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Introduction

Why do organisms reproduce? Why do birds have wings? Why do neither
snakes nor stars have feet? And why do most of the hoofed life-bearing
animals have horns (but not all of them)?

For Aristotle, questions such as these go to the heart of natural phi-
losophy, which is the study of the coming to be and presence of beings
that have their own internal principle of change and rest. Throughout his
lifetime, Aristotle was deeply committed to investigating and explaining
natural phenomena, which is reflected all through the surviving treatises on
natural philosophy. Among these, Aristotle’s Physica is most fundamental.
In this treatise, Aristotle lays out the general theoretical framework for his
natural philosophy, defining notions such as nature, motion, causation,
place, and time. In the other treatises, Aristotle explores more specific
problems related to the study of natural beings, such as coming to be and
passing away (in De Generatione et Corruptione), the nature and motion of
the elements (in De Generatione et Corruptione and the second part of the
De Caelo), the motions and features of the heavenly bodies (in the first part
of the De Caelo), atmospheric causes and changes (in the Meteorologica),
the notion of soul and its dependence on natural bodies (in De Anima),
and finally, the causes of the coming to be and presence of living beings
and of their parts and motions (in the biological works).

What unites the questions explored in these natural treatises, exemplified
by the questions above, is that they are predominantly questions asking for
the purpose of things, or, as Aristotle puts it, questions asking for “that for
the sake of which.” By posing this specific kind of why question, Aristotle
is inquiring after the function served by the presence, absence, or material
and structural differentiation of a certain natural feature, or after the goa/
for the sake of which some natural process or animal motion takes place.
According to Aristotle’s understanding of scientific knowledge, the answers
to these specific why questions constitute teleological explanations, because
they pick out the final cause (in the form of a function or goal) for the sake

I



2 Explanation and Teleology in Aristotle

of which something has come to be or is present (or absent, etc.). These
teleological explanations are a central feature of Aristotle’s investigation
of nature and reflect the importance he attributes to final causality in the
coming to be and presence of regular natural phenomena. In Aristotle’s
view of the world, everything that exists or comes to be “by nature” comes
to be or changes, unless prevented, for a purpose and towards an end,
and is present for the sake of that purpose or end. This goal-directedness
is an internal tendency possessed by all natural things, which means that
teleology operates among all of nature, from the level of the inanimate
elements, through that of living beings, and on to the eternal realm of the
heavenly bodies.

Although the importance of teleology for Aristotle (and in the ancient
world in general)' has been acknowledged widely,” its nature and scope
have consistently been the focus of much debate.” These debates have
progressively led to a better understanding of Aristotle’s theory of natu-
ral teleology, and especially of its (meta-)physical underpinnings and its
contrasts with Aristotle’s notions of chance and necessity.* What is lacking
in the literature, however, is a precise and comprehensive understanding
of the role Aristotle attributes to teleology in explaining natural phenom-
ena throughout Aristotle’s natural scientific works. Setting aside the other
issues that remain concerning the causal nature and scope of teleology, the
question that this book sets out to resolve is how — granted that Aristotle
has established final causality as a cause of natural phenomena — he then
uses (e.g., refers to, draws inferences from, builds premises upon, rejects
other possible explanations on the basis of) this theory of teleology in his
explanations of such phenomena.

The present book, then, provides a new perspective on Aristotle’s
teleology by exploring and evaluating its scientific role in generating

Hankinson (1998, 6).

E.g., Caston (2006, 341); Gotthelf and Lennox (1987, 199); Gotthelf (1997b, 82); and Johnson (2005,
1-2).

Cf. Quarantotto (2005, 17). For a historical overview of the trends and circumstances that shaped the
carlier interpretations of Aristotle, see Johnson (2005, 15-39). On the nature of Aristotle’s teleology,
see in particular Bradie and Miller (1999); Cameron (2002); Charles (1988); Cooper (1982; 198s;
1987); Gotthelf (1987); Irwin (1988); Johnson (2005); Lennox (2001a); Nussbaum (1978); Sauvé
Meyer (1992); Scharle (2008); Sorabji (1980); and Wieland (1975). On the metaphysics of Aristotle’s
teleology, see in particular Charles (1994); Mirus (2004); Pavloupoulos (2003); and Witt (1998).
On the scope of Aristotle’s teleology, see in particular Cooper (1982); Furley (1985); Matthen (2001;
2009); Owens (1968); Sedley (1991); and Wardy (1993).

See especially Johnson (2005), who brings together many of the recent new insights concerning
Aristotle’s teleology in his monograph, and explicitly addresses and eliminates some of its most
persistent “popular misconceptions.” See also Cooper (1982, 1985; 1987) and Lennox (2001a, 225 and
251).
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Introduction 3

causal explanations of natural phenomena, both in the actual explanations
recorded in Aristotle’s natural treatises and more abstractly in his philoso-
phy of science.

The core of my book, consisting of Chapters 1 to s, investigates the
function, structure, and explanatory power of Aristotle’s actual teleological
explanations of natural phenomena. This involves a close reading of selected
texts in four of Aristotle’s treatises on natural science, that is, in the Physica
(book II), De Anima, De Partibus Animalium (including the practice in
books II-1V), and De Caelo (book II). These are the treatises that are most
relevant to the present investigation in that they cover the main areas of
Aristotle’s natural science,’ and include texts that have often been ignored
in previous studies of Aristotle’s teleology.®

In the final chapter, which is Chapter 6, I juxtapose these findings
concerning Aristotle’s practice in the treatises on natural science with the
theoretical picture of the structure of teleological explanations gained from
Aristotle’s theory of scientific demonstration.” For this purpose I present a
new interpretation of Analytica Posteriora11.11, a notoriously difficult chap-
ter in which Aristotle introduces his theory of four causes into the syllogistic
framework of scientific demonstration. This study thereby contributes to
recent scholarship on the interplay between Aristotle’s philosophy of sci-
ence and philosophy of nature,® while at the same time adding to our
knowledge of Aristotle’s theory of teleology in terms of its explanatory
merits and limits.

Note that although this book explores Aristotle’s theory and practice of providing teleological
explanations as comprehensively as possible, due to the limits of space and time I have narrowed
down this study to Aristotle’s science of living nature. On a few occasions, I have something to say
about the (non-natural) teleology of deliberate action as well, but the ethical and political works of
Aristotle mostly fall outside the scope of this book. My central hypothesis is that Aristotle developed
his notion of “that for the sake of which” primarily in the context of his investigations of living
nature and that this is where he applied the notion most successfully; a further study of the use of
teleology in generating explanations in, among others, his ethics or politics, would have to start from
and build upon the more “basic” uses in the natural treatises.

Cf. Quarantotto (2005, 27). Quarantotto points to Ph I1.8—9 and PA L1 as the key texts on which
most scholars have based their interpretation of Aristotle’s notion of teleology; in her own work, she
studies teleology from a more comprehensive perspective, including the whole of Physica book 11,
the whole of De Partibus Animalium, a few passages from De Anima, and Meta 1.3-10.

Although there have been quite a few studies on the nature of Aristotle’s (teleological) explanations
within the context of the first book of the P4 and the second book of the Physica: see especially
Balme (1987b); Bolton (1987; 1997); Charles (1997; 1999); Detel (1997; 1999); Gotthelf (1987; 1997a);
Lennox (2001a) and Pellegrin (1986), with a few exceptions (i.e., Bolton 1997; Detel 1997; and
Johnson 2005), Aristotle’s theoretical remarks on the structure of teleological explanations in
APo 1111 have been ignored.

For this research program, see in particular Lennox (2001a, 1-6; 1997a; 2004a; 2006), and Lloyd
(19903 1996, 7-37).
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4 Explanation and Teleology in Aristotle

In the course of these six chapters, I defend three main theses: first,
that Aristotle postulates not one, but two gypes of teleological causation
as underlying the coming into being and presence of regular beneficial
outcomes in nature; second, that he uses teleological principles as heuristic
tools for the discovery of causally relevant features to be picked out in
causal explanations, where the causes that are being discovered, including
the final causes, are real causes and not mere epistemic reasons why;? and,
finally, that Aristotle never attributes causal primacy to final causes in his
explanations (even though he believes they are “prior in nature”), but only
explanatory primacy. This means, among other things, that his teleology
resists the — in itself already anachronistic — charge of backward causation.
Let me say more about these three theses in turn and indicate in which
chapters I defend them.

First, I argue that a more thorough understanding of Aristotle’s use
of teleology in the explanation of natural phenomena requires that we
distinguish between two types of teleological causation, a primary and a
secondary type, which are both represented in Aristotle’s explanations.

The primary type of teleology involves the realization of a preexisting,
internal potential (or perhaps “potentials”) for form'® through stages shaped
by conditional necessity. This is the “standard” form of teleology, according
to which the form of the natural being specifies the functional features
that are to be realized through the goal-directed actions of the formal
nature; what is picked out as causally primary in the explanations of such
features is the natural being’s form. For instance, birds have wings for
the sake of flying, but the need to perform this activity derives from the
essential nature of birds, which is being a flyer. Wings, then, are exhibited
to be the necessary prerequisites for the realization of the bird’s form as
flyer. Explanations of phenomena that have come to be and are present
as the result of primary teleology (such as wings) thus typically include
references both to the ends that constitute final causes (e.g., functions such
as “flying”) and to the definition of the substantial being of the organism
in question (e.g., definitions such as “being a flyer”), which constitutes its
formal cause.

The secondary type of teleology involves a formal nature of a nat-
ural being using materials that happen to be available (usually residues

2 Note that I take Aristotle to be a realist about (final) causation — it is only his use of teleological
principles such as “nature does nothing in vain” that I argue serves heuristic purposes. I do not
believe that his theory of teleology as a whole is heuristic.

' My characterization of “primary teleology” builds on the understanding of teleological causation in
the case of animal generation provided in Gotthelf (1987).



Introduction 5

that have come to be of material necessity and that are not conditionally
necessitated) for the production of parts that serve the animal’s well-being.
The presence of these parts is not a necessary prerequisite for the realization
of the animal’s form; instead, their presence is said to be “for the better.”
For instance, large land animals often have a surplus of earthen material,
which — because of its hard potential — nature then uses for the production
of horns in males, which serve the (non-necessary) function of defense.
In these cases, functional features emerge as it were from the potentials of
the materials that happen to be available, and the operation of the formal
nature is secondary to the operation of material necessity that produced
the materials. Explanations of phenomena that are the result of secondary
teleology (such as horns) thus typically distinguish between the presence
and the coming to be of those phenomena, where the presence is explained
teleologically by reference to an end that constitutes the final cause (e.g.,
the function of “defense” served by the part) and the coming to be by
reference to material necessity."”

Scholars usually try to reconstruct the causal nature of Aristotle’s teleol-
ogy by contrasting it to material necessity and chance, and therefore tend
to reduce Aristotle’s own references to material causation in teleological
explanations to expressions of conditional necessity. By distinguishing pri-
mary from secondary teleology, however, it is possible to give an account
of the role of necessity in teleological explanation that does not involve
a reduction of material necessity to conditional necessity in all cases.”
This interpretation also counteracts another unfortunate tendency among
scholars, which is to treat all teleological explanations found in Aristotle’s
treatises as one homogeneous category, unified simply by the fact that the
explanations all refer in some way or another to the goal-directedness of

" My distinction between primary and secondary teleology does not rely upon Aristotle’s own dis-
tinction between two types of final causes, which are “that for the sake of which” and “that for the
benefit of which” (he makes this distinction in, for instance, P4 I1.2, 194a34-br; DA 11.4, 415b2—3;
DA11.4, 415b20—21; Meta X11.7, 1072b1-3; and EE VIL15, 1249b1s), and differs in that way from the
interpretations of Kullmann, Bodnér, and Johnson. Kullmann (1985, 173) uses the term “secondary
teleology” to indicate that an end is the beneficiary of something, but not a “that for the sake
of which” in a strict sense. Bodndr (2005; 24-25) also builds upon Aristotle’s own distinction: in
“straightforward” teleology, the goals are not also the beneficiary of the teleological structure, while
in inter-species teleology the goals are the beneficiary of the teleological structure. Finally, Johnson
(2005) uses the distinction between the “that for the sake of which” and the beneficiary as one of
his central tools for making sense of Aristotle’s explanations. None differentiate between “primary”
and “secondary” teleology in the way that I propose.

My interpretation is aimed mostly against scholars who have either explained away the role of
material necessity in teleological explanations (Balme, 1987¢); reduced it to conditional necessity
(Cooper, 1987; Johnson, 2005); or assigned to it primarily a “negative” role in constraining the
realizations of function (Lennox, 2001a).



6 Explanation and Teleology in Aristotle

nature.” This tendency not only obscures the diversity and versatility of
Aristotle’s modes of explanation, but also leads to an impoverished under-
standing of the explanatory power of teleology.

I introduce the distinction between primary and secondary teleology in
Chapters 1 and 2. More specifically, Chapter 1 shows how this distinction
operates in Aristotle’s defense of natural teleology in the famous rainfall
example in Physica I1.8. Chapter 2 demonstrates how it underlies Aristotle’s
conceptions of “living” versus “living well” in De Anima, which in their
turn are used to ground the specific sets of capacities different kinds of
living beings have. The causal patterns underlying the distinction between
primary and secondary teleology are developed most fully in Chapter 3,
which examines Aristotle’s scientific theory of explanation in biology as
introduced in De Partibus Animalium 1.

My second thesis concerns the role of teleology in Aristotle’s methods of
discovery. There are a relatively small number of teleological explanations
in Aristotle’s natural treatises that do not refer directly to final causes, but
that proceed through the use of teleological principles such as “nature does
nothing in vain.”* I argue that Aristotle uses these principles as heuristic
tools. The principles are used to discover causal features, which then figure
in teleological explanations, but the principles do not themselves play a
causal role in the ultimate explanations of natural phenomena.

In the natural treatises, there are rare cases where the end that constitutes
the final cause of some natural phenomenon is not immediately accessi-
ble for observation, or where the explanandum is otherwise particularly
complicated. These are typically the contexts in which Aristotle posits a
teleological principle and thereby generates the appropriate series of infer-
ences that ultimately leads to the identification of the causally relevant

3 Sorabji (1980, 155-174) offers an account of how according to him the various kinds of teleological
explanations work, but I believe his distinctions are not subtle enough to cover Aristotle’s actual
practice of explaining natural phenomena in a teleological way. Johnson (2005, 1and 7) introduces his
investigations into Aristotle’s teleology as a study of “how ends are used by Aristotle as explanations
in natural philosophy” (2005, 1). However, the core of his monograph contains a discussion of
the sorts of things that according to Aristotle behave in a goal-directed way, and of the reasons
why these things behave that way (and are thus explainable by reference to teleology). He does
not produce any analysis of the different types of teleological explanation Aristotle uses, or any
reflections upon why Aristotle uses the types of teleological explanation he does, or what he thinks
these explanations amount to, which is the sort of reflection I offer in this book. Charles (1991),
who recognizes that there is a plurality of teleological models at work in Aristotle’s Physica, faults
Aristotle for not presenting a unified model.

4 Although Lennox’s work on the principle that nature does nothing in vain (2001a, 205-222) suggests
that Aristotle uses teleological principles in very specific ways to explain their own set of explananda,
some scholars still think that they are just “didactic mantras,” to remind his students that he believes
nature is goal-directed. See, for instance, Quarantotto (2005, 13).



Introduction 7

feature, which is then picked out in the explanation of the phenomenon in
question. An important part of the process of discovery in these cases is the
identification of what type of teleology (i.e., primary or secondary teleol-
ogy) is responsible for the presence of the natural phenomenon that needs
to be explained; it is my contention that teleological principles help to
make this identification, while they are not themselves part of the ultimate
(syllogistic) explanation.

I argue for this thesis in Chapter 4, which examines Aristotle’s heuristic
strategies and actual (teleological) explanations as recorded in De Part-
ibus Animalium 11-1V, and trace its consequences for the possibility of
understanding heavenly phenomena in Chapter s.

My final thesis, which is perhaps the most important one from a contem-
porary perspective, is that for Aristotle the scientific value of final causes in
natural science lies in their explanatory priority. Final causes, even though
they certainly play a significant causal role in natural developments (they
are, after all, one of the four types of causal factors Aristotle distinguishes
in nature), nevertheless never receive causal priority i the (syllogistic) expla-
nation of those developments.”

For Aristotle, scientific explanations or demonstrations ideally follow the
pattern of a Barbara syllogism (i.e., AaB, BaC, .". AaC). In such demon-
strations, some attribute (picked out by the major or predicative term) is
demonstrated to hold always or for the most part of some subject (picked
out by the minor or subject term) through some causally primary feature
(picked out by the middle term). In addition, Aristotle argues that scien-
tific demonstrations of natural phenomena — unlike those of mathematical
states of affairs, which are timeless — ought to reflect the chronological
order of causation in the world, moving from the start or origin of the
natural development to its end. For the practice of demonstrating teleo-
logical natural processes, this means that final causes can never take the
position of a middle term, which picks out the causally primary factor in
a chain of development. For, although Aristotle repeatedly points out that
final causes are prior in nature and in definition (and undeniably do have
causal priority in those senses), in generation they are last, because the ends
that constitute the final causes of natural phenomena are chronologically
speaking the last to come about. Whereas the end that constitutes the final
cause explains the presence of a given natural phenomenon, the coming

5 This answers the question, addressed on a general level by Code (1997) and by Bolton (2004), why
Aristotle assigns special explanatory power to explanations that pick out final causes and why he
considers it to be the foremost (although not exclusive) task of natural philosophers to provide
teleological explanations of the natural phenomena they investigate.
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to be of that end must itself be explained further in terms of either the
operation of formal-efficient causation or of material-efficient causation.
These latter causes are causally prior in generation and they can therefore
take the position of middle terms in scientific demonstrations of natural
phenomena. In sum, because ends that constitute the final causes of natural
phenomena can by definition never be prior in generation, and because
it is priority in generation that is tracked by scientific demonstrations of
natural phenomena, ends can never be identified as the causally primary
fact in such demonstrations.

Thus I shall argue that the syllogistic patterns of teleological explanation
that Aristotle employs in the biological practice and that he describes
in his theory of science never pick out final causes as being explanatory
of the conclusion, but rather include functions and ends as part of the
conclusion that is being demonstrated. In other words, final causes are
always picked out by the major term, in the predicative position, and
never by the middle term. Under this scheme, teleological explanations
are explanations in which a final cause is picked out as being responsible
for the presence of some natural feature, where the end that constitutes
that final cause is demonstrated to come to hold of that feature through the
operation of some other type of cause (i.e., formal-efficient causes in the
case of primary teleology; material-efficient causes in the case of secondary
teleology).

Final causes thus exert no “mysterious causal pull” from the future and
do not cause the coming to be of their own necessitating conditions,
as some — anachronistically — have suggested. Final causes are prior in
nature and in definition, and function quite literally as ends and limits
of developments, which is why they function as the starting points of
scientific demonstrations of natural phenomena. However, in the order
of generation, final causes are last, and Aristotle does not conflate these
different orders of priority.

This is the central thesis of Chapter 6, in which I present my inter-
pretation of Analytica Posteriora 11.11 and juxtapose this with my findings
concerning Aristotle’s practice of providing teleological explanations espe-
cially in the biological works.

My interpretation of Aristotle’s teleology as (1) incorporating (at least
in some cases) material necessity rather than opposing it, (2) allowing
a heuristic use of teleological principles, and (3) resisting the charge of
backward causation has important ramifications not only for the way we
standardly depict the place of Aristotle in the history of science, but perhaps
also for contemporary debates about the notion of biological function.



Introduction 9

The Aristotelian worldview that came to be rejected in the sixteenth and
seventeenth centuries in favor of mechanistic models of the world was in
fact even less Aristotle’s than is often assumed. For Aristotle, the theory of
natural teleology is not an a priori assumption, but a scientific hypothesis,
much like contemporary etiological or propensity theories of function are.
A deeper understanding of the merits (and limits) of Aristotle’s use of
teleology in producing explanations might put us in a better position to
reconsider notions of biological function that do not rely on the postulation
of mystical forces or the existence of benevolent, intelligent gods, but rather
on immanent, natural principles and laws.



CHAPTER I

Aristotle’s defense of natural teleology: setting the
stage for teleological explanations in the Physica

I.0 INTRODUCTION

The Physica forms Aristotle’s most fundamental treatise in his studies of
natural science. In this treatise, Aristotle investigates the principles and
causes of all things that have a nature — that is, of all things that have
an internal principle of change and rest — with the purpose of generating
knowledge of natural phenomena (4 1.1, 184a10-16). In the course of doing
so, Aristotle defines a large number of key notions of his natural philosophy,
such as motion and change, space and time, matter and form, causal
explanation, luck and spontaneity, teleology and necessity. The conceptual
apparatus and framework laid out in the Physica are consequently applied
and reshaped for the inquiries into the more specific and more complex
segments of the natural world, written down in Aristotle’s other natural
treatises.”

Final causes and natural teleology figure especially prominently in the
second book of the Physica, where Aristotle defines his concept of nature,
introduces his theory of four types of cause or causal explanation,” and
discusses the kinds of cause operative in art and nature. In this chapter,
I shall focus on Aristotle’s first argument in defense of natural teleology

' As Aristotle makes clear in his programmatic opening of the Mezeorologica (1.1, 338a20-339a10), the
whole investigation of nature will comprise the study of change and motion in the heavens (De Caelo),
the elements and coming to be and perishing in general (De Caelo, De Generatione et Corruptione),
atmospheric causes and changes (Meteorologica), and finally living beings (the biological works). On
the importance of the Meteorologica passage for the systematic connection between Aristotle’s works,
see Burnyeat (2001, 118-119); Falcon (2005, 2—7); and Nussbaum (1978, 107-109).

* Aristotle is a realist concerning both causes and explanations, which means that the four types of
causal explanations he distinguishes in P511.3 and PAI1.7 are grounded in four types of causal relations
that obtain in the world: the four aitiai are the kinds of answers one gives to four different why
questions, and these answers will only be explanatory and hence productive of scientific knowledge
if they pick out real causes (and not merely epistemic reasons why) under their causally relevant
description. Cf. Freeland (1991); Hankinson (1998, 132); Johnson (2005, 41); and Moravcsik (1991,
31). Pace Van Fraassen (1980). On Aristotle’s erotetic concept of inquiry, see Hintikka (1989, 73) and
Lennox (1994).

I0
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against his materialist predecessors (in P5 11.8, 198b16-199a8), which raises
an important aporia about the role of teleology, necessity, and chance
in the proper explanation of natural phenomena. The main purpose of
this chapter is to provide an interpretation of this argument, which will
build upon a distinction I draw between primary and secondary types of
teleology. Since Aristotle’s defense of natural teleology in the Physica is
among the most disputed passages in the Aristotelian corpus, this chapter
will also function as a modest szazus quaestionis of recent work on Aristotle’s
teleology, and as an introduction to some of the basic concepts necessary
for the understanding of Aristotle’s use of teleological explanations in the
other natural treatises discussed in the remainder of this book.

In the sections below, I shall first, by way of background, discuss the
role Aristotle assigns to final causes in teleological explanations of both art
and nature, and define some of the key terms I use in this study. This is
section L.I. Next, I analyze Aristotle’s first argument in defense of natu-
ral teleology in the Physica: section 1.2 provides a general outline of the
interpretational problems pertaining to the nature and scope of Aristotle’s
theory of natural teleology, and section 1.3 presents my solution to these
problems.

I.I PRELIMINARY REMARKS ON FINAL CAUSES IN ART AND NATURE

The place of final causes in causal explanation

Aristotle conceives of scientific inquiry in book II of the Physica as a
questioning procedure in which the answer to the question why provides
the most fundamental knowledge, because it brings out the cause(s) of
something. In Ph 11.3,> Aristotle introduces four types of cause that may
figure in such causal explanations: (1) the “that out of which” (P4 11.3,
194b24: 16 £§ 0U) or the material cause;* (2) the “what it is to be” (P4 I1.3,
194b27: T6 Ti Av glvon) or the formal cause; (3) the “that from which the
origin of motion or rest comes” (Ph 11.3, 194b29—30: &Bev 1y &pyt) TS
peTaPoAfis 1) TpoTn A TS fpepnoews) or the efficient cause; and (4) the
“that for the sake of which” (P4 I1.3, 194b33: T6 0oU Eveka) or the final

-

The four causes already figured implicitly in Aristotle’s definition of nature in P4 I1.1—2; note that
Ph 113 is virtually identical to the entry on aition in Aristotle’s “philosophical dictionary” in Meta
V.2, 1013224~1014a25.

The name “material cause” is somewhat misleading, since for Aristotle “matter” in the sense of
physical stuff (hulé, literally, wood; the ancient Greeks did not have a term for matter in our modern
sense) is just one sort of thing among many others that can be causative as a “that out of which” (as

is evidenced by the examples Aristotle gives in P5 1.3, 195a16—20). Cf. Hankinson (1995a), 119ni2.

IS
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cause. Below, I shall briefly discuss Aristotle’s notion of the final cause as it
appears in his discussions of art and nature in this book, and indicate how
it is connected to the other three types of cause.

Broadly speaking, Aristotle introduces three kinds of final cause in the
second book of the Physica:’ these are (a) completed natural substances or
artifacts as the end results of processes of generation; (b) functions per-
formed by (parts of) natural substances, artifacts, or tools; and (c) objects
of desire as the aims of (deliberative) actions. (For examples of category (a),
see Ph 11.8, 199a13—14; Ph 11.8, 199b8; and Ph I1.9, 200b3—4; for (b), see
Ph11.8, 198b24—28 and Ph 11.9, 200b4-S8; for (c), see Ph 11.3, 194b33—34.)

The first category of final causes, consisting of completed natural sub-
stances and artifacts, are the finished products of the realizations of a
potential for form, where this form is being transmitted through a process
of natural generation or artificial production. In natural generation,® the
potential for form is transmitted by the father — who possesses that form in
actuality and whose semen contains the initial efficient cause of the embryo
in the form of vital heat — into the menstrual blood, which is the matter
supplied by the mother (see, e.g., GA 1.22, 730a32-b32). The menstrual
blood is blood concocted up to a certain point: it has potentially the same
species form as the mother has, and contains the source of the nutritive soul
(which explains the phenomenon of parthenogenesis), but — because of its
lack of heat — does not have the source of the sensitive soul (GA 11.3—s).
The source of the sensitive soul is transmitted through the motions con-
tained in the male semen (GA 1.21, 730a23—33): these motions have the
capacity to shape and form the embryo, which — once its heart has been
formed — takes over its own generation and then possesses its own internal
principle of motion. Natural generation thus consists of the replication of
form” by what possesses that form in actuality into what possesses that
form in potentiality; the fully realized form constitutes the final cause of
the process. Artificial production consists of a similar replication of form,
but with the important distinction that here the efficient cause remains at
all times external to the generative process (this is what ultimately differ-
entiates art from nature: what makes something natural is that it has or
develops its own internal source of change and rest). The art,® present in

“

On the variety of final causes in the second book of the Physica, see Charles (1991, 102-103).

For a detailed account of Aristotle’s theory of natural reproduction, see Henry (2006).

On this model of reproduction as “formal replication,” see Gotthelf (1987); Lennox (20012, 230-232);
and Witt (1994b, 222—228).

“Art” seems the most common translation of zechné; but see Hankinson (1998, 128n.2) and Lobl
(2003, 258—264), who point out that the notion of zechné is in fact broader than that of the arts: it
includes what we would call crafts, skills, and applied sciences. I use the translations “art” and “craft”
interchangeably.

N o
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the soul of the craftsman and mediated through his mind, guides the hands
and tools of the craftsman and thus realizes the appropriate form in a piece
of material, which must have the right material potentials for receiving that
form (GA 1.1, 735a2—4; GA 11.4, 740b25—29). As in natural generation, it
is the form that guides the operation of efficient causation (note, however,
that a craftsman does not reproduce his own form, but that of the art he
possesses in his soul) and that — when fully realized — constitutes the final
cause of the generative process.

Functions performed by natural beings, artifacts, and instruments con-
stitute the second type of final cause invoked by Aristotle. They usually
figure in the explanation of the material and structural features of their pos-
sessors. Just as completed natural beings and artifacts are the realizations
of preexisting potentials for forms, so are these functions the actualizations
of preexisting capacities for activities, which reside in the soul or in the
material potentials of something. (For example, natural functions are the
actualizations of capacities for the performance of the distinctive life func-
tions of each kind of animal, grounded in and activated by the animal’s
soul.) Functions always play some contributory role to the system of which
they are part, and they exist “on top of” the realized forms that constitute
the first type of final cause. For instance, a completed house is the final
cause and the fully realized form of the art of house-building, while “shel-
ter” is the function and final cause of the realized house; providing shelter
is thus a function that follows from and presupposes the existence of the
house.

Objects of desire constitute a third category of final causes, which are
picked out in the explanation of animal or human action. Actions differ
from natural and artistic productions in that they do not involve a replica-
tion of form — actions are not generative processes (cf. NE VLs, 1140b1—4).
In addition, actions involve conscious intentionality: objects of desire oper-
ate as external unmoved movers that actualize the internal unmoved movers
of self-moving agents, that is, their faculties of desire and imagination or
thought (for human beings, deliberation plays a crucial role; cf. NEII1.3,
112bri-1113a2). Objects of desire guide our actions towards their achieve-
ment, but there is no formal identity or ontological connection between
an end and the means towards that end, which explains why there is more
room for mistakes in this kind of process (see, e.g., EE 1.1, 1227b19—22).”

As may be clear from this brief overview, final causes never operate in a
vacuum, but always in connection with at least one other kind of cause.

9 Pace Charles (1991, 118-119, 1277), I do not believe that this model of action is important for Aristotle’s
defense of natural teleology.
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First, Aristotle usually explains the relation between the function of
something and its material constitution as one of conditional necessity
(Ph 119, 200a10-15):

Thus on account of what is a saw like this? That this may exist and be for the sake
of that. It is impossible, however, that this, which is that for the sake of which,
comes to be, unless it is made of iron. [ is necessary, then, that it is of iron, if
there is to be a saw and if there is to be its work. The necessary, then, is necessary
starting from some hypothesis (8§ UroBéoews 87 16 &vaykadov),” and not as
an end: the necessary is in the matter, the “that for the sake of which” in the
definition.

The function something needs to perform, which is given by its definition
(e.g., a saw is a sawing tool, and sawing is a kind of dividing; cf. PA IL.9,
200b4-8), determines the kind of material that ought to be used for its
production, because it is the potentials (“hard,” “dry,” etc.) the material
has that allow for certain functions, but not for others. Thus, if there is to
be a functioning (natural or artificial) part, then it will have to be made of
a certain kind of material with the appropriate kinds of material potentials,
which will have to be present first and undergo certain changes." The
potentials of the material that has been used for the production of some
part in their turn explain why that part is able to perform the functions it
performs.

Second, the relation between efficient and final causes in art, nature, and
action is one of complementariness (P4 11.3, 195a8-11):"> “And some are also
causes of one another (BoTv 8¢ Tiva kai dAAHAwY oiTia), as training is a
cause of fine condition, and this [i.e., a fine condition] of training, though
[they are] not [causes of one another] in the same way, but the one as end
and the other as source of motion.”

The continuous operation of efficient causes during both action and
generation is limited by and directed towards the final cause (cf. DA I1.4,
416a15-18: efficient causes that act independently of final causes are like
a fire that spreads without direction, end, or limit), while the end that
constitutes the final cause is the outcome and terminus of this efficient
causal process. In the case of generative processes this means that there

On the expression ex hypotheseés and the idea of conditionality, see Bobzien (2002, 363).

See also PA 1.1, 642a8-13; for the inclusion of efficient causation into the notion of conditional
necessity, see PA 1.1, 639b2s—30 and GA 11.6, 743a21—26. Cf. Lewis (1988, 87n8).

2 Cf. GA11.6, 742a16-b18; 742a28-36; EF 1.8, 1218b11—22; and Meta 1.3, 983a31: “in a third way [we
speak of a cause as] the source of the change, and in a fourth the cause opposed to this (TeT&pTnv
B¢ T &vTikeluévn aitiov TaTn), that for the sake of which and the good — for this is the end
of all generation and change.”
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cannot be an end that constitutes a final cause if it is not the outcome of
some efficient causality that was directed towards producing this end.” In
natural generation the efficient, final, and formal causes often “come to
one” (Ph 11.7, 198a24—27): “In many cases three [of these causes] come to
one (EpyeTon 8¢ T& Tpia els [TO] &v TOANGKIS); for that what something is
and that for the sake of which it is are one, while that from which motion
first originates is the same as them in kind: for man generates man.”

The efficient cause of the father is not numerically the same as the
efficient cause of the son, but formally they are identical, and they are
directed towards the realization and maintenance of the same form,"# which
in its fullest expression (and only then) is identical with the final cause.

Third, the relation between formal and final causes is itself a teleological
one. Aristotle conceptualizes generation as a process that is directed toward
an ever fuller realization of a potential for form, which culminates in a
state of full actuality, which then constitutes the final cause. The potential
for form is for the sake of realizing that form in actuality (Mera IX.8,
1050a4—10),” which is ultimately for the sake of activity (see Meza IX.8,
1050a21-23; PA L5, 645b14—20). It is in this sense that Aristotle claims
formal and final causes are one or “almost one” (GA L1, 715a6: &v T1
oxeddév): something’s realized (but not its potential for) form is that thing’s
final cause. In generative processes, causal priority thus lies in the potential
for form that is being realized (see, e.g., PA L1, 639b13—19 and PA L1,
640a17—20; cf. sections 3.2 and 4.3), whereas the end that constitutes the
final cause, and which chronologically comes to be last, has priority in
definition (see, e.g., DA 1l.4, 4152a18—20, and 416b23—25; Meteor IV.12,
390a10-12 and Po/ 1.2, 1253a19—25). While we define what something is on
the basis of the intrinsic’® and non-accidental functions and activities it
displays, we explain the presence of these functions and activities as being
causally determined by what that thing is, “for generation is for the sake of
being” (PA L1, 640a17).

Finally, Aristotle sometimes groups together matter and form in the
explanation of the result of a process of generation, i.e., of the static com-
position of things that are, and combines efficient and final causes in the
explanation of the dynamics and the direction of generative processes. At

B Cf. Broadie (1990, 391).

4 Moravesik (1994, 236), calls this a “built-in schedule of development and maintenance.”

5 See Witt (1998), for Aristotle’s “metaphysical teleology.”

I use “intrinsic” to refer to causes that are causes in virtue of themselves (kath hauto), which are
opposed to causes that are accidental (kaza sumbebékos); for the distinction, see, e.g., Ph ILs,
196b24-27.
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other times, he joins the formal and final cause together as the basis of
proper teleological explanation, while contrasting it with the pair of mate-
rial and efficient causation as picking out the process of material necessity."”
I shall say a little more about the way Aristotle pairs these different causes
together in his explanations of natural phenomena in the remaining chap-
ters of this book.

The analogy between art and nature in teleological explanations

At the very beginning of the second book of the Physica, Aristotle defines
nature as an inner source of change and rest in that to which it belongs
primarily of itself, and not accidentally (P IL1, 192b13-14; 192b20—23)."
In this way, he distinguishes natural things from the class of artifacts, which
require an external efficient cause — the art, hand, or tool of the artist — to
become what they are (P4 1.1, 192b28-32), but are otherwise very similar to
natural products. In the remaining chapters, and especially in his defense of
natural teleology, Aristotle relies heavily on this assumed similarity between
the causal processes that generate natural and artificial products. Even if it
remains doubtful whether Aristotle’s theory of natural teleology is in fact
based on the etiology of artifacts,” the analogy between nature and art
at least serves a clear didactic purpose:*® art involves the operation of the
same four causes that are operative in nature, but in a more conspicuous
and differentiated way. The models of teleology involved in art and nature
are similar, but not identical.

7 See, e.g., GA L1, 715a4-9; GA IL1, 731b18—24; GA V.1, 778b1-10; GA Vi1, 778b11-19; GA V.8,
789b19—22; and DA I1.4, 415bro—12. Cf. Cooper (1982, 201), and Dudley (1997, 111).

Nature is also spoken of as (i) that which persists through change, i.e., the substrate or the primary
underlying matter (P IL.1, 193a29-30; this is presumably proximate matter: see Meta V.6, 1016a19—
24; Meta V114, 1044a15-25; Meta IX.7, 1049a24—7; and Bodnar and Pellegrin (2006, 274—275)),
and as (ii) that which is generated in the change, i.e., the shape or form according to the definition
(Ph 111, 193230-31), whereby the latter is more a nature than the former (P4 IL1, 193b6-12; Ph 1.2,
194a12—27). Finally, nature is spoken of as (iii) that “towards which” processes take place (P4 IL1,
193b12-18; 193b17: €is &) and as an “end” and “what something is for” (Ph I1.2, 194a27-33; 194a28—
29: ) B¢ PpUois TéAos kai ol Eveka), where this end constitutes the culmination of a continuous
change.

¥ For the view that the model of art offered Aristotle the metaphysical schema for his theory of
natural generation, see Granger (1993, 168) (Granger takes Aristotle’s theory of action to be the
model behind his natural teleology); Matthen (2009); and Broadie (1990, 393—396). I remain
skeptical as to whether Aristotle needs the model of art to justify his theory of natural teleology,
especially since in his view (as opposed to Plato’s; see Johansen (2004, 83-86), and Lennox (2001a,
281)) the teleology of art is itself ontologically dependent on the teleology of nature (cf. Katayama,
1999, 79—80; 101-108).

Cf. Cooper (1982, 198n.2), and Wieland (1975, 151).
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The analogy between art and nature usually exploits the following three
aspects:*™ first, the way in which the end and the means to realize that end
are complementary and adjusted to each other in art and nature, in a way
that they are not in the model of animal and human action. Above, we
saw that in nature, the efficient, formal, and final causes often coincide,
such that the “formal nature” becomes its own internal goal-directed agent
of the realization of its own form (and not of some other form). In the case
of art, the knowledge the craftsman has acquired is the knowledge of how
to produce the art-specific form in matter, and it is activated for the sake
of producing precisely those art-specific products. Thus, the art of house-
building is acquired for and guides the use of tools for the production of
houses, and not for something else.

Second, it exploits the specialization of the arts, which resembles the
ontological classification of natures: the arts are divided into different
kinds of specializations, each of which aims at producing its own specific
object. Things with a nature are similarly split into different kinds and
species, each of which tends towards the realization of its own specific
form or essence.

A third aspect exploited in the analogy is the reliability and regularity
of efficient causation in both domains: because of the above-mentioned
specialization of the arts, craftsmen will always or for the most part produce
the objects that they are trained to produce, and they will do so almost
“automatically” and usually without mistakes.”” The experienced artist
or craftsman will not have to deliberate about which object to produce
(a shoemaker produces shoes, not houses), and presumably only rarely
about the means to produce it: his art dictates both.” Nature as an internal
efficient cause of change and generation operates in much the same way
(Ph 11.8, 199a20—30; Ph 11.8, 199b26-33): it realizes on a regular basis its
own form, without deliberating over the means to these ends, and realizes
this form, unless something impedes it, without mistakes.

It is important to note that conscious intentionality plays no significant
role in the analogy between art and nature in the second book of the
Physica. Since art is the true efficient cause in artificial production, the
psychological states of the artist only seem to matter in the sense that art
cannot exercise itself and depends for its actualization on the “rational
potentiality” of the artist, which is a separate psychological component.

2! Broadie (1990, 396-397), and Lennox (2001a, 287-290).

> Pace Matthen (2009), Aristotle does not seem to recognize mistakes of conception or design, but
only of production and of failing materials; see Ph I1.8, 199a34-bs.

3 Broadie (1990, 398), and Lennox (2001a, 245n.9).
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In Aristotle’s depiction of art as an analogue of nature, human desires and
intentions appear to play no crucial causal role,** nor do they figure in
the operation of natural teleology, where the formal nature or soul is often
characterized as an internal instantiation of an artist working through the
natural body to which it belongs.”

Key concepts to be employed in this study

Above I explained that final causes never operate in a vacuum, but are
always connected to the operation of at least one of the other kinds of
cause. Based on Aristotle’s analysis of natural teleological processes (for
which I shall provide more evidence in Chapter 3), I shall henceforward
distinguish between two causal patterns of teleology.

The first causal pattern represents what I call primary teleology. This
process involves the realization of a preexisting potential for form through
stages shaped by conditional necessity, where the fully realized form consti-
tutes the final cause of the process. This is the “standard” form of teleology,
according to which the form specifies the functional features that are to be
realized through the goal-directed actions of the formal nature, and where
those functional features are intrinsic to and necessary for the natural being
that has them. The relevant causal connection here is thus between a poten-
tial for form and the realized potential, which constitutes the final cause.
The formal nature of the animal in these cases acts as its own internal
efficient cause for the realization of its own potential for form. Features
that are the result of primary teleology can be exhibited to be the necessary
prerequisites for natural beings such as animals to perform the functions
specified in their form. Aristotle often refers to these features as being
necessary, because they are of immediate vital or essential importance for
the animal: hypothetically speaking, nature could not have “designed” the
animal without these features, for without them it would not have been
able to live or be the kind of animal it is. For instance, the definition of the

4 Pace Bolotin (1998, 35); Broadie (1990, 401); and Owens (1981, 145). Additionally, I do not believe
that this “de-psychologized” picture of art that Aristotle employs in his analogy misrepresents the
ancients’ conception of art; pace Broadie (1990, 400—401), and Charles (1991, 108). The emphasis
on the proficiency and specialization of the arts is present in other sources (see, e.g., X. Cyr VIIL2, 53
I thank Peter Stork for bringing this text to my attention), and is part of the philosophical tradition
(see, e.g., PL. R1I, 369¢-370a). See also Johansen (2004, 69—91), who argues that in Plato’s depiction
of the Demiurge — the ultimate philosophical model of the artist — individual psychology plays no
causal role.

For the characterization of formal natures as craftsmen, see, e.g., PA Ls, 64529 (hé démiourgésasa
physis); PA 119, 654b27—655a4; PA 111, 647b5-6; PA V.10, 686a12; and IA 12, 711a18; cf. also
GA 1.22, 730bs—32; GA 111, 734b20—73524; and GA 11.4, 740b25—74124.
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substantial being of birds exhibits these animals as flyers, and in order for
birds to be able to fly, they will have to have wings (there is no other way in
which nature could have realized the function of flying). Wings are present
for the sake of flying, and there can be no bird without wings, because
these are the parts through which the bird’s form as flyer is realized (in
other words, all birds must have wings, even if those wings do not actually
allow the animal to fly). In the explanation of features that are the result
of primary teleology, Aristotle tends to give one explanation that accounts
for both the coming to be and the presence of that feature, and uses strong
teleological language (e.g., a certain feature exists for the sake of — heneka —
a certain function).

The second causal pattern represents what I call secondary teleology. This
process involves a formal nature of an animal using materials for something
good, where those materials “happen to be available” in the animal, usually
as the result of material necessity, and are not strictly speaking the result
of conditional necessity. The use that is made of the materials in these
cases is one that is not already specified in the animal’s form and/or is not
immediately necessary for the animal’s survival or its identity. In these cases,
functional features emerge as it were from the potentials of the materials
that happen to be available, which are then — secondarily — co-opted or
adapted by the formal nature of the animal. Features that are the result
of secondary teleology are never themselves the necessary prerequisites for
the performance of a function that is specified in the definition of the
substantial being of the animal. Rather, Aristotle explains their presence as
being “for the better” or for “living well,” because they help some other
feature perform its function better (these are what I call “subsidiary parts”)
or because they give rise to a function the animal could — strictly speaking —
do without (what I call “luxury parts”).2¢ For instance, the hair on our heads
is presumably a “luxury” feature: Aristotle believes that these hairs come to
be by material necessity, and that the formal natures of human beings then
use or co-opt them for protection (the hard and earthy constitution of hair
helps to protect human heads against excessive heat and cold) — a function
that living beings in Aristotle’s world may well do without.*” In cases of
secondary teleology, the relevant causal connection is thus that between the
available material potentials and the function or use to which the materials
with those potentials are put. The actions of the formal nature in these cases
are guided by the potentials the available materials have, which determine

26 For my categorization of animal parts, see section 3.2.
%7 This is a rather liberal interpretation of PA4 I1.14, 658b2—10, which I offer here purely for the sake of
explaining what I mean by secondary teleology; for actual examples, see Chapter 3.
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the range of uses one can make of those materials, rather than by some
preexisting potential for form that is to be realized. In the explanation of
features that are the result of secondary teleology, Aristotle tends to give
a separate explanation for the coming to be of that feature and for its
presence, and prefers “weaker” teleological language (e.g., a certain feature
comes to be of necessity, but exists for or with a view to — “pros,” “eis,” or
“charin” — some good).

In both cases, the causal feature that is most salient to us is the function
or final cause. When explaining the presence of either wings in birds or hair
on human heads, we first point to their function: wings are present for the
sake of flying, hair is present for protection. This is because final causes are
often simply observable — we can infer what something is for by looking
at what it typically does and by observing what contribution it makes to
the life of the living being in question. For this reason, final causes tend to
be the first causes to be picked out in a teleological explanation: they have
what I call explanatory priority. Identifying something’s final cause is the
first and most important step in generating a teleological explanation.

However, as should also be clear given the distinction between two
types of teleology, just identifying the final cause of some feature is not
sufficient if we want to have a complete explanation of that feature (which
is necessary if we want to have a full understanding of it). We also need to
find out whether this end that constitutes the final cause is the realization
of some preexisting potential for form, or rather a use that has been made
of materials that were available of material necessity. In the remainder of
this book, I shall refer to this issue as one of determining whether the
coming to be and presence of some end that constitutes the final cause is
primarily driven by form or primarily driven by matter. In the first case, it
is the presence of a preexisting potential for form that guides the actions
of the formal nature and that thereby directs the teleological process of
its realization. In the second case, it is the presence of certain material
potentials that allows for certain teleological uses (and not for others); the
actions of the formal nature in making use of these materials are secondary
to the operation of material necessity that produced the materials in the
first place. Both processes thus involve the goal-directed actions of the
formal nature — which is why both processes qualify as being teleological, but
in the first case, the actions are primarily “driven by form” (e.g., the form
of flyer requires the production of wings), in the second, they are primarily
“driven by matter” (e.g., the availability of hard materials allows for the
production of protective parts like horns and hair).
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Both types of teleological process involve developments over time from
some initial situation to the full realization of some functional feature.
In primary teleology, the initial situation is the existence of a preexist-
ing potential for form; in secondary teleology, the initial situation is the
existence of “extra” material with certain material potentials. Thus, when
it comes to priority in generation (as opposed to priority in nature or in
definition, which is a kind of priority that belongs to final causes),*® final
causes are never causally primary. That is, final causes never initiate, so
to speak, the teleological process that leads up to their realization (even
if we do not interpret final causes anachronistically as acting as efficient
causes, this would still be a case of backward causation). Final causes are not
“active” or “productive” in that way (cf. GC 1.7, 324b13—15; bi4: 76 & 0oU
gveka oU TroInTIKOV). Instead, the causally primary factors are always some
combination of formal-efficient causes in the case of primary teleology,
or material-efficient causes in the case of secondary teleology. Thus, the
coming to be of an end that constitutes a final cause, and which (at least
partially) explains the presence of the natural feature under investigation,
needs itself to be further explained in terms of the operation of chrono-
logically prior and necessitating causes. Note that I do not claim that final
causes ought to be explained by (let alone reduced to) other types of cause,
but rather that the obraining of an end that constitutes a final cause in
a certain subject ought to be further analyzed in terms of the underlying
causes that necessitate its coming to be — that is, at least, if we want to have
a full understanding of that subject.

