is of superfluous size, too large for one but too small to allow a
second enbryo to be brought to perfection by superfoetation. And the
mare is naturally inclined to sexual intercourse because she is in the
sanme case as the barren anbng wonen; these |latter are barren because
they have no nmonthly discharge (which corresponds to the act of
intercourse in nales) and rmares have exceedingly little. And in al
the vivipara the barren females are so inclined, because they resenble
the mal es when the senen has collected in the testes but is not
being got rid of. For the discharge of the catanenia is in females a
sort of em ssion of senen, they being unconcocted senmen as has been
said before. Hence it is that those wonen al so who are incontinent
in regard to such intercourse cease fromtheir passion for it when
t hey have borne many children, for, the sem nal secretion being then
drained off, they no longer desire this intercourse. And anong birds
the hens are | ess disposed that way than the cocks, because the uterus
of the hen-bird is up near the hypozoma; but with the cock-birds it is
the other way, for their testes are drawn up within them so that,
i f any kind of such birds has much senmen naturally, it is always in
need of this intercourse. In females then it encourages copul ation
to have the uterus | ow down, but in males to have the testes drawn up

It has been now stated why superfoetation is not found in sone
animals at all, why it is found in others which sonetines bring the
| ater enbryos to birth and sonetinmes not, and why sone such aninals
are inclined to sexual intercourse while others are not.

Sone of those animals in which superfoetation occurs can bring the
enbryos to birth even if a long tinme el apses between the two
i mpregnations, if their kind is spermatic, if their body is not of a
| arge size, and if they bear many young. For because they bear many
their uterus is spacious, because they are spermatic the generative
di scharge is copious, and because the body is not |arge but the
di scharge is excessive and in greater neasure than is required for the
nouri shnent wanted for the enbryo, therefore they can not only form
animals but also bring themto birth later on. Further, the uterus
in such aninmals does not close up during gestation because there is
a quantity of the residual discharge left over. This has happened
bef ore now even in wonen, for in sonme of themthe di scharge
continues during all the tinme of pregnancy. |In wonen, however, this is
contrary to Nature, so that the enbryo suffers, but in such animals it
is according to Nature, for their body is so formed fromthe
begi nning, as with hares. For superfoetation occurs in these
ani mals, since they are not large and they bear many young (for
they have many toes and the many-toed ani mal s bear many), and they
are spermatic. This is shown by their hairiness, for the quantity of
their hair is excessive, these animals al one having hair under the
feet and within the jaws. Now hairiness is a sign of abundance of
residual matter, wherefore anong nen also the hairy are given to
sexual intercourse and have much senen rather than the smooth. In
the hare it often happens that some of the enbryos are inperfect while
others of its young are produced perfect.

6

Sonme of the vivipara produce their young inperfect, others
perfect; the one-hoofed and cl oven-footed perfect, nost of the
many-toed inperfect. The reason of this is that the one-hoofed produce
one young one, and the cloven-footed either one or two generally
speaking; nowit is easy to bring the fewto perfection. Al the
many-toed animals that bear their young inperfect give birth to
many. Hence, though they are able to nourish the enbryos while newy
fornmed, their bodies are unable to conplete the process when the
enbryos have grown and acquired sonme size. So they produce them
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i mperfect, like those animals which generate a scol ex, for sone of

t hem when born are scarcely brought into format all, as the fox,
bear, and lion, and sonme of the rest in |ike manner; and nearly all of
themare blind, as not only the aninals nentioned but al so the dog,
wol f, and jackal. The pig al one produces both many and perfect

young, and thus here alone we find any overlapping; it produces nany
as do the many-toed animals, but is cloven-footed or solid-hoofed

(for there certainly are solid-hoofed swine). They bear, then, many
young because the nutrinment which would otherwi se go to increase their
size is diverted to the generative secretion (for considered as a
solid-hoofed animal the pig is not a large one), and also it is

nore often cloven-hoofed, striving as it were with the nature of the
solid-hoofed animals. For this reason it produces sonetines only

one, sonetimes two, but generally many, and brings themto

perfection before birth because of the good condition of its body,
being like a rich soil- which has sufficient and abundant nutri nent
for plants.

The young of sone birds also are hatched inperfect, that is to say
blind; this applies to all snall birds which |lay nany eggs, as crows
and rooks, jays, sparrows, swallows, and to all those which lay few
eggs w t hout produci ng abundant nouri shnment along with the young, as
ri ng-doves, turtle-doves, and pigeons. Hence if the eyes of swallows
while still young be put out they recover their sight again, for the
birds are still devel opi ng, not yet devel oped, when the injury is
inflicted, so that the eyes grow and sprout afresh. And in general the
producti on of young before they are perfect is owing to inability to
continue nourishing them and they are born inperfect because they are
born too soon. This is plain also with seven-nonths children, for
since they are not perfected it often happens that even the
passages, e.g. of the ears and nostrils, are not yet opened in sone of
themat birth, but only open later as they are grow ng, and many
such infants survive

In man nmal es are nore often born defective than femal es, but in
the other aninmals this is not the case. The reason is that in man
the male is nmuch superior to the female in natural heat, and so the
mal e foetus noves about nore than the female, and on account of noving
is nmore liable to injury, for what is young is easily injured since it
is weak. For this sanme reason also the female foetus is not
perfected equally with the nale in nan (but they are so in the
other animals, for in themthe fenale is not later in devel oping
than the nale). For while within the nother the femal e takes | onger
i n devel opi ng, but after birth everything is perfected nore quickly in
femal es than in males; | nean, for instance, puberty, the prine of
life, and old age. For femal es are weaker and colder in nature, and we
nmust | ook upon the female character as being a sort of natura
deficiency. Accordingly while it is within the nmother it devel ops
slow y because of its coldness (for developnment is concoction, and it
is heat that concocts, and what is hotter is easily concocted); but
after birth it quickly arrives at maturity and ol d age on account of
its weakness, for all inferior things come sooner to their
perfection or end, and as this is true of works of art so it is of
what is fornmed by Nature. For the reason just given also twins are
less likely to survive in man if one be male and one fenale, but
this is not at all so in the other animals; for in man it is
contrary to Nature that they should run an equal course, as their
devel opnent does not take place in equal periods, but the nmale nust
needs be too late or the fenale too early; in the other aninals,
however, it is not contrary to Nature. A difference is also found
between man and the other animals in respect of gestation, for aninals
are in better bodily condition nost of the tinme, whereas in nost wonen



gestation is attended with disconfort. Their way of life is partly

responsi ble for this, for being sedentary they are full of nore

resi dual matter; anong nations where the wonen live a |aborious life

gestation is not equally conspicuous and those who are accustoned to

wor k bear children easily both there and el sewhere; for work

consunmes the residual matter, but those who are sedentary have a great

deal of it in them because not only is there no nonthly di scharge

during pregnancy but also they do no work; therefore their travai

is painful. But work exercises themso that they can hold their

breat h, upon which depends the ease or difficulty of child-birth.

