twisted. He failed to understand, first, that seed already con-
stituted with this sort of potential must be present, and second, that
its producer was prior—not only in account but also in time. For
one human being generates another; consequently, it is on account
of that one being such as it is that this one’s generation turns out
a certain way. It is likewise both with things that seem to come to
be spontaneously and with artefacts; for in some cases the same
things produced by art also come to be spontaneously, e.g. health.
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Now in some of these cases there pre-exists a productive capacity
like them, e.g. the art of sculpture; for a statue does not come to be
spontaneously. The art is the account of the product without the
matter. And it is likewise with the products of chance; for as the art
has it, so they come to be.

Hence it would be best to say that, since this is what it is to be
a human being, on account of this it has these things; for it cannot
be without these parts. If one cannot say this, one should say the
next best thing, i.e. either that in general it cannot be otherwise, or
that at least it is good thus. And these things follow. And since it is
such, its generation necessarily happens in this way and is such as
it is. (This is why this part comes to be first, then that one.) And in
like manner one should speak in precisely this way about all of the
things constituted by nature.

Now the ancients who first began philosophizing about nature
were examining the material origin and that sort of cause: what
matter is and what sort of thing it is, and how the whole comes
to be from it and what moves it (e.g. whether strife, friendship,
reason, or spontaneity). They also examined what sort of nature
the underlying matter has of necessity, e.g. whether the nature of
fire is hot, of earth cold, and whether the nature of fire is light,
of earth heavy. In fact, even the cosmos they generate in this way.
And they speak in a like manner too of the generation of animals
and plants, saying, for example, that as water flowed into the body
a stomach and every part that receives nourishment and residue
came to be; and as the breath passed through, the nostrils were
burst open.

Air and water are matter for bodies; that is, it is from such things
that all the ancients constitute the nature of bodies. But if hu-
man beings, animals, and their parts exist by nature, one should
speak about flesh, bone, blood, and all the uniform parts. Likewise
too, about the non-uniform parts such as face, hand, and foot, one
should say in virtue of what each of them is such as it is, and in
respect of what sort of potential. For it is not enough to say from
what things they are constituted, e.g. from fire or earth. It is just as
if we were speaking about a bed or any other such thing; we would
attempt to define its form rather than its matter, e.g. the bronze or
the wood. And if we could not do this, we would at least attempt
to define the matter of the composite; for a bed is a ‘this-in-that’ or
‘this-such’, so that we would have to mention its configuration as
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BOOK ONE 640"

well, and what its visible character is. For the nature in respect of
shape is more important than the material nature.

Now if it is by virtue of its configuration and colour that each
of the animals and their parts is what it is, Democritus might be
speaking correctly; for he appears to assume this. Note that he says
it is clear to everyone what sort of thing a human being is in respect
of shape, since it is known by way of its figure and its colour. And
yet though the configuration of a corpse has the same shape, it is
nevertheless not a human being. And further, it is impossible for
something in any condition whatsoever, such as bronze or wooden,
to be a hand, except homonymously (like a doctor in a picture). For
such a hand will not be able to do its work, just as stone flutes will not
be able to do theirs and the doctor in the picture his. Likewise none
of the parts of a corpse is any longer such—I mean, for example,
any longer an eye or a hand.

What Democritus has said, then, is too unqualified, and is said
in the same way as a carpenter might speak about a wooden hand.
Indeed this is also the way the natural philosophers speak of the
generations and causes of configuration. Ask them by what po-
tencies things were crafted. Well, no doubt the carpenter will say
an axe or an auger, while the natural philosopher will say air and
earth—albeit the carpenter’s response is better; for it will be insuf-
ficient for him to say merely that when the tool fell this became a
depression and that flat. Rather, he will state the cause, the reason
why he made such a blow and for the sake of what, in order that it
might then come to be this or that sort of shape.

Itis clear, then, that these natural philosophers speak incorrectly.
Clearly, one should state that the animal is of such a kind, noting
about each of its parts what it is and what sort of thing it is, just
as one speaks of the form of the bed. Suppose what one is thus
speaking about is soul, or a part of soul, or is not without soul (at
least when the soul has departed there is no longer an animal, nor
do any of the parts remain the same, except in configuration, like
those in myths that are turned to stone)—if these things are so, then
it will be up to the natural philosopher to speak and know about the
soul; and if not all of it, about that very part in virtue of which the
animal is such as it is. He will state both what the soul or that very
part of it is, and speak about the attributes it has in virtue of the sort
of substantial being it is, especially since the nature of something
is spoken of and is in two ways: as matter and as substantial being.
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And nature as substantial being is both nature as mover and nature
as end. And it is the soul—either all of it or some part of it—that
is such in the animal’s case. So in this way too it will be requisite
for the person studying nature to speak about soul more than the
matter, inasmuch as it is more that the matter is nature because
of soul than the reverse. And indeed, the wood is a bed or a stool
because it is potentially these things.

In view of what was said just now, one might puzzle over whether
it is up to natural science to speak about all soul, or some part,
since if it speaks about all, no philosophy is left besides natural
science. This is because reason is of the objects of reason, so that
natural science would be knowledge about everything. For it is up
to the same science to study reason and its objects, if they truly are
correlative and the same study in every case attends to correlatives,
as in fact is the case with perception and perceptible objects.

However, it is not the case that all soul is an origin of change, nor
all its parts; rather, of growth the origin is the part which is present
even in plants, of alteration the perceptive part, and of locomotion
some other part, and not the rational; for locomotion is present in
other animals too, but thought in none. So it is clear that one should
not speak of all soul; for not all of the soul is a nature, but some
part of it, one part or even more.

Further, none of the abstract objects can be objects of natural
study, since nature does everything for the sake of something. For
it is apparent that, just as in artefacts there is the art, so in things
themselves there is an other sort of origin and cause, which we have
as we do the hot and the cold—from the entire universe. This is why
it is more likely that the heaven has been brought into being by such
a cause—if it has come to be—and is due to such a cause, than that
the mortal animals have been. Certainly the ordered and definite
are far more apparent in the heavens than around us, while the
fluctuating and random are more apparent in the mortal sphere.
Yet some people say that each of the animals is and came to be
by nature, while the heaven, in which there is not the slightest
appearance of chance and disorder, was constituted in that way by
chance and the spontaneous.

We say ‘this is for the sake of that’ whenever there appears to be
some end towards which the change proceeds if nothing impedes
it. So it is apparent that there is something of this sort, which is
precisely what we call anature. Surely it is not any chance thing that
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BOOK ONE 641°

comes to be from each seed, nor a chance seed which comes from
a chance body; rather, this one comes from that one. Therefore the
seed is an origin and is productive of what comes from it. For these
things are by nature; at least they grow from seed. But prior even to
this is what the seed is the seed of; for while the seed is becoming,
the end is being. And prior again to both of these is what the seed is
from. For the seed is a seed in two ways, from which and of which;
that is, it is a seed both of what it came from, e.g. from a horse, and
it is a seed of what will be from it, e.g. of a mule, though not in the
same way, but of each in the way mentioned. Further, the seed is in
potentiality; and we know how potentiality is related to complete
actuality.

Therefore there are these two causes, the cause for the sake of
which and the cause from necessity; for many things come to be
because it is a necessity. One might perhaps be puzzled about what
sort of necessity those who say ‘from necessity’ mean; for it cannot
be either of the two sorts defined in our philosophical discussions.
But it is especially in things that partake of generation that the
third sort is present; for we say nourishment is something necessary
according to neither of those two sorts of necessity, but because it
is not possible to be without it. And this is, as it were, conditionally
necessary; for just as, since the axe must split, it is a necessity that
it be hard, and if hard, then made of bronze or iron, so too since
the body is an instrument (for each of the parts is for the sake of
something, and likewise also the whole), it is therefore a necessity
that it be of such a character and constituted from such things, if
that is to be.

Clearly, then, there are two sorts of cause, and first and foremost
one should succeed in stating both, but failing that, at least attempt
to do so; and clearly all who do not state this say virtually noth-
ing about nature. For nature is an origin more than matter. Even
Empedocles occasionally stumbles upon this, led by the truth itself,
and is forced to say that the substantial being and the nature is the
account, e.g. when he says what bone is. He does not say that it is
some one of the elements, or two or three, or all of them, but rather
that it is an account of their mixture. Accordingly, it is clear that
flesh too, and each of the other such parts, is what it is in the same
way.

One reason our predecessors did not arrive at this way is that
there was no ‘what it is to be’ and ‘defining substantial being’.
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Democritus touched on this first, not however as necessary for the
study of nature, but because he was carried away by the subject
itself; while in Socrates’ time interest in this grew, but research
into the natural world ceased, and philosophers turned instead to
practical virtue and politics.

One should explain in the following way, e.g. breathing exists for
the sake of this, while that comes to be from necessity because of
these. But ‘necessity’ sometimes signifies that if that—i.e. that for
the sake of which—is to be, it is necessary for these things to obtain,
while at other times it signifies that things are thus in respect of their
character and nature. For it is necessary for the hot to go out and
enter again upon meeting resistance, and for the air to flow in. This
is directly necessary; and it is as the internal heat retreats during
the cooling of the external air that inhalation and exhalation occur.
This then is the way of investigation, and it is in relation to these
things and things such as these that one should grasp the causes.

CHAPTER 2

Some people attempt to grasp the particular by dividing the kind
into two differences. But this is in one respect not easy, and in
another impossible. For of some things there will be only one
difference, the others being superfluous, e.g. footed, two-footed,
split-footed; this single difference is decisive. Otherwise, it will be
necessary to say the same thing many times.

Further, one should avoid tearing each kind apart, e.g. putting
some of the birds in one division and some in the other, as the writ-
ten divisions have done; there, some of the birds end up divided off
with the water-dwellers, some in another kind. Now this similarity
has an established name, ‘bird’, and another has ‘fish’. Other simi-
larities are nameless, e.g. the blooded and the bloodless; there is no
one established name for either of these. If, then, nothing alike in
kind should be torn apart, division into two is worthless. For people
who divide in this manner necessarily separate and tear apart; some
of the many-footed things are among the land-dwellers, while some
are among the water-dwellers.
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CHAPTER 3

Again, it is necessary to divide by privation, and those who di-
chotomize do so divide. But there is no difference within a privation
as a privation; for there cannot be forms of what is not, e.g. forms of
footlessness or winglessness, as there are of winged or footed; and
there must be forms of a general difference; for if this were not the
case, why would it be general rather than particular? And some dif-
ferences are general and have forms, e.g. wingedness—one wing is
unsplit, the other split. In the same way too one form of footedness
has many splits, another two, like the cloven-hoofed animals, and
another is unsplit and undivided, like the solid-hoofed animals.
So it is difficult to distribute animals even into such differences as
these, of which there are forms, so that any given animal belongs in
them and the same animal does not belong in more than one, e.g.
in both winged and wingless (for the same animal is both of these,
e.g. ant, glow-worm, and certain others). And to distribute animals
into bloodless differences is most difficult of all, or impossible.
For it is necessary that each of the differences belong to one of the
particulars, and so too its opposing difference. Yet if it is impossible
for some indivisible and unitary form of substantial being to belong
to animals that differ in form—rather, the form will always have a
difference, as bird differs from mankind (for their two-footedness
is other and different)—then even if they are blooded, either their
blood is different, or blood should be reckoned as no part of their
substantial being. If this is how it is, one difference will belong to
two animals. And if this is the case, it is clearly impossible for a
privation to be a difference.

The differences will be equal in number to the indivisible ani-
mals, if, that is, both the animals and the differences are indivisible,
and there is no common difference. But if it zs possible for some-
thing common to be present as well, yet to be indivisible, it is clear
that, at least in respect of that common feature, animals that are
different in form are in the same form. Therefore it is necessary, if
the differences into which all the indivisible animals fall are distinc-
tive, that none of the differences be common. Otherwise animals
that are different will end up within the same difference. But the
same indivisible animal should not go first into one and then into
another difference within divisions, nor should different animals go
into the same one, and all should go into them somewhere.
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Apparently, then, it is impossible to grasp the indivisible forms
by dividing in the way that those do who divide animals—or any
other kind—into two. For even on their account the final differences
must be equal in number to all the animals that are indivisible in
form. For instance, if there is a certain kind, of which shades of
white are the first differences, and of each of these there are other
differences, and so on down to the indivisibles, the final differences
will be four or some other quantity achieved by doubling from one;
and the forms will also be that many. And the form is the difference
in the matter; for no part of an animal exists without matter, nor is
it matter alone; neither will a body in any condition whatsoever be
an animal, nor will any of its parts, as has been said repeatedly.

Further, one ought to divide by features in a thing’s substantial
being, and not by its proper attributes, as would happen if someone
were to divide figures on the ground that some have angles equal to
two right angles, while others have angles equal to more; for having
angles equal to two right angles is a sort of attribute of the triangle.

Again, one should divide by opposites. For opposites are dif-
ferent from one another, e.g. paleness and darkness, straightness
and curvature. So if one of the two is a difference, one should
divide by its opposite and not in the one case by swimming and in
the other by colour.

Moreover, ensouled things, at least, should not be divided by
the common functions of the body and of the soul, e.g. in the
aforementioned divisions, walkers and flyers; there are certain kinds
to which both differences belong and that are flyers and wingless,
just like the ant kind. Nor should these kinds be divided into wild
and tame; for in the same way this would seem to divide forms that
are the same. For in a manner of speaking everything that is tame
is also wild, e.g. human beings, horses, cattle, Indian dogs, pigs,
goats, and sheep. Each of these kinds, if homonymous, has not been
divided apart, and if these are one in form, wild and tame cannot
be a difference.

Speaking generally, this is a necessary result of dividing any sort
of difference by a single division. Rather, one should try to take
animals by kinds, following the lead of the many in demarcating a
bird kind and a fish kind. Each of these has been defined by many
differences, not according to dichotomy. For if one uses dichotomy,
it is either altogether impossible to grasp something (since the same
thing falls into many divisions and opposed things into the same

10
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division), or there will be only one difference, and this one, whether
it is simple or the result of interweaving, will be the final form.

If one does not take difference of a difference, one will necessarily
make a division continuous in the same way that one makes an
account one by conjunction. I mean the sort of thing that results
by dividing animals into the wingless and the winged, and winged
into tame and wild, or pale and dark. Neither tame nor pale is
a difference of winged; rather, each is the origin of another dif-
ference, while here it is incidental. Accordingly, one should divide
the one kind straight away into many, as we say. In addition, in this
way privations will produce a difference, while in the method of
dichotomy they will not.

That it is impossible to grasp any of the forms of the particulars
by dividing the kind into two, as some thought could be done,
is apparent from the following points as well. It is impossible for
there to be a single difference of the divided particulars, whether
one takes simple or interwoven differences. I call a difference simple
if it has no difference, e.g. split-footed, and I call it interwoven if it
has a difference, as multi-split-footed is related to split-footed. For
the continuity of the differences derived from the kind according to
its division means just this, that the whole is a single thing. But the
mode of expression makes it seem that the final one alone is the dif-
ference, e.g. ‘multi-split-footed’ or ‘two-footed’, and that ‘footed’
and ‘many-footed’ are superfluous.

That there cannot be many such differences is clear; for by pro-
ceeding continuously one arrives at the last difference, though not at
the final difference and the form. This last difference is either split-
footed alone, if one is dividing mankind, or the entire complex,
e.g. if one were to combine footed, two-footed, and split-footed.
And if mankind were split-footed alone, by proceeding in this way
one might arrive at this single difference. But since mankind is not
merely split-footed, it is a necessity that there be many differences
that are not under a single division. There cannot, however, be
many differences under a single dichotomous division—at least not
of the same thing. Rather, one must end with one difference accord-
ing to one such division. So it is impossible for those who divide in
two to grasp any of the particular animals.
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CHAPTER 4

One might be puzzled why people have not named one kind that
embraces both the water-dwelling and flying animals, comprehend-
ing both at once by one higher name. For there are some affections
common both to these and to all the other animals. Nevertheless,
they are correctly defined in this way. For those animals that differ
by degree and the more and the less have been brought together
under one kind, while those that are analogous have been kept apart.
I mean, for example, that bird differs from bird by the more or by
degree (for one has long feathers, another short feathers), while fish
differs from bird by analogy (for what is feather in the one is scale in
the other). But to do this in every case is not easy; for most animals
have the same affections by analogy.

Since, however, it is the last forms that are substantial beings, and
these, e.g. Socrates and Coriscus, are undifferentiated in respect of
form, it is necessary either to state what belongs generally first, or
to say the same thing many times. And things that belong gener-
ally are common; for things that belong to many we call general.
There is, however, a puzzle about which of these two should be our
subject. On the one hand, in so far as what is indivisible in form
is a substantial being, it would be best, if one could, to study sep-
arately the things that are particular and undivided in form—just
as one studies mankind, so too bird; for this kind has forms. But
the study would be of any one of the indivisible birds, e.g. sparrow
or crane or something of this sort. On the other hand, in so far as
this will result in speaking many times about the same affection be-
cause it belongs in common to many things, in this respect speaking
separately about each one is somewhat silly and tedious.

Perhaps, then, the right course is this. In some cases—whenever
kinds are spoken of by people in a clearly defined manner and have
both a single common nature and forms in them not too distant—
we should speak in common according to kinds, like bird and fish
and any other there may be that, though it is unnamed, embraces,
like a kind, the forms within it. But whenever they are not such as
this, we should speak one by one, e.g. about mankind and any other
such kind.

Roughly speaking, it is by the figures of the parts and of the whole
body that kinds have been defined, when they bear a likeness—e.g.
members of the bird kind are so related to each other, as are those of
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the fish kind, the soft-bodied animals, and the hard-shelled animals.
For their parts differ not by analogous likeness, as bone in mankind
is related to fish-spine in fish, but rather by bodily affections, e.g.
by large/small, soft/hard, smooth/rough, and the like—speaking
generally, by the more and less.

We have said, then, how the investigation of nature should be
appraised, and in what way the study of these things might proceed
methodically and with greatest ease. Further, about division we
have said in what way it is possible by pursuing it to grasp things in
a useful manner, and why dichotomy is in a way impossible and in
a way vacuous. Having determined these things, let us speak about
what comes next, making the following our starting-point.

CHAPTER §

Among the substantial beings constituted by nature, some are un-
generated and imperishable throughout all eternity, while others
partake of generation and perishing. Yet it has turned out that our
studies of the former, though they are valuable and divine, are fewer
(for as regards both those things on the basis of which one would
examine them and those things about them which we long to know,
the perceptual phenomena are altogether few). We are, however,
much better provided in relation to knowledge about the perish-
able plants and animals, because we live among them. For anyone
wishing to labour sufficiently can grasp many things about each
kind. Each study has its attractions. Even if our contact with eter-
nal beings is slight, none the less because of its surpassing value
this knowledge is a greater pleasure than our knowledge of every-
thing around us, even as a chance, brief glimpse of the ones we
love is a greater pleasure than seeing accurately many other and
great things. Perishable beings, however, take the prize in respect
of understanding because we know more of them and we know
them more fully. Further, because they are nearer to us and more
of our own nature, they provide a certain compensation compared
with the philosophy concerned with divine things.

Since we have completed stating the way things appear to us
about the divine things, it remains to speak about animal nature,
omitting nothing in our power, whether of lesser or greater esteem.
For even in the study of animals disagreeable to perception, the
nature that crafted them likewise provides extraordinary pleasures
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to those who are able to know their causes and are by nature phi-
losophers. Surely it would be unreasonable, even absurd, for us to
enjoy studying likenesses of animals—on the ground that we are
at the same time studying the art, such as painting or sculpture,
that made them—while not prizing even more the study of things
constituted by nature, at least when we can behold their causes.

For this reason we should not be childishly disgusted at the
examination of the less valuable animals. For in all natural things
there is something marvellous. Even as Heraclitus is said to have
spoken to those strangers who wished to meet him but stopped
as they were approaching when they saw him warming himself by
the oven—he bade them enter without fear, ‘for there are gods here
too’—so too oneshould approach research about each of the animals
without disgust, since in every one there is something natural and
good. For what is not haphazard but rather for the sake of something
is in fact present most of all in the works of nature; the end for the
sake of which each animal has been constituted or comes to be
takes the place of the good. If someone has considered the study of
the other animals to lack value, he ought to think the same thing
about himself as well; for it is impossible to look at that from which
mankind has been constituted—blood, flesh, bones, blood vessels,
and other such parts—without considerable disgust. Just as one
who discusses the parts or equipment of anything should not be
thought of as doing so in order to draw attention to the matter, nor
for the sake of the matter, but rather in order to draw attention
to the overall shape (e.g. to a house rather than bricks, mortar,
and timbers); likewise one should consider the discussion of nature
to be referring to the composite and the overall substantial being
rather than to those things which do not exist when separated from
their substantial being.

It is necessary first to divide the attributes associated with each
kind that belong in themselves to all the animals, and next to try to
divide their causes. Now it has been said before that many common
features belong to many of the animals, some without qualification
(such as feet, wings, and scales, and affections too in the same way),
and others analogously. By analogously I mean that while some
have a lung, others have, not a lung, but instead something different
which is to them what a lung is to those that have one; and some
have blood, while others have its analogue, with the same potential
that blood has for the blooded. To speak separately about each of
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these animals as particulars, as we also said before, will result in
saying the same things many times, whenever we speak about all
the attributes; the same attribute belongs to many animals. Let
these matters be determined in this way.

Since every instrument is for the sake of something, and each of
the parts of the body is for the sake of something, and what they
are for the sake of is a certain action, it is apparent that the entire
body too has been constituted for the sake of a certain complete
action. For sawing is not for the sake of the saw, but the saw for
sawing; for sawing is a certain use. So the body too is in a way for
the sake of the soul, and the parts are for the sake of the functions in
relation to which each of them has naturally developed. Therefore
one should first discuss the actions—those common to all, those
according to kind, and those according to form. I call ‘common’
those that belong to all the animals, and ‘according to kind’ those
whose differences from each other we see in degree; for example,
I speak of bird ‘according to kind’, but I speak of mankind, and
everything without any difference according to its general account,
‘according to form’. For what is common some have according to
analogy, some according to kind, others according to form.

So it is clear, then, that whenever there are actions that are for
the sake of other actions, the things whose actions they are differ in
the same way that their actions do. Similarly, if some actions are in
fact prior to, and the end of, others, it will be the same way with
each of the parts whose actions are of this sort. And thirdly, there
are things that are necessarily present because others are. By ‘af-
fections’ and ‘actions’ I mean generation, growth, coition, waking,
sleep, locomotion, and any other such things that belong to animals;
by ‘parts’ I mean nose, eye, and the whole face (each of which is
called a ‘member’). And so it is with the other parts as well.

Enough said about our mode of investigation; we must attempt to
state the causes both of the common and of the distinctive attributes,
beginning first, as we have determined, with those that are first.
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BOOK TWO

CHAPTER I

From which parts and from how many parts each of the animals is
constituted has been exhibited more clearly in the enquiries about
them; it is the causes owing to which each animal has this character
that must now be examined, on their own and apart from what was
said in those enquiries.

Since there are three compositions, one might put first composi-
tion from what some people call the elements, e.g. earth, air, water,
and fire. And yet, perhaps it is better to speak of composition from
the potentials, and not from all of them, but as stated previously
in other works. That is, moist, dry, hot, and cold are matter of the
composite bodies, while the other differences, e.g. heaviness and
lightness, density and rarity, roughness and smoothness, and the
other bodily affections of this sort, follow these. Second is the com-
position of the nature of the uniform parts within animals—e.g. of
bone, flesh, and the other things of this sort—out of the primary
things. Third and last in the series is the composition of the nature
of the non-uniform parts—e.g. of face, hand, and such parts.

In generation things are opposed to the way they are in substantial
being; for things posterior in generation are prior in nature, and
the final stage in generation is primary in nature. For instance,
a house is not for the sake of bricks and stones, but rather these
are for the sake of the house—and so it is with other matter. Not
only is it apparent from a consideration of cases that this is the
way things are, but it also accords with our account; for every
generated thing develops from something and into something, i.e.
from an origin to an origin, from the primary mover which already
has a certain nature to a certain shape or other such end. For a
human being generates a human being, and a plant a plant, from
the underlying matter of each. So the matter and the generation
are necessarily prior in time, but in account the substantial being
and the shape of each thing. This would be clear if someone were
to state the account of the generation of something; the account of
housebuilding includes that of the house, while that of the house
does not include that of housebuilding. And so it is in the other
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cases as well. Thus the matter of the elements is necessary for the
sake of the uniform parts, since these are later in generation than
the elements, and later than the uniform are the non-uniform parts;
for these have already attained their end and limit, having achieved
a constitution of the third sort, as often happens when generations
are completed.

Thus animals have been constituted from both of these parts,
but the uniform parts are for the sake of the non-uniform; for of
the latter there are functions and actions, e.g. of eye, nostril, and
the entire face, of finger, hand, and the entire arm. And since the
actions and movements present both in animals as a whole and
in their non-uniform parts are complex, it is necessary for their
components to have distinct potentials; for softness is useful for
some things, hardness for others; certain things must have elasticity,
others flexibility. Thus while in the uniform parts such potentials
are distributed part by part (one of them is soft while another is
hard, one moist, another dry, one pliant, another brittle), in the
non-uniform parts they are distributed to many and are conjoined
with each other; for a different potential is useful to the hand for
pressing and for grasping. Accordingly, the instrumental parts have
been constituted from bones, sinews, flesh, and other such parts,
not the latter from the former.

As being for the sake of something, then—on account of this
cause—these parts are related in the way stated; but when one
also seeks how it is necessary that they be thus, it is apparent that
they were antecedently so related to one another from necessity.
For the non-uniform parts are capable of having been composed
from the uniform parts, both from many of them and from one, as
with some of the viscera; they are complex in configuration, though
generally speaking they are composed of one uniform body. But it
is impossible that the uniform bodies be composed from the non-
uniform; for the uniform part would consist of many non-uniform
parts. These, then, are the causes owing to which some parts of
animals are simple and uniform while others are composite and
non-uniform.

Some of the parts of animals are instrumental while others are
sense-receptors, and each of the instrumental parts is non-uniform,
as noted earlier, while perception occurs in every case in the uniform
parts. This is because perception, of whatever sort, is of some one
kind of thing, and because the sense-receptor is receptive of each
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of the objects of perception. That which is potentially is acted on
by that which is actually, so that the former and the latter are the
same in kind. Because of this, none of the natural philosophers tries
to say, of hands, face, or any such parts, that one is earth, another
water, another fire; but they do connect each of the sense-receptors
to each of the elements, saying that one is air, another fire. And since
perception is present in the simple parts, it is perfectly reasonable
for touch to arise in a uniform part, and yet in the least simple
of the sense-receptors; for it most of all seems to be a perception
of many kinds of things, and the sense-object related to it seems
to have many oppositions—hot/cold, dry/moist, and such others
as there may be; and the receptor for perceiving these, flesh and
its analogue, is the most bodily of the sense-receptors. Since it is
impossible to be an animal without perception, on this account too
it would seem necessary for animals to have some uniform parts;
for perception is in these, while actions are present through the
mediation of the non-uniform parts.

Since in animals the perceptive, motive, and nutritive potentials
are in the same part of the body, as previously stated elsewhere, it
is necessary that there be a primary part with origins such as these.
And in so far as it is receptive of all the objects of perception, it
must be one of the simple parts, while in so far as it is able to initiate
motion and action, it must be one of the non-uniform parts. Hence
in the bloodless animals the analogue of the heart is such a part,
and in blooded animals it is the heart; for the heart is divisible into
uniform parts, just like each of the other viscera, yet because of the
shape of its configuration, it is non-uniform.

Each of the other parts called viscera follows the heart. That is to
say, they are constituted from the same matter; for the nature of all
of them is bloody, on account of their being positioned on vascular
channels and rivulets. So just as with the silt in flowing water, these
other viscera are like silt deposited from the flow of blood through
the blood vessels; and it stands to reason that the heart, because it
is both the origin of the blood vessels and has within it the primary
potential for fashioning blood, is itself constituted of a nutrientsuch
as it receives. So why the viscera are bloody in conformation has
been stated, and why they are in one way uniform and in another
non-uniform.
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CHAPTER 2

Of the uniform parts present in animals, some are soft and moist,
while others are hard and solid. Those that are moist are either
generally so or are so while in their natural setting, e.g. blood,
serum, soft fat, hard fat, marrow, semen, bile, milk (in those that
have it), flesh, and the parts analogous to these; for not all the
animals are made of these parts, but rather some are made from
analogues to certain of these parts. Others of the uniform parts
are dry and solid—e.g. bone, fish-spine, sinew, and blood vessel.
And in fact the division of the uniform parts itself has a dif-
ferentiation; for the parts of some of them are in a way named
like the whole: for example, part of a blood vessel is in a way
blood vessel and in a way not, while a part of a face is in no way
a face.

First of all, then, many modes of cause may be attributed to
the moist parts and the dry. Some of them serve as matter for
the non-uniform parts (since each of the instrumental parts has
been constituted from these, i.e. from bones, sinews, flesh, and
other such parts, some contributing to the substantial being of the
instrumental parts, some to their operation); some of the moist
parts are nourishment for the non-uniform parts (for all derive
their growth from what is moist); and some of them turn out to be
residues, such as the sediment from dry nourishment and, in those
with a bladder, from moist.

The relative differences between things of the same kind are for
the sake of the better—that is, the differences both of other parts
and of blood from blood. One sort of blood is thinner, another
thicker, one purer, another more turbid, and again one colder, an-
other hotter, both in the parts of one animal (for the upper parts
of one animal are distinguished from the lower parts by these dif-
ferences), and between one animal and another. And in general
some animals are blooded, while some have, in place of blood, an-
other such part. Thicker and hotter blood is more productive of
strength, while thinner and cooler blood is more perceptive and
intelligent. And the same difference obtains among the attributes
analogous to blood. This is why both bees and other such animals
are more discerning in their nature than many blooded animals,
and why among blooded animals those having cold and thin blood
are more discerning than their opposites. But those with hot, thin,
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and pure blood are best; for such animals are at once in a good state
relative to both courage and discernment.

It is for this reason too that the upper parts differ in this way
compared with the lower parts, and again the male compared with
the female, and the right side of the body with the left. And likewise
with the other parts, both the parts such as these and the non-
uniform parts: they should be assumed to differ in some cases
relative to each animal’s functions and substantial being, in other
cases relative to what is better and worse. For example, among those
with eyes, some are hard-eyed, some are moist-eyed, and some do
not have eyelids, while others do, but either way it is for greater
accuracy of sight.

That it is necessary to have either blood or something with the
same nature as it, and what the nature of blood is—one should
also study the causes of this by first making distinctions about hot
and cold. For the nature of many things is referred to these ori-
gins, and many people dispute which sorts of animals and which
parts are hot and which are cold. Some assert that water-dwellers
are hotter than land-dwellers, stating that their natural heat is
in equilibrium with the cold of their region; and that bloodless
animals are hotter than blooded, and females than males. Par-
menides, for example, and certain others assert that women are
hotter than men, saying that the menstrual discharge comes about
on account of their heat and from their having a great deal of
blood, while Empedocles says the opposite. Again, some assert that
blood or bile is hot, while others say that one or the other of them
is cold.

If there is so much disagreement about hot and cold, what are
we to assume about the other affections? For among the objects of
perception, these are the clearest to us. Now these disputes seem
to occur because ‘hotter’ is said in many ways; for each of the
disputants, though saying opposed things, seems to say something.
Accordingly, we should not overlook the question of how, in the
case of things constituted by nature, one ought to say that some are
hot, others cold, some dry, others moist, since it seems evident that
these things are virtually the causes of death and life, and again of
sleeping and waking, of being in one’s prime and of ageing, and
of sickness and health; while neither roughness and smoothness,
heaviness and lightness—nor, so to speak, any other affections of
this sort—are. And this result is reasonable; for as has been said
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previously, in other works, these very things—hot, cold, dry, and
moist—are the origins of the natural elements.

Is the hot, then, spoken of without qualification or in a num-
ber of ways? Surely one needs to grasp what the function of the
hotter is or, if there are many, how many. In one way that which
makes what touches it hotter is said to be hotter; in another way
that which arouses greater sensation during touching, especially if
accompanied by pain. But it seems that at times this can be de-
ceptive; for sometimes it is the state of the perceivers that is the
cause of their feeling pain. Again, of the meltable and combustible,
the more meltable and more combustible are said to be hotter. And
again, if the same thing is in the one case larger, in the other smaller,
the larger is said to be hotter than the smaller. And besides these
two, what cools slowly rather than quickly is hotter, and what heats
up quickly we say is hotter in its nature than what heats up slowly,
as we say one thing is contrary because further away, the other like
because nearer.

One thing is said to be hotter than another, then, in at least this
many ways, if not in more; but it is impossible that being hotter
belong in all these ways to the same thing. For boiling water heats
more than flame does, and flame burns and melts the combustible
and meltable, while water does not. Again, boiling water is hotter
than a small fire, but hot water cools both faster and more than a
small fire; for fire does not become cold, but all water does. Again,
boiling water is hotter to the touch, but cools and solidifies more
quickly than oil. And again, blood is hotter to the touch than water
and oil, but solidifies more quickly. Again, stones, iron, and such
things heat up more slowly than water, but once hot burn more
intensely.