The fact that final causes never have causal priority in the sense outlined
above is important, because on Aristotle’s account of scientific demonstra-
tion, demonstrative syllogisms ought to track the actual sequence and the
timing of the various stages in the causal chain.? This is not a requirement
Aristotle discusses in the early chapters of the Posterior Analytics, which
focus rather narrowly on geometric-style demonstrations that are timeless
and universal, and it is therefore easily overlooked. Instead, the requirement
is introduced in the lesser-known chapters in book II (i.e., APo Il.11-12),
where Aristotle discusses the question of how one incorporates causes and
change into the syllogistic framework of demonstrations. I shall discuss
these chapters in more detail in Chapter 6, but for now it suffices to point
out that in demonstrations of natural phenomena, because they involve

% For Aristotle’s discussion of the distinction between “priority in generation” and “priority in
nature/substantial being,” see PA 1.1, 646a24—646b2; cf. PA L1, 640a10-bg4.
29 Cf. Charles (2000, 198—204).
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changes over time, final causes can never take up the position of the middle
term. The reason is that middle terms in such demonstrations ought to
pick out the causally primary factor in the chain of development (i.e., the
factor that cannot be explained any further), and in developments causal
primacy and chronological primacy coincide. For the structure of teleolog-
ical explanations this means that final causes will typically be picked out by
the major terms, and as such will feature as part of the conclusion that is
being demonstrated. Complete teleological explanations thus specify, first,
the final cause which explains the existence of some natural feature, and
second, the cause that is responsible for the end’s (that constitutes the final
cause) coming to hold of that natural feature.

With these preliminary distinctions set out, we can now turn to Aris-
totle’s defense of natural teleology in Chapter 8 of the second book of the
Physica.

1.2 ARISTOTLE’S FIRST ARGUMENT IN DEFENSE
OF NATURAL TELEOLOGY

Causation in nature: the relation between teleology and necessity

Aristotle’s defense of natural teleology takes place in the context of a larger
exposition in the second book of the Physica on what nature is, what topics
the student of nature should study, how nature relates to art, and what the
causal role of luck and spontaneity is in nature. The problem Aristotle sets
out to answer in the final two chapters of this book is the following (P4 11.8,
198bro-12): “We must first state the reason why nature is among the causes
that are for the sake of something (f) pUo1s TGOV Evekd Tou aiTicwv), and
next, about necessity, how it is present among natural things.”

In the preceding chapters, Aristotle had defined nature in terms of each of
the four kinds of cause, but first and foremost as an internal efficient cause.?°
The question Aristotle asks now is why nature, as an internal efficient cause,
is among the causes that are for the sake of something, or, as I take it, why
nature acts goal-directedly. The question is important, because, as Aristotle
continues to explain (in Ph I1.8, 198b12-16), his predecessors traced back
all phenomena to necessity or material causation, and waved goodbye to

3% This conception of nature as an internal efficient cause is itself characterized as a hypothesis that
belongs to the first principles of the science of nature (P4 VIIL3, 253b2—6). It cannot be demonstrated
through a syllogistic proof, and the same holds for the proposition that the world of natural changing
things exists; cf. Bolton (1991, 19—21). The fact that there are natures or natural things Aristotle
claims is evident — the attempt to demonstrate this would in fact be ridiculous (P4 IL1, 193a1-9).
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any other kind of cause, thus leaving it unclear whether there is any causal
role to be played by nature as a goal-directed efficient cause in addition to
nature as a material-efficient cause.”

The way Aristotle introduces the issue here pertains directly to one of
the most pressing problems in the scholarship on Aristotle’s teleology: how
exactly does Aristotle think teleology and necessity in nature are related to
each other?? Recent scholarship has proposed the following four different
interpretations for the way Aristotle perceives this relationship:

Based on the way Aristotle contrasts his own teleological view of nature
with the views of his predecessors who explain everything in terms of
material necessity, some scholars argue that Aristotle believes that the two
views are incompatible with each other, and that he ultimately denies
that there is such a thing as material necessity operative in nature that is
independent of the operation of teleology.?

Others think that for Aristotle the two “forces of nature” are compati-
ble, but that the operation of material necessity and the actualizations of
element potentials as such are nor sufficient to produce regular, good, or
complex results. According to these scholars, natural phenomena could
not come about without the operation of a final cause, and therefore
explanations in terms of formal and final causation cannot be reduced to
explanations in terms of efficient and material causation.’*

Still others agree that necessity and teleology are compatible in Aristotle’s
worldview, but do so on the grounds that the theory of natural teleology
has no ontological consequences. They claim that the theory of teleology
is an explanatory framework that has the sole purpose of making things
intelligible for us humans. Accordingly, these scholars believe that teleology
is merely used by Aristotle as a heuristic device in his attempt to explain
natural phenomena. It is argued that on the level of causation, material and
efficient causes are all that is needed to bring about natural phenomena;
on the level of explanation and understanding, however, we need the
language of ends and functions in order to make sense of the natural
phenomena.®

3t Cf. Sauvé Meyer (1992, 792—793).

3 I shall return to the question of the relation between teleology and necessity in section 3.3. For the
present purposes, an outline of the problem and possible interpretations will suffice.

3 See, e.g., Balme (1965; 19872).

34 Stronger and weaker versions of this so-called “irreducibility thesis” have been defended by amongst
others Bradie and Miller (1999, 75); Charles (1988, 1—53); Cooper (1982, 197—222); Gotthelf (1987,
204-242); Irwin (1988, 109—112); Lennox (1982; 2001b); and Waterlow (1982, 69).

3 Stronger and weaker versions of this pragmatic viewpoint have been defended by Charles (1988);
Irwin (1988); Nussbaum (1978); Sorabji (1980); and Wieland (1975).
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All three views discussed above focus on the question of the compati-
bility and ontological reducibility of teleology and necessity. However, the
position I adopt myself, and for which I shall offer further evidence in my
discussion below;, is the view first introduced by Sauvé Meyer (1992).3° She
argues that we should dismiss the question of whether or not teleology
and necessity are mutually compatible or reducible to each other as not
being the main point for Aristotle, and focuses, conversely, on the issue of
intrinsic versus incidental causation.

Following this approach, I believe that the reason why Aristotle contrasts
his own teleological worldview with that of his materialist predecessors is
that the latter deny that high-order natural phenomena, such as animals and
plants, have a privileged ontological status. According to the materialists,
only the material elements are natures in a true sense, which means that
the things that are constituted from them are mere accidental qualities or
arrangements of these elements. The materialist view of nature eliminates
those very things that Aristotle takes to be ontologically basic, and which
in his view are in particular need of explanation, namely complex natural
wholes such as living beings. In short, for Aristotle an animal is the primary
example of a natural substance, whereas for the materialist an animal is
merely a coincidental conglomeration of elements. The heart of the debate
does not pertain (or at least not directly) to the question of reductionism,
but rather to that of eliminativism: the mistake of the materialists is not
just that they reduce plants and animals to their material elements, but
more that, as a consequence of this reductionism, they deny that plants
and animals are substances at all.’”

Aristotle thus does not want to subsume all forms of material necessity
under conditional necessity (he is not against all forms of reductionism),®
nor does he require teleological explanations for all natural phenomena (he
is also not a panglossian). He agrees that material necessity on its own may
account for the coming to be of some low-level natural phenomena that
have regular good outcomes (see, e.g., the production of eyebrows to be
discussed in section 3.2), but denies that the presence of such outcomes

36 Versions of this view are also defended by Bolton (1997, 122); Judson (2005); and Matthen (2009).

37 Sauvé Meyer (1992, 794—795; 820-825); Johnson (2005, 98-99).

38 Chapters that are traditionally read as endorsing an anti-reductionist view (e.g., PA L1, Ph 119, GA
V.8) in fact make a more subtle point about what the appropriate modes of explanation are for what
kind of natural phenomena: some natural phenomena cannot be explained in terms of material-
efficient causes alone and require the additional assumption of formal-final causes. Aristotle’s point
is not that we should substitute conditional necessity for material necessity in all cases, but rather
that we should expand the types of cause we invoke in our natural explanations.



Aristotle’s defense of natural teleology 25

on a regular basis®® can be merely accidental. Instead, materially neces-
sitated structures are “actively” co-opted or adapted in animals by their
formal natures because they are good for that animal; their explanation thus
requires references to teleology as well as to material necessity. High-level
natural phenomena, such as the coming to be of complex natural wholes
like (most) living organisms, are never due to an accidental combination
of material elements, but are always the product of intrinsic causation
involving teleology and conditional necessity.

In both low-level and high-level generations of natural products, Aristo-
tle holds that these products can only be explained satisfactorily by reference
to the goal-directed actions of nature as an internal efficient cause. Such a
formal nature acts — always or for the most part — for the sake of something
by either (i) realizing an internal, preexisting potential for form or (ii) by
using materials produced by material necessity for the good of the natural
being. The first causal pattern is what I characterized above as “primary
teleology”; the second pattern is that of “secondary teleology.” An impor-
tant difference between the two types of teleology not mentioned above is
that while primary teleology only pertains to the actions of internal formal
natures working within the confines of the individual animal, the causal
pattern underlying secondary teleology can also be extended to include
what has been called “inter-species” teleology. In the latter case, it describes
the causal pattern of any agent — internal or external — making use of things
available by nature for its own good, such as living beings using each other
as food.*°

Bearing these distinctions in mind, I shall now resume my discussion of
Aristotle’s first argument in defense of natural teleology.

A first outline of the aporia and of Aristotle’s solution

Aristotle’s first answer to why nature is among the causes that are for the
sake of something consists of a puzzle or aporia concerning the causal

3 See Nielsen (2008, 397—398), on the normative connotation of Aristotle’s notion “for the most part”:
the notion need not always indicate actual frequency, but rather frequency in ideal circumstances.

49 In inter-species teleology the perspective of the user becomes important; see Judson (2005, 356-357).
Things that are present for whatever reason can be used by a goal-directed agent, because of the
material potentials these things have, either within natural beings (e.g., earthy material, because of
its defensive potentials, can be used by the formal nature of deer for the production of horns), or
among natural beings (e.g., the branches of a tree, because of their resistance against water, can be
used by the shipbuilder for the production of ships). The outcomes of these processes of “using”
have genuine functions or final causes (e.g., defense or floating), even though it would not be right
to say that the constitutive materials that are used came o be for the sake of these functions or final
causes.
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relation between natural processes and the goodness or badness of their
outcomes. In the hypothetical objection, raised by an imaginary materialist
predecessor, Aristotle draws an analogy between the falling of rain and
the growth or spoilage of crops on the one hand and the generation of
animal parts and complete animals and their functions on the other hand
(Ph 11.8, 198b16-32). The base domain of the analogy runs as follows
(PhH11.8, 198b16—23):

There is a difficulty: what prevents nature not to act for the sake of something or
because it is better, but in the way Zeus rains, not in order to make the crops grow,
but of necessity (for it is necessary that that which has gone up cools down, and
what cools down becomes water and falls down: when this has happened, it turns
out that crops grow), and in the same way also that if someone’s crops are ruined
on the threshing floor, it does not rain for the sake of this, in order that they be
spoiled, but that it happened to come about.#

Aristotle has his opponent suggest that instead of saying that a beneficial
outcome, such as the growth of crops, is the result of nature acting for the
sake of something (i.e., being the result of primary teleology) o7 of nature
acting that way because it is better (i.e., the outcome being the result of
secondary teleology),* we might as well say that the natural process took
place of material necessity, in virtue of water elements acting according to
their material natures, and that the outcome — whether good or bad — just
happened to result in that way.

As Sedley points out,® the expression “Zeus rains” indicates that Aristo-
tle portrays his opponent as a materialist who tries to provide a materialist
explanation for something that is popularly viewed as an act of a providen-
tial god. This latter view, representing a naive, religious, and anthropocen-
tric assumption about the supposed providential teleology of the world,
is ridiculed and rejected in favor of a naturalistic explanation in terms of
the interactions of material elements. The materialist account interprets
the relation between natural processes and their outcomes as an accidental
one: the meteorological phenomenon of rainfall can be explained fully
by reference to the mechanical cycle of evaporation, and the agricultural

4 Eyel & &mopiav Ti KwAUel THV $UcIY puf) Evek& Tou Troleiv und’ &1 PéATIOV, &AN SoTrep Uel
& ZeUs oly &Trads TOV oiTov al§non, AN &€ &vdykns (T y&p &vayBev wuxBijven Bel, kai TO
WuyBev Udwp yevduevov KaTeABelv: T6 8 aaveabar ToUTou yevopévou TOV oiTov oupPaivet),
Spoicws 8¢ kad €l Teo &TTOAAUTOL 6 6TTOS &V T} GAW, 0¥ ToUTOoU éveka Usl OTrws ATTOANTAlL, GAAK
ToUTO GUUREPTKeV.

4* Pace Scharle (2008, 169-170), who reads these two propositions conjunctively as exhibiting one
and the same kind of natural teleology. For my reading of “because it is better” as a reference to
secondary teleology, see sections 3.2 and 4.2.

4 Sedley (1991, 185).

&
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outcomes — whether they are good or bad — are unrelated and coincidental
to the event of rain itself. The end result does not explain the occurrence
of rain (rather, material necessity does), nor does the occurrence of rain
intrinsically necessitate a particular outcome (rather, as the use of the verb
oupPaivev suggests, the outcomes are by chance and accidental).*+

Next, the hypothetical opponent applies this causal scheme to the bio-
logical realm, starting with the generation of parts of animals and their
functions. The first half of the target domain of the analogy runs as follows
(PhH11.8, 198b23—29):

So what prevents also parts in nature from being this way, for example that teeth
shoot up of necessity, the ones in the front sharp, with the fitness for tearing, the
molars broad and useful for grinding down the food — not because they came to be
for the sake of this, but because they turned out that way. And similarly about the
other parts, in as many as “that for the sake of something” seems to be present.#

The materialist again conceptualizes the causal relation between biological
parts and their function as an accidental one: teeth grow of material neces-
sity, and their functional differentiation is a matter of chance, resulting
accidentally from the material potentials of teeth and from the structure in
which they happened to grow, and not because of teleology. The same is
said to hold of as many parts as seem to be for the sake of something: they
all come to be due to material necessity, and their functional features are
mere accidents.

The materialist then extends this causal scheme to the coming to be of
complete living beings (P54 11.8, 198b29—34):

Wherever then all [the parts] turned out in a way they would also [have done]
if they had come to be for the sake of something, those survived, having been
organized in a fitting way by spontaneity. As many as did not [turn out] in such a
way perished and continue to perish, as Empedocles says about the man-faced ox
progeny. This then is the argument, about which one might be puzzled, and there
may be others just like it.4¢

4 T translate /¢ tuché with “luck” and zo automaton with “spontaneity”; I use “chance” as a general
term covering both luck and spontaneity.

¥ oTe T KWAUEl 0UTw Kad T& pépn Ex el &v T1) pUaEL, olov Tous d86vTas £§ dvdrykns dvaTeiAal Tous
uév éurpoabious &Eels, EmiTndeious TPos TO Sixipeiv, Tous B¢ youdious TAGTELS kal Y pnoiuous
TPOS TO Ascively THV Tpodmv, éTrel oU ToUTou éveka yevéoba, &AAG oupuTreaeiv- Spoics B¢ kad
Trepl TEOV EAAWY pepIV, &v ools Sokel UTrdpyely TO Evekd Tou.

S8Trou pév oUv &rravTa ouvEPn GoTep K&v € Evek& Tou EylyveTo, TaUTa pgv éocofn &mod
ToU aTopdToU cUoTaVTa ETTITNSeiws: doa B¢ ) 0UTws, &ATTWAeTO kol &TTOAAUTAL, KaB&TTep
EutreSokAfis Aéyel T& Bouyevi] avdpdmrpopa. 6 uév odv Adyos, & &v Tis &Toprioeley, oUTos, Kad
€1 T1s &AAOS TO1OUTOS €07TIV-,

46
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In a final move, the materialist claims that even the coming to be of entire
natural beings can be explained by reference to the same causal model:
the fact that some animal parts formed matching wholes is the result of
spontaneity, not of nature acting for the sake of something. The view
that is being ascribed to someone like Empedocles is thus that the present
biodiversity is to be explained as the accidental result of a mix-and-match
process of animal parts that is guided by chance and not by the goal-directed
actions of nature.

Immediately following this aporia, Aristotle presents his own solution
(Ph11.8, 198b34-199a8):

It is impossible that things are that way. For those things, and all things that are
by nature, come to be that way either always or for the most part, and none of
them belongs to things that are due to luck or spontaneity. For it does not seem
to be due to luck or spontaneity that it rains often in wintertime, but [it does]
when [it rains] during the dog days. Nor do heat-waves [seem that way] during
the dog days, but [they do] when they occur in winter. If, then, it seems that
[these things] are either by accident or for the sake of something, [and] if it is not
possible that these things are by accident or by spontaneity, they are for the sake
of something. But that such things are by nature, even the people who make this
argument would claim that. There is thus that for the sake of something among
the things that come to be and are by nature.#

The structure of the counter-argument Aristotle provides is quite complex,
so let me offer a brief paraphrase.#® What is at stake in the argument
is the nature of the causal relation between natural processes and their
outcomes: the materialist presented three examples of natural cases in
which this relation was one of chance. Aristotle’s counter-position is that
it is impossible that the outcomes of natural processes mentioned by the
materialist are due to chance. It is impossible because natural processes
produce such outcomes as described by the materialist either always or for
the most part — their regularity excludes (by Aristotle’s definition of chance
as discussed in Ph 11.4-6)* the possibility that they are due to chance.

47 &8UvaTov 8¢ ToUTov EXelV TOV TPOTTOV. TaUTA UtV y&p kad TTévTa T& pUcel 1 aiel oUTwo yiyvetan
1} 65 &1l TS TTOAY, TGV & &Trd TUXNS Kad ToU aTopdTou oUdty. oU y&p &d TUXNS oU8 &rd
OUUTITOUATOS Sokel Uelv TTOAAGKIS ToU Xeluddvos, AN é&v UTrd kUva: oUdE kauuaTa UTrd KUva,
SAN &v XELPGOVOS. £l 0OV 1) &TTO GUPTITCMATOS SOKEL T Evekd Tou eival, €l un ooy Te TaUT elvan
UM TE ATTO CUNTITARATOS UNT &TTO TaUTou&TOoU, #vek& Tou &v gin. dAAG ufv ¢puoel Y’ éoTi T&
TolUTa &V T, 65 K&V adTol padev of TaUTa AéyovTss. €oTv &pa TO Evekd Tou év Tols pUoEL
Yty vouévols kai oUotv.

48 For alternative reconstructions of the argument, see Quarantotto (2005, 90-95).

4 For Aristotle, luck and spontaneity indicate the causes of irregular and unexpected outcomes. These
are outcomes that #ypically come to be due to thought, choice, or nature, but whose cause in this

)
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This is clear from the following two examples (the use of Sokel in P4 11.8,
199ar indicates that Aristotle assumes that even his opponent would agree
to this): nobody would say that frequent rain in the winter is due to chance
(only rain in the summer is), nor would he say that frequent heat-waves
in the summer are due to chance (only heat-waves in the winter are). If,
then, these frequently occurring natural processes are either due to chance
or for the sake of something (Aristotle again uses Sokel in Ph 11.8, 199a3 to
suggest accordance),’® they must be for the sake of something: the relation
between natural processes and their outcomes must be teleological.

Although the general purport of the passage is clear enough (i.e., that
nature is among the causes that act for the sake of something), there are
three problems in Aristotle’s response to the puzzle that I shall need to
address in the next section.

First, Aristotle couches the dispute over which causes are operative in
nature exclusively in terms of spontaneity and teleology; the notion of
necessity is not mentioned in his response to the puzzle raised by the
materialist.” This “disappearance” of the notion of necessity seems sus-
picious, for Aristotle usually counts material necessity among the causes
of natural events that happen always or for the most part.”* He often
uses examples of meteorological phenomena such as the evaporation cycle
that produces rain to illustrate the regularity of materially necessitated
processes.”” The mechanical explanation offered by the materialist for the

particular case is either: (i) an indeterminable cause; the event (e.g., “a falling stone that hits a

person”) seems to have been for a purpose (e.g., “someone throwing that stone with the purpose of

hitting that person”), but the expected corresponding action that typically leads to this outcome

did not take place (e.g., nobody actually threw the stone). The event must therefore be the result

of some other action that from our perspective is indeterminable; the outcome is called a case of

good or bad luck. Or (ii) a determinate cause (e.g., “going to the marketplace in order to litigate
as a plaintiff”) that has incidental and unforeseen results (e.g., “meeting his debtor and getting his

money back”), possibly in addition to having a proper result and final cause (e.g., “litigating as a

plaindiff”). The unforeseen result is also called a case of good or bad luck. Cf. Boeri (1995, 87-96),

and Lennox (2001a, 250-258). For Aristotle’s interpretation of the notion of luck in Empedocles,

see Ph 1.4, 196a17—24 and GC11.6, 334a1—9.

A materialist might well have disagreed with Aristotle’s dichotomy: Waterlow (1982, 77).

5! Sauvé Meyer (1992; 797) suggests that Aristotle focuses solely on chance and teleology in order to
frame the problem in terms of accidental causation on the one hand and intrinsic causation on the
other: if the outcomes of natural processes are either accidents or the products of the goal-directed
actions of nature, then on the basis of their regularity we should conclude that they are the result
of teleology. This shift in terminology might also reflect the type of causation that the materialist
claims is operative in the coming to be of complete living beings in the final part of the analogy:
spontaneity is said to produce the same results one could expect from teleology.

52 Cf. Charlton (1970, 120).

53 The key passage is GC I1.11, 338a14—b19, which will be discussed in more detail in section 3.3. See
also APo 11.12, 96a2—7 and Meta V1.2, 1026b27-35.
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coming to be of rain matches Aristotle’s own view:* rainfall is due to the
circulation of material elements in the atmosphere, depending on the orbit
of the sun and the change of seasons, and is therefore a regular natural
phenomenon. Nowhere does Aristotle claim that rain is for the sake of
something.

This brings us to the second problem in Aristotle’s solution to the aporia:
Aristotle seems to argue that if winter rain and summer heat are regular
natural phenomena, they cannot be due to chance but must be for the
sake of something. What, then, does Aristotle think winter rain is for?
Traditionally, scholars have denied that Aristotle endorses the view that
winter rain is for the sake of something.” However, more recently, other
scholars have pointed out that the latter interpretation would make the
solution to the aporia incomprehensible,” and I believe this is right. The
text itself presents only one possible goal of winter rain: the growth of
crops. Certainly, this need not be the only purpose served by winter rain,
but if the argument is to be rhetorically effective, it seems that there must
be some non-accidental way in which Aristotle thinks winter rain (even if
not itself caused teleologically) serves the growth of crops and thus proves
the materialist to be wrong.””

In the next section, I shall in fact argue that Aristotle believes that
winter rain is for the sake of growing crops, where the type of teleology
at stake is an external form of secondary teleology. The coming to be

54 For Aristotle’s discussion of rain in terms of material and efficient causes, see Meteor 1.9, 346b16—36;
Merteor 111, 347b12—33; and GC11.10, 337a1-7; in the biological works, Aristotle uses the mechanical
explanation of rain as an analogy for physiological processes in the body: see Somn 3, 457b31-458a9
and PA 117, 653a2—7.

5 See, e.g., Charlton (1970, 120-123); Gotthelf (1987); Irwin (1988, 102-107); Nussbaum (1978, 94),

and, more recently, Pellegrin (2002, 309); Johnson (2005, 149-158); and Judson (2005, 345-348).

See Code (1997); Cooper (1982); Furley (1985); Sedley (1991; 2007); and Wardy (1993).

57" Most recently, Scharle (2008) has argued that winter rain is indeed teleological, but not for the sake
of the growth of crops, since it is not #he nature of winter rain to be for the sake of this, nor the
nature of the cosmos to direct winter rain to this. She holds that winter rain is teleological because
the motions of the water elements are fitted to the circular motions of the sun (which is the efficient
cause of water motions) in a way that when they fall in the winter the rain is teleological, because it
is properly due to the retraction of the sun and thus due to intrinsic causation, whereas when they
fall in the summer, the rain is accidental, because it is not a proper result of the closeness of the sun.
Although this presents an interesting and elegant alternative, I take it that the crux for Aristotle
in Ph 11.8 is to show that regular natural phenomena have regular beneficial outcomes due to the
fact that nature is an efficient cause that acts for the sake of something. Under Scharle’s interpretation,
however, it is the retraction of the sun in the winter that is the efficient cause that makes the water
return to its natural place, but this efficient cause itself never — neither in the winter, nor in the
summer — acts for the sake of this outcome. In fact, the motions of the sun are an accidental cause
of the entire water cycle, which Aristotle characterizes as a materially necessitated process, whereas
the return of water elements to their natural place is always a case of primary teleology for Aristotle,
regardless of what season it is. Cf. Sedley (1991, 184); Wardy (1993, 22), and Morison (2002, 26-28).
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of crops is not a realization of an internal potential for form through
the actions of winter rain (i.e., crops are not an outcome of primary
natural teleology), nor is it an accidental outcome of winter rain (i.e.,
crops are not a spontaneous by-product of a materially necessitated natural
process). Rather, the coming to be of crops is due to the goal-directed
actions of human beings who make use of the natural material potentials
of regular winter rain (and seeds) and impose the art of agriculture on
what is naturally available, in order to secure the regular coming to be of
beneficial outcomes (i.e., coming to be as crops is an extrinsic function of
a certain kind of plant). It is thus an example of human beings using art to
complete the goal-directedness present in nature in a way that resembles
formal natures using extra materials for the production of subsidiary animal
parts: both are cases of “using” what is naturally available, and in both the
“goods” produced reveal the perspective of the user, rather than a feature
intrinsic to the thing used. Of course, under this interpretation the causal
connection between winter rain and the growth of crops is thus hardly a
natural teleological one. However, it does illustrate the necessity of there
being goal-directed efficient causes for the production of regular, beneficial
outcomes, which is the main point Aristotle is making against his materialist
opponent.

However, if we grant, then, that winter rain is for the sake of something,
perhaps even for the growth of crops, we face a third problem, concerning
the scope of Aristotle’s natural teleology. The standard view is that Aristo-
tle restricts the operation of natural teleology to the individual natures of
substances,” but if rain comes to be to serve a function that is distinctly
anthropocentric, then perhaps we ought to conclude that Aristotle’s tele-
ology itself is anthropocentric (i.e., that the goal-directedness of nature
is ultimately for the benefit of man)* or even cosmic (i.e., that the goal-
directedness of nature is u/timately for the sake of preserving the existing
balance in the cosmos).®® Below, I shall argue that these conclusions are not
necessary if we interpret Aristotle to understand the coming to be of crops
(just like the coming to be of teeth) as being a form of secondary, rather
than of primary teleology. Serving an anthropocentric goal is something
that is imposed on natural processes from the outside, not something that
is intrinsic to their internal natures.

8 See especially Gotthelf (1987).

59 This controversial but thought-provoking interpretation is defended by Sedley (1991; 2007).

0 A cosmic view of Aristotle’s teleology is assumed or defended by Cooper (1982); Furley (1985,
115-116); (1996, 75); Kahn (1985); Matthen (2001; 2009); Sedley (19915 2007); and Wardy (1993, 19).
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I.3 THE NATURE AND SCOPE OF NATURAL TELEOLOGY

Empedocles and Aristotle on the coming to be of teeth

The debate on Aristotle’s first argument in defense of natural teleology
traditionally focuses on the rainfall example, which is arguably the most
problematic part of the argument, while much less attention is paid to the
Empedoclean account of natural generation.GI However, since the Empe-
doclean account forms the target domain in the analogy, we can use it for
our interpretation of the rainfall example.

Let me start by briefly outlining Empedocles’ zoogony as it can be recon-
structed from the fragments that have been preserved.* According to the
testimony by Aetius (DK31A72), Empedocles distinguishes four stages in
the generation of animals and plants. The first two stages probably occur
under the increasing influence of Love, in which animal generation is
explained “bottom-up,” as moving from parts to wholes (see in particular
DK31B17; Bs7, Bso, B6o, B61, B96, and B98). First, the coincidental inter-
actions amongst the four Empedoclean elements produce animal tissues
such as flesh and bone. Next, similar interactions between these tissues
produce separate animal parts, such as foreheads and arms. Finally, the
random interactions between such isolated parts roaming the earth lead to
the coming to be of different kinds of animals. Once Love’s influence is
strong enough, the parts will randomly stick together, forming all kinds of
hybrids. Stages 3 and 4 probably occur under the increasing influence of
Strife, in which complete plants, animals, and human beings come to be
spontaneously from the earth (see DK31B62 and Strasbourg fragment d).
They are said to rise up like shoots of plants, grow limbs, and then mature
naturally to the point where they are able to reproduce themselves sexually
(Strife pulls the uniform masses apart and thereby creates the extremities).
Presumably, this is the world in which we live now. Ultimately, Strife will
break up the organisms into their four elements again and soon Love’s
influence will make itself felt.

Empedocles’ account of the biological past is thus cyclical,* and draws
from two conceptually different models of the origin of species. The

A

The passage is usually quoted to applaud Empedocles for offering a pre-Darwinian theory of natural
selection; see, e.g., Bostock (2006, 50); Ross (1936, 78); Sedley (2003, 2, 11; 2007, 43).

The exact details of Empedocles’ zoogony have been the subject of much debate, especially after
the publication of the Strasbourg papyrus by Martin and Primavesi (1999), which revealed some
interesting new materials. I claim no originality or comprehensiveness in the overview I present
here — my purpose is merely to put the Physica passage into context.

On the nature of this cycle and the continuity between the phases of Love and Strife, see Sedley
(2007, 39—40).
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zoogony under Strife follows a mythological model according to which
living beings come to be spontaneously from the earth. The first genera-
tion is explained as a transition from the stage of spontaneous generation of
both males and females, growing out of the moisture due to fire, to a stage
of sexual reproduction, thus resembling a botanical process of the growth
and maturation of plants (without undergoing some kind of transforma-
tion of species). The zoogony under Love, on the other hand, seems to be
an original invention by Empedocles and offers a fully naturalistic account
of the growth of more complex organic compounds, resulting from ran-
dom collisions of organic parts. The examples of creatures thus produced
are rather fantastic hybrids, like the man-faced ox progeny mentioned by
Aristotle, but the fragments do not rule out the possibility that these com-
binations also resulted in living beings like the ones that are alive now,
such as, for example, ox-faced ox progenies. The reference to Empedocles
we find in Aristotle’s defense of natural teleology fits this second kind of
zoogony.

Crucial for the understanding of the Empedoclean passage in Ph 11.8,
198b23-34 is the distinction in the materialist account of generation
between the two levels of “incidental fitness.” The first level pertains to
the “incidental fitness” of parts of animals: material necessity causes the
coming to be of parts such as teeth that turn out to have the right potentials
and structure for the performance of biological functions such as biting
and grinding. The second level pertains to the “incidental fitness” of com-
plete living beings: spontaneity causes animal parts to combine “in a fitting
way,” and the animals that result from these “matches” make up the present
diversity of animal species (those combinations of parts that do not “fit”
constitute the monsters that died and continue to die). For Aristotle, both
causal accounts are mistaken, but as I shall expound below, they are not
mistaken to the same degree.

Aristotle’s biological treatises are full of references to teeth, so let me
start by presenting his own explanation of the coming to be and presence
of these parts (PA I11.2, 663b22-35):

We must say what the character of the necessary nature is, and how nature
according to the account has made use of things present of necessity for the sake of
something . . . For the residual surplus of this sort of [earthen] body, being present
in the larger of the animals, is used by nature for protection and advantage, and
[the surplus, which] flows of necessity to the upper region, it distributes in some
animals to teeth and tusks, in others to horns.%*

64 Tréds Bt Tfis dvaykaias ¢puoews éyxovons Tois UTdpyxouotv €€ dvdykns 1 kaT& TOV Adyov
PUCLS EVEKE TOU KOTOKEXPNTAL, AEYWHEV. .. TNV yoUv TOIOUTOU COPATOS TEPIOTWUATIKNV
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In this passage, Aristotle exhibits teeth to be paradigmatic products of sec-
ondary teleology. Just like his materialist opponent, Aristotle believes that
the coming to be of teeth is primarily due to material necessity® and that the
functionality of the teeth follows from the material potentials the consti-
tutive materials of teeth happen to have. The terms “useful” (chrésimos)®
and “suitable for” (epitédeios)®7 that are put in the mouth of the mate-
rialist to describe the incidental fitness of parts perfectly reflect Aristo-
tle’s own usage of these terms, indicating the “fitness” something has —
not in virtue of being conditionally necessitated for that purpose, but
in virtue of the material potentials a part or residue happens to have of
material necessity. However, the presence and functionality of teeth must
ultimately be explained by reference to the goal-directed actions of the
formal nature of animals with teeth. The formal natures of these animals
make use of these materials and “assign” a function to them in accordance
with the potentials the materials have of necessity. Since in this case the
materials are earthen and hard, which constitute the right potentials for
the function of defense, the formal natures use them to make parts such
as teeth, tusks, and horns (see PA 1L.9, 655b4—15). So even though the
coming to be of teeth is not primarily driven by form (Aristotle never
suggests that there is a preexisting potential for form that is being real-
ized by the production of teeth; strictly speaking, he believes animals could
nourish and defend themselves without teeth), Aristotle does not deny that
natural, materially necessitated processes can have beneficial outcomes. He
only denies that they can have such beneficial outcomes on a regular basis
without the intervention of goal-directed efficient causes, which (actively)

UtrepBoAtv &v Tois peifoot Té Gewv Utrdpyouoav &t Bondelav kal TO cUUpEpoV KaTay pfjTal
1 $pUaTIs, Kad TNV péovoav E§ dvdykns els TOV &vad TOTTOV TOTS UEV €l d3OVTaS Kal XauA1ddovTas
&Trévelpe, Tols & el képaTa.

Other relevant passages are GA 11.6, 745a18—745b9, in which Aristotle explains that teeth are made
from the residues conducive to growth assigned to bones, and GA V.8, in which he explains the
differentiations of teeth by reference to both material necessity and teleology. I discuss these passages
in a separate paper, co-authored with Allan Gotthelf (2010).

Chrésimos usually characterizes the potentials residues have for something; see, e.g., GAL1s, 720b34—
35; GA 118, 725a3—7; GA 1113, 754b6—7; GA Ill.10, 760b13—14; GA IV.8, 776a23—26; GA V.2,
781b26-28; HA 111, s00a1s; HA V1.22, 576a14-16; and IA 1, 704a4—s.

Epitédeios is used to designate foodstuffs, natural places, and even thoughts that have certain
“function-inducing” characteristics that these things just happen to have. For instance, Aristotle
uses it with respect to certain areas in the sea that “are favorable for spawning”; see HA VIIL13,
589b3—6; cf. HA 111.21, s22b22—23; HA 111.21, 523a3—4; HA V.13, 544b8—9; HA X.5, 636b21-23; and
MA 8, 702a17-19. Aristotle also uses the term to indicate the suitability of material mixtures for
certain functions (P4 IV.10, 686a8-11): “And nature placed some of the modes of perception on the
outside of it [i.e., the head] as well, on account of the blend of the blood being well proportioned
and ensuring both the warmth of the brain and the quietness and accuracy of perception.” For this
use of the term, cf. Po/ VI1.4, 1325b40-132624.
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adapt or (passively) co-opt such features in order to support the animal’s
well-being.

For Aristotle, it is the materialist account of the “fitness” of complete
living beings that is most problematic. For Empedocles, animals that are
“composed in a fitting way” and that therefore survive seem to be animals
that are quite literally combinations of matching parts (i.e., of ox faces
combined with ox bodies, etc.).®® Aristotle, on the other hand, understands
the well-adaptedness of each particular kind of animal primarily in terms
of its being able to perform all its necessary vital and essential functions
within its own specific natural environment. The regularity of animal
species exhibiting this kind of fitness cannot be fully accounted for by
reference to spontaneity or even to formal natures using what happens to
be available for something good. The regular presence of functioning living
beings requires, according to Aristotle, the assumption of a stronger form of
teleology, i.e., of formal natures acting always or for the most part for the
sake of realizing a preexisting potential for form (while thereby regulating
the various necessary interactions of material-efficient causes), where this
form is eternal in species in virtue of being continuously transmitted from
father to offspring.

The failure of materialists such as Empedocles to recognize the operation
of primary teleology is also highlighted in the following passage (PA L1,
640a17—26):

For generation is for the sake of being, but not being for the sake of generation.
This is why Empedocles did not speak well when he said that many things belong
to animals because they turned out that way during generation — for example
that the backbone is such, because it happened to get broken when it was being
twisted; he failed to see, first, that the seed previously constituted must already
possess this sort of potentiality, and, next, that the producer was prior not only in
definition but also in time; for it is a human being who generates a human being,

such that it is because the one is such, that the other’s coming to be happens in that
way. (Cf. GA 111, 735a3—4)

As Aristotle explains here, the core of his theory of primary teleology in
natural generation is the fact that whatever organism comes to be already

%8 See also Aristotle’s criticism of Democritus in GA V.8, 789ba—15, where Democritus is rebuked for
failing to acknowledge the operation of (secondary) teleology in the differentiation of teeth.

Empedocles’ notion of fitness thus hardly foreshadows fitness in a Darwinian sense. For instance, in
Empedocles there is no selection for the fittest, but only for the fit (where this selection procedure is
a purely negative force eliminating the unfit); and “fitness” does not refer to a relation between the
animal and its environment (pace, most recently, Nielsen 2008, 387), but only to an internal match
of parts being mixed in the same ratio. Also, the concept of chance invoked by Empedocles is one of
randomness, not one of statistical probability: all homogeneous hybrids survive, all heterogeneous

hybrids die.
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possesses its corresponding form in potentiality (where the process of gen-
eration is for the sake of realizing that form or the being of that animal),
and receives it from something that possesses that form in actuality.”® The
process of primary teleology involves the eternal replication of form,”
which can only be explained through the assumption of nature operating
as an internal efficient cause that acts for the sake of realizing those forms.
It is only at the level of the coming to be and presence of complete and
functioning living beings that Aristotle claims that the goal-directed actions
of nature as an efficient cause are always primarily driven by form (i.e., it
is the potential for form that guides the actions of nature as an efficient
cause): where Empedocles mistakenly believes that their presence can be
explained bottom-up, as the coincidental outcomes of spontaneous combi-
nations of material elements, Aristotle grounds his explanations of animals
in their form and explains their necessary parts and material constitutions
top-down.”*

In sum, what Aristotle tries to establish in arguing against the puzzle
raised by the materialist is not the priority of form as such (the notion
of conditional necessity is not explained until the following chapter, i.e.,
Ph 11.9), but the necessity of postulating goal-directed actions of natural
efficient causes to account for regular beneficial outcomes a/so in those
cases where material necessity is the primary cause in the coming to be of a
part or structure. Aristotle is thus not trying to present a unified account of
(natural) teleology here, but is rather making the more general claim that
for the explanation of whatever level of “fitness” or functionality can be
found in natural beings, one needs to assume the operation of an efficient
cause acting for the sake of producing that functional feature, regardless of
whether this goal-directedness is primarily driven by form or by matter.

The rainfall example and the scope of natural teleology

We now have a clearer picture of the analogy between the rainfall example
and the Empedoclean theory of generation: according to the materialist,
both kinds of “generations” are due to material necessity, where the ben-
eficial (or detrimental) outcomes are spontaneous and incidental, rather
than due to the actions of an intentional agent (such as Zeus) generating
things for the sake of those outcomes. The materialist thus refutes the
providential, external, and anthropocentric teleology of Zeus in favor of a
purely material form of causation. Aristotle’s own solution to the aporia

7° Witt (1994b, 222-228). 7' Lennox (2001a, 231). 7> Cf. Furley (1996, 77).
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must be sought to lie somewhere in the middle: material necessity may
certainly play a role in the generation of some natural phenomena, but if
the relation between natural processes and their good outcomes is to be
explained in terms of intrinsic causation, we must — rather than assume
divine providence — postulate immanent natural teleology. That is, we must
postulate the existence of internal natures that operate as efficient causes
for the sake of such good outcomes, where this teleology is primarily driven
either by form or by matter. This much at least must be the implication
of Aristotle’s statement and subsequent argument that it is “impossible for
things to be that way” (P4 11.8, 198b34). What remains is to explain how
Aristotle’s account of rain fits into this picture and what the implications
are for the scope of natural teleology.

In the sections above, I have argued that for Aristotle’s solution to
the aporia to be effective we need to attribute to Aristotle a teleological
explanation of winter rain, but that this teleology need not be of the
primary, natural type. Aristotle’s own explanations of teeth and living beings
suggest that he has the materialist come up with examples that in his own
view represent increasingly stronger cases of teleology. The examples move
from secondary to primary teleology, with the most dubious teleological
example of rainfall producing crops functioning as the base domain in the
analogy. In order to reconstruct Aristotle’s teleological account of winter
rain, I thus propose to treat the rainfall example as a weaker analogue of his
account of teeth, i.e., as a weaker version of what I have called secondary
teleology.

I have already suggested that Aristotle would agree with the materialist
explanation of the coming to be of rain as a materially necessitated process.
He identifies the sun and the obliquity of its orbit as the overarching cause
responsible for the circularity of the seasons and the regularity of winter
rainfall: the simple elements imitate this circular motion, and this is what
causes rain to fall regularly during the wintertime.” Following the pattern
of secondary teleology, we now need to identify something for which the
availability of winter rain can be used. In my discussions above, I already
assumed the coming to be of crops to be a plausible final cause of rain. The
anthropocentric character of this final cause (the materialist reference to
the growth of crops, rather than to that of plants in general, reveals a strictly
human agricultural perspective)’* need not be a problem, since we do not
have to postulate that according to Aristotle winter rain comes to be for the
sake of producing crops in the strong sense, nor that by producing crops

73 Cf. Matthen (2009). 74 Sedley (1991, 185-186).
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rain is realizing some preexisting natural form that is anthropocentrically
defined,” for neither of these conclusions hold for the example of teeth.
Instead, what is needed for a teleological interpretation of winter rain is the
identification of some overarching goal-directed natural efficient cause that
guarantees the intrinsic causal connection between winter rain and some
regular beneficial outcome of winter rain, such as the growth of crops.

In the case of teeth, the goal-directed efficient cause is represented by
the animal’s own internal formal nature, which uses what is available of
material necessity for something that is good for that specific kind of
animal, thus illustrating Aristotle’s claim that “nature is among the causes
that act for the sake of something.” In the case of crops, however, the
goal-directed efficient cause is represented by external agents, that is, by
human performers of the art of agriculture. Crops come to be through the
intervention of human beings who impart the art of agriculture on the
water, which due to material necessity is regularly available in the winter
for the irrigation of seeds: humans use what is naturally available for what
is good for them.7® Agriculture thus takes place in the winter because that is
when it regularly rains; it does not rain regularly in the winter for the sake
of agriculture.

The fact that human beings are the beneficiaries of the coming to be
of crops does not imply that 2// goals in nature are anthropocentric. As
Aristotle argues in the second part of his defense of natural teleology (see
Ph 11.8, 199a8—20), art is ontologically secondary to nature, which means
that the ends of artistic production are subsidiary to what happens in
nature. The ontological priority of nature forms the crux of the whole
second argument: if art is limited to the imitation and completion (or
“perfection”) of natural goals, which it achieves through means congenial
to nature, and if artistic processes are for the sake of something, then
evidently (P4 11.8, 199ar7: &f)Aov) natural processes, too, are for the sake
of something (cf. PA L1, 639a19—21) — evidently, because the relations of
priority and posteriority are the same in natural and artistic processes.””

75 There is no form or nature of winter rain; cf. Johnson (2005, 156), and Wardy (1993, 25), who draws
an analogy with Aristotle’s notion of the city: the city #s by nature, but that does not entail that it
also has a nature.

76 Cf. Matthen (2001, 183-184), who explains winter rain as an instance of “instrumental teleology.”

Note also that in this respect the example of winter rain is similar to the example of the light

shining through a lantern in APo IL.11, 94b27-37: light, consisting of relatively small particles,

passes through larger pores of material necessity, but human beings make use of the potential of
light by making lanterns, which will prevent them from stumbling in the dark. The use to which

light is put is anthropocentric and secondary to the nature of light itself. Cf. Byrne (2002, 43).

The analogy between the processes of artistic production and natural generation for which Aristotle

argues in this second argument is twofold: (i) if there is a sequence of which there is an end, the
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However, it would be false to think that because the arts borrow their ends
from nature and because artistic ends are (by definition) anthropocentric
ends, therefore the ends in nature must be anthropocentric, t00.7% Instead,
art imposes an anthropocentric outlook on natural entities that come to
be and are present for the sake of realizing their own internal ends.

It is thus important to realize that @// art is in some sense a form of
secondary teleology (i.e., one that involves external, human agents), as we
as goal-directed agents make use of what is present by nature for our own
benefit (P4 11.2, 194a33—36):

Indeed,” the arts too make their material: some [arts make it] without qualifica-
tion, others [make it] good to work with, and we use it as if everything exists for the
sake of us (xad Xpoopeda G5 MUV Eveka TavTwY UTrapydvTtwv). For we, too, are
in some sense ends: for that for the sake of which is double; this has been said in

On Philosophy.®°

In this passage, Aristotle indicates that the final cause in artistic produc-
tions (as opposed to final causes in natural generations) lies outside the
performance of the art, and is always relative to what is beneficial to us: our
desires and needs determine what will be the end results of art, building
upon what is already available or happening in nature.®” The structures
and uses we impose upon natural things through the application of art are
always — although the product of intrinsic causation — accidental to those
things and secondary to their own proper natural ends.®> Nature is not
itself anthropocentric; we just use natural things to our own benefit.

previous motions leading up to this end must have been for the sake of this end; the sequence is
organized and teleological (P4 11.8, 199a8-9); (ii) the temporal ordering of the various steps in the
sequence leading up to the end is determined by this end (and is thus to be explained teleologically;
Ph11.8, 199a18—20). See Charles (1991, 114-115).

Pace Sedley (1991, 187).

Etrel picks up on the conditional sentence in Ph I1.2, 194a21—22 “if art imitates nature.”

Sedley (1991, 189; 2007, 203n.72) uses this text in support of his anthropocentric interpretation of
Aristotle’s natural teleology. He argues that the construction of 4ds plus the participle of huparched
should be read as “on the ground that everything exists” rather than as “as if everything exists”;
however, according to Rijksbaron et al. (2000, 100), constructions like these indicate a “subjective
reason” for which the narrator does not want to be held responsible (cf. X. An IV.2.5). Aristotle thus
makes a concession to popular thought in claiming that we are i some sense (pés should be read in
a conciliatory way) an end, too.

Cf. Broadie (1990, 400—4o01).

Cf. Aristotle’s discussion of Antiphon’s example of a bed (P4 IL1, 193a11-17): “If someone planted
a bed, and the decomposition acquired the ability to send up a shoot, what would come up would
not be a bed but wood: this seems to show that the arrangement in accordance with habit and
art belongs accidentally (To pév kat& cuuPePnros Urdpyov), while its substantial being is that
which persists continuously while being affected in these ways (Ttjv 8 oUciav oloav ékeivnv | kad
Brapével TalTa Tdoxouoa ouvex@s).” In the absence of external efficient causes and under the
right conditions, artifacts behave according to the natures of their constitutive material and realize
their natural, primary ends, such as wood growing into a tree.
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In short, the three examples of natural products put forward by the
materialist (i.e., crops, teeth, complete living beings) represent for Aristotle
increasingly stronger versions of the operation of the goal-directedness of
nature. The point Aristotle is trying to make in his solution to the puzzle
is that none of these natural phenomena with their beneficial outcomes
can be explained satisfactorily (i.e., in terms of intrinsic causation) with-
out the postulation of efficient causes acting for the sake of something.
The coming to be of crops exhibits a form of external, secondary, artificial
teleology: the growth of crops involves the intervention of human agents
who impose the art of agriculture on what is available by nature, and thus
produce something that is good from a human perspective. The coming
to be of teeth exhibits immanent, secondary, natural teleology: the growth
of teeth involves the intervention of the formal natures of individual ani-
mals on materials and structures that come to be of material necessity;
the formal natures thereby make use of what is available by nature for
what is good for their own specific substantial being. Finally, the coming
to be of complete animals exhibits immanent, primary, natural teleol-
ogy: the generation of animals involves the formal natures of individual
animals realizing a preexisting potential for form by conditionally necessi-
tating all the required materials and by organizing them in the appropriate
way.

