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OPTIMALITY REASONING IN
ARISTOTLE’S NATURAL TELEOLOGY

DEVIN HENRY

I this paper I examine the use of optimality reasoning in Aris-
totle’s natural teleology, with special attention to its application in
the domain of living things. By optimality reasoning I mean reason-
ing that appeals to some idea of optimal ‘design’ in order to under-
stand why things are the way they are. In Aristotle, such optimality
reasoning is expressed by his famous principle that nature does
nothing in vain but always what is best for the substance given the
range of possibilities (IA , b–, translated below). My aim
in this paper is to shed light on Aristotle’s use of this principle in his
account of natural substances. How do we understand the concept
of ‘the best’ at work in the principle? How does Aristotle conceive
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Versions of this paper were presented to the Institute for theHistory and Philosophy
of Science and Technology and Collaborative Program in Ancient and Medieval
Philosophy at the University of Toronto (December ), as part of a ‘Symposium
on Teleological Thinking in Scientific Explanations’ with Jeff McDonough and
Jim Lennox, American Philosophical Association Eastern Division Meeting, Bos-
ton (December ), as well as at the West Coast Plato Workshop in Portland (May
), ‘Teleological and Necessitarian Explanation in the Ancient Life Sciences’,
University of Patras, Greece (June ), and ‘Causation, Explanation, and Value in
Plato’, Harvard University (December ). I have also benefited from comments
by Jim Lennox, Mariska Leunissen, Joe Karbowski, Byron Stoyles, Monte John-
son, and various audience members at each venue. Finally, I am especially grateful
to Brad Inwood for his detailed comments and suggestions. The paper is substan-
tially better for them.

 In spite of the importance of this principle in Aristotle’s natural science, there
has been surprisingly little scholarship devoted to it. The seminal work on the sub-
ject is J. G. Lennox, ‘Nature Does Nothing in Vain’, in H.-C. Günther and A.
Rengakos (eds.), Beiträge zur antiken Philosophie: Festschrift für Wolfgang Kullmann
(Stuttgart, ), –; repr. in J. G. Lennox, Aristotle’s Philosophy of Biology
[Philosophy of Biology] (Cambridge, ), – (all references herein are to the
reprint). To my knowledge, the only other major work on this principle is P. Huby,
‘What Did Aristotle Mean by “Nature does Nothing in Vain”?’ [‘Nothing in Vain’],
in I. Mahalingam and B. Carr (eds.), Logical Foundations (Hong Kong, ), –
, andM.Leunissen,Explanation andTeleology inAristotle’s Science ofNature [Ex-
planation and Teleology] (Cambridge, ), s.vv. ‘nature: does nothing in vain’ and
‘nature: does what is best, given the possibilities’. See also M. R. Johnson, Aristotle
on Teleology [Teleology] (Oxford, ), s.v. ‘nature: nothing in vain’, and A. Gott-
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of the range of possibilities here? And what role does optimality
reasoning play in Aristotle’s natural science? I begin by looking at
the roots of optimality reasoning in Plato, which provides the in-
tellectual backdrop for Aristotle’s principle. As we shall see, while
both Plato and Aristotle view the natural world (or at least part of
it) as the product of an optimizing agent and while both see this as-
sumption as licensing a pattern of reasoning that appeals to a certain
conception of ‘the best’, they disagree fundamentally over what the
optimization agent is and how it operates.

. Platonic origins

We are first introduced to optimality reasoning in the famous pas-
sage at Phaedo   –  , where (Plato’s) Socrates invokes ‘what
is best’ as a cause (αἰτία) of things in nature. As Plato tells the story,
Socrates took Anaxagoras’ idea that Reason ‘directs and is the cause
of everything’ and grafted onto it the notion of optimization. Socra-
tes explains: ‘I thought that if this were so, thenReason should direct
everything and arrange each thing in the way that was best.’ This is
supposed to ground the explanatory strategy introduced next: ‘If,
then, one wished to know the cause of each thing, why it comes to
be or perishes or exists, one had to find what was the best way for it
to be, or to be acted upon, or to act.’ Notice the pattern of inference
here. If the world is arranged by an optimizing agent (assumption),
then it follows that we can explain why things are the way they are
by demonstrating that they are in the best possible state. Socrates
goes on to provide an example of what an explanation of the sort he
is after might look like:

As I reflected on this subject I was glad to think that I had found in
Anaxagoras a teacher about the cause of things after my own heart, and
that he would tell me, first, whether the earth is flat or round, and then
would explain why it is so of necessity, saying which is better, and that it
was better to be so. If he said it was in the middle of the universe, he would

helf, Teleology, First Principles, and Scientific Method in Aristotle’s Biology [First
Principles] (Oxford, ), s.v. ‘natures: as doing nothing without a point’.

 According to Timaeus, the primary agent responsible for order in the cosmos is
the Demiurge, who is supremely good. And Timaeus claims that it is not possible for
one who is supremely good to do anything except what is best (  –). There-
fore, everything the Demiurge creates must of necessity be in its optimal state ( 
–  ).
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go on to show that it was better for it to be in the middle. And if he showed
me those things, I should be prepared never to desire any other kind of
cause. (  –  , trans. Grube)

The example suggests two stages to the account: () a description of
the empirical facts concerning the shape of the earth; and () a state-
ment of the aitia, which tells us that the earth is the way it is because
that is the best way for it to be. A close analysis of the Phaedo pas-
sage thus suggests that what Socrates is offering here is a two-part
model of explanation. The first part calls for a descriptive account
of the explanandum, while the second part involves identifying the
optimum, which tells us the best way for that phenomenon to be.
We will have explained the phenomenon (given its aitia) when we
have shown that the facts described in the first step match the op-
timum revealed in the second. In this way, the fact that round is the
best shape for the earth to be explains why it has the shape it does.

Famously, Socrates’ initial enthusiasm for optimality reasoning in
the Phaedo gave way to thoughts of another pattern of explanation,
namely, one that invokes Forms as explananda. Yet Socrates never
rejects the teleological model. Instead thePhaedo leaves us with two
forms of adequate explanation, one thatmakes use of optimality rea-
soning and one that appeals to Forms. There are no suggestions in
that dialogue as to how these two are supposed to fit together into a
unified pattern of explanation or, indeed, if they do. Instead, deve-
loping a more integrated theory of scientific explanation is left for
the Timaeus. According to Sedley, Plato’s use of teleology in the
Timaeus moves us even further away from the empiricism of Preso-
cratic natural science towards a conception of natural science as ‘an
exercise of pure thought’. Here optimality reasoning becomes an
a priori attempt to reconstruct, independently of experience, the
pattern of reasoning that went into the world’s design by the crea-
tive Nous. On Sedley’s reading, it is irrelevant to Plato’s project in
the Timaeus whether or not our observations about the actual world
tally with our reconstruction of the Demiurge’s reasoning process.
The guiding question is simply: what would reason itself judge to be
best? For Sedley, this armchair approach to causal enquiry forms
part of Plato’s ongoing attempt to ‘intellectualize’ natural science
(). Although my focus in this paper is on Aristotle’s use of op-

 D. Sedley, Creationism and its Critics in Antiquity [Creationism] (Berkeley, ),
–.

 For other interpretations of theTimaeus’ account of teleology see: S. K. Strange,
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timality reasoning, I should say a few words about how much of my
account depends on this particular way of understanding the Ti-
maeus.

As mentioned, part of the argument of this paper is that both
Plato and Aristotle took the natural world to be the product of an
optimizing agent and that both saw this claim as licensing the use of
optimality reasoning in natural science but that they disagreed fun-
damentally over what the optimization agent is and how it operates
(see Section  below). My analysis of these fundamental differences
will depend mainly on the claim that Plato thought the world was
intelligently designed by a divine craftsman. This is a consistent
theme running through several of Plato’s dialogues (e.g. Republic,
Philebus, Laws ). And while not everyone agrees on which de-
tails of Plato’s creationist account he intended to be taken seriously,

most commentators (ancient and modern) at least take the basic
claim of intelligent design as axiomatic. Now the teleological ex-
planations in theTimaeus that appeal to optimization are prima facie
accounts of the reasoning process that went into the design of some
feature of the cosmos. If Plato accepted that the world was put to-
gether by a Divine Craftsman who deliberated about what was best
for each thing, then it is reasonable to suppose that those accounts

‘The Double Explanation in the Timaeus’, in G. Fine (ed.), Plato : Metaphysics
and Epistemology (Oxford, ), –; Lennox, Philosophy of Biology, –
; T. K. Johansen, Plato’s Natural Philosophy: A Study of the Timaeus–Critias
[Natural Philosophy] (Cambridge, ); and S. Broadie, Nature and Divinity in
Plato’s Timaeus [Nature and Divinity] (Cambridge, ).

 The main disagreements surrounding the Timaeus’ creation story are the sepa-
rateness of the Demiurge (Johansen, Natural Philosophy, ch. ; Broadie, Nature and
Divinity, ch. ) and what Broadie calls the ‘proto-historical inauguration’ of the cos-
mos (Nature and Divinity, ).

 As is well known, the Timaeus itself is full of remarks describing the account as
εἰκώς. Some take this to mean that the entire creationist story is only metaphorical.
See e.g. F. M. Cornford, Plato’s Cosmology (London, ), –. But εἰκώς need
not be read in that way. Indeed, as Johansen notes (Natural Philosophy, ), there are
several passages in the Timaeus where the claims being made are described as ‘true’.
On my reading, Timaeus’ remarks are meant to suggest that we should not expect
an enquiry into the world of becoming to yield stable, precise knowledge; our grasp
on the subject-matter reaches no higher than belief (πίστις) (Tim.   –  ; cf.
Rep. ,   –  ). (See Phileb.   –  . Compare Aristotle’s remarks in
the Nicomachean Ethics about the level of precision we should expect from an en-
quiry whose subject-matter is imprecise and holds only for the most part.) On this
reading εἰκώς modifies how closely our accounts approximate certain truth (they are
only ‘likely’), not whether those accounts should be taken literally or metaphorically
(Johansen, Natural Philosophy, –).