These circunstances then, as we have said, contribute to cause the

di f ference between wonmen and the other aninmals in this state, but

the nost inportant thing is this: in sonme animals the di scharge

corresponding to the catanenia is but small, and in sone not visible

at all, but in wnen it is greater than in any other aninmal, so that

when this discharge ceases owing to pregnancy they are troubl ed

(for if they are not pregnant they are afflicted with ail nments

whenever the catanmenia do not occur); and they are nore troubled as a

rule at the beginning of pregnancy, for the enbryo is able indeed to

stop the catanmenia but is too small at first to consune any quantity

of the secretion; later on it takes up sone of it and so alleviates

the nmother. In the other aninmals, on the contrary, the residual matter

is but small and so corresponds with the growth of the foetus, and

as the secretions which hinder nourishnent are being consuned by the

foetus the nother is in better bodily condition than usual. The sane

hol ds good al so with aquatic animals and birds. If it ever happens

that the body of the nother is no |longer in good condition when the

foetus is now beconming large, the reason is that its growh needs nore

nouri shnent than the residual matter supplies. (In sone few wonen

it happens that the body is in a better state during pregnancy;

these are wonmen in whose body the residual matter is small so that

it is all used up along with the nourishment that goes to the foetus.)
7

W nust al so speak of what is known as nola uteri, which occurs
rarely in wonen but still is found sonmetines during pregnancy. For
they produce what is called a nola; it has happened before nowto a
worman, after she had had intercourse with her husband and supposed she
had conceived, that at first the size of her belly increased and
everyt hi ng el se happened accordingly, but yet when the time for
birth canme on, she neither bore a child nor was her size reduced,
but she continued thus for three or four years until dysentery cane
on, endangering her life, and she produced a lunp of flesh which is
called nola. Moreover this condition may continue till old age and
death. Such nasses when expelled fromthe body becone so hard that
they can hardly be cut through even by iron. Concerning the cause of
thi s phenonmenon we have spoken in the Probl ens; the sanme thing happens
to the enbryo in the wonb as to nmeats hal f cooked in roasting, and
it is not due to heat, as sone say, but rather to the weakness of
the maternal heat. (For their nature seens to be incapable, and
unable to perfect or to put the last touches to the process of
generation. Hence it is that the nola remains in themtill old age
or at any rate for a long tinme, for inits nature it is neither
perfect nor altogether a foreign body.) It is want of concoction that
is the reason of its hardness, as with half-cooked neat, for this
hal f-dressing of nmeat is also a sort of want of concoction.

A difficulty is raised as to why this does not occur in other
ani mal s, unless indeed it does occur and has entirely escaped
observation. W nust suppose the reason to be that wonan al one anong
animals is subject to troubles of the uterus, and al one has a



superfl uous anount of catanenia and is unable to concoct them when
then, the enbryo has been forned of a liquid hard to concoct, then
cones the so-called nmola into being, and this happens naturally in
worren al one or at any rate nore than in other animals.

8

MIk is formed in the fenales of all internally viviparous
ani mal s, beconing useful for the tine of birth. For Nature has nade it
for the sake of the nourishnent of animals after birth, so that it may
neither fail at this tine at all nor yet be at all superfluous; this
is just what we find happeni ng, unless anything chance contrary to
Nature. In the other aninmals the period of gestation does not vary,
and so the nmlk is concocted in tine to suit this nonment, but in
man, since there are several tines of birth, it nmust be ready at the
first of these; hence in wonen the nmilk is useless before the
seventh nmonth and only then becomes useful. That it is only
concocted at the last stages is what we shoul d expect to happen al so
as being due to a necessary cause. For at first such residual matter
when secreted is used up for the devel opment of the enmbryo; now the
nutritious part in all things is the sweetest and the nost
concocted, and thus when all such elenments are renoved what renains
nmust become of necessity bitter and ill-flavoured. As the enbryo is
perfecting, the residual matter left over increases in quantity
because the part consumed by the enbryo is less; it is also sweeter
since the easily concocted part is less drawn away fromit. For it
is no |l onger expended on noul ding the enbryo but only on slightly
increasing its growh, it being now fixed because it has reached
perfection (for in a sense there is a perfection even of an enbryo).
Therefore it conmes forth fromthe nother and changes its node of
devel opnent, as now possessi ng what belongs to it; and no |onger takes
that whi ch does not belong to it; and it is at this season that the
nm |k beconmes useful

The mlk collects in the upper part of the body and the breasts
because of the original plan of the organism For the part above the
hypozorma is the sovereign part of the aninmal, while that below is
concerned with nourishnent and residual matter, in order that al
ani mal s whi ch nove about nmay contain w thin thensel ves nouri shnent
enough to make them i ndependent when they nove from one place to
another. Fromthis upper part also is produced the generative
secretion for the reason nmentioned in the opening of our discussion
But both the secretion of the male and the catanenia of the female are
of a sangui neous nature, and the first principle of this blood and
of the bl ood-vessels is the heart, and the heart is in this part of
the body. Therefore it is here that the change of such a secretion
nmust first becone plain. This is why the voice changes in both sexes
when they begin to bear seed (for the first principle of the voice
resides there, and is itself changed when its noving cause changes).

At the sane tinme the parts about the breasts are raised visibly

even in males but still nmore in fermales, for the region of the breasts
becones enpty and spongy in them because so nuch naterial is drained
away below. This is so not only in wonen but also in those aninmals
whi ch have the manmae | ow down.

This change in the voice and the parts about the mammae is plain
even in other creatures to those who have experience of each kind of
animal, but is nost renmarkable in man. The reason is that in man the
production of secretion is greatest in both sexes in proportion to
their size as conpared with other aninmals; | nean that of the
catanenia in wonen and the emi ssion of sermen in nmen. Wen,
therefore, the enbryo no | onger takes up the secretion in question but
yet prevents its being discharged fromthe nother, it is necessary



that the residual matter should collect in all those enpty parts which
are set upon the sane passages. And such is the position of the namme
in each kind of aninmals for both causes; it is so both for the sake of
what is best and of necessity.

It is here, then, that the nourishnent in aninmals is now forned
and becones thoroughly concocted. As for the cause of concoction, we
may take that already given, or we may take the opposite, for it is
a reasonabl e view al so that the enbryo being | arger takes nore
nouri shnent, so that less is left over about this tinme, and the |ess
is concocted nore quickly.

That milk has the same nature as the secretion fromwhich each
animal is formed is plain, and has been stated previously. For the
mat eri al whi ch nourishes is the sane as that from which Nature forns
the animal in generation. Now this is the sanguineous liquid in the
sangui nea, and mlk is blood concocted (not corrupted; Enpedocles
either nistook the fact or made a bad netaphor when he conposed the
line: "On the tenth day of the eighth month the nmilk cones into being,
a white pus', for putrefaction and concoction are opposite things, and
pus is a kind of putrefaction but mlk is concocted). Wile wonmen are
suckling children the catanenia do not occur according to Nature,
nor do they conceive; if they do conceive, the mlk dries up. This
i s because the nature of the mlk and of the catanmenia is the sane,
and Nature cannot be so productive as to supply both at once; if the
secretion is diverted in the one direction it nust needs cease in
the other, unless sone violence is done contrary to the genera
rule. But this is as much as to say that it is contrary to Nature, for
in all cases where it is not inpossible for things to be otherw se
than they generally are but where they may so happen, still what is
the general rule is what is 'according to Nature'

The tine also at which the young animal is born has been well
arranged. For when the nourishnent com ng through the unmbilical cord
is no longer sufficient for the foetus because of its size, then at
the same time the nmilk becomes useful for the nourishnent of the
new y-born ani mal, and the bl ood-vessels round which the so-called
unbilical cord lies as a coat collapse as the nourishment is no |onger
passing through it; for these reasons it is at that tine also that the
young animal enters into the world.