Further reflections on the scope of natural teleology

The distinction between primary and secondary teleology also allows us
to make sense of other passages in the Aristotelian corpus that reflect an
anthropocentric perspective on teleology. All natural beings, while being
primarily and intrinsically realizations of their own form and existing for
their own sake, can be used as matter by other natural beings, either
as food and constitutive material, or (exclusively by human beings) as
the underlying matter in artistic production. This appropriation of other
natural beings as food or underlying matter is to be understood as a form of
secondary teleology. Both the internal form of secondary teleology and the
external appropriation of other beings are characterized by the presence of
goal-directed efficient causes that make use of what is naturally available.
In both cases, the material (which is either internal or external to the living
being) is used for what is good from the perspective of the user; and the
potentials of the available materials are causally primary. In neither case
is the end that constitutes the final cause a realization of a preexisting
potential for form.
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A crucial and notorious passage in this context is Aristotle’s description
of how nature provides food for all living beings as part of an attempt
to establish the naturalness of the art of acquisition and warfare (Po/ 1.8,
1256a19-21; b7—22):

But there are many kinds of food, and therefore also many ways of life, both of
animals and of human beings . . . Such property seems to be given by nature herself
to all, in the same way as it does immediately following their birth, so too when
they are being completed. For some animals generate at the moment of childbirth
at the same time also sufficient nutriment to last until the offspring can supply
itself — for example as many animals as produce larvae or lay eggs. As many as
bear live young have up to a certain time nutriment within themselves for their
offspring, namely the stuff called milk. Hence it is equally clear that we should
suppose that also for those that are coming to be, that plants are for the sake of
animals and that the other animals [i.e. non-human animals] are for humans —
domesticated animals for both use and food (S1& v xpfiow kal S1& THY TpodHY),
and if not all, at least most wild animals for food and for other benefit (Tfis Tpodfis
kol 8AANS PonBeias Evekev), such that from them both clothes and other kinds
of tools come to be. If, then, nature makes nothing incomplete or in vain, it is
necessary that nature has made them all for the sake of human beings.

Aristotle explains that since there are many kinds of food and all living
beings need food, there are many ways of life: nature has adapted each
way of life (both of animals and of human beings) to the living being’s
preferences for food and to the ease with which it can acquire it (Po/ 1.8,
1256a26—28). However, the property of food itself is provided by nature
to all things alive, both directly in the form of (for instance) milk or
egg-white at the moment of birth, but also by extension during mat-
uration, in the form of other natural beings. The passage ends with a
hierarchical picture of the food chain, according to which nature has made
plants to serve as food for animals, and animals as food for human beings;
Aristotle claims that ultimately nature has made everything for the sake
of human beings. The teleology Aristotle defends here is unmistakably
anthropocentric.®

However, it is important to recognize that Aristotle’s focus here is on the
existence of natural beings gua food; plants and animals are for the sake of
human beings gua being the foodstuffs without which humans would not
be able to live. The teleology that accounts for the use human beings make
of other living beings is therefore secondary: it reveals the perspective of
the user, who makes use of what is provided by nature for his or her own

8 Sedley (1991, 181).
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good.® This perspective is even more apparent in Aristotle’s concluding
remarks about the question of the naturalness of acquiring wealth (Po/I.10,

1258a19—24; 34—38):

And the question about which we were puzzled in the beginning, [namely] whether
it is the task of household management and of political science to acquire wealth or
not, is also clear: it is necessary that [wealth] is present. For just as political science
does not make men, but receives them from nature and uses them (&AA& AaBoUoa
Topd THs pUoews ¥ pfiTar alTols), so too is it necessary that that nature provides
the earth or sea or whatever else for food. .. Most of all, as was said earlier, it is
necessary that [wealth] is present by nature. For it is a task of nature to provide
food to that which is born:* because for each living thing its food is what remains
from that from which it comes into being. That is why the art of getting wealth
out of crops and animals is natural for all people.

Just as nature produces human beings for politics to use, so too it is necessary
that nature provides food for humans, in the form of other living beings,
for humans to use.3¢ The environment to which a living being naturally
belongs is rich in other living beings that may serve as its food, but it is the
predator that is adapted to use and digest the food that is available, not the
food to the predator (cf. Po/ 1.8, 1256a19—22). As Pellegrin points out,’” a
camel (discussed in PA I11.14, 674a28—674b18) has the kind of tongue and
the number of stomachs it has to be able to digest the thorny bushes that are
available in its habitat as a potential source of food. The thorny bushes are
not the way they are (that is, bristly, woody, and fibrous), and do not grow
when and where they do, because there are camels in their neighborhood
that can only eat such food. Aristotle mentions no examples of plants or
animals that are the way they are for the sake of becoming the right kind
of food for some other being, and the fact that formal natures of animals —
if possible — develop means for protection or defense indicates that natural
teleology is restricted to the life and well-being of the individual animal.

84 Cf. Scharle (2008, 162): “plants are for the sake of animals in the sense that it is part of animal
nature to make use of plants, and animals are for the sake of humans in the sense that it is part of
human nature to make use of animals.”

Cf. GA 11.6, 744br7—25 where nature is compared to a good housekeeper who provides food

to everyone, but according to a strict hierarchical pattern; for a discussion of this image, see

section 3.2.

Cf. Lloyd (1996, 191-192).

87 Pellegrin (2002, 312); Scharle (2008, 164-165) makes the same point; pace Sedley (1991, 191; 2007,
202n.69). The direction of causality is important, because it shows that the formal nature of each
kind of living being produces that living being with a view to its own individual substantial being
(i.e., it adapts the camel in such a way that it can nourish itself from what is naturally available in
its habitat), not with a view to the substantial being of other living animals (i.e., it does not adapt
the bushes to the needs of camels).

8

8
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So even though Aristotle seems to speak of a universal nature when he says
that nature provides food for all, the individual formal natures of each kind
of living being are what appropriate other kinds of (living) beings as their
food and sustenance. In other words, the individual formal natures make
sure that each individual kind of living being is able to benefit from the
foods in its environment, which amounts — generally speaking — to “nature
providing food for all.”

Just as in the case of winter rain, plants and animals only have a poten-
tiality for a secondary function from a certain perspective®® or relative to other
beings elsewhere in the food chain. The food chain imposes a hierarchy
of conditional necessary relations between members of the present animal
diversity, according to which the existence of the one is conditionally nec-
essary for the coming to be and existence of the other.* Humans are on
top of this food chain in virtue of having mastered a wide variety of arts
and thus of being able to make the best use of what nature provides. Only
humans move freely through different habitats and invent tools to increase
their success in using things for their own advantage (and in protecting
themselves against being eaten by others). Nature has made plants and
animals for human beings to use as food or to benefit from them in other
ways, but, I submit, the use human beings make of them is a secondary
purpose (which is thus not part of the substantial being of plants and ani-
mals), and one that is imposed by human beings through the application
of some kind of art.

In other words, the fact that human beings are often beneficiaries of nat-
ural processes does not reveal an essential characteristic of natural teleology
(Aristotle’s natural teleology is not in itself anthropocentric), but rather of
human art that appropriates those natural processes to serve human ends.

A final passage that is relevant for the interpretation of the kind of
teleology at stake in the natural food chain is Aristotle’s discussion of the
placement of the mouth in dolphins and selachians and the reason why
they turn around while eating (PA IV.13, 696b25—34):

In some [fish] the mouth is placed straight across, and towards the front, but
in others on the underside, as for example in dolphins and selachians; and they
grasp their nourishment after having turned belly up. And it appears that nature
does this not only for the sake of the preservation of other animals (for during
the turn the other animals escape, because of the delay; for all such creatures
are carnivorous), but also in order that they do not follow their gluttonous ways
regarding nourishment; for if they could grasp it easily, they would be destroyed

88 See Judson (2005, 356-357). 8 Cf. Simpson (1998, 49).
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owing to being quickly sated. And in addition, being curved and narrow the nature
of the snout is unable to open widely.”°

The explanandum in this passage is not the existence of the mouth as such
in a particular group of fish (which is presumably the result of primary tele-
ology: a mouth is a necessary part for the intake of food in all animals), but
rather its peculiar placement, which appears to be the result of secondary
teleology.” Aristotle gives three — related — explanations for the peculiar
positioning of the mouth and eating habits of dolphins and selachians.
The final two explanations resemble a common pattern of explanation in
Aristotle’s biology (see sections 4.2—3) in which a feature is explained both
by reference to the better (i.e., to how the feature contributes to the well-
being of the animal) and to material necessity. Not being able to eat easily —
obviously, dolphins and selachians still need to be able to catch some
food — prevents these animals from eating themselves to death, but is also
a necessary consequence of the structure of the snout they have, which is
unable to open widely. However, the intrinsic function that is being served
by the position of the snout and the turning around — i.e., the preserva-
tion of such animals as dolphins and selachians — is closely connected to a
second, extrinsic function, which Aristotle mentions first (perhaps because
this explanation is immediately accessible to observation, or because it is
popular among the people of his time): the only way in which nature can
prevent these animals from overeating is by allowing their food to escape.
Since all dolphins and selachians eat fish, their peculiar eating habits serve
as a corollary also to preserve the life of (some of) these fish (cf. HA VIII.2,
591b23—30). The direction of the hierarchy in the food chain is the reverse
from the one outlined in the Politics: here the “lower” animals benefit
from the eating habits of “higher” animals. This indicates that there is no
absolute subordination of the good of one living being to that of another.”

Even if there is no need for an anthropocentric interpretation of Aris-
totle’s natural teleology, the passages discussed above still leave room for a
cosmic interpretation of this teleology. The examples of an eternal cycle of
rainfall without which no plant could grow (let alone crops) and of formal

99 T ugv y&p kot QuTIKPU Exel TO oTOuX Kad €ls TO Tpdobev, T& & &v Tois UtrTiors, ofov of Te
BeAgives kai T& oeAay o8N kol UTrTix oTpedpdpeva AauPdver T Tpodnv. Paiveton & 1) pUois ou
udvov owTnpias évekev Troifjcan ToUTo TV ANV {dwv (8v y&p TT) oTpéyel ogleTor TEA
BpaduvdvTtwy: TavTa yap T& TolalTa fwodpdya £0Tiv), AAG Kal Tpds TO piy dkoAoubelv
) Aoupapyia TH Trepi THY Tpodnv- pdov yp AauPdvovTa SiepBeipet’ &v S1& TNV TANpwolY
Tayéws. [Tpds 8¢ TouTols Trepipept] Kad AeT TV ExovTa ThHY ToU pUyyxous puctv oly ofév T’
eUBlaipeTov Exelv.

9" The correct interpretation of this passage is highly contested: see Balme (1980, 9; 1987b, 279);
Johnson (2005, 209); and Lennox (2001b, 341-342).

9% Pace Bodnér (2005, 23—4).
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natures of dolphins constructing their eating habits such that their prey
may escape suggest that there exists a natural tendency in all individual
things towards the regularity and goodness of the cosmos as a whole. Some
suppose that this regularity exists over and above the one inherent in the
individual natures of living beings and that it ensures the preservation of
the cosmos as it is. Under a cosmic interpretation of Aristotle’s natural tele-
ology, the harmony, interaction, and well-adaptedness between individual
natural entities is derived from or is an expression of an overall nature, i.c.,
the nature of the cosmos, which has its own form.%

There is no doubt that Aristotle on occasion conceptualizes the cosmos as
a unity in which beings contribute to the existence and well-being of other
beings,”* and we should certainly expect him to provide a teleological
explanation of this order (see PA L.1, 641b1o—23% and section 5.4). The
crucial question is thus not whether there is 2 form of cosmic teleology in
Aristotle, but whether he explains the cosmic order in terms of a separate
teleology in which everything is a realization of one underlying cosmic
form, or rather in terms of natural teleology in which the actions of the
individual formal natures of everything natural also account for order on
a cosmic or global level. The key passage quoted in support of the cosmic
reading is Meta X1L.10, 1075a11—25:%°

We must also consider in which way the nature of the whole (1 ToU &Aou ¢pUo1s)
contains the good and the best — whether as something separated and by itself, or
as its arrangement. Or [is it] in both ways, as an army does? For the good [of an
army] is in its order and is also the general; but it is mostly the latter: for he is not
due to the order but the order is due to him. All things are ordered together in
some way, but not in the same way — even swimming animals and flying animals
and plants. And it [i.e., the order] is not such that there is no relation between one
thing and another — there is one: for all things are ordered together towards one
(Trpos pEv y&p &v &rawvTa ouvTéTokTal), but it is as in a household, where for
the free people it is least possible to act at random, but all or most [of their actions]
are arranged, while it is possible for slaves and animals — their contribution to
what is communal being little — much to act as they chance: for that is the kind
of principle that nature is of each of them (ToixUTn y&p Ek&oTou &pyt aUTéVY
A ¢pUoIs éoTiv). I mean, for example, that it is necessary for everything to come to

9 See Sedley (1991, 192). 94 Furley (2004, 83); Hankinson (1998, 147); Matthen (2009).

95 In this passage, I take Aristotle to make the a fortiori argument that if sublunary natural beings
are the product of natural teleology, then the more so should we consider the heavenly order to be
the product of such teleology (even if the heavens did not come to be in a chronological sense).
The fact that nature is for the sake of something is picked out as the cause for bozh sublunary and
heavenly order; I see no evidence for Sedley’s claim (2007, 195-196) that Aristotle here prioritizes
cosmic teleology over that of individual natural processes.

See Sedley (1991, 192-194; 2007, 198—200); Cooper (1982, 213). Cf. also Matthen (2001), who argues
for the existence of a cosmic nature on the basis of De Caelo book I; however, Bodnér (2005, 10-17)
offers convincing arguments that undermine such a reading.
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be dissolved, and that there are likewise other things in which everything shares
in the whole.

This passage forms the opening of a chapter in which Aristotle discusses
the place of the good in “the whole.” He first presents his own view
and then continues with a discussion of the endoxa of his predecessors.
Aristotle’s own account — which I shall discuss only in outline — makes use
of two analogies. First, comparing the “nature of the whole” to an army, he
indicates that the good of the cosmos is exhibited most by the Unmoved
Mover (who is analogous to the general), because he is the cause of the
good of the order of the cosmos (which is analogous to the order of the
army). Next, he compares the order of the whole to a household, thus
illustrating what seems to be the necessity involved in the movement of
the stars and planets on the one hand, and the passing or deconstruction
of bodies in the sublunary world on the other hand.”” The “one,” towards
which everything else is ordered, is again the Unmoved Mover, who —
as Aristotle explained in Meta X11.7—9 — is the final cause that drives all
motion in the cosmos.

Defenders of the cosmic reading interpret Aristotle’s expression “the
nature of the whole” (perhaps picked up in 1075a22—23: “for that is the
kind of principle that nature is of each of them”) as a reference to a separate
cosmic nature with its own form that underlies the order of everything.
However, the fact that Aristotle picks out the Unmoved Mover as the cause
of the good of the order and of the joint arrangement of the constitutive
parts in both the images speaks against this interpretation:*® the goodness
and interrelations of things in the cosmos are not an expression of the
nature of the cosmos itself,?? but rather of all individual natures trying to
approximate as much as possible the same ultimate final cause (cf. Cae/11.12,

97 Cf. Balme (1987b, 278) and Cae/ IL.12, which I discuss in section 5.3.

98 See Bodnir (2005, 17-21) for a discussion of the philological and interpretational problems of this
cosmic reading of the expression.

99 The nature of the city does not provide a good parallel for a universal nature here: the city comes to
be by nature for the sake of living and 7 in that sense a nature (since it is the endpoint of a process,
just as a house is: Pol .2, 1252b27-1253a4), but it does not have a nature that is being realized by
this natural development. Rather, the city receives a form through an act of lawgiving, where the
lawgiver is similar to a craftsman who makes use of what is naturally available to create a social
structure for the sake of living well (see, e.g., Pol1.2, 1253a29-31; L10, 1258a21—22; IL.12, 1273b30-33;
VII.4, 1325b39-1326a4). The natural priority of the city to the household and individual human
beings pertains to the fact that separated from the city nobody is able to achieve the good /ife (see,
e.g., Pol 1.2, 1253a18—22; I11.6, 1278b15—30; IIL.9, 1280b29-1281a4). I believe that the “ethical” city,
as opposed to the “natural” city, is a product of secondary teleology, and that there is therefore no
natural form of the city. For my interpretation of Aristotle’s account of the city, see Leunissen (in
progress).
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292b20-25). That is, the goodness, order, and joint arrangement of the
cosmos as a whole emerge from the goal-directed actions of the individual
parts of the cosmos towards the same end, the Unmoved Mover."*° This
goal-directedness is wusually explained as being steered by the individual
natures acting as efficient causes for the sake of something (see DA I1.4,
415225-b7; GA 111, 731b24—732a1 and GC1L.11, 338b6-19), and presumably
this is also the cause identified in the expression “for such is the kind of
principle that nature is of each of them.” I do not see what explanatory
work would be left to do for a cosmic nature.”" The expression “the nature
of the whole” may simply be periphrastic for the universe.'*

In short, I believe that cosmic teleology is ultimately grounded in natural
teleology, and that natural teleology in its primary form is limited to
individual natures that act as efficient causes for the sake of something.

I.4 CONCLUSION

Aristotle’s defense of natural teleology in P4 11.8 lays the foundations for the
use of teleological explanations in the other natural treatises. His theory
of natural teleology is presented as the better alternative to the materi-
alist mode of explanation of nature, which explains beneficial outcomes
in nature as the accidental results of materially necessitated processes and
therefore cannot explain the regularity of such outcomes in terms of intrin-
sic causation. Aristotle proposes instead that natural efficient causes act —
either always or for the most part — for the sake of something, which means
that natural processes and their outcomes are intrinsically connected, and
that we thus should explain the beneficial outcomes of natural processes
teleologically.

At the level of complete natural beings, this teleology is always primarily
driven by form: natural generation of complete organisms consists in the
realization of a potential for form, transmitted by something that possesses
that form already in actuality. The teleology exhibited is primary teleology.
At the level of natural parts, this teleology may primarily be driven by either
form or matter (and thus be a form of either primary or secondary teleol-
ogy): whereas form is the primary cause for the development of necessary
parts, the availability of extra matter — often due to material necessity — is
the primary cause for the development of subsidiary parts, such as teeth.
(Aristotle thus does not replace material necessity by natural teleology: for

19° Cf. Bodndr (2005, 10, 21) and Scharle (2008, 158-161); pace Kahn (1985, 203).
1oL Cf. Johnson (2005, 276n.44) and Scharle (2008, 167).
192 Bodnér (2005, 18); Sedley (2000, 329).
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Aristotle, material necessity is a genuine cause in nature, but the incorpora-
tion of the results of material necessity in complex natural beings can only
be accounted for by reference to the goal-directed actions of the formal
nature of those beings.) At the inter-species level, the teleology at stake
is always secondary: the formal nature of one natural being appropriates
the potentials available in another natural being in order to use it for its
own benefit. The systematic appropriation of natural materials by human
beings is called art: artists act as the external efficient causes in “informing”
materials for the sake of completing natural goals (such as the growth of
crops) or of producing artifacts, both of which serve some human good.
The perspective of artistic production (but not that of natural teleology)
is inherently anthropocentric. Finally, the harmony, interaction and well-
adaptedness among natural beings seem to follow from the internal and
individual striving of these natural beings towards immortality and the
First Unmoved Mover: cosmic teleology can thus be explained in terms of
natural teleology, without the postulation of a cosmic form that is being
realized.

According to Aristotle’s defense of natural teleology, its operation is
restricted to the actions of the individual formal natures of natural beings,
but its scope ranges from the generation of low-level biological parts such
as teeth to high-level cosmological phenomena such as the motions of the
heavenly bodies. In the next chapters, I shall pursue Aristotle’s actual use
of teleological explanations in these domains.



CHAPTER 2

Aristotle’s bio-functional account of the soul:
establishing the starting points of teleological
explanation in the De Anima

2.0 INTRODUCTION

Aristotle introduces his investigation of the soul in De Anima as being
among the primary kinds of knowledge, on account of both its accuracy
and its dealing with better and more wonderful things (DA L1, 402a1-5).
Knowledge of the soul contributes especially to natural philosophy (DA L1,
402a6—7; cf. DA 1.1, 403a27-28), because the soul is “a sort of ' principle
of living beings” (DA L1, 402a8: éoT1 y&p ofov &pxn T&OV {pwv) and
living nature represents Aristotle’s concept of nature in the fullest sense.?
For Aristotle, then, the study of the soul and its embodiment is the starting
point of biology,’ and as such forms an important part of his broader
investigation into nature.

The issues Aristotle sets out to address in De Anima are, first, the nature
and essence of the soul and, second, the soul’s attributes — both the ones
proper to the soul and the ones living beings have in virtue of having
a soul (DA L1, 402a8-11). This program leads Aristotle, among others,
into investigations of the ontological status of the soul and its parts, of
the relation between the body and the soul, and of the various capacities
of the soul that living beings share. In this chapter, sidestepping many of
the difficulties in the interpretation of this treatise, I shall focus rather
narrowly on Aristotle’s bio-functional analysis of the soul, i.e., on his
study of the soul as a non-aggregative unity* of teleologically organized

Aristotle’s qualification of the soul as “a sort of principle of living beings” might indicate that it
remains to be seen in what sense the soul is a principle, i.e., that there are some senses in which
the soul is a principle of living beings (i.e., in the sense of formal, efficient, and final cause), but
that in others it is not (i.e., not in the sense of material cause); cf. DA I1.4, 415b8—10; Ross (1961,
176). Lennox (2006, 308) proposes that the qualification foreshadows Aristotle’s thesis that the soul
is also a principle of plant life, a view that is perhaps not immediately shared with his contemporary
readership.

Lennox (2006, 294).

Cf. Cohen (1992, $8); Lloyd (1992, 148-149); Sorabji (1974, 65-66); and Van der Eijk (1997, 231-232).
On the unity of the soul, see DA 1.3, 414b28—32 and DA I11.9, 432a22-b6.
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functions that make the natural body in which they are realized alive.’
Of particular interest in this context is Aristotle’s distinction between the
concepts of “living” and “living well” in his teleological explanations for
why different kinds of living beings have the kind of soul functions they
have. I shall first, in section 2.1, by way of background, outline Aristotle’s
use of teleological notions in his account of the soul as a principle of life (in
particular in DA I.1-3 and DA 11.1—4), and then, in section 2.2, turn to his
teleological explanations for why different living beings possess the specific
soul functions they do (in DA II1.9-13). These latter explanations show, I
believe, some interesting resemblances to and deviations from the patterns
of explanation to be found in the — methodologically later — biological
works.

My purpose in this chapter is to show how Aristotle, in establishing a
bio-functional conception of the soul, provides the starting points and the
foundations for explanations in the biological works. Since for Aristotle
the soul is the first actuality and the final cause of a natural body that
potentially has life, the various parts and features living beings have will be
explainable in terms of the kind of soul (or combination of capacities for
the performance of life functions) they possess;® and part of what Aristotle
does in De Anima is to define and teleologically ground the different kinds
of soul.

2.1 TELEOLOGY IN THE ANALYSIS OF THE NATURE OF THE SOUL

Teleological notions in the preliminary characterizations
of the soul in DA L.1

Aristotle presents two accounts of the nature of the soul as a principle of
life in De Anima: one (in DA I1.1) that defines the soul as the first actuality
of a natural body that is instrumental; and one (in DA I1.4) that identifies
the soul as the formal, efficient, and final cause of a living being. As I shall
indicate below, teleological notions play an important role in both these
characterizations of the nature of the soul.”

However, the framework for both these approaches to the study of the
soul, one in terms of definition, the other in terms of a causal analysis,
is laid down in DA L.1. In this opening chapter of the treatise, Aristotle

5«

5 Rorty (1992, 7), calls this Aristotle’s “philosophical bio-psychology.” ¢ Lloyd (1992, 149).
7 Pace Code and Moravscik (1992, 132, 134-135, and 138).
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tries to determine the appropriate method for the study of the soul,® while
taking three assumptions about the soul as starting points.

The first of these assumptions is that the soul is a principle of life —
not only of human beings, but of 2// living beings, including animals and
divine beings (DA L1, 402b7; plants are included among things that have
souls in DA 1L.2, 413a25-b1). In this way, the soul operates for Aristotle
also as a principle of individuation: different kinds of living are coextensive
with different kinds of soul, which makes living beings be what they are in
virtue of having the specific kind of soul they have.’

Second, Aristotle assumes that the soul is a combination of “parts” that
perform different kinds of life functions and that have their own objects
(DA L1, 402b9—14). For instance, the faculty of the soul that perceives (o
odofnTikév) performs the function of perception (T6 aiocbdvesbat), and
has as its object the perceptible (16 aio®nTov). This conception of the
soul is teleological, for it defines and explains the existence of each aspect
of the soul in terms of the specific work it performs: souls are essentially
capacities that exist for the sake of the performance of a wide variety of life
functions, which are explored more fully in DA II-111.*°

Third, Aristotle claims that the affections™ of the soul are “enmattered
structures” (DA 1.1, 403a25: 8fjAov &T1 T& T&ON Adyor évuloi siow).”

8 The methodological questions Aristotle raises pertain to: (i) the genus of the soul (is the soul a zode
ti and ousia or one of the other categories?); (ii) the ontological status of the soul (is it in potentiality
or is it rather a kind of actuality?); (iii) the structure of the soul (does the soul have parts or not?;
is every soul homoeidés or not; if it is homoeidés, is the difference one of genus or species?);
(iv) the definition of the soul (is there one definition only, or is there a definition for the soul of each
separate kind of ensouled being?). On the programmatic importance of DA L1, see Menn (2002,
102-103) and Rorty (1992, 7-8).

DA 11.2, 413b32—414a1: “Moreover, some animals have all of these [functions of the soul], others
have only some of them, and still others have only one — and this causes a differentiation between
living beings (ToUTo 8¢ Trolel Siapopav Tév fepwv).” Cf. Everson (1997, 3-4) and Sorabji (1993,
163-165).

The terminology Aristotle uses in his discussions might require some brief clarification. Aristotle
speaks of the dunameis of the soul (e.g., DA I1.2, 413a22), which I translate as the capacities of the
soul. Sometimes Aristotle calls them mdria (parts) of the soul, but this should not be taken too
literally (perhaps “aspects” would be a better translation). The energeia or praxis (activity) of these
dunameis (a dunamis is a capacity or potentiality for an activity) is what Aristotle equates with the
performance of erga (functions). The individual functions are usually rendered by the use of the
substantive form of the infinitive (¢0 -¢in; e.g., to noein), or with an action noun (-sis; e.g., noésis),
while the adjectivum verbale (to —ikon; e.g., to noétikon) refers to either the capacities of the soul or
to that which has these capacities. The supinum (0 —on; e.g., to noéton) refers to the objects of the
capacity.

In the first book of De Anima Aristotle uses the term pathé rather loosely to refer to emotions,
pleasures and pain, and functions (see, e.g., DA L5, 409b14-19).

The expression is obscure; on the problems involved, see Everson (1997, 234-236). My translation
follows Caston (2006, 318).

©



52 Explanation and Teleology in Aristotle

Concerning the relation between the soul and its affections (this problem
is raised in DA 1.1, 403a3-b19), Aristotle believes that he has evidence (DA
L1, 403a19: pnvUet; DA 1.1, 403a22—23: €11 8¢ pdAAov ToUTO Ppavepdv) that
the affections of the soul — with the exception perhaps of the function of
thinking — are always “with body,” and that they are therefore ontologically
inseparable from the body. The affections of the soul are not just realized in
matter, but the matter itself is also a constitutive part of what the affections
are (DA 1.1, 403a25—27): “[Affections are enmattered structures] such that
their definitions are such as, for instance, ‘being angry’ is a certain change,
belonging to a distinct kind of body or bodily part or capacity, originating
from this, for the sake of that.”

As the example of anger makes clear, a proper definition of an affection
of the soul must include references to all four Aristotelian causes, including
the specific kind of body to which the change belongs as the material
cause. The fact that the affections of the soul involve body makes the
study of the soul “immediately” part of the field of the natural philosopher
(DA 1.1, 403a27—28; but see PA 1.1, 641a29-b1o for the exclusion of the
rational part of the soul from the field of natural philosophy). And, as
Aristotle’s subsequent discussion of the task of the natural philosopher
makes clear (DA 1.1, 403a27—403b16), the relation between body and soul
is ultimately one of conditional necessity. Form and matter cannot be
separated in a definition of the affections of the soul, because if the affection
is to be what it is, it needs to be realized in a particular kind of body (DA
L.1, 403b2—-3): “For the one is an account of the thing, but it is necessary
for that [i.e., craving for revenge] to be in a particular kind of body, if it is
to be.”

The affections of the soul are inseparable from the body, because
being realized in an appropriate material constitution is itself a neces-
sary condition” for the existence of these affections. Aristotle concludes
the chapter by pointing out that the true natural philosopher needs to study

3 For the implicit reliance on the notion of conditional necessity, see also Aristotle’s criticism of his
predecessors for not further specifying the body that receives the soul in DA 1.3, 407b20-26: “But
people put their effort into saying what sort of thing the soul is, while they determine nothing
further (Trpocdiopifouciv) about the body that receives it, just as though, in the manner of the
Pythagorean myths, any random soul were to be clothed iz any random body (Ttyv Tuxoloav yuynv
els TO TUXOV évBUeoBan odua). For while each body seems to have its own proper (iS10v) shape
and form, they talk as if one were to say that carpentry is to be clothed in flutes; but the art has
to use tools and the soul has to use the body.” Aristotle believes that just as each art needs its own
proper and befitting instruments, so the soul needs its own proper and befitting body — proper and
befitting, that is, for the functions it is to perform; cf. Hett (1936, 43); DA IL.2, 41422225 and
DA 1l.2, 414227.
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the functions and affections of the soul as the products of both matter and
form, and not as abstractions (DA 1.1, 403b16-19)."

In sum, the implicit assumption in this chapter seems to be that the
relation between soul and body is a teleological one: living beings have the
kind of bodies and bodily parts they have for the sake of performing all
their characteristic life functions.

The definition of the soul as the first actuality of a natural instrumental
body in DA 1.1

Aristotle’s discussion of the soul in DA I1.1 builds mainly upon the first and
the third of these assumptions. His purpose in this section is to provide a
definition of the soul that is as comprehensive as possible (DA I1.1, 412a3—
6): “Butlet us go back and, as though from the beginning, try to distinguish
what the soul is and what would be its most common definition.”
Aristotle carries out this program in different stages. He offers two inter-
mediate definitions before stating — cautiously — his final common defini-
tion, which characterizes the soul as “the first actuality of a natural body
that is organikon” (DA 11.1, 412b4—6). The first definition, characterizing
the soul as “a substantial being in the sense of the form of a natural body
which potentially has life” (DA I1.1, 412a19-21), follows from an analysis
of the genus of substantial being and the identification of living beings as
composite substances: the soul is form and the natural body is matter that
has life in potentiality. The second definition gives a specification of the
kind of substantial being the soul is as being a “first actuality” (DA IL1,
412227—28), which means that the soul is like a /exis or disposition for life
functions, rather than the energeia or exercise of them (which would be the
“second actuality”). For a natural body to be properly called alive, then,
it needs to possess all the relevant life functions by way of a fully devel-
oped disposition, such that they can be exercised or activated at any given
time. The third and final definition follows from a specification of what it
means for a natural body to have life potentially as being “instrumental*®

4 Hamlyn (2001, 80) and Ross (1961, 200). Although I cannot defend my position in full here, I
believe that passages such as these give reason to doubt functionalist readings of Aristotle’s theory
of the soul; for an overview of the functionalism debate, see Caston (2006, 320-322).

5 The term entelecheia was coined by Aristotle, and designates a completed state resulting from an

internal movement towards this state; see Ritter (1932; 1934) and Johnson (2005, 88—90).

The traditional reading of organikon as “having organs” or “being composed of organs” (see, e.g.,

Ross 1961, 51, 3135 Hamlyn 2001, 85) must certainly be wrong: elsewhere in the Aristotelian corpus

the term organikon (coined by Aristotle; see Byl 1971, 132) always means “instrumental” and there is

no reason to assume it means something different here. The new reading is defended most notably

16
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(DA 111, 412228-b1: TowoUTOV 8¢ 8 &v T) dpyawvikdy). In this way, Aris-
totle characterizes the natural body living beings have as the instrument
of the soul,” presumably in the sense that the whole body — including
all its constitutive parts (cf. DA IL.1, 412b1—4) — is present for the sake of
the performance of all the characteristic life functions that make up that
being’s life,” making the unity of body and soul explicitly a teleological
one (see DA IL.1, 412b6—9).

Aristotle illustrates his general definition of the soul with the following
analogy (DA IL.1, 412b12-17):

Just as if one of the instruments, for example an ax, were a natural body: for
being an ax would be its substantial being, and that would be its soul. If this were
separated from it, it would no longer be an ax, except in name, but in fact it is
an ax. For the soul is not what it is to be and the structure of such a body, but of
a particular kind of natural body — one that has a principle of movement and rest
within itself.

Just as what it is for an ax to be an ax is determined by the function it per-
forms (i.e., cutting), which would be its soul, so too for natural bodies their
being is determined by the kind(s) of functions they perform, which in fact
is their soul. Take away something’s capacity to perform its characteristic
function, and it will no longer be what it is, except homonymously, that
is, the name will be used inappropriately to refer to something that is no
longer what it is."” Because for Aristotle what something is is determined
by the function(s) it performs, the soul constitutes the essence of the living
beings that have it (instruments do not have souls, because they lack an
internal principle of movement and rest, and always require an external
source of movement). The same holds for the parts of living beings

by Bos (2001, 187, 190-192; 2003, passim; 2008, 12, 177), but see also Everson (1997, 64—65); Kosman
(1987, 376377, 381-382); and Menn (2002, 108-117).

7" Cf. PA 1.1, 642a11-13: “So too, since the body is an instrument (¢1el T6 odpa Spyavov) — for each

of the parts is for the sake of something, and likewise also the whole — it is therefore a necessity that

it be of such a character and constituted from such things, if that is to be.” On this passage, see

Lennox (2001b, 149-150). See also DA 1.3, 407b25—26, quoted above in n.13.

This is how, e.g., Kosman (1987, 376) and Lennox (2001b, 142) interpret it. However, this is not the

only possible interpretation: Bos (2001, 188-190), argues that “the natural body that potentially has

life” and that is “instrumental to the soul” must be one of the elemental bodies, namely pneuma (for

animals and human beings; the instrumental body for plants is vital heat); Everson (1997, 63—69)

argues that the natural body to which Aristotle refers is not the whole animal body, but rather a part

of it, so that the animal would not have one soul, but as many souls as it has instrumental parts —

a view that is strongly criticized by Barnes (1999, 121).

9 For Atristotle’s use of the principle of homonymy for things that have lost their capacity to perform
their characteristic function, either in virtue of having died or in virtue of being constituted from
the wrong kind of material (in e.g., PA 1.1, 640b33—-641as; Meteor IV.12, 389b28—390a13; and GA IL.1,
734b24-25), see Furth (1987, 37) and Shields (1999, 131-154). It is possible that death also involves a
material change of the body: see PA .1, 641a17-21 and Lennox (2001b, 138).
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(DA 111, 412b17—22): the substantial being or soul of, for example, an
eye would be sight, which is its function. On this account, living beings are
a unity of a natural body that has life potentially (and not that has lost it)
and of the soul as first actuality, which is the capacity for the performance
of that living being’s characteristic life functions, in which the body exists
for the sake of the soul (DA I1.1, 412b27—41324).

Aristotle’s “common” definition of the soul (cf. DA II.i, 412bio:
ka®dAov), then, exemplifies both in what way the soul is a principle of life
and how it is related to the natural body: having life is the possession of
life functions (i.e., a soul) by a natural instrumental body, which is able
to exercise those functions through its instrumental parts. For Aristotle’s
explanatory program in biology this means that at least the majority of
bodily features a living being possesses will be explainable by reference
to the life functions for which these features are instrumental (and hence
conditionally necessary) and the possession of which constitutes the living
being’s substantial being. However, as Aristotle repeatedly indicates, this
“rough” definition will only be helpful to a certain extent (DA IL.1, 41329~
10):*° since the soul is an essence, rather than being something that has
an essence, it would be “ridiculous” to define the soul properly in abstrac-
tion from the living beings that have soul (DA I1.3, 414b20—28; 414b2s:
yehoiov). Therefore the natural philosopher must try to establish what the
soul of each kind of living being is (DA 11.3, 414b32—33; DA 11.3, 415a12-13):
he must determine what the particular set of life functions is that defines
each kind of living being (this is where Aristotle’s second assumption of
the soul as a set of life functions comes in), and these functions will pro-
vide the most appropriate starting points for explanations of biological
phenomena.

Aristotle’s conception of the soul as a final cause of natural
bodies in DA I1.4

In defining the soul as the first actuality of a natural body that is instru-
mental, Aristotle characterizes the soul as the form of a living being, where
its instrumental body is its matter (cf. DA11.2, 414a14-19). In a later discus-
sion of the nutritive and generative faculty of the soul, Aristotle claims that
as the cause and principle of the living body (DA 11.4, 415b8), the soul —
in addition to being that body’s formal cause — is also an efficient and final
cause (DA 1.4, 415b8-12). Aristotle then explains why the soul is also a
“that for the sake of which” (DA I1.4, 415b15—21):

20 Cf. Everson (1997, 174-175).
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It is apparent that the soul is a cause also as that for the sake of which. For just
as the intellect acts for the sake of something, in the same way, too, does nature,
and that is its end. Such is among living beings the soul according to nature: for
all natural bodies are instruments of the soul, just as the bodies of living beings, so
too also the bodies of plants, because they are for the sake of the soul. And that for

the sake of which is double, there is the “of which” and the “for which” (511765
8¢ T 00 Evekar, TS Te oU Kl TO §).

Nature — just like intellect — acts for the sake of something, and among
living beings “that for the sake of which” is the soul (cf. PA L1, 641a19—21).
Aristotle explicitly restates the teleological relationship between natural
bodies and soul: natural bodies are instruments of and exist for the sake
of the soul. This means both that the soul operates through the natural
body and that the natural body with (at least most of) its features is the
conditionally necessary prerequisite for the realization of the capacities for
the performance of a living being’s life functions that constitute its soul.
Aristotle adds, however, that there exists an ambiguity concerning the kind
of end the soul is, since there are two kinds of ends: there is the “that for
the sake of which” or the final cause properly speaking, and there is the “for
which” or “beneficiary of which,” which plays no causal role.* He does not
make clear whether he conceives of the soul as an end in the sense of a final
cause or of the beneficiary of a natural body, or of both, but his explicit
characterization of the soul as a “that for the sake of which” in DA 1.4,
415b15 seems to indicate that Aristotle only mentions the two possibilities
in order to limit his conception of the soul to an end in the proper, causal
sense.”

2 Cf. Kullmann (1985, 172) and Judson (2005, 358). Johnson (2005, 65—69), for whom the distinction
between the two senses of z0 hou heneka is central to resolving “the problems of Aristotelian teleology,”
offers an alternative interpretation, characterizing the distinction as “a difference between the aim
of something and the beneficiary of the achievement of that aim,” using for the latter the formula
“for the sake of which for which beneficiary.” He takes to hou hencka — hou to refer to the end
proper and o hou heneka — héi to refer to the beneficiary of (the realization of) the end, and
believes that sometimes both senses are simultaneously operative. Applying this distinction to the
characterization of the soul as a final cause, Johnson explains that “The body exists for the aim of
the soul’s functioning, and the soul’s functioning exists for the benefit of the individual organism
that lives through the soul and with the body.” Despite the interesting parallels Johnson offers to
illustrate his reading of 0 hou heneka hoi (2005, 67n.8), I am not convinced that this is the most
natural reading of the expression. See also P4 1.2, 194a34-b1: when Aristotle states that “we also
are in a sense an end” he means that we benefit from what is naturally available without being the
proper end of natural processes.

Cf. MetaX11.7, 1072b2-3, EE VIL15, 1249b15, and DA 114, 415b2—3, where Aristotle first introduced
the distinction in the De Anima only to indicate that becoming as divine as possible through
reproduction is something living beings do for their own sake, not for some god’s benefit. See also
Gotthelf (1987, 210) and Polansky (2007, 205-207).

2!
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In short, although Aristotle does not define the soul itself teleologically
(the soul is not itself characterized as being for the sake of something,
although, taken as the combination of capacities, the soul can be under-
stood as being for the sake of the actualization of those capacities), by
identifying it as a final cause, he establishes that the characteristic activities
living beings for the most part perform are in fact their natural functions in
a technical sense. For the activities living beings perform are the exercise of
the capacities they have in virtue of the kind of soul they possess, and their
bodies are thus to be exhibited as the conditionally necessary instruments
for the performance of these capacities.

2.2 TELEOLOGY IN THE ANALYSIS OF THE CAPACITIES
OF THE SOUL

The hierarchy of the capacities of the soul: living versus living well

Since for Aristotle soul is coextensive with life, and since life is one of those
things that are “spoken of in many ways,” one of the main purposes of De
Animais to demarcate both living from non-living and each particular form
of living from the other forms. As is to be expected from our introductory
remarks above on the nature of the soul, Aristotle carries out this program
of demarcation by identifying those functions that are characteristic for life
in general and for the different forms of life in particular.

In DA 1l.2—4, Aristotle distinguishes the living from the non-living
broadly in terms of the presence of at least one capacity for a life function
(DA 11.2, 413220-25):

So we say, taking this as a starting point for the inquiry [i.e., that definitions should
not only state the fact but also reveal the reason why], that what is ensouled is
distinguished from what is soulless by living. But living is said in more than one
way, and if any one alone of the following is present in something, we say that it
is alive, such as for example intellect, perception, motion and rest with respect to
place, and in addition motion with respect to nutrition and decay and growth.”

The one capacity for a function in virtue of which all living things are
alive (at least in the sublunary realm: Aristotle’s general characterization of
life as the presence of at least one life function leaves open the possibility
for the existence of a divine form of life, characterized by the function

# Sometimes Aristotle also adds appetite (8pe€is) and imagination (pavTtacia) to the list of character-
istic life functions. On this list of life functions for Aristotle’s conception of life, see also Matthews

(1992, 185-193).
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of thinking only) is the capacity of nutrition, which involves both self-
nutrition (To BpemrTikdV) and reproduction (yevwwnois).** The particular
combination of life functions that each sublunary kind of living being is
able to perform (cf. DA I1.3, 414229—32) presupposes the presence of this
most basic function of life (it is the only function — except for maybe
thinking — that is ontologically independent® from the other functions,
whereas all other functions depend on it: DA 11.2, 413a31-32) and builds
up from there to more complex forms of life.

The most basic form of sublunary life is exhibited by plants, which
have no other capacity of the soul except the capacity of nutrition (which
demonstrates that this capacity can exist independently of the other capaci-
ties for life functions).? For this reason, the ability to perform the function
of nutrition is both what demarcates something as a living being (it con-
stitutes both a necessary and a sufficient condition for life) and what —
if found alone — constitutes the defining or essential function of plants
(DATl.2, 413a25-b1; DATL.3, 414a32—33). The essential function of animals,
which represent a more complex form of life, is the perceptive function of
touch (&o¢t); DA 1.2, 413b2—10; cf. DA 1.3, 414b1—4). Aristotle uses percep-
tion as a collective term encompassing a number of perceptive functions
for which an animal may or may not have the capacity (i.e., touch, smell,
hearing, and vision). Touch is the first and most basic one among them,
for it is the only perceptive capacity that can exist independently of the
other perceptive capacities, whereas they cannot exist without it (DA 11.2,
413bs—7; DA 11.3, 415a4—s5). For human beings, who represent the most
complex form of life, the essential capacity that marks off their specific
kind — although it is possibly also shared by “more honorable beings” — is
thinking (DA 1.3, 414b18-19), the highest capacity of all.””

Each form of life is thus characterized by its own specific combination
of capacities for life functions, but none of these combinations is random.
Each particular set of life functions that different kinds of animals and
human beings have represents a strict hierarchy of higher functions that are
ontologically nested in lower ones. Aristotle explains this relation between
different life functions through an analogy with complex rectilinear figures
(DA 1.3, 414b28—415a5):

>+ See, e.g., DA I1.2, 413b2—3 (nutrition is the principle of life) and DA I1.4, 41522225 (nutrition is
the first and most commonly possessed capacity of the soul); cf. also GA 1.23, 731bs—7.

» Aristotle uses the verb xwpiZeoBau to describe the “ontological separability” of one life function
from another; see Broadie (1996, 163-164) and Polansky (2007, 169-170, 197).

26 See DA 11.2, 413233-b1; DA 11.3, 414a33-b1; DA 11.3, 41522—3; and DA 11.4, 415223—26.

*7 In human beings, this function seems to be dependent on the capacity of imagination (DA I11.8,
432a8—9), but presumably it exists independently in divine beings.
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What applies to the soul is almost the same as what applies to geometrical figures.
For in both figures and things that are ensouled, that which is prior always
exists potentially in that which follows in order, for instance, the triangle in the
quadrilateral, and the nutritive capacity in the perceptive. Such that we must
investigate concerning each kind what the soul is of each, for instance what
[the soul is] of plant and what of human being and what of animal. What the
explanation is for why they are in such state of arrangement, we must investigate.
For without the nutritive capacity there is no perceptive capacity, but the nutritive
capacity is present in separation of the perceptive capacity in plants. Again, without
the sense of touch none of the other perceptive capacities is present, but touch is
present without the others.

Aristotle claims that what is prior in complexity is present in potentiality
in what is more complex: just as more complex rectilinear figures con-
tain in themselves the more basic ones in potentiality (four-sided figures
divide into three-sided figures, etc.), so do more complex capacities of the
soul contain in themselves the more basic ones in potentiality. The unity
between the capacities of the soul is one of order (zaxis),” which is here
rendered as being ontological in nature: whereas the lower capacity can
exist separately and does not need the higher capacities, the higher cannot
exist without the lower ones (the existence of the “basic” capacities is a
necessary condition for the existence of the more complex ones).*

Aristotle investigates the question (announced in DA II.2, 413bg—10;
413b32—414a1; and DA 11.3, 414b33—415a1) of why living beings possess the
precise sequence of nested capacities they have in DA I11.9-13. As we shall
see in more detail below, the ontological hierarchy of nested capacities
is there shown to be in fact a “taxonomical” hierarchy? in which the
more basic capacities constitute a necessary prerequisite for the existence
of the higher and in which the realization of the more complex capacities
contributes to the goals pursued by the basic ones.?*

3 mrapaminoioos 8 Exel TG Tepl TGV oy MUETV Ko T& KT WU V- &el y&p &v T6) épeliis Utrdpy el

Buvdpel TO TPSTEPOV ETTE TE TGOV OXMUATWOV Kad 1Tl TGV Eppuxwv, olov &V TETPAywVw Uty

Tplywvov, &v aiobnTik® &t TO BpetrTikdy. &oTe ka® EkaoTov {nTnTéov, Tis Ek&oTou Yuy,

ofov Tis puTol kol Tis &dvBpwtou 1 Bnpiov. ik Tiva & aitiav TG &pethis oUTws Exouot,

okeTrTéOV. &vey pgv yap Tol BpetrTikoU TO aionTikdv oUk éoTiv- ToU & aiofnTikol xwpileTon

TO BpeTTIKOV &V TOTs PUTOIS. TEAW & &veu pév ToU &mrTiKoU TGV SAAwY adobroewy oUdepia

UTtépyel, &pn 8 &veu TGOV EAAwY UTTapyEL-

29 See Meta V.11, 1018b26-29; 1019a2—4.

3¢ For the ontological interdependency among the various capacities of the soul, see DAI.2, 413b23-25

and DA 11.3, 414a32-br19.