Optimality Reasoning in Aristotle’s Natural Teleology 

aremeant to capture the chain of inferences that theDemiurge him-
self followed in working out his designs. This does not mean that
Plato thinks human optimality reasoning is an exact reconstruc-
tion of the Demiurge’s thought-process; such reasoning is at best
a likely reconstruction. Finally, while I think Sedley is right that
Plato thought that optimality reasoning in theTimaeus could be car-
ried out entirely independently of experience, nothing substantial
in this paper hinges on that claim. Indeed, as we shall see, there is at
least one reason for thinking that this might not be the case (though
not a decisive one).

. Nature does nothing in vain

The optimality reasoning outlined in Phaedo   –   and em-
ployed throughout the Timaeus can be seen as the intellectual an-
cestor of Aristotle’s own famous principle, whose full expression is
found in the following passage:

We must begin the investigation by laying down as suppositions those
things we often use in natural enquiry, grasping that this is the way things
are in all the works of nature. One of these is that nature does nothing in
vain but always what is best for the substance from among the possibilities
concerning each kind of animal; for this reason, if it is better this way, then
it is that way and being in that state is in accordance with nature. (IA ,
b–)

Two preliminary remarks about Aristotle’s optimality principle are
in order here.

 See Sedley, Creationism, ; cf. previous note.
 That reason has to do with the role of constraints in theTimaeus, to which I shall

return. If Sedley is right about this last claim, then it would mean that the Timaeus
is an even more extreme form of rationalism than the Phaedo. Sedley argues that
optimality reasoning in the Timaeus proceeds without regard to empirical data: ‘If
by good fortune the unfolding story of how the world was devised and built in fact
proves to tally with the data of our experience, that is something the reader is no
doubt expected to note in its favor, but is no part of the actual argument for it’ (Cre-
ationism, ). At least judging from Socrates’ example of what a proper teleological
explanation would look like at Phaedo   –  , interpreting the empirical data
through our understanding of optimal designs is central to the teleological enterprise
of the Phaedo. In the Phaedo the value of optimality reasoning is that it helps make
our empirical observations about the world intelligible (‘Why is the earth round? Be-
cause that is the optimal shape for the earth’). Of course this reading is consistent
with Sedley’s interpretation, since it only suggests that the teleological approach
espoused by Timaeus is further on its way towards ‘intellectualizing’ physics than
anything Socrates had hoped to get from Anaxagoras in the Phaedo.
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First, I take the proposition that nature does nothing in vain but
always what is best for the substance from a range of possibilities
to express a single unified principle. By contrast, Lennox argues
that there are two separate principles here: ‘nature does nothing in
vain’ (his NP), which is used to explain the absence of features; and
‘nature always does what is best’, which is used for those features
that are present because they are better for the animals that pos-
sess them. Although doing nothing in vain and doing what is best
certainly express different ideas, I am not convinced that Aristotle
sees these as separate principles to be invoked in different expla-
natory contexts. Aristotle certainly does not treat them as separate
principles in the above passage. Nor does he always do so in prac-
tice. For example, at IA , a– (discussed below), Aristotle
invokes the whole principle as part of the explanation for the ab-
sence of legs in snakes. And GA . , b–, appeals to the fact
that nature does nothing in vain to account for the presence of males
in animals. While I will often shorten the optimality principle for
convenience, we should assume that the entire principle is at work.

We also need to say something about the ‘nature’ whose actions
are governed by this principle. Aristotle often characterizes the
productive activity of nature using the language of design. Nature
is said to devise (mēchanatai) clever mechanisms (PA a). It
is described as a kind of superintendent that seeks (bouletai) to
regulate the gestation periods of animals according to the cycles of
the heavens (GA a). And it is compared to various craftsmen,
including a painter (GA b–), a sculptor (GA b–),
a carpenter (GA b–; b–a), and a housekeeper
(GA b–). In at least two places Aristotle even uses the
phrase ‘demiurgic nature’ (hē dēmiourgēsasa phusis: PA a–;
GA a), which is reminiscent of the language of the Timaeus.
Such strong design language might be taken to suggest that what
Aristotle is talking about here is some kind of Cosmic Nature
on a par with Plato’s Demiurge. Yet, however tempting this
inference may be, Aristotle’s personification of nature can only be
metaphorical. For there is little evidence that he thinks of nature
as an intelligent designer. Indeed, Aristotle’s theoretical account

 Leunissen, Explanation and Teleology, .  Huby, ‘Nothing in Vain’.
 Lennox, Philosophy of Biology, ; Johnson, Teleology, –; L. Judson, ‘Aris-

totelian Teleology’, Oxford Studies in Ancient Philosophy,  (), – at ;
and Leunissen, Explanation and Teleology, –, –, .
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of nature positively tells against that reading. In Physics .  nature
is defined as ‘a principle or cause of being changed and being at
rest in that to which it belongs primarily, in virtue of itself, and
non-incidentally’ (b–). Nor do any of the senses of phusis
canvassed in Metaphysics .  refer to the concept of a Cosmic
Nature. In Physics .  Aristotle explicitly contrasts nature with
intelligence (and craft) as distinct kinds of moving cause (e.g. Phys.
a–; cf. b– and GA a–). Finally, in Physics . 
he rejects the idea that natures are rational agents that deliberate
about their ends (a–; b–).

Having said that, in what follows I shall continue to employ the
language of engineering and design despite its potential to mislead
because it is a very convenient way of talking about optimality. In-
deed, as we have just seen, Aristotle himself uses that language. But,
again, such language is not meant to imply that Aristotle thinks
of nature as a rational agent engaged in deliberation. Instead, the
optimality principle should be understood as a generalization over
the goal-directed actions of the formal natures of particular natural
substances (for example, the formal natures of snakes do nothing in
vain).

We can illustrate Aristotle’s use of optimality reasoning by look-
ing at two examples from the text. The first is his explanation for
the peculiar jaw configuration of the river crocodile at PA . ,
a–b. Aristotle begins by noting that birds, fish, and four-
footed egg-layers all have jaws that move up and down rather than
from side to side (as they do in humans). The reason, he tells us,
is that side-to-side motion is useful only for animals with grind-

 Physics .  has become the dominant focus of scholarship on Aristotle’s natural
teleology for the past several decades. The primary battleground for the different
sides of the debate has been the so-called rainfall argument at b–a. For a
survey of the major positions within this debate see R. W. Sharples, ‘The Purpose
of the Natural World: Aristotle’s Followers and Interpreters’, in J. Rocca, Teleology
in the Ancient World (Cambridge, , forthcoming). I will not enter the fray here.
Instead I shall limit myself to the role of optimality reasoning in the case of living
things whose adaptations are incontrovertibly teleological in Aristotle’s view. Most
scholars agree that Aristotle’s teleology does not depend on conscious intentionality
in this context.

 See also Lennox, Philosophy of Biology, ; Leunissen, Explanation and Te-
leology,  (though see ); and Gotthelf, First Principles, . For the claim that
‘the formal nature’ of a natural substance is the primary moving cause of its genera-
tion see Metaph. Ζ , a– (cf. GA . , b–). At GA . , b–,
Aristotle identifies the productive nature that constructs the parts of a living thing
with the active power (ποιοῦσα δύναμις) of its nutritive soul.
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ing teeth. And since these animals lack grinding teeth, having jaws
that can move sideways would have been in vain. Since nature does
nothing in vain, it follows that these animals will possess jaws that
move up and down only. Aristotle then notes that the river crocodile
is peculiar in that it is the only four-footed egg-layer whose mouth
is set up so that its upper jaw moves while the lower jaw remains
stationary (which is the reverse of the normal configuration). Again
Aristotle explains this feature using principles of optimization. Cro-
codiles have very small front limbs that are ill-equipped for grasp-
ing food. As a result, nature has ‘designed’ their mouths not only
for chewing but also for seizing and holding their prey. There are
at least two possible ways to configure the jaws to do this: have the
bottom jaw move up and down, or have the upper jaw move up and
down. Of these two possibilities, the latter configuration turns out
to be the most useful for the crocodile:

Relative to seizing prey and holding onto them, the more useful movement
for striking a blow is the one that has the greatest force. And a blow from
above is always more forceful than one from below. And to an animal that
has no hands or proper feet and which has to use its mouth for seizing food
as well as for chewing it, the power to seize it is more necessary. Therefore
it is more useful for the crocodile to be able to move its upper jaw than its
lower one. (PA . , b–)

While the crocodile could have been built with a mouth whose
lower jawmoved up and down (standard issue for a four-footed egg-
layer), having its upper jawmove turns out to be the best jaw design
for a crocodile from among the range of possibilities.

A second example of Aristotle’s use of optimality reasoning is af-
forded by his explanation for why snakes have no legs:

The cause [aitia] of why snakes are footless is both that nature does noth-
ing in vain but in every case acts with a view to what is best for each thing
from among the possibilities while maintaining the distinctive being and
essence of the thing itself, and, as we have said, because no blooded ani-
mal can move by means of more than four points. It is clear from this that
of all blooded animals whose length is out of proportion with the rest of
their bodily constitution, such as snakes, none of them can be footed; for
they cannot have more than four feet. If they had, they would be bloodless.
Whereas, if they had two or four feet, they would be practically incapable
of any movement at all, so slow and useless would their movement be of
necessity. (IA , a–; cf. PA . , b–)
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The absence of legs in snakes is something that demands explana-
tion because they are the only blooded land-dwellers that lack this
feature. Given their unusual length, we might have expected nature
to have equipped snakes with a lot of legs like a centipede. However,
Aristotle has already established in IA  (discussed below) that no
blooded animal canmove atmore than four points ofmotion. So the
most legs a snake could have would be four. But giving four legs to
a snake would obviously be pointless, since snakes could not move
effectively with only four (cf. PA . , a–). Therefore, legs
on a snake would be in vain. And since nature does nothing in vain
but always what is best for an animal given the range of possibili-
ties, it follows that snakes do not have legs.

Why not just shorten the snake’s body in order to accommodate
four legs? As the above passage makes clear, the essence of a thing
sets prior constraints on what its formal nature can do. This is what
Aristotle means when he says that nature does what is best ‘while
maintaining the distinctive being and essence of each thing itself ’.
Aristotle seems to treat the elongated body of a snake as one of its
essential properties (something it cannot change while still remain-
ing what it is), and so this structural aspect of the snake’s design
constitutes a built-in feature that must be preserved when trying to
optimize its form. If having an elongated body is part of whatmakes
something a snake, then clearly nature could not make a snake with
a proportionately shorter body.