Besides these differences, some things called hot have derivative
heat while some have their own, and whether something is hot in
the former or the latter way makes the greatest difference. The
former is near to being hot incidentally rather than in itself; it is
as if, when someone with a fever happened to be musical, one were
to say that the musician is hotter than the person with a healthy
degree of heat. When one thing is hot in itself while another is
hot incidentally, what is hot in itself cools more slowly, while the
incidentally hot is often hotter to perception. And again, what is
hot in itself burns more, as flame burns more than boiling water,
while boiling water, which is incidentally hot, is hotter to the touch.
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So it is apparent that to judge which of two things is hotter is
not a simple matter; for in one way this will be hotter, in another
way that will be. Nor is it possible, in some such cases, to say
without qualification that something is, or is not, hot. For what the
underlying subject happens at some time to be may not be hot, but
be coupled with heat, as if someone were to give a name to hot water
or hot iron. In fact it is in this way that blood is hot.

Such cases, namely those in which the underlying subject is hot
in virtue of being affected, also make it apparent that cold is not
a certain nature, but a privation. Perhaps even the nature of fire
may turn out to be some such thing; that is, perhaps the underlying
subject is smoke or charcoal, the former being always hot (for smoke
is a vapour), while charcoal, when extinguished, is cold. And oil and
pinewood might become cold.

Virtually all things that have been burnt possess heat—e.g. cin-
ders and ashes, and the excrement of animals, and, among the
residues, bile—through having been burnt and some residual heat
having been left in them. But pinewood and fats are hot in another
way, through changing quickly into fire in actuality.

The hot seems both to solidify and to melt. Thus cold solidifies
those things consisting only of water, while fire solidifies those
consisting of earth; and among hot things, the more earthen solidify
quickly by means of cold and are insoluble, while the watery ones
are soluble. What sorts of things are capable of solidification, and
the causes owing to which they are solidified, have been determined
more clearly elsewhere.

Since ‘hotter’ is spoken of in more than one way, the questions
‘what is hot?” and ‘what sort of thing is hotter?” will not apply in
the same way in every case; rather, it must be determined that this
thing is hot in itself, while perhaps another is hot incidentally; and
that this thing is hot potentially, that one actually, this thing by way
of being hotter to the touch, that one by producing flame and fire.
And since hot is spoken of in many ways, it will obviously follow
that the same account applies to cold as well. So then: let hot and
cold and their degrees be defined in this manner.

CHAPTER 3

The next step is to review dry and moist as well, in conformity
with what has been said. These too are spoken of in various ways;
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for example, some things are moist or dry potentially, some actu-
ally. For ice and all solidified moist things are called actually and
incidentally dry, being potentially and in themselves moist, while
earth, ash, and such things, having been mixed with moisture, are
actually and incidentally moist, yet in themselves and potentially
dry; but when these have been decomposed, the ingredients that
consist of water are fluid and both actually and potentially moist,
while the ingredients that consist of earth are all dry, and it is in
this way most of all that the dry is spoken of properly and without
qualification. And likewise too with the other things, those that are
moist, hot, and cold—‘properly and without qualification’ holds of
them by virtue of the same account.

With these things determined, it is evident that blood is in a way
hot, i.e. in so far as it is what it is for blood to be blood; blood is
spoken of just as we would speak of boiling water were we to signify
it by a certain term. But the underlying subject, i.e. whatever it is
that is blood, is not hot; and in itself blood is in one way hot, and
in another not. For heat will belong in its account, just as white
belongs in the account of white human being; but in so far as blood
is hot in virtue of an affection, it is not hot in itself. And so it is with
dry and moist. Hence in the nature of such things as well some
are hot and moist but when separated solidify and appear cold,
such as blood, while others, like bile, are hot and thick, but when
separated from the nature of their possessors suffer the opposite—
they cool and become moist; for while blood becomes more dry,
yellow bile becomes more moist. (It must be posited that more and
less participation in the opposites is present in these things.)

In what way the nature of blood is hot and moist, and in what
way it partakes of their opposites, has pretty much been said.

Since everything which grows must take in nourishment, and
nourishment is in every case from moist and dry, and the concoc-
tion and transformation of these things comes about through the
potency of the hot, owing to this cause if no other all the animals
and plants must have a natural origin of heat—and this, like the
preparation of the nutrients, is shared by numerous parts. For it is
evident that the first nutritive service in animals is performed by
the mouth and, for those animals whose nutrients must be cut up,
by the parts within it. But this is in no sense a cause of concoction,
but rather of good concoction; for their division into small pieces
facilitates the prepration of the nutrients by the heat. The work of
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the upper and lower gut forthwith concocts the food with the aid
of the natural heat.

Just as the mouth is a channel for undigested nutrients—and the
part continuous with it extending to the stomach, called the oe-
sophagus, in those which have it—so there must also be many other
origins, through which the body takes all the nutrients from the
stomach and from the nature of the intestines, as from a trough. For
while plants take their already worked-up nutrients from the earth
by means of their roots (which is also why residues do not come
about in plants, since plants use the earth and its heat as a stomach),
virtually all animals, and clearly the locomotive ones, have the stom-
ach cavity, like an earth within them. From this they must somehow
take the nutrients—just as plants do with their roots—until they
reach the end of this continuous concoction. For the operation of
the mouth passes its product on to the stomach, and it is necessary
for something else to take it from this, which is just what occurs.
For the blood 3vessels extend all through the intestines, beginning
beneath the stomach and extending up to it. These things should
be studied with the help of the dissections and natural enquiries.

Since there is something receptive of all nutrients and generated
residues, and the blood vessels are like a container for blood, it is
apparent that blood is the final nutrient for the blooded animals, and
its analogue for the bloodless. And the amount of blood decreases
on account of not taking nourishment, and increases on account of
taking it. And when the nourishment is wholesome the blood is
healthy, while when it is bad, the blood is bad.

It is, then, apparent from these and like considerations that blood
is present in blooded animals for the sake of nourishment. And in-
deed, because of this, touching it does not produce sensation, any
more than it does in the case of other residues. Nor is nourishment
like flesh, for touching it does produce a sensation. In fact blood is
not continuous with flesh, nor united with it, but lies in the heart
and the blood vessels as in a container. The way in which the parts
derive their growth from blood, and the subject of nourishment
generally, is more appropriately considered in the works on gen-
eration as well as in other works. For now let this much be said
(for so much is useful): blood is for the sake of nourishment, i.e.
nourishment of the parts.
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CHAPTER 4

Some blood has what are called fibres, but some, such as that of
deer and gazelles, does not. It is for just this reason that this sort
of blood does not solidify—the part of the blood that is watery is
colder, which is also why it does not solidify; while the part of the
blood that is earthen solidifies when the moisture evaporates, and
the fibres are made of earth. Now some of these animals also have a
more subtle intelligence, not because of the coldness of their blood,
but rather because it is thin and pure; for what is earthen has neither
of these properties. For those animals with finer and purer moisture
have quicker perception. Indeed, because of this even some of the
bloodless animals have a more intelligent soul than some of the
blooded ones, as has been said before; e.g. the bee, the ant kind, and
any others there may be of this sort.

The animals that are excessively watery are more timid. This
is because fear cools; accordingly, those having such a blend in
the heart are predisposed to this affection, since water is solidi-
fied by the cold. This is also why the other bloodless animals are,
generally speaking, more timid than the blooded, and when afraid
become immobile, discharge residues, and in some cases change
their colours. However, those with excessively fibrous, thick blood
are more earthen in nature, and both spirited in character and ex-
citable because of their spirit. For spirit is productive of heat, and
solids that have been heated give off more heat than liquids; and
the fibres are solid and earthen, so that they become like sparks in
the blood, and produce a boiling in the spirit. That is why bulls and
boars are spirited and excitable; their blood is most fibrous, and
indeed the blood of the bull solidifies most quickly of all. But their
blood does not solidify when these fibres have been extracted; for
just as if one were to extract the earth from mud, the water would
not solidify, so it is with the blood, since the fibres are made of
earth. But if they are not extracted the blood is solidified by cold,
like moist earth. This is because the moisture evaporates when the
heat is squeezed out by the cold, as was said before, and moist
earth is solidified not by heat, but by being dried out by the cold.
And there is moisture in these bodies on account of the heat that is
present in animals,

The nature of the blood is the cause of many features of animals
with respect to both character and perception, as is reasonable, since
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blood is the matter of the entire body; for nourishment is matter,
and blood is the last stage of nourishment. It therefore makes a
great difference whether it is hot or cold, thin or thick, turbid or
pure. Serum is the watery part of the blood, either on account of
its not yet having been concocted or its having undergone decay, so

that serum exists on the one hand of necessity, and on the other for
the sake of blood.

CHAPTER §

Soft fat and hard fat differ from one another in accordance with the
differentiation of blood. For each of them is blood having undergone
concoction because of a rich diet, and having not been absorbed
into the fleshy part of the animals though well concocted and well
congealed. Their oily character makes this clear; for oil is one of the
moist things which are a combination of air and fire. It is because
of this that none of the bloodless animals has either soft or hard
fat—because they do not even have blood.

Among blooded animals the ones with bodily blood have harder
fat. For hard fat is earthen, which is why it solidifies, just as both
what is itself fibrous and broths of that sort do; for it has a small
amount of water but a large amount of earth. That is why animals
without a complete set of teeth but with horns have hard fat. That
the nature of these animals is full of such an element is apparent
from their being horned and having knuckle-bones; for all these
parts are dry and earthen in nature. But those with a complete set
of teeth, no horns, and toes have soft fat rather than hard, which
neither solidifies nor crumbles when it is dried out because its
nature is not earthen.

Now when these fats are present among the parts of animals
in moderate amounts they are protective (for they do not impede
perception, while they contribute to health and potency), but when
excessive in quantity they are destructive and injurious. For if the
entire body were to become soft fat and hard fat, it would perish.
For something is an animal in virtue of its perceptive part, and it
is flesh and its analogue that are perceptive. Blood, on the other
hand, as has also been said previously, lacks perception; hence so
does soft or hard fat, since it is concocted blood. So, if the entire
body were to become fat, it would lack perception entirely.

This is also why animals with excessive fat age quickly; for those
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which have their blood converted into fat are blood-deficient, and
those with blood-deficiency are already on the way to passing away.
For passing away is a sort of blood-deficiency, and the animal de-
ficient in blood is susceptible to any chance encounter with either
cold or heat. And fat animals are more infertile for the same reason;
namely, what needed to go from the blood into semen and seed is
converted into soft and hard fat; for concocted blood becomes these
things, so that in these animals either no residue is generated at all,
or only a small amount.

We have stated, regarding blood, serum, and soft and hard fat,
both what each of them is, and owing to what causes each of them is.

CHAPTER 0

Marrow, too, is of the nature of blood, and not, as some think, a
seminal potential of the seed. This is clear in the very young; for
inasmuch as the parts in the embryos are constituted from blood
and their nourishment is blood, the marrow in their bones is also
blood-like. But when they grow and undergo concoction, just as the
parts and the viscera change colour, in the same way the marrow
does too (for again, when animals are young each of the viscera is
also excessively blood-like). And among animals with soft fat the
marrow is, like soft fat, oily, while in those in which marrow is not
like soft fat, but in which the concocted blood becomes hard fat,
it is hard. That is why the marrow is hard in those animals with
horns and lacking one set of teeth, while in those with both sets of
teeth and toes it is soft. But the marrow of the backbone is least
fatty because it must be continuous and extend through the entire
backbone, which is divided into vertebrae; if it were either oily or
of the character of hard fat it would not be continuous in the same
way, but either crumbly or moist.

Some animals—those with strong, dense bones—do not have
marrow worth mentioning, e.g. the bones of the lion; for its bones,
because they contain virtually no trace of marrow, seem not to
possess it at all. But since either the nature of the bones, or that
which is analogous to bones, such as fish-spine in water-dwellers,
must be present in animals, it is also necessary for marrow to be
present in some, in those cases where the nourishment from which
the bones develop becomes enclosed. And that the nourishment for
all parts is blood has been said before.
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It is also reasonable that there are marrows akin to both hard fat
and soft; for it is because it becomes warm by being enclosed within
the bones that the blood undergoes concoction, and the concoction
of blood by itself is hard and soft fat. It is also reasonable that in
some of those with dense, strong bones, marrow is absent, while in
others a small amount is present; for the nourishment is converted
into the bones. Butin those animals with fish-spine rather than bone
the backbone alone has marrow, both because they are by nature
blood-deficient, and because the backbone is the only hollow fish-
spine. For this reason, marrow arises in it, both because it alone
has space, and because it alone has need of a bond, on account of
its divisions. That is also why the marrow here, as has been said, is
somewhat different; for on account of its coming to be in place of a
ligament it is viscous and sinewy, in order that it have the ability to
stretch.

Why, then, those animals with marrow have it has been stated;
and from these considerations it is also apparent what marrow is—
the enclosed, concocted residue of the sanguineous nourishment
apportioned to bones and fish-spine.

CHAPTER 7

The very next thing to discuss is the brain; for to many people
the brain seems to be marrow, even the origin of the marrow, from
observing the continuity of the spinal marrow with it. Yet the brain
is, in almost all respects, the opposite of marrow in its nature; for
while the brain is among the coldest of the parts within the body, the
marrow is naturally hot; this is clear from its oily and fatty character.
This is also why the spinal marrow is continuous with the brain; for
nature always devises, as a protection against an excessive amount
of each thing, the juxtaposition of its opposite, in order that the one
equalize the excess of the other.

That marrow is hot is clear from many considerations; the cold-
ness of the brain is apparent on the one hand to the touch; and
furthermore, it is the most bloodless of all the moist parts in the
body (indeed it has no blood at all in it), and the driest. And the
brain is neither a residue nor one of the continuous parts. Rather,
its nature is distinctive; and it is reasonable for it to be this way.

That the brain has no connection to any one of the perceptual
parts is clear both through visual inspection and even more by the
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fact that touching it produces no sensation at all, any more than
touching blood or animal residues does. Rather it is present in
animals for the preservation of their entire nature. For while some
crudely posit fire or some such potential to be the animal’s soul,
it is perhaps better to say that soul is constituted in some such
body. This is because among bodies the hot is the one most able to
assist with the functions of the soul; for nourishing and producing
change are functions of soul, and these things come about most of
all through this potential. Saying fire is the soul, then, is like saying
the saw or auger is the carpenter or carpentry because the function
is accomplished when they are near each other.

That animals must partake of heat is clear from these considera-
tions; and since everything requires an opposing counterweight in
order that it achieve the moderate state and the mean (for the mean
possesses substantial being and the defining account, while each of
the extremes separately does not)—because of this nature has de-
vised the brain in relation to the heart’s location and heat. And it is
for the sake of this that this part, with the combined nature of earth
and water, is present in animals. For this reason too all the blooded
animals have a brain, while virtually none of the other animals does,
excepting those that have a brain by analogy, such as the octopus;
for they all have little heat on account of being bloodless.

The brain, then, makes the heat and boiling in the heart well-
tempered; and in order that this part also achieve moderate heat,
the blood vessels extend from both the great blood vessel and what
is called the aorta to the membrane surrounding the brain. And
to prevent harm due to the heat, densely packed and thin blood
vessels surround the brain instead of a few large ones, and instead
of much thick blood, it is thin and pure. It is also for this reason
that fluxes originate from the head, in those bodies in which the
region surrounding the brain is colder than the proportionate blend.
For when the nourishment vaporizes up through the blood vessels,
the residue that undergoes cooling because of the potential of this
region produces fluxes of phlegm and serum. As a comparison of a
great thing to a small, one should take this to happen similarly to
the generation of rain—once vaporized and transported by the heat
from the earth to the upper region, the mist, when it comes to be
in the cold air above the earth, is reconstituted into water because
of the cold and falls back down to earth. However, the appropriate
place to speak about these things—to the extent that it is up to the
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natural philosopher to speak about them—is in the discussions of
the origins of disease.

It is this part—the brain—which also produces sleep in those
animals that have one; while in those without one, it is the analogous
part. For by cooling the flow of blood from the nourishment, or on
account of certain other similar causes, it weighs the region down
(for which reasons those who are sleepy are heavy-headed), and
makes the heat recede downwards along with the blood. Because of
this greater accumulation in the lower region it produces sleep, and
takes away from those animals which are of an upright nature their
ability to stand erect, while from the other animals it takes away
the ability to hold their head upright. We have spoken about these
things independently in works establishing definitions both about
perception and about sleep.

That the brain is a combination of water and earth is clear from
the following fact about it: boiling it makes it dry and hard, and with
the evaporation of the water by heat the earthen material remains.
It is just like what happens with boiled mashes produced from
legumes and other fruits once the moisture mixed in them departs
because they are, for the most part, constituted of earth; that is,
these too become completely hard and earthen.

Among animals mankind has the largest brain in respect of mag-
nitude, and among human beings the males have a larger brain than
the females; for the region around the heart and the lung is also most
hot and most sanguineous in males. This is also why human beings
alone among animals are upright; for the nature of the prevailing
heat produces growth from the middle according to its own move-
ment. Thus much heat is opposed by much moisture and cold, and
because of its magnitude the bone around the head, which some
call the frontal bone, is the last to solidify. This is on account of
the length of time it takes the heat to produce evaporation; in none
of the other blooded animals does this happen. It also has many
sutures around the head, and the male more than the females, for
the same reason, in order that this place is well ventilated, and the
more so the larger the brain. For if it becomes overly moistened
or dried it will not perform its function, and either will not cool
the blood or will solidify it, so as to produce diseases, mental de-
rangements, and deaths; for the heat in the heart, i.e. in the origin,
is extremely sensitive, and quickly produces an awareness of any
changes or affections of the blood around the brain.
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We have spoken, then, about virtually all the fluids present nat-
urally within animals. Of those kinds that develop later, there are
residues of nourishment, the deposits from both the bladder and
gut; and besides these, semen and milk, in those which naturally
have each of these. Now the residues of nourishment have their own
proper accounts in the examination and study of nourishment, stat-
ing in which animals they are present, and owing to which causes;
and the residues of seed and milk have their proper accounts in the
works on generation; for the first of these residues is an origin of
generation, and the second is for the sake of generation.

CHAPTER 8

Next we need to examine the other uniform parts, and first of all
flesh, in those animals which have flesh, and its analogue in the
other animals; for flesh is in virtue of itself an origin and a body of
animals. This is clear even from our account; for we define animal
by the possession of perception, and primary in this account is the
primary mode of perception. This is touch, and it is of touch that
such a part is the sense-receptor—either the primary one, just as
the pupil is of vision, or it taken with the medium, as if one were to
add the entire diaphanous medium to the pupil. Now, in the case of
the other modes of perception, to do this would be by nature both
impossible and useless; but in the case of the capacity for touch,
it is done of necessity. For of the sense-receptors, this is either the
only, or the most, bodily one.

It is apparent to perception that all the other uniform parts are
for the sake of flesh, by which I mean bone, skin, sinews, blood
vessels, and again hair, and the kind which includes claws, and any
other such parts there may be. For the nature of the bones, being
hard as it is, has been devised for the sake of the preservation of soft
tissue in animals which have bones; and in those which do not have
them, the analogue of bone—for example, in some fish, fish-spine,
in others, cartilage.

Now some of the animals have this sort of protection inside, but
some of the bloodless animals have it outside, as for instance each
of the soft-shelled animals, e.g. crabs and the crayfish kind, and
likewise the kind consisting of hard-shelled animals, such as those
called oysters—in all these cases the fleshy part is inside, while the
earthy part is outside, enclosing and shielding it. For in addition
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to the shielding achieved by the enclosure, in those which, being
bloodless, have little natural heat, the shell shields their smoul-
dering heat, like a surrounding damper. The tortoise and the kind
consisting of the turtles seem to be in a similar condition to these,
though they are a different kind.

The insected and the soft-bodied animals are constituted in a
way that is both contrary to those just discussed and opposite to
each other. For none of them seems to have a distinguishable bony
or earthen part worth mentioning. Rather, while the soft-bodied
animals are almost entirely fleshy and soft, these animals have a
nature between flesh and sinew, in order that their body is not, as
fleshy things are, susceptible to destruction. For while their body
1s, like flesh, soft, it possesses elasticity, like sinew; and it splits in
the manner of flesh, dividing not in a straight line but in a circle;
for in this way it would be most useful for strength.

There is even an analogue to the spines of fish in the soft-bodied
animals; for example, in the sepia there is a part called the ‘sepion’,
in the squids what is called the ‘sword’. On the other hand, the
octopus kind has no such part, because it has a small sac (called the
‘head’), while the other soft-bodied animals have a sac of consider-
able length. Itis for this reason, in consequence of their straightness
and rigidity, that nature added these parts, as it did bone for some
of the blooded animals and fish-spine for others.

The insects, on the other hand, have things arranged in a manner
opposite to both the soft-bodied animals and the blooded animals,
just as we said. That is, none of them has a hard part separated
from the soft; rather their entire body is hard, yet the hardness is
such that, though more flesh-like than bone, it is more bone-like
and earthen than flesh, in order that their body should not be easily
divisible.

CHAPTER g

The nature of bones and the nature of blood vessels are alike. For
each of them, having originated from one thing, is continuous; and
a bone on its own is nothing; rather, it is a part either as part of
something continuous or through contact and binding, in order that
nature may use it both as one and continuous and, for bending, as
two and divided. Likewise too a blood vessel on its own is nothing;
rather, all blood vessels are part of one thing. And indeed, if any
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bone were separate, it would not perform the function for the sake
of which the nature of bones exists (for if it were not continuous
but disconnected, it would not be a cause either of bending or
of straightening). And further, it might be harmful, like a sort of
thorn or sting imbedded in the flesh. And if some blood vessel
were separate and not continuous with its origin, the blood within
it would not be preserved, for the heat from that origin prevents
the blood from becoming congealed, which is apparent when the
separated blood also putrefies.

While the heart is the origin of the blood vessels, the origin of
the bones in all animals that have them is called the backbone, from
which the nature of the other bones is continuous. For the backbone
of these animals is what maintains their length and straightness.
And since it is necessary when the animal moves for its body to
bend, the backbone, though one on account of its continuity, is
made of many parts by the division of the vertebrae. The bones
of those with limbs extending from the backbone and connected
to it are suitably arranged. In so far as the limbs are flexible, the
bones are both bound together by sinews and their extremities fit
together—either one being hollow and the other curved, or both
being hollow, surrounding a knuckle-bone in the middle like a bolt,
in order that bending and extension may occur. For otherwise it
would either be completely impossible for the limbs to perform
such a motion, or else they would not do it well. Some of the limbs,
however, have the beginning of the one bone like the end of the
other, the two having been bound together by sinews. And there
are also cartilaginous parts in the middle of the joints, like padding,
in order that they do not rub against one another.

The fleshy parts, for the sake of which the kind consisting of the
bones exists, grow naturally around the bones, being attached to
them by fine, sinewy bonds. For just as those who shape an animal
from clay or any other moist composition first set up, for support,
some one of the hard bodies, then mould the clay around it, so in the
same way has nature crafted the animal from the fleshy parts. Thus
bones underlie the other, fleshy parts, and in those parts which move
owing to a joint, bones are for the sake of this, while in immobile
parts they are present for the sake of protection. For example,
the ribs enclosing the chest are for the sake of the preservation of
the viscera around the heart, while the region around the gut is
entirely without bones, in order that nothing should prevent the
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expansion brought about of necessity in animals by nourishment,
and in females by the growth of the embryo in them.

The animals that bear live young both internally and externally
are about equal in the potency and strength of their bones. For,
speaking according to bodily proportion, all such animals are much
larger than those that do not bear live young; indeed in some places
many of those that bear live young are large, as in Libya and places
that are hot and dry. And for those that are large, there is need of
supports which are stronger, larger, and harder, especially for those
among them that are more predatory. For this reason the bones of
the males are harder than those of the females, especially those of
the carnivores (for their nourishment is acquired through fighting)
such as the lion; it possesses bones so hard in nature that a fire is
touched off when they are struck, just as by stones. And even the
dolphin has, not fish-spines, but bones; for it is live-bearing.

In those that are blooded but not live-bearing, nature makes a
transition by small steps; for example, in the case of birds, they
have bones, but weaker ones. And in the case of fish, those that lay
eggs have fish-spine, and in the case of snakes the nature of the
bones is like fish-spine except in the very large ones. In these, for
the same reason as for the live-bearers—for strength—there is need
of a stronger skeleton. But the fish that are called selachians are
cartilage-spined in nature. This is both because it is necessary for
their movement to be more fluid, so that the nature of their supports
must also be softer, and not brittle; and because nature has used all
the earthy material in their skin, and nature cannot distribute the
same excess to many different locations simultaneously.

Many of the bones present in live-bearing animals are also car-
tilaginous, in those cases where there is an advantage in the hard
part being soft and pulpy, because of the surrounding flesh, as is the
case with the ears and nostrils; for brittle appendages are quickly
broken. The nature of bone and cartilage is the same, though it
differs by the more and less; and that is why in neither one does a
part that has been cut off grow.

The sorts of cartilage present in land animals have no separated
marrow; for it is a thorough mixing of the separable marrow with
it that makes the constitution of the cartilage soft and pulpy. In the
selachians, however, the backbone is cartilaginous, but has marrow
since this part belongs to them instead of bone.

Such parts as claws, solid and split hoofs, horns, and the beaks
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of birds are, to the touch, closely allied to bone. Animals have
all of these parts for the sake of protection; for the wholes that
are constituted from and synonymous with their parts, e.g. whole
horn or hoof, have been devised for the preservation of each of
them. The nature of the teeth is also in this kind, in some cases
present for a single function, the preparation of the nourishment,
in other cases present both for this and for defence, e.g. in all
those with saw-like teeth or with tusks. Of necessity all of these
parts have an earthen and hard nature; for this is the defensive
potential. And for this reason all such parts are present more in the
four-footed live-bearing animals, because all of them have a more
earthen constitution than mankind does.

But the causes of these parts and what each one is present in
animals for—and related parts such as skin, bladder, membrane,
hair, feather, and their analogues, and any other parts of this sort
there may—these should be studied later, at the same time as the
non-uniform parts. For as with the latter, so too with the former:
it is necessary to know them from their functions. But since these
parts are synonymous with their wholes, they were taken out of
order now, with the uniform parts. And bone and flesh are the
origins of all these things. And again, we omitted seed and milk
from our study of the moist, uniform parts; their examination is
better suited to the works on generation, since the one is the origin
of generated things while the other is their nourishment.

CHAPTER 10

We must now speak as if we are once more at an origin, beginning
first with those things that are primary. For in all animals, at least
those which are complete, there are two parts that are most neces-
sary, that by which they receive nourishment and that by which
the residue departs; for it is impossible to be or to grow without
nourishment.

Plants (for we say plants live as well) have no place for useless
residue; for they receive from the earth nourishment that has al-
ready undergone concoction. Instead of expelling a residue they
drop their seeds and fruit. A third part present in all animals lies
midway between the two most necessary parts, within which is their
origin of life.

It is, then, of the nature of plants, being immobile, not to have
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many forms of the non-uniform parts; for few actions require the
use of few instruments. Accordingly, we should study the visible
character of plants independently. But those things with perception
in addition to life are more polymorphic in visible character, and
some of these more than others. And there is still greater variety
among those whose nature partakes not only of living but, in addi-
tion, of living well. Such is mankind; for of the animals known to us
either mankind alone, or mankind most of all, partakes of the divine.
So both because of this and because the shape of the external parts
of mankind is most familiar, one ought to speak about mankind
first. For straight away the natural parts are disposed according to
nature in this kind alone, that is, what is above for mankind accords
with what is above for the whole cosmos; for mankind alone among
the animals is upright.

It follows necessarily from what has been said about the brain
that the head is without flesh. For it is not the case, as some people
say, that if the head were fleshy, the kind would be longer-lived; but
that (they claim) it is without flesh for the sake of fine perception.
For they claim that animals perceive by means of the brain and
that perception is not admitted into parts with excess flesh. None
of these claims, however, is true. Rather, if the region surrounding
the brain were very fleshy, it would produce the opposite result to
the one for the sake of which the brain is present in animals (for if
it were too warm, it would be unable to cool). And surely what is
itself, just like any of the residues, imperceptive is not a cause of
any of the modes of perception. But failing to discover the cause
owing to which some of the senses in animals are in the head, and
seeing that the brain is more distinctive than the other parts, they
couple these two things together in the manner of a syllogism.

That the region around the heart is the origin of the senses was
determined previously in the works on perception, as well as why
two of them, touch and taste, are evidently connected to the heart.
It was also there determined why, of the remaining three, the sense
of smell is in between the senses of hearing and sight, which are
in most cases in the head on account of the nature of their sense-
receptors. Sight is located there in every case, although hearing
and smell in fish and other such animals make what was just stated
evident. For these animals hear and smell, though they have no
apparent sense-receptor in the head for these perceptibles. And it
is reasonable that sight, in all that have it, is in the area around

36



BOOK TWO 656°

the brain; for the brain is moist and cold, and sight is in its na-
ture water, since water is the most easily confined of transparent
things. Again, it is because of parts with purer blood that the more
accurate of the modes of perception necessarily become more ac-
curate; for the motion of the heat in the blood erases perceptive
activity. It is for these reasons that these sense-receptors are in
the head.

Not only is the front of the head without flesh, but the back as
well, because in all those which have it this part needs to be the
most upright; for it is impossible to stand upright with a burden,
but such would the head be if it were covered in flesh. From this
too it is clear that the head is not lacking in flesh for the sake of the
brain’s perception; for the back of the head has no brain, but it is
similarly without flesh. It is also reasonable that some of the animals
have their hearing in the region around the head; for the part called
‘empty’ is in fact full of air, and we claim that the sense-receptor
for hearing consists of air.

The channels from the eyes go to the blood vessels around the
brain; and again in like manner a channel from the ears connects
to the back of the brain. Nothing bloodless, however, is capable of
perception, nor is the blood, but some of the things made from this.
This is precisely why nothing bloodless in the blooded animals is
perceptive, nor is blood itself; for it is no part of the animals.

All those with a brain have it in the front, because the front is
towards what is perceived, perception originates from the heart,
the heart is among those parts in the front, and perceiving occurs
by means of the parts with blood, while the hollow rear part of the
head is devoid of blood vessels. The sense-receptors have in this
way been beautifully ordered by nature, those for hearing placed
on the midline of the circumference (for one hears not only in a
straight line but from everywhere), those for sight in the front (for
onesees in a straight line, and movement is in the forward direction,
and one needs to see in advance what the movement is towards).
And the sense of smell is reasonably placed between the eyes. For
because the body is double, one part the right, the other the left,
each of the sense-receptors is double. Now in the case of touch this
is not clear; this is because the primary sense-receptor is not flesh
and parts such as flesh but something internal. And though in the
case of the tongue it is less clearly double than eyes or ears, it is
more clearly so than touch; indeed, this sense is like a sort of touch
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But nevertheless even with the tongue the duality is clear; for it is
apparent that it is split.

But perception is most obviously bipartite in the other sense-
receptors; for there are two ears and two eyes, and the potential
of the nostrils is bifurcated. Now were it positioned in another
manner, i.e. widely separated as the power of hearing is, it could
not perform its function, nor could the part in which it resides;
for this mode of perception, in animals with nostrils, happens by
means of breathing, and this part is in the middle and in front. It is
for just this reason that nature has united the nostrils in the middle
of the three sense-receptors, placing them, as it were, on a single
line to serve the motion of breathing.

CHAPTER I1

These sense-receptors are also well situated in the other animals in
relation to each one’s proper nature. For the four-footed animals
have their ears separated and above the eyes, or so it would seem.
That is not actually the case, however, though it appears so because
these animals are not upright but bent over. And since most of
them move about in this position, it is useful for the ears to be both
higher up and mobile; for when rotated they receive sounds from
every direction.

CHAPTER 12

The birds possess only auditory channels, on account of the hard-
ness of their skin and because rather than having hair, they are
feathered; accordingly they do not have the sort of matter from
which ears may be formed. Likewise too with the four-footed ani-
mals that lay eggs and have hard scales—the same account also
applies to these. And among the live-bearing animals even the seal
has, not ears, but auditory channels, because it is a deformed four-
footed animal.

CHAPTER I3

Human beings, birds, and of four-footed animals both the live-
bearing and egg-laying, have a safeguard for the eye. The live-
bearing have two eyelids, by means of which they also blink. Both
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the heavy birds and some others close their eyes by means of a lower
lid, as do the egg-laying, four-footed animals. The birds blink by
means of a membrane originating from the corners of the eyes.

The eyes have a safeguard because they are moist, which they
are by nature in order that they may see sharply. For if the eyes
were hard-skinned they would be freer from harm done by things
striking them from without, but they would not be sharp-sighted.
So it is for the sake of being sharp-sighted that the skin around the
pupil is thin, while the eyelids are for the sake of the preservation
of the eyes. It is also because of this that all these animals blink, and
most of all human beings. They all blink in order to prevent things
striking the eyes (and this is not done by choice, but rather nature
does it), and mankind most of all because its pupils are the most
thin-skinned. The eyelid surrounds the eye with skin; for which
reason as well—because they are skin without flesh—neither it nor
the foreskin grow together.

Those birds that close their eyes by means of the lower lid, and
the egg-laying, four-footed animals, close their eyes in this way on
account of the hardness of the skin surrounding their head. Of the
feathered animals the heavy ones, because they are unable to fly,
have the growth of their feathers diverted into the compactness
of their skin. It is for this reason too that they close their eyes by
means of the lower eyelid, while pigeons and the like use both.

The four-footed, egg-laying animals are covered with hard scales;
and since these scales are all harder than hair, the skin of these
animals is also harder than the skin of those with hair. Hence the
skin around the head in these animals is hard, which is precisely
why they do not have an upper eyelid. And the skin lower down is
flesh-like so that the lower eyelid can be extremely thin and elastic.

The heavy birds do blink, although not with the lower eyelid but
with the membrane; this is because the movement of their eyelid
is slow, while blinking must happen quickly, and the membrane is
quick. The heavy birds blink from the corner of the eye next to the
nostrils because it is better that the nature of the membranes be
from one origin, and these have an origin at the connection to the
nostril; and the front is more of an origin than the side.