Cf. Caston (1996, 184-186) on the conception of chéristos as “taxonomical separability.”

32 Pace Johnson (2005, 9), who thinks that the simpler functions exist for the sake of the more complex
ones.
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The crucial distinction Aristotle draws within this hierarchy is between
capacities whose realization is necessary to make possible a specific way
of living itself and capacities whose realization is rather for the sake of
living well. In the first case, the realization of a certain capacity is of
immediate vital or essential importance for all the subspecies within the
same widest form of life as considered in De Anima, i.e., plants, non-
human animals, and human beings. Without the possession of and the
means to realize that capacity, the living being could not have existed at
all or would not have been able to be the specific kind of being it is. For
instance, having the capacity of touch is both a necessary and sufficient
condition for being an animal, and #// animals therefore will have touch;
without it, no animal can exist or could have been an animal. In the
second case, which pertains only to non-human and human animals, the
possession of and means to realize a certain capacity is not of immediate
vital or essential importance for all subspecies (and therefore not necessary
in a strict sense), but it does serve the well-being of some of them: the
capacity seems to be present for the sake of optimizing the living being’s
performance of the essential and vital life functions, rather than for the sake
of the basic performance of such life functions. For instance, having the
capacity of voice is not necessary for all animals: hypothetically speaking,
nature could have “designed” animals that are currently able to produce
sounds in such a way as to be able to function without this ability. For
Aristotle, this is evidenced by the observation that there are in fact animals
that lack this capacity and that are nevertheless perfectly able to live and
reproduce. The capacity is present only in those animals that take in air,
and its function is to express pain and pleasure (see Po/ 1.2, 1253a8-18),
which as Aristotle indicates contributes to the well-being of these animals
(I return to this example below). Of course, this does not mean that taking
away this capacity from actual animals that are “designed” to have the
capacity for voice would not harm or kill them; the idea is just that 7 other
possible worlds these animals too could have existed without the capacity for
voice.

The strategies Aristotle uses to determine whether a capacity is necessary
for living or rather for the sake of living well are remarkably similar to the
ones he uses in the biological works to determine the ontological status
of parts. In the biological works (which I shall discuss in Chapters 3 and
4), we shall see that Aristotle often makes use of the “rule” that if a part
can be observed to be present in all members of a particular kind, it
must be a necessary prerequisite for the performance of a vital or essential
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function of that kind.* If a certain part is present only in some members
of a particular kind, whereas the whole kind can be observed to be able
to perform the function that is associated with that part, Aristotle infers
that its possession cannot be necessary for all the members of that kind,
but that the part must rather have a contributory or subsidiary function
serving the well-being of some subspecies. (In Chapter 3, I shall submit
that the first category of “necessary parts” is the result of primary teleology,
whereas the second category of “subsidiary parts” is the result of secondary
teleology.) In using this kind of reasoning, Aristotle seems to build on the
same pattern of investigation as he applies here in De Anima with regard
to the two categories of capacities: if the capacity is present in all members
of a widest kind it must be conditionally necessary for that kind; the kind
could not have existed or be the kind it is without it. The capacity must be
a basic one, shared by all members of that kind. If it is present only in some
members of that widest kind, it must be for the sake of the well-being of
those members of the kind only and the capacity must be a more complex
one.

It is important to note here that these distinctions are not supposed to
work as descriptive accounts of actual, realized living beings: as I suggested
earlier, it is usually not the case that we can simply remove a capacity or part
that contributes to the animal’s well-being without also severely harming
or even killing that animal, and so de facto many if not most parts or
capacities turn out to be necessary (in this immediate sense) for the living
beings that have them. Rather, I believe that these distinctions operate at a
more theoretical level — in “design space,” so to speak, where nature is still
metaphorically speaking “deciding” what parts and capacities a certain kind
of animal can and should have, how many of those parts it should have,
and where the parts should be placed, etc.* (Cf. Aristotle’s explanation of
the footlessness of snakes in /4 8, 708a9—20: here it appears that the “initial
design” of snakes includes the possession of four feet, but nature then “takes
away” those feet in the actual realization of snakes, because their presence
would inhibit their swift motion; I discuss this example in more detail in
sections 4.2 and 5.4.) At this level, the relevant question is not whether
a particular, actual species can continue to live on when we remove its

3 See, e.g., GA 1.4, 717a12-31; I discuss this example and Aristotle’s use of teleological principles in
section 4.2.

34 Even though species are eternal for Aristotle, he sometimes appears to offer quasi-genetic accounts
for why a particular species “turned out” the way it is; I say more about these personifications of
nature and the thought experiments Aristotle employs in Chapters 3—s.
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subsidiary capacities or parts, but whether nature hypothetically speaking
could have “created” a certain kind of living being without a certain part or
capacity. If the answer is “yes” — for instance, because we observe among
the present biodiversity that there are in fact members of the same kind
that do not possess the part or capacity in question — then that feature
must be for the sake of living well, rather than a necessary prerequisite for
the life of that kind. Accordingly, it is not “among the natural possibilities”
for nature to design any kind of animal without the sense of touch — for
such beings would simply not qualify as being an animal. However, nature
could have — and has, based on the empirical evidence Aristotle is using —
created animals without voice, which means that this capacity cannot be
a necessary one for all animals. The “thought experiment” about whether
or not nature could have “created” a certain living being without a certain
part or capacity helps to determine the status of that feature as either being
necessary for a specific widest kind (“nature has to include this feature in the
design of the animal”) or rather being subsidiary for a specific subspecies
within that widest kind (the feature is an optional feature at the design
level — nature implements it where possible and where the possession of
this feature would be for the better).

The distinction between living and living well can therefore be used by
Aristotle to determine the position of a certain capacity in the hierarchy
of soul capacities. The more kinds of living beings have a certain capacity,
the more basic that capacity must be to life; “necessity” thus refers here to
the extent to which a capacity is required for the basic survival or being
of the living being and is thus conditionally necessary for it. Capacities
that are less widespread (among and within kinds) must be less basic to
that form of life and must therefore predominantly contribute to living
well, where the “well” indicates a more complex performance of the being’s
life functions. The scala naturae that Aristotle sketches here and in the
biological works (see HA VIIL1, §88bg—22; PA IV.s, 681at0-15 and PA
I1.10, 656a3-13; 656a5—6: “And there is still greater variety among those
whose nature partakes not only of living but, in addition, of living well”)
is thus functionally defined: he calls those forms of life “higher” or “more
honorable” that display greater organic and functional complexity on top
of their basic survival activities.”

In short, living beings have the capacities of the soul they have for the
sake of living and living well, where the capacities that serve living are first
in order in the hierarchy and most basic, and the capacities that serve living

% Cf. Lennox (1999, 6-7) and Polansky (2007, 541-542).
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well are later in order and are more complex, with the capacity of thinking
serving the ultimate, highest purpose of living well in an ethical sense
(see, e.g., NEX.7, 1178a5-8 and IVE X.8, 1178b21—-23). Ultimately, Aristotle
explains the ontological hierarchy and the specific sequence of nested soul
functions found in living beings in terms of teleology and conditional
necessity,® while building upon the functional analyses of each capacity.?”

In the next sections, I shall provide an analysis of the specific explanations
Aristotle provides for the capacities of nutrition, perception, and — more
indirectly — locomotion; the capacity of thinking — perhaps because it is
not necessary for life as such and therefore not strictly speaking a biological
capacity — is left undiscussed.

Teleological explanations for why living beings have the capacities of
nutrition and perception

The nutritive capacity is, as we saw above, the ultimate principle of life and
the one capacity that is common to all living beings (DA 11.4, 415223—25).
Aristotle defines it as the capacity for both reproducing and using food
(DA 1.4, 415225—26), which are the “most natural functions” among living
beings (DA 11.4, 415227: pUCIKDTATOV Y&p TGOV Epywv Tois {&o1v; cf.
Pol 1.2, 1252a28-30). The capacity for reproduction has as its final cause
“the production of another just like itself” (DA 1.4, 415228: T6 To1fjoc
¢tepov olov aUtd; cf. GA 1.4, 717a21-22), such that sublunary living
beings — which as individuals are perishable — can participate in the eternal
and the divine by eternally replicating themselves in form (DA I1.4, 415229~
b7). Participation in the divine is, according to Aristotle, the ultimate goal
of all actions, for being is better than not being, and living is better than not
living (GA 1.1, 731b24—732a1; GC 1111, 338b6-19; cf. Pl. Smp 207¢—208b),
and formal replication is the only way for sublunary living beings to achieve
this. Note that individual living beings are not themselves concerned with
the preservation of their species; rather it is the individual’s striving for
participation in the divine for its own individual good that is the true final
cause of reproduction.®®

36 Cf. Hankinson (1998, 154).

37 Note that each capacity is defined by reference to the function of the activity it is the capacity for
(where this function constitutes the proper final cause of that activity), but that the teleological
explanation for why certain living beings have this capacity will refer to the (necessary) contribution
this function makes to the life of that living being as a whole. For instance, the capacity for
perception is for sight, where the function of sight is for the sake of the detection of food, sexual
mates, and potential predators.

Balme (1987¢, 279-80) and Lennox (2001a, 133-137).
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The use of food, on the other hand, is ultimately for the sake of self-
preservation of the living being: by nourishing itself, the living being
“saves its substantial being, and exists as long as it also feeds itself 7 (DA I1.4,
416b14-15: 0Cel y&p TNV o¥oiav, kol pEXPL TOUTOU €0TIv €ws &v
TpépnTan). The nutritive capacity also prepares food for activity — with-
out food, a living being is not able to exist (DA 11.4, 416b17—20) or reach
sexual maturity and reproduce itself. When — in a later chapter — Aristotle
explains why living beings have the nutritive capacity and why it is most
basic to life, he refers primarily to the role of the use of food in living beings
(DA 11l.12, 434222—26):%

It is necessary for everything that lives and has a soul to possess the nutritive soul
(TTv pév odv BpeTrTikfv Wuy v &vaykn &y Exew 6T Tep &v §f) Kad Wuyhv
&xn), from birth until death; for it is necessary that what comes to be has growth,
maturity, and decline, and these things are impossible without nourishment. It is
thus necessary that the capacity for nutrition is present in all growing and declining
things.

Aristotle stresses the necessity of metabolism as a basic principle of life: the
ability to use food and to regulate the flow of matter is a first prerequisite
if living beings are to complete a life cycle of coming into being, growing,
thriving, and perishing (cf. PA IL.10, 655b30—2: “it is not possible to be
or to grow without food”). The presence of the nutritive capacity is thus
a conditional necessity for living. There is no justification for why the
nutritive and generative capacities are considered to be one and the same
“part” of the soul; however, both serve the preservation of life, the one of
the individual animal itself through the process of metabolism, the
other — indirectly — of the whole animal kind through the process of
formal reproduction. Self-preservation of a particular kind of life is the
most basic end Aristotle picks out in teleological explanations of biological
phenomena.*°

The perceptive capacity, to which Aristotle turns next, is defined as
a form of alteration or as a kind of being moved and affected (DA 1L.s,
416b32—41722). Aristotle explains that it is not necessary for all living beings,
but that it is necessary for all animals (DA II1.12, 434a30-32):

For an animal it is necessary to have perception, <for without that it would not
be able to be an animal>, if nature does nothing in vain. For all things that are

39 T treat the accounts in DA I1.4—5 and DA IIL.12-13 as thematically continuous. For the hypothesis
that DA IIl.12-13 was in fact originally placed in between DA I1.4 and DA L5, see Hutchinson
(1987, 373—381) and its critique by Burnyeat (2002, 30n6).

4° Cf. Johnson (2005, 171-178).
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according to nature are for the sake of something, or are accidents of those things
that are for the sake of something.#"

Sense perception, in the sense of touch, is not only an essential or defining
capacity of animals (cf. DA II1.13, 435b16—17); Aristotle also wants to argue
that it is a vital capacity. He explains, first, that a full range of sense
perception is necessary for all locomotive animals and, second, that the
capacity of touch by itself is of vital necessity for all animals.

Aristotle’s explanation that the capacity of sense-perception is present in
the locomotive animals that have it, because it is necessary for living, starts
from the principle that nature does nothing in vain. In the biological works,
Aristotle often invokes this principle to explain “paradoxical” absences of
parts (see my discussion of this principle in section 4.2): by imagining the
part in question to be present it is possible to detect what other feature the
animal has that would have interfered with the functionality of the now
missing part, and the presence of this (typically more necessary) feature
explains why the part is absent in the actual animal. The part’s presence
would have been in vain, and nature — so it is posited — does nothing in
vain. It thus seems that in the biological works Aristotle uses the reversed
form of the same heuristic strategy he uses in De Anima: for here we are to
imagine the absence of a capacity that is in fact present in order to detect
the cause for its presence.

Specifically, Aristotle proposes that we imagine the existence of locomo-
tive animals without the capacity of sense perception and then “observe”
what the consequences of this absence would be: clearly, the animal “would
be destroyed and would not reach the end which is the function of its
nature” (DA L.12, 434a33-b1: ¢pBeiporto &v kai is TéAos oUk &v ENBo1, &
¢oT1 pUoews épyov; cf. Ph 11.6, 197b22—29). The reason why the animal
would die is that it would not be able to find its food (DA I11.12, 434b1-8):

(For how would it be nourished? For in those living beings that are stationary
that [i.e., food] is available from that out of which they have been born, and it is
not possible for a body to have a soul and an intellect that can distinguish things,
but not to have perception, if it is not stationary and has been generated — and
even if it were not generated — for why would it not have it [i.e., perception]?
For it is either better for the soul or for the body; but now neither is the case
() yap T wuxd PérTiov §| TG ocopatl, viv & oUdétepov): the soul will not
think better, nor will the body exist more because of it.) Therefore no body that
is not stationary has a soul without sense perception.

4106 8¢ (Ghov dvaykaiov adobnotv Exelv, <oudt &veu TauTns oldv Te oUbev elvan {édov,> €i pnbdev
M&TNY TrOLET 1) PUTTS. EVEKA TOU Y&p TTEVTa UTT&pYEL T& GUOEL, 1) CUUTITOMATA ETTal TGV EVek&
Tou.
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Sense perception (although Aristotle does not state this explicitly, he clearly
has the full range of capacities for sense perception in mind here)# is thus
ultimately present for the sake of enabling locomotive animals to gather
food after birth: without this capacity, they would die and would certainly
not be better off in any way (apparently, the absence of a capacity is justified
if and only if the animal’s functioning benefits from this absence). Since
nature never produces living beings that are not sufficiently equipped to
achieve their natural ends (such beings would be in vain), it does not
produce locomotive animals without the capacity of sense perception.

The presence of the capacity of touch is equally explained teleologically
as being ultimately necessary for the sake of the self-preservation of each
kind of animal, including the stationary ones (DA IIL.12, 434b10o—-14): “And
it is necessary that it has it [i.e., the capacity for touch]. This is clear from
the following. Because, since an animal is an ensouled body and every body
is tangible, it is necessary that the body of an animal is able to touch, if the
animal is to survive” (gl péAAel oddleaBon TO CGdov).

Aristotle believes that touch is necessary for survival, because anything
that touches something else without sensing or registering it (i.e., under-
going some kind of change by being affected by the object), will not be
able to flee from some things (e.g., predators) or catch others (e.g., food
or possible mates); and “in that case, it will be impossible for the animal
to survive” (DA I11.12, 434b16-18: €i 8¢ ToUTo, &SUvaTov éoTal cwleobal
T {édov).® This ultimate function of the capacity of touch to preserve the
animal through enabling it to seize (or to flee from) things when sensing
their presence also leads Aristotle to the conclusion that taste is a kind of
touch (DA 11112, 434b18). Taste is the touching — or the perceiving — of
what is tangible and nutritive, i.e., food, without which the animal cannot
be (DA 111.12, 434b22—24): “So these [i.e., touch and taste] are necessary
for an animal, and it is manifest that without touch it is impossible for an
animal to be.”+*

The capacity of touch, then, and its subcapacity of taste, both presuppose
and contribute to the performance of the nutritive capacity, and as such
are present for the sake of the preservation of the animal (cf. DA IIL.13,
435br7-18). However, in terms of hierarchy, touch is more necessary and
therefore more universal than the other perceptive capacities (DA IIL.12,

434b24—27):

4 Cf. Polanski (2007, 536—537).

4 Note that by connecting touch to the appetitive capacities, Aristotle is able to explain the basic “flee
and chase” behavior of animals. See Freeland (1992, 236-237).

4 afTon pgv olv &varykaiar 16 £, Kal pavepdv 8Ti oux ofdv Te &veu &ofis eivar {édov.
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The others [i.e., smell, hearing, and sight] are for the sake of the good and come to
be not in whichever of the animals; but in some, such as in the locomotive kind,
their presence is necessary. For if it is to be preserved, it needs to perceive not only
what it touches but also what is far away.

Whereas touch is necessary for the existence of all animals, without quali-
fication (cf. Sens 1, 436b12—15), the other perceptive faculties are necessary
only for those animals that are capable of locomotion. In stationary animals,
the other perceptive faculties, if present (and there are stationary animals
without these additional perceptive faculties), are “not for the sake of their
existence but for the sake of the good” (DA IIL.13, 435br9—21: oU ToU
elvon veko 3AA& ToU €J).4¢ The higher sense perceptions thus constitute
a hybrid category: they are necessary and for the sake of living for all loco-
motive animals, but subsidiary and for the sake of living well if present in
stationary animals.

This is, in the first place, because Aristotle believes that touch is the only
capacity for sense perception that, if destroyed, destroys the animal with
it, whereas excesses in color, sound, flavor, or smell only destroy the organ
of perception, but not the animal itself (DA I11.13, 435b4-19): this shows
that touch is more basic to life than the other perceptive capacities are.
Second, touch is more basic because the other senses are subsidiary to the
achievement of 7zs goal (i.e., detection of food and predators, and ultimately
the preservation of the animal; cf. DA 11.3, 414b6—9). For an animal has
sight in order to see changes or effects in the transparent medium, be it air
or water; taste (or perhaps rather smell)*” to experience what is pleasant
and painful in food and to adjust its desires accordingly; and hearing and
voice for the sake of communication (DA II1.13, 435b19—25) — which are all
for the sake of enabling animals to detect objects at a distance.

The presence of the higher perceptive capacities expands in a way the
capacity for touch and thereby allows even stationary animals to live a
more complex life in terms of their activities, i.e., to live well in addition
to living at all. As Aristotle explains in the introductory chapter of De
Sensu, the higher senses (and especially hearing) contribute to the growth
of intelligence and what has intelligence has the capacity to achieve higher

4 ol 88 GAAal ToU Te €U gveka kad Yével dwv §idn oU T TuydvTl- SAAK Tioiv, olov T TTopeuTIKE,
qvaykn UTdpxewv- g y&p péMAel ocleabal, oU udvov Sel &mtduevov aiobdveoton dAAG Kai
&mrobev.

46 Cf. Polanski (2007, 540—541).

47 Tt is odd that Aristotle here lists taste among the capacities for sense perception that are for the
sake of living well, rather than as being necessary, while leaving out smell: Hutchinson (1987,
377n.2) suggests that instead of yeUow we should read éoppnov at DA 11113, 435b22, which would
conveniently solve both problems.
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perfection beyond mere self-preservation and reproduction (Sens 1 436bro—
437a16; cf. EFE 1.7, 1217a21—29). Here he reiterates that for animals that are
capable of locomotion, the higher senses are necessary for their preservation
(Sens 1, 436b20: cwTnpias évekev), but adds that for those that also have
intelligence, the higher senses serve their well-being (Sezs 1, 437a1: Tols 8¢
Kal ppovnoews TUyX&vouot ToU eU EVeka).

Voice, which is mentioned as one of the higher capacities that are for the
sake of living well (in DA I11.13, 435b24~25), is a special form of producing
sound that belongs uniquely to animals (DA I1.8, 420b5—6). Aristotle gives
a more elaborate teleological explanation of why animals have this capacity
in the following text (DA 11.8, 420b13—22):

Voice is sound made by an animal not with any chance part [of his body]. But
since everything that makes a sound does so because something strikes some-
thing else in something else again, and this is air, it is reasonable that the only
creatures to have voice should be those which take in air. For nature then uses
the air already breathed in for two functions; just as it uses the tongue for both
tasting and articulation, and of these tasting is necessary (and so is found in a
greater number [of living beings]), while expression is for the sake of well-being,
so also nature uses breath both for the inner warmth, as something necessary
(the reason will be stated elsewhere) and also for voice so that there may be
well-being.*®

In explicating the purpose of voice, Aristotle again draws a distinction
between two types of ends: some capacities are necessary for life, but
others serve the animal’s well-being. The first are present because they are
conditionally necessary for the animals that have them (i.e., they are the
product of primary teleology); the second are present because nature uses
what is already present — here: what is already present for the sake of
performing a necessary function — for the performance of a second function
that serves the animal’s well-being (i.e., they are the product of secondary
teleology; see sections 4.2-3). As Aristotle makes clear, voice performs a
secondary function: just as tongues are present because they are a necessary
prerequisite for the realization of the function of taste, and nature makes
use of tongues for articulation (that is, if the tongues that are already present

4 poovh) & EoTi {hou Wdhos o TE TUXOVTL popie. AN Emrel TT&V Wodel TUTTTOVTSS Tivos Kad Ti
Kkad év Tvl, ToUTo & éoTiv &1, eVASYws &v pwvoin TalTa udva doa déxeTar TOV &épat. TG Y&p
781 dvaTrveopévey kaTaypfiTal 1) puots &t SUo Epya — kab&rep TH) YAWTTT &l Te TNV yelolv
kad Thv S1éAekTov, GV 1) ugv yelols dvarykaiov (810 kad TAelooty Utrdpyet), 1) 8 épunveia éveka
ToU €7, oUTw Kad TG TveUpaTt Tpods Te TNV BepudTnTa THY VTS dos dvaykaiov <év> (16 &
odTiov &v ETépois elpfoeTan) Kai TpdS THY pwovnv 8Trws UTrdpym TO €U,
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have the right material potentials),* in the same way air is present in those
animals that have it because it is a necessary prerequisite for the realization
of the function of cooling, which preserves the vital heat within an animal,
and nature makes use of air for the sake of voice. This explains both why
only animals that cool themselves through air have voice (only they possess
air that nature can use for voice), and why those animals have voice: its
presence serves the animal’s well-being.

In other words, if an animal does not require the possession of the
primary function to stay alive or to be the kind of animal it is, and therefore
lacks the parts that are the necessary prerequisites for the performance of
that function, it will also lack the secondary, non-necessary function. This
is why, for instance, fish have no voice (DA 11.8, 421a3—6): “It is manifest,
too, why fish have no voice; for they have no larynx.*® They do not have
this part because they do not take in air or breathe in.”

As Aristotle explained earlier, throats are organs for breathing, and they
exist for the sake of the lung (i.e., throats are subsidiary parts; DA I1.8,
420b21-24), which implies that only animals that breathe air have throats.
The primary function of throats is to contribute to the function of cooling
which is primarily and properly performed by the lungs; the secondary
function of the throat is communication. Now, fish do not breathe air
(they cool themselves through water), and therefore do not have lungs;
animals without lungs lack throats, and without a throat, the materially
necessary condition for the production of voice is lacking, too. Fish lack
the necessary physiological requirements to produce voice, because their
primary essential and vital functions do not require the presence of those
organs (and, of course, the presence of air itself), which nature then can
use (and needs) for the realization of a function that serves the well-being
of the animal. As we shall see in Chapters 3 and 4, Aristotle provides
many more teleological explanations in his biological works that are sim-
ilar to this one in building upon the fundamental distinction between
something being necessary for living or being subsidiary to the animal’s
well-being.

49 Secondary functions may not obtain if a part lacks the right material potentials: for instance, human
beings have tongues that are “the most detached, softest, and broadest, so that it may be useful for
both its activities — the soft and broad tongue being useful both for the perception of flavors (for
man is the most keenly perceptive of animals, and his tongue is soft, for it is most tactile, and taste is
asort of touch); and for the articulation of words and speech” (PA IL.17, 660ar7—22), whereas four-
footed animals that are blooded and live-bearing are hardly capable of vocal articulation because
“they have a tongue that is hard, undetached, and thick” (P4 I.17, 660a34~s).

5 For the complexities involved in translating the word pharunx, see Lennox (2001b, 252).
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Finally, Aristotle also provides a teleological explanation for why there are
several capacities for perception, rather than just one (DA II1.1, 425b4—11):

One might ask for the sake of what we have several senses and not just one.
Is it perhaps in order that the common objects which accompany [the special
objects], e.g., motion, size, and number, may less escape our notice? For if there
were only sight, and this [sight] was of white, they would escape our notice more
and they would all seem to be the same, on account of color and size invariably
accompanying each other. Now, since the common objects are present in another
perceived thing too, this makes it clear that each of them is something distinct.

The five senses combined are for the sake of enabling animals to detect
the common objects of perception, which would otherwise escape our
notice. If we were only able to see a white ball, it would be difficult to
distinguish the whiteness in color from the magnitude in shape, because
the two necessarily come together. Once we are also able to touch the
ball, and feel a hard shape, we are able to recognize that the magnitude
is something different from the color and from the hardness of the ball,
and thereby get a clearer perception of its magnitude and of the nature of
magnitude in general.

In sum, the presence of all five perceptive capacities in locomotive ani-
mals is for the sake of perceiving common objects and thus for the percep-
tion of everything that Aristotle believes is possible to be perceived.”

A teleological explanation for why animals have the capacity
for locomotion

Aristotle’s discussion of what locomotion is for and why it is present in the
animals that have it is intimately connected to his discussion in DA I11.9—11
of the nature of locomotion, the capacity of the soul that is responsible for
it, and its physiological realization. I shall therefore closely follow Aristotle’s
analysis in these chapters.

Since locomotion appears to be different from such “automatic” motions
as growth and decay (which all living beings have on account of their nutri-
tive soul), respiration and expiration, and sleeping and waking, Aristotle
first sets out to determine what capacity of the soul moves animals in respect
of place and whether this is a separate capacity (DA 111.9, 432a19—20; DA
1.9, 432b7-8). His method is one of elimination.

First, Aristotle rules out the nutritive capacity, which is responsible for
movement with respect to growth and decay, as being responsible for

5! Polansky (2007, 378-379).
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locomotion. Aristotle takes it as a given that locomotion is always for
the sake of something (as a progressive motion it is itself an intrinsically
teleological activity) and that it can only be voluntary and according to
nature if it involves imagination and desire (DA I11.9, 432b14-16). Since the
nutritive capacity does not involve imagination or desire, it cannot be the
cause of locomotion. Besides, Aristotle adds, if the nutritive capacity were
responsible for locomotion, plants would also have had the capacity for
locomotion and hence the parts instrumental for this kind of movement,
which is not the case (DA IIl.9, 432b18-19). The underlying teleological
principle at play here is that no living being lacks the instruments that are
the necessary prerequisites for the realization of a necessary function. If a
particular kind of living being lacks the instruments that are typically used
for the performance of such a function, then it is reasonable to assume that
it also lacks that function (presumably, because that function is not vital
or essential to it).

Next, Aristotle eliminates the perceptive capacity as a candidate for
producing locomotion: since there are many perceptive animals that are
stationary and motionless (DA IIl.9, 432b20-21) — which indicates that
perception and locomotion do not correlate universally — perception cannot
be responsible for locomotion either. Aristotle refers again to the absence of
locomotive parts as evidence for the absence of the capacity for locomotion,
this time while positing the teleological principle that nature does nothing
in vain (DA 1119, 432b22—26):

If nature does nothing in vain and never leaves out any of the necessary [parts],
except in those beings that are maimed and incomplete, while such living beings
are complete and not maimed (and a sign of this is that they are able to reproduce
themselves and they have maturity and decline [of life]) — then they too would
have instruments for locomotion.’*

If nature indeed never produces living beings that lack the means to realize
their capacities, the only plausible explanation for why stationary animals —
that are otherwise complete — lack instruments for locomotion is that these
parts are not the necessary prerequisites for the realization of perception and
that thus the presence of the capacity for perception is not the (sufficient)
cause of locomotion.

52 gl oOv 1) ¢pUoIs priTe TOLEl P&TNY unéev pnTe &tolAeitel T1 TGOV &vaykaicwov, TANY &v Tois
TNPWUAC! Kai év Tois &TeAéolv T 8¢ TolaUTa TGV {wwv TéAela kol o¥ TrnpopaTtd 0TIV
(onueiov & 671 éoTl yevwnTIkA Kad &kunv Exel Kad ¢pBiotv) — ot elxev &v kal T& dpyavikd pépm
Tfis Topeias.
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Finally, Aristotle considers the intellective or calculative capacity, which
he defined earlier as “that by which the soul both knows and understands”
(DA 111.4, 429a9-10). However, this capacity cannot be the mover either
(DA 1119, 432b27—28): “For the intellective capacity thinks of nothing
practical and it says nothing about what is to be avoided and pursued.” Since
the intellect is concerned with abstractions and not with the avoidance
or pursuit of something, it cannot as such be the source of locomotion.”
Merely thinking about something that is to be avoided or pursued does not
bring about the emotional state necessary for the initiation of locomotion.
Even if the intellect were to tell the animal to avoid or pursue something,
the animal would not be moved; instead, the animal acts in accordance
with desire (DA 1I1.9, 433a1-3). Aristotle uses an analogy with the art of
healing to point out that the intellective capacity is not sufficient as a cause
of locomotion, because there is a difference between having knowledge
and acting according to that knowledge. On the other hand, desire on
its own is also not sufficient to cause locomotion: the case of continent
people shows that although they may have the cravings and the desire for
things, “they do not do those things for which they have a desire, but follow
reason” (DA II1.9, 433a7-8). Both intellect and desire seem to be involved
in locomotion, but on their own they are insufficient.

From these considerations Aristotle draws the preliminary conclusion
that desire and imagination fogether produce locomotion, given that imag-
ination is some kind of thinking and that it is the only intellectual capacity
that human beings and animals have in common (DA I11.10, 433a9-13). He
indicates that the capacities of the practical intellect and desire are equally
goal-directed (DA 110, 433a15-17): in contrast with the theoretical intel-
lect that (typically) finds its end in its own activity, the practical intellect
and desire are both directed towards an (external) end. The practical intel-
lect starts from the object of desire, which is the end of the capacity of
desire, and the endpoint of reasoning is what initiates locomotion towards
that object.* The primary cause of locomotion is desire and ultimately the
object of desire (DA 111.10, 433b10-13).%

53 Cf. PA L1, 641229-b1o, where Aristotle argues that the natural philosopher need not speak about all
parts of the soul, but only about those parts that are a source of movement; because intellect is not
a source of movement (at least not on its own), that part of the soul does not belong to the domain
of the natural philosopher. See Lennox (2001b, 143-14s).

54 See Charles (1984, 89-96) for the view that the conclusion of the practical syllogism is not an action,

but becomes an action; the conclusion is a proposition, which — when accepted — by the activity of

desire explains the action as an efficient cause. On the purpose of practical syllogisms, see Natali

(2001, 61-67); cf. Charles (1984); Cooper (1975); Corcilius (2008a—c); Hardie (1968); Nussbaum

(1978); and Santas (1969).

This object of desire may be either the good or the apparent good (where good means the practical

good, which is capable of being otherwise); DA IIL.10, 433a28-31.
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Within this framework, Aristotle distinguishes three constituents of
locomotion (DA III.10, 433b13—31). The first constituent is the mover or
the moving cause (DA I11.10, 433b13: &v pév TO kivoUv), which is “double”™
there is a moving cause that is itself unmoved and one that both moves
and is moved (DA Ill.10, 433b14-15). The unmoved moving cause is the
practical good, which is the object of desire, external to the animal that
is capable of locomotion. The moved moving cause is the capacity of
desire, a part of the soul internal to the locomotive animal. Thus, the
practical good, without being moved itself, initiates movement towards
it in the capacity of desire; the capacity of desire is thereby itself moved,
and in its turn moves the animal. The second constituent is that with
which the moving cause produces movement (DA I11.10, 433b14: SeUTepov
& & kuwel). These are the “bodily instruments” that are conditionally
necessary for animals to effect movement, such as feet, wings, and fins,
which are to be “investigated among the functions common to body and
soul” (DA IlL10, 433brg—21: 810 v TOis KOWOIS TPaTOS Kai Wuxiis
gpyols BewpnTéov epl atol). The third and last constituent involved
in locomotion is that which is moved (DA I11.10, 433b14: £T1 TpiTOV TO
Kwoupevov), which is the animal or human being that is moved towards
an end.

This, then, implicitly yields the teleological explanation of why some
living beings are capable of locomotion: locomotion is progression towards
(or away from) an object of desire (or of dislike) initiated by imagination
for the sake of pursuing (or avoiding) that object of desire (or of dislike)
perceived at a distance. The goal-directedness of locomotion itself is crucial
for why animals have this capacity: locomotion would be of no use if
it were merely progression in just any direction — the actualization of
the capacity for locomotion is progression fowards or away from some
(non-)desired object. This may also explain why the locomotive capacity is
not a separate part of the soul that is realized by its own object, in the
way that the capacity of hearing is actualized by some object producing
sound. Rather, the capacity for locomotion is concomitant to the capacity
of desire that is present in an animal that also has imagination (DA IIl.10,
433b27—29): “In general then, as we have said, insofar as the animal is
capable of desire, to that extent it is capable of moving itself; and it is not
capable of desire without imagination.”

The capacity for locomotion emerges, as it were, from the capacities of
desire and of imagination, and is therefore present only in those animals
that have these two capacities. The reason why animals that only possess the
most basic capacity for perception, i.e., touch, are incapable of locomotion
follows from this: these animals also only have imagination and appetite in
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a very rudimentary form,*® and are therefore unable to identify objects of
desire or to focus on such objects — which would be necessary while mov-
ing towards them (DA 1111, 433b31—434a10).”” This makes their motions
“indeterminate” (DA 1111, 434a4—5: kivelton dopioTes) and random —
they will eat only when they happen to touch upon something edible.

In sum, Aristotle does not explain the presence of locomotion in animals
that have desire and imagination by reference to the contribution the
function of locomotion makes to either living or living well; rather, he
seems to treat the level of desire and imagination present in an animal
as explanatorily basic, and uses this to explain why some animals have
locomotion and why others do not, and then explains the number of
perceptive capacities these animals have by reference to whether or not
they have locomotion. Roughly, there are thus two main kinds of animals.
Some animals have (nutrition and) touch and a rudimentary form of desire
and imagination. They are not capable of locomotion and therefore do not
need any of the higher perceptive capacities (if they do possess some of
these, they are for the sake of living well). Other animals have (nutrition
and) touch, desire and imagination, and therefore also locomotion. They
possess the higher perceptive capacities for the sake of this latter capacity.
The more capacities a living being has, the more complex its life and the
more it partakes in well-being (cf. Cael I1.12, 292b1-19 and my analysis
of this passage in section 5.3). Plants, which only possess the capacity for
nutrition, only partake in living; and human beings, who possess — in
addition to all the other capacities that are present in the most complex
animals — the capacity of thinking, have the highest share in living well.

2.3 CONCLUSION

Following the methodological order of the natural treatises of Aristotle, we
have shifted from Aristotle’s defense of the teleology of nature as an internal
principle of motion and rest in the Physica to his teleological analysis of
living nature in De Anima, where living is identified with the realization of
soul capacities in a natural, instrumental body.

The teleological framework that Aristotle sets out in the Physica seems
to be presupposed in the explanatory strategies of De Anima. For instance,
in order to gain knowledge about the nature of the soul, Aristotle invokes
his theory of four causes, and subsequently defines the soul as the efficient,
formal, and final cause of the living being, and its natural body as the

56 Cf. Schofield (1992, 272n.55). 57 Frede (1992, 290); Richardson (1992, 384).
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material cause. In order to gain better understanding of the soul’s operation
on and interaction with the natural body, he uses his analogy between
nature and art, and thereby establishes a functional conception of the soul
and the instrumental and conditionally necessary character of the body. In
order to explain why certain kinds of living beings have the soul capacities
they have, he frequently posits the teleological principle that nature does
nothing in vain, and then shows how the capacities they have are necessary
for their living or rather contribute to their living well.

From the very outset, Aristotle’s analysis of the soul is teleological in
nature: the soul is that for the sake of which the bodily aspects of the
living being are as its instruments. The soul constitutes a hierarchical and
non-aggregative unity of capacities for the performance of functions in
virtue of which a natural, instrumental body has life — and, in some cases,
also well-being. The complete body with its main parts and features is
conditionally necessitated by or subsidiary to (and therefore explainable by
reference to) these life functions. Because of this, the characteristic activities
and physical realization of each form of life — whether of a widest kind
or of an individual subspecies — becomes explainable by reference to the
particular combination of interdependent soul capacities that specific form
of life has as its final cause.

The different capacities of the soul are themselves teleologically
grounded as well: their presence in the living beings that have them is
either necessary for those beings in terms of their basic survival and/or
identity, or is rather for the sake of the living being’s well-being. Not all
capacities are thus equally necessary for life as such: the most basic capac-
ities such as nutrition and reproduction are those that are most common
among all living beings because they are most necessary for life; the higher
capacities — which, except perhaps for the capacity of thinking, all presup-
pose the presence of the basic ones — are less prevalent, because they are
less necessary for staying alive and reproducing, but rather serve the living
being’s well-being by allowing it to live a more complex life.

We shall see in the next two chapters that the teleological explanations
for why animals have the parts they have in the biological works reflect this
gradual scale of necessity and thus build upon the foundations laid down
in De Anima.



CHAPTER 3

Introducing biology as a demonstrative science:
the theory of teleological explanation in the
De Partibus Animalium 7

3.0 INTRODUCTION

Aristotle’s theory of natural teleology applies in particular to living natural
substances: their coming to be and existence, their change and devel-
opment, and many of their differentiations are the result of the goal-
directed actions of their formal natures. In the following two chapters,
I discuss the role of teleology in the explanations Aristotle provides of
the presence, absence, and differentiations of animal parts in De Partibus
Animalium.

In Chapter 4, I shall present an analysis of the structure, role, and
explanatory of force of the actual explanations recorded in De Partibus
Animalium books II-1V; here, in Chapter 3, I shall first outline Aristotle’s
theory of explanation in biology as introduced in De Partibus Animal-
tum book 1. In section 3.1, I sketch the demonstrative character of the
science of biology; this will provide some background to the larger sci-
entific context within which Aristotle’s use of teleological explanations
takes place. In section 3.2, I discuss the notions of teleology that Aristotle
employs in his discussion of the standards for explanation in the natu-
ral sciences in De Partibus Animalium book 1. My aim here is to show
that there are zwo fypes of teleology underlying these explanations: a pri-
mary kind that involves formal natures realizing a preexisting potential for
form through conditional necessity, and a secondary kind that involves
formal natures using materials that have come to be of material necessity
for something good. Finally, in section 3.3, I define the different notions
of necessity that appear in Aristotle’s natural treatises and explain what
role each plays in explanations of biological phenomena. In particular, I
shall counter a possible objection to the positive role my notion of sec-
ondary teleology ascribes to material necessity in natural generation, i.e., the
view that Aristotle’s own discussions of the relation between teleology and

76
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necessity — notably in PA 1.1 — deny such a positive role." I argue that this
objection is grounded in a failure to distinguish between the causal and
modal® ways in which Aristotle uses the concept of necessity.

The two arguments, which are developed independently of each other,
together demonstrate that the material constraints and the influence of
material necessity on the goal-directed actions of formal natures are rel-
atively strong. Animals are the way they are not just because they have
kind-specific potentials for form that are being realized, but also because
of the material and the material potentials that are available to the formal
nature during embryogenesis and the animal’s subsequent development.
This is not a negative claim: the goal-directed actions of the formal nature
of an animal often (although not always) turn to a good use those mate-
rials that have come to be as a result of material necessity, and thereby
equip living beings with features that are perhaps not strictly necessary
for their survival or identity, but that contribute significantly to their
well-being.

3.1 BIOLOGY AS A DEMONSTRATIVE SCIENCE

The relation between Aristotle’s theory of scientific demonstration and
inquiry as outlined in the Analytica and his practice in the physical and
biological works has been the subject of much discussion in recent years
among scholars of Aristotle,> and I do not wish to elaborate too much on
this issue yet (I shall return to this question in Chapter 6). Instead, let me
present as a working hypothesis for this chapter the thesis that Aristotle
intended his biology to be a proper demonstrative science that approximates
and builds upon the “guidelines” of his Analytica Posteriora.* This thesis
is informed by the following two observations from the biological works:
first, Aristotle shows genuine concern for identifying and following the
appropriate scientific method in natural inquiry, and second, he repeatedly
indicates that the materials presented in the biological treatises contain

' Consequently, scholars have explained away all material necessity in biology (Balme, 1987c¢); sub-

sumed it under the operation of conditional necessity (Cooper, 1987; Johnson, 2005); or assigned a
mostly constraining role to it in the realizations of function: see Gill (1997); Lennox (2001a, b) and
especially (2001a, 187, 195-196) on “pre-conditional necessity”; and Pavlopoulos (2003, 164-166). The
positive role I assign to material necessity is foreshadowed in Lennox’s discussion of the omentum;
see Lennox (2001b, 290-292).

My account of necessity in Aristotle is much indebted to the analysis of modal and causal uses of
necessity by Kupreeva (forthcoming).

See Barnes (1981); Gotthelf (1987); Kullmann (1990); Lennox (2001a); and Lloyd (19905 1996).

For a defense of this thesis, see Gotthelf (1987), Lennox (passim), and Leunissen (2010).

PR
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the necessary ingredients for generating demonstrations of the natural
kind.

Aristotle sets out the principles and standards for biological investi-
gations in the first book of De Partibus Animalium.’ His aim there is
to provide standards from which one will be able to assess the “manner
of the things demonstrated” (PA L1, 639a12—15; 13—14: TOV TpdTTOV TGV
Beikvupévoov) in the natural sciences, of which the study of animals is a
part. Aristotle proceeds mainly through a discussion of methodological
dilemmas, dealing with varied questions such as which causes the natural
scientist should pick out and what their priority relations are (Aristotle
argues for the priority of teleology over necessity, but without denying
explanatory force to the latter); what the relation is between form and
matter in animals (Aristotle explains that the two are complementary, and
that therefore the natural scientist needs to study both); and whether the
natural scientist should study the whole soul or only a part of the soul
(Aristotle states that the capacity for thinking does not belong to the study
of nature). Aristotle also offers a revision of the Platonic method of division
and definition. This latter critique of dichotomous division leads, among
other things, to the establishment of what exactly constitutes an animal
kind: kinds share “a single common nature and forms in it that are not too
distant” (PA 1.4, 644b3—4: Exel Te piav dpUov kownv kal €idn &v alT
W) TTOAU S1e0T&TR). Animals that belong to the same kind differ only in
degree (“by the more and less” or “by bodily affections”), while animals that
differ in kind are similar to each other only by analogy (PA 1.4, 644a16—22;
644b12).°

The most striking feature of De Partibus Animalium book 1 is perhaps
that in it Aristotle not only follows but also enriches the Analytica’s con-
ception of science in order to make it applicable to the special and distinct
study of living beings. For instance, the Analytica lacks a clear distinction
between matter and form and seems devoid of the causal concept of con-
ditional necessity.” Both are crucial to the study of (living) nature, and
are therefore introduced and further refined in Aristotle’s methodological
discussion in De Partibus Animalium book 1. This, I believe, gives evidence
for the thesis that Aristotle self-consciously attempts to integrate his newly

5 For an outline of P4 T and its connections with the method presented in the Analytica Posteriora, see
Lennox (20013, 100-104).

6 For what it means for animals within one genus to have a common nature, see Charles (2000,
316-326).

7 See Lennox (2001a, xxii, 102, and passim).
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developed science of biology into the scientific framework supplied by the
Analytica.

Aristotle’s conviction that his investigations contain what is needed to
provide demonstrations of biological phenomena is visible in a few (but
very well-known) methodological statements in the biological works. The
clearest and least controversial text concerning the demonstrative nature of
biology is the following (HA 1.6, 491a7-13):

These things, then, have been put forward in outline, to provide a foretaste of
what things we have to investigate and what it is about them [that we have to
investigate]. Later we shall discuss them in greater detail, in order that we may
first gain understanding of the differences and the attributes belonging to all. After
this, we must try to discover the causal explanations of these things. For it is the
natural method to do this after having started with the investigation of the details
concerning each thing; for from these it becomes apparent both about which
things the demonstration must be, and from what things it must proceed (repi Gv
Te yop Kai £§ v glvan Sel THY &mroddeiiy, &k TouTwvy yiveton pavepov) (cf. PA
L1, 639a12—15; 640a1—9; GA 11.6, 742b23-36).

The zoological research program sketched in this passage recommends
the natural scientist to start with a collection of the basic facts to be
explained (i.e., of the boti in the language of the Analytica), and is mainly
carried out in the Historia Animalium through (Aristotelian) divisions of
the differences between animals. In this collection, Aristotle records the
attributes and differentiae of animals (the differentiae are the differences
with respect to the animals’ modes of life, their activities, their characters,
and their parts), with the purpose of establishing their correlations.® For
example, Aristotle discusses similarities and differences between animals
concerning the possession of hair as follows (HA I1.1, 498b16-18):

Allanimals, as many as are four-footed and live-bearing (Trévta 8 doa TeTpdmoda
Kal {woToka), are hair-covered, so to speak, and they are not like man who is
sparsely haired and short-haired except on the head; with regard to the head he is
the hairiest among animals.

Note that in this example Aristotle records both correlating features (“being
a four-footed live-bearing animal” and “being hair-covered”) and their pre-
cise extension (“all...as many as are...”), in addition to indicating how
this correlation is different in another genus (“being a human” correlates

8 1 borrow these points, and the example below, from Lennox (2001a, 7-38); cf. also Lennox (1990,
175-182).
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with “having the most hairy head of all animals”). Following the demon-
strative model of the Analytica (see, e.g., APr1.30, APo 1.13 and APo 1L.1),
according to which the investigation of the facts is separate from and
precedes the investigation of the reasons why, Aristotle thus collects in
Historia Animalium the biological facts that always or for the most part
go together, and therefore form possible candidates for being picked out
as terms in syllogistic demonstrations in either the predicate or the sub-
ject position. These correlating pairs of facts constitute the “about which”
of demonstrations. In this case, one of the explananda is why “having
the most hairy head” (picked out by the predicate term) correlates always
or for the most part with “being a human” (picked out by the subject
term).

Ultimately, Aristotle also hopes that because of this collection we will
be in a better position to single out those features and differentiae that are
causally basic (i.e., factors that themselves cannot be explained any further
through other factors) from the ones that are explained through these fac-
tors (see, e.g., PA 1l.14, 658b2—-10). The Historia Animalium is thus also
supposed to help us discover those causal features “from which” demon-
strations (or the dioti) come about, and forms in that way a preliminary to
the next, demonstrative stage in which Aristotle proceeds to identify these
causes, which is recorded predominantly in De Partibus Animalium and
De Generatione Animalium. The exceptional hairiness of human heads, for
instance, is explained in De Partibus Animalium (see PA 11.14, 658b2-10)
by reference to both teleology and material necessity: due to the presence
of the brain in the human head, this place is moistest, which makes it both
very weak and most conducive to the growth of hair. At the same time, hair
is what provides protection, and nature provides protection to the place
that needs it most. The causally basic factors which are to be picked out
as middle terms are “moistness” and “need of protection,” both of which
belong most to the human head (I shall explain the causal mechanism
underlying this type of “double” explanation below).