9

The natural birth of all aninmals is head-forenpst, because the parts
above the unbilical cord are larger than those bel ow. The body then
bei ng suspended fromthe cord as in a balance, inclines towards the
heavy end, and the larger parts are the heavier

10

The period of gestation is, as a matter of fact, deternined
generally in each animal in proportion to the length of its life. This
we shoul d expect, for it is reasonable that the devel opnent of the
I ong-1lived animals should take a longer tinme. Yet this is not the
cause of it, but the periods only correspond accidentally for the nost
part; for though the | arger and nore perfect sanguinea do live a
long tine, yet the larger are not all longer-lived. Man lives a |onger
time than any ani mal of which we have any credi bl e experience except
the el ephant, and yet the human kind is snaller than that of the
bushy-tail ed animals and many others. The real cause of long life in
any animal is its being tenpered in a nanner resenbling the environing
air, along with certain other circunstances of its nature, of which we
will speak later; but the cause of the time of gestation is the size
of the offspring. For it is not easy for large nasses to arrive at
their perfection in a small tinme, whether they be aninals or, one



may say, anything else whatever. That is why horses and aninmals akin
to them though living a shorter tinme than man, yet carry their

young longer; for the tine in the forner is a year, but in the

latter ten nonths at the outside. For the same reason also the tine is
long in elephants; they carry their young two years on account of
their excessive size

W find, as we might expect, that in all aninmals the tinme of
gestation and devel opnent and the length of |life ains at being
nmeasured by naturally conplete periods. By a natural period |I nean
e.g. a day and night, a nmonth, a year, and the greater tines
nmeasured by these, and al so the periods of the nmoon, that is to say,
the full noon and her di sappearance and the halves of the tines
bet ween these, for it is by these that the moon's orbit fits in with
that of the sun [the nonth being a period conon to both].

The nmoon is a first principle because of her connexion with the
sun and her participation in his light, being as it were a second
smal l er sun, and therefore she contributes to all generation and
devel opnent. For heat and cold varying within certain l[imts nake
things to come into being and after this to perish, and it is the
notions of the sun and noon that fix the linmt both of the beginning
and of the end of these processes. Just as we see the sea and al
bodi es of water settling and changi ng according to the novenment or
rest of the winds, and the air and wi nds again according to the course
of the sun and noon, so also the things which grow out of these or are
in these nmust needs follow suit. For it is reasonable that the periods
of the less inmportant should follow those of the nore inportant. For
in a sense a wind, too, has a life and birth and deat h.

As for the revolutions of the sun and noon, they may perhaps
depend on other principles. It is the aim then, of Nature to
nmeasure the conming into being and the end of aninmals by the neasure of
t hese hi gher periods, but she does not bring this to pass accurately
because matter cannot be easily brought under rule and because there
are many principles which hinder generation and decay from being
according to Nature, and often cause things to fall out contrary to
Nat ur e.

W have now spoken of the nourishment of animals wthin the nother
and of their birth into the world, both of each kind separately and of
all in conmon.

Book V
1

WE nust now investigate the qualities by which the parts of
animals differ. | mean such qualities of the parts as blueness and
bl ackness in the eyes, height and depth of pitch in the voice, and
di fferences in colour whether of the skin or of hair and feathers.
Some such qualities are found to characterize the whole of a kind of
ani mal s sonetines, while in other kinds they occur at random as is
especially the case in man. Further, in connexion with the changes
inthe time of life, all aninmals are alike in sonme points, but are
opposed in others as in the case of the voice and the col our of the
hair, for sonme do not grow grey visibly in old age, while man is
subject to this nore than any other animal. And sone of these
af fecti ons appear imediately after birth, while others becone plain
as age advances or in old age.

Now we must no | onger suppose that the cause of these and all such
phenonena is the sanme. For whenever things are not the product of
Nat ure wor ki ng upon the ani mal ki ngdom as a whol e, nor yet
characteristic of each separate kind, then none of these things is
such as it is or is so developed for any final cause. The eye for
i nstance exists for a final cause, but it is not blue for a fina



cause unless this condition be characteristic of the kind of animal
In fact in sone cases this condition has no connexion with the essence
of the animal's being, but we nust refer the causes to the naterial
and the notive principle or efficient cause, on the view that these
things cone into being by Necessity. For, as was said originally in
the outset of our discussion, when we are dealing with definite and
ordered products of Nature, we must not say that each is of a
certain quality because it becomes so, but rather that they becone
so and so because they are so and so, for the process of Beconing or
devel opnent attends upon Being and is for the sake of Being, not

vi ce versa

The anci ent Nat ur e- phil osophers however took the opposite view
The reason of this is that they did not see that the causes were
nunerous, but only saw the material and efficient and did not
di stingui sh even these, while they made no inquiry at all into the
formal and final causes.

Everything then exists for a final cause, and all those things which
are included in the definition of each aninmal, or which either are
nmeans to an end or are ends in thenselves, come into being both
through this cause and the rest. But when we conme to those things
whi ch cone into being without falling under the heads just
nmentioned, their course nmust be sought in the novenment or process of
com ng into being, on the view that the differences which mark them
arise in the actual formation of the animal. An eye, for instance, the
ani mal nust have of necessity (for the fundamental idea of the anina
is of such a kind), but it will have an eye of a particular kind of
necessity in another sense, not the sense nmentioned just above,
because it is its nature to act or be acted on in this or that way.

These distinctions being drawn | et us speak of what conmes next in
order. As soon then as the offspring of all animals are born
especially those born inperfect, they are in the habit of sleeping,
because they continue sleeping also within the nother when they
first acquire sensation. But there is a difficulty about the
earliest period of devel opment, whether the state of wakeful ness
exists in animals first, or that of sleep. Since they plainly wake
up nore as they grow older, it is reasonable to suppose that the
opposite state, that of sleep, exists in the first stages of
devel opnent. Moreover the change from not being to being nust pass
through the internediate condition, and sleep seens to be inits
nature such a condition, being as it were a boundary between Iiving
and not living, and the sl eeper being neither altogether
non- exi stent nor yet existent. For life nost of all appertains to
wakef ul ness, on account of sensation. But on the other hand, if it
i s necessary that the animal should have sensation and if it is then
first an animal when it has acquired sensation, we ought to consider
the original condition to be not sleep but only sonething resenbling
sl eep, such a condition as we find also in plants, for indeed at
this time aninmals do actually live the life of a plant. But it is
i mpossi bl e that plants should sleep, for there is no sleep which
cannot be broken, and the condition in plants which is anal ogous to
sl eep cannot be broken

It is necessary then for the enbryo aninmal to sleep nost of the tine
because the growth takes place in the upper part of the body, which is
consequently heavier (and we have stated el sewhere that such is the
cause of sleep). But nevertheless they are found to wake even in
the wonb (this is clear in dissections and in the ovipara), and then
they inmediately fall into a sleep again. This is why after birth also
they spend nost of their tine in sleep

When awake infants do not |augh, but while asleep they both |augh
and cry. For animals have sensations even while asleep, not only



what are called dreans but al so others besides dreans, as those
persons who arise while sleeping and do many things w thout

dreanmi ng. For there are sonme who get up while sleeping and wal k
about seeing just |ike those who are awake; these have perception of
what is happeni ng, and though they are not awake, yet this
perception is not Iike a dream So infants presumably have
sense-perception and live in their sleep owing to previous habit,
being as it were without know edge of the waking state. As tinme goes
on and their growh is transferred to the lower part of the body, they
now wake up nore and spend nost of their time in that condition
Children continue asleep at first nore than other animals, for they
are born in a nore inperfect condition than other animals that are
produced in anything like a perfect state, and their growh has
taken place nore in the upper part of the body.

The eyes of all children are bluish inmediately after birth; later
on they change to the colour which is to be theirs permanently. But in
the case of other aninmals this is not visible. The reason of this is
that the eyes of other animals are nore apt to have only one col our
for each kind of animal; e.g. cattle are dark-eyed, the eye of al
sheep is pale, of others again the whole kind is blue or grey-eyed,
and sone are yellow (goat-eyed), as the majority of goats
t hensel ves, whereas the eyes of nen happen to be of many col ours,
for they are blue or grey or dark in sonme cases and yellow in
others. Hence, as the individuals in other kinds of aninmals do not
differ fromone another in the colour, so neither do they differ
fromthensel ves, for they are not of a nature to have nore than one
colour. O the other animals the horse has the greatest variety of
colour in the eye, for sone of themare actually heterogl aucous;
thi s phenonenon is not to be seen in any of the other aninals, but man
i s sonetimes heterogl aucous.