These examples can help to shed light on what Aristotle means by
saying that nature does nothing ‘in vain’ (matēn). For it is not im-
mediately obvious from his use of the optimality principle. One
place to look for an answer is Physics . . There Aristotle tells us
that the judgement that something F is ‘in vain’ is always relative
to its end G (b–). For example, suppose I go to the market
(F) for the sake of buying fish (G), but when I get there I fail to
accomplish that goal. In that case we would say that I went to the
market ‘in vain’. However, Aristotle’s use of matēn in the optimal-

 I discuss the role of constraints below. While this suggestion may strike readers
of the Metaphysics as questionable, in the biological works Aristotle often includes
the parts of animals as well as their physical features in the οὐσία of a thing (e.g. PA
. , b: lungs; . , a–, and . , b–: being blooded; . , a–
b: being divided into sections; . , b–: length and slimness). See Gotthelf,
First Principles, ch. , and Lennox, Parts of Animals, .

 I am grateful to Rachel Barney for pressing me on this point.
 Johnson, Teleology, –.
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ity principle does not obviously conform to this analysis. Here we
are supposed to reason counterfactually that, if some feature were
present, it would exist in vain precisely because it would lack an
end. If crocodiles had jaws that moved sideways, that setup would
exist in vain because without grinding teeth it would not serve any
function. Likewise, if snakes had legs, their legs would exist in vain
precisely because they would not serve any particular end. And yet,
according to the Physics account, only those things that have deter-
minate ends can be said to exist in vain.

I suspect Aristotle’s use of matēn in the optimality principle is
less technical than the Physics .  account would suggest. Aristotle
may just mean that nature never does anything ‘for no reason’,

in which case saying that nature does nothing in vain is equivalent
to saying that nature does nothing superfluous (periergon, e.g. GA
a). However, there is a way to understand the optimality prin-
ciple so that it conforms to the Physics account. The Physics tells
us that the expression ‘in vain’ is used whenever something F fails
to bring about that end G for the sake of which it naturally (pe-
phuken) exists. One way that we might determine a part’s natural
function is by looking to the widest kind to which that part belongs
and asking how most members of the wider kind use that part. For
example, a survey of all animals that possess legs (the wider kind)
reveals that such animals typically use their legs for locomotion.
This provides good inductive evidence that nature’s goal in equip-
ping animals with legs is to allow them to move from place to place
(cf. PA b–). Thus we can say that nature would have done
something in vain by endowing snakes with legs, since they would
not perform the function for which they naturally exist.

Having looked at Aristotle’s optimality principle in context, let
me now turn to my three main questions:

() How are we to understand the concept of ‘the best’ at work
in the principle?

() How does Aristotle conceive of the range of possibilities?

 The second meaning of matēn listed in LSJ is ‘at random, without reason’. See
also Johnson, Teleology, .

 We can put the point in less metaphorical terms by speaking of the development
of the legs as occurring in vain. In most animals that have legs the developmental
process that results in those parts naturally occurs for the sake of locomotion. If this
same developmental process were to occur in snakes, it would be ‘in vain’ in so far
as it would fail to achieve its natural end.
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() What role does optimality reasoning play in Aristotle’s na-
tural science?

I shall take these up in turn.

. Nature always does ‘what is best’

Aristotle seems to take it as axiomatic that being is better than non-
being. And since ‘to be’ for a living thing is ‘to be alive’, it follows
that living is better than non-living (GA . , b–; cf. DA
. , b–). Allan Gotthelf has argued that Aristotle is not
appealing to any independent standard of goodness here; rather,
the life (or being) of a thing constitutes its good. On this account,
the parts of a living thing are judged to be good or bad in relation
to the contribution they make to the organism’s survival and well-
being. In the light of this, when Aristotle says that nature always
does ‘what is best’ for the substance, we can take him to mean that
the parts of living things have been optimized for contributing to
the life of the individual. But does this mean that each part of a
living thing exhibits perfect design or does Aristotle have in mind
something more modest than that?

We can begin to gain some insight into this question by using the
discussion of constitutions in Politics .  as a framework. Aristotle
tells us that the study of constitutions is the subject of a single sci-
ence and that part of the job of that science is to determine what
sort of constitution is best. However, the student of politics must
be careful to distinguish between the ideal constitution and the best
possible constitution given a set of real-world circumstances:

Hence it is clear that constitutions are the subject of a single science, which
has to consider what the best constitution is and what its character must be
in order to meet our aspirations (when nothing external prevents it from
being implemented), and what sort of constitution is suited to which parti-
cular city. For the best constitution is often not attainable, so that the good
legislator and true statesmanmust consider what is themost excellent in the
unqualified sense [τὴν κρατίστην ἁπλῶς] and what is best given the under-
lying conditions [τὴν ἐκ τῶν ὑποκειμένων ἀρίστην]. (Pol. . , b–)

 A. Gotthelf, ‘The Place of the Good in Aristotle’s Teleology’, in J. J. Cleary
and D. C. Shartin (eds.), Proceedings of the Boston Area Colloquium in Ancient Phi-
losophy,  (), –.
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Aristotle recognizes that certain constitutions may be the best way
of organizing the offices in a polis in the abstract but that those sorts
of constitution may not be possible given the real-world circum-
stances. Since the ideal constitution may not be the same as the
best realizable constitution, political science must not only consider
theoretical alternatives but empirical ones as well. This same dis-
tinction can be applied to the forms of living things.When Aristotle
says nature always does what is best for the substance, he does not
mean what is best in the unqualified sense, but only what is best
given what the circumstances allow. In the case of living things,
nature’s ability to do what is best is affected by the presence of
various biological constraints.

Both Plato and Aristotle appeal to the notion of constraints to ex-
plain the fact that the world is not absolutely perfect. AtTim.   ,
for example, Timaeus says that the Demiurge desired to produce
what is best for the cosmos ‘as far as it is possible’ (kata to dunaton).
The nature of the constraints operating on the Demiurge in the Ti-
maeus, however, remains controversial. According to Sedley, for ex-
ample, the Demiurge’s creative activities are limited only by com-
peting functional demands; there is no suggestion that matter itself
might impose its own independent constraints on what the Demi-
urge can do. Indeed, Sedley argues that it is inconceivable that
Plato’s theology would tolerate the notion of design faults result-
ing from the recalcitrant nature of matter: ‘Would Plato’s theology
really allow that the best thing in the universe, god, might on occa-
sion be defeated by the lowliest thing, matter? This is such an un-
Platonic thought that very clear evidence would be needed before
the point could be safely conceded. I believe there is none.’ On
Sedley’s reading, the only suboptimality that exists in Plato’s world
is ‘caused by the demands of [functional] biology, not the nature of
matter’. By contrast, Johansen argues that the necessary properties
and motions of the simple bodies can impose prior constraints on
what is possible for the Demiurge to bring about. These are cases
where the Demiurge is unable to ‘persuade’ necessity to do as it
bids but must instead work within the constraints set by it. For ex-
ample, at Tim.   –  we are told that ‘there is no way [oudamēi]
that anything whose generation and composition are a consequence
of necessity can accommodate the combination of thick bone and

 Sedley, Creationism, –.  Ibid. .
 Johansen, Natural Philosophy, –.
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massive flesh with keen and responsive perception’. The force of
this statement seems to be that such a combination is not even pos-
sible for the Demiurge himself to bring about. The necessary char-
acter of the materials involved will not allow it. Indeed, Timaeus
goes on to say that were it not for these material constraints, our
heads would have been fortified with thick bones, which in turn
would have prolonged our life. This is pretty clear evidence that
the Demiurge’s ability to produce what is best for the cosmos is not
only constrained by competing functional demands but also by the
necessary properties of the simple bodies themselves.

Aristotle also accepts that the natures of living things operate
within the limits of constraints. As a result of these constraints, the
best (empirically) possible forms often turn out to be worse than the
best conceivable ones. It is worth dwelling on this at some length be-
cause it helps to make clear that his own conception of optimality
is not that of extreme perfection.

Aristotle recognizes a number of different biological constraints
affecting the empirical possibilities. One type of constraint arises
from general considerations of survivability. For example, every-
thing that grows must have parts for taking in and processing food,
along with a supply of natural heat for transforming that food into
the raw materials used to nourish its body (PA . , a ff.). This
means that nature cannot design a viable organism without parts
that satisfy these demands: hence animals have parts like hearts
and livers. We have also seen how the essence of a thing sets prior
constraints on the actions of its formal nature. As Aristotle puts it,
nature always does what is best ‘while maintaining the distinctive
being and essence of each thing itself ’ (IA , a–). In these
cases the constraint in question is rooted in the definition of the ani-
mal’s substantial being. If part of what it is to be a snake is to be a
blooded animal whose length is out of proportion with the rest of
its body, then nature cannot make a snake with a shorter body. For
such an animal would not be a snake by definition. The existence
of competing functional demands is a third source of biological con-
straint. For example, Aristotle treats the elephant’s trunk (PA . )
and the fact that fish are so prolific (GA . , a–b) as trade-

 Sedley, Creationism, –, acknowledges this example but denies that it has
anything to do with constraints imposed by matter. I do not find his explanation of
this passage convincing.

 See also PA . , b–, and . , b–.



 Devin Henry

offs between multiple and conflicting functions: in the case of the
elephant the functions of breathing and locomotion, in the case of
the fish different functions associated with reproduction.

The above three cases can be classified as constraints arising from
the formal and final cause. But Aristotle also allows that certain fea-
tures of a thing’s material nature can set prior constraints on what
its formal nature can do. (These are cases where the matter is not
itself conditionally necessitated by form.) There are at least three
ways that features of the material nature can act as a constraint on
form.

In some cases the amount of material available during develop-
ment imposes prior constraints on what the formal nature is able to
achieve. Here nature is analogous to an engineer whose hands are
tied by the fact that his supplier did not provide him with enough
raw materials to do his job. For example, Aristotle notes that all
horn-bearing animals lack incisors in both jaws (an empirical ob-
servation). The cause of this, he tells us, is the fact that ruminants
lack sufficient developmental resources to produce both horns and a
complete set of teeth. This lack of raw materials thus imposes con-
straints on the production of those parts (PA . , b–a).
In order to compensate for the decrease in mastication created by
the absences of incisors, nature has equipped ruminants with a
multiple-chambered stomach (PA . ). Notice that this is not the
result of a trade-off between competing functional demands, since
the functions of horns and teeth do not conflict. Instead the lack
of incisors results from the fact that the supply of available matter
during development sets limits on what the formal nature can build.