Demonstrations in the natural sciences are, of course, as Aristotle
explains in De Partibus Animalium book 1 (see especially PA 1.1, 640a1—
9; PA 1.1, 640a33-b3; PA 1.1, 642a32-b2), different from demonstrations
in the mathematical sciences that form the main model of demonstrative
science in Analytica Posteriora, even though both are a kind of theoret-
ical science (Meta V1.1, 1026a6-8). Unlike the latter, the conclusions of
biological demonstrations do not hold always and without exception, but
merely “for the most part,” and the necessity that governs the deduction
is conditional, rather than unqualified (see below in sections 3.3 and 6.4).
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However, already within the Analytica Posteriora, Aristotle indicates that
there are also demonstrations of things that hold for the most part (see
especially APo 1.8, 1.30, and IL.12) and occasionally uses examples (e.g.,
thunder, lunar eclipses, and the shedding of leaves) that are drawn from
the natural sciences. It thus seems safe to conclude that Aristotle attempts to
build his science of biology on the model set out in his Analytica Posteriora,
and that the differences we will find between the theory of the Analytica
Posteriora and that of De Partibus Animalium book 1 do not affect the
status of biology as a demonstrative science.

3.2 PRIMARY AND SECONDARY TELEOLOGY

The image of nature as a good housekeeper

In order to get a better grasp of Aristotle’s theory of explanation in De
Partibus Animalium book 1, and perhaps of his explanatory project in
the De Partibus Animalium as a whole, we need to make a distinction
between what I call “primary” and “secondary” teleology. I shall illustrate
this distinction by offering an elaborate interpretation of an image Aristotle
draws of nature acting as a good housekeeper in De Generatione Animalium,
and use my findings to shed light on Aristotle’s standards for how to
construe demonstrations of biological phenomena provided in the first
book of De Partibus Animalium.

The image of nature that I believe is most helpful for understanding
the double nature of Aristotle’s teleology (even though one has to realize
that Aristotle is not himself concerned with presenting a two-fold theory
of teleology in this image) is part of an investigation into the natural
order of generation of the various animal parts within the embryo in
De Generatione Animalium book 11 (see GA 1.1, 733a32; 734a16-34; and
GA 11.4, 740a2-16). Before quoting the image in full, I shall first sketch its
context.

One of the issues Aristotle tries to settle in the second book of De
Generatione Animalium is the order in which animal parts come to be.
In GA 1.4, he argues that, within the embryo, which “possesses all parts
potentially in a way” (GA 1.4, 740a2—4: kad év T& KUTBaTL TPOTTOV TV
TaVTwY EvdvTwy TV popiwyv duvépet), the heart is the first to take
shape because it is the source of movement for the developing animal
(GA 11.4, 740b2—4; cf. PA 1ll.4, 666a18—21). In GA 11.6, he lays out a
detailed method for how to determine the order in which the parts of
an animal develop further, starting from the heart. As Aristotle points
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out, this is something that cannot always simply be observed (bigger parts
often appear earlier, even though they start developing later: GA 11.6,
741b26-27) and is therefore “not easy” to make out (GA 11.6, 742b6—7; cf.
GA 11.6, 742b9—10). According to the method Aristotle proposes, parts
that generate other parts must come to be before all other parts, and parts
that serve as an instrument must come to be after those parts that are “that
for the sake of which” and that make use of the former (GA 11.6, 742a16—
b18). The underlying teleological principle in this threefold division in the
chronology of the coming to be of parts is that nature does not produce
parts before the animal is actually able to use them (otherwise, these parts
would be in vain; see the analogy with the flute player in GA 11.6, 742a26—
28), conjoined with the fact that parts that are of the nature of an origin
necessarily come to be first.

Aristotle accordingly explains that the generation of the heart is followed
first by the blood vessels, out of which then all the other parts are formed —
first the internal, then the external parts; first the upper, then the lower parts
(GA 11.6, 742a36—742b18). Within this sequence of generation, Aristotle
notes that the time of the formation of the eyes presents a difficulty:
although their formation starts — as one would expect based on their
location in the animal body — early on in the formation of the embryo,
they are the last organs to reach their completion (GA11.6, 743b32—744b1r).
Aristotle explains this peculiarity by reference to the principle that nature
does not create parts too early or too late for an animal to be able to
use them (see GA 11.6, 744a35-b1; cf. GA V.8, 788b20—789a2 concerning
teeth). With the image of nature as a good housekeeper Aristotle returns
to his discussion of the normal sequence of the generation of animal parts

(GA 11.6, 744b11—27):

Each of the other parts [i.e., all the parts of an animal with the exception of the
eye and the heart discussed before] is formed out of the nutriment, (A) the parts
that are the noblest and that partake in the most important principle [i.e., the
essential parts: cf. GA 11.6, 742a34—35 and V.1, 778b12—-13] are formed from the
nutriment which is concocted first and is purest; (B) the parts that are necessary,
that is to say that are for the sake of the former parts, are formed from the inferior
nutriment and the residues and leftovers. For just like a good housekeeper, so also
nature is not in the habit of throwing away anything from which it is possible to
make anything useful. Now in a household the best part of the food that comes in
is set apart for (A) the free people, the inferior and the residue [of the best food]
for (B1) the slaves, and the worst is given to (B2) the animals that live with them.
Just as the intellect from the outside does those things with a view to growth, so
nature in the things coming to be forms from the purest material (A) the flesh
and the body of the other sense organs, and from the residues thereof (Br) bones
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and sinews and (B2) hair, and also nails and hoofs and all similar parts; for this
reason these are the last to assume their formation, for they have to wait till the
time when nature has some residue to spare.”

This image is representative for the way Aristotle commonly picks out
nature in his explanations of biological phenomena: nature is always per-
sonified as an agent, and portrayed as acting for the sake of something,
while following a certain /ogos or formula (cf. PA L1, 641b23—37). Aristotle
calls this the “formal nature” of an animal, which incorporates the efficient,
final, and formal cause of an animal, and is to be identified with its soul
(see, e.g., PA 1.1, 641a23—28; DA 1L.1, 412a19—21 and GA IV.4, 770b17).”°
Contrasted with this formal nature is the animal’s “material nature”: this is
its body, its basic elemental make-up, and the kinds and amounts of food
it can process. The material nature is a source of the constitutive matter for
the formation of parts and is thus in constant interaction with the formal
nature of the animal.

What is particularly important for our understanding of Aristotle’s tele-
ology in this image is the hierarchy of different types of animal parts that
Aristotle develops in it, linking the ontological status of a part to the quality
of its constitutive material and its place in the sequence of coming into
being. According to the image drawn, nature uses the best materials to
make the most important parts of the body, and makes those first, just as
in a household, the housekeeper gives the best food to the most important
members of the household, who are fed first.

Specifically, I take the image to suggest that not all biological parts are
“created equally” (the first group of parts receive some kind of priority treat-
ment, whereas others have to wait for their formation until nature has some
residue to spare), which indicates that the underlying teleological processes
that account for their coming to be and presence must be different. The
most important parts in the image (A) are those that partake in the essence
of an animal: they are made of the best nutriment, and come to be first.

9 Tév & EAAwV yiyveTal popicv EKaoTov &K THs TPOdTs, T HEV TIMIOTATA KXl METEIATPOTA THS
KUPIWOTETNS &pxTis &K TTis TemTeppévns Kl KaBapwT&Tns Kad TpcdTns Tpodfis, T& & dvarykaia
pépIa Kol TOUTWY Evekey €K THS Xelpovos kad TV UTTOAEIUPATWY Kal TrEpITTOUXTWY. GOTEP
Y&p oikovopos &y abos kai 1) pUats oUbey &roPdAAerv gicobev &€ v EoTi TToifjoad T1 XpnoTéV. &V
8¢ Tas oikovouials T yryvopévns Tpodiis 1) wév PeATioTn TéTakTan Tols Eheubépos, 1) B¢ yeipwv
Kol TO TepiTTWPA TAUTNs <TOls> oikéTals, T& 8¢ YeiploTa kai Tols ouvTpedopévols 8186aat
Leoors. kab&rep oUv el THY atfnow & 16UpaBev TalTa Trolel voUs oUTws &v Tols yryvouévols
aUTols 1) $pUOTls €k pév Tfis KaBapwTaTns UAnSs odpkas kad TéV &AAwY aiobnTnpiwv T& cwpaTa
ouvioTnow, & 8¢ TGOV TePITTN&TWY 60T& Kail velpa kail Tpixas, €Tl 8 dvuyas kol OTTASS
kol TévTa T& TolaUTa: 810 TeAeuTaia TaUTa AapPavel Ty ouoTaoty éTav f)8n yiyvnTtol
TepiTTwU TS PpUoEWS.

© On formal natures, see also Lennox (2001a, 182-194).
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Elsewhere Aristotle refers to these parts as being necessary (without further
qualification) for the animal, as they are conditionally necessary for the
performance of vital and essential functions. This presumably means that
these parts are the result of the standard form of teleology, or of what I here
call primary teleology. I shall explain this further below. The other parts in
the image (B) are also necessary, but in a more restricted and qualified way."
These parts are said to exist for the sake of the first category (which is why
I prefer to refer to them as “subsidiary” parts), and are made of inferior
nutriment, and only come to be if nature has enough leftovers to spare. In
De Partibus Animalium, Aristotle somewhat paradoxically refers to these
parts as being “not necessary” (presumably, because they are not necessary
without qualification, but rather necessary for the sake of other parts) and
as being “for the better,” because their presence improves the functioning
and well-being of the animal in question. Even though the accounts in
De Generatione Animalium and De Partibus Animalium are thus not overtly
consistent in their ascriptions of “necessity” to these two types of parts, they
do provide the same causal descriptions of the actions of the formal natures
in the production of subsidiary parts: in both treatises, they are described
as the product of nature wusing leftovers to make some useful feature for
the animal in question. This, I believe, illustrates a different — secondary —
kind of teleological causation.

In the next subsections, I shall work out this hierarchical picture of
animal parts in more detail, mostly by drawing from material from the
De Partibus Animalium (for a schematic outline, see Table 3.1).

Vital and essential parts

I submit that the first category of parts — represented by the “free people”
in the image — consists of those parts that are the necessary prerequisites
for the performance of the vital” and essential® functions specified by

T translate the second kai in GA 11.6, 744b14 epexegetically as “that is to say,” which is arguably not
the most natural reading of the text. However, I believe that I can justify this reading based on how
Aristotle treats this group of parts in other contexts, most notably in De Partibus Animalium. See
my discussion below.

For examples of vital functions with their respective necessary parts, see PA 11.3, 650a6-8; PA11.7,
652b1s; PA 110, 655b28—31; PA 11l.4, 665b1o—15; PA 1114, 666a22—24; PA 1l.14, 674a13-19;
PA1V.s, 681b13—16; PA IV.10, 686a5—7 and GA 1.2, 716a18-1.8, 718b28.

For examples of essential functions with their respective necessary parts, see PA Il.2, 647a20-23;
PATLS, 653b19—23; PAIL.6, 669b8—12; PA V.5, 681b13—16; PA IV.12, 693b2—13; PA V.13, 695b17—25
and GA V.1, 778a32-34. Note that flying is not an essential function of insects: some insects have
wings by way of compensation for a lack of feet (PA IV.6, 682b5—6). For species being demarcated
by the specific combination of necessary parts, see Po/IV.4, 1290b25-37.

I\
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Table 3.1 The hierarchy of parts in the image of nature as a good housekeeper

Timing in
Biological part growth Material used Example
A Vital and essential Made first Best nutriment Fins
parts <> Free people Necessary for
Perform necessary functions swimming
Br Subsidiary parts <> Slaves  Made second Inferior nutriment  Kidneys
Contribute to necessary Help collection of
Jfunctions residue
B2 “Luxury” parts <> Animals Made third ~ Residues Horns
Perform non-necessary Provide protection

Sfunctions

the definition of the substantial being of that animal (this is what it is
to partake in the “most important principle” or essence of the animal).
Elsewhere Aristotle claims that their presence is necessary for the animal:
through these parts the animal’s form is realized, and without them the
animal would not be able to survive, or it would not be able to be the
specific kind of animal it is.

Outside the De Generatione Animalium,” Aristotle employs a very strict
notion of necessity in his characterizations of such vital and essential parts.
He calls a part necessary for an animal when he believes that nature could
not have “designed” that animal without the part in question; without the
part, the animal immediately fails to reach its natural ends (cf. GA IV.4,
771a11-14). This is clear from, for example, his description of the liver,
which he considers to be a vital part of all blooded animals (PA IV.2,
677a36-bs):

For it is reasonable that, since the nature of the liver is vital (¢mrikoupov) and
necessary (&vaykaiav) to all the blooded animals, its being of a certain character
is a cause of living a shorter or longer time. .. and none of the other viscera is
necessary to these animals, but only the liver (Tév 8 &AAwv 0¥ty oAy VWV
&varykaiov éoTi Tols fuols, TO & fTrap pdvov).

According to Aristotle, the presence of the liver is so basic to the life and
survival of blooded animals that it is the only visceral organ they absolutely

4 For examples of parts whose function is specified by the definition of the substantial being, see
Code (1997, 139—-140) and Gotthelf (1985, 27—54; 1987, 190-191).

5 For evidence within the De Generatione Animalium, see especially GA 1.4, 717a11—21, which I discuss
in section 4.2.
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cannot be without; that is, of course, in addition to the heart, which
Aristotle had already established as being the origin of blood (cf. PA IL1,
647a35-b8 and II1.4, 665b1o-15). Because only the heart and the liver are
necessary in this strict way for blooded animals, these are the only viscera
present in //blooded animals (cf. PA1II.4, 665a28—30; 665b10; 666a24—25;
and III.7, 670a23—28). The other visceral parts, such as, for instance, the
kidneys and the spleen, are not in the same way necessary for all blooded
animals (Aristotle even calls them “non-necessary”; see my discussion of
the kidneys below), which is why they are also not present in all blooded
animals (cf. PA I1l.7, 670a30; IIl.9, 671a26—30; and IIl.12, 673b12—14). In
other words, nature cannot produce blooded animals without a heart and
liver, but it is among the natural possibilities to produce blooded animals
lacking some of the other visceral parts.

The explanations Aristotle offers for the necessary vital and essential
parts in De Partibus Animalium provide textbook examples of what I call
primary teleology. For example, Aristotle explains the presence of fins in
fish by reference to the definition of their substantial being (PA 1V.13,
695br7—26):

Fish do not have distinct limbs [such as arms or feet], owing to the fact that their
nature according to the definition of their substantial being is to be able to swim
(81 TO veuoTikny glvan TNV PUoY alTédY KaTd ToV Tfis oUoios Adyov), and
since nature makes nothing either superfluous or pointless. And since they are
blooded in virtue of their substantial being, it is on account of being swimmers
(81 p&v TO veuoTikd glvan) that they have fins.

Fish are essentially swimmers: that is, being able to swim is part of the
nature or substantial being of fish, and having fins is a necessary condition
for fish being able to swim; hence fins are kathhauta teatures of fish.®
(It is important to note here that Aristotle treats the absence of fins in a
small number of fish not as a refutation of his observation that fins are
essential parts of the genus fish, but as an exception that deserves special
explanation. I shall discuss such exceptional cases in section 4.2.) The
coming to be and presence of these parts is thus explained by reference to

16 Cf. PATIL6, 669b8—12; PA V.5, 678a31-35; and PA IV.13, 697b1—13. Note that this type of expla-
nation also holds for those parts whose presence can be deduced directly from the presence of
necessary parts or can be “traced” to the definition of the substantial being of an animal (cf.
GA. Vi1, 778a34-35: &0 &viwv Tpds TOV Adyov cuvTeivel TOV Tiis oUoias): for example, while
wings and being blooded are necessary parts of birds (i.c., they are kath hauta features of birds; see
PA IV.12, 693bio—14), being two-footed is a kath hauta sumbebékos feature of birds; see PA IV.12,
693bs.
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their necessary function,"” and that function in its turn is grounded in the
substantial being of the animal. Teleological explanations of this primary
kind exhibit parts to be the necessary prerequisites for the performance of
vital or essential functions.

Aristotle introduces this type of teleological explanation as the pri-
mary kind of explanation in his methodological introduction to biology in
PA 1.1 (PA 1.1, 639b13-19):

Now it is apparent that the primary [kind of explanation] is the one we describe
as being for the sake of something (¢paiveTon 8¢ TpwTn, fiv Aéyouev Evek& TIvos).
For that is an account, and an account is a starting point alike in things that are
composed according to art and in those composed by nature. For after having
defined by thought or perception — the physician [having defined] health, and the
house-builder [having defined] the house — they [i.e., the physician and the house-
builder] provide the accounts and the explanations (&mo8186aa1 Tous Adyous Kai
T&s aitias) of that which each of them produces, and the reason why they have
to be produced in that way.

These lines are usually taken as a defense of the priority of final causality
over efficient causality,” but I believe that they rather pertain to the priority
of teleological explanation over efficient explanation: the explanans is not
a function, but a form that specifies the functions to be realized.” Just as
in art the artifact that is produced and the way in which it is produced are
explained by reference to the definition of the end product (i.e., “house”)
that specifies the function of that product (i.e., “shelter”), so too in nature
the coming to be of an animal and its parts is explained by reference to the
definition of the substantial being of that animal, which specifies — among
other things — the functions to be realized (cf. Meza VII.7, 1032bs5—22).
This also explains why Aristotle believes his predecessors failed to provide
explanations in terms of forms and functions for biological phenomena
(PA L1, 642a25—26: “because there was no ‘what it is to be” and no ‘defining
of the substantial being”). They lacked a proper starting point from which
to determine functional parts and a means to connect them with the essen-
tial being of an animal — they were not able to recognize functional features

7 Cf. PA Ls, 645b18—20. That fins are for the sake of swimming is not stated explicitly here, perhaps
because this is obvious and/or has already been suggested previously: see PA IV.8, 684a14-1s;
PA V.9, 685b16—23; and PA V.12, 694b1o-12.

E.g., Lennox (2001b, 124-126).

9 Cf. Bostock (2006, 62). Aristotle sometimes suggests that in natural science form and function are
“almost one” (GA L1, 71524—6; 71526: ¢ds &v T1 oxedov UroAaPeiv Sei), but I believe that a full
identity between form and function only obtains in the case of fully realized forms (see section 1.1).
What guides the process of generation is the potential for form that is being realized, whereas
functions constitute the limits and end points of development.
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as the realization of a preexisting potential for form that specifies the func-
tions in need of realization. Aristotle’s argument is that because definitions
are primary, so too are explanations that proceed through such definitions.

He later explains that in nature, just as in house-building, generation is
for the sake of being, and not being for the sake of generation, and that
therefore the coming to be of parts should be explained by reference to the
form that is being realized (PA 1.1, 640a10-19).>° From this he concludes
that explanations in the natural sciences should be given in the following
form (PA L1, 640a33-35): “Therefore one should state in particular that
since this is what it is to be a human being, on account of that it has these
things (¢me1dn) ToUT’ fv 16 &vBpcotey €ivan, Si& ToUTo TaUT EXel): for
it is not possible to be without those parts.” Here, the definition of the
substantial being of humans is implied to specify the functions a human
being needs to perform for him to be the kind of being he is (i.e., what it is
for a human being to be human is to be able to perform certain functions).
And it is because these functions need to be realized, that he has certain
parts — he has those parts that are necessary for the performance of the
functions that are involved in making a human human.

Aristotle’s statement that “it is not possible for a human being to be
without those parts” indicates that the process responsible for the coming
to be of such vital or essential parts is conditional necessity:* given that a
living being has to be able to perform the functions specified in its form,
it has to have such and such parts, and such and such differentiations of
parts (which Aristotle defines as differences of “the more and the less” in
PA 1.4, 644b7—-15), made of such and such constitutive materials, put in
such and such a structure or configuration. In the context of De Generatione
Animalium, Aristotle describes the actions of the formal nature of an animal
in these cases as first using the spermatic residue that is present,”* but
then as “making’ the required materials by processing (i.e., concocting)

*° Empedocles evidently got this priority relation wrong, and is criticized by Aristotle for explaining
“being” in terms of what happened to happen during generation (PA L1, 640a19-24).

See PA L1, 642a7-12: “For we say nourishment is something necessary according to neither of
those two modes of necessity, but because it is not possible to be without it. And this is as in the
conditional type (ToUto 8 éoTiv dorep &§ Urobéoews). For just as — since the ax must split — it
is necessary for it to be hard, and if hard, then made of bronze or iron, so too since the body is an
instrument (for each of the parts is for the sake of something, and likewise also the whole), it is
therefore a necessity that it be of such a character and constituted from such things, if that is to be
(&véykn &pa Tolovdi elvan kad &k Tolwvdi, & Ekelvo EoTan).” Cf. GA V.1, 778bis—19 and PA IV.1o,
689a20-21.

A crucial text in this context is GA I1.6, 743a36-b8: here Aristotle explains that the formal nature
makes use of heating and cooling (i.c., of material necessity) for the production of parts, which I
take it describes the process of primary teleology involved in embryogenesis, in which the formal
nature of an animal uses material potentials to conditionally necessitate the organs required for

21
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the incoming food,” and shaping them into parts. The formal nature of
an animal thus conditionally necessitates the materials it needs for the
formation of parts that are necessary for the performance of necessary
functions (cf. GA 11.6, 743a36-bs).

In sum, the primary mode of explanation in biology exhibits parts to
be the necessary prerequisites for the realization of functions specified by
the definition of the substantial being of the animal that has those parts.
The teleology operative in the coming to be and presence of such parts is
primary; the necessity is conditional.

Subsidiary parts

The second category of parts — represented by the slaves in the image —
consists of parts, | submit, that are not themselves necessary for the per-
formance of vital or essential functions specified in the definition of the
substantial being of a particular kind of animal. Instead, they are necessary
in the sense that they exisz for the sake of the “noblest” parts. The function
of this second category of parts is thus to contribute to the performance
of necessary vital or essential functions (without having a proper function
of their own) and thereby to contribute to the well-being or living well of
the animal, rather than to its living.** The distinction is similar to the one

Aristotle makes with regard to the capacities of the soul, where the most

basic capacities are said to be necessary for living, whereas the higher ones

are depicted as being necessary for the sake of the good or living well (see,

e.g., DA 111.13, 435b20—21, discussed in section 2.2). Since the coming to

be of these parts is said to be dependent upon and later in generation than

that of the first category of vital and essential parts, I propose calling these
parts “subsidiary.”
In addition, I shall follow Aristotle’s practice in the De Partibus Ani-
malium of referring to these parts as being “non-necessary” for the widest
the realization of a potential for form. The operations of material necessity in these cases are thus
entirely subsumed under the goal-directed actions of the formal nature of the animal (which makes
it a form of conditional necessity) and only influence the coming to be of parts by materially
constraining it.

# In GA 11.6, 744b27-36, Aristotle distinguishes between the spermatic residue (GA 11.6, 744b27:
&k TS oTTEPUOTIKTS TEPITTWOEWS) already available for the development of the embryo and the
“natural food” (GA I1.6, 744b30: & Tfis duoIKiis TpodTis), coming in later through the process of
nutrition of the mother and later of the animal itself. There are two kinds of natural foods: the first
is “nutritious” and is used for the formation of complete parts; the second is “conducive to growth”
and is used for the quantitative increase of existing parts (GA I1.6, 744b34—36). Within the animal
there may be residues of both types of food (GA 11.6, 745a1—4).

24 Cf. Aristotle’s characterization of actual slaves in Po/ .4 as instruments of actions — not of their
own, but of their masters. I thank Sean Coughlin for bringing this parallel to my attention.
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kind of animals that needs to perform the function related to this part
(because these parts are not immediately necessary for the performance
of the particular vital or essential function in question) and as being “for
the better” for the subclass of animals that do possess these extra features
(because they serve the well-being or living well of the animals that have
them).

Consider Aristotle’s explanation of the presence of kidneys (P4 1IL.7,
670b23—27):

The kidneys are present in those that have them nor of necessizy, but for the sake
of the good and doing well. That is, they are present, in accordance with their
distinctive nature, for the residue which collects in the bladder in those animals in
which a greater amount of such excrement comes about, in order that the bladder
may better perform its own function.”

Kidneys are viscera, but unlike a heart or a liver, they are not present in all
blooded animals. They are present only in those that have blooded lungs,
because they help the bladder perform its function better by providing extra
storage room for residue. Kidneys do not possess a function of their own.
Apparently, Aristotle thinks that the kidneys are not themselves strictly
necessary®® for the collection of residue (only the bladder is), even though
animals that have a bladder usually also have kidneys (see PA1l.9, 671226~
671b3 and GA 1V.4, 771a2—6, where Aristotle claims that while no animal
can live without a heart or a liver or any other of the necessary parts,
it can live “without a spleen or with two spleens or with one kidney”).
The suggestion is thus that animals with blooded lungs could have been
designed in a way that would not require the presence of kidneys; the
presence of kidneys is not conditionally necessitated in the way that the
presence of a bladder is. Instead, Aristotle believes that kidneys are present
for the better: they assist the bladder in the collection of residues in those
animals that produce larger amounts of residues and thereby contribute to
their well-being.

According to the image, the matter nature uses to make subsidiary parts
is second-best: presumably, it is the nutritious residue left over from the

» O 8¢ vedpoi Tois Exouaiv olk &§ &vérykns, dAAG ToU el kad KaAdds Evekev UTTapyouatyv- TS y&p
TEPITTWOEWS X &p1v TS el TMv KUoTIv &Bpoifopévns giol katd THY idiav pucty, &v doois TrAElov
Uréo TN YiveTal TO ToloUTov, &Tres BéATIov &rod18é 1 KUoTis TO alTfis Epyov.

Similarly, Aristotle describes the presence of limbs as being “nor among the necessities of life”
(PA 1114, 665b21—27; 25—26: oUK E0T1 TGV Trpds TO {fjv &varykaiwv), on account of the fact that
animals continue to live after a limb is taken away or has been added; technically speaking, limbs
are not part of “the necessary body” (PA II1.4, 665b23: ToU &varykaiou odouaTos).

26
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foodstuffs concocted for the formation of the vital and essential parts
(cf. GA11.6, 744b26—74s5a1). However, since these parts are not themselves
a necessary prerequisite for the performance of a necessary function, it
seems that their coming to be cannot be conditionally necessitated by an
internal potential for form, and is therefore not a case of primary teleology.
Instead, Aristotle suggests (in GA 11.6, 744b16-17) that it is the presence of
residues that allows nature to use these extra materials to make parts that
are serviceable to the animal’s well-being.

This causal pattern of nature “using” as opposed to “making” features is
especially clear in Aristotle’s (otherwise puzzling) discussion of the female
menses, which are said to come to be of material necessity and are then
used by nature “for the better” (GA I1.4, 738a33-bs):

Thus the coming to be of this residue [i.e., the menses] among females is the result
of necessity (£8§ &vdéryxns) because of the causes mentioned. Because her nature is
not capable of concoction, it is necessary that residue must come to be, not only
from the useless nourishment, but also in the blood vessels, and that they must
overflow, when there is a full complement of [this residue, i.e., the menses] in
those very fine blood vessels. And nature uses it for the sake of the better and the
end for this place, for generation (évexa 8¢ ToU PeATiovos kai ToU TéAOUS 1) dUCTIS
KaTaypfiTal Tpods Tov TéTov ToUTov THs yevéoews x&p1v), in order that it may
become another creature of the same kind as it would have become. For, even as it
is, it is in potentiality the same in character as the body of which it is the secretion.
In all females, then, residue necessarily comes to be.

Even though the presence of female menses is necessary for reproduction,
Aristotle treats these menses as subsidiary parts, perhaps because they play
no active role in reproduction and only play a role in reproduction on
occasion.”” The menses are not conditionally necessitated for this purpose,
but come to be of material necessity. Only because they have the right
material potentials (i.e., they are potentially the body from which they are
secreted), nature uses them for reproduction at those times when there
is also male sperma available in the womb. I shall return to this mode

*7 I borrow this argument from Lennox (2001b, 186-187), who uses it to explain why Aristotle insists on
calling the menses residues. The following considerations may also have played a role in Aristotle’s
depiction of menses as subsidiary rather than as vital or essential parts: (i) menses, as does male
sperma, come to be later in life during puberty, and are thus not formed in the first generation of
parts; (ii) the coming to be of the menses correlates strongly with the availability of food and the
amount of exercise one performs, which suggests that they are “leftovers,” rather than structural
features of the body; and (iii) even though the menses are necessary for reproduction, their presence
is not required all the time (as, for instance, the presence of the heart is) and they are not always
used for this purpose; in fact, for the most part, they are not used for reproduction but are secreted
from the female body.
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of explanation, and Aristotle’s comments on it in De Partibus Animalium
book I, after my discussion of the luxury parts and secondary teleology.

“‘Luxury parts”

The presence of animals in the image of nature as a good housekeeper,
which receive the worst of food (presumably the residues from the growth-
conducive food as described in GA I1.6, 745a1—4), suggests that there exists
a second kind of subsidiary part. I believe that these parts are neither
immediately necessary nor contribute to the performance of necessary vital
or essential functions. Their presence rather contributes to the well-being
of animals in some other way. For lack of a better term, I shall refer to these
parts as “luxury parts.”*

This distinction between two kinds of subsidiary parts is not explicit
in the final section of the image (GA 11.6, 744b24—27). There Aristotle
mentions bones, sinews, hair, nails, hoofs, “and all similar parts” as all
being examples of parts that are made from residues. However, in the
discussion that follows Aristotle separates this group into two: while bones
and sinews are formed from the same material, namely the spermatic and
nutritious residue, parts like nails, hairs, hoofs, horns, beaks, the spurs
of birds, etc. are made from “the nutriment that is taken in later and
that is concerned with growth, which is acquired from the mother and
from the outer world” (GA 11.6, 745a3: & Tfjs &miKTATOU TPOPTS Kad
Tfis aENTIKTS, v Te Topa ToU OnAcos émikTdTon kal [THs] SUpabev).
From this I conclude that the “luxury parts” are made from the residue
of nutriment concocted for the sake of the sustenance of parts performing
necessary functions, which have already fully developed before the animal’s
birth (i.e., they are fully developed in the sense of being complete; they
may still grow in size).”? Since there will be a continuous supply of this
kind of nutriment and hence of residues thereof throughout the animal’s
life (their coming to be strongly correlates with the changes in supply
due to aging), it is a distinctive feature of these parts that they can come
into being after the birth of the animal, and often can keep on growing

(GA1L.6, 74524-19).

% Note that Sorabji (1980, 157-158) uses the term “luxurious” with regard to all non-necessary parts,
while I use it in a more restricted manner to refer only to those parts that are not immediately
necessary for the performance of functions that are specified in the definition of the substantial
being of the animal, and that do not contribute to their performance.

2 Cf. PA 1l.2, 647b27—28; PA 1.7, 653b1o—18; PA 1l.9, 655a23—27; PA 1ll.2, 663b28—35; PA 1118,
671a1-6; PA IV.10, 69026—9; GA 1.18, 724b22—725a5; GA 11.6, 744b12—27; and GA 11.7, 757a21-6.
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From Aristotle’s discussion of these parts in De Partibus Animalinm*
we learn that they share two more distinctive features. First, since all these
parts are earthy and uniform, Aristotle calls them “tool-like”: they have to
be moved “from the outside” and are therefore only produced in animals
that are able (and strong enough) to use them, which is why parts such
as stings, spurs, horns, and tusks are often present in males, but absent in
females.?* Their earthy and uniform nature also explains why these parts
can only perform simple functions (PA IL.1, 646b1o—25) and why there
is no sensation in them (DA III.13, 435a11—435b4). Second, most of these
parts serve the function of protection, defense, or coverage: a function
that is not listed among the typical functions of the soul in Aristotle’s
De Anima. Perhaps, given that for Aristotle species are eternal, and that
nature, as a good housekeeper, provides food for each kind of animal,
protection and defense are not strictly necessary functions to be performed
by the animal in order to survive or to reproduce. Presumably, then, there
is no internal potential for form that is realized through the coming to be
of these defensive parts. Luxury parts are parts actual animals can — at least
temporarily — do without.

The causal pattern underlying the production of luxury parts, which is
identical to that of the subsidiary parts, is outlined in the image: Aristotle
explains that nature is not in the habit of throwing away residues if it
is possible to make something useful from them (GA 11.6, 744b16-17) —
an image that is reflected in the actual explanations provided in De Partibus
Animalium. Take the example of horns. After having explained that horns

3% PA 111.2, 663b31-35: teeth, tusks, and horns in the four-footed animals; P4 IV.10, 687b22—24 and
PA1V.10, 690a4—9: nails and hoofs; PA IV.12, 694a22—27: hard and large beaks, and spurs or claws
in birds; PA I1.14, 658b3—s: hair in human beings; PA IV.5, 679a28—30: ink in sepia. Cf. also GA V.1,
778a29-35. Aristotle’s inclusion of beaks (pUyxn) in his second list of subsidiary parts is puzzling,
since one would expect beaks to be essential parts of birds. In PAIV.12, 694a22—27, Aristotle suggests
that it is the differentiation of beaks that is the result of nature using extra materials, rather than
the presence of beaks themselves, which might be a more accurate characterization. In HA IX 32,
619a16-18, he mentions a kind of eagle whose beak keeps growing, ultimately causing the bird to die
of starvation, which might imply that in their growing potential and earthy constitution, (some)
beaks are similar to hair, nails, teeth, etc.

PA 111, 661b28—662a2:

3

Of the tool-like parts that are for strength and protection, nature provides each of them only or
more to those animals that are able to use them, and especially to the animals able to use them
most — parts such as sting, spur, horns, tusks, and any other such part there may be. And since
the male is stronger and more spirited, in some cases he alone has such parts, in other cases he has
them more [than the female]. For as many parts for which it is necessary that the females have them
as well (oo utv y&p &vaykaiov kai Tois 8oy Exew), e.g., parts related to nourishment, they
have, but they have them less; while those related to none of the necessities (5o 8¢ Trpos undev TGOV
&vaykaiwy), they do not have. It is also on account of this that among deer, males have horns,
while the females do not.
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are present for the sake of self-defense and attack, Aristotle explains their
coming to be as a case of the formal nature using what is present of necessity
(PA 1112, 663b21—22): “We must say what the character of the necessary
nature is, and how nature according to the account has made use of
things present of necessity for the sake of something.”” Horns are made
in larger animals from the surplus of earthen material that has come to
be of necessity, which is then used by the formal nature (i.e., “the nature
according to the account”) of those animals to make defensive parts, because
of the kind of material potentials the available material has (PA IIl.2,
663b25—35). Aristotle does not refer to a potential for form that would have
been realized by the coming to be of horns, but instead points to the kind
of potentials the residues happen to have that are used for the production
of horns: because those materials are hard they have a potential for defense,
and this makes them suitable for the production of defensive parts.”

In many cases, the materials that have come to be “of necessity” will be
the result of material processes (see, e.g., PA 1Il.10, 673a32-b1; PA IV.3,
677b22-29; and PA IV.4, 678a3-10), which themselves take place in an
animal body of conditional necessity for the sake of sustaining the parts
performing necessary functions. However, these material processes lead
incidentally to the generation of residues (which are thus technically speak-
ing not conditionally necessitated for the sake of realizing some preexisting
internal form), some of which?* are then used by nature for (pros or charin)
something — a purpose which is usually picked out in the second half of
the explanation of the presence of parts such as these.

In a few cases, the materials — and sometimes even complete functional
parts — are the result of material elements acting entirely of their own

32 réds B This dvarykaias ¢pUaews xouons Tois UTrdpyouaty &8 dudrykns ) Katd Tov Adyov ¢puals
EVEKA TOU KATOAKEY PTTAL, AEY WUEV.

33 | take this to be the meaning of PA I1.9, 655ba—12:

=

Close to bone according to the sense of touch are also such parts as claws, solid hoofs, split hoofs,
horns, and the beaks of birds. All these [parts] animals have for protection; for the whole [parts]
constituted from these [uniform parts] and the ones synonymous with those parts, for instance
the whole hoof and whole horn, have been constructed with a view to the safety of each of these
animals. . . Of necessity all of these parts have an earthen and hard nature; for this potential is of the
defensive kind (5hou y&p alTn SUvais).

34 Cf. PA1V.2, 677a15-18:

Sometimes nature makes use even of residues for some benefit (karéypnTan pév olv éviote
PUoIs gls TO QPEAIBOY Kol Tols TepITTWOPAoL), yet one should not on this account search for
what something is for in every case; on the contrary, when certain things are such as they are, many
other such things happen from necessity because of these (&AA& Teov 8vTwy ToloUTwy ETepa £§
qvdykns oupPaiver 81& TalTa TOAA).
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accord. This is, for instance, how eyebrows and eyelashes come to be

(PA 1115, 658b14—25):

The eyebrows and eyelashes are both for protection. .. The eyelids are at the
ends of small blood vessels; for where the skin terminates, the small blood vessels
also reach their limit. So because the moist secretions oozing are bodily, it is
necessary that — unless some function of nature stops it with a view to another
use — even owing to a cause such as this, hair from necessity comes to be in these
locations.”

Eyebrows and eyelashes come to be of material necessity and because the
formal nature did not stop*® the flow of materials in order to use it for
something else. Their presence is for (charin) protection — a function they
seem to be able to perform due to the material potentials and the structure
they have of necessity (cf. also Aristotle’s account of the omentum, a fatty
membrane covering the stomach and the intestines, in PA1V.3, 677b22—32
and my discussion of this example in section 4.3).

In short, both subsidiary and luxury parts come to be of material necessity,
but are present for a function. The formal natures of animals make use
of the extra materials, and it is this use that determines the function
of these parts and that explains why the materials are still present. The
process is teleological, because the goal-directed actions of the formal nature
determine the ultimate use that is being made of the residues, but these
uses are not realizations of a preexisting potential for form; rather, they
“emerge” from the kind of potentials the available materials happen to
have. In addition, these subsidiary and luxury parts are not strictly speaking
necessary for the execution of necessary functions, but they may contribute
to their performance, or allow the animal to perform a non-necessary
function. In either case, the parts contribute to the well-being or the living
well of the animal, rather than to its mere existence or living.

35 AL oppues kad af PAepapides dudpodTepan Ponbeias x&piv eloiv. . . of 8¢ PAepapides &mi TéparTi
PAPicov- f) y&p TO Sépua Trepaivel, Kai T& AP TrEPas Exel TOU prkous. WoT  &varykaiov
Bix T &mioUoav ikudda cwpaTikhy oloav, &v un Ti THs ¢pUoews épyov éumodion TTpos
EAANY xpfiow, kai S1& THv TolaUTny aiTiav é§ &vdykns é&v Tois ToTrOls ToUTOls YiveoHan
Tpixas.

Lennox (2001a, 192; 2001b, 42) translates this section as “unless some function of nature redirects it
to another use” (emphasis is mine) and concludes (in 2001a, 192) that the necessity involved must
be conditional. However, nature is not doing anything yet, but may szgp the flow with a view to
another use; this suggests that the operation of necessity cannot simply be a case of conditional
necessity and primary teleology. For similar examples of the formal nature of an animal refraining
from taking action in the formation of parts that seems to take place of material necessity, see
GA 1.8, 718b16-28 and GA L1, 719a14-15.

36
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Secondary teleology

Summing up, the causal processes responsible for the coming to be and
presence of both kinds of subsidiary parts are teleological in Aristotle’s
view — since all parts are present for the function they perform, but they
are not so without qualification. The formal nature of the animal assigns a
function to (1) a flow of materials or (2) a part, but only affer this material
or even the whole part has already come into being as a result of material
necessity. In the first case, nature actively uses materials that have come to be
of material necessity for the formation of parts by redirecting, distributing,
or organizing these materials, instead of throwing them away (see, e.g.,
PA 1l.9, 655a26—28; PA 111.2, 664a1—3; PA IV.12, 694a28—694b1; GA 111.1,
749b27—750a4). In the second case, nature passively “co-opts” entire parts
that have come to be solely of material necessity. It does so simply by not
intervening in the materially necessitated process, because their coming
to be will be useful for the animal (see, e.g., PA Il.15, 658br4—25 and
PA1V.3, 677b22-32).37 In neither case does the function the part ends up
performing conditionally necessitate its coming into being, even though
that function does explain why it is present (for it explains why the formal
nature of the animal retained the materials) and is thus a necessary part of
our knowledge of it (see PA Il.9, 655b1s—20).

Additionally, Aristotle oftentimes seems reluctant to say that these parts
are for the sake of something (heneka tinos) in the more technical sense, and
rather speaks in terms of something being “for” (pros, charin, eis or epi)
some function.?® Both Aristotle’s cautious use of teleological language and
his references to material necessity as a cause of coming to be suggest that
the teleology involved is “secondary,” rather than primary. While primary

37 Devin Henry argues (in personal correspondence) that the second case, in which formal natures
passively co-opt materially necessitated parts, constitutes in fact a tertiary kind of teleology, where
both the matter and the actual formation of the part occur through material necessity alone and
where there is therefore no sense in which that part can be said to have come to be for the sake of an
end. However, Aristotle’s explanations do not reflect this extra distinction. The primary distinction
Aristotle draws is between (1) parts that both come to be and are present for the sake of something
and (2) parts that come to be of material necessity but are present for something. The latter category
also includes parts such as eyebrows and the omentum (see PA IV.3, 677b22-32), in which there
appears to be no active role at all for formal natures in the coming to be. Even though their coming
to be is thus not for the sake of something, Aristotle believes that their presence still is, for it is the
goal-directed formal nature that has “allowed” the materially necessary processes to take place in the
first place. Additionally, even where a formal nature actively uses materials that have come to be of
material necessity, Aristotle will not say that those parts have come to be for the sake of something,
but only that they are present for something. The distinction between the two types of explanation
thus indicates whether a part is conditionally necessitated for the performance of a vital or essential
function, or whether it is the result of nature using extra materials for a good purpose.

38 Cf. Lennox (2001b, 291).
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teleology only pertains to individual formal natures and the realization of
their own form, I suggested in Chapter 1 that secondary teleology applies
both to the interaction within an animal between its formal and material
natures (in which the former “uses” what has been produced by the latter
for something good), and to the so-called “inter-species” teleology, where
living beings use what is available to them for their own benefit.

If my interpretation is right, then the material nature of an animal has
a much larger and more positive influence on the generation of animals
and their parts than is usually attributed to it: the material nature does
not merely constrain the realizations of parts necessary for the animal’s life
or being;? it also creates possibilities for the formal nature of the animal
to make additional, “non-necessary,” subsidiary and luxury parts that will
contribute to the animal’s well-being or even produces parts independently
of the actions of the formal nature, which allows these parts to grow. While
primary teleological processes thus guarantee life and identity to a living
being, I believe that secondary teleology is responsible for the living being’s
quality of life and its well-being.

In PA L1, Aristotle refers to the modes of teleological explanation that
pick out secondary teleology right after his example of the primary mode
of explanation that picks out primary teleology discussed above (PA L1,
640a33-35). If it is not possible to explain the parts an animal has as the
necessary conditions of some animal being the kind of animal it is, then
Aristotle believes we should rely on an alternative mode of explanation

(PA 1.1, 640a35-b4):

If one cannot [say this], [one should say] the nearest thing, namely that it is thus
either in general (because it cannot be otherwise), or that it is in a good way thus.
And these things follow. And since it is such, its generation necessarily happens in
this way and is such as it is. This is why this one of the parts comes to be first, then
that one. And similarly in this way with regard to all things that are constituted
by nature.*°

I take this elliptical passage to mean that in cases where it is not possible
to say that a particular animal cannot be without certain parts because
either (i) the function that part performs is not part of the definition of
the substantial being of the animal; or (ii) the part is not necessary for

3 On this “constraining” role of material necessity in the generation of animals, see Lennox (20012,
182—204).

4 Ei 8¢ pny, 61 dyyUTaTa ToUTov, Kai 1) 6Aws (671 &8Uvatov EAAwS) 1) KaAdds ye oUTws. TalTa
& Emetan. Erel 8 g0l TooUToV, THV Yéveow ¢di kal TolaUTny oupPaive dvaykodov. Ald
yiveTon Tp&dTOV TGV popiy TOSE, elTa TOdE. Kal ToUTov &1) Tov Tpdrov duoiws £l vy
TEOV PUCEL GUVIOTOMEVGOV.
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the performance of a necessary function, the explanations (as presented in
PA 1.1, 640a35-b1) will have to refer to material necessity and/or the good.
The “good” indicates that the feature contributes to the well-being of the
animal and hence refers to a subsidiary or luxury function.* As Aristotle
points out next, the alternative type of explanation applies to parts that
are formed at later stages in the development of the animal. The parts that
are necessary for the performance of necessary functions are first in the
order of generation (the phrase starting with “since itissuch...” in PA L1,
640b1—2 refers back to parts that are necessary for an animal on account
of its essence; the parts that come to be first are these necessary parts).
The parts that contribute to the performance of necessary functions, or
whose functions are not necessary but do contribute to the well-being of
the animal (and are therefore good) come to be next.

The expression “and these things follow” could refer to a third mode of
explanation in which references to teleology are completely absent.** This
type of explanation pertains to parts such as the spleen, residues, and some
of the animal’s affections (such as possibly eye color or pitch of voice in
some kinds of animals; see GA V.1, 778a18—21) which do not perform any
function of their own, or contribute to the function of any other part, and
come to be entirely as a result of materially necessitated processes that take
place during generation (see, e.g., PA I11.7, 669b27—670a32 and PA IV.2,
677a15-18). The coming to be of this third type of part “follows” from the
animal’s material nature.

In sum, Aristotle introduces three general modes of explanation in De
Partibus Animalium book I: explanations that pick out primary teleology;
explanations that pick out secondary teleology; and, finally, explanations
that pick out purely material necessity. I shall return to these three modes of

4" T take the necessity and the good mentioned here to refer to the causes of why an animal has certain
parts (i.e., as referring back to “on account of that it has these parts” in PA L1, 640a34), and not
to the relation between the part and the animal as such, as Code (1997, 139-142) believes. Code
distinguishes three types of parts: (i) those that follow from the definition of the animal; (ii) those
that are necessary, but do not follow from the definition; (iii) those that are not necessary, but are
present in the animal because it is good. Under this scheme, the second category only comprises
parts such as the spleen (in fact, it is the only part Code mentions as an example), which seems
unlikely. The spleen is an exceptional case in Aristotle’s biology (see PA1I1.6, 669b2s—31and PAIIL.7,
670a31-32): it does not have a proper function; it is present for the sake of symmetry; it comes to be
of material necessity; and the relation between the spleen and the animals that have it is accidental.
I also disagree with Gotthelf (1987, 189), who takes the second category to refer to those parts
that are “necessary given an essential function because it makes some necessary contribution to the
performance of that function.” For Aristotle contributory parts are never necessary (cf. PA I1L.7,
670b23—27); if they were, such parts could never be absent, and observation shows that they
sometimes are (GA 1.4, 717a11-21).

4 See Lennox (2001b, 135) for an overview of possible interpretations.
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explanation and their application in De Partibus Animalium books II-IV
in section 4.2.

3.3 “NECESSITY IS SPOKEN OF IN MANY WAYS

The problem of necessity

The positive role I have attributed to material necessity in natural gener-
ation needs further argumentation, since many scholars believe that Aris-
totle’s own discussions of the relation between teleology and necessity (in
APo 11.11, 94b27—95a3; Ph 11.8, 198bro—199a7; Ph Il.9, 199b34—200bi1;
GC 1Il.a1, 337a35-338b19; PA 1.1, 639a1—642b4, and Meta 1.3, 983a24—
984b22) deny such an independent role of material necessity in the sublu-
nary natural realm. These scholars argue that, because Aristotle denies that
there is any unqualified necessity in the sublunary natural realm, ultimately
references to material necessity in biological explanations need to be sub-
sumed under, if not reduced to, the operation of conditional necessity.¥
Building instead on Kupreeva’s analysis of necessity in Aristotle,** I shall
here argue that this view rests upon confusions about the ways in which
Aristotle uses the different concepts of necessity.