The four-footed, egg-laying animals do not blink in the same way
as the birds, because since they are terrestrial, it is unnecessary for
them to have moist and accurate vision. But for birds it is necessary,
since they use vision to see from a great distance. Accordingly the
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crook-taloned birds have sharp vision (for they search for their food
from above, which is also why these most of all soar to the heights),
while those which are terrestrial and incapable of flight, such as
domestic fowl and the like, do not have sharp vision. For nothing
related to their way of life requires them to have it.

Fish, insects, and hard-skinned animals have eyes which differ
from one another, but none of them has eyelids. For the animals
with hard skin generally do not have them (the usefulness of the
eyelid depends on its quick and membranous operation); instead,
in place of this safeguard all of these animals have hard eyes, as
if seeing through a fused eyelid. And since on account of their
hardness they necessarily see more poorly, nature makes the eyes in
the insects, and even more so in the hard-skinned animals, mobile
(as it does the ears in some of the four-footed animals) so that, by
turning to the light and receiving its beam, the eye may see more
sharply.

The eyes of fish are moist. For they must use their vision from
far off, since they are made to move around a great deal. Now in
the case of land-dwellers the air facilitates vision; but in the case of
fish, water has the opposite effect on sharp vision, though there are
fewer obstacles to vision than with air. For this reason fish do not
have eyelids (for nature does nothing in vain), and their eyes are
moist in consequence of the density of water.

CHAPTER 14

All animals with hair have eyelashes on their eyelids, while none
of the birds and the animals with hard scales do, since they do
not have hair. (We will provide the explanation for the Libyan
ostrich later—for this animal does have eyelashes.) And of those
with hair, only human beings have eyelashes on both eyelids. For
the four-footed animals do not have hair on their underbellies, but
rather on their backs; while human beings have the opposite ar-
rangement, more on their underbellies than on their backs. Hair
is present in those that have it for the sake of covering. Now in
four-footed animals the backs have a greater need for covering,
and though their fronts are more valuable, they are nevertheless
hairless because they are bent over. But in human beings, since
on account of their upright posture their fronts and backs are
on equal terms, nature adds this protection to the more valuable
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parts; for it is always a cause of the better among the possibi-
lities.

This is also why none of the four-footed animals has lower eye-
lashes, though in some a few hairs grow under the lower eyelid;
nor do they have hair in the armpits or the pubes, as human beings
do. Rather, instead of these arrangements, some are covered by hair
over the entire back part of their body, as the canine kind is; others,
like horses and such, have a crested mane; and still others have a
flowing mane, like the male lion.

Again, in those with long tails, nature has adorned the tail with
hair—long hair in those, such as the horse, with a short stump, short
hair in those with a long stump, in accordance with the nature of
the rest of the body. For nature everywhere gives to another part
what it takes from elsewhere. And in those cases where nature has
made the body quite hairy, the hair around the tail is wanting, as
happens with the bears.

With respect to the head, mankind is the most hairy of animals,
from mecessity, on account of the moistness of the brain and on
account of the sutures (for where there is much moisture and heat
there must be much growth), and for the sake of protection, so that
it may provide covering, warding off the extremes of both cold and
heat. And since the human brain is the most moist, it is also most
in need of this protection; for what is moist boils and freezes most
easily, while what is in the opposite state is less easily affected.

But a digression on these subjects resulted from their connection
with the causes of eyelashes—on account of their kinship. Thus
about the rest mention should be made on the appropriate occa-
sions.

CHAPTER I§

The eyebrows and eyelashes are both for the sake of protection.
The eyebrows are for the sake of the moisture running downwards,
so that like eaves they may shelter the eyes from the moisture
from the head. The eyelashes are for the sake of things falling
towards the eyes, like the palisades sometimes put up in front of
walls. The eyebrows are at the conjunction of bones, which is also
why in many cases they become bushy as people age, so that they
need to be trimmed. The eyelids, however, are at the ends of small
blood vessels; for where the skin terminates, the small blood vessels
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also reach their limit. So because the moist secretions oozing out
are bodily, it is necessary that—unless some function of nature
redirects it to another use—even owing to a cause such as this, hair
from necessity come to be in these locations.

CHAPTER 16

In all the other four-footed, live-bearing animals the organ of smell
does not differ to any great extent from one to the next; though
in those with long jawbones that become progressively narrower
the part consisting of the nostrils is, as far as is possible, actually
present in what is called the ‘snout’, while in the rest the nostrils
are more differentiated from the jaws.

In the elephant, however, this part is most distinctive compared
with the rest of the animals—it is extraordinary in both size and
potency. For by means of the ‘nostril’, used like a hand, the ele-
phant conveys both dry and liquid nourishment to its mouth, and
wrapping it around trees, it uproots them—again, it is used as if it
were a hand.

This animal is at once a swamp-dweller and a land-dweller in
nature. So, since on occasion it gets its nourishment from water,
and, being a blooded land-dweller, must breathe, and, on account
of its size, is unable to make the transition from moist to dry envi-
ronments as quickly as some of the live-bearing, blooded animals
do, it necessarily uses the water as it does the land. Thus as some
divers equip themselves with instruments for breathing, in order
that they can inhale air through this instrument from outside their
moist environment while remaining in the sea for an extended time,
nature makes the length of the nostril such an instrument for the
elephants. Hence whenever they make their way through a moist
environment, they breathe by raising their nostril up through the
water; for as we said, the elephant’s trunk is its nostril.

Since it would be impossible for there to be such a ‘nostril’ if
it were neither soft nor able to bend (for its length would impede
taking in nourishment from outside, just as they claim horns in the
backward-grazing oxen do; and indeed they say these animals graze
by going backwards, rear end first), such a nostril will therefore be
present in the elephant. And since it is present, nature, as usual,
turns the same part to more than one use, here using the trunk in
place of the front feet. For four-footed animals with many toes have
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front feet in place of hands, not merely for the sake of supporting
their weight. And the elephants are members of this group; that is,
they have feet that are neither cloven- nor solid-hoofed. But since
the size and weight of their body are great, their feet are only for
the sake of support, and because of their slowness and their natural
unsuitability for bending, they are useless for anything else.

The elephant, then, has a nostril because of respiration, as indeed
does each of the other animals with a lung; but because it spends
time in a moist environment and its transit from there is slow, its
nostril is long and can be rolled up. And since the elephant has been
denied the use of its feet, nature, as we said, also makes use of this
part for the service that might have been provided by the feet.

The birds, the snakes, and the other blooded egg-layers among
the four-footed animals have the nostril channels in front of the
mouth, but except on account of function they do not have clearly
differentiated nostrils to speak of; the bird, at any rate, has nothing
one would call a nose. This is a consequence of the fact that instead
of jaws it has what is called a beak. And these things are so because
nature has constituted the birds in this way. That is, they are both
two-footed and winged, so that it is necessary that their head and
neck have little weight, just as it is also necessary that the chest
be narrow. In order, then, that it may be useful for both physical
strength and nourishment, the beak they have is bony; while it is
narrow on account of the smallness of their head. And in the beak
they have channels for smell, but are unable to have nostrils.

We have previously stated the cause owing to which the other,
non-breathing animals lack nostrils; but some perceive odours
through gills, some through pipes, and the insects do so through
their mid-section. And all of them smell, just as they move, by
means of their body’s inborn breath; for this is present by nature
in all and is not introduced from without.

In the blooded animals with teeth the nature of the lips is be-
neath the nostrils. For in the birds, as we said, for nourishment and
strength their beak is bony. It has been joined together into one, in
place of teeth and lips, just as if someone who had removed the lips
from a human being were both to fuse the upper teeth together, and
separately the lower teeth, and then were to draw them both out to
a point; in fact this would already be a bird-like beak.

In the other animals the nature of the lips is for the preservation
and protection of the teeth. That is why, as they have either precise
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and beautiful teeth or the opposite, so too do they have the lips dif-
ferentiated. But human beings have lips which are soft, fleshy, and
capable of separation, both for the sake of protecting the teeth (as
the others do), and even more on account of the good; for these can
also be used for speech. For just as nature made the human tongue
unlike the tongues of others animals, using it for two operations,
as we say it does in many cases, so it does with the lips—it makes
use of the tongue for the sake of both flavours and speech, while it
makes use of the lips for the sake of both speech and the protection
of teeth. For vocal speech is composed out of articulate sounds;
and if the tongue were not such as it is nor the lips moist, most of
those articulate sounds could not be spoken, since some result from
pressing of the tongue, others from pursing of the lips. But what
sorts of sounds there are and how many, and what their differences
are, must be learnt from those who study metre.

It is straightforwardly necessary that each of these parts should
be suited to serve the aforementioned use, and to have such a nature;
for this reason they are fleshy. And the flesh of human beings is the
softest. This is because they are the most perceptive of animals with
respect to tactile perception.

CHAPTER 17

Beneath the roof of the mouth is the tongue. It is nearly alike in
all the land-dwellers, while in other animals it is unlike, compared
both with one another and with the land-dwellers. Mankind has
the most detached, softest, and broadest tongue, so that it may
be useful for both its operations. The soft, broad tongue is useful
both for the perception of flavours (for mankind is the most keenly
perceptive of animals, and his tongue is soft, for it is most tactile,
and taste is a sort of touch), and for the articulation of sounds and
for speech. In fact being soft in this way as well as detached, it
would be especially capable of being pulled in and pushed out in
every way. This is clear in those people for whom the tongue is not
fully detached; for they speak inarticulately and defectively, and
this is from a deficiency of articulate sounds. In what is wide the
narrow is also present; for the small is present in the great, but not
the great in the small. And that is why among the birds those most
able to pronounce articulate sounds have broader tongues than the
others.
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Those of the four-footed animals that are blooded and live-
bearing have little vocal articulation. This is because they have
a tongue that is hard, undetached, and thick. Some of the birds,
however, are quite vocal, and those with crook-talons have broader
tongues. The smaller ones are quite vocal. And though all also use
their tongue to communicate with one another, some do so more
than others, so that in some cases they even seem to be learning
from one another; these things have been discussed in the enquiries
about animals.

Most of the land-dwelling, egg-laying, and blooded animals have
an attached, hard tongue that is useless for the operation of vocal-
izing. For the tasting of flavours, however, the serpents and lizards
have a long, forked tongue. The serpents have it long so they can
stretch it out from small to great, and forked, with a fine, hair-like
tip, because of their gluttonous nature; for it procures double the
pleasure from flavours, having, as it were, double the perception of
taste. The bloodless as well as all the blooded animals have the part
perceptive of flavours; for even those which seem to most people not
to have one, such as some of the fish, have one of a paltry sort, quite
similar, in fact, to the river crocodiles. But there is a reasonable
explanation why most of these animals do not appear to have this
part; it is both because in all such creatures the mouth’s location is
spinous, and because for water-dwellers there is little time for the
perception of flavours, and just as the tongue’s use is slight, so too
is its articulation. The passage of nutrition into their gut is rapid
because they are unable to spend time extracting juices; for water
would intrude. So unless one pulls their mouth open, the tongue
does not appear to be a separate part. And this location is spinous;
for it is composed from the conjunction of the gills, the nature of
which is spinous.

In the crocodiles, the possession of an immobile lower jaw also
contributes something to the lame character of this part. For their
tongue is fused to the lower jaw, and they possess the upper jaw
as if it were inverted with the lower; for in the other animals it is
the upper jaw that is immobile. Yet they do not have their tongue
connected to the upper jaw, because it would oppose the ingestion
of nourishment, but to the lower jaw, because the upper jaw is, as it
were, transposed. And further, while it is a land-dweller it happens
to live the life of fish, so on this account too it is necessary for this
part to be unarticulated.
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Many of the fish also have a fleshy roof of the mouth, and some
of the river-dwelling fish have an extremely fleshy and soft one,
e.g. those called carp, so that it seems, to those not examining
things carefully, to be a tongue. And owing to the cause stated fish
have, though it is not obvious, an articulated tongue. And since the
perception of the taste found in flavours is for the sake of nutrition,
this part is tongue-like, though not in every part equally but mostly
in the tip. Because of this, in the fish only the tip is separated.

All animals have a desire for nourishment in so far as they have
perception of the pleasure that arises from nourishment; for desire
is of the pleasant. But the part by which the perception of nourish-
ment is produced is not alike in all. In some, namely in those with
no vocal function, it is detached, while in others it is attached; and
in these latter it is hard, while in the former it is soft and fleshy.
This is also why in the soft-shelled animals, such as crabs and the
like, some such part is present inside the mouth, as well as in the
soft-bodied animals such as the sepiae and the octopus.

Of the insects, some have such a part inside, such as the kind
consisting of the ants, and likewise too many of the hard-shelled
animals; while others have it outside, like a sting, its nature spongy
and hollow, so as simultaneously to be able to taste and draw in
nourishment. This is clear in the flies, bees, and all such animals,
and again in some of the hard-shelled animals; in the purpurae
this part has so much potency that it bores through the shell of
mussels, such as the ones with spiral shells used as bait to capture
them. And again, the deerfly pierces the skin of human beings,
while the horsefly pierces the skin of other animals as well. In these
animals, then, the tongue is naturally such as to be a counterpart
to the nostril of the elephants; for in the elephant the nostril is for
protection, and in these the tongue is present in place of a sting.
But in all the other animals the tongue is precisely as we said.
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BOOK THREE

CHAPTER I

Next after the parts just discussed is the nature of the teeth in
animals, and the mouth which is surrounded by them and consti-
tuted from them. In animals other than mankind, the nature of
the teeth is present in common for the preparation of nutrition, yet
distinctively according to kinds. In some it is present for the sake of
strength, which in turn has been divided into strength to attack and
strength to avoid attack; for some animals have teeth for the sake
both of avoiding attack and of attacking, e.g. those wild animals
which are carnivorous in nature; while others have them for the
sake of protection, as many of the wild and tame animals do.

Mankind has teeth well suited by nature to their common use—
those in the front sharp in order that they may cut, the molars
flat in order that they may grind. And the canines demarcate these
from each other, their nature being intermediate between the two;
for the intermediate participates in both extremes, and the canine
teeth are in a way sharp and in a way flat. And it is likewise with the
other animals too, those that do not have all their teeth sharp. But
it is especially for language that mankind has teeth such as these
and as many as these. For the front teeth contribute greatly to the
generation of articulate sounds.

Some animals have teeth, as we just said, for the sake of nutrition
alone. But those which have them for protection as well as for
strength in some cases have tusks, like the pig, and in other cases
have sharp, interlocking teeth, for which reason they are called
sawtoothed. For since their strength lies in their teeth, and this
comes about because of their sharpness, teeth which are useful for
strength fit together in an alternating pattern, so as not to be worn
down by being rubbed against one another. And none of the animals
is at once sawtoothed and tusked, since nature makes nothing in
vain or superfluous—for some, protection is accomplished through
spearing, for others, through biting. That is why female pigs bite;
they do not have tusks.

There is something general we need to grasp which will be useful
both in the cases we are now considering and in many to be spoken
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of later. Of the instrumental parts that are for strength and pro-
tection, nature provides each of them only, or especially, to those
animals that are able to use them, and especially to the animals able
to use them most—parts such as sting, spur, horns, tusks, and any
other such part there may be. And since the male is stronger and
more spirited, in some cases he alone has such parts, in other cases
he more than the female. For those parts which it is necessary for
females to have as well, e.g. parts related to nourishment, they kave,
but they have less; while those related to none of the necessities, they
do not have. It is also on account of this that among the deer, the
males have horns, while the females do not. The horns of female
cattle and bulls also differ, and likewise with the sheep as well. And
while males have spurs, the majority of females do not. It is the
same way too with the other parts of this sort.

All fish are sawtoothed, except the one called the parrotfish; and
many also have teeth in their tongues and on the roofs of their
mouths. This is because it is necessary, since they are surrounded
by moisture, to take in moisture at the same time as nourishment,
and to expel the moisture quickly. For it is not possible for them to
spend time grinding things up, since the moisture would flow into
their digestive parts. Because of this all their teeth are sharp, for
cutting. And again, fish have many teeth in many places in order
that, instead of grinding their food, they can cut it up into many
pieces by means of their large number of teeth. And the teeth are
curved because it is in the teeth that virtually all their strength lies.

All those animals that breathe and cool themselves from outside
have the nature of the mouth both for the sake of these functions
and for respiration besides. For nature, in virtue of itself, as we just
said, puts the parts common to all animals to many distinctive uses;
for example, in the case of the mouth nourishment is common to
all, while strength is distinctive to some and speech to others, and
again breathing is not common to all. But nature has collected all
these uses together in one, producing a differentiation of this part
for the differences of its operation. That is why some mouths are
narrower, some wider: those which are for the sake of nourishment,
respiration, and speech are narrower, while of mouths which are for
the sake of protection, all that are sawtoothed open wide. For since
their strength lies in their biting, it is useful for the opening of the
mouth to be large; for the mouth bites with more teeth and over a
larger area to the extent that it opens more widely.
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Among fish, the biting and carnivorous ones also have a mouth
of this sort, while those which are not carnivorous have a tapered
one; for a mouth of this sort is useful for them, while a wider one
would be useless.

In the birds, the beak, as it is called, is a mouth; for birds have
this instead of lips and teeth. It differs according to the uses to
which it is put and the protection required. For all the birds called
crook-taloned have their beak hooked because they are carnivores
and eat no seeds; such a mouth is by nature useful for mastering
prey and is more powerful. But their strength lies both in this part
and in their talons, which is why they also have their talons more
curved.

In each of the other birds the beak is useful for its way of life;
for example, for the woodpeckers, crows, and crow-like birds, the
beak is strong and hard, while for the small birds it is hollow for
collecting seeds and grasping mites. Some of those which are plant-
eaters and live around marshland, such as those that swim and are
web-footed, have a beak useful in other ways, while some of them
are flat-beaked: for by virtue of being flat, it can root around easily,
just like, among four-footed animals, the snout of the swine; for the
swine too is a root-eater. And again, the root-eating group of birds,
and some with similar ways of life, have the tip of the beak serrated,
since for these birds, which are plant-eaters, such a beak does its
work easily.

We have spoken, then, about most of the other parts on the head.
But in human beings the region between the crown of the head
and neck is called the face [prosopon], having been named, as it
seems, after its activity; for it is on account of being the only one of
the animals that is upright that they alone see from afar [prosothen
opope] and transmit vocal sound forward [to proso].

CHAPTER 2

We must speak about horns; for these too, in those that have them,
are by nature on the head. None of those that are non-live-bearing
have horns. In virtue of similarity and by extension, however, horns
are attributed to some other animals as well; but in none of them is
the function of the horn present. For the live-bearing animals have
horns for the sake of protection and strength, which is true of none
of the other animals said to have a horn. For none of them use their
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horns in defending themselves or for overpowering, which are the
functions of strength.

None of the many-toed animals has a horn. This is because the
horn is a cause of protection, while different means of protection
belong to the many-toed animals; for nature has provided some of
them with claws, others with teeth fit for fighting, and still others
with some other part sufficient for self-defence.

Many of the cloven-hoofed animals have horns for strength (as
do some of the solid-hoofed), and some have them for protection
as well; but to those that do not, nature has given another sort of
strength for self-preservation, e.g. as it has protected horses with
bodily swiftness, or camels with bodily magnitude. For even excess
magnitude is sufficient to prevent destruction by other animals,
which is precisely the case with camels, and even more so with
elephants. And the animals with tusks, as for instance the kind
consisting of the pigs, are cloven-hoofed.

T'o those for which protruding horns are by nature useless, nature
has added another means of protection, such as swiftness to the
deer (for the size and extensive branching of their horns harms
them more than it helps), as well as to the antelope and gazelle (for
against some they make a stand and defend themselves with their
horns, while they flee from those that are wild and predatory). And
to the bison (since in these the horns are by nature bent towards
one another) nature has added the emission of excrement; for in this
way they defend themselves when frightened. And by means of the
same sort of emission other animals also protect themselves. But
nature has not provided modes of protection to the same animals
that are at once sufficient and more than sufficient.

The majority of the horn-bearing animals are cloven-hoofed,
but there is also said to be a solid-hoofed one, which people call
the Indian ass. In the majority of animals, then, just as the body,
by means of which they move, is divided into right and left, so the
same cause explains why they naturally have two horns. But there
are also single-horned animals, such as the oryx and the one called
Indian ass. However, while the oryx is cloven-hoofed, the ass is
solid-hoofed.

Single-horned animals have the horn in the middle of the head;
for in this way each of the parts can, to the maximum extent, have
one horn; for the middle is common in a like manner to both the
extremes. And it would seem reasonable that the solid-hoofed ani-

50



BOOK THREE 663

mals, rather than the cloven-hoofed, be possessed of a single horn;
for hoof and nail have the same nature as horn, so that the splitting
of the hoofs and horns occurs at the same time and in the same
animals. And again, the splitting, i.e. the cloven hoof, is present
in virtue of a deficiency of this nature, so it is reasonable that for
the solid-hoofed animals nature, having provided an excess in the
hoofs, took it from above and made a single horn.

Nature also acted correctly in making the nature of the horns
on the head, rather than acting like Aesop’s Momos, who blames
the bull because it does not have its horns on its shoulders, from
whence it would produce the strongest blows, but on the weakest
part, its head. Momos made these accusations through a lack of
insight. For just as horns, if they developed anywhere else on the
body, would provide weight while being otherwise useless and even
a hindrance to many of its functions, so too would they be useless
if they developed on the shoulders. Indeed, one should research
not only from whence would the blows be stronger, but also from
whence would they be further forward. So since bulls do not have
hands, and it is impossible for horns to be on the feet, and if they
were on the knees they would prevent the knees from bending, it is
necessary to have them just as they in fact do, on the head. And at
the same time too, the body’s other movements are thus naturally
most unimpeded.

The horns are solid throughout only in the deer, and they alone
shed them, on the one hand for the sake of the advantage gained in
being relieved of them, and on the other from necessity, on account
of their weight. The horns of the others are hollow up to a certain
point, though the tips are solid because that is useful for striking
blows. But in order that even the hollow part should not be weak,
the horn grows by nature from the skin, and a hard part from the
bones is inserted into it. For in this way the possession of horns is
both most useful for strength and least troublesome for the rest of
their way of life.

So then, what the nature of the horns is for the sake of has been
stated, and owing to what cause some have such things while others
do not; but, since there is a necessary nature, we must say how the
nature according to the account makes use of things present of
necessity for the sake of something. First of all, what is bodily and
earthen is present in greater amounts in the larger animals, while
we know of no completely small horn-bearing animal—the smallest
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one known is a gazelle. And one should study nature with a view
to the many; for it is what happens either in every case or for the
most part that is in accordance with nature. What is bony in the
bodies of animals is in origins earthen; this is also why it is most
abundant in the largest animals, to speak with a view to what occurs
for the most part. For the residual surplus of this sort of body, being
present in the larger of the animals, is used by nature for protection
and advantage, and the surplus, which flows of necessity to the
upper region, in some cases it distributes to teeth and tusks, in
other cases to horns. That is why none of the horn-bearing animals
has a complete set of upper and lower teeth (for they do not have
upper front teeth); for nature takes from there and adds to the
horns; that is, the nourishment assigned to the upper front teeth is
expended in the growth of the horns.

Female deer do not have horns, yet with respect to teeth they
are like the males. This is because they are both the same nature,
i.e. horn-bearing; but the horns have been taken away from the
females because, while they are also useless to the males, the males
are harmed less owing to their strength.

Of the other animals, in which such a part of the body is not
formed into horns, in some nature has increased the size of all of
their teeth in common, while in others it has made tusks, like horns
growing from their jaws.

CHAPTER 3

Let the parts on the head be defined in this way; and the neck, in
animals that have one, is by nature beneath the head. For not all
animals have this part, but only those with the parts for the sake
of which the neck is naturally present; and these are the larynx and
the part called the oesophagus.

The larynx is present by nature for the sake of breath; for through
this part animals draw in and expel breath when they inhale and
exhale. This is why those without a lung do not have a neck, e.g.
the kind consisting of the fish.

The oesophagus is that through which nourishment proceeds
to the gut; so that all those without necks manifestly do not have
an oesophagus. But it is not necessary to have the oesophagus for
the sake of nutrition; for it prepares nothing for nutrition. And
further, it is possible for the gut to be placed right next to the
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position of the mouth, but for the lung this is impossible. For there
needs to be something common like a conduit, which is bipartite
and through which the breath is separated by the windpipes into
passages; and in this way the lung may best accomplish inhalation
and exhalation. And since the organ connected with breathing from
necessity has length, it is necessary for there to be the oesophagus
between the mouth and the stomach. And the oesophagus is fleshy,
with a sinuous elasticity—sinuous so that it may dilate when food is
ingested, yet fleshy so that it is soft and yielding and is not damaged
when it is scraped by the food going down.

The part called the larynx, and the windpipe, are constituted
from cartilaginous body; for not only are they for the sake of breath-
ing, but also for the sake of vocalizing, and that which is to produce
sound must be smooth and hard. The windpipe lies in front of the
oesophagus, even though this impedes its reception of nutrients;
for if something either dry or moist slips over into the windpipe
it produces choking, distress, and painful coughing. This surely
ought to surprise any of those people who say that it is by means
of this part that the animal takes in drink; for the things just men-
tioned obviously happen in every case where some part of the food
slips in. It is clearly ridiculous, in many respects, to say that ani-
mals take in their drink in this way. For there is no tube into the
stomach from the lung, as we see with the oesophagus coming from
the mouth. Further, in cases of vomiting and seasickness, it is no
mystery where the moisture appears to be flowing from. It is also
clear that the moisture is not immediately collected together in the
bladder, but first in the gut; for the dregs of dark wine appear to
colour the residues from the gut; and as it happens this is often
manifest with injuries to the gut as well. But enough—perhaps
it is simple-minded to make excessive scrutiny of simple-minded
accounts,

The windpipe, by being positioned, as we said, in the front, is
interfered with by the food; but for this nature has constructed
the epiglottis. Not all the live-bearing animals have this part, but
rather all those that have a lung and hairy skin, and that are naturally
neither hard-scaled nor feathered, do. In those that are hard-scaled
or feathered, in place of the epiglottis the larynx contracts and
opens, in the way that the epiglottis closes and opens up in the
other animals. That is, it opens during the entrance and exit of
breath and closes when food is being ingested, in order that nothing
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should slip down the windpipe. Butif something goes wrong during
such movement and someone inhales while taking nourishment,
this produces coughing and choking, as has been said. Thus the
movement of the epiglottis and tongue has been well constructed,
so that when nourishment is ground up in the mouth, and passes
over the epiglottis, the tongue is seldom bitten by the teeth, and it
is rare that something slips into the windpipe.

The animals just mentioned do not have the epiglottis because
their flesh is dry and their skin hard, so that in them a part of this
sort, constituted from flesh and skin of this sort, would not move
easily. Rather, the closure of the uppermost walls of the windpipe
itself would occur as quickly as an epiglottis made of the appropriate
flesh, such as animals with hair have.

Let it be assumed, then, that we have stated the following things:
the cause owing to which some animals have an epiglottis and others
do not, and why nature has remedied the inefliciency of the position
of the windpipe by constructing the part called the epiglottis.

But the larynx lies in front of the oesophagus of necessity. For
the heart, in which we say the origin of life and of all movement
and perception is found, lies in the front and in the middle (for
perception and motion are towards what is called the front; in fact,
it is by this very account that ‘front’ and ‘rear’ are defined); and
the lung lies where the heart is, i.e. surrounding it, and respiration
takes place both on account of this and on account of the origin
being present in the heart.

Respiration comes about in animals through the windpipe; so,
since it is necessary that the heart be placed first among things
in front, it is also necessary that the larynx and the windpipe be
placed in front of the oesophagus. For while the former extend to
the lung and heart, the latter extends into the gut. And generally,
where nothing greater impedes, what is better and more valuable is
always, in the case of above and below, present more in things that
are above; in the case of front and rear, more in things in front; and
in the case of right and left, more in things on the right.

CHAPTER 4

Having spoken about the neck, oesophagus, and windpipe, the next
things to speak about are the viscera. These are distinctive to the
blooded animals, and while all the viscera are present in some of
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them, in others they are not. None of the bloodless animals has a
visceral part.

Democritus seems not to have understood these things well, if
indeed he thought these parts to be invisible because of the small-
ness of the bloodless animals. For as soon as the blooded animals are
constituted and while they are extremely small, both heart and liver
become visible. In fact they are sometimes apparent in three-day-
old eggs, the size of a point, and very small ones are also apparent
in the aborted remains of embryos.

Further, just as, with the external parts, there is not a use pro-
vided to all animals, but rather a distinctive provision has been
made for each of them related to their ways of life and movements,
so is it natural that the internal parts are also different in different
animals. The viscera are distinctive to the blooded animals, which
is also why each of them is constituted from bloody matter. This is
clear in their newborns; for their viscera are more blood-like and
proportionately greatest, on account of the form of the matter and
its quantity being most apparent during the first composition.

A heart is present in all blooded animals; the cause of this has
also been discussed previously. It is clear that it is necessary for the
blooded animals to have blood; and since blood is moist, a vessel
must be present, for which nature appears to have constructed
the blood vessels. But there must be a single origin of these; for
wherever possible one origin is better than many. And the heart is
the origin of the blood vessels; for they are clearly from the heart
and not through it, and its nature is vascular as if it were like in kind
to them. Moreover, it is situated in an originative place; that is, it is
near the middle, and more above than below, and more in front than
in the rear; for nature places the more valuable things in the more
valuable locations, where nothing greater prevents it. What we have
said is most obvious in the case of human beings, but even in the
other animals the heart tends to be placed correspondingly in the
middle of the necessary body. (Of this body, a limit is that by which
the residues are expelled. The limbs, however, by nature develop
differently in different animals, and are not among the necessities of
life, which is why even when they are removed an animal continues
living; and it is clear that adding limbs would not destroy it.)

Those who state that the origin of blood vessels is in the head
make some incorrect assumptions. For first, they produce many
scattered origins, and second, these are in a cold place—but it is
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clear that the area around the heart, being sensitive to cold, is the
opposite. And as was said, while the blood vessels run through the
other viscera, no blood vessel extends through the heart; whence it
is also clear that the heart is a part, in fact an origin, of the blood
vessels. And this is reasonable; for the middle of the heart is a body
which is naturally dense and hollow; and further, it is full of blood,
inasmuch as the blood vessels originate there; it is hollow to serve
as the receptacle for blood, and dense in order to guard the origin
of heat. For in this part, alone of the viscera and of the body, is
there blood without blood vessels, while each of the other parts has
blood in its blood vessels. This is also reasonable; for the blood is
conducted from the heart and into the blood vessels, but not to the
heart from elsewhere; for this is an origin and spring of blood, or
its first receptacle. These things are more manifest with the help of
the dissections and the generations; for the heart, which comes to
be first of all the parts, is immediately blooded.

Again, the movements of pleasures, pains, and all perception
generally evidently originate there and proceed to it. And this is
in accordance with our account; for there must be a single origin
wherever possible. And the middle is the best suited of places; for
the middle is single, and accessible in all directions alike, or nearly
so. And further, since none of the bloodless parts, nor the blood, is
perceptive, it is clear that the first thing that holds it as in a vessel
must be its origin. That it appears to be this way not only accords
with our account, but with perception as well; for of the parts in
the embryos, the heart is straight away manifestly in motion, as if
it were an animal—Ilike an origin of nature in the blooded animals.

Evidence for what has been said is the fact that the heart is present
in all the blooded animals. For it is necessary for them to have the
origin of the blood. The liver is also present in all the blooded
animals; but no one would maintain that it is an origin either of the
whole body or of the blood; for in no respect does it lie near to a
position originative in form, and in the most perfect animals it has,
like a counterweight, the spleen. Further, the liver does not have
a receptacle within itself for the blood as the heart does, but just
as with the rest, its blood is in a blood vessel. And further, a blood
vessel extends through it, while none is from it; for the origins of
all the blood vessels are from the heart. So since it is necessary for
one or the other of these to be an origin, and it is not the liver, it
is necessary that the heart should also be the origin of the blood.
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For ‘animal’ is defined by perception, and the primary perceiver is
the primary blooded part, and such is the heart; for it is indeed an
origin of the blood and a primary blooded part.

The apex of the heart is sharp and harder than the rest, and lies
towards the chest and generally in the front of the body, in order
that it should not become cold. For in all blooded animals the chest
is more fleshless and the back is more fleshy, which is why their heat
has plenty of protection in the back. But while the heart in the other
animals is in the middle of the chest, in human beings it inclines
slightly to the left, in order to balance the cooling of things on the
left; for much more than the other animals, in mankind the parts
on the left are cold. It has been stated previously that the heart
is placed alike in the fish as well, and why it appears to be placed
unlike. They have the sharp part of the heart towards the head, but
this is the front; for their movement is in this direction.

The heart also has many sinews, and this is reasonable. For
the movements are from this part, and are accomplished through
contracting and relaxing; so the heart needs such equipment and
strength. As we said previously, the heart, in those that have it, is
by nature like a sort of animal. It is without a bone in all those
we have actually examined, with the exception of the horses and a
certain kind of oxen. In these, on account of the heart’s great size,
a bone lies underneath for the sake of providing a kind of support,
just as bones do for whole bodies.