In addition to developmental constraints, the basic material con-
stitution of an animal can also prevent nature from achieving per-
fection. In De generatione animalium Aristotle treats the ability to
generate live young as the most perfect form of reproduction (GA
. , a–b; . , b–). In a perfect world, then, all
animals would be live-bearers. However, Aristotle notes that birds
are by nature cold and dry (a property of their material nature) and
so lack the necessary vital heat to bring their offspring to completion

 My account depends on the controversial idea that Aristotle treats certain fea-
tures of the material nature as causally basic in the sense of being causes of many
other features of a living thing while nothing ‘more fundamental’ (ἄνωθεν) is the
cause of them (cf. GA . , a–). For a defence of this claim see D. Charles,
Aristotle on Meaning and Essence (Oxford, ), e.g. –; Leunissen, Explanation
and Teleology, e.g. –; and Gotthelf, First Principles, ch. .
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internally. As a consequence of this birds generate externally by lay-
ing eggs. In order to compensate for the vulnerability of the embryo
nature has endowed birds with the ability to produce a hard-shelled
egg, which protects it as it develops. In this way laying hard-shelled
eggs represents the best possible way of reproducing given the prior
constraints imposed on the bird’s design by its distinctive material
nature. There is no indication anywhere in the text to suggest that
Aristotle thinks the particular bodily constitution of birds is itself
the result of some teleological demand. Instead he treats this fea-
ture of its material nature as causally basic.

A third kind of constraint associated with a thing’s material
nature are what we might call architectural constraints. Here the
features of the animal’s basic body plan (including its dimensions
and the placement of its organs) make some trait physically im-
possible. This is nicely illustrated by Aristotle’s discussion of the
oesophagus in PA . . In all blooded animals furnished with lungs
the oesophagus is situated behind the windpipe, which makes the
animal susceptible to choking. Aristotle does not try to explain this
away by showing how choking contributes to some higher func-
tion so that this is, in fact, the best conceivable design for a lung
possessor. He acknowledges that this is a bad set-up (phaulotēta,
a) and that a much better configuration would have been to
connect the stomach directly to the mouth (which is exactly how
fish are designed, a–). That would remove the need for an
oesophagus and thereby eliminate the choking problem entirely.
But Aristotle argues that this way of configuring the body is not
possible for a blooded animal furnished with lungs. First of all, in
order for the lungs to work efficiently they must be connected to
the mouth by means of an extended tube; hence the presence of the
windpipe. It follows from this that animals with lungs must also
have an oesophagus connecting the stomach to the mouth (a–
). Second, all blooded animals must have a heart. The placement
of the heart (which is of primary importance) makes it unavoid-
able that the windpipe will be situated in front of the oesophagus

 The question of how Aristotle thinks we go about determining which features
of a thing are basic and thus do the constraining is beyond the scope of this paper. It
is bound up with difficult questions about causal priority, essences, and the method
for establishing first principles.

 I borrow this phrase from S. J. Gould and R. C. Lewontin, ‘The Spandrels
of San Marco and the Panglossian Paradigm: A Critique of the Adaptationist Pro-
gramme’, Proceedings of the Royal Society of London,  (), –.
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(a–). In order to ‘remedy the problem’ (tēn phaulotēta . . .
iatreuken, a–), Aristotle says, nature has devised a quick fix in
the form of the epiglottis (in mammals) and a collapsible larynx (in
birds and reptiles). Here, the awkward position of the oesophagus
behind the windpipe is explained, not by the goal-directed actions
of the formal nature, but by certain architectural constraints that
are imposed on the construction of all blooded animals furnished
with lungs. In this case the constraints themselves can be identified
as the cause of the design flaw, while nature’s optimizing efforts
are the cause of its remedy.

Although Aristotle will include features of a thing’s architecture
in the definition of its substantial being (see n. ), it is important to
distinguish what I am calling ‘architectural constraints’ from those
constraints rooted in its essence. We can see this by contrasting the
way the length of a snake puts (formal) constraints on the number
of legs it has with the way the physical dimensions of a fish put (ar-
chitectural) constraints on the number and configuration of its fins
(PA . ). For example, Aristotle tells us that the width and flatness
of a skate prevent it from having the typical four-fin configuration
of other bony fish (a–). Given this architectural constraint,
it is impossible for nature to build a skate with four evenly placed
fins. Instead, nature has given it a single fin stretching around the
outer edge of its body as its primary means of propulsion. With ar-
chitectural constraints, then, certain features of the animal’s basic
body plan make other traits physically impossible. In cases where
the constraint emerges from the very definition of a thing’s sub-
stantial being, certain designs become analytically impossible. Ob-
viously nature could design a reptile that had a more proportionate
body in order to accommodate four legs. But such a creature would
not be a snake by definition.

 As mentioned, there is a question here about the method by which Aristotle
goes about determining the causal priority among features, in this case why he treats
the physical dimensions of the skate as the basic feature of its architecture that does
the constraining. I shall leave that question to one side.

 The contrast can be made even more explicit by considering PA . , b–
. There Aristotle notes that, while most octopuses have two rows of suckers, the
kind called ἑλεδώνη has only a single row: ‘This is because of the length and thinness
of its 〈material〉 nature; for it is necessary [sc. given its physical dimensions] that the
narrow tentacle have a single row of suckers. It is not, then, because it is best that
it has this feature, but because it is necessary owing to the distinctive account of its
being [διὰ τὸν ἴδιον λόγον τῆς οὐσίας].’ The constraining feature here is the narrow-
ness of the arm. Although this feature happens to be in ‘the distinctive account of its



Optimality Reasoning in Aristotle’s Natural Teleology 

What the discussion of biological constraints makes clear is that
Aristotle does not think of teleological causation in terms of extreme
perfection (at least not in the sublunary world of material compo-
sites). In a perfect world snakes would be equipped with enough
legs to allow them to move from place to place with ease, all mam-
mals would be constructed without the need for an epiglottis, and
ruminants would have horns as well as a full complement of teeth.
But Aristotelian natures operate in a world that is replete with con-
straints. As a result of these constraints, the best possible forms
often turn out to be worse than the best conceivable ones. In many
cases various constraints conspire to make it virtually impossible to
achieve absolute perfection. For example, Aristotle argues that all
blooded animals require some sort of internal skeleton as a support
system. In designing sharks and rays, however, three constraints
arise that impose limits on how nature can achieve that goal (with
the following see PA . , a–). On the one hand, the ‘more
fluid’ (hugroteran) movement of sharks and rays requires a skeletal
structure that is quite flexible (a functional constraint). On the other
hand, the animal’s formal nature ‘cannot distribute the same excess
materials to many different locations at once’ (a developmental con-
straint), and it must use up all the earthy material on the formation
of its skin (a competing functional demand). So while solid bone
might make for a better skeleton in the abstract, given these various
constraints cartilage turns out to be the best possible material for the
skeletons of sharks and rays.

As we have seen, Aristotle’s optimality principle states that the
natures of living things never do anything in vain (outhen poiei
matēn) but always (aei) select what is best for the substance from
among the range of possibilities. This gives the optimality principle
the character of a universal ‘law’ that governs all the actions of the
formal nature. It follows that, if the development of some feature X

being’, it is operating as an architectural (rather than purely formal) constraint: hav-
ing narrow arms makes more than one row of suckers physically impossible. In this
case the constraint itself (rather than the optimizing actions of the formal nature) ex-
plains the trait in question. This contrasts with the discussion of the oesophagus in
PA . . There the architectural constraint explained the existence of the design flaw
(the awkward position of the oesophagus behind the windpipe), while the optimizing
actions of the formal nature explained its remedy (the epiglottis/collapsible larynx).
For a discussion of the octopus example see J. G. Lennox (trans. and comm.), Aris-
totle: On the Parts of Animals I–IV [Parts of Animals] (Oxford, ), .

 Gotthelf, First Principles, ch. , provides a complex illustration of this point.
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is an intrinsic product of the formal nature, then X must be the best
way of realizing that feature from among the possibilities. But
this way of understanding the optimality principle appears to con-
flict with another teleological principle according to which nature
does everything either because it is (conditionally) necessary or on
account of the better (GA . , a–). Aristotle takes these
two alternatives to be mutually exclusive. For any feature X, if X
is a product of the formal nature, then it is present either because it
is necessary for performing some function ϕ or because it is better.
By ‘better’ he means that X improves the execution of ϕ though it
is not, strictly speaking, necessary for ϕ-ing. For example, the liver
is necessary for all blooded animals because of the essential role it
plays in processing nutriment (PA . , a–; . , a–b).
The kidneys, on the other hand, are not necessary for processing
nutriment (you could build an animal without them), but having
kidneys improves that function (PA . , b–). According
to this principle, explanations in terms of ‘the better’ are to be
contrasted with explanations that appeal to conditional necessity.

But this does not actually conflict withmy reading of the optimal-
ity principle as a universal law of biological form, since the GA . 
principle (I shall argue) is not contrasting conditional necessity, on
the one hand, with optimization, on the other. For ‘the better’ in
the GA .  principle does not capture the same idea as ‘the best’ in
the optimality principle. This is clear from the fact that optimal-
ity reasoning cuts right across the GA .  distinction.

 Note that this does not mean that Aristotle thinks every feature of the organic
body has been optimized for the performance of some function; Aristotle is no Pan-
glossian. For the formal nature is not the per se cause of every feature in a living thing.
Some features are incidental by-products of the actions of formal natures (e.g. bile:
PA . , a–), others the result of necessary changes rooted in the material
nature (e.g. GA . –; see M. Leunissen and A. Gotthelf, ‘What’s Teleology Got
to Do with It? A Reinterpretation of Generation of Animals V’ [‘GA V’], Phronesis,
 (), –; repr. in Gotthelf, First Principles, ch. ), while others may be the
direct result of biological constraints (e.g. the suckers on the ἑλεδώνη). Since none of
these features is the per se result of the goal-directed activities of the formal nature,
they fall outside the scope of Aristotle’s optimality principle.

 εἰ δὴ πᾶν ἡ φύσις ἢ διὰ τὸ ἀναγκαῖον ποιεῖ ἢ διὰ τὸ βέλτιον, κἂν τοῦτο τὸ μόριον εἴη
διὰ τούτων θάτερον. I take ἡ φύσις here to refer to the formal nature of the animal in
question.