In particular, I believe that scholars have mistakenly taken Aristotle to
be talking uniformly about the nature of causalizy that governs natural pro-
cesses in his discussions of teleology and necessity, while in fact (or at least
so I shall argue) he is often rather concerned with the nature of causal infer-
ences and with the necessity that obtains between cause and effect in causal
sequences (i.e., with whether cause and effect follow each other always and
necessarily, or rather for the most part and contingently). In addition, it
appears that in some cases they have wrongly identified Aristotle’s notion
of material necessity with his notion of unqualified necessity.*

The crux for a better understanding of Aristotle’s use of the different
notions of necessity lies in what Kupreeva calls a difference between a
“causal use” and a “modal use” of necessity.*¢ Usually, and especially when

# Cooper (1987, 255-259); Lennox (2001a, 36n.38); Lennox (2001b, 233): “A single explanandum is
explained both as necessary and for the sake of protection. The necessity is presumably conditional,
but Aristotle does not make this obvious.” My account is most congenial to that of Gill (1997,
146-147).

44 Kupreeva (forthcoming).

% For the identification of material necessity with unqualified necessity, see for instance Cooper (1987,
259—60 (also 260n.20), 266); Gill (1997, 147 (also 147n.6)); and Johnson (2005, 154-155, 191).

46 A third use of necessity — which will not be discussed further in this chapter — refers to the notion of
logical implication or consequence, characterizing the conclusion of an account; see, e.g., PA111.4,
666a16-19; 31-33.
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discussing the types of cause that are operative in nature, Aristotle refers
to necessity to indicate a particular type of causality. This is the causal use
of necessity: it refers to the necessity of materials acting according to their
own material nature in a way that is either dependent on or independent of
some preexisting internal potential for form that needs to be realized (i.e.,
conditional versus material necessity). For instance, in Ph 1.9, 199b34—
200a1s, Aristotle explicates how necessity operates in natural things* that
are for the sake of something and concludes, without rejecting the necessity
of material natures altogether, that in natural generation the necessity that
is operative is not unqualified material necessity as his predecessors had
thought, but rather conditional necessity (P4 I1.9, 200a13: &€ Urobécecos
31N TO &varykoiov).

In other contexts, however, and in particular when discussing the type of
demonstration required in the natural sciences as opposed to that required
in the other theoretical sciences dealing with eternal objects (such as in
PA 11, 639b29—640a9, Ph11.9, 200a15—22, and GC IL.11, 337b14—25), Aris-
totle uses necessity to refer to a particular type of modal relationship that
holds between two either consecutive or simultaneous states of affairs in a
continuous causal sequence. This is what Kupreeva calls the modal use of
necessity:* it pertains to the question of whether a cause necessitates its
effect always, or only for the most part (i.e., unqualified necessity versus
material or conditional necessity). For instance, suppose that ice is the
solidification of water due to a complete cessation of heat (for the exam-
ple, see APo 11.12, 95a16—21). In order to provide the appropriate form of
demonstration, Aristotle wonders whether, whenever there is a complete
cessation of heat, we can be sure that there will always be, without excep-
tion, the solidification of water (for Aristotle, the complete cessation of
heat and the solidification of water are simultaneous processes). In other
words: is the relation between “complete cessation of heat” and “solidifi-
cation of water” necessary in an unqualified or in a qualified way? If the
relation is one of unqualified necessity, we can infer the presence of the
effect from the current presence of the cause (for the cause will always,
without exception, necessitate its effect). If the relation is one of necessity
in a qualified way (i.e., either material or conditional), then we cannot

47 Cf. Ph11.8, 198br1—12: et repi ToU dvarykaiou, Téds Exel év Tols puoikois. See Cooper (1987,
262).

48 Note that Kupreeva’s observation that Aristotle sometimes uses (his familiar notions of) necessity
in a modal way (i.e., in order to identify the type of necessity that obtains between cause and effect
in causal sequences) does not require us to attribute a (contemporary) notion of “modal necessity”
to Aristotle, which is a move I would resist.
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draw any causal inferences from cause to effect (for it is not absolutely
necessary that when the cause occurs, the effect occurs as well), but
only from effect to cause (given that the effect has occurred, it is absolutely
necessary that the cause has occurred as well). Aristotle is interested in the
nature of the relation between cause and effect, because it determines what
kind of causal inferences we can draw about different causal sequences, and
these inferences play a role in his theory of scientific demonstration (see
especially APo I.11-12, discussed in Chapter 6).

What Aristotle denies, then, when he claims in P4 1.1 or GC IL.11 that
there is no unqualified necessity in the sublunary natural realm, is that
causes in this realm are ever sufficient for their effects. This means that we
can never draw any causal inferences from cause to effect about non-cyclical
sublunary natural phenomena, and that our demonstrations will have to
start from effects, rather than from causes.

Let me further clarify these distinctions between causal and modal uses
of necessity below.

Three types of necessity: material, conditional, and unqualified

Since it is not possible to present a discussion of all the relevant texts here,
I shall instead offer an overview of the three main types of necessity that
Aristotle distinguishes in his natural treatises and apply this analysis to key
passages in PA 1.1, the text that is most relevant for the understanding of
Aristotle’s theory of explanation in biology.

First, Aristotle uses “necessity” simpliciter (or more specifically, the
expression “of necessity,” ex anagkés) for the most part to refer to the
causal process of coming to be in which some outcomes are necessary,
given the material natures of the things involved in that process. This is
the type of necessity that is known in the scholarly literature as “material
necessity.” Aristotle uses this expression to refer either to a certain type of
causality (in opposition, for instance, to final causality) or to a certain type
of causal chain. That is, within a materially necessitated causal sequence in
which the cause (e.g., a complete cessation of heat in water) is responsible
for the (here, simultaneous) coming to be of the effect (e.g., the formation
of ice), the expression “of necessity” signifies that it is the material nature
of the subject (e.g., water), that — in the sublunary realm, for the most
part — necessitates the coming to be of the effect (e.g., given the material
nature of water, a body of water will solidify due to complete cessation of
heat). Because material necessity does not always necessitate its effects in
the sublunary realm, the inference we can draw on the basis of the presence
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of the cause in such rectilinear materially necessitated processes is that the
effect will only come to be as well for the most part, but not that it always
does.

Second, “conditional necessity” usually refers to the kind of causal neces-
sitation involved in primary teleology, in which the things that come to
be do so because they are necessary for the realization of an end, which
is itself specified by the definition of the substantial being of something.
When used in reference to a causal chain, it indicates that the coming to be
of the prior event in that causal chain is conditional upon the necessity of
the posterior, i.e., the effect and final cause, to come to be. The direction
of necessity here works from the (prior) necessitating causes to the effect
(i.e., from the possession of a form in potentiality to the realization of that
form), although what chronologically comes to be last (i.e., the end that
constitutes the final cause) is prior in explanation. In those cases where
conditional necessity obtains, the coming to be or presence of the prior
(e.g., a foundation) is necessary only on the condition that the posterior
(e.g., ahouse) is to be realized. Inferences in these cases are one-directional:
the coming to be or presence of the prior does not always necessitate the
coming to be or presence of the posterior, and hence one can only draw the
inference that if the posterior has come to be or is present, then necessarily
the prior has also come to be or is present. In other words, the chronological
end point of the causal chain provides the starting point for the inference
to be used in a demonstration or explanation.

Finally, Aristotle mostly uses the expression “unqualified necessity” to
refer to the “absolutely” necessary relation between the prior and the pos-
terior in a consecutive causal sequence, in which the prior always, without
exception, necessitates the posterior, because the occurrence of the poste-
rior is necessary without qualification — the process of necessitation cannot
be stopped by the interference of other factors. This allows for inferences
from the prior to the posterior in those cases where unqualified necessity
obtains (for instance, in mathematics, or in cyclical natural processes): if
the prior (e.g., clouds) comes to be, then necessarily and without exception
the posterior (e.g., rain) will come to be too. As we would say, the prior
in these cases is both necessary and sufficient for the coming to be and
presence of the posterior. In cyclical processes, the inference works in both
directions, because the causal nexus is reciprocal. ¥

In some cases, Aristotle also uses the expression “unqualified” to indicate
that the necessity responsible for some outcome does not presuppose and is

49 Cf. Charles (1988, 14-17).
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Table 3.2 Causal and modal uses of necessity

Necessity Causal use Modal use

Material Outcomes are necessary, given the ~ Necessity between two items in a
material natures of the things materially necessitated causal
involved in that process; chain is qualified, because the
materials act according to their cause necessitates its effect for
own natures. the most part.

Conditional ~ The coming to be of antecedents Necessity between two items in a
is necessary, given that the end is teleologically caused chain is
to come to be; formal natures use qualified, because the
materials acting according to antecedents necessitate the end
their own natures for the that constitutes the final cause
realization of a preexisting for the most part.
internal potential for form.

Unqualified ~ Equals material (“unconditional”) ~ Necessity between two items in an

necessity; materials act
according to their own natures
independently of ends that are
to be realized.

eternal/cyclical causal chain is
unqualified, because the cause
necessitates its effect always and
without exception.

not dependent on the presence of a potential for form that is to be realized,
and that in that sense the necessity involved is “simple” or “unconditional,”
as opposed to “conditional” (see for instance Ph 1.9, 199b34—200ars). This
use, however, is less prevalent than the modal one. Unqualified necessity,
understood as a means of qualifying the necessity between two events
in a causal chain, cannot as easily be identified with material necessity,
which indicates primarily a type of causality. This is even more so, because
most materially necessitated processes in the sublunary realm are rectilinear
and allow for exceptions (the effect need not always come about), while
unqualified necessity indicates that effect follows cause necessarily and
always.

A fourth type of necessity, which I shall just mention here for the sake
of completeness, is what Aristotle calls “enforced necessity,” which causes
things to behave against nature and inclination. Aristotle mentions it in
APo 111, 95atr—2 () 8¢ Pl 1) Tapd THv Sppnv), but the notion does not
seem to play a major role in Aristotle’s natural treatises. For a schematic
outline of the three main uses of necessity,’® see Table 3.2.

5 It is unclear how exactly Aristotle’s list of five types of necessity in Meta V.s is supposed to map on
to his treatment of necessity in the natural treatises; for suggestions, see Cooper (1987, 260n.20)
and Gill (1997, 147n.6).



104 Explanation and Teleology in Aristotle

These distinctions between “causal” and “modal” uses of necessity, and
between material and unqualified necessity, are important, for it is only
unqualified necessity in a modal sense that Aristotle explicitly denies applies
to rectilinear natural processes in the sublunary realm. Aristotle explains the
difference between a conditionally necessary causal chain and an absolutely
necessary causal chain in the following text (GC 1111, 337b14—25):

If it is the case that the coming to be of something earlier is necessary if a later
thing is to be, e.g., if a house, then foundations, and if that [i.e., foundations],
then clay, does it follow that if there have come to be foundations, a house too
must necessarily come to be? Or can we not yet say this, unless it is necessary
without qualification that the latter itself come to be? If that is the case, then it is
necessary that the house also comes to be when the foundation has come to be:
for such was the relation of the earlier to the later, namely that if that one is to be,
necessarily the other one will be first. If, accordingly, it is necessary for the later
one to come to be, it is necessary also for the eatlier one; and if the earlier one
comes to be, it is accordingly necessary for the later one [to come to be too] — but
not because of the earlier one, but because it was assumed that it was necessary that
it would exist. So in those cases where it is necessary for the later one to exist, there
is conversion, and it is always necessary, if the earlier has come to be, that the later
should also come to be.”

The distinction is this: in the case of conditionally necessitated processes, of
which house-building is a standard example (see Mera VII.17, 104122330,
APo 11.12, 95b32—38, and DA L1, 403b3—7), the coming to be of the prior
(i.e., the foundations) is necessary #f the posterior (i.e., the house) is to
be, but it is not the case that once the prior has come to be, the posterior
necessarily will come to be as well (i.e., the presence of foundations does
not guarantee the presence of the house). Only if a process of coming to be
is absolutely necessary — for instance, when we posit that the relationship
between foundations and a house is necessary “without qualification” —
would the causal inference “if there are foundations, the house will be
as well” be valid. Aristotle explains that this kind of unqualified necessity
only holds for things that are eternal and/or are subjected to eternal cyclical
processes (such as the movement of the heavens, the evaporation cycle, and

' Ei 81) 16 wpdTepov dvdykn yevéoBar, i T UoTepov EoTa, olov &l oikia, BeuéAiov, €l & ToUTo,
TNAGY, &p’ oUv Kai €l BepéAios yéyovey, vdykn oikiav yevéobal; 1) oUKETL, € ut) kdkelvo &vdykn
yevéoban &rAdds: i 8¢ ToUTo, dvdykn kai BepeAiou yevopévou yevéoBan oikiav- olTw ydp fv
TO TPOTEPOV EXOV TIPS TO UoTepov, o €l ékelvo Eotal, dudykn éxkeivo TpdTepov. Ei Toivuy
&vdykn yevéoBar TO UoTepov, Kal TO TpodTepov &vdykn- kai &l TO TpdTepov, kal TO UoTepov
Toivuy &vdykn, AN oU 81 Ekelvo, SAN &T1 UTrékerTo £§ &vdykns éodpevov. Ev ois &pa 16 UoTepov
qvdykn gival, év ToUTols GuTioTpédel, kol &el ToU TTpoTépou yevouévou &vérykn yevéoBon TO
UoTepov.
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the cycle of air; see GC Il.11, 337b30—338a18). In contrast, conditional
necessity holds for the generation of animals, which is a sublunary natural
process that is rectilinear and that concerns beings whose substances are
perishable (GC IL.11, 338b6-11; 338bg9—11: “For it is not necessary if your
father came to be, that you come to be, but if you came to be, then he
came to be”).

In short, in the sublunary realm, Aristotle says that we cannot simply
draw inferences from the existence of the prior to the existence of the
posterior — especially not if those inferences are to play a role in scientific
demonstration. The difference between the two domains is that in the realm
of the heavenly bodies, where all causal chains are eternal and cyclical,
the prior always necessitates the posterior (i.e., sequences are necessary
without qualification); while in the changing, sublunary realm the prior
necessitates the posterior only for the most part (either by material or by
conditional necessity). Aristotle needs to clarify these distinctions, because
the validity of demonstrations — especially in the natural sciences — depends
on the correct representation of the necessary relation between items in a
causal sequence in those demonstrations.’> The problem of the structure
of demonstration in the natural sciences is central to Aristotle’s discussion
of teleology and necessity in PA L1, to which I shall now turn.

Teleology, necessity, and demonstration in PA L1

The discussion of demonstration in the natural sciences in PA I.1, and how
it is different from demonstration in the other theoretical sciences (that deal
with non-perishable substances), is itself part of a critique of the modes of
explanation employed by Aristotle’s predecessors, who attempted to trace
back all their explanations to necessity (PA .1, 639b21). The problem Aris-
totle finds with the materialist explanations of his predecessors, however, is
not so much that this type of explanation is wrong, or that the type of causal-
ity picked out in these explanations has no independent role to play in the
sublunary natural world, but rather that they had not made the right dis-
tinctions between the ways in which necessity in nature is spoken of (PA L1,
639b22: 0¥ Biehdpevol Trooa@ds AéyeTal TO dvaykaiov).? Aristotle puts

5 See Charles (1988, 7-8) and Leunissen (2010). For the idea that demonstrations of natural processes
are to reflect the actual order of causation in the world, see APo IL.11, 94b23—26; APo I1.12 and
APo 11.16.

53 Cf. Aristotle’s criticism of Democritus and the natural philosophers in PA 1.1, 641a5-8: “He spoke
way too simply. .. So is also the way in which the natural philosophers speak of the generations
and causes of configuration”. According to Aristotle, Democritus thought that things are what they



106 Explanation and Teleology in Aristotle

forward two types of necessity that both pertain to natural beings: “unqual-
ified necessity” and “conditional necessity” (PA L.1, 639b22—29):

The [necessity] that is unqualified belongs to the eternal things, and the one that is
conditional also belongs to all things that come to be (Ur&pyxer 8¢ TO pév &TAGDS
Tois &idlois, TO & &§ UTrobéoews kal Tols év yevéoel o), as well as to things
produced, such as to a house and to any other such thing. For it is necessary that
such material is present if there is to be a house or any other end: and it is necessary
that first this comes to be and is changed, and next [that] that [comes to be and is
changed], and so step by step up to the end and that for the sake of which each
thing comes to be and is. It is the same way too for things that come to be by
nature.

In this passage, Aristotle differentiates the domains of the natural world’*
according to the type of necessity that pertains to them, and thereby
introduces a special type of necessity into the domain of generated natural
beings. While unqualified necessity holds of the eternal, natural realm of
the heavenly bodies, among the generated natural beings there is a/so a kind
of necessity present, namely conditional necessity (this is what I take to be
the most natural reading of the particle ka7 in PA1.1, 639b23). Aristotle then
gives a characterization of conditional necessity in terms of the material
that has to be present first, and the changes that have to take place, if some
(natural or artificial) end is to be realized.

The aim of this passage is not to deny the existence of material necessity
in the sublunary realm, but to introduce a special kind of necessity in
that realm, which is conditional, and which involves a special form of
causal inference. The same holds for Aristotle’s claim in PA 1.1, 642a1—
7 that there is a third type of necessity present in things that partake
of generation, thereby adding conditional necessity to the two types of

are in virtue of their configuration and color. Against this theory, Aristotle claims that although,
for instance, a corpse has the same shape as a human being, we would not call a corpse a human
being, except homonymously, because it cannot perform the functions that belongs to a human.
The same holds for bronze or wooden hands, a drawing of a physician, or a flute made of stone: we
do not call them a hand, a physician, or a flute, because they cannot perform their proper functions
(PA 1.1, 640b29—641as5). Aristotle thus stresses that what something is, is ultimately determined
by the function(s) it performs. In Aristotle’s view, Democritus’ theory is not specific enough or is
stated “too simply,” because he failed to connect the notion of form to characteristic functions. The
deficiency in the account of the natural philosophers is that they answer the question “By what
powers is something crafted?” only in terms of the nature of the elements, but neglect to explain
for the sake of what the elements move the way they do (PA L1, 641a8-13). This is why Aristotle
concludes that these natural philosophers “did not speak correctly” (PA L1, 641a14).

54 Pace Gotthelf (1987, 170-171), I believe that the contrast between the eternal and the generated is a
contrast within the realm of the natural, and not between mathematics and the science of nature;
this is clear from the introduction of the issue (PA 1.1, 639b20: To & £ &vdrykns o¥ Tr&ow Umrdpyel
Tols KaTd $UCIY duoiws).
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necessity introduced in APo 1l.11. 94b37—95a2,” which are “natural” or
material necessity (APo IL.11, 94b37—9s5ar: 1y pév ya&p kot pUotv kai TNV
6punv) and “enforced” necessity (APo Il.11, 9sar—2: 1y 8¢ Pia 1) Top&
ThHv &ppnv).’® He does not exclude the presence of these other two types
of necessity in nature,” nor does he reduce all necessity in nature to
conditional necessity.® All Aristotle says here is that it must be this third
type of necessity that is meant by “those who speak of ‘from necessity.””

Aristotle’s explication of conditional necessity in PA 1.1, 639b26—29, is
important in this context, because it shifts the focus from causality to
causal inferences: it specifies the causal sequence and the type of inference
that belongs to (non-cyclical) generations of sublunary natural things. The
“mistake” Aristotle’s predecessors made is to have neglected the condi-
tionality of necessity pertaining to all generated things, both natural and
artificial. Thus, when giving explanations in terms of necessity with regard
to (non-cyclical) generated natural things, one should not make the mistake
of thinking that the necessity of the causal sequence is absolute (as is the case
in eternal natural processes). That is, one should not think that the prior
necessitates without exception the coming to be of the posterior, but rather
acknowledge the fact that the prior is merely a necessary precondition of
the posterior.

The distinction between the necessity involved in different kinds of
causal sequences is relevant for the discussion of demonstration proper, to
which Aristotle turns next (PA 1.1, 639b29—640a9):

However, the mode of demonstration and of necessity is different in the natural
and the theoretical sciences. These have been discussed elsewhere. For the starting

55 Rather than the five different meanings of necessity discussed in Mez V.5, pace Charles (1988, 8-10)

and Cooper (1987, 259n.19).

Interestingly, Aristotle connects these two types of necessity with teleology in APo IL.11, but without

introducing his notion of conditional necessity yet. Aristotle provides two examples, illustrating how

“itis possible for the same thing to be both for the sake of something and from necessity” (AP0 IL.11,

94b27-28). Both examples concern phenomena (i.e., light shining through lanterns in AP0 IL.11,

94b28—31, and thunder in APo 1111, 94b31-32) in which the necessity involved is material necessity

(which is not conditional upon the end for the sake of which the phenomenon is said to occur),

and in which the proclaimed purposes of the phenomena do not seem to be the proper ends or final

causes of these phenomena. (I believe that these examples illustrate secondary teleology, in which

a function or use is imposed by an external goal-directed agent on things that happen of material

necessity.) At least in this context, Aristotle allows material necessity to operate independently and

at the same time to serve some (secondary) purpose.

57" Lennox’s translations of this passage (2001b, 7: “but it is especially in things that...” and 2001a,
186: “but the third sort is present in those things which come to be”) are misleading, as they suggest
that the two types of necessity mentioned first do not exist in things that partake of generation. The
Greek, on the other hand, does not exclude this possibility, but rather emphasizes that in things
that partake of generation there is a #hird type of necessity.

5% As Balme (1972, 76-84, 100; 1987¢, 283—s) holds.
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point is in some [i.e., the theoretical sciences] what is, but in others [i.e., the
natural sciences] what will be. For: “since health or man is such, it is necessary that
this is or comes to be,” but not “since this is or has come to be, that of necessity
is or will be.” Nor is it possible to connect the necessity in such a demonstration
to eternity, so as to say, “since this is, therefore that is.” These matters too have
been determined elsewhere, namely in what sorts of things [this kind of necessity]
is present, what kind of processes convert, and for what cause.”

Demonstrations have to pick out the right kind of necessity: for most
generated natural beings, causal sequences from the prior to the posterior
can be interrupted (for the necessity is not connected to eternity), which
is why one can only draw inferences from what has already come to be to
its antecedent causes. The starting point for demonstrations in the natural
sciences® is thus the posterior, or the realized end, from which its necessary
antecedents can be deduced. The inference in natural demonstrations is
one-directional from the end to the preconditions of the end, and the
necessity to be picked out is thus conditional. For the objects of the
theoretical sciences, where the necessity can be connected to eternity and
where the sequences of causes convert, the inferences work also in the other
direction: if this is, then that too will be.®" For a demonstration to be valid,
it has to capture the “direction” of the inference in the right way.

At the end of PA L1, Aristotle offers an example of what such a demon-
stration in the natural sciences should look like (PA L.1, 642a32—642b2):

59 ANN 6 TpdTros Tijs &Trodeifecws kal Ths &vaykns éTepos éTri Te TTis puoikis kad TGOV Becopn TIKGY
¢moTnudY. EipnTon 8 év éTépois mepi ToUTwov. H ydp &pyt) Tols ptv T bv, Tols 8t TO éodpevov-
ETrel y&p Tol6vBe EoTiv ) Uyleia ) 6 &vBpwtros, dvdykn TES elvan f) yevéoBau, SAN ok érel
T8 EoTiv 1} Yéyovev, ékeivo E§ &vaykns éoTiv 1) éoTan. OUd’ EoTwv €is &iSlov ouvapTiioar Ths
TolaUTNS &Trodeifecos TNV &vdyknv, GoTe elTrely, émel TOSe éoTiv, 6T1 TOBe EoTiv. AloploTar B¢
Kad Trepl ToUTwV év £Tépots, Kai Trofols Utrdpyel Kai ol dvTioTpépel Kad S1& Tiv adTiaw.
Normally, Aristotle depicts natural science as being itself one of the theoretical sciences (see Lennox
2001b, 129; Meta V1.1, 1025b18-1026a23 and PA L1, 641b11), and distinguishes the theoretical sciences
from the practical and productive ones. In this passage, however, Aristotle singles out that part of
the science of being that is concerned with generated things from that which is concerned with
eternal things. I believe that this reading is most consistent with the preceding distinctions between
the natural generated beings on the one hand and the eternal (natural) beings on the other. Natural
science thus has to be understood in the narrow sense of the science that deals with natural beings
whose substances are perishable. For alternative interpretations, see Lloyd (1996, 29), and Johnson
(2005, 162-163).

Cf. Ph 1.9, 200a15—22, where Aristotle discusses the validity of inferences from the prior to the
posterior (and the other way around) in causal sequences dealing with mathematical objects on the
one hand, and natural, generated objects on the other hand. In some sense, inferences pertaining
to mathematical objects are similar to inferences pertaining to natural, generated things: for in
both cases, the causal sequence and the necessitation are linear and one-directional, and hence the
inference works in one direction only. What is different in the two cases is that the starting point
and the end point of the inference are reversed (this is also what the different uses in tense in this
passage point to): in mathematics, the inference is from the prior to the posterior, while in natural
generation the inference is from the posterior to the prior. See also Gotthelf (1987, 197-198).

6

s}



Introducing biology as a demonstrative science 109

One should give demonstrations in the following way: for example, breathing exiszs
for the sake of this [i.e., cooling], while it [i.e., cooling] comes to be from necessity
because of these. But “necessity” sometimes means that if this is to be “that for the
sake of which” then these must be so [i.e., by conditional necessity]; but at other
times it means that things are so in respect of their character and nature [i.e., by
material necessity]. For it is necessary for the hot to go out and come in again
upon meeting resistance, and for the air to flow in — that is already necessary. But
because the heat meets internally with resistance, the reason for the entrance of
the air from outside is in [for this use of &v compare P4 V.3, 210a21] the cooling.®*

In this example, Aristotle illustrates the structure of demonstrations in the
natural sciences, but also, and perhaps more importantly, acknowledges
explicitly the explanatory power of references to both conditional neces-
sity and the type of necessity rooted in the material nature of elements.
Breathing is for the sake of something, namely cooling, and an animal will
have to be able to cool itself if it is to live (cf. PA II1.6, 669a11—13); hence
the organs for cooling come to be by conditional necessity. However, the
circulation of air itself does not occur for the sake of something, nor is it
conditional upon some end: it happens in accordance with and due to the
element’s natures and powers. As Aristotle puts it: the circulation of air is
already (i.e., not conditionally, but materially) necessary (PA L1, 642a36:
f8n &vaykaiov), and can subsequently be used by the formal nature of
an animal for a secondary purpose (such as voice: see DA I1.8, 420b13—
20). In sum, if Aristotle’s own example® of an explanation of a natural
phenomenon refers to both conditional and material necessity, we should

expect his actual explanations to include references to material necessity as
6
well.*

62 Aeiktéov 8 oUTwos, ofov &T1 EoT1 piv 7 &varrvon Toudl x&piv, ToUTo 8¢ yiyverton Si T&de £§
qvaykns. H 8 &vaykn 6T¢ ugv onpaivel 8T €l &keivo EoTan TO oU éveka, TaUTa &vérykn éoTiv
gxew, 6TE 8 611 EoTiv 0UTws EyovTa Kai TepukoTa. T Beppov ydp dvarykaiov E§iévar kad TTéALY
elorévar &vtikpoUov, Tov & &épa elopeiv. ToUTto & 81 dvaykaidv éoTiv. ToU évtos 8¢ Bepuol
&VTIKOTITOVTOS, 8V T7) WUGel ToU BUpabev &épos 1) elcodos. Cf. PA L1, 642a13-15.

However, as Lennox (2001b, 151) points out, this example does not exactly represent Aristotle’s own
account of the mechanics of breathing as he describes it in Juv 27, 480a25-b4. Of course, it is not
uncommon for Aristotle to use examples that draw from common beliefs, rather than from his
own theories (cf. Balme 1972, 101), but this does not mean that Aristotle is not committed to the
general pattern of explanation — especially since he is giving an example of good practice. Bos and
Ferwerda (2008; 189-196) suggest that the main subtext for Aristotle’s example is Plato’s account of
respiration in 77 78d and 79d: under this interpretation, Aristotle acknowledges the causal influence
of material necessity in the process of respiration as described by Plato, but corrects him for having
neglected teleology: ultimately, it is the function of cooling that explains why breathing takes place
in animals.

64 Cf. Cooper (1987, 257-258).
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3.4 CONCLUSION

Building upon key passages in Aristotle’s natural treatises, this chapter has
outlined an interpretation of Aristotle’s theory of teleological explanation
in De Partibus Animalium book 1 that integrates both conditional and
material necessity, and that lays out three basic modes of explanation for
biological phenomena.

I have argued that in his explanations Aristotle picks out (roughly speak-
ing) two types of teleology that go together with two types of necessity:
primary teleology with conditional necessity, and secondary teleology with
material necessity. Parts are always present in the animals that have them
because of the function they perform, but their coming to be is due to
either one of two different kinds of necessity in interaction with different
kinds of actions performed by the formal nature of an animal. Sometimes
nature conditionally necessitates the coming to be of the part’s constitutive
materials and generates that part; at other times it uses materials that are
already available due to material necessity for something good, or simply
lets materially necessitated processes take their own course in the formation
of structures, because they are beneficial for that animal. All these processes
are teleological, but not in the same way, and accordingly, explanations of
biological phenomena will have to pick out either primary or secondary
teleology. In a small number of cases, material necessity will cause the
generation of non-functional features that are not discarded by the formal
nature of an animal; explanations of these cases will therefore only pick out
material necessity, constituting the third and final mode of explanation.

The integration of material necessity in secondary teleological expla-
nations lends support to the view that Aristotle’s theory of teleology was
not developed for the sake of replacing the materialist explanations of his
predecessors.®® For Aristotle, material natures usually operate under the
constraints of teleology, but not always, and not every feature of an animal
is a realization of a preexisting internal potential for form. When Aristotle
restricts unqualified necessity to the eternal realm of the heavenly bodies he
does not thereby deny the existence of material necessity in the sublunary
realm. He rather points out that in causal sequences that take place in
the heavenly realm the prior always necessitates the coming to be of the
posterior, because the coming to be of the posterior is necessary “without
qualification.” In the sublunary realm the posterior in a causal sequence
is (unless the sequence is circular) never necessary “without qualification,”

% First put forward by Sauvé Meyer (1992, 794—795; 820-825).
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whether it is necessitated by conditional necessity or by material necessity —
afact that has repercussions for the structure of demonstrations to be offered
in the natural sciences.

The role of material necessity in the sublunary realm is therefore not
confined to the negative part of constraining the realizations of ends in
natural beings. It also has a more positive role to play, in that it provides
extra possibilities — “extra” in the sense that the possibilities are not already
given with the soul a certain kind of animal possesses — for the realization
of features that may contribute to the animal’s well-being. Nature does
more than just provide the means for living — if possible, it also provides
the means for living well.



CHAPTER 4

Explaining parts of animals: the practice of
teleological explanation in the De Partibus

Animalium //-1V

4.0 INTRODUCTION

This chapter investigates Aristotle’s application of his theory of natural
teleology in the actual explanations he provides in the biological treatises.
My discussion draws mainly on the heuristics and explanations Aristotle
displays in De Partibus Animalium 11-1V, but I complement this account
where appropriate or necessary with examples from the other biological
treatises.

I shall first, in section 4.1, provide some introductory remarks about
the organization of De Partibus Animalium books 1I-1V and Aristotle’s
basic heuristic strategies for the formulation of predominantly teleological
explanations. In section 4.2, I turn to those cases in books II-IV where
Aristotle’s usual heuristic strategies prove insufficient and where he engages
in a series of inferences building upon the postulation of a teleological
principle, such as “nature does nothing in vain,” before or while formulating
the actual explanation. I argue that these principles are part of Aristotle’s
method of discovery and that they function predominantly as heuristic
tools for the identification of causally relevant features when these are not
immediately discernible. Note that I am 7or making the claim here that
Aristotle’s entire theory of natural teleology serves a heuristic function;'
instead I suggest that his wuse of teleological principles is best characterized
as serving such a function. I take it that the (final) causes these principles
help discover are all non-eliminable features of the biological world, which
are realized through the goal-directed actions of the formal natures of
animals. Finally, in section 4.3, I present an overview of the basic patterns
of explanation Aristotle uses in books II-IV to account for the presence,
absence, and differentiations of animal parts and specify the causal and
explanatory role of final causes therein.

' For this view, see Wieland (1975), Nussbaum (1978), and Sorabji (1980); for my realist interpretation
of Aristotle’s theory of natural teleology, see also Chapter 1.
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Together these sections provide a comprehensive account of the struc-
ture, use, and explanatory force of teleological explanations in Aristotle’s
biology, both those that involve the application of teleological principles
and those that refer immediately to final causes.

4.1 THE ORGANIZATION AND HEURISTIC METHODS OF
DE PARTIBUS ANIMALIUM BOOKS II-IV

The project and organization of De Partibus Animalium books II-1V/

The focus in De Partibus Animalium is, as the title of the treatise indicates,
not on individual animal kinds, but rather on the distribution and con-
figuration of their parts.*> There are no entries on specific animal kinds,
and instead of naming all the individual animal kinds with which a certain
presence, absence, or differentiation of a part correlates, Aristotle refers to
the cluster of differentiae that characterize the entire group of animals or
to the name’ of the widest class of animals that have the part. The precise
extension of the correlation between features and the animals that have
them is usually left open.* Species are only singled out when they exhibit
unique differentiations or otherwise anomalous features (note that there
are relatively few animal species that are mentioned by name in De Partibus
Animalium).

This focus on parts guides both the overall organization of De Partibus
Animalium and the organization of the explanations themselves. Aristotle
seems to follow two principles of exposition. First, following the teleological
hierarchy between parts, he discusses — part by part — first the uniform parts,
then the non-uniform parts. Second, the discussion of the non-uniform,
external parts takes human physiology as a starting point (P4 I.10, 656a9—
14; cf. HA 1.6, 491a19—26; for the internal parts Aristotle is forced to rely
on analogies with animals close to human beings; see HA 1.16, 494b19—24),
and works from top to bottom: separating the blooded animals from the

This does not mean that the animals to which the parts belong are unimportant: parts are only truly
(and not merely homonymously) parts when they belong to a living being and are able to function
for the sake of its life and well-being. Parts and their differentiations are explained first and foremost
in terms of the functional contribution they make to the animal as a whole.

3 Sometimes this class has no preexisting name, as is the case with “lung-possessors”: PA111.6, 669bio—
13 (669b10: AN’ &vcovupov TO Kowdy T alTAV).

Cf. Lennox (2001a, 70n.31).

For instance, the Indian ass and the oryx are singled out for having only one horn, while the majority
of animals with horns have two (PA I11.2, 663a21—23). Cf. Balme (1987b, 88) on the famous case of
the mole.
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bloodless, Aristotle first covers all the parts located on or around the head,
then the parts located around the heart, and finally the limbs.

The organization of De Partibus Animalium books II-IV runs as fol-
lows. Aristotle opens book II with an elaborate and general discussion of
the uniform parts (PA 11.1-9), focusing on their teleological relationships
to other parts, their distinctions (based on whether they have soft, moist,
dry or solid material potentials), their role in the animal’s body, and their
influence on the animal’s character. He then moves on to a discussion of
the external, non-uniform parts. First (in PA I1.10-111.2), Aristotle discusses
the non-uniform parts that are located on the head of blooded animals,
such as the organs of sense perception, kinds of eye protection (eyelids,
eyelashes, and eyebrows), and the mouth. Next (in PA I11.3-V1.4), moving
down from the neck, Aristotle turns to a discussion of all the znternal,
non-uniform parts located around the beart, such as the heart and blood
vessels, lungs, liver, and other viscera. At this point, Aristotle moves to a
discussion of the external and internal non-uniform parts of bloodless animals
(mainly the crustaceans and insects; PA V1.5—9), limiting his discussion to
the features that are different in the bloodless animals from the blooded
ones. Having discussed the bloodless animals, Aristotle returns to his expo-
sition of the remaining external, non-uniform parts of blooded animals (PA
VI1.9-13). Here Aristotle’s organization of his discussion of parts is more
intrinsically connected to the kinds of animals that have those parts: he
first discusses the parts left unexplained in the live-bearing animals, then
in the egg-laying animals, and finally in birds and fish. Aristotle ends his
explanation of parts by a brief discussion of animals that dualize between
two natures, such as dolphins, whales, seals, bats, and the Libyan ostrich
(PA IV.13-14). At the end of his treatise, Aristotle sums up the general
aims of his investigation in De Partibus Animalium and refers forward to
the project recorded in De Generatione Animalium (PA1V.14, 697b26—29):
“About the parts, then, the cause owing to which each is present in the
animals has been stated, of each of the animals in turn; these things hav-
ing been determined, the next step is to go through the facts about their
generation.”

Within this larger organizational structure, the actual explanations pro-
vided observe the following format:®
1. Identification of part P;

2. Identification of the widest kind of animals (A;_,) to which P belongs;

¢ For explicit statements about Aristotle’s explanatory project, see the references in Lennox (20013, 5)
and PA 117, 653bg—18; PA I11.4, 667b12—14; and PA V.14, 697b27-30.
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3. Explanation of why P belongs to each A that has P, by identifying the

cause(s) of the coming to be and presence of P in A;

4. Explanation of why P is absent in those animals in which the presence
of P could have been expected;

. Identification of the differentiations of P (AP);

. Identification of the widest kind of animals (B,_,) to which AP belongs;

7. Explanation of why P is differentiated the way it is in each kind of

animal that has B, by identifying the cause(s) of the differentiation of P

(AD).

The investigation of why a certain part is absent (mentioned in the
list above as item 4) is usually prompted by some form of comparative
observation or analogical reasoning.” The question why snakes have no feet,
for instance, is prompted by comparative observation: all blooded land-
dwellers possess feet, except for snakes (which belong to this wider kind
of blooded land-dwellers), and hence this absence needs to be explained.
The investigation into the absence of outer ears in birds is prompted by
analogical reasoning: all human beings and four-footed live-bearing and
egg-laying animals have outer ears, and are blooded, just like birds. And
given that birds do have auditory channels, it is reasonable to expect birds to
have outer ears as well. In short, when an animal lacks a part that has been
observed to be present among all the other kinds of animals that belong to
the same wider class, or when an animal only possesses one of the two parts
that are usually observed to be present together, this immediately leads to
the question of why this particular animal lacks the part in question.

I shall discuss Aristotle’s heuristics for the discovery of the causes of such
“significant” absences in section 4.3; for the present purposes it will suffice
to outline Aristotle’s basic strategies for the formulation of explanations of
the presence and differentiation of parts.

A\

Aristotle’s basic heuristic strategies

Aristotle is not usually very explicit about his methods for the discovery of
the causally relevant features that are to be picked out in his explanations,
but his remarks indicate that for the most part he relies on the following
two strategies.

First, causally relevant features, and in particular functions, can usually
be detected by visual inspection of the part in question.® This is because

7 Cf. Lennox (2001a, 214).
8 See also Bolton (1997, 118) on final causes being “better known to us.”
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a function is often simply the (regular and good or beneficial) “work”
performed by a part when used. Aristotle frequently refers to observa-
tions in the presentation of his findings in the biological works: external
parts are available for immediate perceptual scrutiny (see, e.g., PA 118,
653b3o—31; PA 1ll.14, 674a12—13; PA V.10, 689a20—21; cf. HA 1.6, 491223
and GA 1l.4, 740a5—6), whereas the causal features of internal parts can
be revealed through dissections (see, e.g., PA IV.5, 679b3s—680a3; PA
I1.7, 652b3—6; PA 1ll.4, 667b1o—13; PA 1lIl.5, 668b27—30; and HA .17,
497a30-35).

Second, there are cases where the explanation of the presence of a part
involves nothing more than to link it to one of the functions already
specified in the definition of the animal’s substantial being, and then exhibit
it as a necessary prerequisite for the realization of that function. Once the
full and real (as opposed to the nominal) definition of an animal has been
established through division, the per se functions and the parts that are
necessary for their realization follow from that definition. For instance,
“animal” is defined by its perceptive capacity, and from this, Aristotle
claims, it follows that it necessarily has a heart, the primary perceiver
(PA 1114, 666a34—s), and flesh, the organ of touch, which is the primary
mode of perception (PA 11.8, 653b22—23). The causally relevant features in
these cases (i.e., the form of the animal and the functions it specifies) are
already known, and Aristotle only needs to identify which part performs
the function in question.

The use of observations and definitions is complemented by either one
of the following two “search strategies”: Aristotle either specifies the widest
class of animals to which a particular part belongs (thereby subsuming
“lower” species under a “higher,” more extensive kind; cf. AP0 I1.13, 96a20—
38), or attempts to identify the particular combination of differentiae that
correlates with the presence of a part within a particular species.

(Note that these two patterns largely coincide with what Lennox labels
A-type and B-type explanations.® Although I grant that my distinction is
somewhat artificial, I prefer to treat these strategies primarily as heuristics
and only secondarily as explanations, because in most cases they present
an intermediate stage between the identification of explananda and the
exposition of the ultimate and complete explanation. I do not wish to deny
that this intermediate stage also carries some explanatory power and even
constitutes an explanation — of the preliminary sort — in itself, but I believe
that there is a deeper level of explanation possible that Aristotle is ultimately

9 See Lennox (2001a, 7-38).
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searching for and which cannot always be immediately identified with the
application of these strategies as such.”)

The first strategy, the identification of the widest class of animals that
has a particular part, allows Aristotle to #nify animals with a particular
feature under the same form (or definition of their substantial being) or
under the same material nature. The identification of the widest class thus
helps to demarcate what formal or material features are shared by all the
animals within this wider kind, and which are thus most likely to be the
causally primary facts to be picked out in the full explanation. The class
to be identified can consist of one of the “major genera” (i.e., live-bearing
four-footers, egg-bearing four-footers, birds, fish, cetaceans, cephalopods,
crustaceans, testaceans and insects; sometimes human beings also count
as a separate genus), but also of one of the other classes (e.g., blooded
or bloodless; terrestrial, aquatic, flying or stationary; or even “lunged” or
“horn-bearing” animals).

Take, for instance, Aristotle’s discussion of the viscera (in PA IIL.4,
665a27—31). From the outset Aristotle indicates that having viscera is dis-
tinctive of blooded animals (181 Tév évaiuwv), while none of the bloodless
animals have them (Tév & dvaipwy 0¥ty Exel omA&y)Vvov); the widest
class to which viscera belong primitively is thus identified as the class of
blooded animals. The presence of viscera in all the animals that have them
correlates with the availability of the constitutive material of viscera, i.e.,
blood, in these animals (cf. PA I1.1, 647a34—b9). Animals with viscera thus
share the same material nature, which in turn is determined by the defini-
tion of the substantial being these animals have (P4 IV.s, 678a31-35). It is
this commonality in their form that ultimately explains why all and only
those animals have viscera.

In the case of animals that “dualize,”™ the identification of the two
wider kinds to which these animals tend not only helps to find the causally
primary fact that accounts for the presence of a part (e.g., in PA III.6,
668b32—669a14 the identification of dolphins and whales as breathers of
air helps to explain the presence of lungs in these animals, which seems
paradoxical for animals that do not dwell on land), but also reveals absences
of parts that require explanation. In the latter case, Aristotle takes the two

»I1

° Cf. also Lennox (2001a, 67-8n.16) and Gotthelf (1997a, 94n.23).

™ The expression in Greek is érapdoTepiler TV pUoiv. Balme (1987b, 85-86) defines “dualizers” as
animals that “tend to both sides of a division” and therefore escape precise grouping; they partake at
the same time in both forms and in none of them (24 IV.13, 697b1-3): “because of tending towards
both sides. . . on this account they partake of both and neither” (81& T6 émapgoTepiew. . . Sik
ToUTO &UPOTEPWY Te HETEXOUTT, Kol 0UBETEPLOV).
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widest classes to which an animal tends as a starting point, deduces what
parts should be present if the animal were in fact a full member of both
classes, and finally matches his “thought experiment” with the parts actually
found in the animal under discussion. Without this search strategy, some
explananda (such as the absences of both tails and buttocks in apes; see
PA IV.10, 689b31—34)" would have escaped Aristotle’s notice.

The second strategy is employed when a feature seems to belong to
a particular animal kind in virtue of being the specific kind of animal
it is. Aristotle then searches among the animal’s differentiae in order to
detect the one differentia or combination of differentiae that correlates
with and therefore possibly accounts for this feature’s presence. Note again
that here the boundaries between “heuristic strategy” and “explanation”
become somewhat fuzzy, because in many cases the identification of the
correlating differentia(e) is the full explanation of the feature in question;
in some cases, however, and especially when there are several differentiae
involved, the explanation may not be complete until the causal hierarchy
of the relevant differentiae has been established as well.

It is hard to find examples of the application of this strategy where the
identification of the causally relevant differentia also immediately yields the
explanation of the presence of a part;” the strategy seems mainly successful
in discovering the causes of the differentiations of parts. Since differentia-
tions for the most part serve the functional optimization of a part in the
particular kind of animal that has it, these differentiations will be inti-
mately connected to the animal’s specific material or formal nature (see
PA 11.2, 648a13-19 and my discussion of this text in section 4.3 below),
rather than to its generic nature.”* For instance, whereas an elephant has
a nose in virtue of being a breather of air (i.e., in virtue of being part of a
wider kind that universally possesses noses as a necessary prerequisite for
the performance of a necessary function), it has the specific nose it has in
virtue of possessing a unique combination of differentiae, several of which
turn out to be causally primary (namely being a land-dweller, a swamp-
dweller, blooded, and having a large size; see PA 11.16, 658b32—659a35)."

For this example, see Lennox (1987a, 108). Cf. the case of seals and bats in P4 IV.13, 697b1-13 and

of the river crocodile in PA IV.11, 690brg—24.

3 For an example of a “mediated” explanation of a presence of a part, see PA IV.10, 689br—31: the
discovery that having a tail correlates universally with being four-footed points to the causally basic
fact that four-footers are dwarf-like and are hence in need of protection of their residual outlet,
which is provided by the presence of tails.

4 Lennox (2001b, 331) aptly speaks of “adaptation explanations” in this context.

Elephants have long trunks because they need an organ that allows them to breathe air while being

in the water looking for nourishment (being both swamp-dwellers and land-dwellers, elephants get

their nourishment from the water, but because of their large size they can only move very slowly,
and need an instrument to breathe while in the water). The special use that elephants make of
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Being the specific kind of animal it is, the elephant needs to realize its vital
function of breathing air in a specific way, and by making the nose long,
nature enables the elephant to do this (i.e., the formal differentiation of
this particular breather requires a functional differentiation of the nose,
which is realized by adding length).

For the most part, these two strategies suffice for the generation of
explanations. When they do not, Aristotle applies a third and alternative
heuristic strategy: the use of teleological principles.

4.2 ARISTOTLE’S USE OF TELEOLOGICAL PRINCIPLES AS
HEURISTIC TOOLS

The status of teleological principles as hypotheses in the natural sciences

Teleological principles, such as “nature does nothing in vain,” consist of
generalizations over the goal-directed actions of the formal nature (or soul)
of an animal while engaged in animal generation. The principles stand
out from other sentences describing the actions of the formal natures of
animals by their appeal to the universality of the actions described: it
is posited that in generating the animal and its parts, the formal nature
(for instance) @/ways does what is better or best, or never does what is in
vain, and that these actions take place in contrast or in addition to what
happens “of necessity.””® The principles are thus causal characterizations
of the actions of formal natures at the most general level possible. 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 ontological force.