The hearts of the larger animals have three hollow cavities, those
of the smaller two, and all have one; and the cause owing to which
this is so has been stated. For there must be a certain place within
the heart, i.e. a receptacle of the first blood. That the blood comes
to be first in the heart we have said many times; and because the
originating blood vessels are two, the one called ‘great’ and the
aorta (for each of these is an origin of the blood vessels, and they
have differences, about which we will speak later), it is better that
their origins also be separated; and this would be the case if the
blood were different and separated. For this reason, in those cases
where it is possible there are two receptacles. And it is possible in
the large animals; for their hearts are also large. And it is better yet
for there to be three cavities, so that there may be one, common
origin; and the middle and odd-numbered one is an origin; so these
hearts must always be larger, which is why only the largest hearts
have three cavities.
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Of these cavities, those on the right have the most and the hottest
blood (which is also why the parts on the right are warmer), those
on the left have the least and the colder blood, and the intermediate
ones have blood intermediate in amount and heat, though it is
purest. For the origin must be most calm, and such will it be when
the blood is pure but intermediate in amount and heat.

Hearts also have a certain division similar to the sutures of the
skull. These are not lines of conjunction, as with something put
together out of many things, but rather, as we said, they are due to
articulation. The hearts of the perceptive animals are more articu-
lated, while those of the more sluggish are more unarticulated, as
are the hearts of the swine.

The differences of the heart with respect to largeness and small-
ness, and hardness and softness, extend somehow even to the char-
acters of animals. For the imperceptive animals have a heart that
is hard and solid, while the perceptive ones have a softer heart;
and those with larger hearts are timid, while those with smaller
or medium-sized hearts are more bold. For the affection resulting
from being afraid is already present in these animals, because the
heat in their heart is not in balance (being small in quantity, it is
weakened in large animals), and because the blood is colder. The
hare, deer, mouse, hyena, ass, leopard, and marten have large hearts,
as do virtually all the others that are evidently timid or devious on
account of fear.

Conditions in the blood vessels and in the cavities of the heart
are similar; the large blood vessels and cavities are cold. For just as
in a smaller and a larger room the equivalent fire provides less heat
in the larger, so too with the heat in these parts; for the blood vessel
and the cavity are containers. And further, the external motions
cool each of the hot things, while in the more spacious areas the
breath is greater, and has more strength; this is why none of those
animals with large cavities or large blood vessels has fatty flesh,
but all, or the large majority of such fatty animals, appear to have
indistinct blood vessels and small cavities.

Alone of the viscera, and generally of the parts within the body,
the heart does not endure any severe affection, and this is reason-
able; for once the origin has been destroyed, there is nowhere from
which aid might arise for the other parts that depend on it. A sign
of the heart’s not admitting affection is that in none of the sacri-
ficial animals is an affection of this sort to be seen in it as in the
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other viscera. For the kidneys and the liver often appear full of
stones, tumours, and boils, and so too the lung, and most of all the
spleen. Many and varied symptomatic affections are apparent in
these viscera, but in the lung they are least apparent around the
windpipe, and in the liver around the connection to the great blood
vessel, and this is reasonable. For it is chiefly by this that they com-
municate with the heart. But by dissecting those animals that are
evidently dying on account of sickness and affections such as those
just mentioned, morbid affections are evident in and around the
heart.

Regarding the heart, then, what sort of thing it is, what it is for
the sake of, and the cause owing to which it is present in those
animals that have it, let so much be said.

CHAPTER §

The next task is to speak about the blood vessels, both the great
blood vessel and the aorta; for these receive blood from the heart
first, and the remainder are outgrowths of these. Now it has been
said previously that they are for the sake of the blood; for that which
is entirely moist has need of a container, and the kind consisting
of blood vessels is a container, and the blood is in these. But we
need to state why they are two and why they extend throughout the
entire body from one origin.

A cause of their terminating together in one origin and being
from one origin is that all animals have one perceptive soul in
actuality, so that the part having it primarily is also one—in the
blooded animals, both potentially and actually one, in some of the
bloodless, one only actually. For this reason too it is necessary for
the origin of heat to be in the same place; and this is a cause both
of the moistness and of the heat in the blood. Thus, because the
perceptive origin and the origin of the heat are in one part, the
unity of the blood also derives from one origin, and because of the
unity of the blood, the unity of the blood vessels also derives from
one origin. The origins are two because the bodies of the blooded
and locomotive animals are bipartite; for in all these animals the
front and the back, the right and the left, and the above and below
are distinguished. And to the extent that the front is more valuable
and sovereign than the rear, to that extent is the great blood vessel
more valuable and sovereign than the aorta. For the former lies in
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front, while the latter lies in the back; and all the blooded animals
evidently have the great blood vessel, while some have the aorta
indistinctly and in some it is not in evidence at all.

A cause of the blood vessels being distributed over the entire body
is that the blood and its analogue in bloodless animals are matter for
the entire body, while these materials are stored in blood vessel and
its analogue. As to how and from what animals are nourished, and
in what manner they absorb nourishment from the gut, it is more
appropriate to investigate and speak about such things in the works
on generation. And since the parts are constituted from the blood,
as we said, it is reasonable that the course of the blood vessels runs
naturally through the entire body; for the blood too needs to be
passing through everything and next to everything, if each of the
parts is to be constituted from it.

It seems that, just as in gardens aqueducts are constructed from
one origin and spring into many and still more channels, always
for distribution to all locations; and in house-building stones are
set beside the entire outline of the foundations—in the one case
because the garden plants are to grow from the water, and in the
other because the foundations are to be built from the stones—in
the same way nature too channels the blood through the entire body,
since this is by nature matter for all of it. This becomes apparent
in those who are extremely emaciated; for nothing else besides the
blood vessels is evident, just as in grape leaves, fig leaves, and any
others of this sort; for again, when these leaves have withered, only
their veins remain.

These things are so because the blood (and its analogue) is body
and flesh (or their analogues) potentially. Thus, just as during ir-
rigations the largest of the trenches remain, while the smallest are
first quickly obliterated by the mud, but when it is removed they
once again become evident, so in the very same way the largest of
the blood vessels remain, while the smallest become in actuality
flesh, though potentially they are blood vessels no less. For this
reason too when the flesh is in any respect preserved, blood flows
when it is cut; and though without blood vessel there is no blood,
yet no blood vessel is manifest, just as in aqueducts the trenches are
not manifest until the mud has been removed.

The blood vessels always proceed from the greater to the lesser,
until the channels have become smaller than the thickness of the
blood. Passage through these channels is impossible for the blood,
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but is possible for the residue of the moist fluid, which we call per-
spiration. And this occurs when the body is thoroughly heated and
the blood vessels are dilated. Furthermore, in some cases perspiring
results in a blood-like residue due to poor conditioning, when the
body becomes flaccid and loose and the blood becomes watery due
to lack of concoction, the heat in the blood vessels being unable to
concoct blood because there is so little of it. For it was stated that
every combination of earth and water solidifies when concocted,
and nourishment and blood are a compound of the two of them.
But the heat is unable to concoct it not only because there is so little
of it, but also because of the amount and excess of the incoming
nourishment; for the amount of heat becomes small in relation to it.
And this excess is of two sorts; there is excess both in quantity and
in quality; for not everything is equally well concocted. The blood
flows especially through the most wide-open of the channels; this
is why from the nostrils, gums, fundament, and sometimes from
within the mouth too, emerge haemorrhages which are painless,
unlike those from within the windpipe, which arise violently.

The great blood vessel and the aorta, separated above and cross-
ing over below, hold the body together. For as they proceed out-
wards, they split in accordance with the bifurcation of the limbs,
and the former proceeds from the front to the back while the latter
proceeds from the back to the front, and they bind the body into
one. For just as continuity is increased in things made by plaiting,
so too through the crossing over of the blood vessels the front of
the body is united to the rear. And in like manner vessels from the
heart end up in the upper regions. But to know with accuracy how
the blood vessels are situated relative to one another, one should
base one’s study on the dissections and the zoological enquiry. We
may take it that the blood vessels and heart have been discussed; we
need to examine the other viscera according to the same procedure.

CHAPTER 0

A certain kind of animal has a lung because it is a land-dweller. For
it is necessary for its heat to be cooled, and the blooded animals
must be cooled from without; for they are hotter. (Those that are
not blooded are able to cool themselves by their inborn breath.)
And it is necessary for cooling from without to be either by water
or by air. This is why none of the fish has a lung, but instead of
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this gills, as has been said in the works on respiration; for fish cool
themselves by means of water, while the breathers do so by means
of air, which is why all the breathers have a lung.

All land-dwellers breathe and some of the water-dwellers do as
well, e.g. whales, dolphins, and all the spouting sea creatures. For
many animals tend towards both in their nature: On account of
their bodily constitution, some that are land-dwellers and take in
air spend most of their time in moist surroundings; and some of
those that live in moist surroundings partake of the nature of land-
dwellers so much that the end of their life is in their breath.

The lung is the instrument of breathing, taking its origin of
motion from the heart, and providing ample room for the inflow
of breath on account of its own sponginess and size; for when
it expands breath flows in, and when it contracts breath goes out
again. It has been claimed—incorrectly—that the lung is connected
with the leaping of the heart; [ say ‘incorrectly’ because the occur-
rence of this leaping happens only, roughly speaking, in mankind,
because mankind alone becomes expectant and hopeful for the fu-
ture. Moreover, in most animals the heart lies at a great distance
from, and in a location higher up than, the lung, so that the lung
contributes nothing to the leaping of the heart.

The lung differs in many ways in animals. Some have a blooded
and large one, others a smaller and spongy one. The live-bearing
animals, on account of the warmth of their nature, have a large one
with much blood. The egg-layers have a dry and small one, though
it is able to open wide when being expanded, as for instance with
the four-footed, egg-laying land-dwellers, e.g. the lizards, tortoises,
and all such kinds, and in addition to these the animals that have
a winged nature and are called birds. For the lung of all of these
animals is spongy and foam-like; and in fact when foam is stirred
a large amount becomes small, and the lung of these animals is
small and membranous. This is why they are all free of thirst and
drink little, and are able to remain in moist surroundings for a long
time; for having little heat, they can be cooled sufficiently over
a long time by the lung’s own movement, since it is aerated and
empty. And these turn out to be smaller in size than other animals,
generally speaking. For heat promotes growth, and a profusion of
blood is a sign of heat. And further, the bodies of those that are
hotter are more erect, which is why mankind is the most erect of
all the animals. And the live-bearers are the most erect of the four-
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footed animals; for none of the live-bearers dwells in holes as the
egg-layers do, since they are neither footless nor creepers.

Generally then, the lung is for the sake of breathing, while it is
bloodless and of such a kind for the sake of certain animals. But
what is common to these animals is nameless; that is, no name
has been applied to them as the name ‘bird’ has been applied to a
certain kind of animal. For this reason, just as being for a bird is
constituted from something, so too having a lung is present in the
substantial being of these animals.

CHAPTER 7

Some of the viscera seem to be single-natured, such as heart and
lung, some double-natured, such as kidneys, while some present a
difficulty as to which they are. For instance, the liver and spleen
would appear to tend towards both of these; for in a way each
is single-natured, and in another way, instead of each being one,
they are a pair with a very similar nature. But all of them are
double-natured because of the division of the body which, though
it is double-natured, contributes to a common origin. For there is
above and below, front and back, right and left. This is why even
the brain tends to be double in all animals, and each of the sense-
receptors. And according to the same account the heart is, in respect
of its cavities, bipartite. And in the egg-laying animals the lung is
divided to such an extent that they seem to have two lungs. And
that the kidneys are double is clear in all cases.

Someone might justly raise a difficulty regarding the liver and
spleen. This is because in those animals that have a spleen of neces-
sity the spleen would seem to be like a false liver, while in those that
do not have it from necessity, but have a very small one as a token,
the liver is manifestly bipartite, one part tending to lie towards the
right side, the other, smaller, part towards the left. Nevertheless,
even in the egg-layers, though it is less apparent than in those just
mentioned, in some cases the liver is clearly divided even there,
just as it is in certain live-bearing animals; for example, the hares in
certain places seem to have two livers, as do the selachians and cer-
tain other fishes. And it is on account of the liver being positioned
more on the right that the nature of the spleen has developed; so
that while in a way it is necessary, it is not exceedingly necessary in
all the animals.
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So a cause of the nature of the viscera being double is, as we
said, the duality of the right and the left; for each seeks its like, just
as kidney and spleen tend to be similar and to have the nature of
twins; and just as these, though they are twins, are combined into
one, so too are each of the viscera.

Viscera that are below the diaphragm are all present in common
for the sake of the blood vessels, in order that, though they are
unsupported, they may stay in place by being bonded by the viscera
to the body. They are just like anchors that have been thrown to the
body by the extended parts, from the great blood vessel to the liver
and the spleen. For the nature of these viscera, like nails, fastens
the great blood vessel to the body, the liver and spleen fastening it
to the sides of the body (for the blood vessels extend from the great
blood vessel to these parts alone), the kidneys fastening it to the
rear. And in connection with these parts, a blood vessel extends to
each, not only from the great blood vessel but also from the aorta. It
is by these means that these results come about in the composition
of animals. And the liver and spleen help with the concoction of
the nutrients (for being blooded they have a hot nature), while the
kidneys help with the residue secreted into the bladder.

Now heart and liver are necessary to all animals, the heart because
there must be an origin of heat (for there is need of something like
a hearth, in which lies the spark of the animal’s nature, and that it
be well guarded, being as it were an acropolis of the body), the liver
for the sake of food concoction. All blooded animals must have both
of these, which is why these two viscera alone are possessed by all
blooded animals, while those that breathe have a third, the lung.

The spleen is present, in those that have one, as a necessary
consequence, as are the residues, both the one in the gut and the one
around the bladder. This is why the spleen in some cases is deficient
in magnitude, as in some of the feathered creatures, namely those
with a warm gut, like pigeon, hawk, and kite. And it is likewise
in the egg-laying, four-footed animals (for they have an extremely
small spleen), and again in many of the animals with soft scales.
These animals also lack a bladder, on account of the residue being
directed through their porous flesh into feathers and soft scales.
For the spleen draws off the residual fluids from the gut, and since
it is blood-like it is able to aid in concoction. But should the residue
be great or the spleen have little heat, the gut becomes liable to
sickness from the large amount of nourishment; and on account
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of the ebb and flow of the moisture there, in many animals their
stomachs become firm as a result of being splenetic, as with those
animals that urinate excessively on account of their moisture being
diverted.

In those that generate a small amount of residue, as in birds and
fishes, some do not have a large spleen, while others have a token
one. And in the four-footed egg-layers the spleen is small, firm,
and kidney-like, because their lung is spongy and they drink little,
and because the surplus residue is directed to their body and their
hard scales, just as it is directed to the feathers in birds. But in
those having a bladder and a blooded lung the spleen is moist both
owing to the cause already mentioned and because the nature of
things on the left side is generally more moist and cold. For each of
the opposites has been divided into its kindred column, e.g. right
opposed to left and hot to cold; and the columns are related to one
another in the way mentioned.

The kidneys are present in those that have them not out of ne-
cessity, but for the sake of the good and doing well. That is, they are
present, in accordance with their distinctive nature, for the sake of
the residue which collects in the bladder in those animals in which
a greater amount of such excrement comes about, in order that the
bladder may perform its function better.

But since it is for the sake of the same need that animals turn out
to have the kidneys and the bladder, we should now speak about
the bladder, departing from taking the parts in serial order. And
departing we are, for nothing has yet been definitively stated about
the diaphragm, though this is one of the parts in the region of the
viscera.

CHAPTER 8

Not all animals have a bladder, but nature seemingly aims to provide
it only to those with a blooded lung, and reasonably so. For on
account of the excess of the nature which they have in this part,
these are the thirstiest of animals, and are in need not only of
more dry nourishment, but also more moist, so that of necessity
more residue comes to be, and not merely as much as is concocted
by the gut and expelled with its own residue. Accordingly, there
must be something able to receive this residue as well. This is why
those with a lung of this sort all have a bladder. Those that do
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not have a lung of this sort, and either drink very little because
they have a spongy lung, or generally take in moisture not for the
sake of drink but for the sake of nourishment (e.g. the insects and
fish), and again those which are feathered, soft-scaled, or hard-
scaled, on account of the small amount of ingested moisture and
surplus residue being directed to these parts—none of these has
a bladder, except, of the hard-scaled animals, the tortoises. And
there alone has nature deviated, because of the fact that the sea
tortoises have a lung that is fleshy and blooded, like that of the ox,
while the land tortoises have one that is disproportionately large.
And again, because the surrounding body is like a hard shell and
dense, the moisture does not dissipate through their fine flesh, as it
does in birds and in the snakes and other hard-scaled animals; so
that so much sediment comes to be that their nature needs to have
some part that is receptive and vessel-like. This, then, is the cause
owing to which these are the only animals of this kind that have a
bladder, the sea tortoise having a large one, the land tortoises a very
small one.

CHAPTER g

Things are similar with the kidneys as well. That is, none of the
feathered, soft-scaled, or hard-scaled animals has kidneys, with
the exception of the sea and land tortoises. Rather, as if the flesh
assigned to the kidneys had no proper place but was dispersed into
many regions, there are flat, kidney-like parts in some of the birds.

The hemus has neither a bladder nor kidneys; for on account
of the softness of its shell the moisture becomes easily dissipated.
This, then, is the cause owing to which the hemus has neither of
these parts; while the other animals with a blooded lung, as we have
said, are found in every case to have kidneys. For nature makes
use of the kidneys at once for the sake of the blood vessels and the
excretion of moist residue; for a channel runs to them from the
great blood vessel.

The kidneys all have a cavity, either large or small, with the
exception of those of the seal; these kidneys, since they are like those
of the oxen, are the most solid of all. The kidneys of human beings
are also like those of the oxen; for they are, as it were, composed
of many small kidneys and are irregular, like the kidneys of sheep
and other four-footed animals. This is also why an affliction of the
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kidneys in human beings is difficult to be rid of, once they are
diseased. It is as if they had many diseased kidneys; the treatment
turns out to be more difficult than treating people with one diseased
organ,

The channel that extends from the blood vessel does not termi-
nate in the cavity of the kidneys, but is spent in their body; which is
why blood does not come to be in their cavities, nor congeal within
them at death. However, from the cavities of the kidneys two vigor-
ous, bloodless channels run to the bladder, one from each of them,;
and other strong, continuous ones run from the aorta. These things
are arranged this way so that from the blood vessel the residue of
the moisture can travel to the kidneys, and from the kidneys the
excretion which comes to be from the filtering of the fluids can flow
through the body of the kidneys and into their centre, where most
of them have a cavity. For this reason too they are the worst smelling
of the viscera. From the centre of the kidneys through these chan-
nels something that by this time is more like a residue is secreted
into the bladder. And the bladder is anchored from the kidneys; for
strong channels extend to it, as has just been said. These, then, are
the causes owing to which the kidneys are as they are, and have the
potentials we have described.

In all those animals with kidneys, the right one is higher up than
the left; for, because their movement originates from the parts on
the right side, and thus the nature of the parts on the right side
is stronger, there is a need, on account of their movement, for all
these parts to be more predisposed in the upward direction. They
even raise the right eyebrow more and have it arched more than the
left. And because the right kidney is drawn higher up, the liver is
in contact with it in all these animals; for the liver is on the right
side.

The kidneys have the most fat of all the viscera. On the one
hand, this is out of necessity, because the residue is filtered through
the kidneys. For the remaining blood, being pure, is capable of
good concoction; and soft and hard fat is an end of well-concocted
blood. For just as in dry things that have been burnt, such as ash,
some fire is left behind in them, so it is in moist things which have
undergone concoction as well; that is, some portion of the heat
which was operative is left behind in them. This is why what is
oily is light and rises to the surface in liquids. Hence, on account
of the visceral body being dense, the fat does not come to be in the
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kidneys themselves, but surrounds them on the outside, soft in the
ones with soft fat, hard in the ones with hard fat. (The difference
between these two sorts of fat has been stated previously elsewhere.)

So on the one hand it is of necessity—this is the cause owing to
which the kidneys come to be fatty, a consequence of what happens
of necessity in animals with kidneys; on the other hand, they also
come to be fatty for the sake of the preservation of the kidneys and
of their natural heat. That is, being outermost, they have need of
more heat; for while the back is fleshy, so that it is a defence for the
viscera around the heart, the loin is fleshless (for the joints of all
animals are fleshless); so instead of flesh, the fat becomes a defence
for the kidneys. And again, they separate and concoct the moisture
better when they are fat; for fat is hot, and heat concocts.

These are the causes, then, owing to which the kidneys are fatty,
though in all animals the right one is less so. This is because the
parts on the right are of a dry and more mobile nature; and the
motion is an opposing one; for it rather dissolves the fat.

Now in the case of the rest of the animals it is beneficial to have fat
kidneys, and many have their whole kidneys full of it; though when
a sheep is affected in this way, it dies. And even if the kidneys are
extremely fat, there is nevertheless some deficiency, if notin both, at
least in the right. This happens only or most of all in sheep because
in animals with soft fat the fat is moist, so that the vapours do not to
a like degree produce difficulty by becoming enclosed. Becoming
enclosed is a cause of gangrene; which is also why, among human
beings who suffer pain in the kidneys, even if it is beneficial for the
kidneys to be fat, nevertheless if they become too fat, mortal pains
result.

The hard fat of other animals is less dense than that found in
sheep. Sheep also greatly exceed other animals in its quantity; for
sheep become fat around the kidneys quickest of all the animals.
Hence, when the moisture and vapours become enclosed, sheep are
quickly destroyed on account of gangrene; for through the aorta
and the blood vessel this condition spreads quickly to the heart;
and there are continuous channels from these blood vessels to the
kidneys.
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CHAPTER 10

We have now spoken about the heart and the lung, and about the
liver, spleen, and kidneys. As it happens, the first two are separated
from the others by the diaphragm. This ‘diaphragm’ some people
call ‘midriffs’; it is what demarcates the lung and the heart from
the rest. And in the blooded animals this diaphragm is called ‘mid-
riffs’, as we just stated. All the blooded animals have it, just as they
have a heart and liver. This is because it is there for the sake of the
demarcation of the gut region from the heart region, so that the
origin of the perceptive soul will be unaffected and not be quickly
overpowered because of fumes arising from the nutrients and the
great quantity of heat introduced. To this end nature divided them,
making the midriffs like a partition and a fence—that is, it divided
the more valuable and the less valuable, in those animals in which it
is possible to divide the upper and the lower. For the upper is that
for the sake of which and better, while the lower—the receptacle of
nutrients—is for the sake of this and necessary.

The diaphragm is more flesh-like and stronger towards the ribs,
and more membranous in the middle; for in this way it is more use-
ful for strength and elasticity. And why there are appendages, as it
were, for the heat from beneath them, is indicated by what happens;
for when, because of their proximity, the midriffs absorb the hot,
residual moisture, straight away it manifestly disturbs thought and
perception, which is also why they are called midriffs [phrenes], as
if they partake in some way in thinking [tou phronein]. And though
they do not partake in thinking at all, by being near to those things
that do, they manifestly produce an alteration in thought. This is
also why they are thin in the middle—not only is it of necessity
(because being fleshy, the parts of them that are towards the ribs
are necessarily more fleshy), but also in order that they partake as
little as possible in fluid secretions; for being fleshy they would hold
and absorb much more secreted fluid.

Another indication that the midriffs manifestly produce percep-
tion when quickly heated up is what occurs in regard to laughter.
For those who are tickled laugh quickly because of the motion
that quickly reaches this location. And though they heat up gently,
nevertheless they manifestly act and move thought independent of
choice. And mankind alone is ticklish both because of the thinness
of his skin and because he is the only one of the animals that laughs.
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And tickling is an occasion for laughter brought about by such a
movement of the part of the body around the armpit.

They say laughter also results from the blows to the region of
the midriffs struck in battles, on account of the heat coming about
from the blow. Indeed, these reports are from more credible sources
than the one about the head that speaks after people have had it cut
off. Some even invoke Homer and say that it is because of this that
he composed the line ‘and as 7t spoke, his head was mingled with
dust’ rather than ‘as ke spoke’. And in the region of Arcadia this
sort of thing was believed to such an extent that they brought one
of the inhabitants to trial. For when the priest of Zeus the Warrior
was killed, and it was quite unclear by whom, some claimed to have
heard the decapitated head saying many times ‘Cercidas slew him
man to man’; which is also why, having searched for someone in the
region whose name was Cercidas, they brought him to trial.

But it is impossible to speak when the windpipe has been severed
and without motion from the lung. And among the barbarians,
who cut off heads with dispatch, no such thing has ever occurred.
And again, what cause accounts for this not occurring in the other
animals? Now the claim about laughing when the midriffs are struck
is a likely one, since none of the other animals laughs. And that the
body proceeds some distance after it has been separated from its
head is not unreasonable, since the bloodless animals certainly do
live a considerable time. (The causes of these things have been
clarified elsewhere.)

So, then: what each of the viscera is for the sake of has been
stated, and they have come to be of necessity at the internal limits of
the blood vessels. That is, it is necessary that a bodily fluid diffuse,
and that this one, from which the body of the viscera come to be
when it becomes constituted and solidified, be bloody. This is why
the viscera are bloody, and why they have a bodily nature like one
another, and unlike the other parts.

CHAPTER I1

All the viscera are in a membrane; for there is need both of a
protective covering for them to be unaffected, and for this to be
light, and the membrane is in its nature this sort of thing; for it
is dense, so as to shelter, yet fleshless so as not to absorb or retain
bodily fluid, and thin, so that it is light and does not add weight.
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The largest and strongest of the membranes are those around the
heart and the brain, and reasonably so, since these parts are in need
of the most protection. For protection surrounds the controlling
parts and these parts most of all control life.

CHAPTER 12

Some of the animals have every one of the viscera, some do not; what
sorts of animals do not, and owing to what cause, has been stated
previously. But even among those that have them these parts differ;
for not all animals with hearts have hearts that are alike, nor with
virtually any of the other viscera. Take the liver: in some animals
it is divided up into many parts, while in others it is more singular,
foremost among these being the blooded and live-bearing animals.
Again, the livers of fish and the four-footed egg-layers differ yet
more, both compared with the first group and with one another.
That of birds is most similar to the liver of the live-bearers; for its
colour is pure and blood-like, just like that of the live-bearers. And
this is because their bodies are the most fresh-smelling and do not
have much foul residue. This is also why some of the live-bearing
animals have no bile; for the liver contributes considerably to the
proper blend and health of the body; for their end is present most
of all in the blood, and the liver is, after the heart, the most bloody
of the viscera. The livers of most of the four-footed egg-layers and
fish are yellowish, and those of some are in fact completely foul,
even as their bodies have taken on a foul blend, e.g. the livers of
toad, tortoise, and other such animals.

The horn-bearing and cloven-hoofed animals, such as goat,
sheep, and each of the others, have a round spleen, unless, on ac-
count of the animal’s size, it grows more quickly lengthwise, as
happens with the spleen of the ox. The many-toed animals, how-
ever, such as pig, human being, and dog, all have a long spleen,
while those with solid hoofs, e.g. horse, mule, and ass, have a spleen
intermediate between these and a mixture of the two; compared
with the one group they have a wide one, but compared with the
other a narrow one.
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CHAPTER I3

The viscera differ from the flesh not only in bodily mass, but also
in that the viscera are positioned inside, the flesh outside. This is
because they have a nature that is shared in common with the blood
vessels; that is, some viscera exist for the sake of the blood vessels,
while some do not exist without blood vessels.

CHAPTER 14

Beneath the diaphragm lies the stomach; in animals with an oe-
sophagus it lies where this part ends, while in those without one
it lies right next to the mouth; and following the stomach is what
is called the intestine. And the cause owing to which each of the
animals has these parts is apparent to everyone. For it is necessary
both that the incoming nourishment be received and that the dehy-
drated nourishment be expelled; and the unconcocted nourishment
and the residue must not be in the same location, and there must be
a certain location in which the nourishment changes. Indeed, the
one part will hold the incoming nourishment, the other the useless
residue; and just as it is necessary for there to be a distinct time
for each of these, so is it that they be divided in their locations as
well. But while the definition of these parts is more appropriate to
the works on generation and on nutrition, the differentiation of the
stomach and of its contributory parts should be examined now.
And indeed, in animals with stomachs the stomachs are like one
another neither in their magnitudes nor in their forms. Rather, the
blooded and live-bearing animals with a complete set of teeth have
one stomach, e.g. mankind, dog, lion, and the rest of those with
many toes, as do those which are solid-hoofed, e.g. horse, mule,
and ass. And those that, though cloven-hoofed, have a complete set
of teeth, e.g. pigs, also have a single stomach—unless some animal,
owing to its bodily magnitude and the potency of its thorny, woody,
hard-to-concoct nourishment, e.g. the camel, has many stomachs,
even as horn-bearing animals do. The horn-bearing animals have
many stomachs because they do not have a complete set of teeth;
because of this the camel too, though without horns, is not among
those animals with a complete set of teeth—that is, because of the
greater necessity for it to have such a stomach than to have front
teeth. So since the camel is, in this respect, like those animals
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without a complete set of teeth, it is like them too with respect to
its teeth, since they would be of no use. Yet at the same time, since
its nourishment is thorny, and it is a necessity that the tongue be
fleshy, nature makes use of the earth from the teeth to provide for
hardness in the roof of the mouth.

The camel also chews its cud as the horn-bearing animals do,
because it has stomachs like theirs. Each of these, e.g. sheep, ox,
goat, deer, and the other animals of this sort, has several stomachs.
This is so that, since the performance of the operation of the mouth
on the nourishment, because of its lack of teeth, is deficient, the
stomachs will receive the nourishment one after another—the first
unworked, the next more worked up, the next entirely so, the last
finely ground. That is why animals of this sort have several places
and parts. These are called stomach, net, vase, and reed. The study
of the way in which these parts are related to one another in position
and in their forms should be based on the enquiry about animals
and the dissections.

It is owing to the same cause that the bird kind also differs
with respect to the part that is the receptacle of nourishment. For
since they too do not fully perform the work of the mouth (for
they lack teeth)—that is, they have nothing either to cut or to grind
nourishment—Dbecause of this some birds have, in front of the stom-
ach, what is called the crop in place of the operation of the mouth.
Other birds have a broad oesophagus, either a bulky part of it in
front of the stomach, in which they store up the unworked nour-
ishment, or some swollen part of the stomach itself; yet others have
the stomach itself strong and fleshy in order to be able to store up
the nourishment for a long time and to concoct it though it is not
ground up. For by means of its potency and heat the nature of the
stomach makes up for the deficiency of the mouth. But there are
some birds—those that are long-legged and marsh-dwelling—that
have none of these, but rather a long crop, owing to the moistness
of their nourishment. This is because the nourishment in the case
of all these birds is easily ground up, so that on account of these
things—the lack of concoction and the nourishment—the stomachs
of such birds turn out to be moist.

The fish kind has teeth, but these are virtually all, one might
say, sawtoothed; virtually all, since one small kind is not of this
sort, viz., the one called parrotfish. It also seems to be the only
fish—reasonably, on account of these teeth—to chew its cud; for
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the horn-bearing animals without a complete set of teeth also chew
their cud.

All their teeth are sharp, so they are able to divide up nourish-
ment, though poorly; for they are not able to spend time lingering
over it. This is why they neither have flat teeth, nor are able to
grind food up—it would be pointless. Again, taken as a whole fish
do not have a gullet, though some have a short one; but to assist
with concoction some have bird-like and fleshy stomachs, such as
the mullet; and many have numerous appendages next to the stom-
ach, in order that, by storing up the nourishment in these, as in
reservoirs, they can help to decompose it and concoct it.

The fish have these appendages in a manner opposite to the birds;
for the fish have them upward, towards the stomach, while in the
birds that have these appendages they are lower down, towards the
end of the intestine. Even some of the live-bearing animals have
lower intestinal appendages owing to the same cause.

The entire fish kind, because the parts engaged in the preparation
of nourishment are so deficient that they excrete it unconcocted,
is gluttonous towards nourishment—and above all those that have
straight intestines. For since they excrete quickly, and because of
these things their pleasure is brief, it is necessary for the desire also
to come about again quickly.

That those with a complete set of teeth have a small stomach has
been stated previously. Moreover, nearly all of them fall into two
differences; some have a stomach like that of the dog, others like
that of the pig. The pig’s stomach is larger and has some moderate
folds, in relation to the longer time it takes for concoction to occur,
while that of the dog is small in size, not greatly exceeding the
intestine, and is smooth inside.

After the stomach lies the nature of the intestines in all animals.
And this part too has many differences, just as the stomach does.
For in some animals it is simple and alike when uncoiled, while in
others it is not alike; for in some the part towards the stomach is
wider, while the part towards the end is narrower (which is why dogs
discharge such residue with difficulty). But in the greater number
it is narrower upward, but wider towards the end. The intestines
of the horn-bearing animals, however, are larger and have many
convolutions, and the bulk of both the stomach and the intestines
in these animals is greater, because of their size; for virtually all the
horn-bearing animals are large on account of the complete working
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up of their nourishment. In all those animals whose intestines are
not straight this part becomes wider as it continues on, and they
have what is called the colon, and a blind and bulky part of the
intestine; then from this point it again becomes narrower and coiled.
But the part after this extends straight to the residue’s exit, and in
some this part, called the rectum, is fatty, while in others it is
devoid of fat.

All these parts have been constructed by nature for the appropri-
ate operations on the nourishment and on the residue that comes to
be. For as the residue continues on and moves downward it reaches
a wider place, and remains there to change in the better-fed ani-
mals and in those needing greater nourishment, either on account
of their size or the heat of these places. And then in turn, just as
a narrower intestine received it from the upper cavity, so from the
colon and the wider place in the lower cavity it once more goes into
a narrower space and, once the residue is completely dehydrated,
into the helix, so that nature may store it up and its exit not be
continuous.