 Lennox, Philosophy of Biology,  n. , raises the issue but does not address
it. Leunissen, Explanation and Teleology, , recognizes that ‘the better’ and ‘the
best’ are not equivalent notions. Nevertheless, she contrasts appeals to optimization
with appeals to conditional necessity (). Compare Gotthelf, First Principles, 
n. ,  n. , –.
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First take conditional necessity. In order to execute the function
of chopping, an axe must be made of some hard material; that type
of material is conditionally necessary for being an axe. But this ge-
neral requirement is satisfied, albeit to different degrees, by a whole
range of materials such as iron, bronze, or diamond. Supposing the
art of the blacksmith is also governed by an optimality principle,
we should expect the expert blacksmith to select the best materi-
als for chopping from among that range of possibilities. In this way
explanations in terms of conditional necessity are fully compatible
with, rather than opposed to, explanations that employ optimality
reasoning. Something can both be necessary for doing ϕ and be (or
not be) the optimal way of executing ϕ. Now take the other side
of the contrast. To say that some part is present ‘on account of the
better’ means that it is not necessary for doing ϕ but it improves
the animal’s ability to do ϕ. For example, while animals can sur-
vive without kidneys, having them improves liver function by faci-
litating its ability to concoct the blood. In this way nutrition works
better with kidneys. But notice that there may be a range of better
and worse ways of improving liver function. Since nature always
does what is best for each substance from among the range of alter-
natives, then we can explain why animals have kidneys by showing
that a mechanism for filtering the blood is in fact the best way of im-
proving liver function.

If this is right, then the principle that nature does nothing in vain
but always what is best (optimal) for the organism given the range of
possibilities is distinct from, and even complementary to, the prin-
ciple that nature always does something either because it is neces-
sary or because it is better. And if it is true that nature does nothing
in vain but always what is best for the organism, then the design
of both its necessary parts (e.g. the liver) and what Leunissen calls
its ‘subsidiary’ (e.g. kidneys) and ‘luxury’ parts (e.g. horns)—those
that are present on account of the better—will equally be subject to
principles of optimization.

 The existence of females is an example of something that is both conditionally
necessary for reproduction and the best way of ensuring the persistence of species
from among the available alternatives. See C. Witt, ‘Aristotle on Deformed Kinds’,
Oxford Studies in Ancient Philosophy,  (), –.
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. Nature’s design space

As we have seen, optimality reasoning requires determining what
is best ‘from among the possibilities concerning each kind of ani-
mal’. But how does Aristotle think the student of nature goes about
determining that range? How do we come to know which modifica-
tions are in fact possible for a given trait? Although Aristotle is not
explicit about this, I think that there is enough evidence to allow us
to make some reasonable conjectures.

According to one interpretation, call it the inductive reading, the
range of what is possible for a given trait is determined empirically
by observing the range of actual variation exhibited by the wider
kind. For example, the range of possible dental arrangements for
a blooded animal corresponds to the various ways that teeth are ac-
tually arranged in all the blooded animals taken collectively. Since
no blooded animal has both serrated teeth and tusks, it follows (ac-
cording to this reading) that this combination is not among the
range of possibilities. On this interpretation Aristotle conceives of
the range of possibilities in purely empirical terms: ‘Thus what is
possible within a kind is established inductively, through a study
of the ways, to use our example, teeth are arranged in the various
kinds of toothed animals.’

There is at least one example in the corpus that points towards the
inductive reading. In PA .  Aristotle considers why sea urchins
have five eggs symmetrically placed around their bodies that line
up with each of their five teeth and stomachs. He first works out
that sea urchins must have an odd number of eggs. As the inductive
reading predicts, he then rules out any odd number greater than five
on the grounds that no other member of the wider kind has them
arranged in that way:

The egg cannot be continuous, since it does not occur in that way in any
of the other hard-shelled animals; it is always on one side of the disk only.

 This reading is defended by Lennox, Philosophy of Biology, e.g. , , and
Leunissen, Explanation and Teleology, e.g. –. Although Leunissen explicitly en-
dorses Lennox’s reading, her interpretation turns out to bemuch less restrictive. For
she allows for a notion of ‘design space’ () that includes more than what is actually
realized in the world. On her reading, the range of possibilities also includes ‘hypo-
thetical’ designs () that are known by means of ‘thought experiments’ (). This
is compatible with the interpretation I defend below.

 Lennox, Philosophy of Biology, .
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Accordingly, since this part is common to all of them while the spherical
body is peculiar to the sea urchin, it is not possible for the eggs to be even
in number. If they were, they would have to be arranged in opposition be-
cause both sides would have to be symmetrical, and then there would be
eggs on both sides of the circumference. But this arrangement is not found
in any other hard-shelled animal. (b–)

Aristotle concludes that sea urchins must have exactly five eggs
because that is the best arrangement from among the remaining
possibilities. As this passage makes clear, those possibilities are es-
tablished (at least in part) by appealing to the observable range of
variations among the members of the wider kind.

However, there are at least two other passages that suggest Aris-
totle is not thinking of the range of possibilities purely in terms
of ‘empirical possibilities’ as characterized by the inductive read-
ing. The first comes in PA . , where Aristotle takes up Momus’
criticisms in one of Aesop’s fables. According to the version of
the story that Aristotle appears to know, Zeus fashioned a bull and
asked Momus to judge his handiwork. Momus was so consumed
with jealousy that he blasted Zeus for failing to put horns on the
bull’s shoulders, whence it could deliver the strongest blows. In
defence of the bull’s design, Aristotle launches into the following
counter-attack:

Nature also acted correctly in making the structure of the horns on the
head, rather than acting like Aesop’s Momus, who blames the bull because
it does not have its horns on its shoulders, from where it could produce
the strongest blows, but on the weakest part, its head. Momus made these
accusations through a lack of sharp insight. For just as horns, if they had
been placed anywhere else on the body, would provide weight while not
being useful and even be a hindrance to many of its functions, so too would
they be useless if placed on the shoulders. Indeed, one should target not

 Lennox dismisses this counter-example on the grounds that it is a criticism of
a fable writer, not a natural philosopher, and so cannot be taken seriously (J. G.
Lennox, ‘Teleology in Scientific Explanation: Commentary on Henry and Mc-
Donough’, presented at the annual meeting for the American Philosophical Asso-
ciation (Boston, )). However, at Phys. . , a–, Aristotle likewise refers
to the views of a poet as a way to make a serious philosophical point (see also Phys.
. , b). Moreover, Phil Horky suggests that it would not have been unusual
for Aristotle to have taken Aesop’s views seriously (personal communication). They
would certainly have been considered a legitimate source of reputable opinions—
that is, as part of the endoxa. Whether or not Aristotle takes Aesop’s view as a serious
challenge here, it is clear that his explanation for why bulls have horns on their heads
is meant to be taken seriously. And that is sufficient for my point.
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only from where the strongest blows would come but also from where they
would be further forward. So, since bulls do not have hands and it is im-
possible for horns to be on the feet, and further if they were on the knees
they would prevent them from bending, they must have horns just as they
in fact do—on the head. And at the same time, the body’s other movements
are also naturally most unimpeded. (PA . , a–b)

Although Aristotle does not invoke the optimality principle here,
this passage is a nice example of the use of optimality reasoning. It
is one of the few places where Aristotle explicitly considers a range
of options, rules some out as not being possible, and then shows
how among the remaining possibilities the one selected is clearly
the best.

The passage considers several different locations for placing
horns on a bull: head, shoulders, knees, feet, and hands. The last
two options are both excluded from the range of what is possible
for a bull (for reasons that need not concern us here). But shoulders
and knees are clearly treated as being among the possibilities.
Aristotle rules these options out, not because they are impossible,
but because they are suboptimal. This is clearly a problem for the
inductive reading. Since there are no horned animals that actually
have horns on their shoulders or on their knees, the inductive
method would have led Aristotle to conclude that these locations
are not within the range of what is possible for a bull. For induction
tells us that horns are never located in those spots. But that is not
what Aristotle does here. In this example what is possible for a bull
is not established inductively through a careful study of the ways
that horns are actually arranged in the various kinds of horned
animals. Instead, Aristotle speculates about a set of hypothetical
designs and then offers reasons for why nature did not select those
alternatives.

The snake example offers further evidence that Aristotle’s
method of determining what is possible for a given trait is not
entirely an empirical matter but makes use of reasoning that is,
in some sense, independent of experience. Aristotle tells us that
having more than four limbs is not among the range of possibilities
for a snake because no blooded animal can move at more than four
points of motion (IA , a–). When we turn to IA  we dis-
cover that this claim is itself derived from universal principles that

 Compare Lennox, Philosophy of Biology, .
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apply to all things that move from place to place by means of limbs
(IA , a–). The relevant argument in IA  is complicated,
but it appears to have the following structure:

(P) Two of the primary dimensions of a moving body, the su-
perior/inferior and the right/left, are connected to one an-
other through a common origin in the centre of the body,
which is the source of their movement (this common origin
is the heart in blooded animals).

(P) This primary origin ofmotionmust be located at some fixed
distance from the proximate sources of motion in the limbs
(which in animals are the joints: see De motu ).

(P) The primary origin ofmotionmust bemore or less the same
distance from each of those proximate sources of motion.

From these three principles Aristotle derives the conclusion:

Since these conditions apply exclusively or most of all to blooded animals,
it is clear that it is not possible for any blooded animal to move by more
than four points of motion and that if some animal naturally moves by only
four points, it must of necessity be blooded. (a–)

Although Aristotle goes on to say that this conclusion is confirmed
by what we observe among blooded animals (a–a), the
conclusion itself is not something that is known by experience.
What is possible for a snake is established, not strictly by appealing
to observations of the wider kind, but by showing how it follows
from general principles concerning the physical dimensions of the
animal’s body.