Although Aristotle does not tell us much about how he conceptualizes
their role in the natural sciences, we are reasonably well informed about
their scientific status.”” There are two important passages in which Aristotle
refers to these principles as “hypotheses” (or “suppositions”), while offering
some additional insight into their scope and nature. The first passage

this trunk (i.e., they use it for grasping) is a case of secondary teleology, in which nature makes
use of the trunk’s softness and flexibility (which are conditionally necessary for the trunk to be
long) for a second purpose (PA 11.16, 659a20—23): “Since the trunk is such [i.e., has the right
material potentials], nature, as usual, uses the same parts for several things, [here using] it in place
of the use of front feet (Ur&pEoavTos olv ToloUToU TOU WUKTFPOS, ) PUCIS TTapaKaTaypfiTal,
koB&Tep lcbev, &l TAelova TOTs alTols popiots, &vTi Tfis TGOV Tpoobicv Toddv X peias).” On
the elephant’s trunk, see also Gotthelf (1997a).

For Aristotle’s use of value terms in these principles, see Gotthelf (1988).

7 On the nature and scientific status of teleological principles, see Lennox (2001a, 182—204). My

account here draws heavily on his analysis.
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indicates that the scope of such principles is the whole science of nature
(IA 2, 704b12—70522):

The starting point of our investigation is achieved by positing [principles] that
we are accustomed constantly to use for our science of nature, assuming that this
is the way in which things are in all the works of nature (&pyt) 8¢ Tfjs okéyecos
Utrobepévots ois eldobapev Xpfiobal ToAAGKLS TTpds THY Yébodov THV GucIKnv,
AaPovTes T& ToUTOV EYOVTA TOV TPOTIOV €V TTAO1 TOIS TS PpUcEws Eépyois). One
of these is that nature does nothing in vain, but always, given the possibilities, does
what is best for the substantial being of each kind of animal; therefore, if it is better
in a certain way, that is also how it is by nature. Next, we must posit [as principles]
the dimensions of magnitude as many and of whatever kind belong to whichever
kind of animal . . . Further, [we must posit] that the sources of movements in place
are thrusts and pulls.

Each of the principles mentioned in this passage posits “that something is
the case or is not the case,” which according to the distinctions made in
the Posterior Analytics indicates that these posits are hypotheses rather than
definitions (AP0 1.2, 72a19—21): “A posit that assumes either of the parts of
a contradictory pair, I mean that something is the case or is not the case, is
a hypothesis” (cf. also APo 1.10, 76a31—37 and 76b3—23).

Whereas definitions demarcate the subject domain of a particular investi-
gation at hand, hypotheses are propositional assertions about this domain.
The hypotheses are used in the context of the De Incessu Animalium,
because they are assumed to apply to “a// the works of nature™™ they
pertain to everything that has a formal nature, which includes both the
sublunary animals and the heavenly bodies.

In the second passage that is relevant for our discussion, Aristotle uses
a teleological principle to explain why teeth come to be at the precise
moment they do, and indicates that the source of these principles lies in
empirical evidence (GA V.8, 788b20—24):

But since we suppose — making suppositions based on the things we observe (¢ei
8¢ TV ¢pUotv UroTiBépeda;, £§ v Spdpev UtroTiBépevol) — that nature neither
falls short, nor produces anything pointless among the possibilities in each case,
it is necessary for animals that are to take in nourishment after suckling to have
instruments for the chewing of food.

For Aristotle, the ability to lay down hypotheses correlates with the amount
of experience one has with the domain of investigation, and in the natural

8 The De Incessu Animalium passage suggests that the three principles mentioned are only a subset of
all the principles we should already be familiar with (perhaps from having worked through other
biological treatises); Aristotle singles out these three in order to provide the appropriate framework
for the explanation of animal progression.
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sciences this experience is the result of the accumulation of observations,
preserved by memory (see GC 1.2, 316a5-10 and APr 1.30, 46a17—27)." In
other contexts, Aristotle points out that domain-specific principles con-
cerning perceptible phenomena (such as the teleological principles under
discussion) are empirical in a double sense (see especially Cae/I11.7, 306a5—
17). Not only do they need to be derived from perceptible phenomena,
they also always need to be checked and judged against what is actually
perceived.*® The implication is that if the principles cannot successfully
account for the observations as they stand, they must have been assumed
wrongly, and should be rejected (cf. GA 1115, 756a2—s; GA 111.10, 760b28—
33; and NVE 1.8, 1098b11—12). The teleological principles are empirical in
nature, just as the theory of teleology itself is empirical.**

The role of teleological principles in explanation

As for their role in the natural sciences, Lennox has made it clear that these
principles are no mere slogans, written down by Aristotle to remind his
readers of his commitment to the teleology of nature; nor are they expres-
sions of Aristotle’s supposed demiurgic or cosmic conception of nature.”
Rather, as is evidenced by the two passages discussed above, we should
consider these teleological principles to play an important explanatory role
in Aristotle’s science of nature. In fact, so Lennox argues, these principles
are explicitly used as premises in the explanations recorded in De Partibus
Animalium.>

This may well be the case for the way Aristotle uses teleological prin-
ciples in some pre-scientific contexts, but I believe that their role in De
Partibus Animalium (and perhaps also in the other biological works) is
better described as that of a heuristic tool that points towards the ult-
mate explanation of some phenomenon, where this ultimate explanation
is to be reconstructed without the teleological principle figuring as one
of its premises. As I shall argue in the sections below, Aristotle invokes
teleological principles in those cases where simple, immediate observa-
tion and the use of definitions do not yield the required (final) causes.
These principles are then used to generate a set of inferences that will
lead to the identification of the causally relevant features, and these fea-
tures are then to be picked out in the ultimate, syllogistic explanation.

9 Cf. Kullmann (1990, 338—340). 2° Matthen and Hankinson (1993, 421).

* Gotthelf (1987, 214, 229). Cf. Resp 10, 476a13: “[Slince we see (5pédpev) that nature does nothing in
vain.”

22 Lennox (20014, 182—204). % Lennox (2001a, 211-218).
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Of course, this set of inferences, which includes the postulation of a tele-
ological principle, is part of the larger explanatory account of some fea-
ture, and the teleological principles themselves are certainly not devoid of
explanatory content (they are, after all, as I indicated above, causal char-
acterizations of the actions of the formal nature at the most general level).
My claim is merely that these principles are not part of the demonstrative
explanation properly speaking, but function rather as intermediate steps
towards it. My considerations for proposing this refined explanatory role
for teleological principles in the production of Aristotelian explanations are
threefold.

First, I believe that, consistent with Aristotle’s theory of science as set out
in the Posterior Analytics and with his recommendations for how to provide
explanations in the science of nature in PA 1.1, the implicit structure of
many of the explanations Aristotle provides in De Partibus Animalium
is that of a demonstrative syllogism, which is of the form AaB, BaC, ..
AaC.** This pattern, of course, does not exhaust all the possible forms of
explanation that can be used in biology, but given Aristotle’s discussion
of it in PA L1 (see especially PA L1, 640a3—6 and my discussion of this
text in Chapter 6), it might well be the most “scientific” one. However,
since the teleological principles are propositional in form (the principles are
hypotheses that posit that something is or is not the case, and hypotheses
are “among the propositions”: see AP0 1.2, 72a20 and APo I.10, 76b35—37),”
they do not fit well into the formal structure of a demonstrative syllogism,
which requires premises to have a universal predicative structure.*® Even
if the principles are part of the partial or informal explanation of some
phenomenon,”” the formal requirement of the demonstrative syllogism

>4 See Lennox (20013, 5-6; 2001b, 206); see also Chapter 6.
5 Pace Charles (2000, 72n.20) and Lennox (2001a, 209) who take AP0 L.10, 76b36 (&AN &v Tods Trpo-
T&oeotv ai Urobéoels; “the hypotheses are among the propositions”) to mean that the hypotheses
are among the premises of demonstrations, and Gotthelf (1987b, 185-194), who uses the terms
“principle” and “premise” interchangeably for all three types of principle he distinguishes in Aris-
totle. Goldin (1996, 54, 54n.26), on the other hand, argues that in APo I.10, 76b36 “hypotheses”
means “premises,” and that accordingly the claim is that “premises belong to the propositions.”
believe that Aristotle’s use of technical terms in APo I.10 is consistent with his introduction of these
terms in APo L2, and in the latter context “protasis” means proposition; cf. Barnes (1993, 97-8). In
short, Aristotle says here that the hypotheses are among the propositions, which does not imply
that they are also among the premises.

This is especially clear in the case of disjunctive principles: “doing everything because it is necessary

or for the better” is not the kind of predication that Aristotle typically uses in the Analytica Posteriora.

On this issue, see also Detel (2006, 255—256).

7 As Lennox (2001, 6, 36n.37) points out, such informal explanations often contain important
content that will be lost in the ultimate, syllogistic demonstration, and I acknowledge that they
play a crucial role in our process of learning about biological phenomena; however, at the level of
strict demonstration, they no longer play a role.

26
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(to which I believe Aristotle adheres at least to some extent in De Partibus
Animalium) thus makes it unlikely that they can be part of the explanation
properly speaking.?®

Second, since these principles are generalizations of the actions of formal
natures, they cannot (because of their universal nature) exhibit the most basic
or primary causal fact of each particular biological phenomenon — and the
latter is what is picked out in the ultimate explanation of that phenomenon.
Reconstructions of the demonstrative syllogism in which “what is best” or
“what is in vain” function as middle terms would in the theory of the
Posterior Analytics resemble explanations that “are stated extravagantly” in
that the middle terms are too far away to carry much explanatory force (see
APo 1.13, 78b28—31; cf. Ph 11.3, 19sb21—25 and GA 11.8, 747b27—748ar5).
They would provide explanations only of a very unspecific and weak kind.
It would also make Aristotle’s explanations vulnerable to objections of
being ad hoc and circular, since by using a predicate such as “what is best”
as a middle term one can demonstrate an animal to have any feature it
has because it is best, whereas the real issue for Aristotle is to get to know
whether a certain feature is actually “what is best” for a particular kind of
animal and if it is, why it is so.

Third, the twofold nature of teleology itself (as discussed in Chapter 3)
implies that teleological explanations in De Partibus Animalium need to do
more than merely identify some feature’s final cause: a complete explanation
will also reveal whether it is a formal or a material factor that is primarily
driving the realizations of functions (i.e., whether the underlying causality
is that of primary or of secondary teleology), and whether that feature is
immediately necessary or rather subsidiary to the animal that has it. The
complex causal relations between animals, parts, and functions demand
heuristic strategies that go beyond immediate observation and division.

In other words, while I believe that teleological principles in De Partibus
Animalium provide the framework within which the causally relevant facts
can be detected, and as such are certainly part of the larger explanatory
context, they do not specify these facts themselves. Their function in
De Partibus Animalium books II-1V is therefore mainly heuristic. 1 shall
argue for this interpretation in the section below through an analysis of
Aristotle’s actual use of teleological principles in the biological works.

2 Cf. Gotthelf (1997a, 89), who — in drawing a diagram of Aristotle’s explanation of the elephant’s
nose in PA I1.16 — places the teleological principles “in a horizontal box at the bottom, to indicate
their role in underwriting the explanations, without indication as to how exactly they do.”
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Examples of the heuristic use of principles of “optimal production”

There are at least three different kinds of teleological principles operative in

Aristotle’s De Partibus Animalium, which are all used in specific explanatory

contexts and ascribe different kinds of goal-directed actions to formal

natures.

One type of principle concerns the distribution of parts over the animal’s
body, and posits that nature — if nothing prevents it — always places parts
at the most valuable® location possible, while at the same time safeguarding
the balance or symmetry between the two halves of the body (along the
three dimensions: up and down, left and right, front and back), such
that each part has a counterpart. Aristotle uses this type of principle to
generate teleological explanations of why parts are located where they are:
the principles help to identify what aspect of the animal’s material or formal
nature explains why the part’s location is the best possible for this kind of
animal.’°

A second type of principle concerns the number of parts an animal has,
and posits that nature always assigns or gives as many parts to an animal
as are both necessary and sufficient for it to function. Nature’s actions in
giving parts to animals are always economical: if possible, animals have one
part for the performance of each function (and never more than one), but
if necessary, nature will use the same part for multiple functions. Aristotle
uses this principle to generate teleological explanations of why animals
have the number of parts they have by relating this number to some aspect
of the animal’s material or formal nature.”

Ultimately, these two types of principle are variations of the principle
that “nature does nothing in vain, but always, given the possibilities, does
what is best for the substantial being of each kind of animal.”® This
" For the notion of the most honorable as linked to biological functions, see P4 IL.10, 656b22—25;

PA 1113, 665a13—15; and PA IV.7, 683b19—24; see also IA 4, 705a29-bs, IA 4, 706a21-25, IA 5,

706b12-16. Cf. Lennox (2001a, 266—272).

3 T call these principles “principles of balanced distribution.” They are used in, e.g., PA 1L.7,
652a30—33; PA 1110, 656b27—657a12; PA 11.14, 658a18—24; PA 111.3, 665223—26; PA I11.4, 665b18—21;
PATIL.6, 669b18—26; PA 11l.10, 672b19—24; PA V.11, 691a28-b4; and PA IV.12, 695a9—-13; cf. also
GA 1.8, 718b2s-b29; GA Lu, 719a13-15; GA 1L1, 73223-8; IA 2, 704b18—22; Cael 11.2, 284b10;
Cael11.2, 285a11; Cael 111.4, 303b2.

3 T call these principles “principles of economical assignment.” They are used in, e.g., PA IL16,
659a20—22; PA 1111, 661b28—31; PA 1111, 662a18—24; PA 1112, 663a17-18; PA IV.6, 683a19—25; PA
1V.7, 683bs—7; PA IV.10, 689a4—15; PA IV.8, 684a27—30; and PA V.10, 687a10-15; cf. also GA L1,
716a24—27. Note that parts that come in pairs, such as eyes, ears, lungs, and kidneys, are no exception
to the “economical” workings of nature: these parts are one in form, but double in structure because

of the doubleness of the body: see PA IL.10, 656b32—~657a10 and PA I11.7, 670a4—7; Lennox (2001b,

227).
32 Cf. Lennox (2001b, 188).



Explaining parts of animals 125

principle operates at the most basic level in the context of determining
the causal processes governing the production of parts and of establishing
why an animal has or lacks a part to start with. Since this is the primary
level at which teleology operates, I shall focus in my discussion below on
Aristotle’s use of those two principles that posit that nature always “makes”
or “produces” features because it is necessary, better, or best to do so.

The first principle of what I call “optimal production” posits that nature
always does everything either because it is necessary or because it is better.
Aristotle rarely quotes the principle in full, but his De Partibus Animalium
is full of references to features being either necessary or for the better, and
I take it that those references provide equal evidence for Aristotle’s use of
this principle (see, e.g., PA I1l.7, 670a23—29; PA IIl.7, 670b23—27; and
PA 1V.11, 691b32—-692a8). For the most informative text on how Aristotle
uses the principle, however, we need to turn to Aristotle’s De Generatione
Animalium (GA 1.4, 717a11-21; 26-31):

With regard to the differences of spermatic organs in males, if one is to search for
the explanations of why they are there, one must first grasp for the sake of what the
structure of testes exists. Now if nature does everything either because it is necessary
or because it is better, then this part too must be because of one or the other (¢ 87
T&v 1) pUois fj Sk TO &varykadov Tolel 1) 31& TO PEATIOV, K&V TOUTO TO poPLOV
gin 81& ToUTwv 8&Tepov). That it is not necessary for generation is evident (611
uév Toivuv oUk dvaykaiov Trpods THY Yéveolv pavepdv): for it would be present in
all that generate, but as it is neither the snake nor the fish have testes (for they have
been seen coupling and with the channels full of semen). It remains then that they
are for the better in some way (AeitreTon Tolvuv BeATiovds Tivos x&pw) . . . Those
who need to be more temperate have in the one case [of nutriment] intestines that
are not straight, and in the other case [of sexual reproduction] their ducts twisted
to prevent their desire being too violent and hasty. The testes are contrived for this
(o1 & &pyeis eiol PO ToUTO pepnavnuévol); for they make the movement of
the spermatic secretion steadier.

The phenomenon Aristotle seeks to explain here is why there is a differ-
entiation of spermatic organs 7 all males that reproduce sexually, that is,
why some of these male animals have ducts for semen, testes, and a penis,
whereas others only have ducts. As he points out, the first step towards
formulating an explanation is identifying the function of testes. From the
outset it is clear that testes must have something to do with sexual repro-
duction (and not just with any form of reproduction). What needs to be
determined is what their specific function is, and then relate this to their
presence in some animals, and their absence in others. This is where the use
of teleological principles comes in: if parts such as testes are either necessary
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(where “necessary” indicates “conditionally necessary” for the performance
of some function) or for the better (where “for the better” indicates that the
feature is subsidiary to the animal that has it), and cross-species observation
reveals that not all animals that reproduce sexually have testes, then the
only option that remains is that testes are “for the better.”

It is important to note here that for Aristotle the two options are mutu-
ally exclusive (if a part is not necessary, then it must be for the better),
and that he uses these qualifications for parts in an absolute manner, with-
out regard for the level of specificity of animal kinds in which these parts
are realized. For instance, Aristotle keeps referring to testes as being “for
the better” for the animals that have them (i.e., their status as subsidiary
parts is a fixed one), even though they seem necessary for reproduction
in those animals. This points out that the permanent qualification of a
part as being necessary or for the better is not meant to be descriptive of a
part’s status in actual, realized living beings (take away some actual animal’s
testes, and it will not be able to reproduce anymore — in the current real-
ization of many animals, testes are certainly necessary). I take it that these
qualifications rather pertain to the hypothetical “design” of animals, where
nature is, metaphorically speaking, still figuring out how to best realize
the potential(s) for form for each individual kind of animal. Definitions of
the substantial being of animals, which are themselves fixed and eternal,
only determine what functions ought to be realized in animals of what size,
not what parts ought to be made, how many of them there should be, or
where they should be placed. Thus, if a male animal is to reproduce sexually,
nature cannot make it without having ducts for semen, because without
these ducts, sexual reproduction would be entirely impossible. Ducts for
semen are thus conditionally necessary for sexual reproduction (they are
the primary “realizers” of this function). However, nature could make —
and in fact has made, as observation of the current biodiversity shows —
male animals without testes, because testes are, strictly speaking, not nec-
essary for sexual reproduction, but rather enbance this function in those
which are already able to sexually reproduce in virtue of their possession
of ducts for semen. A complete explanation of the presence of testes will
thus also have to specify their exact contribution to the function of sexual
reproduction. This also implies that having the potential(s) for form of
a sexually producing male animal does not conditionally necessitate the
coming to be of testes (otherwise they would have been present in all that
sexually reproduce). The manner of causation that underlies the coming
to be and presence of testes will therefore be different from that of ducts
for semen. I submit that necessary parts such as ducts for semen are the
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result of the operation of primary teleology, whereas subsidiary parts such
as testes are the result of the operation of secondary teleology.

Aristotle continues his investigation into why animals that all perform
the same function of sexual reproduction do not all have the same set
of parts associated with that function by relating the presence of testes
to the structure of the ducts and to the character of the animals that
have their ducts twisted rather than straight. In this way, Aristotle discov-
ers that the contribution testes make to sexual reproduction is that they
make the emission of seed steadier, thus slowing down copulation in ani-
mals that are hot-tempered in character and that need to be more tem-
perate in reproduction. This, then, ultimately provides the answer to why
only some animals have testes in addition to ducts for semen: testes are
present only in those animals which are too passionate and for which it
is better to generate in a more temperate manner. Testes are thus present
not for sexual reproduction, but for slower reproduction in those ani-
mals that without them would copulate too quickly. The causally primary
factor of the presence of testes is the passionate character of some ani-
mals: it is this formal feature that requires a functional differentiation,
which nature — if possible — realizes by adding an extra part in these
animals.’

Aristotle relies on the same principle to find the causally primary facts
explaining material differentiations of parts (PA 1.2, 648a13-19):

And similarly with the other parts, both parts such as these and the non-uniform
parts should be assumed to possess a differentiation, in some cases with a view to
what is better or worse, in other cases with a view to each animal’s functions and
substantial being. For instance, two kinds of animals may both have eyes, but in
one these eyes are hard, while in the other they are of fluid consistency; and while
the one does not have eyelids, the other has them — both are with a view to a
greater accuracy of vision.>*

According to this passage, material differentiations of parts are present
either “with a view to what is better or worse,” or “with a view to each

33 Reconstructing the explanation using the principle as one of the premises (e.g., premise 1: nature
does everything either because it is necessary, or because it is better; premise 2: testes are not necessary
but for the better; conclusion: nature makes testes) would obscure both the relevant causal features:
the function of testes being to make the emission of seed steadier, and the formal feature of “being
too passionate” that explains why the presence of testes is helpful only to some of the male animals
that reproduce sexually.

34 ‘Opoloos 8¢ kai Tept TGOV EAAwY Kal TGV TOI0UTWV popicov Kai TV &vopolopepddV UTTOANTTTéOV
gxew TNV Slapopdv, T& Yev Tpos TO PéATIoV ) Xelpov, T& 8 Tpods T Epya Kai THv oUoiav
€KAo TR TV (owv, ofov éxovTwy dPBoAuoUs udoTépwy T Pév EoTi okATpOPBoAua T& &
Uy popBotua, kad T& ugv olk Exel PAépapa T& & Exel Tpds TO TNV dyiv dxpiPeoTtépav eival.
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animal’s functions and substantial being.” Although Aristotle does not refer
to a complete teleological principle here, I believe that the two options
that are mentioned match the distinctions referred to in the principle that
“nature does everything either because it is necessary or because it is better.”
Differentiations of parts are usually for the functional optimization of that
part in the specific animal that has it, but whereas some of these functional
optimizations are immediately necessary for the animal to survive as the
kind of animal it is (nature could not have made these animals without
these differentiations), others rather contribute to their well-being (nature
makes these differentiations, not because they are necessary, but because
they are for the better).

Differentiations of parts that are “with a view to what is better or worse”
are primarily the result of material necessity, the outcomes of which may
or may not be used for the better by the formal nature of the animal for
the functional optimization of a part (only in the latter cases does Aristotle
qualify these differentiations as teleological). Differentiations that are for
the better are not strictly necessary for the animal — i.e., the differentiation
is not of immediate vital or essential importance to it — but they do serve
its well-being. For instance, whether an animal has relatively hard or fluid
eyes depends largely on its material constitution (cf. GA V.1): if the eyes
are hard, this is for the worse in terms of vision, but for the better in terms
of protection; if the eyes are fluid, this is for the better in terms of vision,
but for the worse in terms of protection. Similarly, Aristotle explains the
presence of webbed feet in water birds by identifying why such feet are for
the better in these animals (PA IV.12, 694a22-b11):

It is of necessity that this comes about during generation (¢§ &v&yxns 8¢ ToUTo
epl THY yéveow ouuPéPnkev). For the earthen and warm material in the body
becomes parts useful for protection. . . In some [nature] constructs length for the
legs, in others — instead of this — it fills the gaps in their feet. . . Of necessity, then,
these things happen owing to these causes (¢ &véryxns ugv olv TaUta oupBaiver
Bi& TawTas Tés adTias); but it is for the better that they have such feet, for their
way of life (cos 8¢ S1& 1O PéATIOV EYOUGTT TOIOUTOUS TOUS TTOB S ToU Biou X&p1v),
in order that, since they live in water where wings are useless, they have feet useful
for swimming. For they become oars for sailing just like the fins of fish. Therefore,
when of the first group the fins fail, or of the second group the material between
their feet, they no longer swim.

Nature uses the residues that have come to be of material necessity in birds
that live in water to fill in the gaps between their toes, so that they can
paddle while being in the water: having webbed feet is subsidiary to their
aquatic way of life.
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Differentiations of parts that are “with a view to each animal’s functions
and substantial being” are the result of primary teleology: these differenti-
ations are strictly necessary for the animals that have them. Without this
functional optimization of the part, the animal would not at all have been
able to live or be able to be the kind of animal it is. For instance, animals
with moist eyes that need to see sharply have eyelids by way of protection for
their eyes, whereas animals with hard eyes do not need any eye protection
(see PA 11.13). Similarly, Aristotle explains the presence of strong wings in
some birds by identifying that feature of their substantial being that makes
it necessary for them to have such wings (PA IV.12, 693b28—694a9):

Further, some of the birds are able to fly and have large, strong wings, e.g., those
with talons, and the flesh-eaters; it is a necessity for them to be able to fly on
account of their way of life (&vérykn y&p mTnTIKOTS €lvan 81 TOV Piov), so for
the sake of this they have both many feathers and large wings . . . But some birds
are not able to fly, but are heavy — those whose way of life is earthbound and that
are fruit-eaters or are swimmers and spend their life around water.

Only birds whose way of life requires them to be good flyers have strong
wings: this differentiation is conditionally necessary for their survival
(cf. PA 1113, 657b22—29 on why terrestrial birds do not have sharp vision:
“for nothing related to their way of life requires them to have it”).

In all the examples discussed above, the principle that “nature does
everything either because it is necessary or because it is better” helps to
determine the ontological status of some feature (i.e., whether it is necessary
and the product of primary teleology or subsidiary and the product of
secondary teleology) and thereby to discover the causally primary fact
responsible for its coming to be and presence. Necessary features are to be
explained by reference to some formal aspect of the substantial being of the
animal that requires (and therefore conditionally necessitates) the presence
of a part or its differentiation. Subsidiary (including luxury) features are to
be explained by reference to some material aspect of the animal that makes
the coming to be of a part or its differentiation possible, in addition to some
formal aspect of the substantial being of the animal that reveals why the
animal benefits from this feature’s presence. The presence of both features is
thus ultimately due to the goal-directed actions of the formal nature of the
animals involved, either by realizing a preexisting potential for form that
requires certain differentiations of parts to be present, or by using available
materials to make differentiations that are for the better.

The second principle that is concerned with the production of parts
posits that “nature does nothing in vain, but always, given the possibilities,
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does what is best for the substantial being of each kind of animal.” The
principle is never stated in full in De Partibus Animalium, but there are
many partial references (for formulations of the complete principle, see
1A 2, 704b12-18; IA 8, 708a9—12; and /A 12, 711218—29).

In accordance with the line of interpretation proposed by Lennox,” I
believe that Aristotle employs the “nature does nothing in vain” part of the
principle for the most part in cases where he needs to provide an explanation
of “paradoxical” absences of parts, and I focus on these cases in my analysis
below. Note, however, that in a minority of cases Aristotle also uses this part
of the principle in order to discover the cause of the presence of biological
phenomena, such as capacities without which a living being would not
be able to achieve its natural ends (see, e.g., DA IIL.12, 434a30-b8 and my
discussion of this example in section 2.2), or the presence of the male in the
process of reproduction in animals whose sexes are separate (see GA 1L.5).
The underlying heuristic mechanism, I believe, is the same in both cases:
imagine the opposite scenario where the phenomenon that is zow present
(or absent) is absent (or present), and the “observable” consequences of the
reversed condition for the living being in question will point towards the
causally primary facts related to its substantial being.

When dealing with “paradoxical” absences of parts, observations as such
are of no help in finding the relevant causal factors for why these parts are
absent. Aristotle suggests that instead of using immediate observation, we
should theorize about why nature (hypothetically speaking) would have
designed the animal the way it is. We do this by assuming that nature does
nothing in vain, and from there reason counterfactually that if the formal
nature of a particular animal had equipped that animal with the part that
is now absent, the presence of that part would have been in vain, because of
some other feature of that animal that is more necessary (or “basic”) to the
animal’s substantial being.?® What this feature is can only be discovered
through this kind of thought experiment: if the absence of a part is to be
explained teleologically, then it is necessary to exhibit some other, more

35 See Lennox (2001a, 205—223).

3¢ There are several reasons why Aristotle concludes that the presence of a part would have been in
vain: (i) the animal is not able to use the part, either at all or to use it properly (see, e.g., PA V.12,
694a13—20: heavy birds have talons and not spurs because they cannot use the latter); (ii) the animal
already possesses a part that performs a similar function (see, e.g., Resp 10, 476a11-15: no animal
needs both gills and lungs); (iii) the animal does not need the function for the sake of which the
part would come to be (see, e.g., PA IL13, 658a6-10: fish do not need eyelids since their eyes do
not need any protection in the water); and, finally, (iv) the presence of the part would have been
harmful to the animal (see, e.g., PA IV.12, 694a16-18: the presence of crooked claws would harm
heavy birds; GA V.2, 781b22—28: the presence of outer ears in seals would lessen their hearing ability
instead of improving it).
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basic feature of the animal as interfering with the functionality of the part
that is now missing.

The use of the teleological principle thus reveals a design problem, which
nature has solved by “removing”¥ the part which is the least crucial or nec-
essary to the animal’s substantial being. If the thought experiment does not
reveal any design problems it means that there is no teleological explanation
to be provided for the absence of the part. Instead, the explanation is likely
to be material: the part is missing because the suitable constitutive material
is missing in this animal kind (for examples, see below in section 4.3).
Once one identifies the feature that would have made the presence of the
other part in vain, the principle allows the inference that that is in fact why
the part is absent: nature never produces parts that are in vain.*®

Aristotle’s explanation of why snakes have no feet illustrates this use of
the principle that nature does nothing in vain (/4 8, 70829—20):

In snakes the cause of why they are footless is both that nature does nothing in
vain, but always from among the possibilities, [does] what is best for each thing,
preserving the proper substantial being of each and its essence; and, in addition,
that which we stated before, namely that no blooded animal can move itself at
more than four points. For from these [two principles] it is evident that of the
blooded animals whose length is out of proportion to the rest of the nature of their
body, such as snakes, none of them can possibly have limbs. For they cannot have
more than four feet (since in that case they would be bloodless), and if they had
two feet or four they would be almost completely immobile: so slow and useless
would their movement necessarily be.?

Observation shows that all blooded animals that live on land have feet;
blooded land-dwellers share to a certain extent the same formal nature,
which explains the occurrence of certain co-extensive features such as the
possession of a maximum of four feet. The snake, however, also possesses

all the properties that belong to blooded land-dwellers, except for feet. This

37 For nature “taking away” parts if their presence would have been in vain, see PA IV.11, 691b1—
and Cae/11.8, 29022935 (and my discussion of this passage in section 5.4); cf. PA 1.2, 663a32-33;
664a1-3; PA V.9, 685a25—27; and GA 11110, 760a30-33; b25—27.

This type of reasoning reflects what Aristotle elsewhere calls a “syllogism from a hypothesis.” See

Bobzien (2002, 365).

39 1ois & &peotv aiTiov Tfis &modias TO Te TNV $pUoW unbev ol u&Tny, AAAK TVTa TPdS TO
&proTov &TToPAéTToUTaY EKAOTW <EK> TRV Evdeyouévwv, dlaowlouoav ék&oTou Thv idiav
ovoiov kad TO Ti iy T elvan- €11 8¢ kad TO TPdTEPOV UiV Elpnuévoy, TO TGOV évaipcov unbév
oidv T’ elvan TAeioot kiveloBan onueiols i TETTapo1v. &k TOUTWY y&p dpavepdy &T1 TGV dvaiuwy
Soa KaTd TO Wijkos GoUuueTpd 0Tl TTpdSs TNV EAANY ToU cwpaTos ¢puoty, kabdtep of d¢eis,
oUbtv alTédv ofdv § Urdmouv elvan. TAgious pév y&p TeTTEPwY oUy oidv Te alTd Todas Exelv
(&voapa y&p &v Av), ExovTa 8¢ SUo Tédas T TETTapas oxedov Av &v dkivnTa TéuTTov: 0UTwW
Bpadeiav &varykaiov givan kai &vwdeAd] ThHv kivnow. Cf. I4 2, 704b12-18; I4 4, 705b25—29 and
PATV.11, 690bi4—18.

38
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absence is explained by showing counterfactually how the presence of four
feet would have been in vain: given that a snake — being blooded as it is —
can only possess a maximum of four feet (this is a non-teleological principle
of nature; giving the snake more than four feet would damage its substantial
being and is therefore not a natural possibility), those four feet if present
would not enable it to move swiftly at all. The reason why becomes appar-
ent when one imagines the four feet to be present: the length of the snake is
out of proportion to the rest of its body, and with only four feet it would rub
its belly against the ground. It is thus the snake’s disproportionate dimen-
sions that render the presence of a maximum of four feet non-functional:
no blooded animal whose length is out of proportion to the rest of its body
can move with a maximum of four feet, and snakes are such animals. It
is for this reason that nature did not equip snakes with feet (cf. PA IV.13,
696a10-15). Notice again that the level of reasoning pertains to the hypo-
thetical design of snakes: even though the “original design” of snakes — as
being blooded land-dwellers — may have required the possession of four
feet, such animals were never actually realized. The thought experiment is
supposed to reveal what other feature of the animal made nature adjust
the design of snakes and “take away” their feet in realizing them. Once we
have identified that feature, we can formulate an explanation that works
without having to attribute any actual conscious intentionality to nature.*°

Aristotle invokes the second part of the principle to generate explanations
of the presence of parts* and their differentiations almost always in those
cases where observation of the wider kind shows that there are several
possible ways in which nature could have fulfilled a certain functional need.
Aristotle uses this principle as a means to find the causally primary feature
connected to the animal’s substantial being that reveals why the one part,
rather than the other one, is the best fit for this kind of animal to perform a
particular function. The “possibilities” from among which nature — in the
hypothetical setting — determines which kind of part to produce in each
kind of animal are natural possibilities:** the range of what is possible for a

49 Using the format of the Posterior Analytics, the explanation of the footlessness of snakes can be
reconstructed as follows: premise 1: having (a maximum of) four feet holds of no blooded animal
whose length is out of proportion to the rest of its body; premise 2: having the length out of
proportion to the rest of their body holds of all snakes (which are blooded animals); conclusion:
having (a maximum of) four feet holds of no snakes.

4 Lennox (2001a, 215—218; 220—221n.4) proposes a similar interpretation, but the examples he provides
(PA IV.13, 695br7—27 and 14 8, 708a9—20) in fact illustrate the use of this principle in explaining
the absence of parts. Note that the same principle can also be applied to explain the timing of a
part’s coming to be: see GA 11.6, 744a35-b1 and GA V.8, 788b20—789a2.

4 Lennox (2001a, 207): “the range of possibilities is represented by the generic features of the more
extensive kind to which an animal belongs.”
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certain kind of animal to have is in fact what can be observed to be realized
in actual, similar animals (at whatever level of generality is appropriate).
The possibilities are thus established inductively through observation.

Aristotle uses this principle, for example, to explain why human beings
have hands instead of forelimbs (PA IV.10, 687a15—18):

And being upright in nature, mankind has no use (oU8epia xpeia) for forelimbs,
and instead of these, nature provides arms and hands. .. So if it is better thus,
and nature does, among the possibilities, what is best (€1 oUv oUTtcws BéATiov, 1) B¢
YOS &K TGOV EvBexopévav Trolel TO PEATIOTOV), it is not because they have hands
that human beings are most intelligent, but because they are the most intelligent
of animals that they have hands.

All blooded live-bearing and land-dwelling animals have forelimbs, except
for human beings, who have hands — and it is this distribution that needs
to be explained. The causally relevant facts that explain this distribution are
found by applying the principle that nature does what is best among the
possibilities: between the two options, hands and forelimbs, hands are the
best option available for human beings given their particular substantial
being. This is so for two reasons: first, since human beings walk upright
(this is an essential feature of humans: see PA V.10, 686a25—31), they do
not need forelimbs for walking, and — as we saw above — nature does not
produce non-functional features. This, however, explains only why humans
do not have forelimbs. Second, and more importantly, nature has given
hands to human beings because they of all animals are the most able to use
them on account of their being the most intelligent. Being most intelligent
is what distinguishes human beings from the other blooded live-bearing
and land-dwelling animals, and it is this feature of their substantial being
that is picked out as the explanatory middle term in the explanation for
why human beings have hands (cf. PA IV.10, 687a9-10: “it is reasonable
that because of their being most intelligent, they received hands”; PA I1.14,
658a21—24 and PA IV.10, 690b3—4).

Whereas “for the better” in the first principle discussed above refers to
the ontological status of the part (it indicates that the part is a product
of secondary teleology and that it serves the animal’s well-being), “what is
best” referred to in this second principle rather refers to what realization
of a certain function constitutes the optimal fit for an animal given the
kind of animal it is.® 1f observation shows that there are multiple natural

4 It is because of this that the principles of balanced distribution and economical assignment can
be subsumed under the principle that nature does what is best, given the possibilities, for the
substantial being of each kind of animal. See in particular Aristotle’s explanation of the differences
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possibilities (i.e., that there are multiple parts an animal potentially could
have had as the realization of a certain potential for form), Aristotle needs to
explain why this, rather than another possibility is realized in this particular
animal. As is clear from the example discussed above, this involves not
just giving a specification of the function for the sake of which the part
is present, but also, and even more so, identifying that element in the
definition of the substantial being of the animal that reveals why this part
is in fact the best fit for the animal that has it. These causally primary
features are what the teleological principle helps to identify. If there is
no such feature to be found, then there is no teleological explanation for
the particular differentiation between parts and animals that have them.
Compare in this context also PAIV.9, 68sbr2—16, where Aristotle states that
the presence of one row of suckers in one kind of octopus is not because it is
best, but because it is necessary: observation shows that octopuses can have
either one or two rows of suckers, but there is no teleological explanation
for this variation in the distribution of parts. Rather, the differentiation
is conditionally necessary given the differences in dimensions between
different kinds of octopuses.

In sum, the examples discussed above all involve phenomena that cannot
simply be explained by the identification of (observable) functions.

In the first examples discussed, the function of a part or its differentiation
is known, but it needs to be established whether the coming to be and
presence of this function is primarily driven by matter or by form. That is,
it still needs to be determined whether the part is a necessary prerequisite
for the performance of the function in question and is the result of formal
natures realizing a preexisting potential for form, or whether the part
contributes to the performance of the function in question and is the result
of formal natures using materials that have come to be of material necessity
for the betterment of the animal.

The second series of examples concerned parts that can be observed to
be present in one group of animals, but that are found to be absent in
another group that is otherwise very similar or related to the first group.
In both cases, it is some aspect of the definition of the substantial being
of each particular kind of animal that explains why the part is present or
absent in that group.

of the location of hair in different kinds of animals in PA I1.14, 658a16—24; 658a22—24: “Therefore
nature adds this protection to the more valuable parts, because it is always a cause of the better
among the possibilities (Tols TipwTépols Utréypapev 1) $pUots THY PonBeiav &el y&p &k TGOV
gvdexopévoov aiTio ToU PeATiovds toTv).”
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The causally relevant features are in both cases discovered through the
use of teleological principles: they provide the heuristic framework within
which the exact causal relation between part, function, and specific kind of
animal can and needs to be found. It is this use to which Aristotle alludes
in the following passage (Resp 3, 471b24—29):

The main cause of why [investigators] do not speak well about these things is on
the one hand that they lack experience of the internal parts, and on the other hand
do not make the assumption that nature in every case acts for the sake of something
(kad TO pr) AapPavewy dvekd Tivos T dpUctv TavTa Troielv); had they inquired
for the sake of what respiration belongs to animals, and had they investigated this
question in the presence of the parts involved, that is, the gills and lungs, they
would quickly have found the explanation (eGpov &v 8&tTov TV aiTiow).

In this passage, Aristotle seems to imply that the importance of the assump-
tion that nature acts in every case for the sake of something lies in its power
to guide our investigations towards the discovery of explanations. If this
passage is representative of Aristotle’s general views about teleological prin-
ciples in all of his natural treatises,** it would seem that their use is indeed
(also) heuristic.

4.3 EXPLANATIONS IN BIOLOGY: REFERENCES TO FORM,
MATTER, AND FUNCTION

Classifying patterns of explanation in De Partibus Animalium

In this final section, I shall provide an appendix-style overview of the
most important patterns of explanation that can be found in Aristotle’s De
Partibus Animalium (note, however, that this overview is not meant to be
exhaustive and that my discussion of representative examples necessarily has
to remain brief). The patterns discussed can be consulted independently.
My purpose in presenting this listing of patterns of explanation is both
to demonstrate the richness and flexibility of Aristotle’s explanatory project
in this biological treatise, and to illustrate the different roles played by the
four Aristotelian causes and especially by the final cause in his explanations.
It is my contention that whereas the importance of final causes lies in
their explanatory priority (they are easily identified through observation
and often form the starting points of explanations), material or formal
features constitute the causally primary factor in the explanations. That is,

4 Pace Lennox (20013, 219-220), I believe that this passage illustrates the main use of teleological
principles.
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the coming to be and presence of ends that constitute the final causes are
themselves — depending on whether the teleology is primary or secondary —
primarily driven by either material factors (i.e., by the availability of extra
materials that formal natures may or may not use for the betterment of
the animal) or formal factors (i.e., by the presence of a potential for form
that needs to be realized), which have causal priority. In Chapter 6 I shall
provide a tentative explanation for why teleological explanations have this
particular structure; for now it will suffice to lay out the basic patterns of
explanation.

Since my focus lies on the identification of the roles and interrelations
of the four causes in Aristotle’s explanations, I have organized my overview
accordingly. I shall first discuss patterns of explanation in which Aristotle
refers first to formal(-efficient) causes, next the ones in which he refers first
to material(-efficient) causes, and finally those patterns in which he refers
first to final causes. In those cases where Aristotle refers to more than one
cause in the same explanation, my analysis will make clear which factor
has explanatory priority and which has causal priority. Also, following the
order in which Aristotle presents his explanations, my exposition will start
with the explanations of the presence of parts, proceed with those of the
absence of parts, and end with the explanations of their differentiations.

Explanation by reference to formal causes

Pattern I: Explanation of the presence of vital and essential parts by reference
to (functional) features included in the definition of the substantial being of
an animal

As we saw in section 3.2, Aristotle usually explains the presence of vital
and essential features by reference to the definition of the substantial being
of the animal. These features are exhibited as the necessary prerequisites
for the performance of vital or essential functions. In these cases, the
animal’s essence or form is picked out as the causally primary factor in the
explanation of the feature’s presence.

For instance, Aristotle explains the presence of fins in fish by refer-
ence to fish being essentially swimmers: fins can be exhibited to be (the
usual) necessary prerequisites for an animal to be able to swim (PA IV.13,
695b17—26; see section 3.2). Another important example is his explanation
of why some animals have blood (P4 IV.5, 678a31-35): “For that some
animals are blooded while some are bloodless will belong in the account
defining their substantial being (&v T& Adyw gvutrdpEel T SpilovTt THY
ovaiav atédv)” (Cf. PAIV.12, 693b2—13; PATV.13, 69sbi7—25 and PA1l.2,
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648a20). Being blooded is a feature that is specified by the definition of
the substantial being of these animals: it is a kath hauta feature. Besides
blood (or its analogue), there are a few other parts that are explained to be
present in #// animals in virtue of what it is to be an animal. The definition
of the substantial being of “animal” specifies the necessary functions of
perception and nutrition, and all animals will therefore have a heart or its
analogue (as the primary seat of perception) and at least flesh, and a mouth
and stomach, because these parts are the necessary prerequisites for the
realization of these necessary functions (see PA 11.8, 653b19—29, PA 111.4,
666a34—s, and PA IV.s5, 678b1-6). Note, however, that definitions of sub-
stantial beings do not only specify the necessary functions an animal needs
to perform, but also its dimensions and other non-functional features, and
presumably (as evidenced by the example of being blooded) also the basic
material make-up of an animal.#

The same pattern of explanation applies also to those features that are
not themselves specified by the definition of the substantial being, but
that immediately follow from it (i.e., features that belong to the animal
kath hauta sumbebékos). For instance, having a heart (here: as an origin and
container of blood) and liver is explained as being a necessary consequence
of being a blooded animal (PA IIl.7, 670a23—27): “Now the heart and
liver are necessary to all animals. .. All blooded animals must have both
of these (TrévTa 8¢ Seltar T& Evaupa duoiv TouTtow), which is why these
two viscera alone are possessed by all blooded animals, while those that
breathe have a third, the lung.” The causally primary feature that explains
the presence of the heart and the liver is the fact that the animal is blooded,
which is part of its essence or form.

Sometimes, especially in the case of dualizers, Aristotle explains the
presence of a partin a particular kind of animal by reference to the definition
of the substantial being of the wider class of animals to which that animal
kind belongs. For example, Aristotle explains the two-footedness of the
ostrich by identifying it as being in this respect a bird (PA IV.14, 697b13—
27): “The same mode [i.e., that of being a dualizer] also pertains to the
Libyan ostrich; for it has some parts of a bird, others of a four-footed
animal . .. and while it is two-footed like a bird, it is hoofed, as though
four-footed.”

4 E.g., the length and thinness of a certain kind of octopus (P4 IV.9, 68sbi2—1s; cf. 14 8, 708a9—
20); “being segmented into parts” in insects (PA IV.6, 682b27—29); “having claws” in lobsters (PA
V.8, 684a32-b1); and “being divine” in humans (P4 IV.10, 686a25-31); dimensions of some insects
(PA1V.6, 683a18-19); and dimensions of animals in general (DA I1.4, 416a15-18; GA 11.6, 7452563
and perhaps also Po/ V.9, 1309b18-35). See also Code (1997, 139-140); Gotthelf (1985, 41, 44—4s,
53n.22); and Gotthelf (1987, 189-192).
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Since two-footedness is a kath hauta sumbebékos feature of birds (see
PA V.12, 693bs),*¢ and since ostriches share to some extent the features of
birds, ostriches are also two-footed.

In these examples, the causally primary fact is constituted by the defi-
nition of the substantial being of the widest class of animals to which the
part to be explained belongs. Functions play a role in these explanations
only by being subsumed in this definition (i.e., even though fins are for
the sake of swimming, their presence is explained by reference to fish being
swimmers).

Note that Aristotle never refers to formal causes as the ultimate causes
of absences of parts: “bloodlessness” (see PA V.5, 678a31—35 quoted above)
is not really an exception to this rule, since it indicates, not that an animal
lacks blood altogether, but that it lacks 7ed blood. Bloodless animals possess
a part analogous to red blood, with similar material potentials (see PA L5,
645b9—10).

In the case of dualizers, Aristotle sometimes explains the absence of a
part that is a necessary realization of one of the two forms at stake by
stating that in this case the animal tends towards the ozher form. Aristotle
then continues by identifying features that are more basic to the dualizer’s
substantial being, and indicates how the presence of the missing part would
have been in vain given the presence of these other features. Ultimately,
it seems, Aristotle is reluctant to say that an animal lacks a part because
it lacks the form of which the part is a necessary realization, but rather
explains the absence in terms of formal features the animal does have, and
with which the presence of the now missing part would have functionally
interfered (for an example, see Aristotle’s discussion of the lack of tails and
a rump in bats in PA IV.13, 697b1-13).

Pattern II: Explanation of the necessary differentiations of parts by reference
to differentiae and dimensions included in the definition of the substantial
being of an animal

Aristotle explains differentiations of parts that are necessary for an animal
by reference to the differentia — specified in the definition of the animal’s
substantial being — for which this differentiation is a necessary requirement.
In other words, Aristotle identifies the formal differentiation of this partic-
ular animal relative to the form of other animals that are part of the same
wider kind, and then points to this formal differentiation as what condi-
tionally necessitates the differentiation of the part relative to its realization
in other related animals.

46 Cf. Bayer (1998, 501-502).
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We have already discussed some examples in which a differentia explains
the presence of a differentiation of a part: birds that hunt for food need
strong wings (PA IV.12, 693b28—694a9) and elephants, who search for food
in swamps, need Jong noses for the sake of breathing air (P4 I1.16, 658b32—
659a35). Whereas the definition of the substantial being of the wider kind of
animals to which a particular kind of animal belongs explains the presence
of its necessary parts (e.g., wings in birds and noses in breathers of air),
it is a differentia of that animal that accounts for (many, but not all) the
differentiations of those parts (e.g., strong wings in hunting birds and long,
flexible noses in elephants) and that defines it as a subspecies.