Now those animals that need to be more moderate regarding
the production of nourishment do not have large open spaces in
the lower stomach, but rather many helices, and intestines that
are not straight. For an open space produces desire for much food,
while straightness produces rapidity of desire; and this is why those
animals with simple receptacles are gluttonous in terms of how
quickly they eat, and those with spacious receptacles are gluttonous
in terms of the amount they eat.

Since in the upper stomach, during the initial entrance of the
nourishment, it is necessarily fresh, and as it proceeds downwards,
faecal and dehydrated, it is also necessary that there be some in-
termediate place in which it changes and is neither still undigested
nor already faeces. On account of this, all such animals have what
is called the ‘fasting-place’, in the thin intestine after the stom-
ach. For this is between the upper region, in which there is the
unconcocted nourishment, and the lower, in which there is the al-
ready useless residue. And while it comes to be in all animals, it is
obvious in those that are larger and fasting, but not in those that
have been eating; for it is when they are fasting that a mid-region
between these two places comes into being, while when the ani-
mals have eaten the proper time for the change is brief. In females
the fasting-place comes about in the upper intestine wherever it

75

o

20

30

676



6762 PARTS OF ANIMALS

chances, while the males have it before the ‘blind place’ and the
lower stomach.

CHAPTER I§

Animals with multiple stomachs all have what is called rennet, and
of those with a single stomach, the hare. Those with multiple stom-
achs, however, have rennet neither in the large stomach nor in the
net, nor in the last one, the reed, but rather in that between the last
one and the two first ones, called the ‘vase’. All these have rennet
because of the thickness of their milk; and the animals with single
stomachs do not have it, since the milk of those with a single stom-
ach is thin. For this reason the milk of the horn-bearing animals
solidifies, while that of those without horns does not. Rennet comes
to be in the hare, however, on account of its grazing on an acidic
herb; for such juice curdles the milk in the stomach for the suck-
lings. Why, among those with many stomachs, the rennet comes to
be in the ‘vase’ has been stated in the problems.
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CHAPTER I

Regarding the viscera, the stomach, and each of the other parts
that have been discussed, things are the same for the four-footed,
egg-laying animals, and for the footless ones such as the snakes. For
in fact the nature of the snakes is kindred to these: their nature is
like that of a long or even a footless lizard. And in these respects
all are very similar to the fish as well, except that they have a lung
on account of being land animals, while fish do not, but have gills
instead of a lung. And neither fish nor any of these animals have a
bladder, except the tortoise; for they drink little on account of the
bloodless character of their lung, their moisture being diverted to
their scales, just as in birds it is diverted to their feathers. And the
residue is also white on the surface in all these animals, as too in
birds. That is why, in those animals with a bladder, when the residue
flows out, an earthy salt is deposited in their cavities; for the sweet
and drinkable portion of the residue is used up, on account of its
lightness, in the flesh.

The vipers differ from the other snakes in the same respect as the
selachians differ from the other fish, for both the selachia and the
vipers are externally live-bearing, having first laid an egg within
themselves.

All such animals are single-stomached, just like the other animals
that have both sets of teeth; and they also have extremely small
viscera, as do the other animals without a bladder. But on account of
the shape of their body, which is long and narrow, the configuration
of the viscera of the snakes is consequently also long, and unlike
other animals; this is because their configurations are formed by
their place, just as in a mould.

All blooded animals have an omentum, a mesentery, and the
parts connected with the nature of the intestines, and again the di-
aphragm and the heart; and all except fish have a lung and windpipe.
And the position of the windpipe and the oesophagus is similar in
all that have them owing to the causes stated previously.
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CHAPTER 2

The majority of the blooded animals also have bile, some by the
liver, others detached by the intestines, since its nature is, no less
than these, of the lower gut. This is clearest in the fish; for they all
have bile, and the majority have it by the intestines, though some
have it hemmed along the whole intestine, such as the bonito. And
most of the snakes have it in the same manner. This is why those
who say the nature of the bile is for the sake of a certain sort of
perception are mistaken. They say the reason it exists is so that
when it stings the part of the soul around the liver, that part of
the soul congeals, while when it is released it produces pleasure.
But they are mistaken; for some animals have no bile at all, such as
horse, mule, ass, deer, and roe. And the camel does not have it set
apart, but rather has bilious blood vessels. And the seal has no bile,
nor, among the sea creatures, does the dolphin.

Within the same kinds some appear to have bile, while others
do not, as in the kind consisting of mice. And in fact mankind is
among these kinds; that is, some people appear to have bile near
the liver, while others do not. And this is why a dispute arose about
the entire kind; for those who happen upon one or the other of the
two forms assume, about them all, that they are all that way. This
sort of thing also happens with sheep and goats. Most of them have
bile, but in some places there is so much that the excess seems to be
monstrous, e.g. in Naxos, while in other places they do not have it,
such as in the Chalcidean part of Euboea, in a certain region of their
country. And again, as has been said, the bile of fish is detached to
a considerable extent from the liver.

The circle of Anaxagoras would seem to have made the incorrect
assumption that bile is a cause of the acute diseases; for they seem
to assume that when bile is excessive it flows to the lung, blood
vessels, and ribs. This is incorrect, since practically all those who
suffer the symptoms of these diseases have no bile, and this would
become apparent in dissections. Furthermore, the amount of bile
present during these sicknesses is incommensurate with the amount
expelled.

Rather, just as bile, when it arises throughout the rest of the body,
seems to be a residue or colliquescence, so also the bile near the liver
seems to be a residue and not to be for the sake of something, as
does the sediment in the stomach and the intestines as well.
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Now sometimes nature even makes use of residues for some ben-
efit, yet it is not on this account necessary to seek what something
is for in every case; on the contrary, when certain things are such as
they are, many other such things happen from necessity.

Those animals in which the constitution of the liver is healthy and
the nature of the blood secreted into it is sweet either do not have
bile near the liver at all, or have it in certain blood vessels, or some
have it while others do not. For this reason as well the livers of those
animals without bile are, generally speaking, brightly coloured and
sweeter, and of those with bile the part of the liver below the bile is
sweetest. But of those constituted from less pure blood, the residue
that comes to be is bile. For residue tends to be opposite to nutrient
and bitter to sweet, and it is the healthy blood that is sweet. So it
is apparent that the bile is not for the sake of anything, but is a
by-product.

For this reason those ancients speak most cleverly when, looking
to the solid-hoofed animals and the deer, they say that the absence of
bile is a cause of living longer; indeed, these animals are without bile
and are long-lived. And in addition there are animals, not observed
by those ancients, that have no bile, such as the dolphin and the
camel, and these turn out to be long-lived. In fact it is reasonable
that, since the nature of the liver is vital and necessary to all the
blooded animals, its being of a certain character is a cause of living
a shorter or longer time. And that the residue of this visceral organ
and of none of the others is of this sort is in accord with our account.
For no such humour can be near the heart (for the heart accepts
no forceful affection), and none of the other viscera is necessary
to these animals, but only the liver. That is also why this humour
occurs around it alone. And it is absurd not to think that, wherever
one should see phlegm or sediment from the stomach, it is a residue;
likewise it is clear that bile too is a residue wherever one sees it, and
does not differ with its location.

CHAPTER 3

Regarding bile, the cause owing to which some animals have it
and some do not has been stated; as for mesentery and omentum,
it remains to speak about them; for they are in the location and
among the parts just discussed.

The omentum is a membrane; and in animals with hard fat it is
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hard, while in those with soft fat it is soft; and what sort of thing
each of these is has been stated previously. The omentum arises in
the same way in those with a single stomach and those with many
stomachs, from the middle of the stomach along the line drawn
on it like a seam. It covers the remainder of the stomach and the
main body of the intestines alike in both the land-dwelling and
water-dwelling blooded animals.

The generation of this part occurs of necessity in the following
way; when a mixture of dry and moist is heated, the surface always
becomes skin-like and membranous, and this location is full of such
nutrient. And further, on account of the thickness of the membrane,
it is necessary for the filtrate of the bloody nourishment to be fatty
(for this is thinnest), and to become hard or soft fat rather than a
fleshy and bloody composition when it undergoes concoction owing
to the heat in this region.

The generation of the omentum, then, occurs according to this
account, and nature makes use of it for the proper concoction of
the nutrient, in order that the animals may concoct their nutrient
easily and quickly; for that which is hot is able to concoct, and that
which is fat is hot, and the omentum is fat. And it arises from the
middle of the stomach, on account of the fact that the liver, which
lies alongside that part of the stomach beyond the mid-point, aids
in concoction.

CHAPTER 4

The omentum, then, has been spoken of; as for the mesentery, as
it is called, it is a membrane, and stretches continuously from the
extension of the intestines to the great blood vessel and the aorta,
being itself full of many closely packed blood vessels that extend
from the intestines to both the great blood vessel and the aorta.
We will find, then, that its generation is, like the other parts,
of necessity; and owing to what cause it is present in the blooded
animals is apparent upon examination. For since it is necessary
for animals to take in nutrient from outside, and again for the
final nutrient to come to be from this, from which it is immediately
distributed to the parts (and while in the bloodless animals this final
nutrient is unnamed, in the blooded animals it is called blood), there
needs to be something through which the nutrient will proceed, as if
through roots, from the stomach into the blood vessels. Thus while
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plants have their roots in the earth (for it is from there that they
take their nutrition), for animals the stomach and the potentiality
of the intestines is earth, from which it is necessary for them to
take their nutrient. This is why it is of the nature of the mesentery
to have blood vessels through it, like roots. What the mesentery is
for, then, has been stated. How it takes up nutrient and how what
is distributed to the blood vessels enters, through the blood vessels,
into these parts from the incoming nutrient—these things will be
spoken of in the works on generation and on nutrition.

How the blooded animals are arranged as far as the parts defined
up to this point are concerned, and owing to what causes, has been
said. Next among the things remaining to be spoken of are the
parts that jointly contribute to generation by which the female is
believed to differ from the male. But since we need to speak about
generation, it is appropriate to consider the generative parts as well
during the study of those things.

CHAPTER §

Those called ‘soft-bodied animals’ and ‘soft-shelled animals’ are
very different from the blooded animals—for first of all, they lack
the nature of the viscera altogether. Likewise, none of the other
bloodless animals has it either. (There are two remaining kinds of
bloodless animals, the hard-shelled kind and the kind consisting
of insects.) For none of these animals has blood, out of which the
nature of the viscera is constituted, because some such affection of
it is constitutive of their being; for that some animals are blooded
while some are bloodless will belong in the account defining their
substantial being. Further, none of those things for the sake of
which the blooded animals have the viscera will be present in such
animals; for they have neither blood vessels nor a bladder, nor
do they breathe; rather, for them it is only necessary to have the
analogue to the heart. For in all animals there is a certain origin of
the parts and of the body in which is found the perceptive part of
the soul and the cause of life. And all these animals have the parts
for nutrition of necessity as well; but their ways of feeding differ
according to the places in which they get their nutrition.

The soft-bodied animals have, around the part called the mouth,
two teeth; and in the mouth, in place of a tongue they have some-
thing fleshy, by which they judge the pleasantness of their food.
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And like these, the soft-shelled animals also have the primary teeth
and the fleshy analogue to the tongue. Further, all the hard-shelled
animals also have such a part, owing to the same cause as do the
blooded animals, for the perception of nutrients. Likewise, the in-
sects too in some cases, e.g. the kinds consisting of bees and flies,
have a proboscis which protrudes from the mouth as has in fact
been previously stated; but those that are without a front sting have
such a part inside the mouth, e.g. the ant kind, and any other such
animals as there may be.

Some insects have teeth, though rather different ones, just as
the fly and bee kinds do; others—those that utilize moist nourish-
ment—do not. In fact many insects have teeth not for nourishment
but for defence.

Some of the hard-shelled animals, as we also stated in our ini-
tial accounts, have the so-called ‘powerful tongue’; and those with
spiral shells also have two teeth, like the soft-shelled animals. Af-
ter the mouth, in the soft-bodied animals, there is a long gullet,
and following it a crop, just like the birds; continuous with it is a
stomach, and following it a simple intestine extending to the anus.

In the cuttlefishes and octopuses the parts around the stomach
are alike both in configuration and to the touch. However, while
the gastric receptacles in those called squids are likewise two, the
one is less crop-like; and these parts differ in shape from those in
the former animals because the entire body is actually constituted
of softer flesh. These animals have these parts in this way owing
to the same cause as the birds do; that is, none of them is able to
grind up its nourishment, which is why the crop is in front of the
stomach.

For protection and self-preservation these animals have what is
called the ‘ink’, which builds up in a membranous covering with
its outlet and end-point right where the residue of the stomach
discharges through what is called the ‘pipe’; and this is in their
bellies. All the soft-bodied animals, then, have this distinctive part,
but most of all and to the greatest extent the cuttlefish; for when it
is frightened and terrified, it darkens and ‘inks’ the water—a shield,
as it were, in front of the body.

The squids and octopuses have the ink upward, nearer to the
muits, while the cuttlefish has it lower down toward, the stomach,
since, because it uses it more, it has more of it. And it uses the ink
more because, though its way of life is coastal, its has no other means
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of protection, as the octopus has its useful tentacles and alteration
of colour which—along with the ejection of ink—happens to it
owing to terror. The squid is the only one of these animals that is a
deep-sea dweller.

Thus the cuttlefish has, in consequence of this need for protec-
tion, a greater amount of ink, and has it lower down because there
is more of it; for, as a consequence of the greater amount it is easily
emitted, even from a distance.

Just as, in the birds, a white sediment arises in the earthen part of
their residue, so in these animals too the ink arises—in both cases
because they do not have a bladder; for the most earthen part of
the residue is excreted into the ink, and most of all in the cuttlefish
since it is the most earthen. An indication that it is most earthen is
its cuttle-bone, which is of such a character; for the octopus does
not have one, while the squids have a cartilaginous and thin one.
(Owing to what cause some have it while some do not, and what
sort each of them has, has been said.)

They are bloodless and on this account are prone to be chilled
and timid. And just as in some animals the stomach becomes upset
when they are frightened but in some a residue flows from their
bladder, so in these animals there occurs a discharge on account of
fear. And this discharge, just like that from the bladder in animals
that urinate, is of necessity; yet at the same time nature makes use
of such residue for their protection and self-preservation.

The soft-shelled animals too—both the crayfish form and the
crabs—have the two primary teeth, and between them the tongue-
like flesh, as was also said previously; and immediately following the
mouth they have a gullet which—comparing greater with lesser—is
small in comparison with the size of their bodies. Following this
they have a stomach, in which the crayfish and some of the crabs
have another set of teeth because the upper teeth cut insufficiently;
and from the stomach a simple intestine runs straight to the outlet
for residues.

Each of the hard-shelled animals also has these parts, some more
articulated and some less; and each part is more distinct in the larger
animals. The spiral-shelled animals also have hard, sharp teeth, as
was said previously, and they have the fleshy part between the teeth,
in the same way as the soft-bodied animals and the soft-shelled ones
do. They also have, as was said, a proboscis intermediate between a
sting and a tongue, a sort of bird-like crop following the mouth, and
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following this a gullet. After this comes the stomach, in which is
the mékon as it is called, continuous with which is a simple intestine
originating from the mekon. In fact this residue, which seems to be
especially edible, is present in all the shelled animals.

The other trumpet-shelled animals, e.g. the purpuras and whelks,
are like the spiral-shelled ones. But there are many kinds and forms
of hard-shelled animals; some are trumpet-shelled, as the ones men-
tioned just now, while some are bivalved and some univalved. And
in a way even the trumpet-shelled ones seem to be bivalves; for all
such animals, e.g the purpuras, whelks, nerites, and every such kind,
have, from the start, a covering over the visible part of the flesh,
for protection. For where the shell does not serve as a covering, it
is easy for the animal to be harmed by assaults from without.

The univalves, on account of being attached to something, protect
themselves by having their shell on the underside, and become,
by means of a foreign protection, in a way a bivalve, e.g. those
called limpets. The bivalves however, such as scallops and mussels,
protect themselves by drawing their covering together, while the
spiral-shelled animals do so by means of this foreign covering, as if
becoming bivalves from univalves. But above all it is the sea urchin
that has a shelter; for its shell encircles it with a thick covering that
has been fortified by spines. And among the hard-shelled animals
this is distinctive, as previously stated.

The nature of the soft- and hard-shelled animals has been con-
stituted in a manner opposite to the soft-bodied animals; for in the
latter the fleshy part is outside, while in the former it is inside and
the earthen part is outside. The sea urchin, however, has nothing
fleshy.

All these, and the other hard-shelled animals, as was said, have a
mouth, a tongue-like part, a stomach, and a residual outlet, though
each part differs in position and size. (T"he manner in which each
of them has these parts should be studied with the help of the
enquiries about animals and of the dissections. For some of these
things need to be clarified by an account, others rather by visual
inspection.)

The sea urchins and the kind called ‘the ascidians’ are distinctive
among the hard-shelled animals. The sea urchins have five teeth,
and between them the fleshy part which is present in all the ani-
mals mentioned. Following this there is a gullet, and after this the
stomach, which is divided into many parts, as if the animal had
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many stomachs. For though they are separated and full of residue,
they hang from the one gullet and end up at a single residual outlet.
Apart from the stomach, sea urchins have nothing fleshy, as was
said, though they have several ‘eggs’ as they are called, each in a
separate membrane; and spread around in a circle, extending from
the mouth, are certain dark masses which have no name.

Though there are several kinds (for there is not one form of all
sea urchins), all of them have these parts; but not all the parts called
‘eggs’ are edible, and they are extremely small outside the abundant
varieties. And this holds true generally for the other hard-shelled
animals as well; there too the flesh is not equally edible in all cases;
and the residue called the mékon is in some cases edible and in other
cases not. In the trumpet-shelled animals this méekon is in the spiral,
in the univalves (e.g. the limpets) in the base, and in the bivalves
at the connection; and in the bivalves the ‘egg’, as it is called, is on
the right side, while the residual outlet is on the opposite side.

Those who call this part an egg do so incorrectly; for this, like
fat in the blooded animals, is present when they are flourishing.
That is also why it arises during the seasons of the year when
they flourish, i.e. in the spring and autumn; for during cold and
warm periods all the hard-shelled animals suffer, and are unable
to bear the extremes of climate. A sign of this is what happens to
the sea urchins: immediately when they develop they have these
‘eggs’, and have more of them during full moons, not because of
increased feeding as some think, but because the nights are warmer
on account of the light of the moon. For since they are sensitive
to cold on account of being bloodless, they need heat. That is also
why during the summer they are more thriving, everywhere except
those in the straits of Pyrrha; those thrive no less in the winter.
This is because they are better supplied with food then, since the
fish leave the region during this season.

All the sea urchins have both an equal—and odd—number of

eggs; for they have five, and the same number of teeth and of :

stomachs. This is because the ‘egg’ is, as was said previously, not
an egg, but a thriving condition of the animal. This so-called egg
comes to be on one side only in the hard-shelled animals. And it is
the same in the sea urchins as well.

Now since the sea urchin is spherical, and not, as with the body of
the other hard-shelled animals, a single circle; and since it is not the
case that the sea urchin is circular in one way but not in another, but
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is alike in all ways (since it is spherical), it is necessary for the egg
too to be likewise. For there is not, as in the others, an inequality in
its circumference. The head is in the middle in all the others, while
in the sea urchin a part of this sort is upward. But the egg cannot
be continuous; for it is not so in the other hard-shelled animals,
but it is on one side of the circle only. Accordingly, it is necessary
(since this part is common to all of them, while the spherical body
is distinctive of the sea urchin) that the eggs should not be even in
number. For they would be in opposition, on account of the need
to have one side like the other, if they were even and in opposition.
But if they were arranged in this way, then the eggs would be on
both sides of the circumference. Yet this is not as it is in the other
hard-shelled animals; in fact, the oysters and scallops have a part
of this sort on one side of their curved surface. Accordingly, it is
necessary that there be three, five, or some other odd number. Now
if it had three ‘eggs’, they would be too far apart, but if more than
five, they would be continuous; and of these options the one is not
good, the other not possible. Therefore it is necessary for them to
have five eggs.

Owing to the same cause, their stomach too is so divided, and the
number of teeth is as many. For each of the eggs, inasmuch as it is
a certain body part of the animal, necessarily has a likeness to the
character of the animal; for growth comes from there. Otherwise,
if the stomach were one, the eggs would either be distant from it, or
it would occupy the entire cavity, so that the sea urchin would be
sluggish and the cavity not full of nutrient. But since the interstices
are five, it is necessary that, being in each one, the stomach be
divided into five. And owing to the same cause the number of the
teeth is as many; for in this way nature may assign them in a like
manner to the parts already discussed.

So then, why the sea urchin has an odd number of eggs, and
why just this many, has been stated; and the reason why some have
extremely small ones while others have larger ones is because the
latter are hotter in nature. For the hot is better able to concoct the
nutrient, which is why the inedible sea urchins are more full of
residue. And the hotness of their nature readies them for greater
movement, so as to graze and not remain sedentary. A sign of this
is that such sea urchins always have something on their spines, as
though frequently in motion; for they use their spines for feet.

The ascidians differ slightly from plants in their nature, but
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nevertheless are more animal-like than the sponges; these have,
in every respect, the potentiality of a plant. In fact nature passes
continuously from soulless things into animals by way of those
things that are alive yet not animals, so that by their proximity the
one seems to differ very little from the other.

Now the sponge, as just stated, by living only while it is attached,
but not when removed, is completely like the plants. The ones
called ‘holothurians’ and ‘the lungs’, as well as other such sea-
dwellers, differ slightly from sponges in being detached; for none
of them has perception, and they live as though they were detached
plants. Moreover, there are, even among the terrestrial plants, some
creatures of the sort that both live and come to be, some in other
plants, others even unattached, such as the one from Parnassus
called by some ‘rock plant’—it lives for a long time when hung up
on pegs. And sometimes, even with the ascidians (and any other
such kind which, by living only when attached is like a plant but
by having something fleshy would seem to have some perception),
it is unclear on which side one is to put them. This animal has
two openings and one division, by which it both receives moisture
for nourishment and then expels leftover secretions; for it has no
apparent residue, like the other hard-shelled animals. Accordingly,
it is most fitting to call this—and any other animal of this sort there
might be—plant-like, since none of the plants has a residue either.

Through the mid-line of the ascidians there is a thin diaphragm,
in which it is reasonable for that which controls life to preside.
But those that some call ‘nettles’ and others ‘anemones’ are not
hard-shelled, but fall outside the divided kinds, and tend in their
nature towards both plant and animal. For by being detached and
falling upon their nourishment, and by being perceptive of what
they fall upon, some of them are animal-like; and further, they
use the roughness of their body for self-preservation. But by being
incomplete and becoming quickly attached to the rocks, and by
having no apparent residue though they have a mouth, they are akin
to the kind consisting of plants. And the starfish kind is similar to
this group as well (for it too, after falling upon many of the hard-
shelled animals, sucks their juice), and it is also like the detached
animals already spoken of, e.g. the soft-bodied and soft-shelled
ones. And the same account holds for the hard-shelled animals
as well.

The parts concerned with nutrition, then, which necessarily be-
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long to all, have the aforesaid character; and clearly there is a need
to have some part analogous to those present in the blooded animals
to govern the modes of perception; for this part must be present
in all animals. But this part is, among the soft-bodied animals, a
fluid lying within a membrane, through which the gullet extends
to the stomach; it is attached more to the back and is called mutis
by some people. There is another such part in the soft-shelled ani-
mals as well, and that one too is called mutis. This part is fluid and
bodily at the same time, and as was just said, the gullet extends
through the middle of it; for if it were between this part and the
back, it would be unable to undergo distension as it does when
the nutrient enters, because of the hardness of the back. The in-
testine rests on the outside of the mutss, and the ink is near the
intestine, in such a way that it can keep as far as possible from
the entrance and its offensiveness can be far from the better and
the origin.

Its location makes it clear that this part is the analogue of the
heart (for the location is the same), as does the sweetness of the fluid,
inasmuch as it is well concocted and blood-like. But though the part
in the hard-shelled animals with authority over perception has the
same character, it is less manifest. However, in those that are sessile
this origin should always be sought intermediate between the part
that receives nourishment and that through which the spermatic
or residual secretion is produced; while among animals that are
mobile, it should always be sought in the mid-point between the
parts on the right and on the left.

In the insects, the part possessing this sort of origin, as stated
in the initial accounts, is between the head and the hollow region
around the stomach. In the majority of insects it is one, but in the
rest, as in those that are centipede-like and long, it is more than
one. This is why they live when they are cut up. For nature aims in
every case to make only one such part, and when unable it makes
only one in actuality, but in potentiality more than one; but this is
clearer in some than in others.

The parts for nourishment are not alike in all insects, but are
different in many respects. For in some the sting, as it is called, is
inside the mouth, as if the potentials of the tongue and lips were
conjoined and possessed together; while in those that do not have
the sting in front there is a sense-receptor of this sort behind the
teeth. Following this part in all of them is a straight and simple
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intestine leading to the residual outlet; though in some this part
has a spiral.

Some insects have a stomach right after the mouth, and from the
stomach a winding intestine, so that those that are naturally more
voracious and larger may have a reservoir for a greater amount of
nourishment. But the cicada kind has the most distinctive nature
of them all; for the same part unites together mouth and tongue,
through which, as if through a root, it receives nourishment from
fluids.

All the insected animals are light feeders, not so much because of
their smallness as because of their coldness (for the hot needs nour-
ishment and concocts nourishment quickly, while the cold needs
little nourishment), and most of all the cicada kind; for the mois-
ture left behind by the air is sufficient nourishment for their body,
as with the ephemeral animals (these arise around the Pontus), ex-
cept they live for a period of one day, while the cicadas live more
than one, though few enough.

Since the internal parts present in animals have been spoken of,
we must return again to the rest of the external parts. And we must
begin with the animals about which we have just now spoken, not
with those with which we left off, so that proceeding from those
needing less discussion, the account may give more attention to the
complete and blooded animals.

CHAPTER 0

The insected animals do not consist of a large number of parts,
but nevertheless are different from one another. For all are many-
footed, because being many-footed makes their movement more
rapid relative to the slowness and coldness of their nature; and the
most many-footed are the ones that become most chilled on account
of their length, e.g. the centipede kind. Further, it is on account
of having many origins that their ‘insections’, and the many feet
distributed to them, exist.

Those insects that have fewer feet are flyers as a consequence of
the deficiency of feet. And those flyers whose way of life is nomadic
and for whom it is necessary to range widely for nutrition are four-
winged and have a light body mass, e.g. the bees and the animals
akin to these; that is, they have two wings on each side of the body.
But those flyers that are small are two-winged, like the ant kind.
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And those that are light and lead sedentary lives, such as cockchafers
and insects of this sort, are many-winged, like the bees, but with
sheaths for their wings; this is so that the potentiality of the wings
may be preserved. For since they are sedentary, they are more easily
destroyed than those that are mobile, on which account they have
a means of protecting their wings.

Their wing [to pteron] is unsplit and without a shaft; for it is not
a feather [pteron] but a skin-like membrane, which because of its
dryness from necessity becomes detached from their body when
their flesh cools.

They are insected both owing to the causes just stated, and so
that they may keep themselves alive by curling up to avoid harm; for
those that have length roll themselves up, and this would not happen
to them if they were not insected. By contrast, those that do not
roll themselves up increase their hardness by drawing their sections
together. This becomes clear when they are touched, e.g. in those
called dung beetles; for when frightened they become motionless,
and their body becomes hard. And it is necessary for these animals
to be insected; for having many origins is present in their substantial
being, and in this they are near to the plants. For just as with the
plants, these are also able to live when divided up; except that while
insects can do so up to a point, plants become complete in nature;
that is, two or more plants come to be from one.

Some of the insects also have stings, for protection from preda-
tors. Now in some the sting is in front, in others behind; and in
those that have it in front, it is by the tongue, while in those that
have it behind it is at the tail-end. For just as in elephants the
receptor of odours has become useful both for strength and for
the acquisition of nourishment, so in some of the insects the sting
has been positioned by the tongue; for they both perceive their
nourishment by means of this part, and take hold of and convey it.

Those that do not sting from the front have teeth, some for the
sake of feeding, others for the sake of grasping and conveying their
nourishment, e.g. the ants and the kind consisting of all the bees.
Those that sting from the rear have, because they are spirited, the
sting as a weapon. Again, some have their stings within themselves,
as do the bees and wasps, because they are flyers. For being thin and
external, the sting would be easily destroyed; while if it projected
outwards, as it does in the scorpions, it would weigh them down.
But because the scorpions are land animals and have tails, it is
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necessary either to have the sting on these, or for it to be useless for
strength.

Nothing two-winged stings from the rear. For it is on account
of being weak and small that something is two-winged, since a
smaller number of wings is sufficient for the small insects to become
elevated. And for the same reason this group has the sting in front;
for being weak, it is just barely able to strike by means of things
in front.

Those insects with many wings turn out to have a greater num-
ber of wings on account of being larger in nature; and they are
strong in their rear parts. And it is better, where possible, not to
have the same instrument for dissimilar uses, but rather the de-
fensive one most sharp, and the one that is to be a tongue spongy
and able to draw in nourishment. For where it is possible for two
things to be used for two functions without impeding each other,
nature is unaccustomed to making things as does the coppersmith
who, to economize, makes a spit-and-lampstand; but where this
is not possible, nature makes use of the same thing for multiple
functions.

Some of the insects, since they have, owing to their hard eyes,
inaccurate vision, have long front feet so that they can clear away
things that fall in front of them. This is what the flies and the bee-
like animals appear to do; for they are always crossing their front
legs. Their rear legs are longer than their mid-legs, on account of
walking and for ease of taking off from the earth when flying away.
And in those that are able to leap [pédétika], e.g. the locusts and the
flea kind, this is still more apparent; for when they bend and then
extend the rear legs, they necessarily take off from the earth. The
locusts do not have these rudder-like legs [pédaliode] in the front
but in the rear only. For it is necessary that the joint of these legs
incline inwards, and none of the forelimbs is of this sort. All such
insects are hexapods with the leaping parts included.

CHAPTER 7

The body of the hard-shelled animals is not composite. This is
because they are sessile in nature; that is, it is necessary for the
mobile animals to be more composite, on account of their activities;
for those partaking of many motions are in need of many organs.
Some of these animals, however, are entirely immobile, while others
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partake of slight movement; but for self-preservation nature has
wrapped the hardness of the shell around them.

Some of them are univalves, some bivalves, and some trumpet-
shelled, as was said before; and among the latter are some with a
spiral, such as whelks, and some that are only spherical, like the
sea urchin kind. And among the bivalves there are some that open
up, e.g. scallops and mussels (for they are closed on one side so that
they may be opened and closed on the other), and others that have
been fused on both sides, e.g. the pipe kind.

All the hard-shelled animals, like the plants, have their head
downward. This is because they take their nourishmentfrom below,
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to have the below above, and the above below. And the head is in
a membrane, through which they filter drinkable water and take
their nourishment. And though all have a head, the other parts of
the body, besides the receptacle of nourishment, are unnamed.

CHAPTER 8

The soft-shelled animals are all locomotive, wherefore they have
numerous feet. There are four extensive kinds of them, called cray-
fish, lobsters, prawns, and crabs; and of each of these kinds there
are many forms, differing not only in shape but also greatly in size;
for some are large while others are altogether tiny.

The ones that are crab-like and crayfish-like are similar in that
they both have claws. These they have not for the sake of loco-
motion, but for grasping and holding, in place of hands. This is
also the reason why these organs bend in the opposite direction to
the feet; for the feet bend and twist towards the concave, the claws
towards the convex, since in this way they are useful for grasping
the nourishment that is to be conveyed to the mouth.

They differ in so far as the crayfish have a tail, while the crabs do
not; for in the former group, on account of their being swimmers,
the tail is useful {for they swim by propelling themselves with their
tails, as if by oars); but in the crabs it is of no use, because their way
of life is to be near the shore, and they are hole-dwellers. And those
among the crabs that are deep-sea dwellers have, because of this,
feet that are much less useful for locomotion, e.g. the spider-crabs
and the so-called Heracleotic crabs, because they move very little,
but preserve themselves by being like the hard-shelled animals.
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This is why the spider-crabs are thin-legged, while the Heracleotic
crabs are small-legged.

The extremely small crabs that are hauled in among the small
fish have their hindmost feet flat, in order that they may be useful to
them for swimming—having these feet as fins or oars. The shrimps
differ from the forms of crab by having a tail, and from the forms of
crayfish because they do not have claws, which they lack on account
of having many feet; for the growth from one place has been used
up elsewhere. And they have many feet because they are walkers as
much as swimmers.

The parts on the underside and around the head are in some cases
gill-like to receive and expel water; but the female crayfish have the
lower ones more laminar than the males, and the female crabs have
hairier parts on the flap than the males, because they deposit their
eggs towards them, rather than expelling them, as do the fish and
the other egg-layers; for being more spacious and larger, these parts
have more space for their eggs.

The crayfish and the crabs all have the right claw larger and
stronger; for all animals naturally do more things by means of the
parts on the right side; and nature always provides each thing, either
exclusively or more, to those able to use it, e.g. tusks, teeth, horns,
spurs, and all parts of this sort that are for protection and defence.
The lobsters alone have one claw or the other, whichever one it
chances to be, larger, in both the females and the males. They have
claws because they are in the kind that has claws; while they have
this part randomly distributed because they are deformed, and do
not use it to do what claws are naturally for, but for the sake of
locomotion.

Each of the parts—what their positions are and what differences
there are from one animal to another, including in what way the
males differ from females—should be studied with the help of the
dissections and the enquiries about animals.