The lesson I wish to draw from these two examples is the fol-
lowing. While Aristotle is not explicit about how he thinks the stu-
dent of nature goes about determining the range of possibilities for
a given trait, it is clearly not simply a matter of reading off that

 It is true that Aristotle establishes the fact that no blooded animal moves at more
than four points (the ὅτι) inductively by surveying various animal kinds (cf. IA ),
but the reason why it is not possible (the διότι) is grasped by means of this rational ar-
gument. Note that, while the universal principles that figure in such arguments may
themselves be established inductively (see De iuv. a–b, translated below), that
is not the issue here. What is at issue is the nature of our grasp on the conclusion
of the argument, which concerns the range of what is possible. Frede characterizes
what is known by deduction from first principles as ‘a priori’ knowledge (M. Frede,
‘Aristotle’s Rationalism’, in M. Frede and G. Striker (eds.), Rationality in Greek
Thought (Oxford, ), – at ). While I agree with this characterization, I
refrain from using that language here.
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range directly from the observed variations exhibited by somewider
kind. Instead, determining what is possible requires a mixture of
empirical and rationalist considerations. In some cases the natural
scientist might need to extend beyond what is observable and use
her imagination to consider hypothetical designs that are not real-
ized by any actual species (as in the horns case). In others she may
need to rely on arguments where what is and is not possible is es-
tablished through reasoning that proceeds, in some sense, indepen-
dently of experience (as in the snake example). Of course Aristotle
does not go as far as Plato in treating optimality reasoning as an ex-
ercise of pure thought where one simply attempts to reconstruct,
entirely independently of experience, the pattern of reasoning that
would have gone into something’s optimal design. One of the main
reasons, we have seen, is that Aristotle thinks nature’s ability to op-
timize traits is largely restricted by the existence of various biolo-
gical constraints. And knowing which constraints are operative on
a given organism is not something that can be worked out from the
armchair. These are facts that depend on knowledge that can be
acquired only by carefully studying living things in their natural
environments.

One might object that the contrast with Plato here is unfair given
the earlier discussion about constraints in the Timaeus. The idea
that Plato treats optimality reasoning as an exercise of pure thought
was part of Sedley’s claim that the Timaeus represents Plato’s on-
going attempt to ‘intellectualize’ natural science. However, if Jo-
hansen is right about the existence of material constraints, then
surely Plato would agree with Aristotle that knowing which con-
straints are operative on a given organism cannot be worked out
entirely from the armchair. For facts about the necessary proper-
ties of matter will depend on knowledge that can be acquired only
through an empirical study of the world. However, I do not think
this objection is decisive. For Sedley could accept that the necessary
properties ofmatter set prior constraints onNous’s design space and
simply argue that Plato thought we could deduce those properties
from a priori knowledge of the geometrical figures that constitute
the simple bodies (cf. Tim.   –  ).

 Even if Plato did think that our knowledge of material constraints depended
in some sense on experience, we could still agree with Sedley that in the Timaeus
optimality reasoning is seen as an attempt to reconstruct the pattern of reasoning
that went into the world’s design by the creative Nous. It is just not a purely a priori
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. The role of optimization in natural science

I now want to turn to my final question about the role of the
optimality principle in Aristotle’s natural science. There are two
main interpretations canvassed in the literature. In IA , b–
, Aristotle tells us that the optimality principle is among those
things that must be laid down as suppositions (hupothemenois) of
natural enquiry. Lennox argues that ‘supposition’ here should be
taken in the technical sense of Post. An. . . There we are told
that suppositions are a kind of postulate (thesis) which, along with
definitions, are included among the first principles of a demon-
strative science. And such principles, we are told, are ‘among the
premisses’ of a demonstration (Post. An. . , b–; a–).
If the optimality principle is a supposition in this technical sense,
Lennox argues, then we should expect it to function as a premiss
in demonstrations. In contrast to this, Leunissen argues that
teleological principles, such as ‘nature does nothing in vain’, do
not figure in scientific explanations properly speaking. Instead,
their function is purely heuristic in the sense that they point us
towards those causally relevant features that are cited in proper
explanations. Like all heuristic devices, Leunissen argues that
such teleological principles can be kicked aside once those causal
features have been found so that the ultimate explanation can be
formulated ‘without the teleological principle figuring as one of
its premisses’. On the account I shall defend, the optimality

exercise that proceeds entirely independently of experience. While this would force
us to give up the idea that the Timaeus is an attempt at ‘intellectualizing’ physics (as
Sedley claims), this does not affect my overall thesis about Aristotle’s central revi-
sions to the Platonic conception of optimality (see below, sect. ).

 Lennox, Philosophy of Biology, –.
 For problems with the use of ‘premiss’ here see Leunissen, Explanation and

Teleology,  n. . Although I am sympathetic to Leunissen’s claim that the opti-
mality principle does not have the right structure to function as a genuine premiss
in an Aristotelian syllogism, the reading I defend below does not turn on whether or
not explanations that feature the optimality principle meet the formal requirements
for proper demonstrations. I return to this question below.

 Leunissen, Explanation and Teleology, –, discusses the teleological prin-
ciple in GA .  as a paradigm example.

 Leunissen, Explanation and Teleology, ; see also § ., esp. –. By call-
ing teleological principles ‘heuristic’ devices Leunissen is not reviving the so-called
Kantian reading of Aristotle’s teleology (e.g. W. Wieland, ‘The Problem of Teleo-
logy’, in J. Barnes, M. Schofield, and R. Sorabji (eds.), Articles on Aristotle, i. Sci-
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principle actually plays both of these roles in Aristotle’s natural
science. According to this pluralist reading, while Aristotle does
use optimality reasoning as a heuristic device for identifying the
causally relevant features of natural phenomena, there are clear
examples where the fact that nature does what is best for the sub-
stance is treated as one of those causally relevant features. In those
cases the optimality principle must be cited in a causal explanation
for the phenomenon in question.

There is at least one example in the biological works where the
optimality principle is clearly used as a heuristic device. In GA
.  Aristotle raises the puzzle about why males exist in addition
to females (b–). He invokes the optimality principle to help
resolve this puzzle: if females could generate on their own, then
males would exist in vain; nature does nothing in vain; therefore,
males must make some contribution to generation. But notice that
this does not explain why males exist. Knowing that nature does
nothing in vain allows us to infer that males make some neces-
sary contribution to generation. But this is only a preliminary step
towards the ultimate explanation. The ultimate explanation must
identify the cause for the sake of which males exist, which picks out
their necessary function (they provide sensory soul: b). All the
optimization principle does here is help us to see that males must
make some contribution to generation; it does not tell us what that
contribution is. In this example, then, optimality reasoning clearly
forms part of a chain of inferences leading to the identification of the
primary cause of the explanandum. But since the principle does not
state that cause, it will not be part of the actual explanation.

There is something important to be gleaned fromLeunissen’s in-
sights about the heuristic role of teleological principles inAristotle’s

ence (London, ), –). On that reading, Aristotle thinks it is useful to look at
nature ‘as if ’ it was governed by final causes, since adopting the teleological perspec-
tive helps to identify the real (i.e. material-efficient) causes of things. Since Aristotle
thinks final causes have no ontological significance (on the Kantian reading), na-
tural science can dispense with the crutch of teleology once those true causes have
been found. Leunissen denies that this is Aristotle’s view (e.g. ). On her reading,
Aristotle sees natural science as a search for the ultimate causes of natural pheno-
mena, which include final causes. Those final causes have real ontological force and
constitute an ineliminable feature of Aristotle’s world. Living things really are teleo-
logically organized systems whose development and functioning are controlled by
the goal-directed actions of their formal natures. It is only the teleological principles,
such as ‘nature does nothing in vain’, that Leunissen thinks play a heuristic role in
Aristotle’s natural science. For a thorough critique of the Kantian reading of Aris-
totle see Johnson, Teleology, –.
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natural science, especially when compared with Plato. For Plato the
universe really is designed by a Divine Craftsman who deliberated
about what was best for each thing and then, with the help of the
lesser gods, put those plans into action. Within this framework op-
timality reasoning is a literal attempt to reconstruct the chain of in-
ferences that the Demiurge followed in working out those designs.
While Aristotle agrees with Plato that optimality reasoning is a use-
ful strategy for discovering causes, such reasoning does not repre-
sent any actual deliberation process on the part of nature. For the
natures of living things do not deliberate (Phys. . , b–). At
the same time it would be amistake to suppose that Aristotle viewed
optimality reasoning as purely heuristic. Aristotle thinks that the
inner sources of change that regulate the growth and development
of living things really do operate according to principles of optimi-
zation, a fact that makes a real difference to how the world turns
out. While Aristotle’s use of design language may be completely
metaphorical, his claim that the natures of living things never do
anything in vain but always what is best for the substance most cer-
tainly is not.

The problem with Leunissen’s reading is that there are several
examples in Aristotle’s biological works where the optimality prin-
ciple clearly plays an explanatory role. In those cases the optimality
principle is not simply a heuristic device that can be kicked aside
once the causally relevant features have been identified. The fact
that natures are optimizing agents is one of those causally relevant
features and so cannot be eliminated from the explanation without
loss of crucial explanatory content. This seems to conform better
to Lennox’s reading. Let me offer two examples.

For the first example we can return once again to Aristotle’s ex-
planation for why snakes have no legs. As we have seen, Aristotle
explicitly identifies the optimality principle as a causal factor (aitia)
in the explanation for the absence of legs in snakes. Indeed, it is dif-

 Leunissen, Explanation and Teleology, , agrees with this much: ‘I take it that
the different kinds of actions ascribed to these formal natures reflect the operations
of different kinds of causality that typically obtain in the production of animals and
their parts. Teleological principles are thus no mere metaphors; they all carry onto-
logical force.’

 Of these two examples, Leunissen discusses only the first (Explanation and Te-
leology, –). See also GA . , a–b, and the examples discussed in Lennox,
Philosophy of Biology, –.

 Cf. Lennox, Philosophy of Biology, .
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ficult to see how the explanation would still be explanatory if it did
not include reference to that principle as a cause. Leunissen cor-
rectly identifies the fact that snakes have elongated bodies and the
fact that having four legs would be pointless as being relevant to the
explanation. But these facts alone are not sufficient to explain why
snakes do not have any legs (they might still have had two or four).
We also need to know that the formal natures of snakes do nothing
in vain but always what is best for the animal and that having no
legs is the best design for a snake given the possibilities.

The other example comes from De iuventute. In De iuv.  Aris-
totle claims that the archē of the soul is located in the mid-section of
the organism between its upper and lower parts. This, he says, can
be established both through perception (kata tēn aisthēsin) and ac-
cording to reason (kata ton logon) (a–). With arguments that
proceed kata tēn aisthēsin the conclusion is established inductively
by appealing to what is observable. By contrast, with arguments
that proceed kata ton logon the conclusion is established by show-
ing how it follows of necessity from certain universal principles.