Wiy then is it that there is no visible change in the other
animals if we conpare their condition when newly born with their
condition at a nore advanced age, but that there is such a change in
children? We nmust consider just this to be a sufficient cause, that
the part concerned has only one colour in the former but severa
colours in the latter. And the reason why the eyes of infants are
bl ui sh and have no other colour is that the parts are weaker in the
new y born and bl ueness is a sort of weakness.

W nust also gain a general notion about the difference in eyes, for
what reason sonme are blue, sone grey, sonme yellow, and sone dark. To
suppose that the blue are fiery, as Enpedocles says, while the dark
have nore water than fire in them and that this is why the forner,

t he bl ue, have not keen sight by day, viz. owing to deficiency of
water in their conposition, and the latter are in |ike condition by
night, viz. owing to deficiency of fire- this is not well said if

i ndeed we are to assune sight to be connected with water, not fire, in
all cases. Moreover it is possible to render another account of the
cause of the colours, but if indeed the fact is as was stated before
in the treatise on the senses, and still earlier than that in the

i nvestigations concerning soul- if this sense organ is conposed of
water and if we were right in saying for what reason it is conposed of
water and not of air or fire- then we nust assune the water to be

the cause of the colours nentioned. For sone eyes have too nuch liquid
to be adapted to the novenent, others have too little, others the

due anmount. Those eyes therefore in which there is nmuch liquid are
dark because much liquid is not transparent, those which have little
are blue; (so we find in the sea that the transparent part of it
appears light blue, the less transparent watery, and the

unf at homabl e water is dark or deep-blue on account of its depth).

Wien we cone to the eyes between these, they differ only in degree.



W nust suppose the sane cause also to be responsible for the fact

that blue eyes are not keen-sighted by day nor dark eyes by night.

Bl ue eyes, because there is little liquid in them are too nuch

nmoved by the light and by visible objects in respect of their
liquidity as well as their transparency, but sight is the novenent

of this part in so far as it is transparent, not in so far as it is
liquid. Dark eyes are | ess noved because of the quantity of liquid

in them And so they see less well in the dusk, for the nocturna

light is weak; at the sanme time also liquid is in general hard to nove
in the night. But if the eye is to see, it nust neither not be noved
at all nor yet nore than in so far as it is transparent, for the
stronger novenent drives out the weaker. Hence it is that on

changing from strong colours, or on going out of the sun into the
dark, nen cannot see, for the notion already existing in the eye,
bei ng strong, stops that fromoutside, and in general neither a strong
nor a weak sight can see bright things because the liquid is acted
upon and nmoved too rnuch

The sane thing is shown also by the norbid affections of each kind
of sight. Cataract attacks the blue-eyed nore, but what is called
"nyctal opia’ the dark-eyed. Now cataract is a sort of dryness of the
eyes and therefore it is found nore in the aged, for this part also
like the rest of the body gets dry towards old age; but is an excess
of liquidity and so is found nore in the younger, for their brainis
nore |iquid.

The sight of the eye which is internediate between too nuch and
too little liquid is the best, for it has neither too little so as
to be disturbed and hinder the novement of the colours, nor too nuch
so as to cause difficulty of novenent.

Not only the above-nmentioned facts are causes of seeing keenly or
the reverse, but also the nature of the skin upon what is called the
pupil. This ought to be transparent, and it is necessary that the
transparent should be thin and white and even, thin that the
nmovenment coming fromw thout may pass straight through it, even that
it may not cast a shade the liquid behind it by winkling (for this
also is a reason why old nmen have not keen sight, the skin of the
eye like the rest of the skin winkling and beconing thicker in old
age), and white because black is not transparent, for that is just
what is neant by 'black', what is not shone through, and that is why
| anterns cannot give light if they be made of black skin. It is for
t hese reasons then that the sight is not keen in old age nor in the
di seases in question, but it is because of the snmall anount of
liquid that the eyes of children appear blue at first.

And the reason why nen especially and horses occasionally are
het erogl aucous is the same as the reason why nman al one grows grey
and the horse is the only other animal whose hairs whiten visibly in
ol d age. For greyness is a weakness of the fluid in the brain and an
i ncapacity to concoct properly, and so is blueness of the eyes; excess
of thinness or of thickness produces the sane effect, according as
this liquidity is too little or too much. Wenever then Nature
cannot make the eyes correspond exactly, either by concocting or by
not concocting the liquid in both, but concocts the one and not the
other, then the result is heteroglaucia.

The cause of sonme ani mals bei ng keen-sighted and others not so is
not sinple but double. For the word 'keen' has pretty nuch a double
sense (and this is the case in |like manner with hearing and
snelling). 1In one sense keen sight nmeans the power of seeing at a
di stance, in another it means the power of distinguishing as
accurately as possible the objects seen. These two faculties are not
necessarily conbined in the same individual. For the sane person, if
he shades his eyes with his hand or ook through a tube, does not



di stinguish the differences of colour either nore or less in any
way, but he will see further; in fact, men in pits or wells
sonetines see the stars. Therefore if any animal's brows project far
over the eye, but if the liquid in the pupil is not pure nor suited to
t he nmovenent coming fromexternal objects and if the skin over the
surface is not thin, this animal will not distinguish accurately the
differences of the colours but it will be able to see froma |ong
distance (just as it can froma short one) better than those in
which the liquid and the covering nenbrane are pure but which have
no brows projecting over the eyes. For the cause of seeing keenly in
the sense of distinguishing the differences is in the eye itself; as
on a clean garnent even small stains are visible, so also in a pure
sight even snmall novenents are plain and cause sensation. But it is
the position of the eyes that is the cause of seeing things far off
and of the nmovenents in the transparent nediumconing to the eyes from
di stant objects. A proof of this is that animals with prom nent eyes
do not see well at a distance, whereas those which have their eyes
lying deep in the head can see things at a distance because the
nmovenment is not dispersed in space but cones straight to the eye.
For it makes no difference whether we say, as sone do, that seeing
is caused by the sight going forth fromthe eye- on that view, if
there is nothing projecting over the eyes, the sight nust be scattered
and so less of it will fall on the objects of vision and things at a
di stance will not be seen so well- or whether we say that seeing is
due to the nmovenent coming fromthe objects; for the sight also nust
see, in a manner resenbling the novenent. Things at a distance,
then, would be seen best if there were, so to say, a continuous tube
straight fromthe sight to its object, for the novenent fromthe
obj ect would not then be dissipated; but, if that is inpossible, stil
the further the tube extends the nore accurately nust distant
obj ects be seen.

Let these, then, be given as the causes of the difference in eyes.

2

It is the same also with hearing and snell; to hear and snel
accurately mean in one sense to perceive as precisely as possible
all the distinctions of the objects of perception, in another sense to
hear and snell far off. As with sight, so here the sense-organ is
the cause of judging well the distinctions, if both that organ
itself and the nenbrane round it be pure. For the passages of al
t he sense-organs, as has been said in the treatise on sensation, run
to the heart, or to its analogue in creatures that have no heart.
The passage of the hearing, then, since this sense-organ is of air,
ends at the place where the innate spiritus causes in sone animals the
pul sation of the heart and in others respiration; wherefore also it is
that we are able to understand what is said and repeat what we have
heard, for as was the novenment which entered through the
sense-organ, such again is the novenent which is caused by neans of
the voice, being as it were of one and the sane stanp, so that a nan
can say what he has heard. And we hear less well during a yawn or
expiration than during inspiration, because the starting-point of
the sense-organ of hearing is set upon the part concerned wth
breat hing and i s shaken and noved as the organ noves the breath, for
while setting the breath in notion it is noved itself. The sane
t hi ng happens in wet weather or a danp atnosphere.... And the ears
seened to be filled with air because their starting-point is near
the regi on of breathing.