CHAPTER g

The internal parts of the soft-bodied animals have been spoken of
previously, as too have those of the other animals; externally, they
have the trunk of the body, which is indefinite, and in front of this
they have feet around the head, between the eyes, and around the
mouth and teeth.
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Now the other animals with feet in some cases have them in the
front and the rear and in other cases projecting out from the side,
as do the many-footed, bloodless animals. But the soft-bodied kind
is, when compared with these others, distinctive; for they have all
their feet towards the ‘front’, as it is called. This is because the rear
of these animals has been joined to the front, just like the conical,
hard-shelled animals. In fact on the whole the hard-shelled animals
are in one respect like the soft-shelled animals and in another like
the soft-bodied animals. In so far as the earthen part is outside
and the fleshy part is inside, they are like the soft-shelled animals;
but in the way in which the configuration of the body has been
constituted they are like the soft-bodied animals—this is so for all
of the hard-shelled animals to a certain extent, but most of all for
the conical-shelled ones with a helix. The nature of the internal
parts of both is as if one were to conceive of it in a straight line,
as in fact it is in the four-footed animals and the human beings:
first, at the extreme upper point of this straight line is the mouth,
designated as 4, next the gullet, B, then the stomach, C; and from
the intestine to the residual outlet, D.

In the blooded animals, then, the nature of the internal parts
has this character, and around it is the head and what is called the
thorax. And nature has added the remainder of the parts, e.g. the
front and hind limbs, for the sake of these parts and for the animal’s
movements. Moreover, at least the straight course of the intestines
tends to have the same character in the soft-shelled animals and
in the insects, though with respect to their external, locomotive
equipment they are different from the blooded animals.

The soft-bodied animals and the conical, hard-shelled animals
are very similar to one another, but opposed to those just mentioned.
For the end-point has been bent around to the starting-point, as if,
by bending the straight line, to which we give the symbol E, one
were to bring the D around to the 4. Since this is how the internal
parts are in fact positioned in the soft-bodied animals, the mantle—
which is called a head only in the case of the octopuses—surrounds
them; while in the hard-shelled animals the cone does so. They
have no other difference except that in the soft-bodied animals the
surrounding part is soft, while in the hard-shelled animals nature,
in consequence of their sluggishness, has placed something hard
around the fleshy part so that they are protected. And because of
this the residue, in both the soft-bodied and the conical-shelled
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animals, exits in the region of the mouth, albeit in the soft-bodied
ones it exits beneath it, in the conical-shelled from the side. It is,
then, owing to this cause that the feet of the soft-bodied animals
have this character, contrary to the other animals.

The cuttlefish and squids are unlike the octopuses because they
are only swimmers, while the octopuses are also walkers. This ex-
plains why the former groups have the small legs above, and of
these the two at the extremes are larger, while of those remaining
the two of the eight that are down below are largest. For just as
the rear limbs are stronger in the four-footed animals, so in these
animals the limbs underneath are larger. For these bear the weight
and move the animal most of all. And the two extreme pairs are
larger than those in the middle because they work together with
them. The octopus, on the other hand, has the four limbs in the
middle largest.

All of these have eight feet, but the cuttlefish and the squid have
short ones, the octopus-like animals long ones. For the trunk of the
body in the former two groups is large, in the latter group small,
so that in the octopuses nature takes from the body and adds to the
length of the feet, while in the cuttlefish and squid, by taking from
the feet, the body increases. Accordingly, in the octopuses the feet
are not only useful for swimming, but also for walking, while in the
other two groups they are useless for this; for their feet are small,
while they have a large trunk.

Since, moreover, they have small feet that are useless both for
taking hold of, and not being torn from, the rocks when there are
waves and storms, and for conveying food from afar—for these
reasons they have two long proboscises by which they moor them-
selves and lie at anchor, like a ship when it is in a storm, and by
which they—the cuttlefish and the squids—hunt down prey from
afar and convey it to themselves. The octopuses, on the other hand,
do not have these proboscises, because their feet are useful for these
activities.

Those animals that have suckers and tentacles added to their
feet have a potentiality and composition such as the plaited tube
in which the ancient doctors set fingers; thus too have they been
plaited from fibres, by which means they draw in fleshy, yielding
objects. They surround them in a relaxed state; but when they
contract, they grasp and take hold of everything touching them
within. Since there is nothing other than the feet in some and the
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proboscises in the others by which they convey their food, they
have these parts instead of hands for strength and other protective
purposes.

Now while the other octopuses have two rows of suckers, one
kind of octopus has a single row. This is because of the length and
thinness of their nature; for it is necessary that the narrow tentacle
should have a single row of suckers. It is not, then, because it is
best that they have this feature, but because it is necessary owing
to the distinctive account of their substantial being.

All these have a fin in a circle around their trunk. In the other
soft-bodied animals, as well as in the large squid [ko teuthos], this
encloses them and is continuous; but the smaller ones, the ones
called squids [hat teuthides], have this part both flatter than the
cuttlefish and octopuses and not as narrow; and it begins from the
mid-point and does not encircle them continuously. And they have
this part so that they may swim, and for steering, just as in the flyers
there is the rump and in the fish the tail fin. But this part is smallest
and least visible in the octopuses, because they have a small trunk
and are steered sufficiently by their feet.

So then: we have spoken about the internal and external parts of
the insects, the soft-shelled animals, the hard-shelled animals, and
soft-bodied animals.

CHAPTER 10

We need to examine again from the beginning the blooded, live-
bearing animals, starting with those of their previously mentioned
parts that remain. Once these have been defined, we will go on to
speak about the blooded, egg-laying animals in the same way.

The parts surrounding the head of these animals have been spo-
ken of previously, and those around what are called the neck and
throat. All the blooded animals have a head; while in some of the
bloodless animals this part is indefinite, e.g. in the crabs.

All live-bearing animals have a neck, while some of the egg-layers
have it and some do not; this is because those that have a lung also
have a neck, while those that do notinhale do not have this part. The
head is present above all for the sake of the brain; for the blooded
animals must have this part, and in a place opposite the heart,
owing to the causes stated previously. And nature placed some of
the modes of perception on the outside of it as well, on account of
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the blend of the blood being well proportioned, i.e. adapted both
for the warmth of the brain and for the quietness and accuracy of
perception.

Further, nature has added a third part which works on the in-
coming nutrient; for it is most suitably placed there. That is, it was
not possible that the stomach should lie above the heart and origin,
nor, being below the heart, which is the way it in fact is, was it pos-
sible for the food intake also to be below the heart; for the length
of the body would be great, and the mouth would be very distant
from the moving and concocting origin.

The head, then, is for the sake of these things, while the neck is
for the sake of the windpipe; for it is a defence, and protects the
windpipe and the oesophagus by encircling them. Thus while in
other animals it is capable of bending and has vertebrae, wolves and
lions have a single bone in their neck. For nature saw to it that they
would have a neck useful for strength more than for other aids.

Following the neck and the head in these animals are the fore-
limbs and chest cavity. Mankind, however, instead of forelimbs and
forefeet has arms and what are called hands. For it alone of the ani-
mals is upright, on account of the fact that its nature and substantial
being are divine; and it is a function of that which is most divine
to reason and to think. But this is not easy when much of the body
is pressing down from above, since the weight makes thought and
the common sense sluggish. For this reason, when their weight and
bodily character become excessive, it is necessary that their bodies
incline towards earth, so that for stability nature placed forefeet
beneath the four-footed animals, instead of arms and hands. For it
is necessary that all those able to walk should have two hind limbs,
and such animals become four-footed because their soul is unable
to bear the weight.

All the other animals besides human beings are dwarf-like—
something is dwarf-like the upper part of which is large while the
weight-bearing and walking part is small. And the upper part is
what is called the ‘chest cavity’, extending from the head to the
residual outlet.

Now in human beings this part is proportionate to the lower part,
and is greatly reduced as they mature; but when they are young the
opposite is the case, the upper part being large, the lower part
small. And it is for this reason that the young crawl and are unable
to walk. And at first they do not even crawl, but are immobile; for all
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children are dwarfs. But as human beings advance in age the lower
parts grow, while in four-footed animals the opposite occurs—the
lower parts are largest at first, but as they advance in age growth
occurs in the upper part, which is the trunk, extending from the
rump to the head. This is also why in height foals are either not at all,
or only a little, smaller than horses, and when young they can touch
their head with their hind limb, but when older are unable to do
so. The solid-hoofed and split-hoofed animals have this character,
while those with toes and without horns, though dwarf-like, are less
so than those with hoofs. This is also why the growth of the lower
parts relative to the upper parts is proportional to the deficiency.

The bird and the fish kind, and every blooded kind are, as has
been said, dwarf-like. And because of this all animals are less in-
telligent than human beings. And in fact among human beings,
children compared with adults, and among adults in their prime
the naturally dwarf-like, are deficient in the possession of reason
even if they have a surplus of some other potential. And a cause of
this deficiency, as was said before, is that the origin of the soul is,
in very many animals, sluggish and bodily. And further, as the heat
which rises becomes less and the earthen material becomes greater,
the bodies of animals grow smaller and many-footed, and finally
become footless and stretched out on the earth. Proceeding in this
way a little, even their origin is below, and the part corresponding
to the head is in the end unable to move and perceive, and a plant
comes to be, having the above below, and the below above; for the
roots of plants have the potentiality of a mouth and a head, while
the seed is the opposite; for it comes to be above, on the uppermost
shoots.

The cause on account of which some animals are two-footed,
some many-footed, and some footless, and some things become
plants and some animals, has been stated, and why mankind is the
only upright animal. And being upright in nature, mankind has
no use for forelimbs, and instead of these nature provides arms
and hands.

Now Anaxagoras said it was because they have hands that hu-
man beings are the most intelligent of animals; it is reasonable,
however, that it is because they are most intelligent that human
beings are given hands. For the hands are instruments and nature,
like an intelligent human being, always apportions each instrument
to the one able to use it. Surely it is more fitting to give flutes to

98



BOOK FOUR 6872

the flautist than to provide the ability to play flutes to one who has
them; for nature has provided the lesser to the greater and superior,
not the more honourable and greater to the lesser. So if it is better
thus, and nature does, among the possibilities, what is best, it is not
because they have hands that human beings are most intelligent,
but because they are the most intelligent of animals that they have
hands. For the most intelligent animal would use the greatest num-
ber of instruments well, and the hand would seem to be not one
instrument, but many; indeed it is, as it were, an instrument for
instruments. Accordingly, to the one able to acquire the most arts,
nature has provided the most useful of instruments, the hand.

Those who say that mankind is not well constituted, but on the
contrary is the worst constituted of animals—for (they say) he is
barefoot, naked, and without weapons for defence—are mistaken.
For the other animals have but one protection, and cannot exchange
another one for it. Rather it is necessary for them to sleep and do
everything as if they were permanently shod, and never to shed the
shelter surrounding their body, nor to exchange whatever weapon
they may have. But for mankind it is always possible to have many
forms of protection and to exchange them, and furthermore, he
may choose what sort of weapon to have, and where. For the hand
becomes a talon, claw, horn, spear, sword, and any other weapon
or instrument—it will be all these thanks to its ability to grasp and
hold them all. And for this the form of the hand has been adapted
by nature. For it is divided and has many digits, and it is possible
for something in a divided state also to be composite, while it is
impossible for something in a composite state to be divided. And it
is possible to use the hand as one, two, or many.

Again, the joints of the fingers are well disposed for grasping and
squeezing. And one finger extends out of the side of the hand, and is
short and thick, not long; for just as, if there were not a hand at all,
one could not grasp, so too one could not grasp if this finger were
not growing out of the side. For it squeezes from below upwards,
while the others squeeze from above downwards. And this must
happen if it is to bind things together strongly, like a strong clamp,
in order that, though one, it may be equal to many. And this finger
is short both on account of the strength thus achieved and because
no advantage would result if it were long. (The last finger too is
appropriately small, and the middle one long, as is the middle oar
of a ship; for in most cases it is necessary that what is grasped be
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grasped around the middle for its operation.) And on this account
it is called ‘large’ though it is small, because the other fingers are
virtually useless without it. The form of the nails too has been
well arranged; for the other animals have nails as well to provide
a service, while in human beings they are a covering—that is, they
are a shelter for the fingertips.

The joints of the arms are, both for the conveyance of nutrient
and for other uses, arranged in a manner opposite to the four-
footed animals. For in these it is necessary for the forelimbs to
bend inward (since they are used as feet), in order that they be use-
ful for locomotion—although even among these animals, in those
with toes the forelimbs tend to be useful not only for locomotion
but also in place of hands, as in fact is apparent when they are
used; for they both grasp things and defend themselves with their
forelimbs. Hoofed animals, however, defend themselves by means
of their hind limbs; for in them the front limbs do not have an
analogue to the elbows and hands. And some of the many-toed
animals, for this very reason, have five digits on the front feet but
four digits on the rear, e.g. lions and wolves, and again dogs and
leopards; for the fifth toe is large, just as the fifth digit on the
hand is. But the small, many-toed animals have five digits on their
hind limbs as well, because they are creepers. Thus, by means of
their many nails they may grasp easily and creep higher up, even
overhead.

The breast, as it is called, is between the arms in human beings,
and in the others between the forelimbs. In human beings it is wide,
which is reasonable (for since the arms are attached to the sides of
the body they do not prevent this region from being wide), while
in four-footed animals, on account of the forward extension of their
limbs when they walk and change place, this part is narrow. And
because of this, four-footed animals do not have mammae in this
location. In human beings, however, because of the wide expanse
of the breast and the need to shelter the parts around the heart, and
since the location is fleshy, the mammae have been differentiated.
In males they are fleshy owing to the aforementioned cause, while
in females nature has turned them to another function as well,
which we claim it often does; for it stores nourishment there for the
offspring. The mammae are two on account of the duality of the
parts, the right and the left. And they are harder, yet distinct, on
the one hand because the ribs are also connected to each other in
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this place, on the other hand because the nature of the mammae is
not burdensome.

In the other animals, however, it is impossible to have the mam-
mae on the breast between the limbs (for they would be an im-
pediment to walking); and in fact they are arranged in many ways.
Those with few offspring, solid hoofs, and horns have their mam-
mae near the thighs, and have two. Those with many offspring or
many digits in some cases have them around the sides of the belly,
and have many, e.g. pig and dog; and in other cases have only two,
around mid-belly, e.g. lion. This is not because the lion has few off-
spring, since sometimes it bears more than two, but because it does
not produce much milk; for it expends the nourishment it takes in
upon its body, and takes it in rarely because it is carnivorous.

The elephant has only two mammae, and these are below the
axillae of the forelimbs. A cause of its having two is that it bears
only one offspring; and of its not having them by the thighs, that it
is many-toed (for none of the many-toed animals has them by the
thighs); and of its having them up towards the axillae, that these
are the primary mammae in those that have many mammae, and
yield most milk. An indication of this is what occurs in the pigs;
to the first-born of the piglets they offer the primary mammae.
Accordingly, when the first-born is the only one, it is necessary for
it to have the primary mammae; and primary are those below the
axillae.

So this is the cause owing to which the elephant has only two
mammae and in this location; on the other hand, those with many
offspring have the mammae around the belly. This is because there
is a need for many mammae for those who are going to rear many
offspring; accordingly, since it is impossible to have any number
other than two mammae crosswise (on account of the right and the
left being two), it is necessary to have them arranged lengthwise;
and the region between the forelimbs and hindlimbs alone has
length.

Those that do not have many toes and bear few offspring or have
horns also have their mammae by the thighs, e.g. horse, ass, and
camel {for these have a single offspring, and while the first two are
solid-hoofed, the third is split-hoofed), and again, deer, ox, goat,
and all other such animals. And this is because in these animals
growth takes place in the direction of the upper part of the body. So
where an accumulation and excess of residue and blood comes to
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be (and this place is downward, around the efHuvia), there nature
has made the breasts; for wherever a change of nutrient takes place,
from there too it is possible for the mammae to receive it. Both the
female and the male human being have mammae, while in the other
animals some of the males do not have them, e.g. some male horses
do not, while some do—those that bear a likeness to their mother.

The mammae, then, have been spoken of; after the chest is the
region around the stomach, which is unenclosed by the ribs owing
to the aforementioned cause—so that they will not impede either
the expansion of the nutrient (which necessarily takes place when
it is heated) or the uterus during pregnancy.

At the end of what is called the trunk are the parts concerned with
the outlet of both dry and moist residues. Nature makes use of the
same part in the outlet of the moist residue and in connection with
copulation, alike in both females and males, in (with few exceptions)
all the blooded animals, and in all the live-bearing ones. This is
because the seed is something moist and a residue—let this be
assumed for now; later it will be proven. And of the same character
too are the menstrual discharges in females and that by which there
is an emission of seed. (These things too will be defined later; for
now let it only be assumed that menstrual discharges in females are
a residue.) The menstrual discharges and the seed are both moist
in nature, so it is in accord with our account that the discharge of
things that are the same and alike be assigned to these parts.

Both how the parts concerned with the seed and embryo are
arranged internally and in what manner they differ are apparent
with the help of the enquiry about animals and the dissections,
and will be stated later in the works on generation. But that the
configuration of these parts is necessarily for their operation is not
hard to see. Moreover, the male organ differs in accordance with
differences of the body. For they are not all sinewy in nature in
the same way. And further, only this part grows and shrinks in
the absence of changes stemming from sickness; for its growing is
useful for intercourse, while its shrinking is useful for the needs of
the rest of the body; for were it always in the same state it would be
an impediment. Moreover, this part has been naturally constituted
from things of a sort that allows for both changes to happen—on
the one hand it is sinuous, and on the other cartilaginous, wherefore
it is able both to contract and be erect, and be receptive of air.

The female four-footed animals all urinate to the rear because
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this is a useful arrangement for them for copulation. And a few of
the males urinate to the rear as well, such as lynx, lion, camel, and
hare; but none that is solid-hoofed does.

The posterior parts and the parts around the legs are distinctive
in human beings when compared with the four-footed animals. For
practically all of them have a tail, not only the live-bearing ones
but the egg-layers as well; for even if in those which have this part
it is not large, at least they have, as a token tail, a sort of stump.
Mankind, however, while tailless, has haunches, though none of
the four-footed animals does. And furthermore, mankind has fleshy
legs, both thighs and shanks, while all the others have fleshless legs,
not only the live-bearing but generally all those animals that have
legs; that is to say, they have sinewy, bony, and spiny legs. And there
18, 80 to speak, one particular cause of all these things, namely that
mankind alone of the animals is upright. So in order that it may
easily carry the upper parts, which are light, nature, taking that
which is bodily from the upper parts, added the weight to the lower
parts. This is why it made the haunches, thighs, and calves fleshy.
At the same time, the nature of the haunches is rendered useful
for taking rests; for while remaining standing is not wearisome
for the four-footed animals, and they do not tire from doing this
continuously (for it is as if they are continuously lying down, since
they have four underlying supports), yet in human beings it is not
easy to remain standing upright—the body has need of rest and of
sitting down.

Mankind, then, has both haunches and fleshy legs owing to the
cause just mentioned, and on account of these facts is tailless (for
the nourishment which is conveyed there is used up on these parts,
and on account of having haunches, the use, for which the tail-end
18 a necessity, is removed). But the four-footed animals and the
other animals are just the opposite; since they are dwarf-like, what
is heavy and bodily, having been removed from the lower parts,
is placed entirely towards the upper body; for this reason they are
without haunches and have hard legs. And so that the part serving
as the residual outlet may be guarded and sheltered, nature has
provided to them the so-called tail-end and tail, taking from the
nourishment that comes to be in the legs. But the ape, because its
shape tends in both directions and because it is neither one and also
both, has neither a tail-end nor haunches—as two-footed, no tail,
as four-footed, no haunches.
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Among the things called tails there are many differences, and
nature has found uses also in these cases, not only for guarding and
sheltering the rump, but also for the benefit and use of those that
have them.

The feet in four-footed animals differ; for some of them are
solid-hoofed, some split-hoofed, and some many-toed. The feet
are solid-hoofed in animals in which, on account of their size and
their possession of much earthen material, this sort of part receives
a secretion to use for the nature of the nails instead of horns and
teeth; and on account of the abundance of the secretion, instead
of many nails there is one, the hoof. Generally speaking they also
lack a knuckle-bone both for this reason and because the flexure
of the rear leg is more sluggish when a knuckle-bone is present.
For limbs with one joint straighten and bend more quickly than
those with many, while the knuckle-bone, being a fastener, is like
a foreign limb that has been inserted between the two—on the one
hand adding weight, but on the other making the gait more stable.
In fact, it is for this reason that those with a knuckle-bone do not
have a knuckle-bone in the forelimbs but in the rear—namely that
the leading limbs must be light and flexible, while there must be
stability and elasticity in the rear limbs. Further, for defence, the
knuckle-bone makes the kick more violent, and such animals use
the rear limbs for kicking out at what hurts them.

The split-hoofed animals, however, do have a knuckle-bone (for
their hind limbs are lighter), and because they have a knuckle-bone
they are also not solid-hoofed, as the bony material omitted from
the foot remains in the joint. But those with many toes do not
have a knuckle-bone; for then they would not be many-toed, but
the foot would be split over as much breadth as the knuckle-bone
extends. And because of this, the vast majority of those that have it
are split-hoofed.

Mankind has the largest feet of the animals, relative to size, with
good reason; for mankind alone stands upright, so that since the
feet are two, and are destined to bear all the weight of the body, they
must have both length and breadth. And the size of the digits in
the feet is opposite to that in the hands, which is in accordance with
our account. For the function of the hands is to grasp and squeeze,
so that the digits must have length (for the hand grasps by means
of the part that bends), while the function of the feet is to walk with
stability, so that this unsplit part of the foot must be considered to
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consist of the digits. And it is better that the extremity be split than
unsplit; for if it were unsplit, the entire foot would suffer together
if one part were harmed; and likewise, since the extremity is split
into toes, this does not occur. And further, being short, the toes are
less prone to injury, for which reason the feet of human beings are
many-toed, but not long-toed. And they have a kind of nails owing
to the same cause as the hands; the extremities most of all must be
sheltered because of their lack of strength.

CHAPTER I1

Virtually all the blooded animals that are both live-bearing and
land-dwelling have been spoken of. Of the blooded animals that lay
eggs, some are four-footed while others are footless. In fact only
one such kind is footless, that of the snakes. The cause of their
footlessness has been stated in those works that provide definitions
of animal locomotion. In other respects they are quite similar in
shape to the four-footed, egg-laying animals.

These animals have a head, and the parts on it, owing to the
same causes as the other blooded animals do. They also have a
tongue in their mouth, except for the river crocodile; this animal
seems not to have one, but only the place for one. This is because
in a way it is at once a land-dweller and a water-dweller; accord-
ingly, while on account of being a land-dweller it has a place for
a tongue, yet on account of being a water-dweller it is without a
tongue. For some fish, as previously stated, do not seem to have
a tongue, unless one opens their mouth very wide, while the rest
have an unarticulated one. This is because there is little use for a
tongue in these animals, on account of the impossibility of chewing
or tasting—rather, in all these animals the perception and the plea-
sure of their food comes about during swallowing. For the tongue
produces the perception of juices, while the pleasure of solid foods
comes about during their descent; for it is while they are being
swallowed that the fatty, warm nutrients and other such things are
perceived.

The live-bearing animals also have the same mode of perception,
and the enjoyment of nearly all concocted, solid foods occurs during
swallowing, as the oesophagus expands. For this reason the animals
that are intemperate about potables and juices are not the same
ones that are intemperate about concocted, solid foods; rather, in
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the other animals even taste perception is present, but in these
animals the other way of perceiving, as it were.

Among the four-footed, egg-laying animals, the lizards, like the
snakes, have a forked tongue that is entirely hair-like at the tip, as
previously stated. The seals also have a forked tongue; which is why
all these animals are gluttonous.

The four-footed egg-layers are also razor-toothed, just like the
fish. And all their sense-organs, e.g. of smell, nostrils, of sight, eyes,
and of hearing, ears, are like those of the other animals; though, like
the birds, their ears have no protrusion but only the channel. In
both cases this is because of the hardness of their skin; for birds are
feathered, while all these animals are hard-scaled; and their scale
is similar in location to the soft scale, but harder in nature. This
is clear in the tortoises, the large snakes, and the river crocodiles;
for their scales come to be stronger than their bones, as though
stronger in their nature.

The four-footed, egg-laying animals do not have the upper eye-
lid, just as the birds do not; and they close their eyes by means
of the lower lid, owing to the cause noted in the case of the birds.
Some of the birds also blink by means of a membrane which comes
from the corners of their eyes, but these animals do not blink, for
they have harder eyes than the birds do. This is because for the
birds, being flyers, sharpness of vision is more useful to their way
of life, while for the four-footed egg-layers it is less useful; for all
such animals burrow.

Since the head is divided in two, the upper part and the lower
jaw, mankind and the live-bearing, four-footed animals move their
jaws up, down, and sideways, while fish, birds, and egg-laying,
four-footed animals only move them up and down. That is because
up-and-down movement is useful for biting and cutting, while side-
ways movement is useful for grinding. Therefore for those that have
grinding teeth, sideways motion is useful, but for those that do not,
it is not useful at all, which is why it is absent from all such animals;
for nature produces nothing superfluous.

So then, all these other animals move their lower jaw, but the
river crocodile alone moves the upper. This is because it has feet
that are useless for grasping and holding, for they are in every
respect small. Accordingly, instead of feet nature has made for it a
mouth that is useful for these purposes. In relation to holding or
grasping, it is more useful for the jaw to be moved from whichever
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of the two directions the stroke is stronger; and it is always stronger
from above than from below; therefore, since the function both of
grasping and of biting is carried out by the mouth, and the function
of holding is more necessary for an animal having neither hands
nor feet naturally adapted for it, it is more useful for these animals
to move their jaw from above than from below.

For the same reason crabs also move the upper part of their claw,
not the lower; for instead of a hand they have claws, so the claw
needs to be useful for grasping instead of for cutting. Cutting and
biting are, however, the function of teeth. Accordingly, with the
crabs, and with all the other animals that are able to grasp at their
leisure on account of not using their mouth in the water, cutting and
grasping are divided; that is, they grasp by hand and foot, and cut
and bite by means of the mouth. But in the case of the crocodiles,
nature has made the mouth useful for both activities, by the jaws
moving in this way.

All such animals have a neck as well, on account of having a lung;
for they breathe through the windpipe, which is long. And since the
part between the head and shoulders has been called the neck, the
snake would seem least of all such animals to have a neck—rather
it would seem to have an analogue of the neck, if, that is, one must
define this part by the extremes specified.

A distinctive feature present in the snakes as opposed to kindred
animals, is their ability to turn their head to the rear while the rest of
the body is at rest. This is because, like insects, they are capable of
coiling, so that their vertebrae are flexible and cartilaginous. Thus
while they do this of necessity, owing to this cause, nevertheless it is
also for the better, i.e. for the sake of guarding against dangers from
behind; for being long and without feet, they are naturally unsuited
both for turning around and for watching for dangers from behind;
for it is of no use to be able to raise the head, yet be unable to turn it.

Such animals also have a part analogous to the chest. But they do
not have mammae, either there or on the rest of the body. Neither
does any bird have them. This is because none of these animals has
milk; and the mamma is a receptacle, a vessel as it were, for milk.
For neither these animals, nor any of the others that do not bear
live young internally, have milk, because they lay eggs, and it is
in the egg that the milky nourishment present in the live-bearing
animals arises. These things have been stated more clearly in the
works on generation. There was also a previous investigation of
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the bending of the joints common to all animals in the works on
locomotion.

Such animals also have a tail, longer in some, shorter in others;
the general cause of this we have stated previously. The chameleon
is the leanest of all the egg-laying, land-dwelling animals; for it has
the least blood of all. This is because of the character of its soul;
for on account of fear it becomes variable in appearance, and fear is
cooling because of paucity of blood and want of warmth.

About the blooded animals, then, both footless and four-footed,
we have in a general way discussed those of their parts that are
external, and owing to which cause each is present.

CHAPTER 12

Among the birds, differentiation of one from another is by means
of excess or deficiency of their parts, and according to the more and
less. That is, some of them are long-legged, some short-legged,
some have a broad tongue, others a narrow one, and likewise too
with the other parts. Considered distinctly, they differ slightly from
each other in their parts, but in relation to other animals they differ
even in the shape of their parts. Thus they are all feathered, and
this feature distinguishes them from other animals; for the parts
of animals in some cases are covered with hard scales, in others
with soft scales, while the birds are feathered. Indeed, the feather is
split and not alike in form to the whole-winged insects; for in some
animals the wing is unsplit, in others split, and the unsplit wing
lacks a shaft, while the split one has one.

Birds also have, on their head, the nature of the beak, an odd and
distinctive feature in comparison with other animals; and while in
elephants there is a trunk in place of hands, and in some of the
insects a tongue in place of a mouth, in the birds there is a bony
beak in place of teeth and lips. Their sense-receptors have been
spoken of previously.

Birds have a neck that is by nature stretchable, and owing to the
same cause that other animals do; and in some it is short, in others
long, generally following the legs in most cases. That is, those that
are long-legged have a long neck, while those that are short-legged
have a short one—setting aside those with webbed feet; for if it
were short in those with long legs, the neck would not be of service
to them for eating food off the ground; nor if it were long in those
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with short legs. Again for those that eat flesh lengthiness would be
contrary to their way of life; for a long neck is weak, while for these

animals their way of life is based on overpowering. That is why ;

none of the crook-taloned birds has a long neck.

Those that are web-footed, as well as those that have their feet
divided, yet turned upwards because they are in the same kind with
the web-footed birds, have a long neck (since being long-necked is
useful for nourishment that comes from the water), but have short
legs for swimming.

Their beaks differ in accordance with their ways of life. Some
have a straight beak, others a curved one; straight, those that have
it for the sake of nourishment, curved, those that are carnivores;
for such a beak is useful for overpowering, and it is necessary that
their nourishment be procured from animals. But all birds whose
way of life includes swamp-dwelling and plant-eating have a flat
beak; for such a beak is useful both for digging up and cropping oft
their nourishment. And in some cases the beak of such animals is
also long, as is the neck, for taking nourishment from the depths.
And most of those with such beaks and either entirely or partially
webbed feet live by preying on some of the small water-dwelling
animals; and for such birds the neck is just like a fishing rod, while
the beak is like a line and hook.

The back and the underside of the body, which is called the
trunk in the four-footed animals, is a naturally unified location in
the birds; and attached to it they have, instead of arms and fore-
limbs, feathered wings—a distinctive part—which is why, instead
of shoulder blades, the termini of the wings are on their back. And
their legs are two, as with mankind, though bent inward, as with
four-footed animals, and not outward, as with mankind; and their
wings, like the forelimbs of four-footed animals, are bent in a convex
manner.

They are two-footed of necessity; for the substantial being of s

the bird is that of the blooded animals, but at the same time that
of the winged animals, and blooded animals do not move by more
than four points. Accordingly, the attached parts are four—as in
the other locomotive land-dwellers, so too in the birds. But four
arms and legs are present in the one group, while in the birds,
instead of forelimbs or arms, wings are a common feature; and in
virtue of these they are able to stretch out, and the ability to fly is
in the substantial being of the bird. So it remains for them to be,

109

15

20

25

693



20

»

694

20

693° PARTS OF ANIMALS

of necessity, two-footed; for in this way they will move, with their
wings, by means of four points.

All birds have a sharply pointed and fleshy chest; sharply pointed
for flight (for those chests that are flat, by pushing so much air,
are a hindrance to movement); and fleshy because what is sharply
pointed is weak, since it does not have much protection. Under the
chest is the gut, which extends to the outlet for residues and to the
leg-joints, just as in the four-footed animals and human beings.

These, then, are the parts between the wings and the legs; and
each and every animal that bears live or lays eggs has an umbilical
cord during generation, though when birds are growing it is not
obvious. This is made clear in the works on generation; the umbil-
ical cord becomes united with the intestine, and is not, as it is in
live-bearing animals, a part of the blood vessels.

Further, some of the birds are able to fly and have large, strong
wings, e.g. those with talons, and the flesh-eaters; it is a necessity
for them to be able to fly on account of their way of life, so for the
sake of this they have both many feathers and large wings. It is not,
however only the taloned birds, but other kinds of birds as well,
that are able to fly, namely all those for whom self-preservation
lies in the quickness of their flight or that are migratory. But some
birds are not able to fly, but are heavy—those whose way of life is
earthbound and that are fruit-eaters or are swimmers and spend
their life around water.

The bodies of the taloned birds—excepting the wings—aresmall,
on account of the nourishment being used up in their weapons and
their defence. But in the case of those birds that are not able to
fly the opposite is true—their bodies are bulky, which is why they
are heavy. Some of the heavy birds have, as protection, instead of
wings, things called ‘spurs’ on their legs. But the same birds do not
simultaneously come to possess both spurs and talons; and that is
because nature makes nothing superfluous. And for those that are
taloned and powerful flyers spurs are useless; for they are useful in
ground fighting. That is why spurs are present in the heavy birds,
while in these birds crooked claws would not only be useless but
actually harmful, being, by getting stuck in the ground, contrary to
walking. That is also why the taloned birds all walk with difficulty
and do not perch on rocks; for the nature of their claws is contrary
to both.

It is from necessity that this difference comes about during gen-
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eration. For the earthen effluence in the body becomes parts useful
for aggression; when it flows upward, it makes either hard or large
beaks, while if it lows downward it makes spurs on the legs or large
and strong claws on the feet. But it does not make each of these in
different places simultaneously; for were it spread about, the nature
of this residue would become weak.

In some cases nature provides length for the legs. In some, how-
ever, instead of doing these things it fills in gaps in their feet. And it
is on account of this that the swimming birds are necessarily web-
footed. Some are without qualification web-footed, while others
have the nature of the toes individually divided, yet taken as a
whole continuous, something having been added by nature to each
of the toes, like an oar-blade.