De iuv. – attempts to establish the proposition about the archē of
the soul by drawing on observable data gathered from the empir-
ical study of animals and plants, while De iuv.  provides additional
support by appealing to different rational arguments. The first of
these rational arguments explicitly invokes the optimality principle
as one of its premisses:

Thus it is clear from what has been said, in accordance with the observed
facts, that both the origin of the sensory part of the soul and those con-
nected with growth and nutrition are located in this and in the middle of
the three parts of the body. This is also in accordance with reason because
we see that in every case nature does that which is best [τὸ κάλλιστον] from
among the possibilities: the two parts of the body (that which prepares the
ultimate nutriment and that which receives it) would each accomplish its
proper function most if each origin was in the middle of the substance; for
then the soul will be close to both parts, and the central position of such a
capacity will be in a position of control. (De iuv. , a–b)

As with the snake example, the optimality principle forms an in-
 See e.g. MA , a–; Meteor. . , b–; PA . , a–; GA

. , a–; . , a–. See also R. Bolton, ‘Two Standards of Inquiry in
Aristotle’s De caelo’, in A. C. Bowen and J. Wilberg (eds.), New Perspectives on Aris-
totle’s De caelo (Boston, ), –. I disagree with Bolton’s main thesis that the
distinction in question maps onto the distinction between scientific and dialectical
arguments.
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eliminable part of the explanation for why the archē of the soul is
located in the mid-section of the organism between its upper and
lower parts. To see this, consider how someone like Empedocles
would explain the phenomenon. For Empedocles, the fact that the
archē of the soul is located in the middle of the body rather than in
some other location is merely accidental and the result of chance. Of
course he could agree with Aristotle that the upper and lower parts
of an animal happen to function best when the archē of the soul is
located in themiddle. But that fact is irrelevant to the explanation.

Thus, Aristotle is justified in drawing the inference that the archē
of the soul is located in the middle region because that is the best
location for it to be, only if it is true that the formal natures of liv-
ing things are optimizing agents that always do what is best for the
substance given the range of possibilities. Without citing the op-
timality principle as part of the explanation, Aristotle’s teleological
account of the soul’s origin loses its explanatory force.

It is clear from the above discussion that Aristotle thinks the opti-
mality principle can play different roles in natural science. In some
cases optimality reasoning is a useful heuristic that helps identify
the causally relevant features cited in the explanation of some na-
tural phenomenon, even though the optimality principle itself does
not form part of the ultimate explanation. However, as we have
seen, there are also cases where the fact that nature does what is
best for each substance is among the causally relevant features and
so cannot be eliminated from the account without loss of crucial
explanatory content.

This does not completely vindicate Lennox’s reading, however.
The debate between Lennox and Leunissen has to do with the role
of the optimality principle in demonstration (apodeixis). According
to Lennox, optimality reasoning is a special form of demonstration
in which the optimality principle functions as one of its premisses.
While Leunissen agrees that proper explanations in biology must
be demonstrative in form, she denies that explanations that invoke

 Likewise in the case of snakes, Empedocles might say that snakes lose their legs
owing to some accident during development (compare PA . , a–). The fact
that they happen to move better without them is merely a fortuitous outcome and
not part of the reason why snakes lack legs.

 Compare the last sentence of IA , b–: ‘Nature does nothing in vain but
always what is best for the substance from among the possibilities concerning each
kind of animal; for this reason, if it is better this way, then it is that way and being in
that state is in accordance with nature.’
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teleological principles could meet the formal requirements that the
Analytics places on proper demonstrations. More specifically, she
denies that such principles have the right structure to function as
genuine demonstrative premisses. Thus, she concludes, such te-
leological principles could not be part of scientific explanations pro-
perly speaking.

While I am sympathetic to Leunissen’s concerns here, the fo-
cus on the formal requirements of demonstration is a red herring.
The important issue is not whether explanations that feature the
optimality principle could be reconstructed in demonstrative form
but whether the fact that nature does nothing in vain but always
what is best for the substance is one of the causally relevant features
of the phenomenon in question. If it is, then a causal explanation
of that phenomenon must make reference to the optimality prin-
ciple. Now it is obvious to anyone who reads Aristotle’s biological
works that the causal explanations on offer are not demonstrative in
form. Although Lennox believes that many of those explanations
could be reformulated in ways that meet the formal requirements
of proper demonstrations, he suggests that important content may
be lost in the process of converting them into the logical syntax of
a demonstrative syllogism. Thus, even if Leunissen is technically
right that we could not reconstruct explanations that feature the
optimality principle in proper demonstrative form (and I am not
convinced she is), it does not follow that Aristotle thinks the opti-
mality principle does not form part of any causal explanations for
natural phenomena and must therefore be part of some preliminary
stage of discovery. The fact that nature does nothing in vain but
always what is best for the substance might simply be among those
causally relevant features that get lost in the process of syllogizing
those explanations.

 Leunissen, Explanation and Teleology, .
 For doubts that explanations in biology could be proper demonstrations see J.

Barnes, ‘Aristotle’s Theory of Demonstration’, Phronesis,  (), –, and
G. E. R. Lloyd, Aristotelian Explorations (Cambridge, ), ch. . For replies see
Lennox, Philosophy of Biology, –, and Gotthelf, First Principles, ch. . My reading
is meant to be neutral on this issue.  Lennox, Philosophy of Biology, .

 Leunissen allows that teleological principles might be ‘part of the partial or in-
formal explanation of some phenomenon’ and thus part of ‘the larger explanatory
account’ (Explanation and Teleology, ). But she does not say what that entails.
If all she means is that technically the formalized demonstration will not feature the
optimality principle, then that is less interesting. Explanations of natural pheno-
mena are supposed to give us knowledge of their causes. And the fact that nature
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. Two conceptions of optimality

In this paper I have attempted to draw attention to Aristotle’s use
of optimality reasoning as an important dimension of his natural te-
leology, something (I have suggested) he inherited from Plato. As
we have seen, both Plato and Aristotle view the natural world as the
product of an optimizing agent, and both see this assumption as li-
censing a certain pattern of reasoning that appeals to a conception
of ‘what is best’ (to ariston). This shared commitment to optimality
reasoning highlights an important continuity between Platonic and
Aristotelian teleology. Despite this general agreement, however, it
would be a mistake to think that Aristotle simply took over Plato’s
use of optimality reasoning without significant modifications. In
this section I would like to draw out more explicitly two key dif-
ferences in the way Plato and Aristotle understand the use of opti-
mality in natural science.

The first major difference concerns the scope of their respective
optimality principles. In the Phaedo Socrates extends the notion
of optimality to the whole cosmos. At   – he says: ‘Once he
[Anaxagoras] had given the best for each as the cause for each and
the general cause of all, I thought he would go on to explain the
common good for all, and I would not have exchanged my hopes for
a fortune.’ This is echoed in Laws , where the Athenian Stranger
attempts to convince Clinias of the thesis that the universe has been
arranged with an eye to the good of the whole cosmos and that its
individual parts (including Clinias himself) have each been created
for the sake of that whole:

The supervisor of the universe has arranged everything with an eye to its
preservation and excellence, and its individual parts play appropriate active

does nothing in vain but always what is best for the substance is among the causes of
certain natural phenomena and so must be cited in a complete explanatory account
of them. If Lennox is right about the loss of explanatory content in converting such
explanations into proper demonstrative form, then the formal demonstration that
drops the optimality principle will actually turn out to be less explanatory than the
informal explanation that includes it. For example, the demonstration of the fact
that snakes have no legs would contain less causal information (and therefore be less
explanatory) than the informal explanation we get in IA  that includes as a cause
(αἰτία) of that phenomenon the fact that the formal natures of snakes do nothing in
vain but always what is best for the substance from among the possibilities. I do not
see how this can be reconciled with Leunissen’s claim that teleological principles
serve a purely heuristic role in Aristotle’s natural science.
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or passive roles according to their various capacities. These parts, down to
the smallest details of their active and passive functions, have each been put
under the control of ruling powers that have perfected the minutest con-
stituents of the universe. Now then, you perverse fellow, one such part—
a mere speck that nevertheless constantly contributes to the good of the
whole—is you, you who have forgotten that nothing is created except to
provide the entire universe with a life of prosperity. You forget that cre-
ation is not for your benefit; you exist for the sake of the universe. Every
doctor, you see, and every skilled craftsman always works for the sake of
some end product as a whole. He handles his materials so that they will give
the best results in general, and he makes the parts contribute to the good
of the whole, not vice versa. But you’re grumbling because you don’t ap-
preciate that your position is best both for the universe and for you, thanks
to your common origin. (Laws ,   – , trans. Saunders, modified)

For Plato, then, in order to explain why things are the way they are
we need to consider not only what is best relative to each individual
but also what is best relative to the whole cosmos.

Sedley has argued that Aristotle, too, thinks of the universe as an
organized whole endowed with a nature of its own. This cosmic
nature, Sedley argues, is something over and above the natures of
its individual parts (animals, plants, etc.). Sedley’s main evidence
for this reading comes from a controversial passage at the start of
Metaphysics Λ :

We must consider also in which way the nature of the whole [ἡ τοῦ ὅλου φύ-
σις] contains the good and the best—whether as something separated and
by itself, or as its arrangement. Or is it in both ways, like an army? For an
army’s goodness is in its ordering, and is also the general. And more the
general, since he is not due to the arrangement, but the arrangement is due
to him. All things are in some joint-arrangement, but not fishes, fowls and
plants all in the same way. And the arrangement is not such that nothing
has any relation to anything else. They do have a relation: for all things are
jointly arranged in relation to one thing. But it is like in a household, where
the freemen have least licence to act at random, but all or most of what they
do is arranged, while the slaves and beasts do little for the common good
and act mostly at random: for that is the sort of principle that each one’s
nature is. I mean, for example, that at least each of them must necessarily
come to be dissolved; and there are likewise other things in which all par-
ticipate for the whole. (Metaph. Λ , a–, trans. Sedley)

 Sedley, Creationism, –; id., ‘Teleology: Aristotelian and Platonic’ [‘Aris-
totelian and Platonic’], in J. G. Lennox and R. Bolton (eds.), Being, Nature, and
Life in Aristotle (Cambridge, ), –; id., ‘Is Aristotle’s Teleology Anthropo-
centric?’ [‘Anthropocentric’], Phronesis,  (), –.
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Sedley takes the reference to ‘the nature of the whole’ to pick out a
cosmic nature that belongs to the universe as a whole and embodies
its good. This cosmic nature, Sedley argues, is prior (and therefore
irreducible) to the natures of the individual organisms, since the
latter are parts of the former.