Accuracy then in judging the differences of sounds and snells
depends on the purity of the sense-organ and of the menbrane |ying
upon its surface, for then all the novenents becone clear in such



cases, as in the case of sight. Perception and non-perception at a
di stance al so depend on the sane things with hearing and snell as with
sight. For those animals can perceive at a di stance which have
channel s, so to say, running through the parts concerned and
projecting far in front of the sense-organs. Therefore all aninals
whose nostrils are long, as the Laconian hounds, are keen-scented, for
t he sense-organ being above them the novenents froma distance are
not dissipated but go straight to the mark, just as the novenments
whi ch cause sight do with those who shadow the eyes with the hand.

Simlar is the case of aninmals whose ears are long and project far
like the eaves of a house, as in sonme quadrupeds, with the interna
spiral passage long; these also catch the novenent from afar and
pass it on to the sense-organ

In respect of sense-perception at a distance, man is, one may say,
the worst of all animals in proportion to his size, but in respect
of judging the differences of quality in the objects he is the best of
all. The reason is that the sense-organ in man is pure and | east
earthy and material, and he is by nature the thinnest-skinned of al
animals for his size.

The wor kmanship of Nature is adnmirable also in the seal, for
t hough a vivi parous quadruped it has no ears but only passages for
hearing. This is because its life is passed in the water; now the
ear is a part added to the passages to preserve the nmovenent of the
air at a distance; therefore an ear is no use to it but would even
bring about the contrary result by receiving a nmass of water into
itself.

W have thus spoken of sight, hearing, and snell.

3

As for hair, men differ in this thenselves at different ages, and
also fromall other kinds of animals that have hair. These are
al nost all which are internally viviparous, for even when the covering
of such animals is spiny it nmust be considered as a kind of hair, as
in the | and hedgehog and any ot her such ani nal anong the vivipara.
Hairs differ in respect of hardness and softness, |ength and
short ness, straightness and curliness, quantity and scantiness, and in
addition to these qualities, in their colours, whiteness and bl ackness
and the internedi ate shades. They differ also in sone of these
respects according to age, as they are young or growing old. This is
especially plain in man; the hair gets coarser as tinme goes on, and
sone go bald on the front of the head; children indeed do not go bald,
nor do wonen, but nmen do so by the tinme their age is advanci ng.
Human beings al so go grey on the head as they grow old, but this is
not visible in practically any other animal, though nore so in the
horse than others. Men go bald on the front of the head, but turn grey
first on the tenples; no one goes bald first on these or on the back
of the head. Sonme such affections occur in a correspondi ng manner al so
in all aninmals which have not hair but sonething anal ogous to it, as
the feathers of birds and scales in the class of fish

For what purpose Nature has nade hair in general for aninmals has
been previously stated in the work dealing with the causes of the
parts of animals; it is the business of the present inquiry to show
under what circunstances and for what necessary causes each particul ar
kind of hair occurs. The principal cause then of thickness and
thinness is the skin, for this is thick in sone animals and thin in
others, rare in some and dense in others. The different quality of the
i ncluded noisture is also a hel ping cause, for in sone animals this is
greasy and in others watery. For generally speaking the substratum
of the skin is of an earthy nature; being on the surface of the body
it becones solid and earthy as the noisture evaporates. Now the



hairs or their anal ogue are not forned out of the flesh but out of the
skin noi sture evaporating and exhaling in them and therefore thick
hairs arise froma thick skin and thin fromthin. If then the skin
is rarer and thicker, the hairs are thick because of the quantity of
earthy matter and the size of the pores, but if it is denser they
are thin because of the narrowness of the pores. Further, if the

nmoi sture be watery it dries up quickly and the hairs do not gain in
size, but if it be greasy the opposite happens, for the greasy is
not easily dried up. Therefore the thicker-skinned aninmals are as a
general rule thicker-haired for the causes nentioned; however, the

t hi ckest - ski nned are not nore so than other thick-skinned ones, as
is shown by the class of swi ne conpared to that of oxen and to the
el ephant and many others. And for the sane reason also the hairs of
the head in man are thickest, for this part of his skin is thickest
and |ies over nost noisture and besides is very porous.

The cause of the hairs being |long or short depends on the
evaporating noi sture not being easily dried. O this there are two
causes, quantity and quality; if the liquid is rmuch it does not dry up
easily nor if it is greasy. And for this reason the hairs of the
head are longest in man, for the brain, being fluid and cold, supplies
great abundance of noisture.

The hairs becone straight or curly on account of the vapour
arising in them If it be snoke-like, it is hot and dry and so makes
the hair curly, for it is twisted as being carried with a double
notion, the earthy part tendi ng downwards and the hot upwards. Thus,
being easily bent, it is twisted owing to its weakness, and this is
what is neant by curliness in hair. It is possible then that this is
the cause, but it is also possible that, owing to its having but
little noisture and nuch earthy matter init, it is dried by the
surrounding air and so coiled up together. For what is straight
becones bent, if the noisture in it is evaporated, and runs together
as a hair does when burning upon the fire; curliness will then be a
contraction owing to deficiency of noisture caused by the heat of
the environment. A sign of this is the fact that curly hair is
harder than straight, for the dry is hard. And animals with nuch
noi sture are straight-haired; for in these hairs the noisture advances
as a stream not in drops. For this reason the Scythians on the
Bl ack Sea and the Thracians are straight-haired, for both they
t henmsel ves and the environing air are noist, whereas the Aethiopians
and nen in hot countries are curly-haired, for their brains and the
surrounding air are dry.

Sone, however, of the thick-skinned animals are fine-haired for
the cause previously stated, for the finer the pores are the finer
nmust the hairs be. Hence the class of sheep have such hairs (for wool
isonly a multitude of hairs).

There are sonme ani mals whose hair is soft and yet less fine, as is
the case with the class of hares conpared with that of sheep; in
such animals the hair is on the surface of the skin, not deeply rooted
init, and so is not long but in nuch the sane state as the
scrapings fromlinen, for these also are not |long but are soft and
do not admit of weaving.

The condition of sheep in cold climtes is opposite to that of
man; the hair of the Scythians is soft but that of the Sauromatic
sheep is hard. The reason of this is the sane as it is also all wld
animals. The cold hardens and solidifies themby drying them for as
the heat is pressed out the noisture evaporates, and both hair and
skin beconme earthy and hard. In wild animals then the exposure to
the cold is the cause of hardness in the hair, in the others the
nature of the climate is the cause. A proof of this is also what
happens in the sea-urchins which are used as a renedy in



stranguries. For these, too, though small thenselves, have | arge and
hard spines because the sea in which they live is cold on account of
its depth (for they are found in sixty fathons and even nore). The
spi nes are |arge because the growh of the body is diverted to them
since having little heat in themthey do not concoct their nutrinment
and so have nuch residual matter and it is fromthis that spines,
hairs, and such things are formed; they are hard and petrified through
the congealing effect of the cold. In the same way al so plants are
found to be harder, nore earthy, and stony, if the region in which
they grow | ooks to the north than if it |ooks to the south, and
those in windy places than those in sheltered, for they are all nore
chilled and their npisture evaporates.

Har deni ng, then, comes of both heat and cold, for both cause the
noi sture to evaporate, heat per se and cold per accidens (since the
noi sture goes out of things along with the heat, there being no
noi sture without heat), but whereas cold not only hardens but al so
condenses, heat makes a substance rarer

For the sane reason, as animals grow ol der, the hairs becone
harder in those which have hairs, and the feathers and scales in the
feathered and scaly kinds. For their skins become harder and thicker
as they get older, for they are dried up, and old age, as the word
denotes, is earthy because the heat fails and the noisture al ong
with it.