These things, then, happen of necessity owing to these causes;
and it is on account of the better that they have such feet, for the
sake of their way of life—in order that, since they live in water where
wings are useless, they will have feet that are useful for swimming.
For they become oars for sailing just as do the fins of fish; and this
is why if the fins of fish or the filling between toes of the waterfowl
deteriorate, they are no longer able to swim.

Some birds are long-legged. This is because such birds have a
marsh-dwelling way of life; and nature makes the instruments to
fit the function, not the function to fit the instruments. Hence,
on account of being non-swimmers they are not web-footed, and
on account of spending their life on boggy ground they are long-
legged and long-toed, and the majority of them have many joints
in their toes. And since they are not capable flyers, yet all birds are
composed of the same matter, when the nourishment expended on
the tail in the other birds is expended on their legs, they increase in
size. That is why during flight, instead of the tail they use these—
that is, when they fly they stretch the legs out to the rear; in this way
the legs are useful to them, whereas otherwise they would impede
them. And some birds fly while holding their short legs up to their
bellies; for in these birds the feet do not impede them thus, and in
the taloned birds they are also useful for grasping prey.

Among birds with long necks, those with a thicker one fly with
the neck stretched out, while those with a thin, long neck fly with
it bent up; for on account of this protective device the neck is less
easily broken if they fly into something.

All the birds have an ischium in such a way that it might seem,
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on account of its length, that they do not have one, but rather
two thigh bones; for it extends to the middle of the belly. This is
because this animal is two-footed, but not upright, so that if it had,
as in human beings or four-footed animals, an ischium extending
a short distance from the rump, and the leg immediately next to
it, it would be unable to stand upright. For mankind is upright,
while the four-footed animals, in consequence of their weight, are
supported by forelimbs. But the birds are not upright on account
of being dwarfish in nature, yet they do not have forelimbs; because
of this they have wings instead of forelimbs. And instead of this
nature has, by making the ischium long, attached it firmly to the
mid-section; and has placed the legs beneath the mid-section, so
that, with an equal distribution of weight on either side, they are
able to walk about and to stand.

The cause owing to which they are two-footed though notupright
has been stated. The cause of their legs being without flesh is the
same as in the four-footed animals, about which we also spoke
previously. Every bird, split- and web-footed alike, is four-toed.
(We will speak about the Lybian ostrich later—about the fact that
it is cloven-hoofed, and at the same time about the other features
by which it seems to stand in opposition to the bird kind.) Three of
these toes are in front, while one is behind for stability, in place of
a heel. Among the long-legged birds this toe is deficient in size; for
example, it is so in the ruff. But they do not have a greater number
of toes.

In the other birds, then, the position of the toes is thus; the
wryneck alone has two in the rear and two in the front; this is
because its body is inclined forwards less than that of the other
birds.

All the birds, while they have testicles, have them internally; the
cause will be stated in the works on the generation of animals.

CHAPTER I3

The parts of the birds have this character; the kind consisting of
the fish has even more stunting of the external parts. They have
neither legs, nor hands, nor wings (the cause of these things was
stated before), while their entire trunk is continuous from the head
to the tail. The tail is not alike in all fish, but, while some have
quite similar ones, some of the flatfish have a spiny and long one;
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for growth from the tail region develops into the flat area, as in
torpedo-fishes, stingrays, and any other selachian of this sort there
may be.

In such fish, then, the tail is spinous and long, but in some fish
it is fleshy, yet short, owing to the same cause operative in the
torpedo-fish; for it makes no difference whether the tail be short
with more flesh or long with less flesh. In the fishing frogs the op-
posite situation arises; for, on account of their flat, forward part not
being fleshy, as much flesh as nature takes away from there it adds
to its rear and to the tail.

The fish do not have distinct limbs, owing to the fact that the
nature of fish, according to the account of their substantial being,
is to be able to swim, and since nature makes nothing either super-
fluous or pointless. And since they are blooded in virtue of their
substantial being, it is on account of being swimmers that they
have fins, and on account of not being land-dwellers that they do
not have feet; for the addition of feet is useful in relation to move-
ment on land. And they are not able to have four fins and at the
same time feet, nor any other such limb; for they are blooded. The
water newts, however, though they have gills, have feet, for they do
not have fins, but a flaccid, flattened tail.

Those fish that are not flat (as are the skate and the stingray)
have four fins, two on the back and two on the underside. None
has more than this, for they would then be bloodless. Virtually
all of them have the fins on the back, but some with long, thick
bodies do not have those on the underside, e.g. the eel and conger
eel, and the kind of mullet found in the lake in Siphae. And those
that grow even longer and more serpentine, like the sea eel, have
absolutely no fin, but move by bending, using the water as snakes
use the land; indeed snakes swim the very way that they slither on
the ground.

The cause of the serpentine fish not having fins is also the cause
of the snakes being footless. The cause has been stated in the works
on locomotion and on the movement of animals. They would move
badly if they moved by means of four points—that is, if the fins
were close together they would move with difficulty, and likewise if
they were far apart, on account of the distance between them. But if
their motive points were more than four, they would be bloodless.
And the same cause is operative in the case of the fish that have
only two fins; for they are serpentine and longer, and use the bend-
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ing technique instead of two fins. This is why even on dry land,
they slither and live a long time, and some of them do not pant
immediately, while those that are naturally akin to land-dwellers do
so less.

Of the fins themselves, the fish that have only two have them
on the back, at least all those not prevented from having them
on account of being flat. Those having fins by the head have
them on account of not having length in that place, by which,
instead of fins, they could move; for it is towards the tail that
the body of such fish is elongated. The skates, however, and fish
such as these, swim by means of their flat outer edge, instead of
with fins.

The torpedo-fish and fishing frog have the fins below on the
back because of their flatness above, while those on their underside
are towards the head (for this does not prevent the flat area being
moved); but in return for being above, these are smaller than those
on the back. The torpedo-fish has two fins by the tail; but in place
of these two it uses the flat area on each of its semicircles like
two fins.

The parts on the head and the sense-receptors have been spoken
of previously. The kind consisting of fish has a distinctive feature
relative to the other blooded animals—the nature of the gills; the
cause owing to which they have this feature has been stated in
the works on respiration. Some of those with gills have coverings
for them, but all the selachians, since they are cartilaginous, lack
coverings. This is because the former group is spinous, and the
coverings are spinous, while all the selachians are cartilaginous.
Further, the movements of the selachians are sluggish on account
of their being neither spinous nor sinuous, while those of the spiny
fish are quick; and the movement of the gill-cover must take place
quickly; for the nature of the gills is as it were for exhalation. On
account of this, in the selachians the closure of the gill-channels
comes about on its own, and a covering is not needed for it to come
about quickly.

Some fish have many gills, some few, and some have double gills,
some simple ones; in most of them, however, the last one is simple.
(For accuracy, one should study with the help of the dissections of
these things and the enquiries about animals.) A cause of the num-
ber of gills being larger or smaller is a larger or smaller amount
of heat in the heart; for the movement must be more rapid and

114



BOOK FOUR 696”°

stronger for those with more heat. And those with more gills and
double gills have a nature of this sort more than those with simple
and fewer gills. This is also why some of them are able to live out of
water for a long time, namely, those with fewer and less powerful
gills, such as eels and all those that are serpentine; for they do not
need much cooling.

Fish also differ with respect to the mouth. In some the mouth
is placed straight across, and towards the front, but in others on
the underside, e.g. in the dolphins and selachians; and they turn
belly up to seize their nourishment. And nature appears to do
this not only for the sake of the preservation of the other ani-
mals (for during the turn the other animals escape, because of the
delay; for all such creatures are carnivorous), but also in order
that they do not follow their gluttonous ways regarding nourish-
ment; for if they could grasp it easily, they would be destroyed
owing to being quickly sated. And in addition to these reasons, the
nature of the snout, being curved and narrow, is unable to open
widely.

Further, among fish with the mouth upward, some have a gaping
mouth, others a tapering one: all those that are carnivorous have
a gaping mouth, such as the razor-toothed ones, because for such
fish, their strength lies in their mouth; while all those that are not
carnivorous have a tapering mouth.

Some of them have skin that is scaly (but the scale can be re-
moved from the body on account of its luminescence and thin-
ness), others have skin that is rough, e.g. the angelfish, the skate,
and fish of this sort; and fewest in number are those with smooth
skin. The selachians have skin that, though lacking scales, is never-
theless rough, on account of their being cartilaginous. For their
nature has expended earthen material from the skeleton on their
skin.

None of the fish has testicles, either internal or external ones,
nor does any other footless animal, which is why the snakes do not.
But the passage for the residue and the generative secretions is the
same, as it is with all the other egg-laying, four-footed animals,
on account of their having no bladder or moist residue arising
within them.

The kind consisting of fish differs in these ways from the other
animals—but the dolphins and whales and all such sea creatures,
though they do not have gills, have a pipe on account of having

I15

20

30

697



20

30

697

10

a

697 PARTS OF ANIMALS

a lung; the sea water taken in through the mouth is discharged
through the pipe. It is necessary that liquid be taken in because
they get their nourishment in a liquid environment; and once it has
been taken in, it is necessary to discharge it.

Gills are useful for those animals that do not breathe, owing to
which cause was stated in the works on respiration—that is, it is
impossible that the same animal should at once breathe and have
gills; rather, for the discharge of water these animals have the pipe.
It is placed in front of their brain; for otherwise it would be sepa-
rated from the backbone. And the cause of these animals having a
lung and breathing is that the larger among the animals need more
warmth in order to move; on which account the lung within them
is full of warmth from the blood.

These animals are in a way land-dwellers and in a way water-
dwellers; for they take in air like land-dwellers, yet are footless
and seize their nourishment from a liquid environment just like
water-dwellers. The seals as well, and the bats, on account of their
tending in the one case towards both water-dwellers and land-
dwellers, in the other case toward flyers and land-dwellers—on
this account they partake of both and of neither. For the seals,
as water-dwellers, have feet, while as land-dwellers they have fins
(for their rear feet are entirely fish-like, and moreover all their
teeth are razor-toothed and sharp); and the bats as flyers have
feet, but as four-footed they do not; and they have neither tail
nor rump—no tail owing to being a flyer, no rump owing to be-
ing a land-dweller. And this happens to them of necessity; for
they are membranous-winged, and nothing has a rump unless
split-feathered. For the rump arises from such a feather. And a
tail would also be an impediment if it were present among the
feathers.

CHAPTER 14

In the same way too is the Libyan ostrich; in some respects it
has the manner of a bird, in others that of a four-footed animal.
In so far as it is not four-footed, it has feathers, while in so far
as it is not a bird it does not take to the air in flight, and its
feathers are not useful for flight, but are hair-like. Furthermore,
in so far as it is four-footed it has upper eyelashes and is bald
around the head and above the neck, so that it has hairier eye-
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20 lashes; yet in so far as it is a bird the lower body is feathered;
and while two-footed like a bird, it is hoofed, as though four-
footed. For it has, not toes, but hoofs. This is because its size is
not that of a bird but that of a four-footed animal; for generally
speaking it is necessary for birds to be as small in size as pos-
sible, since it is not easy for a body of great mass to get off the
ground.

About the parts, then, the cause owing to which each is present
in the animals has been stated, of each of the animals in turn; these
things having been determined, the next step is to go through the
facts about their generation.
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COMMENTARY

BOOK ONE

PA 1 is generally recognized to be independent of the rest of P4 and to
have the character of a loosely connected set of discussions (Diiring 1943:
35; Le Blond 1945: 51—4; Balme 1992: 69). There is less agreement on
its purpose(s). Balme claims that the first paragraph ‘makes it clear that
he (Aristotle) is not setting out to discuss scientific method . . . he is not
considering how to arrive at an explanation . . . but how to judge an expla-
nation when it is made’ (1992: 69). Le Blond, on the other hand, describes
it as ‘a lecture to the general public on the nature, method and interest of
biology’ (1945: 52; cf. Ogle 1882: 141). The first paragraph does stress the
development of standards for the evaluation of natural investigations and
explanations. But elsewhere in Book [ Aristotle also states that the subject
includes how we ought to study, enquire, and investigate (cf. 6394, 639"8—
11). There are, for example, recommendations to search for the final cause
as well as the material and efficient, and to give priority to the former;
and to follow the model of the astronomers in establishing the phenomena
prior to explaining them through their causes.

While all its examples and many of its topics suggest that this book is
devoted to developing principles of zoology, the demarcation of natural
objects which is stressed is not between living and non-living, but between
eternal and generated natural things. This may be because Aristotle views
living things as the paradigmatic natural, generated objects. Palaeontolo-
gist G. G. Simpson has similarly suggested that philosophers of science
should adopt biology, rather than physics, as their paradigm, on the ground
that biology studies objects that exemplify all the principles of nature, while
physics searches only for those principles that apply to all natural objects
(Simpson 1964: 107).

CHAPTER 1

639*1-15
This opening section is a dense and difficult attempt to delineate the dis-
cussion to follow. It begins with a distinction common to every enquiry,
focuses our attention on one side of that distinction, and then narrows that
focus to the study of nature. There is no explicit narrowing of our focus to
living things, however.

639°1—2: ‘every study and investigation’. Aristotle often opens philosophi-

119



639'1—15 PARTS OF ANIMALS

cal discussions with general claims about every enquiry as a way of locating
the current one. (Compare Phys. 1. 1, 184"10—12; EN 1. 1, 1094%1, An.
Post. 1. 1, 71°1—2.) The reference to relatively humble enquiries is echoed
in chapter 5, part of which defends the value of a study of generated things
despite their more humble character in comparison with the eternal objects
of astronomy (cf. 644°22-645%30).

‘Study’ (thedria) may refer either to the active contemplation of some-
thing already known, or to the active investigation of a certain subject-
matter just for the sake of understanding it. In either case, a study is a
theoretical, in contrast to a practical or productive, activity. ‘[nvestigation’
(methodos) stresses the pursuit of knowledge guided by special standards.
(The root noun is the Greek term for ‘path’ or ‘route’; cf. An. Pr. 1. 31,
46"32; I1. 1, 53%2.)

639"3—12: ‘understanding . . . a certain sort of educatedness’. The term
translated ‘understanding’ (episteme) is sometimes rendered ‘scientific
knowledge’, ‘science’, or just ‘knowledge’. It is used in the Posterior Ana-
Iytics and elsewhere to refer both to a subject organized as a system of causal
explanations based upon indemonstrable principles, and to the disposition
of a person with such knowledge. ‘Understanding’ seems to capture the
disposition of the person with such knowledge better than does ‘scientific
knowledge’ (but compare ‘natural science’, 641°33-"10).

The primary focus here, however, i1s ‘a certain sort of educatedness’
(hoion paideian tina). The Greek paideia carries connotations of being
cultured and well educated. T'wo similar discussions elsewhere in Aristotle
(Pol. 111. 6, 1282%3~7, EN 1. 3, 1094"23-1095°2) stress that the generally
educated person is able to judge the competence of those claiming expertise
without having that expertise himself, and able to judge what level of
precision is reasonable for different disciplines.

It has been suggested that Aristotle had in mind especially training
in logic and dialectic (e Blond 1945: 129—30). But while such training
would no doubt be of value, and perhaps even necessary, for the skills
being discussed here, it would not be sufficient.

639"12—15: ‘for the enquiry into nature, too, there should be certain stan-
dards’. The connection with the preceding remarks is perhaps that to
acquire standards for judging the explanations in natural investigations is
to become well educated about a particular discipline.

Prior to Aristotle, the term historia, which I am rendering ‘enquiry’,
variously refers to the process of enquiry, to the results of enquiry, to reporis
of those results, and in some cases includes causal enquiries (for various
uses see Herodotus, Hist. 1. 1, 44; 11. 118, 119; Hippocrates, On Ancient
Medicine, 20; Plato, Phaedo, 96 a 8; Galen, On the Sects for Beginners, 2).

120



COMMENTARY 639°1—15

Aristotle usually uses the term in a more restricted fashion to refer to a
preliminary stage of scientific investigation, in which data are gathered and
organized, in contrast to a later stage in which causal explanations of this
information are sought (see 639"5—11, 646°8—12, and notes). Here it has a
less restricted meaning.

The term translated ‘standards’ (hovo?) is also used by Aristotle for defi-
nitions (e.g. An. Post. 11. 10, 93°37-8). Its primitive meaning is ‘boundary-
marker’. It is claimed that these standards are independent of the truth,
but it is unclear whether this means the truth of the explanation, of (one
or more of) the premisses, or of the fact to be explained.

639"15-"5

The discussion of the standards to be adopted by natural enquiry now en-
sues. It begins as a series of questions, though once the question of which
cause is to be given priority in investigation is introduced (639”1 1), this for-
mat disappears. The first question raises an issue at the heart of Aristotle’s
epistemology and metaphysics. An. Post. 1. 24 presents a dialectical debate
over whether partial demonstration is better than universal demonstration;
and Met. Z presents a case both against the notion that the universal can
be a substance and against the notion that the particular can be an object of
unqualified knowledge (an attempt at resolving the final aporia of Met. B,
1003%7—17). That this tension—the greater epistemic value of the universal,
the greater reality of the particular—lies behind this passage becomes clear
when the question raised here is finally answered at 644°29—644"7, where
the solution to the problem presented here is explicitly framed in terms of
this tension. Aristotle makes no effort to resolve the question here, and 1
shall suggest a reason why as we proceed. As we shall see, the organization
of PA 11-1V reflects in detail Aristotle’s resolution of this problem.

639"16: ‘each substantial being singly’. The Greek term translated ‘sub-
stantial being’ (ousza) is an abstract noun derived from the feminine partici-
ple (ousa) of the verb ‘to be’ (einar). It is traditionally translated ‘substance’.
Balme adopts ‘being’, but this most directly translates the neuter participle
on, which is another central Aristotelian philosophical term. P4 [ makes
use of this term in a variety of ways, and is one of the more interesting texts
in which to explore its meaning (cf. 641°25-32 and notes).

639°16—19: ‘the nature . . . the attributes common to all’. The contrast is
not between more particular and more general animal kinds (e.g. between
lion and quadruped), but between individual animal natures studied in-
dependently and common attributes established ‘according to something
common’ (639°18) and ‘in common according to kind’ (639°3). The rest
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of this passage indicates how difficult it is to decide how animals are to be
grouped. It ‘flyers’ are treated as a natural kind embracing some insects,
some birds, and all bats together, then already recognized groups will be
fragmented. This is one of the first problems raised for dichotomous divi-
sion in chapter 2. Solving the related problems of when to study common
attributes and how to establish general kinds is the focus of chapter 4
(644°29—644"7). The solutions offered presuppose the theory of division
defended in chapters 2 and 3, and thus postponing the resolution of this
question until then is reasonable.

639°25—27: ‘repeatedly say the same things’, ‘speak repeatedly about the
same things’. Overtly, the only problem with studying each being one at a
time is the needless repetition it engenders. But it is only needless repetition
if there is a way to get at the nature of animals that focuses on more general
kinds. In fact not only does Aristotle hold that there is—he also holds
that at times one only fully understands particular kinds by focusing on
their more general properties. For a fuller discussion of this issue and
its relevance to understanding the organization and method of Aristotle’s
zoological investigations, cf. Lennox (19874a) 114—18; and An. Post. 1. 5, 24.

639°27—30: ‘present in different forms . . . no difference . . . differ by a
difference in form’. Aristotle’s language of classification consists of three
key terms, kind (genos), form (eidos), and difference (diaphora), and its
method is division, the central topic of chapters 2 and 3 (cf. Pellegrin 1986;
1987; Lennox 1987b). 1 am purposefully avoiding the standard Latinate
translations ‘genus’, ‘species’, and ‘differentia’, which are embedded in
modern taxonomic theory and practice in ways that systematically mislead
the modern reader of Aristotle. More general kinds may be divided into
Jorms in virtue of differences in their shared, or common, attributes.

A number of features of Aristotle’s use of these terms are worth noting:

1. All three terms can refer to attributes, including parts, as well as
to animals. This chapter, for example, provides a division of the kind
‘locomotion’ into its forms.

2. One and the same group of animals, at almost any level of generality,
can be referred to either as a kind or as a form. Typically, however, if
a group and its subdivisions are being discussed, the subgroups will be
termed forms, while the group divided will be their kind (cf. Balme 19625;
Pellegrin 1986; Lennox 1987b).

3. As with the English terms ‘kind’ and ‘form’, the Greek terms genos
and eidos suggest a different basis for relatedness—genos suggests kinship,
while eidos suggests shared visual appearance.

4. Finally, genos is connected, in Aristotle’s Metaphysics, to his concept
of matter, while eidos is typically the word translated ‘form’ in Aristotle’s
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analysis of substance into matter and form (cf. Met. Z 12, and below,
643°24—7 and note). This point and point 3 are not unrelated—Aristotle
typically begins discussing the metaphysical analysis of objects into matter
and form by distinguishing the shared material out of which different
things are made (bronze) and the visible shapes that differentiate them
(bronze spheres, bronze statues). In fact later in P4 1. 1 Aristotle introduces
the matter/form distinction in just this manner, and then refines it by
progressively indicating the limitations of this approach.

Here, Aristotle insists that ‘locomotion’ is a general term that designates
formally different activities, whereas ‘respiration’ does not. This is sur-
prising, since On Respivation discusses differences in respiration, and roots
them in differences in the respiratory organs, in much the same manner
as On the Progression of Animals discusses locomotive differences. He may
have in mind that respiration has a single designation because it is always
an activity of the lung, an organ present in all blooded kinds except fish;
while each mode of locomotion is given a distinct designation (swimming,
flying, walking), in virtue of being pertormed by distinct kinds of limbs
(fins, wings, feet).

Distinguishing these two sorts of general attribute implicitly raises a
problem which is the converse of the repetition problem noted above (and
like the repetition problem, it is pointed out early in the Posterior Analytics,
at 1. 1, 717°17-28). A general account of locomotion will tell us very little
about differences related to the medium through which the animal moves
or the way it moves. Indeed, just such a complaint is raised about stopping
enquiry into soul with a definition of soul in general at An. I1. 3, 414°20-8.
This complaint is relevant, since the general attributes discussed here are
all soul functions, not parts; and many of the differences mentioned—sleep,
death, respiration, locomotion—are the subjects of distinct treatises.

639°6—64033

At this point the discussion turns to the relationship between two different
sorts of enquiry into nature: systematic observation of the phenomena
and giving a causal explanation (or a scientific demonstration) of these
phenomena. That in some sense this is a continuous discussion is indicated
by the fact that the question Aristotle begins with, regarding which of these
two enquiries should take place first, is asked a second time at 64010, this
time applied to the subject of natural generation. And when the question is
asked this second time, Aristotle gives an answer which he says is ‘precisely
as we said before’ (640%13—15). Yet there is no explicit answer given the first
time the question is asked. The long discussion of causality and necessity
that lies between these two questions, however, gives an implicit answer.
Throughout that discussion it is taken for granted that causal investigation
presupposes a prior observational investigation.
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639°6—10: ‘just as the mathematicians’. Aristotle considers astronomy to
be a science in which the phenomena to be explained are the observed
motions of certain natural objects—the sun, the moon, the five observable
planets, and the visible stars—while the explanations for those motions are
provided by geometry (An. Post. 1. 13, 78°32—79°16; Phys. 11. 2, 193°22—
194°12). In a number of places Aristotle claims that the discovery of the
appropriate geometric explanations is based on the prior observation of
the movements of the heavenly bodies (cf. An. Pr. 1. 30, 46"17—22). In the
case of astronomy, then, the observational data are conceived as the source
for the explanatory theory, though Aristotle never suggests how.

This distinction between two stages of investigation has important im-
plications for the organization of Aristotle’s biological studies. Historia
Animalium announces that it is concerned with grasping the differences
and attributes which belong to all animals, and says that only after this
task is completed should we attempt to discover their causes (HA 1. 6,
491°10—12). Historia Amimalium is indeed for the most part devoid of
causal explanation. In a similar vein P4 I1. 1, 646"8—12, identifies the task
of its investigation as the examination of the causes of animals being con-
stituted of the parts they are, a task explicitly distinguished from that of
Historia Animalium (and compare the similar claim at 4 1, 704°6—11). In
the way his own treatises are organized, then, Aristotle appears to honour
both the distinction and the order of priority defended in these passages
(cf. Balme 1987b; Kullmann 1974; Lennox 19874).

This distinction may be derived from a general feature of Aristotle’s
philosophy of science. He sees explanation as the identification of the fac-
tors responsible for a given fact being as it is, i.e. its causes (Phys. 11. 3,
194°16—23, An. Post. 11. 1, 89”23—35). Such identifications are always given
as answers to questions of the form ‘Why p?’ Framing such questions re-
quires that, in some sense, p be taken as established. Even if an investigator
is familiar with g, the cause of p, before he has established p, the explanation
‘p because ¢’ presumes that p is an established fact. Thus, if scientific expla-
nation is driven by questions regarding the causes of established matters of
fact, settling those matters of fact is a necessary preliminary to explanation
(cf. Lennox 1991).

639°11—21: ‘since we see more than one cause’. Phys. I1. 3 identifies four
causes (matter, motive cause, form, and end) as answers to the question
‘why?’ (dia t, literally ‘on account of what?’), and argues in a number of
places (e.g. Phys. 11.7, 198°21-198%9, Met. H 4, 1044°32—1044"20) that full
understanding of many natural phenomena requires knowledge of all four.
In both of these discussions, however, Aristotle insists that the answers to
the questions ‘what is it?’, ‘what is it for?’, and ‘what is the source of its
movement?’ are closely related. Regarding animals, 4n. 1. 4, 415"8-27,
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argues that soul is the cause of living body in all three ways, the body being
matter. These connections gradually emerge throughout P4 1. 1, as we
shall see.

There is here no argument either for the thesis that natural generation
has more than one cause, or for the particular modes of causation men-
tioned, but only for the priority of goal-causation (Gotthelf 1987b: 204).
641°12—642°14 claims to have established that there are two modes of cau-
sation. Even there, however, Aristotle repeatedly relies on the claim that it
is apparent (641°24—5) that there are goals towards which natural changes
proceed unless prevented. Likewise the argument here depends on the un-
defended assertion that goals are present more in the products of nature
than of art. It also depends on the use of a number of key technical concepts
that are discussed below.

Here, as elsewhere, Aristotle initiates his defence of the priority of goal-
causation with the aid of familiar examples from the arts, in this case
medicine and house building. The argument is straightforward:

(1) The goal of a generation is its account (logos).
(2) The account is the generation’s origin (arche).
(3) (The origin is primary.)

(4) The goal is primary.

Premiss (3), which I have supplied, might seem to be unnecessary—it
might be said that Aristotle has simply made the innocuous substitution
of ‘primary’ for ‘origin’. But the cause that is treated as secondary here is
referred to as that from which comes the origin (arché) of motion, so that it
too is in a sense an origin of generation. To avoid confusion, then, it needs
to be made explicit that goals are causally primary because they are origins
in the sense that accounts are origins.

Support for the goal’s claim to primacy, then, depends on a similarity
Aristotle sees between artistic and natural generation—accounts are origins
in both. This similarity sanctions his use of examples from the arts of
building and medicine to support the idea that defining their goals—the
house, health—precedes the determination of the process of bringing the
goal about. Though it is never explicitly noted, this is the key to the priority
of goal-causation in natural generation.

The argument here trades on an ambiguity in the Greek term [ have
translated throughout as ‘account’ (logos). (I discuss the variety of uses of
this term at 639°15, below.) A craftsman’s goals are ‘accounts’ in the sense
that the desired end product must be defined before he determines what
actions are to be taken in its achievement—in that sense the account of his
end product is causally primary. The content of that definitional account
may be thought of as the end product itself, and Aristotle does sometimes
seem to use logos to refer to the content of a definition (i.e. to the form
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of the thing defined). But in the case of the crafts, the way in which the
end product shapes the activities that produce it is through the presence
of the definition in the soul of the craftsman. We are not here told what
the natural analogue of the craftsman’s account of his end product is in the
case of natural generation. The various discussions of goal-causation in this
chapter, however, gradually enrich the account of natural teleology, and 1
shall withhold a final assessment of the defence of teleology in P4 1. 1 until
all of these discussions have been considered. For a valuable discussion
of the use of the ‘craft analogy’ in Aristotle’s philosophy of nature, see
Broadie (1990).

639°12—13: ‘the cause for the sake of which and the cause from which
comes the origin of motion’. The Greek (ten hou heneka {aitian), tén hothen
hé avcheé tés kineseos (aitian)) would have looked as odd to Aristotle’s readers
as the English translation does to mine. Aristotle identifies a number of
fundamentally different tactors responsible for something’s coming to be
and being as it is, which he calls aitzai, a word borrowed from legal/moral
contexts of ascribing responsibility. In natural science, the term appears
to refer to tacts which are necessary for a thing’s coming to be, being, or
changing: ‘cause’ is a reasonable translation for such a concept. It is then
a philosophical and scientific issue what sorts of things can be causes, an
issue as hotly debated in the ancient world as in the modern (ct. Frede
1980; Freeland 1991).

Aristotle insists that the question “Why?’ (dia #) has four fundamen-
tally different sorts of answer, only two of which are discussed here. One
answers the question ‘What initiated this change?’, while another answers
the question ‘What is the change for?” The ‘cause for the sake of which’ is
sometimes simply referred to as ‘the end’ (to telos), while ‘the cause trom
which comes the origin of motion’ is often referred to more simply as ‘the
origin of motion’, or even more simply as ‘the agent’. The value of the
admittedly cumbersome expressions used here is that they make clear the
connection of each cause to the distinctive questions it answers.

63914, 18: ‘the account’. The word logos can refer to a variety of linguistic
units (words, definitions, reasons, arguments, books), as well as to mathe-
matical relationships, such as ratios; and it can also refer to the content of
a definition, or to the relationship denoted by a ratio. Here Aristotle seems
to have a defining account of the goal in mind in the artistic cases; while in
natural generation it appears he has in mind the goal to which a defining
account refers. While the term will nearly always be translated ‘account’,
such variations in meaning will be noted.

639°20: ‘the good’ (to kalon). Aristotle often conjoins, as here, references

126



COMMENTARY 639°6—640"33

to what is good with references to goals. The particular concept of evalu-
ation Aristotle chooses here, however, to kalon, carries connotations of a
goodness inherent in the nature of the thing valued. Aristotle would not use
this expression of something valued instrumentally, nor even of something
which, while good in itself, was of trifling value. Other common transla-
tions, such as ‘fine’ or ‘beautiful’, are not suitable here; but the fact that
these are often suitable translations is to be kept in mind when it is used in
Parts of Animals.

Aristotle’s claim that such goals are more characteristic of the works of
nature than are those of art is, if there are natural goals at all, defensible.
Craft products, after all, have no intrinsic goals; they are means to our
ends. By contrast, if an animal’s organs and functions are to support fs
life, its life is an intrinsic goal. [t is reasonable, then, to claim that to kalon
is present in them more than in artefacts. The basic question is whether
there are natural goals at all.

639°22: ‘nearly everyone attempts to refer their accounts back to it’. Aris-
totle stands in a tradition of investigators of the natural world who sought
to explain its complex features as necessary consequences of the interac-
tions of various basic, simple entities acting according to their natures. It is
not giving such explanations that is being criticized, but rather the failure
to recognize, and apply, the distinction between two sorts of necessity that
he is about to defend.

639°24—30: ‘That which is necessary without qualification . . . that which
is conditionally necessary’. In Met. A 5 Aristotle says that everything else
is said to be necessary in virtue of a first and primary necessity, ‘what
cannot be otherwise’ (1015°34—36, 1015°10—15), which he calls unqualified
necessity. The first use he notes there is ‘that without which, as a contribu-
tory cause, it is impossible to live’ (1015%20-2), citing food and respiration
as necessary for animals in this sense. Aristotle’s assertion that what is
conditionally necessary (sometimes misleadingly called ‘hypothetical ne-
cessity’) is present in all generated things is open to (at least) three different
interpretations, because of the presence of the particle kaz, which 1 have
translated ‘also’:

(1) If one reads the particle to connote ‘addition’, it might either mean
(a) that unqualified necessity is present in both eternal and generated
things, and conditional necessity is also present in generated things, or
(b) that unqualified necessity is present in eternal things, while in addition
there is another sort of necessity present in generated things.

(2) Balme (1992) 84 takes kai simply to emphasize the quantitative ad-
jective ‘all’ (as discussed in Denniston 1959: 316—23). On this reading
Aristotle is saying that unqualified necessity is present in eternal things,
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while conditional necessity is in fact found in all generated things. On
behalf of (1{a)), it can at least be said that Aristotle does not take pains
to indicate that unqualified necessity is to be restricted to eternal objects,
which he could easily have done.

One might hope that the fuller discussion of this distinction in Phys.
I1. 9 would help us decide how to read our passage, but there are reasons
for doubt. First of all, that discussion is restricted to generated things
(2001), so the basic question of our passage—zhether necessity is present
in some sense in generated natural things—is not at issue. Further, the
entire discussion there is focused on determining how the necessary natures
associated with matter play a role in explaining natural coming to be, an
issue not raised in our passage. By contrast, P4 1. 1 is concerned to extend
necessity beyvond the eternal objects, where everyone from Democritus to
Plato agreed it applies, to the realm of generated things. Necessity, Aristotle
insists, is in fact (or also!) present here.