It is entirely possible that Aristotle recognized more inclusive
individuals above the level of particular organisms and that these
more inclusive individuals might have ‘natures’ of their own.

However, we must be careful about how we understand this idea.
Suppose the reference to nature in the Metaphysics passage does
pick out the nature of the whole cosmos. In that case there is no
doubt that Aristotle is referring to the order and structure dis-
played by the universe and not to some cosmic agent that imposes
that order and structure on it like Plato’s Demiurge. In Aris-
totle’s system God (the analogue of the general in this passage)
is responsible for the orderly arrangement of the universe, not as
an efficient cause, but as a final cause. More specifically, God is a
cause of that arrangement as an object of desire. All natural bodies,
from the elements to animals and plants to the heavenly bodies, in
some sense ‘desire’ to be like the divine. And when the activities
of all these goal-directed substances are each directed towards the
same end (imitation of God), the result is a universe that exhibits
order and arrangement. Unlike Plato, Aristotle nowhere refers to
this order and arrangement (the cosmic good) as the end for the
sake of which its parts come to be and exist. Rather, the orderly
arrangement of the whole cosmos is itself a consequence of, and

 See Sedley, Creationism, –.
 See D. Henry, ‘Organismal Natures’, in J. Mouracade (ed.), Aristotle on Life

(Apeiron, special issue, .; ), – at –. In the Politics Aristotle has no
trouble seeing the polis as a natural whole that is ontologically prior to the citizens
that are its parts (Pol. . , a–; cf. Metaph. Ζ ). If this is right, then it may
not be much of a stretch to imagine Aristotle treating the cosmos itself as complex
individual endowed with its own cosmic nature.

 My reading depends on recognizing that Aristotle uses ‘nature’ in many ways.
The two main candidates here would be: () nature as an inner principle of change
and stasis in that to which it belongs primarily, in virtue of itself, and not incident-
ally (Phys. . , b–; cf. Metaph. Ζ , a–; GA b–; b–);
and () nature as ‘the form and essence of a thing, which constitutes the end of the
process of its generation’ (Metaph. Δ , a–; cf. GC b–). See also PA
. , a–. When Aristotle refers to ‘the nature of the whole’ in the Metaphy-
sics Λ passage, he is almost certainly using ‘nature’ in a way that is akin to (), albeit
without the implication that the universe itself came to be.

 Leunissen, Explanation and Teleology, –.



 Devin Henry

is thus explained by, the goal-directed activities of each particular
natural substance aiming at its own individual good.

Thus, while I am not unsympathetic to Sedley’s claim that Aris-
totle thinks the universe has a nature of its own (properly under-
stood), what I do find objectionable is the idea that he thinks the
parts of the universe are co-ordinated in such a way that their mu-
tual interactions contribute to this cosmic good and, ultimately, the
good of man. There is so little evidence for this interactive di-
mension of Aristotelian teleology that I find it hard to believe this
was a core feature of Aristotle’s teleological perspective. If it were,
then we should have expected Aristotle’s biology to be driven by
a deep interest in ecology and ecological relations. Yet, we find no
traces of the concept of an ecosystem, no sign of the idea of ‘the web
of life’, and very little attention to the ubiquitous co-adaptations
that exist between living things. Sedley’s main response to the
absence of evidence for global teleology in Aristotle’s biological
writings is to say that while biology is ‘squarely focused on in-
dividual bodily functioning’, the global teleology is supplied by
metaphysics. However, it is not that the biological works lack ex-
amples of such ‘co-ordination’ between species (see e.g. PA . ,
b–; GA , a–b; . , b–a). The problem
is that there are so few of them. If Aristotle really did view nature
through the lens of interactive teleology, then we would expect his
biological works to be full of such examples.Moreover, it is not clear
why a study of the co-ordination and interactions between the parts
of nature—i.e. ecology—should belong to metaphysics and not to
the science of nature itself. The absence of anything like an ecolo-
gical perspective from Aristotle’s science of nature and the fact that
his biology is so ‘squarely focused on individual bodily function-
ing’ make much better sense if we assume that he rejected Plato’s
cosmic teleology.

Whatever we think of Sedley’s interactionist reading of Aristo-
telian teleology, it remains that Aristotle’s use of optimization in
natural science does not in any way depend on the notion of a cos-
mic good. Aristotle tells us that nature does what is best for each
particular kind of organism (hekaston genos zōou). And whenever he
invokes this principle to explain the parts of living things, ‘what is

 See Sedley, ‘Anthropocentric’, , and ‘Aristotelian and Platonic’, .
 Contrast the ecologically rich perspective in Darwin’s Origin of Species.
 Sedley, ‘Anthropocentric’, –, and ‘Aristotelian and Platonic’, –.
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best’ is always understood in relation to that thing’s own survival
and well-being. Aristotle does not demand, as Plato clearly does,
that we also show how each particular living thing contributes to
the best possible state of the universe as a whole.

The second difference between Plato and Aristotle concerns the
way in which each conceives of the optimizing agent itself. As we
have seen, Plato’s optimizing agent is a Divine Craftsman who is
characterized by rationality and imposes goodness on the world
from outside (Tim.   – ;   – ;   – : Laws ,
  – ;   – ). Aristotle, on the other hand, identifies
his optimizing agent with nature, which is contrasted with intelli-
gence (nous) and craft (technē) and defined as a principle of change
in that to which it belongs primarily, in virtue of itself, and non-
incidentally (Phys. . , b–). More specifically, I have sug-
gested that the ‘nature’ that does nothing in vain but always what
is best for the substance is merely a generalization over the formal
natures of particular natural substances. Obviously Aristotle still
owes us an answer to the question of how the natures of living things
manage to bring about their ends without intentions and desires.
Unfortunately, he never actually addresses this problem anywhere
in the extant corpus. However, I think he has the resources to do so.
While a full defence of this is not possible here, to close this paper
let me try to sketch out what I think that account might look like.

 Moreover, I have argued that Aristotle limits the optimality principle to the
goal-directed activities of an organism’s formal nature. And since not all features
of a living thing are due to its formal nature, not every feature of the organic body
will have been optimized for the performance of some function (see n. ). Thus,
Aristotle not only restricts the optimality principle to living things, he restricts it to
certain features of living things.

 On the separateness of the Demiurge from the physical cosmos see Johansen,
Natural Philosophy, –, and Broadie, Nature and Divinity, ch. .

 Johansen, Natural Philosophy, –, identifies the Demiurge of Plato’s Timaeus
with craftsmanship (technē) itself rather than a craftsman endowed with intelligence
and forethought. On this reading, the gap between Plato and Aristotle becomes nar-
rower than suggested here. On Johansen’s reading, the difference between their res-
pective optimizing agents would lie simply in the external/internal distinction.

 For an alternative account see Leunissen and Gotthelf, ‘GA V’, –, and
Leunissen, ‘Crafting Natures: Aristotle on Animal Design’, in G. Dicker (ed.), An-
nual Proceedings of the Center for Philosophic Exchange (SUNY Brockport, ),
–. The following takes its lead from the account of Aristotelian natures de-
fended by Alexander of Aphrodisias ap. Simpl. In Phys. . –.  Diels (cf.
Alex. Aphr. In Metaph. . –. , . – Hayduck). For a discussion of
Alexander’s reading see D. Henry, ‘Embryological Models in Ancient Philosophy’,
Phronesis,  (), – at part .
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Althoughmany of the explanations in Aristotle’s biological works
make use of the metaphor of a demiurgic nature ‘fashioning’ ani-
mals and their parts like a craftsman, Aristotle could cash in the
metaphor for the language of causal powers (dunameis). According
to the account in Metaphysics Θ –, causal powers come in two
kinds: rational and non-rational powers (Metaph. Θ , a–b).
Rational powers are capacities to produce contrary effects (for ex-
ample, the art of medicine is a capacity to produce health and dis-
ease). As such, Aristotle argues, contact with a suitable patient is
necessary but not sufficient to trigger the power. There must also
be a deliberate decision on the part of the agent to bring about one
or the other of its effect (a–). Non-rational powers, on
the other hand, produce uniform effects (for example, the heating
power of fire only has the capacity to produce heat, not cold) and so
are triggered simply by the presence of the corresponding power.
With non-rational powers, once agent and patient come into con-
tact under the right causal conditions, their corresponding powers
are activated straight away, resulting in a change that is determined
by the character of their respective powers. No deliberate decision
on the part of the agent is necessary.

There is some evidence that Aristotle thought the metaphor of a
nature ‘fashioning’ animals was simply shorthand for a more com-
plex account in terms of the activation of a series of non-rational
powers. For example, at the end of GA .  Aristotle identifies
the nature that constructs the parts of an animal with the active
powers of its own nutritive soul (b–a). And in two places
he compares generation to the sequence of automatic movements
executed by a mechanical puppet: GA . , b–; . , b–
. In the former passage we are told that the ability of these auto-
matons to move of their own accord is due to the fact that each
part contains a dunamis for motion. And such dunameis can only
be non-rational powers; for the mark of an automaton is that its
movements are not the result of rational decisions (cf. b–).
Because non-rational powers do not require a deliberate decision to
activate them, but instead action occurs as soon as agent and patient

 This is why I think it is a dead end to search for Aristotle’s answer to the prob-
lem at hand in his cryptic remark at the end of Physics .  that natural teleology
does not depend on deliberation ‘for even the art does not deliberate’ (b–).
Whatever Aristotle means by this, Metaphysics Θ  is clear that the exercise of a τέ-
χνη, at least, requires a deliberate decision on the part of the agent that possesses that
τέχνη.
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come into contact, this would allow Aristotle to explain how the
natures of living things manage to bring about their ends without
having to attribute to them real psychological states. Thus, to say
that nature does nothing in vain but always what is best for the or-
ganism is, then, just to say those dunameis that make up its formal
nature are co-ordinated in such a way that their mutual activation
generates parts that are optimized for its particular way of life.
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