Men go bald visibly nore than any other animal, but still such a
state is something general, for anobng plants also sone are
evergreens while others are deci duous, and birds which hibernate
shed their feathers. Sinmilar to this is the condition of bal dness in
those human beings to whomit is incident. For |eaves are shed by
all plants, fromone part of the plant at a tine, and so are
feathers and hairs by those aninmals that have them it is when they
are all shed together that the condition is described by the terns
mentioned, for it is called 'going bald and 'the fall of the |eaf'
and 'nmoul ting' . The cause of the condition is deficiency of hot
noi sture, such noisture being especially the unctuous, and hence
unctuous plants are nore evergreen. (However we nust el sewhere
state the cause of this phenonena in plants, for other causes al so
contribute toit.) It is in winter that this happens to plants
(for the change fromsunmer to winter is nore inportant to themthan
the time of life), and to those animals which hibernate (for
these, too, are by nature less hot and noist than man); in the latter
it is the seasons of life that correspond to sumrer and wi nter
Hence no one goes bald before the time of sexual intercourse, and at
that time it is in those naturally inclined to such intercourse that
bal dness appears, for the brain is naturally the coldest part of the
body and sexual intercourse nakes nen cold, being a | oss of pure
natural heat. Thus we should expect the brain to feel the effect of it
first, for alittle cause turns the scale where the thing concerned is
weak and in poor condition. Thus if we reckon up these points, that
the brain itself has but little heat, and further that the skin
round it must needs have still less, and again that the hair nmust have
still less than the skin inasnmuch as it is furthest renoved fromthe
brain, we should reasonably expect bal dness to cone about this age
upon t hose who have nuch senmen. And it is for the sane reason that the
front part of the head al one goes bald in nan and that he is the
only animal to do so; the front part goes bald because the brain is
there, and nan is the only animal to go bald because his brain is nuch
the | argest and the noistest. Wnen do not go bald because their
nature is like that of children, both alike being incapabl e of
produci ng seninal secretion. Eunuchs do not beconme bal d, because
they change into the female condition. And as to the hair that cones



later in life, eunuchs either do not growit at all, or lose it if
t hey happen to have it, with the exception of the pubic hair; for
worren al so grow t hat though they have not the other, and this
mutilation is a change fromthe nmale to the fenale condition

The reason why the hair does not grow again in cases of bal dness,
al t hough bot h hi bernating animals recover their feathers or hair and
trees that have shed their |eaves grow | eaves again, is this. The
seasons of the year are the turning-points of their lives, rather than
their age, so that when these seasons change they change with them
by growing and | osing feathers, hairs, or |eaves respectively. But the
wi nter and sunmer, spring and autumm of man are defined by his age, so
that, since his ages do not return, neither do the conditions caused
by themreturn, although the cause of the change of condition is
simlar in man to what it is in the animals and plants in question

W have now spoken pretty much of all the other conditions of hair.
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But as to their colour, it is the nature of the skin that is the
cause of this in other aninmals and also of their being uni-coloured or
vari-coloured); but in man it is not the cause, except of the hair
going grey through disease (not through old age), for in what is
called leprosy the hairs beconme white; on the contrary, if the hairs
are white the whiteness does not invade the skin. The reason is that
the hairs grow out of skin; if, then, the skin is diseased and white
the hair becones diseased with it, and the disease of hair is
greyness. But the greyness of hair which is due to age results from
weakness and deficiency of heat. For as the body declines in vigour we
tend to cold at every time of Iife, and especially in old age, this
age being cold and dry. W nust renmenber that the nutrinment coning
to each part of the body is concocted by the heat appropriate to the
part; if the heat is inadequate the part loses its efficiency, and
destruction or disease results. (W shall speak nore in detail of
causes in the treatise on growh and nutrition.) Wenever, then
the hair in man has naturally little heat and too nuch noisture enters
it, its ow proper heat is unable to concoct the noisture and so it is
decayed by the heat in the environing air. Al decay is caused by
heat, not the innate heat but external heat, as has been stated
el sewhere. And as there is a decay of water, of earth, and all such
material bodies, so there is also of the earthy vapour, for instance
what is called mould (for mould is a decay of earthy vapour). Thus
also the liquid nutrinment in the hair decays because it is not
concocted, and what is called greyness results. It is white because
moul d al so, practically alone anong decayed things, is white. The
reason of this is that it has much air init, all earthy vapour
being equivalent to thick air. For nould is, as it were, the
antithesis of hoar-frost; if the ascendi ng vapour be frozen it becones
hoar-frost, if it be decayed, mould. Hence both are on the surface
of things, for vapour is superficial. And so the conic poets nake a
good netaphor in jest when they call grey hairs 'nmould of old age' and
For the one is generically the same as greyness, the other
specifically; hoar-frost generically (for both are a vapour),
nmoul d specifically (for both are a formof decay). A proof that this
is sois this: grey hairs have often grown on nmen in consequence of
di sease, and later on dark hairs instead of themafter restoration
to health. The reason is that in sickness the whole body is
deficient in natural heat and so the parts besides, even the very
smal | ones, participate in this weakness; and again, much residua
matter is formed in the body and all its parts in illness, wherefore
the incapacity in the flesh to concoct the nutrinment causes the grey
hai rs. But when nmen have recovered health and strength again they



change, beconing as it were young again instead of old; in consequence
the states change al so. Indeed, we may rightly call disease an
acquired old age, old age a natural disease; at any rate, sone

di seases produce the sanme effects as old age.

Men go grey on the tenples first, because the back of the head is
enpty of npbisture owing to its containing no brain, and the 'bregma
has a great deal of noisture, a large quantity not being liable to
decay; the hair on the tenples however has neither so little that it
can concoct it nor so nuch that it cannot decay, for this region of
t he head being between the two extremes is exenpt from both states.
The cause of greyness in nman has now been st at ed.
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The reason why this change does not take place visibly on account of
age in other animals is the sane as that already given in the case
of baldness; their brain is small and less fluid than in man, so
that the heat required for concoction does not altogether fail
Anong themit is nost clear in horses of all animals that we know,
because the bone about the brain is thinner in themthan in others
in proportion to their size. A sign of this is that a blowto this
spot is fatal to them wherefore Honer also has said: 'where the first
hairs grow on the skull of horses, and a wound is nost fatal.' As then
the nmoisture easily flows to these hairs because of the thinness of
the bone, whilst the heat fails on account of age, they go grey. The
reddi sh hairs go grey sooner than the black, redness also being a sort
of weakness of hair and all weak things ageing sooner. It is said,
however, that cranes becone darker as they grow old. The reason of
this would be, if it should prove true, that their feathers are
naturally noister than others and as they grow old the moisture in the
feathers is too nuch to decay easily.

Greyness comes about by sone sort of decay, and is not, as sone
think, a withering. (1) A proof of the former statenment is the fact
that hair protected by hats or other coverings goes grey sooner
(for the winds prevent decay and the protection keeps off the w nds),
and the fact that it is aided by anointing with a m xture of oil and
wat er. For, though water cools things, the oil mingled with it
prevents the hair fromdrying quickly, water being easily dried up
(2) That the process is not a withering, that the hair does not whiten
as grass does by withering, is shown by the fact that sonme hairs
grow grey fromthe first, whereas nothing springs up in a wthered
state. Many hairs also whiten at the tip, for there is |l east heat in
the extrenmities and thinnest parts.