What sorts of eternal objects constitute the contrast class? A number
of scholars suppose them to be the objects of the mathematical sciences
(Balme 1992: 84—5; Gotthelf 1987a: 170; Grene 1985: 12—13). Four points
suggest a more restricted reference, to astronomy or cosmology: (1) the
prior reference to the necessity of eternal natural objects (639°20—30);
(2) the prominence of the contrast between these objects and those that are
generated at the opening of chapter 5; (3) the terminological echoes of, and
apparent reference to, the discussion of the same contrastin GC I1. 11; and
(4) the overall contrast in this very passage between the study of generated
things and of astronomy. Thus demonstrations in the biological treatises
would, at least in part, be contrasted with those in De Caelo, as suggested
by 644°22—645%7.

639°30—640"9: ‘the mode of demonstration and of necessity’. On the sort
of necessity associated with demonstration, see Met. 4 5, 1015°7-9; An.
Post. 1. 4, 73°21-3; 6, 74°5—21. Can conditional necessity be displayed in
a scientific demonstration? The barest outline of an answer is sketched
in this passage, but we are referred elsewhere (see below) for many of the
crucial arguments. But one thing is clear—there is a mode of demonstration
and of necessity appropriate to the natural sciences.

640"1—2: ‘natural science and the theoretical sciences’. The reference to a
discussion of the theoretical sciences is probably to Met. E 1, 102518
1026"30. An especially clear review of the available interpretations of this
passage—and their respective problems—can be found in Lloyd (1996)
29—30.

The Greek here may be contrasting the natural and the theoretical sci-
ences with craft (Lloyd’s option 2a; see Ogle 1882: 142; Diiring 1943: 84;
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1961: 215; Pellegrin 1986: 131—3); or the natural sciences with the theo-
retical sciences (Lloyd’s option 1; see Balme 1992: 84; Grene 1985: 9—13).
(A variant on this latter, Lloyd’s option 2b, is found in Kullmann 1974:
13—16, in which the contrast is between these two sciences on the one hand,
and the products of craft and nature on the other.) On the first reading,
this passage seeks to limit the similarity between the realms of art and
nature just noted, by claiming that the manner of demonstration and that
of necessity differ (i.e. from that in the arts) in the natural and theoreti-
cal sciences. Against this reading, (1) the distinction between natural and
theoretical science remains puzzling, and (2) the explication that follows
appears to oppose both natural and artificial outcomes (man and health)
to cases in which the starting-point of demonstration is what is (cf. Balme
1992: 84; Grene 1985: 9—13).

On the second reading, the problem is that Aristotle typically insists that
natural science 7s a theoretical science (cf. Met. E 1, 1025°18-1026"23; and
641°11, below). The context nevertheless favours this reading. Aristotle
has just linked the mode of necessity to the question of whether the objects
under consideration are eternal or generated. In this respect, the part of
natural science focused on generated things is to be contrasted with all
other theoretical pursuits—even that part of natural philosophy concerned
with eternal objects (cf. 644°22—4, below). And if demonstration requires
necessity, but with things that come to be there is a different sort of necessity
(conditional necessity), that part of natural science focused on generated
things will also have a different mode of demonstration.

640°3—6: ‘the origin is, in the latter cases, what is, but in the former, what
will be’. Given the differences in the necessities governing eternal natural
objects and generated ones, the type of scientific demonstration for each
will also differ. Such demonstrations will appeal to distinct sorts of origins
(archai)—what is in the one case and what will be in the other (compare
Phys. 11. 9, 200%15—30; cf. Cooper 1987: 243-69; Gotthelt 1987a: 197-8;
Charles 1991: 119—28; Lloyd 1996: 32—6). One might initially be struck by
how unlike the examples of demonstrations in the Posterior Analytics the
example here is. Butat Phys. 11. 9, 200" 16—22 (not discussed in Lloyd 1996),
the point of which is to show that the necessity in geometric demonstrations
is somehow ‘parallel’ to that of demonstrations in natural science, the
examples are formally identical:

Geometry: Because the straight is so and so, it is necessary that a triangle
should have angles equal to two right angles.
Physics: 1f the end will be or is (so and so), (it is conditionally necessary
that) that which comes before will be or is.

And as the geometric example used in Phys. 11. ¢ is his favourite example
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in the Posterior Analytics, it is unlikely that Aristotle imagines this to be a
serious difficulty (cf. Gotthelf 19874: 197-8).

Again, it is important to stress that much of the material necessary
to construct fully adequate demonstrations is left out of both of these
examples. If Aristotle had taken this to be a serious difficulty, it would
be equally serious for his pet geometric example. Both, however, begin
from definitional starting-points (the goal being the definition in biology,
as he has just noted), and by reference to that starting-point demonstrate
the necessity of a universal but non-definitional property belonging to the
subject.

Now Lloyd has claimed that ‘The theory of the 4Po. certainly does
not prepare us for that [1.e. for “a variety of modes of demonstration
in one of which the condition of eternity is relaxed and the necessity in
question is not unqualified but merely hypothetical”’]’ (Lloyd 1996: 32).
But in fact it does, in An. Post. I1. 11, which opens by virtually quoting
An. Post. 1. 2 (cf. An. Post. 1. 24, 85°28-863). That chapter begins by
noting the problem that in fact there are four causes, not just one, and
then discussing each in the context of demonstration. It concludes with
a discussion of how one deals with those cases in nature and the arts
where things come to be ‘both of necessity and for the sake of something’.
Notoriously, the discussion is unsatisfactory—but that only prepares us for
a more satisfactory discussion, such as we find in P4 [. 1 and Phys. 11. 9.

Are there clear breaks with the demonstrative ideal of the Posterior
Analytics here? Llovd (1996) 36—7 insists there are:

[PA 1. 1] does not take as its starting-points the primary indemonstrables
identified in APo. I 2 . . . but uses end-products as its starting-points
and works back to their conditionally necessary antecedents. While the
reasoning is deductive, the nature of the premises, the mode of necessity
and the goal of the inquiry all differ from those in view in the opening
chapters of APo. 1.

Lloyd poses two important questions for us. First, can a telos be a primary
indemonstrable in a science? We have just been told that in the study of
living things the telos provides the definition. And since definitions are
among a science’s first principles, this implies that goals can serve as first
principles. Moreover, in Phys. 1. 9 Aristotle states quite clearly that in
natural science they certainly can be—and it is worth noting that he clearly
says as much in the Posterior Analytics, at 1. 24, 85°28-86"3. Second, is
the Posterior Analytics’ account of demonstrative science fully articulated
in the first few chapters of that great work? It is true that there are many
revelations about demonstration in later chapters that we are not prepared
for in I. 2. But, to note just one example, the fact that An. Post. 11. 11
introduces the problem of multiple causes with a selt-conscious reminder
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of the definition of unqualified understanding in An. Post. 1. 2 should
encourage us to read that work as a unified account of demonstration.

640%6-8: ‘into eternity’. Balme assumes that in these examples Aristotle
s contrasting a correct and incorrect understanding of conditionally ne-
cessary sequences (Balme 1992: 85). Another possibility is that they are
examples of sequences presupposed by the two distinct demonstrations
being contrasted. The reference elsewhere is likely to be GC II. 11 (note
the wording of 337°33—338"17) or An. Post. 11. 12, 95°36—-968, where Aris-
totle argues that under a strict set of conditions it is possible for natural
processes and outcomes to occur by simple and convertible necessity, if
they are (1) eternal and (2) cyclical (ct. Le Blond 1945: 139).

It is made clear in the examples that explanations both of being and
coming to be may refer to conditional necessity. The distinction in tense
between the premisses is provided only to stress that in the domain of gen-
erated objects what takes priority in explanation is the end of a generative
process. There is no suggestion that the demonstrations themselves will
have different ‘tense structures’ (cf. Gotthelf 19874: 197-8).

640%14—15: ‘first. . . the phenomena, then . . . their causes’. This distinction
is extended to the study of animal generation (‘even with generation’). The
recommendations here mirror the organization of Aristotle’s animal stud-
ies. In addition to causal investigations such as those reported in PA and
the Genervation of Amimals, the Historia Animalium has four self-contained
books presenting the phenomena regarding animal parts, and three self-
contained books regarding animal generation.

640"15—19: ‘generation is for the sake of substantial being’. This is probably
a conscious echo of Plato’s Philebus (544 8, ¢ 4; cf. GA V. 1, 778°5-6).
The model explanation here, again house-building, is in the precise form
specified at 640°4—5: ‘Since the form of the house is such, (it is necessary)
that it comes to be thus and so.” In some way, not yet specified, the end
result is causally determinative of the character of its production. Aristotle
still owes us an account of the way in which the substantial being that is
in the process of being generated is causally determinative of the process
that is generating it.

640%22—6: ‘the backbone is such as it is because’. This is the first explicit
reference to a group of thinkers he has had in mind at least since 639°21, the
Presocratic natural philosophers. The one mentioned here, Empedocles, is
usually assumed to have written two works, both in verse, referred to as On
Nature and Purifications. (For doubt about whether these fragments derive
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from two distinct poems, see Inwood 1992.) One plausible reconstruction
of his ideas has it that he believed the world was involved in an endless
cycle of ebb and flow, during which the world would alternately become
more and more unified and undifferentiated, and then more and more dif-
ferentiated. He referred to the former periods as the reign of Friendship,
the latter as the reign of Strife. During the former period he apparently
conceived of animal tissues being created by the coincidental interactions of
four basic elements, earth, air, fire, and water, animal organs out of similarly
coincidental interactions of these tissues, and finally all sorts of animals out
of coincidental combinations of organs. One quotation tells us of a time
when ‘here sprang up many faces without necks, arms wandered without
shoulders, unattached, and eyes strayed alone, in need of foreheads’ (31 B
57 DK). (A clear and balanced discussion can be found in Inwood 1992.)
Empedocles would, then, probably account for the series of disjointed
vertebrae that constitute the vertebrate backbone as the result of a twisting
process that happens during development. The fact that the vertebrate
backbone is useful to us would not lead Empedocles to conclude that it de-
veloped in this way for the sake of being useful (cf. Phys. 11. 8, 198°23—32).

640°23—26: ‘seed . . . with this sort of potential’. Aristotle responds as
follows. (1) The process of generation originates from seed, and seed must
have, at the outset, the potential (dunamzs) to produce an animal with such a
backbone. (2) In addition, seed with that potential originates from a parent
organism of the same kind. (3) So, prior to the development of vertebrae,
there was an organism of a certain (vertebrate) kind, which produced the
seed proper to its kind, with the potential to produce another creature of the
same (vertebrate) kind. The production of a vertebrate backbone thus does
not occur by coincidence—it is part of the actualization of the potential
for the production of a vertebrate animal. (Cf. Phys. I1. 8, 199°33-199"9;
Gotthelf 19875 225-6; Meyer 1992.) This is Aristotle’s first attempt to
clarify the sense in which goal-causation has priority over motive causation
in nature as well as in art. The formal nature of the vertebrate animal,
which would be the content of a definitional account of such an animal, is
present—as a potential for being a vertebrate animal—from the beginning
of the process of coming to be such an animal.

640°24—5: ‘prior—not only in account but also in time’. Aristotle works
with a number of senses of priority (cf. Met. 4 11; @ 8, 1049"4—28; PA
I1. 1, 646"35-"2). ‘Prior in account’ harbours the ambiguity noted earlier
in the concept of an ‘account’ (see 639°1 1—-16 and note); it may be prior in
definition, in explanation, or in virtue of what is referred to in its definition.
Here it is stressed that the actual animal is prior in account to the potential
animal (since to say that it is a potential vertebrate presupposes an account
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of what it is to be a vertebrate). Thus the producer of the seed (i.e. of that
which is potentially the sort of thing that the producer is actually) is prior
both in account and in time to the seed.

640°25: ‘For one human being generates another’. Aristotle repeats this
catchphrase often, for various purposes. Often, as here, the point is to
stress the reliability of the reproductive process.

Greek has distinct words for the male of our species and for the species.
Here, Aristotle uses the word for human being in the singular to refer
to a single human being. On other occasions he uses the singular with a
definite article (ho anthropos) to refer collectively to the kind; and finally,
he also uses the plural to refer to the kind distributively. I have adopted
the convention of translating the indefinite singular as ‘human being’, the
plural as ‘human beings’, and the collective singular as ‘mankind’.

640°27—33: ‘spontaneously and with artefacts’. The connecting thread of
argument here is very thin. Aristotle may be making the following points.
Health may return to a sick person either spontaneously or owing to the
actions of a doctor. A statue, however (at least of the sort produced in
fourth-century Athens) arises only owing to the artistic ability already
present in the soul of an artist. The need to qualify the sense in which
the art of sculpture involves a pre-existent agent resembling the product
probably gives rise to the statement commented on in the next note. The
discussion of the relationship between things that come to be spontaneously
and those that come to be owing to a formally identical producer may be
related to Aristotle’s belief in certain ‘spontaneously generated’ animals
(cf. HA V-VI1, 539°24, 546°15-547"32, 548"11-24, 551°1-13, 559°11-"21,
570°2—24; GA 111. 10—11). Whether this belief can be held consistently
with his views on chance and teleology is controversial (cf. Balme 19624;
Lennox 1982; Gotthelf 1989b).

640"31—2: “The art [hé techneé] is the account [ho logos] of the product [0
ergon] without the matter [he hulé].” The craftsman possesses an account of
the product—we may think of it as a set of instructions for its production,
or a conceptual ‘blueprint’. I have here rendered to ergon as ‘the product’.
But the Greek term has the same ambiguity as our word ‘work™—it can
refer to the activity of a craftsman or to the ‘work’ of art produced. So
Aristotle might have in mind that the art is the logos of the artist’s activity.

This enigmatic comment is usefully compared with the following, from
Aristotle’s discussion of zoological reproduction in Generation of Animals:
‘For the art is origin and form of the product, but in another thing; while
the movement of nature is in the thing itself, being derived from another
nature which contains the form actualized’ (G4 11. 1, 735%2—4).
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The defence of teleology in P4 1. 1 relies heavily on the analogy between
artistic and natural production, but only rarely and briefly mentions the
important disanalogies. In production, the craftsman acts and uses his tools
in ways dictated by an account, but the account remains independent of the
product. In nature—and this is the point of the contrast made in the passage
from GA 11. 1—the productive capacity to make an animal is, in the act
of reproduction, transferred to, and becomes a capacity of, the developing
zygote. A second disanalogy is that a house-builder’s art is not the capacity
to make a house-builder—i.e. to reproduce himself—but to make a house,
something quite unlike himself. In natural reproduction, on the other hand,
the actual human being first has in himself the capacity to make another
human being, and then transfers that capacity to the material which is a
potential human being. Finally, throughout the process, the capacity to
make a human being is always ‘within the matter’, i.e. a capacity of an
ensouled human body (cf. Balme 1992: 86).

640°33-640"3

This passage appears to rank various ways of explaining ‘things constituted
by nature’. It is highly schematic, the reference to mankind as the subject
being its only substantive content. Any interpretation thus depends on
theoretical claims made elsewhere and on the explanations we actually find
in Books II-IV (see especially 670%23—30). Even the number of distinct
explanations is controversial, since the ‘sentence’ at 640”1 (‘And these
things follow’), consisting of two Greek words, could explicate the previous
sentence, introduce the next, or add a distinct mode of explanation.

640°33—4: ‘since this is what it is to be a human being, on account of this it
has these things; for it cannot be without these parts’. The formula ‘what
it is to be an X’ frequently refers to a thing’s defining form, in which case
‘this’ in the above formula refers to human form, and some other features
are present because of this form. If the final clause explicates what precedes
it, then at least some parfs are said to be best explained by showing that
human form requires them. Read thus, the explanation takes the form of
conditional necessity. Sorabji (1980: 155-6) reads the passage this way,
which leads him to conflate the second type of explanation with this one
(see below).

Another option, suggested by Balme (1992: 87) and followed by Cooper
and Gotthelf, is to see this explanation as ‘within’ the essence—‘Since
to be human is to see, they therefore have eyes’ (cf. G4 V. 1, 778'31—
13). Aristotle certainly provides such explanations (cf. Cooper 1985: 152~
3), but the issue is difficult to resolve (cf. Gotthelf 19855, esp. note 35).
Nor are these options necessarily exclusive: the form of an explanation by
conditional necessity may be common to this explanation and the next,
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while their content (i.e. what counts as explanans and explanandum) may be
different.

640%35-6: ‘either that in general it cannot be otherwise’. The issue, clearly,
is how to understand the difference between #his necessity and the necessity
discussed in the previous note. Presumably (pace Sorabji 1980: 155-06) it is
different, because Aristotle tells us that this is the sort of explanation we
give when the first sort is unavailable. As noted above, Balme makes the
plausible suggestion that Aristotle has in mind here non-defining features
of an animal that are none the less necessary for survival (he suggests that
the heart and liver fall into this category, relying on 670%23—30). Again,
both might take the form of explanation by conditional necessity, even if
Balme 1s correct.

640°36="1: ‘at least it is good thus’. Occasionally, Aristotle contrasts parts
an animal has of necessity with those it has because ‘it is better thus’ (cf. GA
L. 4, 717%12—21; PA 11. 14, 658"15-24). Since ‘what cannot be otherwise’ is
his core notion of necessity, and is the alternative form of explanation here,
this might be the contrast intended. If you have established that a part P
is for function F, and that some animals accomplish F without P, you may
still be able to show that certain animals accomplish F better because they
have P. That, in conjunction with Aristotle’s principle that ‘nature always
makes what is best, given the possibilities, for each kind of animal’ (/4 2,
704°15-18), provides an explanation for the presence of P.

640"1: ‘And these things follow.” The word translated ‘to follow’ is an ex-
pression Aristotle sometimes uses to refer to features which belong to some-
thing as a consequence of something else belonging (An. Post.. 11. 14, 98 1—22).
Balme takes this to refer to explanations, such as those at 67030 f., where
we are told that the spleen, as well as the residues in the gut and bladder,
are necessary consequences of other processes. Others take it simply to
explicate the previous line (Le Blond 1945: 145), or punctuate the passage
so that it introduces the following explanations (Peck 1961: 62—3). One
Renaissance translator (Gaza) threw up his hands and removed it. Balme’s
suggestion seems best: it gives us a distinct form of explanation, and it
accommodates certain explanations we actually find in Books [I-1V that
are not otherwise accommodated.

640°1—3: ‘since it is such, its generation necessarily happens in this way’.
Explaining the actual animal’s nature takes priority over explaining its
development (a view defended at 640"13—26). Even the order in which the
parts develop is explained in terms of the nature of the actual animal (see
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GA 1. 1, 734%21-735°4). Indeed, PA IV concludes (6¢97"27-30) by saying
that, having explained why animals have the parts they do, the next step is
to account for their generation.

640°4—-641714

So far Aristotle has proceeded without defending a distinction between
matter and form. This is the task of much of the rest of the first chapter.
He begins by presenting an alternative account, one which assumes that
‘matter in motion’ is a sufficient explanation for all products of nature,
including animals and their parts. His own account is developed in stages
by pointing out deficiencies in the materialist’s explanations, and indicating
how his alternative position avoids these deficiencies.

640°4—17: ‘the ancients’. For similar attributions, see Met. 4 3—4, 983"6—
085°22; Phys. 1. 4—35; I1. 1, 193%°9-193°8; I1. 2, 194°12—27; I1. 8, 198°10—32;
GC 11. g9, 335°23—336°13. Because Aristotle provides us with three quite
specific examples of primary moving causes—friendship and strife, rea-
son, spontaneity—we can identify two of these ‘first natural philosophers’
with some confidence. The first is Empedocles (cf. 640"19—26 and note).
Anaxagoras, who claimed that Reason (nous) controlled and arranged all
things, is the second (cf. Plato, Phaedo, 97 B 8—C 5, and Met. A 3, 984"15—20;
4, 985°18—23). The third is usually assumed to be Democritus (Ross 1924:
515; Charlton 1970: 105; Balme 1992: 87). But Aristotle never attributes
such a cause to Democritus, and in the very next passage Democritus is ex-
plicitly identified, without mentioning a belief in spontaneity. Further, the
doctrine that the heavens, but not the animals and plants around us, are due
to spontaneity is discussed at 641°15—-23 without mentioning Democritus
(the same is true of Phys. 11. 4, 196°25-196"5).

We can see this passage as a sketch and critique of a model of explanation
abstracted from elements common to a number of Aristotle’s predecessors.
The model has two elements: (1) an investigation into the nature of the
‘material origin’, that from which things come to be, and (2) an investiga-
tion of the ‘motive origin’ of the whole cosmos. Such a model is difficult
to reconcile with the examples Aristotle provides. The production of the
‘gut’ and the nostrils is portrayed as the necessary outcome of the natu-
ral movements of different material elements (all the standard four being
mentioned at some point in the discussion). That is, there is no explicit
reliance on investigations of type (2).

640°8—11, 13-17, 22—3: ‘fire . . . earth . . . water . . . air’. Such divergent
texts as Empedocles’ On Nature, Plato’s Timaeus, Aristotle’s Generation
and Corruption, and a number of the Hippocratic treatises treat these four
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as the basic sublunary materials. The account in Generation and Covruption
is that earth, air, fire, and water are the most basic elements capable of
independent existence, but that they are each constituted of two primary
qualities or potentials, one from each of the primary oppositions hot/cold
and moist/dry. In addition, air and fire have a natural upward motion, while
earth and water have a natural downward motion. Heat and cold are the
agents of material-level change, moist and dry the patients. All of this is
summarized in the accompanying table.

Element Earth Water Air Fire
Potentials | cold/dry cold/wet hot/wet hot/dry
Motion downward upward
Causal role passive active

Aristotle agrees that the bodies of animals and plants are constituted
of these elements (640°15-16, 22—3), and that each element has its own
determinate potentials to act and be acted upon. It is the sufficiency of an
account of animals and their parts, couched solely in these terms, that he is
questioning.

640°20—4: ‘all the uniform parts . . . the non-uniform parts’. What is
missing in his predecessors, Aristotle claims, is an account of the nature
of flesh as flesh, or of a hand as a hand. Once more he reverts to familiar
products of craft for an analogy. If someone were asked to provide an
account of the nature of a statue, we would hardly think he had answered
the request satisfactorily if he said, ‘Well, a statue is bronze.” First of all,
being bronze is neither necessary nor sufficient for being a statue: not all
statues are made of bronze, and many things other than statues are bronze.
Yet even if all and only statues were bronze, the above account would be
incomplete. It is in virtue of being a representation, a work of art, that this
bronze is a statue—features due to the sculptor’s skill, not to the material
alone.

640°24—6: ‘its form . . . the matter of the composite’. T'wo basic alternatives
to the materialist account are suggested: define the form of the composite,
or define the matter as matter of a composite, i.e. mention the form/matter
composite as well as the matter. In fact, the latter is presented here as a
second best, and the passage closes by stressing the greater importance of
knowing the formal rather than the material nature. Again, it is not hard
to see why—if it is the statue we are trying to understand, and a particular
material is neither necessary nor sufficient for being a statue, while the
form is either necessary or sufficient, then the form is more important.
The argument is refined later, at 641%14—32.
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640°27—9: ‘configuration [sch&ma) . . . visible character [idea] . . . in respect
of shape [kata ten morphén]’. These terms have connotations that are highly
sensitive to context. Most of the argument here is by analogy with artefacts,
where Aristotle is inclined to substitute configuration and visible shape
for form—though he quickly qualifies even this substitution (cf. 641%1—2,
8—14). The concept of form he wishes to defend in biological contexts,
however, is one in which form is identified with soul. He is about to argue
that in these contexts there are reasons why thinking of form in terms of
configuration and shape is misleading.

640°30—3: ‘Democritus . . . appears to assume this. Note that he says’. The
wording suggests that Aristotle infers Democritus’ beliefs from what he
actually says. He says that it is clear what sort of thing a human is because
this is known by way of configuration and colour. From this epistemic
claim, Aristotle infers a metaphysical assumption on Democritus’ part—
that animals and plants are what they are by virtue of configuration and
colour.

As the chief Presocratic exponent of atomism, one would expect Dem-
ocritus to dismiss accounts in terms of external shape and colour as mere
conventions, in favour of those in terms of underlying types of atomic com-
plexes. Furthermore, he would have held that a corpse was, at the micro-
level, unlike a living animal, having lost the spherical atoms that constitute
an animal’s soul and give it life (cf. Aristotle’s own account of the the-
ory, An. 1. 2, 404°1-16, 404"28-31, 405'6—14; Resp. 4, 471°30—472°27). But
philosophically Aristotle’s dissatisfaction would remain, since, as I shall
comment on below, this would still not be an account of form in terms of
functional capacities of living bodies.

641°1—-6: ‘such a hand will not be able to do its work’. It is of course
important to draw attention to Aristotle’s stress on the fact that something
is truly, rather than nominally, what it is in virtue of its ability to perform its
appropriate functions (cf. Meteor. IV. 12, 390"10—12). But it is also central
to the position defended here that a necessary condition of something
performing its proper tfunctions is its being constituted of the appropriate
material. Bronze and wooden hands, paintings of doctors, flutes made of
stone are all ‘in the wrong condition’ to perform their functions. That
suggests that a corpse is not simply functionally unlike its former living
self, but that it has also undergone a disabling material change, making it
akin to a statue of a human.

641°6—14: ‘the carpenter . . . the natural philosophers’. Cf. on 63911,
64027, 640°31. As we have already seen, references to the crafts are exten-
sive in PA, and I shall adopt the policy of taking each on its own terms,
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rather than presupposing some univocal aim lying behind each. These
appeals cover a wide range of crafts, activities and products, so that the
particulars of a reference may be crucial.

Here, for example, there are two quite distinct appeals to the crafts.
The first stresses the fact that artistic representations—whether the object
represented is natural (humans, hands) or artificial (flutes)—are represen-
tations partly because the materials used are incapable of functioning as the
real thing does. Whether the object represented is an artefact or organic is
not crucial.

The carpenter is invoked to note a deficiency in the materialist natural
philosophers’ account of how things come to be. The carpenter will make
a point of saying why his instruments move as they do, stressing the end
towards which his actions are directed.

The elements (earth, water, air, and fire) in the accounts of the natural
philosophers are given a role akin to the carpenter’s tools—it is by the
capacities of these elements, to heat and cool, or move upward or down-
ward, that these natural philosophers explain an animal’s development
(recall the earlier explanations of the vertebrae (640"19—22), stomach, and
nostrils (640°12—16) ). Compare the remarks about Democritus’ account of
the growth of teeth, GA V. 8, 789°8—9.

641°14-641732

In the previous section Aristotle developed a view of animals as unities of
matter and form out of a critical evaluation of those who try to account
for the development and existence of animals and their parts in purely
material terms. The final step in this development is to argue that animate
form must be understood in functional terms—the form of an animal is not
merely its structure or shape, but the capacity to perform living functions
possessed by living tissues and organs. He also argues that in order to
understand the structure or shape of the parts of a living thing, one must
know why it is that they have the structure they have—what is that part
for, such that this is the shape it must have? The next step he takes is
to argue that such a functional and teleological understanding of living
form amounts to saying that the form of a living thing—what it is as such
(i.e. as living)—is its soul. Interestingly, the entire discussion is framed in
conditional terms. The case is not made here for understanding soul as the
form, in the sense of the capacities, of an organic body. One has to take
as understood something like the De Anima understanding of soul—soul
as the first actuality of a living body with organs. Specific references to
relevant passages will be made as analysis of the argument proceeds.

641%°15—32: ‘one should state that the animal is of such a kind’. Three
identifications are made explicit for the first time here:
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(1) The animal as such is its soul, or some part of it. (641°14—20, 23—4)

(2) An animal’s soul is its nature, and its nature, more than its matter,
is its being. (641%25—9)

(3) The formal nature of the animal is its nature both in the sense of its
own origin of movement and as the goal of its bodily parts and their
movements. (641%277)

Aristotle thus concludes that the soul of an animal is both its motive nature
and the goal of all its other features (641°28).

641%17—-18: ‘Suppose what one is thus speaking about is soul’. The refer-
ence is to ‘the animal as such’. The sentence leading up to the statement of
this guiding presupposition asserts that the proper aim of the zoologist is
to say what the animal as such is, and what sort of thing it is (and likewise
with each of its parts). It closes with a comparison with discussing ‘the
form of the bed’, and suggests, but does not directly state, that to discuss
what the animal as such is is likewise to discuss its form (cf. Balme 1992:
88; 641°17—32 note).

641%17—-18: ‘or a part of soul’. Minimally, this qualification looks forward
to the problem discussed at 641732 fI., that while reason is a part of the soul
of certain animals, it is not to be studied by the natural philosopher. More
immediately, however, it looks to *22—4, which stresses study of the part of
the soul that distinguishes animals as such, i.e. the possession of perception
and desire, which are nearly always accompanied by locomotion. A bit later,
however, the suggestion is that since ‘nature’ means an internal origin of
change, any natural function (even growth) should be studied (cf. 641°5-6).

De Anima’s generic definition of soul is ‘the first actuality of a natu-
ral, instrumental body’ (II. 1, 412°4-6), a first actuality being, roughly,
a developed capacity to perform a function. There is no reason to think
that PA 1 has a different theory of soul in place. In 4n. 11-111, as here,
the various organic capacities are sometimes referred to as ‘parts’ of soul
(e.g. An. 413°4—5, "13-16, 432°23), meaning something like distinguishable
capacities. He is, moreover, sensitive to the difficulties of making such dis-
tinctions (cf. 415°22—5 and 416*19—20 on nutrition and reproduction as a
single capacity).

Aristotle’s account of soul has been of profound interest to contemporary
philosophy of mind. (For a representative sample of discussions see the pa-
pers collected in Nussbaum and Rorty 1992.) With the possible exception
of the active intellect, Aristotle’s account of soul is decidedly non-dualistic,
while at the same time being non-materialist. Unfortunately, philosophers
have found it easier to say what his theory is nor than what it is. A number
of philosophers have tried to assimilate it to one or another contemporary
version of ‘functionalism’, without success.
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At least part of the problem of assimilating his views to contemporary
ones stems from the fact that Aristotle is decidedly not, in the De Anima,
developing a philosophy of mind; rather, it is a philosophy of life (cf.
An. 1. 1, 402°4—7). His starting-point is the question ‘What distinguishes
living from non-living?’, not what distinguishes conscious states from their
material substrate. Each part of each animal is capable of performing, or
contributing to performing, a function (which does not always involve an
activity); that function contributes some good to that animal’s life, and in
some, but not all, cases the animal could not live without that functional
contribution.

Another part of the problem stems from the fact that Aristotle treats
mankind as he treats every other animal—whatever we share in common
with a wider group is treated as a feature of that wider group. Humans are
singled out for separate discussion, just as elephants or camels are, only
when there is some part that distinguishes them from all other animals. In
so far as contemporary philosophy of mind has been myopically tfocused
on human consciousness, assuming it was utterly unlike the consciousness
of other animals, Aristotle’s approach will seem alien.

641°17—18: ‘or is not without soul’. Speaking about soul and speaking
about what cannot be without soul may mirror the distinction at 640°24—9,
between defining by form and defining by the matter of the composite.
Another reading is that Aristotle is leaving open the possibility that the
formal nature of an animal may include features other than soul, but only if
they are ensouled (Gotthelf 1999: 47). The parenthetical remark indicates
that even without a natural philosopher explicitly recognizing that he is
investigating soul, he may acknowledge that animals and their organs are
able to lose the capacities that most define their natures while maintaining
their configuration. If he acknowledges that, then that is tantamount to
saying that the proper subject of investigation is the soul.

641°24—25: ‘and about the attributes [ta sumbebekota] it has in virtue of
the sort of substantial being [ousia] it 1s’. This conforms to the descrip-
tion of scientific explanation provided by the Posterior Analytics, which
sees demonstrations as valid arguments deducing the necessity of certain
attributes belonging per se to a subject, from necessarily true premisses
about the being of that subject. (Cf. An. Post. 1. 6, 75*28=37; 7, 75°1-2; 9,
76%4—16.)

641°25—7: ‘the nature of something . . . is in two ways’. The distinction of
two aspects of a thing’s nature here—as matter and as substantial being—
was earlier (640"24—5, 640°28—9) expressed as a distinction between matter
and form. This again reflects the definition of soul given at An. II. 1,
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412°19—21: ‘soul is substantial being as form of a natural body having the
capacity for life’. Here, however, Aristotle needs the broader term ‘sub-
stantial being’ because he is about to go on to discuss soul in two roles
typically distinguished from form, as mover and as goal. See the next note.

641°27: ‘nature as substantial being is both nature as mover and nature as
end’. Again this mirrors An. I1. 4, 415%7—14, where the soul is said to be
the cause of the living thing in three respects—as origin of motion, that for
the sake of which, and form.

Soul is the end in the sense that any part of an animal’s body is as it is for
the sake of the capacities that constitute the animal’s life: Birds have wings
for the sake of flight, and the capacity for flight is part of a bird’s soul. In
fact at 642°11—14 Aristotle makes the further controversial claim that the
entire body of an animal is an instrument for the sake of that animal’s soul,
a claim we shall examine shortly.

641°32-"23
Two excellent recent discussions of this difficult passage are available:
Balme (1992) 89, 91—3; Charlton (1987) 410-11.

In the immediately preceding discussion (cf. 641°18, 641°28) Aristotle
has been hinting that there are reasons to doubt whether the entire soul
should be an object of natural study. These qualifications are now seen to
reflect a particular concern about reason (nous) and the activity of discursive
reasoning (dianoia). What are Aristotle’s grounds for excluding the study
of reason from natural science? He sometimes suggests that reason or some
part of it is immaterial, and that would certainly be ground for exclusion;
but that suggestion plays no role in the argument here.

641°34: ‘whether it is up to natural science to speak about all soul’. The
passage from 641°34—"4 presents the following argument:

(1) Suppose: natural science studies soul in its entirety.
(2) Soul includes reason.
(3) So natural science studies r