When the hairs of other aninals are white, this is caused by nature,
not by any affection. The cause of the colours in other animals is the
skin; if they are white, the skin is white, if they are dark it is
dark, if they are piebald in consequence of a mixture of the hairs, it
is found to be white in the one part and dark in the other. But in nman
the skin is in no way the cause, for even white-skinned nmen have
very dark hair. The reason is that man has the thinnest skin of al
animals in proportion to his size and therefore it has not strength to
change the hairs; on the contrary the skin itself changes its col our
through its weakness and is darkened by sun and wi nd, while the
hai rs do not change along with it at all. But in the other aninals the
skin, owing to its thickness, has the influence belonging to the
soil in which a thing grows, therefore the hairs change according to
the skin but the skin does not change at all in consequence of the
wi nds and the sun.

6

O aninmals sonme are uni-coloured (I mean by this termthose of



whi ch the kind as a whol e has one colour, as all lions are tawny;

and this condition exists also in birds, fish, and the other classes

of animals alike); others though many-col oured are yet whol e-col oured
(I nean those whose body as a whole has the same colour, as a bull is

white as a whole or dark as a whole); others are vari-col oured

This last termis used in both ways; sonmetines the whole kind is

vari-col oured, as |eopards and peacocks, and sone fish, e.g. the

so-called 'thrattai'; sonmetinmes the kind as a whole is not so, but

such individuals are found in it, as with cattle and goats and,

anong birds, pigeons; the sanme applies also to other kinds of birds.

The whol e-col oured change much nore than the uniformy col oured,

both into the sinple colour of another individual of the sane kind

(as dark changing into white and vice versa) and into both col ours

m ngled. This is because it is a natural characteristic of the kind as
a whol e not to have one colour only, the kind being easily noved in
both directions so that the col ours both change nmore into one

anot her and are nore varied. The opposite holds with the uniformy

col oured; they do not change except by an affection of the col our, and

that rarely; but still they do so change, for before now white

i ndi vi dual s have been observed anong partridges, ravens, sparrows, and
bears. This happens when the course of devel opment is perverted, for

what is small is easily spoilt and easily noved, and what is
developing is small, the begi nning of all such things being on a smal
scal e.

Change is especially found in those animals of which by nature the
i ndi vi dual is whole-coloured but the kind many-col oured. This is ow ng
to the water which they drink, for hot waters make the hair white,
cold makes it dark, an effect found also in plants. The reason is that
the hot have nore air than water in them and the air shining
t hrough causes whiteness, as also in froth. As, then, skins which
are white by reason of sonme affection differ fromthose white by
nature, so also in the hair the whiteness due to di sease or age
differs fromthat due to nature in that the cause is different; the
latter are whitened by the natural heat, the former by the externa
heat. Whiteness is caused in all things by the vaporous air inprisoned
in them Hence also in all animals not uniformy coloured all the part
under the belly is whiter. For practically all white animals are
both hotter and better flavoured for the sane reason; the concoction
of their nutrinent nmakes themwell-flavoured, and heat causes the
concoction. The sane cause holds for those aninals which are
uni form y-col oured, but either dark or white; heat and cold are the
causes of the nature of the skin and hair, each of the parts having
its own special heat.

The tongue also varies in colour in the sinply coloured as
conpared with the vari-coloured animals, and again in the sinply
col oured which differ fromone another, as white and dark. The
reason is that assigned before, that the skins of the vari-col oured
are vari-coloured, and the skins of the white-haired and dark-haired
are white and dark in each case. Now we nust conceive of the tongue as
one of the external parts, not taking into account the fact that it is
covered by the mouth but [ooking on it as we do on the hand or foot;
thus since the skin of the vari-coloured animals is not uniformy
coloured, this is the cause of the skin on the tongue being also
vari - col our ed

Sonme birds and sone wild quadrupeds change their colour according to
the seasons of the year. The reason is that, as men change according
to their age, so the sanme thing happens to them according to the
season; for this nmakes a greater difference to themthan the change of
age.

The nore omivorous aninmals are nore vari-coloured to speak



generally, and this is what might be expected; thus bees are nore
uni formy col oured than hornets and wasps. For if the food is
responsi ble for the change we shoul d expect varied food to increase
the variety in the novenents whi ch cause the devel opnent and so in the
residual matter of the food, fromwhich cone into being hairs and
feathers and skins.

So nmuch for colours and hairs.

7

As to the voice, it is deep in sone animals, high in others, in
others again well-pitched and in due proportion between both extrenes.
Again, in some it is loud, in others small, and it differs in
snoot hness and roughness, flexibility and inflexibility. We nust
inquire then into the causes of each of these distinctions.

W nust suppose then that the sane cause is responsible for high and
deep voices as for the change which they undergo in passing fromyouth
to age. The voice is higher in all other aninmals when younger, but
in cattle that of calves is deeper. W find the sanme thing also in the
mal e and fenal e sexes; in the other kinds of animals the voice of
the female is higher than that of the male (this being especially
plain in man, for Nature has given this faculty to himin the
hi ghest degree because he al one of aninmals nakes use of speech and the
voice is the material of speech), but in cattle the opposite obtains,
for the voice of cows is deeper than that of bulls.

Now t he purpose for which animals have a voice, and what is neant by
"voice' and by 'sound' generally, has been stated partly in the
treatise on sensation, partly in that on the soul. But since |owness
of voi ce depends on the novenment of the air being slow and its
hi ghness on its being quick, there is a difficulty in know ng
whether it is that which noves or that which is noved that is the
cause of the slowness or quickness. For sone say that what is nuch
is moved slowy, what is little quickly, and that the quantity of
the air is the cause of sone aninmals having a deep and others a high
voice. Up to a certain point this is well said (for it seems to be
rightly said in a general way that the depth depends on a certain
anount of the air put in notion), but not altogether, for if this
were true it would not be easy to speak both soft and deep at once,
nor again both |oud and high. Again, the depth seens to belong to
the nobler nature, and in songs the deep note is better than the
hi gh- pi tched ones, the better lying in superiority, and depth of
tone being a sort of superiority. But then depth and height in the
voice are different froml oudness and softness, and some hi gh-voiced
animal s are | oud-voiced, and in |ike manner sone soft-voi ced ones
are deep-voiced, and the sane applies to the tones lying between these
extremes. And by what el se can we define these (I mean |oudness and
softness of voice) except by the large and small anount of the air
put in notion? If then height and depth are to be decided in
accordance with the distinction postulated, the result will be that
the sane animals will be deep-and | oud-voiced, and the sane will be
hi gh-and not | oud-voiced; but this is fal se.

The reason of the difficulty is that the words 'great' and
"small', 'nuch' and 'little" are used sonetinmes absolutely,
sonetinmes relatively to one another. Wether an aninmal has a great
(or loud) voice depends on the air which is noved bei ng nuch
absolutely, whether it has a snall voice depends on its being little
absol utely; but whether they have a deep or high voice depends on
their being thus differentiated in relation to one another. For if
that which is noved surpass the strength of that which noves it, the
air that is sent forth nust go slowy; if the opposite, quickly. The
strong, then, on account of their strength, sonetinmes nove nuch air



and make the novenent slow, sonetines, having conplete comuand over
it, make the noverment swift. On the same principle the weak either
nmove too much air for their strength and so nake the novenent slow, or
if they make it swift nove but little because of their weakness.

These, then, are the reasons of these contrarieties, that neither
are all young ani nmal s hi gh-voiced nor all deep-voiced, nor are all the
ol der, nor yet are the two sexes thus opposed, and again that not only
the sick speak in a high voice but also those in good bodily
condition, and, further, that as nen verge on old age they becone
hi gher-voi ced, though this age is opposite to that of youth.

Most young ani mals, then, and nost females set but little air in
noti on because of their want of power, and are consequently
hi gh-voiced, for a little air is carried along quickly, and in the
voi ce what is quick is high. But in calves and cows, in the one case
because of their age, in the other because of their fenale nature, the
part by which they set the air in nmotion is not strong; at the sane
time they set a great quantity in notion and so are deep-voiced; for
that which is borne along slowy is heavy, and nuch air is borne al ong
slowy. And these animals set nuch in novenent whereas the others
set but little, because the vessel through which the breath is first
borne has in thema | arge opening and necessarily sets nmuch air in
notion, whereas in the rest the air is better dispensed. As their
age advances this part which noves the air gains nore strength in each
animal, so that they change into the opposite condition, the
hi gh- voi ced beconi ng deeper-voiced than they were, and the deep-voi ced
hi gher -voi ced, which is why bulls have a higher voice than cal ves
and cows. Now the strength of all animals is in their sinews, and so
those in the prime of Iife are stronger, the young being weaker in the
joints and sinews; noreover, in the young they are not yet tense,
and in those now growing old the tension rel axes, wherefore both these
ages are weak and powerless for novenent. And bulls are particularly
sinewy, even their hearts, and therefore that part by which they set
the air in nmotion is in a tense state, like a sinew string
stretched tight. (That the heart of bulls is of such a nature is
shown by the fact that a bone is actually found in sone of them and
bones are naturally connected with sinew)

Al'l animals when castrated change to the fenmale character, and utter
a voice like that of the femal es because the sinewy strength in the
principle of the voice is relaxed. This relaxation is just as if one
shoul d stretch a string and make it taut by hangi ng sone wei ght on
toit, as wonmen do who weave at the loom for they stretch the warp by
attaching to it what are called '"laiai'. For in this way are the
testes attached to the sem nal passages, and these again to the
bl ood-vessel which takes its origin in the heart near the organ
whi ch sets the voice in notion. Hence as the seninal passages change
towards the age at which they are now able to secrete the senen
this part also changes along with them As this changes, the voice
agai n changes, nore indeed in nales, but the sanme thing happens in
fermal es too, only not so plainly, the result being what sone cal
"bl eating’ when the voice is uneven. After this it settles into the
deep or high voice of the succeeding tinme of life. If the testes are
renoved the tension of the passages rel axes, as when the weight is
taken off the string or the warp; as this relaxes, the organ which
noves the voice is |oosened in the sanme proportion. This, then, is the
reason why the voice and the formgenerally changes to the fenale
character in castrated aninmals; it is because the principle is rel axed
upon whi ch depends the tension of the body; not that, as sonme suppose,
the testes are thensel ves a ganglion of many principles, but smal
changes are the causes of great ones, not per se but when it happens
that a principle changes with them For the principles, though smal



in size, are great in potency; this, indeed, is what is neant by a
principle, that it is itself the cause of many things w thout anything
el se being higher than it for it to depend upon

The heat or cold also of their habitat contributes to nake sone
ani mal s of such a character as to be deep-voiced, and others
hi gh-voi ced. For hot breath being thick causes depth, cold breath
being thin the opposite. This is clear also in pipe-playing, for if
the breath of the performer is hotter, that is to say if it is
expel l ed as by a groan, the note is deeper

The cause of roughness and snoot hness in the voice, and of al
simlar inequality, is that the part or organ through which the
voi ce is conveyed is rough or snmooth or generally even or uneven. This
is plain when there is any noisture about the trachea or when it is
roughened by any affection, for then the voice al so becones uneven

Flexibility depends on the softness or hardness of the organ, for
what is soft can be regul ated and assunme any form while what is
hard cannot; thus the soft organ can utter a loud or a small note, and
accordingly a high or a deep one, since it easily regul ates the
breath, beconming itself easily great or snall. But hardness cannot
be regul at ed.

Let this be enough on all those points concerning the voice which
have not been previously discussed in the treatise on sensation and in
that on the soul

8

Wth regard to the teeth it has been stated previously that they
do not exist for a single purpose nor for the sane purpose in al
animals, but in sone for nutrition only, in others also for fighting
and for vocal speech. W nust, however, consider it not alien to the
di scussi on of generation and devel opnment to inquire into the reason
why the front teeth are formed first and the grinders later, and why
the latter are not shed but the former are shed and grow agai n.

Democri tus has spoken of these questions but not well, for he
assigns the cause too generally without investigating the facts in al
cases. He says that the early teeth are shed because they are forned
inanimals too early, for it is when animals are practically in
their prinme that they grow according to Nature, and suckling is the
cause he assigns for their being found too early. Yet the pig also
suckl es but does not shed its teeth, and, further, all the aninals
wi th carnivorous dentition suckle, but some of them do not shed any
teeth except the canines, e.g. lions. This nistake, then, was due to
hi s speaking general ly without exani ning what happens in all cases;
but this is what we to do, for any one who nakes any general statenent
nmust speak of all the particular cases.

Now we assune, basing our assunption upon what we see, that Nature
never fails nor does anything in vain so far as is possible in each
case. And it is necessary, if an animal is to obtain food after the
time of taking milk is over, that it should have instruments for the
treatnent of the food. If, then, as Denocritus says, this happened
about the tinme of reaching maturity, Nature would fail in something
possi ble for her to do. And, besides, the operation of Nature would be
contrary to Nature, for what is done by violence is contrary to
Nature, and it is by violence that he says the formation of the
first teeth is brought about. That this viewthen is not true is plain
fromthese and other sinilar considerations.

Now t hese teeth are devel oped before the flat teeth, in the first
pl ace because their function is earlier (for dividing cones before
crushing, and the flat teeth are for crushing, the others for
dividing), in the second place because the smaller is naturally
devel oped qui cker than the larger, even if both start together, and



these teeth are smaller in size than the grinders, because the bone of
the jawis flat in that part but narrow towards the nouth. Fromthe
greater part, therefore, nust flow nore nutriment to formthe teeth,
and fromthe narrower part |ess.

The act of sucking in itself contributes nothing to the formation of
the teeth, but the heat of the milk makes them appear nore quickly.

A proof of this is that even in suckling aninmals those young which
enjoy hotter milk grow their teeth quicker, heat being conducive to
gr owt h.

They are shed, after they have been formed, partly because it is
better so (for what is sharp is soon blunted, so that a fresh relay
is needed for the work, whereas the flat teeth cannot be blunted but
are only smoothed in tinme by wearing down), partly fromnecessity
because, while the roots of the grinders are fixed where the jawis
flat and the bone strong, those of the front teeth are in a thin part,
so that they are weak and easily noved. They grow agai n because they
are shed while the bone is still growing and the animal is still young
enough to grow teeth. A proof of this is that even the flat teeth grow
for along time, the last of themcutting the gumat about twenty
years of age; indeed in some cases the last teeth have been grown in
quite old age. This is because there is nmuch nutrinent in the broad
part of the bones, whereas the front part being thin soon reaches
perfection and no residual matter is found in it, the nutrinment
bei ng consuned in its own grow h.

Denmocritus, however, neglecting the final cause, reduces to
necessity all the operations of Nature. Now they are necessary, it
is true, but yet they are for a final cause and for the sake of what
is best in each case. Thus nothing prevents the teeth from being
formed and being shed in this way; but it is not on account of these
causes but on account of the end (or final cause); these are
causes only in the sense of being the noving and efficient instruments
and the material. So it is reasonable that Nature should perform
nost of her operations using breath as an instrunment, for as sone
instruments serve nmany uses in the arts, e.g. the hanmmer and anvi
inthe smth's art, so does breath in the living things formed by
Nature. But to say that necessity is the only cause is nuch as if we
shoul d think that the water has been drawn off from a dropsica
pati ent on account of the lancet, not on account of health, for the
sake of which the |ancet made the incision

W have thus spoken of the teeth, saying why sone are shed and
grow agai n, and others not, and generally for what cause they are
formed. And we have spoken of the other affections of the parts
which are found to occur not for any final end but of necessity and on
account of the notive or efficient cause.

- THE END-
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