In addition to differentiae in character, lifestyle, and activities, Aristotle
also refers to differences in dimensions between animals as the formal cause
of a part’s differentiation (PA IV.9, 685b12—16):

Now while the other octopuses have two rows of suckers, one kind of octopus
has a single row. This is because of the length and thinness of their nature; for
it is necessary that the narrow tentacle should have a single row of suckers. It is
not, then, because it is best that they have this feature, but because it is necessary
owing to the distinctive account of their substantial being (oUx oUv s BéATioTOV
gxouotv, &AN dos dvaykaiov ik Tov iS1ov Adyov Tiis oloias).

The differentiation between one or two rows of suckers is not due to
one row being a better fit for one kind of octopus, given its particular
substantial being, and two rows being a better fit for the other kind. Rather
the differentiation is a necessary consequence of the essential differences in
the dimensions of these two kinds of octopuses. The kind of octopus that
is longer and thinner than the other kind has, necessarily, in virtue of lack
of space, only one row of suckers.

In these examples, the causally primary fact of a part’s differentiation is
a particular differentia specified in the definition of the substantial being of
the animal in question. And again, even though most necessary differenti-
ations are for the sake of a functional optimization of a part (e.g., stronger
wings are for the sake of better flying), it is the animal’s essence that is
causally primary (e.g., some birds are hunters in their way of life).

Explanation by reference to material causes

Pattern I1I: Explanation of the coming to be of subsidiary and

luxcury parts by reference to material necessity

As T argued in section 3.2, Aristotle explains the coming to be of subsidiary
and luxury parts in the first place by reference to material necessity. Parts
are subsidiary or luxury items if they are not the necessary prerequisites
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for the performance of vital or essential functions and are therefore not
realizations of preexisting internal potentials for form as specified in the
definition of the animal’s substantial being. In these cases, the availability
of residual material or even of entire structures that have come to be of
material necessity is what “allows” the formal nature of an animal to make
use of them. Formal natures can only produce parts that contribute to
the animal’s well-being when there are extra materials available to do so.
The functions such parts serve or contribute to are usually picked out in the
second half of these “double-barreled” explanations. However, the material
potentials of the available materials constitute the causally primary facts:
the potentials both constrain and guide the uses to which nature can put
them, which are either to make a part that contributes to the performance
of a necessary function, or to make a part that performs a “luxury function,”
such as defense or coverage.

Let me analyze one more example to clarify the interrelations of the
causally relevant factors involved (P4 IV.3, 677b22-32):

The generation of this part [i.e., the omentum] occurs of necessity in the following
way; when a mixture of dry and moist is heated, the surface always becomes skin-
like and membranous, and this location is full of such nutrient. . . The generation
of the omentum, then, occurs according to this account, and nature makes use of
it for a good concoction of the nutrient, in order that the animals may concoct
their nutrient easier and faster; for what is hot is able to concoct, and what is fat
is hot, and the omentum is fat.#”

The coming to be of the omentum is explained entirely in terms of mate-
rial necessity: the presence of dry and moist materials that make up the
stomach and intestines, combined with the presence of heat, results in
the solidification of the materials on the outside of the stomach. It is this
“sheet” or membrane that constitutes the omentum. The formal nature of
the animal plays no role in this part’s coming into being. However, once
the membrane is in place, the formal nature co-opts it as a subsidiary part.
Since the membrane is fat, and fat is hot, and since what is hot is able to
concoct, the membrane contributes to the concoction of food, by making
the process easier and faster. The membrane’s contribution to the function
of food concoction thus explains why it is present: because the part is useful,

47 H pév olv yéveois €€ &vdykns ocupPaivel TolaTn ToU popiou ToUTou- Enpol ydp kai Uypol
uiyuatos Geppaivopévou T EoyaTov &el SepuaTddes yiveTar Kad Unevdddes, 6 8¢ ToTTOS 0UTOS
To1UTNS TATPNS E0Tl TPodfis. . . H pév olv yéveois ToU émimAdou oupPaivel kaTd TOV Adyov
ToUTOV, KaTaXpfiTan 8 1) PpUols aUTdd Tpds TV eUTeyiav THs Tpodfis, HTrws pdov TETTH Kal
O&TTOV T& £Gdx THV TPOPHV- TO UEV Y&p Bepuov TeTrTIKOY, TO 8¢ Triov Beppodv, T6 & émritrAoov
Tiov.
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the formal nature of the animal retains the part and does not prevent its
growth. The material potentials of the omentum give rise to the function
it performs in the animals that have it, and are as such causally primary.

In a small number of cases, Aristotle refers solely to material necessity to
explain both the coming to be and the presence of a part. Examples of such
parts are the spleen* and many of the differentiations in the affections
(such as hair color, eye color, and pitch of voice) that Aristotle discusses
in GA V.1—7. These parts and differentiations are not strictly necessary for
the animal to have, nor do they make any significant contribution to the
well-being of the animal; but they are also not too harmful for the animal.
In these cases, the formal nature of the animal has neither co-opted the
part for a good purpose, nor excreted it from the animal’s body. Such parts
are solely the result of the interactions of materials during the generation
of the animal (cf. GA V.1, 778a29-br1), and the potentials of the materials
involved are causally primary in the explanations of both their coming to
be and their presence.

In both cases, material necessity has causal primacy in the development

of the part.

Pattern 1V: Explanation of the absence of parts by reference to the lack of
constitutive material
Aristotle often explains the absence of a part by reference to the lack of
constitutive materials for that part in a particular animal. What is causally
prior in these cases is the material nature of an animal, which puts up
insurmountable constraints on the actions of the formal nature: since the
animal lacks the appropriate kind of materials necessary for the production
of a certain part, that animal therefore also lacks that part.#’

For instance, this is how Aristotle explains the absence of outer ears in
birds and egg-laying four-footers (PA IL.12, 657a17—22):

4 Reconstructing the precise causal explanation of the spleen is difficult. The spleen comes to be
as a necessary consequence (PA IIL.7, 670a29-30: O 8¢ oAy kaT& cuuPePnKos 6 &vykns
Umrépyer Tois éxouatv) of the availability of residues around the gut and bladder. Its presence is
accounted for by reference to the principle of optimal balance (P4 III.7, 669b27-670a2): “And
it is on account of the liver being positioned more on the right that the nature of the spleen has
developed; so that while in a way it is necessary, it is not exceedingly necessary [on this reading, see
Lennox (2001b, 346)] in all the animals.” The spleen is thus necessary for the bilateral symmetry of
the body, and even though it does not perform any proper function, it is also not entirely useless
(PA 1117, 670b4~6): “For the spleen draws off the residual fluids from the stomach and because it
is blood-like it can assist in the concoction (8UvaTar oupéTTew) of them.” Another part that does
not perform a proper function and that might just be a necessary consequence is the esophagus; see
PATIL3, 664a24—31.

4 On this pattern of material explanation, see Lennox (2001b, 228).
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Birds only have [auditory] channels because of the hardness of their skin, and
because they do not have hairs but are feathered: they do not have the sort of
matter from which ears may be formed (oUx oUv &xel ToixUTnV UANV £§ fis &v
gmAaoe T& OTa). And the same holds of those among the four-footed animals
who lay eggs and have scales: for the same account also applies to these.

The material nature of birds and of some of the four-footers simply does
not contain materials suited for the formation of outer ears, which is why
they are absent (cf. PA Il.5, 651226—27; PA 11.13, 657b13—15; b36; PA 1113,
664b20-665a9 and PA IV.s, 678a27—34).

A variation on this kind of explanation is the one in which the absence
of a part is explained by reference to there not being enough constitutive
material for the production of this part and another part, where the presence
of this second part is either better for this particular animal or takes away
the usefulness of the presence of the first part.’

Examples of the first pattern can be found in Aristotle’s explanation of
the lack of a complete set of upper teeth in horned animals (PA IIl.2,
664a1-3: nature takes from the nourishment assigned to the upper teeth
for the growth of horns) and of the absence of tails in long-legged birds
(PA V.12, 694b18—20: the matter that is used in other birds to make tails is
used up in these birds for the growth of legs). In each case, nature diverts
the flow of materials designated or available to produce one part for the
production of a different part, which explains why the first part remains
incomplete or is entirely absent. The hierarchy according to which nature
assigns priority to the production of the second rather than to that of the
first is presumably a functional one:’" necessary parts are realized first and
completely, whereas subsidiary or luxury parts are realized later and are
either missing or realized in incomplete form.

An example of the second pattern can be found in Aristotle’s explanation
of the absence of tails in human beings (PA IV.10, 689b21—25):

Mankind, then, has both haunches and fleshy legs because of the explanation just
stated, and because of this it is tailless — for the nourishment which is being driven
there is used up on these, and because it has haunches the necessity of the use

5¢ Another variation of this type of explanation is used in GA Ls, 717b14-19 (cf. GA 1.7, 718a18):

Further, whereas the four-footed animals have the organ for coition, since it is possible for them
to have it, birds and footless animals cannot have it because the former have their legs up by the
middle of the belly and the latter have no legs at all, while the nature of the penis is connected with
the legs and its position is there (kad Tfj 8éoe1 keioBan évTaiba).

Here the absence of a part is explained by reference to the absence of the “proper location” of that
part.
5! On this “principle of functional priority”, see Lennox (2001a, 192-193).
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of tails is taken away (f) Te y&p éxel Tpodt) Tropevopévn eis TalTar dvohiokeTal,
kal 81& 1O Exew loxia &pfipnTon 1) Ths oUpds &vaykaia xpfiols) — but for
four-footers and the other animals it is the opposite.

Human beings, in order to be able to walk upright, need to have upper
bodies that are lighter than their lower ones (which is why nature takes the
bodily parts from the upper body and adds them to the lower one: PA1V.10,
689b11-13). However, by making the lower body heavier, nature has used
up all the fleshy parts, which means that it cannot produce tails in human
beings. In addition, the fleshiness of the haunches provides in itself suffi-
cient protection for the residual outlet (cf. PA IV.10, 689b28—30), so that
there is no more use for the presence of a tail (i.e., the presence of a tail
would have been in vain). The absence of tails thus receives a complex
explanation: tails are absent because their constitutive material has been
used up for the production of a second part, whose presence makes the
presence of tails superfluous.

In all the examples discussed above, what has causal priority is the
material nature of the animal (cf. PA V.12, 694b18: “all [birds] are from
the same matter” and, perhaps, PA I11.2, 664a5-6: “the cause of this is that
both are of the same [material] nature, namely that of horn-bearers”). It is
this factor that determines whether or not the materials necessary for the
production of particular parts are available, either at all or in a sufficient

supply.

Pattern V: Explanation of the coming to be of differentiations of parts thar
are “for the better” by reference to material necessity

In line with his explanations of the coming to be of subsidiary and luxury
parts, Aristotle explains the coming to be of differentiations that are “for
the better” primarily by reference to material necessity. It is the availability
of residual materials that “allows” the formal nature of an animal to make
use of them for the functional optimization of a part, which, although
not strictly necessary for the animal, serves the animal’s well-being. The
potentials of the available materials are again the causally primary facts
that give rise to the function to which the material is ultimately put by the
animal’s formal nature.

Earlier I discussed why human beings have the hairiest heads of all
animals with hair (P4 1l.14, 658b2—10; see section 3.1) and why the feet
of ducks are webbed (PA IV.12, 694a22—694b10; see section 4.2). Let me
here present a slightly different example in which Aristotle explains why
kidneys are the fattest of all viscera (PA I11.9, 672a1—21):
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The kidneys have the most fat of all the viscera: on the one hand, this is out
of necessity, because the residue is filtered through the kidneys. . . So of necessity
[they] come to be fatty because of this cause, as a result of what happens of necessity
in animals with kidneys; on the other hand, they are also [fatty] for the sake of the
preservation of the hot nature of the kidneys.”

The explanandum at stake is a differentiation between the realizations of
parts within the same class of parts, namely viscera. For the kidneys are the
fattest of all viscera, and according to Aristotle, this is due primarily to pro-
cesses that take place of material necessity in the kidneys themselves.” By
filtering fatty residue, the kidneys become more and more fatty themselves.
But because what is fat is also very hot (see PAIV.3, 677b31-32), the formal
nature of animals that have kidneys can make use of this material potential
to preserve the heat of the kidneys, which contributes to the well-being of
these animals.

The material causes picked out in explanations such as these are all ma-
terials that come to be of material necessity; due to the material potentials
they have, nature can use or co-opt them for the functional optimization
of parts.

Explanation by reference to final causes

Pattern VI: Explanation of the presence of parts by reference to the function
these parts perform
In the patterns of explanation discussed above, final causes are picked
out either indirectly (through the definitions of the substantial beings
of animals), or directly, but in combination with material causes which
are primarily responsible for the coming to be of functional features (the
functions to which the materials are put account for their presence). Here
I shall turn to the pattern of explanation in which Aristotle explains the
presence of parts by first identifying their function.

In many cases, especially when explaining the presence of necessary
parts, the reference to the function the part performs in the animal that has
it completes the full explanation of the part’s presence. This, for instance,

52 "Exouot & oi veppol udAoTa TGOV oTTA&YXVwv TIHEAY, &6 &vudykns pév ik TO Sinbeicbot
TO TepiTTwUX S1& TGOV veppddv: . . . EE &vdykns pév olv TipeAddels yivovtal S1& TayTny Thv
aiTiov €k TGOV ocupBaivévtwy &5 dvdykns Tois éxouat veppous, éveka 8¢ ocwTnpias kal ToU
Bepunv glvar TV $pUCIY THY TEOV vePppddv.

53 Here I disagree with Lennox (2001a, 106-108), who argues (2001a, 107) that “we are told that kidney
fat arises for the sake of the contribution it makes to preserving the (hot) nature of the kidneys.”
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is how Aristotle explains the presence of the larynx (PA I11.3, 664a17—20):
“The larynx is naturally present for the sake of breath (O uév oUv ¢&puy§
ToU TrveUpaTos évekev Trépukev); for through this part animals draw in
and expel breath when they inhale and exhale.” The larynx is a necessary
prerequisite for the function of breathing, and it is with a view to allowing
the larynx to perform this function (together with the part’s second function
in humans of speech) that nature has made it from cartilaginous material
(PA 1113, 664a35-b2; the reference to necessity in this passage is clearly
conditional necessity). Aristotle does not always explicitly relate necessary
functions such as breathing to the definition of the substantial being of
those animals as breathers, but on occasion he does, as in the explanation
of the presence of lungs (PA 111.6, 669b8—13):

In general then the lung is for breathing, and it is bloodless and of such a kind for
the sake of living beings. But what is common to these animals is nameless, and
no name has been given such as “bird” [has been given] to a certain kind. For this
reason, just as being for a bird is from something, so too having a lung belongs
to the substantial being of these animals (ko éxeiveov &v 1) oloia Udpyer 1O
TTAEUpOVS EXELY).

Summarizing his discussion of lungs, Aristotle first gives the function for
the sake of which lungs are present (i.e., breathing), and then connects this
function to what is common in the substantial being of the animals that
have lungs. This suggests that it is ultimately a shared formal feature (i.e.,
being a breather of air) that is the causally primary factor in the explanation
of why all “lunged animals” have lungs.

In the explanations of the presence of subsidiary and luxury parts, Aris-
totle also often starts his explanation by identifying the specific function a
part serves. In section 3.2 we discussed Aristotle’s explanation of the pres-
ence of kidneys: kidneys are present for the contribution they make to the
collection of residue —a function that is primarily performed by the bladder
in all animals with blooded lungs (PA II1.7, 670b23—27). Kidneys are not
necessary for this function (nature could have made these animals without
kidneys, and they would still have been able to collect their residue in
virtue of the fact that they possess a bladder), but their presence optimizes
the functional performance of the bladder and they are therefore good for
the animal to have (had nature made these animals without kidneys, they
would not have been able to collect their residues as well as they can now
that they do have kidneys). However, since kidneys are not the necessary
prerequisites for the animal to perform this function of collecting residue
(for otherwise, they would have been present in all blooded animals), it
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seems that the coming to be of kidneys cannot be explained by reference
to conditional necessity and primary teleology. The function subsidiary
parts such as kidneys end up performing is instead primarily caused by
material necessity: it is because material necessity produced extra materials
with certain potentials that formal natures can use those materials for the
production of parts that serve the animal’s well-being. Even though the
goal-directed actions of the formal natures are responsible for the struc-
ture, retainment, and presence of such parts, these parts would never have
come to be if it were not for the prior operation of material necessity.

This pattern of what I have called secondary teleology is much clearer in
the case of luxury parts: again, Aristotle starts by identifying the function
for which the luxury part is present, but then often continues to discuss
the causal role played by materially necessitated processes in the coming to
be of that part. For example, this is how Aristotle starts his discussion of
horns (PA 11L.2, 662b23—30):

We must speak about horns. For those, too, grow naturally in those that have them
on the head. No animal that is not live-bearing has them. In virtue of similarity
and extension “having horns” is also attributed to some other animals, but the
function of horns belongs to none of them (&AN oU8evi aTédv TO Epyov Tol
képoatos Urdpyet). For live-bearing animals have them for protection and strength
(Ponbeias y&p kol &Akfis x&ptv), which turns out to be the case for none of the
other animals said to have horns. For none of them use their horns either while
defending themselves or for overpowering, which are the functions of strength.

However, as we saw in section 3.2, in the second half of his discussion
of horns, Aristotle turns to the question of how “nature according to the
account has made use of things present of necessity for the sake of some-
thing” (PA 111.2, 663b21—22) and states that it is the defensive potentials of
the residual material available in these animals that allowed nature to use
it for the production of horns (P4 I11.2, 663b22—-35). What is causally pri-
mary in the full explanation of the presence of horns is thus the potentials
the materials have of necessity; the function of defense is imposed on the
available materials only secondarily.

In all these examples the presence of parts is explained first and foremost
by reference to the function they serve, but this function is not necessarily
also the causally primary fact in the full explanation. The primary cause
of the coming to be and presence of vital and essential parts is form;** the

54 Cf. Charles (1997, 30): “The favoured mode of explanation applicable to biological natural kinds is
teleological, and the Form of the kind is the explanatorily basic feature.”
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primary cause of the coming to be and presence of subsidiary and luxury
parts is matter.”

Pattern VII: Explanation of the differentiation of parts by reference
to a second function a part needs to perform
Sometimes Aristotle refers to two or even more functions in the explanation

of the presence of parts. An example of this is Aristotle’s account of teeth
(PA 111.1, 661236-b6):

In other animals [i.e., other than human beings], the nature of the teeth is present
in common [cf. PA 1IL.1, 661by: koiné chrésis] for the preparation of nutrition,
yet distinctively according to kinds in some for strength, which in turn has been
divided into the performance of strength and the avoidance of it — for some have
it for the sake of both, namely both the avoidance of it and the performance of
strength, such as for example as many among the wild animals as are of the nature
of flesh-eaters; others have them for protection, such as many of the wild and
tame animals do.

According to this passage, the common function of teeth is the preparation
of nutrition, which presumably means that in all animals that have teeth,
their presence is to be explained by reference to this function (teeth are
presumably subsidiary parts for the function of nutrition; cf. Aristotle’s
discussion of teeth in GA V.8). In addition to producing and differentiating
the part for the performance of this primary function, nature may also adapt
or co-opt it for a secondary function, which is distinctive for different
kinds of animals (PA L.s, 645b20—28; PAIIL.1, 662a22—24): “But nature has
collected all these uses together in one, producing a differentiation of this
part for the differences of its operation.”® This second function is in many
cases a luxury function, or a function that is already realized by some other
part that is the necessary prerequisite for the realization of that function.
So, although this second function is not part of the causal account of the
part’s coming to be as such, it may play a role in causing its material or
structural differentiation(s).

What guides the actions of the formal nature in producing one part for
the sake of one function or in uniting several functions in one and the same
part are the principles of “economical distribution” (see above, section 4.2),
illustrated by Aristotle in the following analogy (PA IV.6, 683a19—25):

55 Note that Aristotle never refers directly to functions to explain absences of parts; instead he invokes
the principle that nature does nothing in vain; see my discussion of this principle above, in
section 4.2.

56 H &t PUoIs &ravTa cuviyayey els év, TroloUoa Siapopdv aTol ToU popiou Tpds TS TS
épyaoias Siapopds.
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And it is better, where possible, not to have the same instrument for dissimilar
uses, but the one that is defensive [i.e., the sting] most sharp, and the one that is
to be a tongue spongy and able to draw in nourishment. For where it is possible
for two things to be used for two functions without impeding each other, nature
is unaccustomed to making things as does the coppersmith who, to economize,
makes a spit-and-lampstand; but where this is not possible, nature makes use of
the same thing for multiple functions.’”

Nature prefers to produce one part for the performance of one function
(here, stings for protection and tongues for nourishment), but where this
is not possible, for instance because the animal is too small to carry more
parts, nature uses — (Trapa)kaTaypfjTar’ — one part for several functions
(here, in small two-winged insects, the tongues serve for both nourishment
and protection).

In all these examples, the part’s primary function explains its presence
as such; the animal’s differentiae explain the part’s primary differentiations;
and the secondary function explains the part’s secondary differentiations.”

Pattern VIII: Explanation of differentiations of parts by reference to the
functional optimization they serve
Aristotle explains differentiations of parts by reference to the functional
optimization they serve in the animals that have those differentiations, both
when they are necessary for the animal to survive or to be the kind of animal
it is, and when they are “for the better” and serve the animal’s well-being.
We have already seen several examples of both necessary and subsidiary
functional optimizations of parts; here I present one more example of each
kind of explanation.

As Aristotle points out, not only are the differentiations of wings in birds
necessary for their distinctive ways of life (P4 IV.12, 693b28—694a9), but
so are those in insects (PA IV.6, 682b7—11):

57 BéATiov & tvBeyopévou pn TalTo pyavov el &vopoias Exelv XpNoels, GAAK TO Ugv SUUVTIKOY
SEUTATOV, TO 8¢ YAWTTIKOV COUPOV Kal GTracTIKOV T1is Tpodfis. "Otrou y&p évdéxeTan xpfiobat
Buoiv émi 80 Epya Kkal pr| éuodilewv Tpods ETepov, oUdty N ¢pUOls eicBe TTolElV GoTrep T
XOAKEUTIKT) TTpOS eUTEAEIQ OPeAIoKOAUYVIoV. AAN &Trou ur) EvdéxeTal, KaTaypfiTal T¢ aUTd
gl TAgico Epya

See, e.g., PAIL16, 659a20—23: “Since it [i.e., the trunk] is such, nature, as usual, uses the same parts
for several things (1) pUo1s TapakaTaypfiTal, kaBarep elwbev, £ TAelova Tols adTols popiois),
here using the trunk in place of the front feet.” Cf. PAIL16, 659a34—36 (again about the elephant’s
trunk); PA 1116, 659b34—660a2 (tongue; lips); PA 1119, 671a35-b2 (kidneys); PA V.10, 689as—7
(outlets for residues and semen); PA IV.10, 688a19—25 (mammae); and PA IV.10, 689b34—690aq
(tails).

59 Cf. Lennox (2001b, 245).

58
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Among those [i.e., insects] that are flyers — the ones whose life is nomadic and for
whom it is necessary to range widely for nutrition (8i1& THv Tpodpmnv dvaykaiov
gkToTrile), are both four-winged and have a light body mass, such as for instance
the bees and the animals related to them: for they have two wings on each side of

the body.

Those insects that are flyers do not all have the same number of wings
(and the same body mass): bees, for instance, have four wings (rather than
two or none) because their nomadic way of life and expansive search for
food require a specific functional optimization of their ability to fly. Note
that Aristotle only identifies the differentiae in virtue of which bees have
the number of wings they have, without specifying the exact function that
is being served by this differentiation. Even though the differentiation of
wings is present for a functional optimization of those parts, the differentiae
are causally primary in this explanation.

Another example of a differentiation that is not necessary, but better for
the animal to have (again, because nature could have designed the animal
without this differentiation), is the distinctive ability of snakes to turn
their head to the rear while the rest of their body remains at rest (P4 V.11,
692a2-8):

A cause of this is that, like insects, they are capable of coiling, such that they
have their vertebrae flexible and cartilaginous. This thus happens to them from
necessity (£8§ &vérykns), because of this cause, but it is also for the better (Trpos 8¢
T6 BéATIOV), for the sake of protection against being hurt from behind.

The function the differentiation of backbones serves in snakes is that of
protection: it allows them to turn their head and watch out for dangers, and
this is beneficial to them. This benefit, however, is not what conditionally
necessitated the differentiation; the special ability is rather a necessary
consequence of material potentials that are present for the sake of allowing
the snake the capacity for locomotion. Again, the material potentials are
causally primary in this explanation; they give rise to the function of coiling
of necessity, which is then co-opted by the formal nature of snakes for their
protection.

In sum, whereas material or structural differentiations of parts typically
serve a functional optimization of that part in the animal that has it, these
functional differentiations themselves are either given with the substantial
being of the particular kind of animal, or follow from the available material
potentials.
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4.4 CONCLUSION

In the sections above, we have seen that Aristotle uses a wide variety
of heuristic and explanatory strategies in order to explain the presence,
absence, and differentiations of biological features in De Partibus Animal-
ium books II-1V.

When the explananda are so complex that both mere observation of
the animals in question and the use of their definitions fail to reveal the
causes sought for, Aristotle relies on a third strategy. It involves the use of
teleological principles, which generate thought experiments that help to
discover the relevant causal factors to be picked out in explanations. There
are many different kinds of principles at play in Aristotle’s biology (as is
evidenced by the wealth of examples from his De Partibus Animalium),
but each seems to have its own specific use. The verbs of agency ascribed
to the formal natures in these principles are more than mere metaphors,
or reflections of the analogy between art and nature: rather, they reflect
different causal patterns underlying the generation of animals and their
parts. This also holds of the uses of “better” and “best” in these principles:
the terms are not univocal, but whereas “for the better” picks out the
operation of secondary teleology, “the best” identifies some feature as being
the best solution in the “design” of a particular kind of animal relative to
its specific substantial being.

In addition, I have argued that Aristotle uses teleological principles
predominantly as heuristic tools in De Partibus Animalium, which help
to determine the exact causal relationship between a part, the function
it performs, and the animal to which it belongs in those cases where
this relationship is not immediately discernible. The principles are not
a priori postulates that cannot be refuted: they are established inductively
through observation and are used — each in its own context — to help set up
a framework within which inferences to the best explanation can be drawn,
and thereby help Aristotle to yield the phenomena in the most plausible,
coherent way.

The three basic patterns of explanation in De Partibus Animalium
books II-1V reflect the causal differences between the operation of pri-
mary and secondary teleology. Functions are often picked out first in
explanations, but references to final causes alone only rarely constitute the
complete explanation provided by Aristotle, and they are never causally pri-
mary. The presence and differentiations of parts that are necessary for the
animal to have are explained by reference to the functions (or functional
optimizations) they perform, but these functions are ultimately referred
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back to the definition of the substantial being of either the animal itself or
of its wider kind. Vital and essential parts and differentiations are exhibited
to be the necessary prerequisites for the realization of the animal’s form.
The presence of features that are “for the better” and that are not strictly
necessary for the design of the animal (although the actual animal might
not be able to function without it) is also explained by reference to the
functions or functional optimizations served. However, what ultimately
gives rise to these functions is the availability of materials with certain
kinds of material potentials. Subsidiary and luxury features are exhibited
to be the result of the formal nature using or co-opting materials that are
already available and have often come to be by material necessity. In both
cases, functions are most salient in the explanations of biological phenom-
ena — they have explanatory priority, but the material or formal causes are
to be picked out as middle terms in those explanations, because they are
prior in causation.



CHAPTER §

Making sense of the heavens: the limits of teleological
explanation in the De Caelo

5.0 INTRODUCTION

In his programmatic opening to the Meteorologica (Meteor 1.1, 338a20—
339a10), Aristotle puts the issues discussed in De Caelo at the center of
his science of nature. The study of “the stars ordered according to their
upper motion” (Meteor 1.1, 338a21—22), and of “the bodily elements, their
number and nature, and their change into each other” (Mezeor 1.1, 338a22—
24) is said to follow his examination of the first principles of nature and of
natural change in general, but to precede his investigations of sublunary
living nature." In accordance with this outline, Aristotle first — in De Caelo
book I — argues for the existence of a fifth, heavenly element (i.c., acther)
in addition to the familiar four sublunary, changeable ones (i.e., air, water,
fire, and earth), and discusses the nature and characteristics of the universe
in its entirety (i.e., its size, uniqueness, and eternity). Then, in book II,
Aristotle turns to the motions and features of the heavens as a whole, of the
individual planets and stars, and lastly of the Earth. Next, in book III, he
focuses on the nature and motions of the four sublunary elements, saving
his definitions of “weight” and “lightness” associated with these elements
for book IV. By engaging with the heavenly phenomena in the first two
books and only then turning to the sublunary elements, Aristotle mimics
the order of exposition of Plato’s 7imaeus.> It is this latter treatise, and
the theory of cosmology presented in it, that also forms the main target of
philosophical and scientific debate in the De Caelo.

In this chapter, my main concern will be with Aristotle’s methods of
discovery and the explanations he provides of the features and motions of

The order outlined in the Meteorologica passage is presumably didactical rather than chronological.
On this issue, and on the place of the De Caelo in Aristotle’s science of nature, see Burnyeat (2004,
13-16) and Falcon (2005, 2-13).

Cf. Burnyeat (2004, 15); on Aristotle’s critical response to the Timaeus in De Caelo, see Johansen
(2009, 1-23).

©
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the heavenly bodies in the second book of the De Caelo.? Within this book,
traces of Aristotle’s teleological worldview are not hard to find. In book I,
Aristotle had already argued that the nature of the sublunary elements is
such that it provides these elements with an immanent capacity to exercise
their specific motions to reach their natural places.* In book II he adds that
teleology also permeates the heavenly domain of the stars and planets, as all
celestial motions are said to be trying to reach “the most divine principle”
as a final cause (Cael 11.12, 292b20-25).

Although teleology as a natural tendency is thus without doubt an impor-
tant part of the make-up of Aristotle’s cosmology and celestial physics, his
general reliance on teleology to explain the different motions and features
of the heavenly bodies seems to be limited in comparison with the other
physical and biological treatises I discussed in the previous chapters. For the
whole of the De Caelo contains only seven instances of explicit teleological
explanation, six of which pertain to the heavenly phenomena in the second
book (there is only one instance of teleological explanation in book I, per-
taining to circular motion in general, and there are none in books III and
IV, which deal exclusively with the sublunary elements). For an overview
of the explananda and the teleological principles used, see Table s.1.

Moreover, with one exception (in Cael 11.3, 286a8—9), none of these
explanations refer directly to final causes. Instead, they all proceed through
the application of teleological principles, such as “nature does nothing in
vain,” which — as we saw in section 4.2 — in biology are only applied in very
specific explanatory contexts, namely, in those cases where the discovery of
final causes by means of mere observation or use of definitions is relatively
difficult. This suggests that teleology is not readily discernible in the case
of the heavens.

Aristotle’s use of teleological principles in the De Caelo is all the more
remarkable because the teleological explanations are the only fully fledged
physical explanations Aristotle offers in this treatise. By this I mean that
the teleological explanations are the only explanations in the De Caelo that

w

In De Caelo book 11, Aristotle first discusses the features, motions, and shape of the heaven as a
whole (Cael I1.1-6: the heaven is eternal; possesses the dimensions left and right, above and below;
moves forward in circular, regular motions; and is spherical in shape); then turns to the composition,
shape, and motions of the heavenly bodies (Cae/ I1.7-12: the heavenly bodies are made of aether;
are spherical in shape; move in virtue of the spheres in which they are fixed; differ in relative speeds
by which they move and in complexity of motions); and ends with an exposition of the position,
motion, and shape of the Earth (Cae/ I1.13-14: the Earth rests at the center of the universe and is
therefore motionless; its shape is spherical).

Left to their own devices, the four sublunary elements would naturally move to their natural places
and thus constitute four separate, concentrically arranged spheres. See also Bodnér and Pellegrin
(2006, 282).

IS
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Table 5.1 The seven teleological explanations and principles

used in the De Caelo
No. Text passage Explananda and teleological principle used
L Cael1.4, Why is there no motion contrary to that in a circle?
27122233 Teleological principle: nature does nothing in vain.
2. Cael 11.3, Why is there a plurality of motions of the heavens?
286a7—9 Teleological principle: everything that has a function is for
the sake of that function.
3. Cael 11.5, Why do the heavens move in the direction they do?
288a2-12 Teleological principle: nature always does what is best among
the possibilities.
4. Cael 11.8, Why do stars not move on their own (or, why do stars not
290a29-35 have any organs for motion)?
Teleological principle: nature does nothing in vain.
5. Cael 1.9, Why do stars not move on their own (or, why is there no
29122325 harmony of the spheres)?
Teleological principle: nature does nothing in vain.
6. Cuael 1111, Why do stars not move on their own (or, why do stars not
291b10-T15 have a shape fit for locomotion)?
Teleological principle: nature does nothing in vain.
7. Cael1L.12, Why is there a difference in the complexity of the motions
292a15-b2s of the different heavenly bodies?

Teleological principle: actions are for the sake of something.

address the nature and causes of natural phenomena and that build upon
some evidence from observation. For the most part, Aristotle’s cosmological
treatise consists of statements of fact and of dialectical arguments building
upon mathematical or numerological principles, which mainly address the
number, shape, and possible motions of the heavenly bodies.’

The purpose of the present chapter is to shed light on the specific nature
of the teleological explanations in Aristotle’s cosmology and on the prob-
lems related to their application within this particular branch of the science
of nature.® In particular, I shall argue that the way in which Aristotle uses

5 On this type of “dialectical” argument in De Caelo, see Bolton (2009).

¢ The issues that T should like to discuss in this chapter have received relatively lictle attention in
the scholarly literature on Aristotle. Scholars who have studied teleology in Aristotle’s cosmology
have focused almost exclusively on the role of the Prime Mover as a final cause in Aristotle’s Physica
and Metaphysica. See, in particular, Kahn (1985). Other studies on cosmology have cither left out
the question of teleology completely (Falcon 200s), or have subsumed it under the “normal” use of
teleology (Johnson 2005). On the other hand, Leggatt, in his commentary on the De Caelo, claims
that Aristotle consciously played down the role of teleology in his cosmological treatise, because
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teleological principles to generate explanations of heavenly phenomena is
proper to the natural sciences and builds upon their — very successful —
heuristic usage in biology.” This chapter thus traces Aristotle’s heuristic
use of teleological principles outside the immediate context of biology and
shows how these principles are operative throughout Aristotle’s natural
treatises. The fact that the heavenly domain — as opposed to the biological
realm (see, e.g., PA L5, 644b23-64524) — is empirically underdetermined,
limits the explanatory force of these explanations (hence Aristotle’s
“warning” that the explanations he will offer are at most reasonable), but
this does not mean that the explanations themselves are not phusikés or sci-
entific: they generate the best causal accounts of the features and motions
of the heavenly bodies Aristotle can offer.

In section 5.1 I shall say more about the scientific status of cosmology. In
sections 5.2—5.4, I shall discuss three representative examples of Aristotle’s
use of teleological principles to generate explanations in the second book

of the De Caelo.

5.1 COSMOLOGY AS SCIENCE OF NATURE

The approach to the study of the heavens taken by Aristotle’s predeces-
sors and contemporaries had often been mathematical in nature. (In the
De Caelo, Aristotle refers to them as “mathematicians concerned with
&oTpoloyia” — where &oTpoloyia is best rendered by “astronomy” —
or simply as “mathematicians.”)® The theory reportedly put forward by
Eudoxus and revised by Callippus represented the apparent motions of the
stars and planets as outcomes of systems of concentric rotating spheres.
This theory as reported did not explain the physical mechanics and
causes underlying those motions, perhaps because neither Eudoxus nor
Callippus was concerned with those issues. In Ph 1l.2, 193b22-194a12,
Aristotle distinguishes this theoretical manner of studying the heavens

of his alleged dissatisfaction with the type of intentional and psychological teleological explanation
deployed by Plato in the Timaeus; see Leggatt (1995, 18, 36-37, 207). Hence, Leggatt offers little
analysis of the teleological explanations actually provided in this treatise, because he believes them
to be of little importance.

The possible relative chronology of Aristotle’s works (according to which the De Caelo is an early
work and the biological works are late) does not affect my claim: since none of these treatises were
published during Aristotle’s lifetime, he may well have adjusted and revised them continuously in
the light of new discoveries or conceptual distinctions made. For a defense of this view (based on a
pedagogical interpretation of the cross-references in Aristotle), see Burnyeat (2004, 21-22).

See Cael 11.14, 297a2—4 (MoapTupel 8¢ ToUTOIS Kal T Trop& TV PadnpaTiKédY Asyopeva Trepi
TV &oTporoyiav; “what the mathematicians say in astrologia also testifies to this”); Cael 1L.10,
291229-b9; and Cael I1.14, 298ars.

~
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from the proper study of nature by pointing out that astronomers — like
mathematicians — study the properties of bodies not gua properties of
those bodies, but gua separable from them.?

For Aristotle, however, just as for Plato in the 7imaeus™ and for some
of the Presocratics before him, the study of the heavens is also part of the
investigation of nature," and thus the heavenly bodies and their features
will have to be studied not only qua spheres but also in a manner that
takes their nature fully into account — nature in the sense of both form and
matter. Aristotle intends his De Caelo to be a treatise in natural science,
not in mathematics or mathematical astronomy. This physical approach
to the study of the heavens is evidenced, for instance, in Aristotle’s claim
that each of the spheres in his system is corporeal, and thus not simply
a mathematical construct (Cae/ I1.12, 293a7-8): “For each sphere is some
kind of body (cdpé& 1 TUy)&VEr &v).”

Therefore, if for Aristotle cosmology is part of the science of nature,
and if cosmological phenomena are — at least for the most part — teleo-
logical in nature, as Aristotle seems to believe,” then scientific knowledge
of these phenomena will involve knowledge of all four causes.” A merely

©

See also APo 1.13, 78b39; Meta 1.8, 989b33—990ars; Meta 111.2, 997b16—998ar; and Meta XIII.2,
1076b39-1077a4, where Aristotle describes astronomy as not dealing with perceptible magnitudes
or with the heavens above. Cf. Simplicius /n Ph. 293, 7—10 and 290, 20—24 on the Greek conception
of astronomy as being part of mathematics, not physics; Mueller (2006, 179-181).

Cf. also PL. R s29a—530e.

Aristotle emphatically introduces his study of the heavens as a part of the study of nature: see for
instance Cael 1.1, 268a1: H Trepi pUoews emioTrun; Cael 1111, 298b2-3: Tfjs Trepi pUoews ioTopias;
and Meteor 1.1, 338a20-s.

Aristotle repeatedly offers the a fortiori argument that if one agrees that animals and plants neither
come to be nor exist by spontaneity (but for the sake of something), then the claim that spontaneity
is the cause of the heavens — which are most divine and exhibit the greatest order — must be absurd,
and that one has to conclude that final causality pertains to the heavenly realm as well. See P5 11.4,
196a24-bs; Ph 11.6, 198a1-13, and PA 1.1, 641b10—23:

In addition, natural science can pertain to nothing abstract, because nature makes everything for
the sake of something. For it seems, just as in artifacts art is present, so too in things themselves
there is some other principle and such cause, which like the hot and the cold we have from the
universe (ék ToU TavTés). This is why it is more likely that the heavens have been brought into
being by such a cause — if they have come to be — and are due to such a cause, than that the mortal
animals have been. Certainly the ordered and definite are far more apparent in the heavens than
around us, while the fluctuating and random are more apparent in the mortal sphere. Yet some
people say that each of the animals is and comes to be by nature, while the heavens, in which there is
not the slightest appearance of chance and disorder, were constituted in that way by chance and the
spontaneous.

Note that Aristotle does not believe #// heavenly phenomena to be teleological, but only those that
involve natural substances: knowledge of phenomena such as eclipses will therefore only involve
knowledge of material-efficient causes. For scientific knowledge involving knowledge of all four (or
at least of all possible) causes, see, e.g., APo 1.2, 71bg—13; APo 1L.11, 94a20—27; Ph 1.1, 184a10-16;
Ph 113, 194b17—23; and Meta VII1.4, 1044a33-b20; cf. also Falcon (2005, 15).

I\
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mathematical approach — such as that favored by the astronomers and by
Aristotle himself in many of the arguments in the De Caelo — will not
be sufficient to generate complete knowledge concerning the heavens. For
instance, by its very nature, mathematical reasoning cannot yield under-
standing of final causes (there are no final causes in mathematics, because
there is no change or good in that domain; see Meza 11.2, 996a21-br).
Astronomy therefore only yields understanding of the shape and size of
the heavenly bodies, and of their distances from each other and from
the Earth. This gives important information about the quantitative prop-
erties of the heavenly bodies and their motions, especially if combined
with arguments drawing from principles of physics. However, as a natu-
ral philosopher, Aristotle is also interested in the nature of the heavenly
bodies, in their material composition, and in the causes of their motions.
The opening words of the De Caelo are significant (Cael 1.1, 268a1—4):
“The science of nature (f) Trepl pUoews EmioTrpn) is patently concerned
for the most part with bodies and magnitudes, the affections and motions
of these, and further, with all the principles that belong to this kind of
substance.”

Because the natural sciences are typically concerned with identifying
all four types of cause, and since for teleological phenomena such as
the heavenly features and motions the understanding of final causes is
especially crucial, Aristotle needs an additional strategy to extend scien-
tific knowledge as he understands it to the domain of the heavens. This
strategy involves the application of teleological principles of the sort he
employs in his biology precisely as a heuristic means for finding final
causes when they are not immediately observable. Since these teleological
principles are generalizations — based on observations of actual natural
phenomena — over the goal-directed actions of formal natures (or souls)
of living beings, Aristotle can use these principles as a possible means of
discovering the underlying causal mechanisms in cases where the causally
relevant factors are 7ot open to visual inspection: this, of course, on the
assumption that nature acts in a similar goal-directed way in all cases.
However, whether the explananda at hand are actually similar enough to
the phenomena that have known, observable causes, and thus whether
the application of the teleological principle will be successful, is an open
question: there will be cases where a teleological principle is applied but
no final cause is found (cf. the question of why some octopuses have
one row of suckers whereas others have two; see PA IV.9, 685b12—16 and
sections 4.2—4.3 above). In short, Aristotle uses teleological principles in
the De Caelo to discover purposes and functions among the heavenly
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phenomena, and thereby tries to turn his study of the heavens into a
proper natural science."

As outlined in section 3.1, scientific research comprises for Aristotle two
stages of enquiry: the first stage consists in the systematic collection of
observations of the phenomena, and the second one in the attempt to
detect correlations and to give causal explanations of those phenomena.
However, as Aristotle makes clear several times in the De Caelo (see his
introductions to teleological explanations discussed below in section 5.2),
itis not at all an easy undertaking to give such explanations of cosmological
phenomena. The central problem is the limitedness — or even lack — of
empirical evidence: the observations of the heavens we have are too few,
and the objects of observation are too far away to offer any certain evidence
(cf. Meteor 1.7 and APr1.30). The only observation that seems to be rock
solid is that of the rotation of the heavens (Cael 1.5, 272a5-6: “we see the
heavens turning about in a circle”). Notwithstanding the many method-
ological caveats we find in De Caelo, Aristotle remains confident that it
is still possible to give explanations of cosmological phenomena that go
beyond the mere fact that the heavens rotate, and also beyond the con-
clusions mathematical or numerological reasoning yields about numbers,
sizes, shapes, and distances, for instance.

My contention is that Aristotle’s use of teleological principles, by anal-
ogy with their use in the biological domain,” forms an important part
of his strategy to increase the possibility of gaining scientific knowledge
of the heavens. Thus, when Aristotle does proceed to give “physical” or

4 Aristotle’s treatment of cosmology as part of the study of nature also explains why the teleological
explanations are mainly found in the second book of the De Caelo. For it is this book that deals most
specifically with the heavenly bodies gua subjects of motion, that is, with the plurality, direction, and
complexity of their motions, the physical mechanisms underlying those motions, and the shape of
the heavenly bodies required to perform those motions. On the other hand, we find no teleological
accounts regarding Aristotle’s views on the nature of the heavens as a whole (discussed primarily in
book I), or regarding the motions and features of the four terrestrial elements (dealt with in books
III and IV), which are not part of cosmology properly speaking. Aristotle’s use of causal language
in the De Caelo also reveals that the second book is more concerned with Aristotle’s own attempts
to provide physical explanations than any of the other books: of the twenty-eight occurrences of
the term aition in the whole of the De Caelo, ten can be found in the second book (as opposed to
four in the first book; three in the third, and eleven in the fourth book), and of the twenty-eight
occurrences of the term aitia, twenty-one can be found in the second book (as opposed to none in
the first and the third book, and seven in the fourth), while the references to causes and explanations
in the fourth book are often (i.e., in Cael IV.1, 308a25; Cael IV.2, 309as5; Cael IV.2, 309a10; Cael
V.2, 309a28; Cael IV.2, 310a2; Cael IV.6, 313222) — although not exclusively — used in descriptions
of views entertained by Aristotle’s predecessors.

' Pace Falcon (2005, 101), who argues that “Aristotle is reluctant to extend the results achieved in the
study of plants and animals to the imperishable creatures populating the celestial world.”
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“scientific” explanations in the De Caelo, he is unremittingly teleologi-
cal in his approach. The explanations thus presented will not qualify as
demonstrations in a strict sense (i.e., not as demonstrations approaching
the model as described in the Analytica Posteriora or in the first book of
the De Partibus Animalium),'® since they do not attempt to demonstrate
necessary truths; they rather actempt to show the reasonableness of suppos-
ing certain causal scenarios. However, they go a long way towards taking
away some of the puzzlement pertaining to the heavenly realm and thus in
making sense of the heavenly phenomena. And, as Aristotle has indicated
elsewhere,”” “making sense” in such difficult circumstances entails giving
an account of the heavens that is free of impossibilities.

Let us finally turn to some examples of the actual teleological explana-
tions Aristotle provides in the De Caelo. Broadly speaking, Aristotle gives
two kinds of teleological explanations. The first kind consists of expla-
nations that stand on their own (that is, they do not form part of an
interrelated sequence of arguments), and that set out to explain the pres-
ence of certain features and motions of the heavens. In these cases (i.e., Cael
I1.3, 286a7—9; Cuael 1l.5, 288a2—12; and Cuel I1.12, 292a15-b2s), Aristotle
explains the presence of some observed fact by reference to the function
it serves within the heavens as a whole. The basic teleological assumption
is that whatever can be seen to be present must be there because it has a
function or is good or better that way.

The second kind consists of those teleological explanations that explain
the absence of heavenly features (this kind is used in Cael 1.4, 271222~
33; Cael 11.8, 290a29—35; Cael 1.9, 291a23—25; and Cae/ 11.11, 291b10-T15).
They usually follow a series of mathematical or numerological arguments
following the style of the astronomers. While the latter point out that it is,
for instance, mathematically impossible for some motion or feature to be
present, the teleological explanation is set up to provide a counterfactual
argument claiming that those motions or features in reality could not
exist in the heavenly realm, because if they did, they would be in vain.
The teleological principle invoked in all of these cases is that nature does
nothing in vain.

In the next three sections, I shall discuss two examples from the first
group and one example from the second group.

16 Cf. Lloyd (1996, 182).
17 Meteor 1.7, 344a5—7: “We consider a satisfactory explanation of phenomena inaccessible to obser-
vation to have been given when we reduce them to what is possible.”
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5.2 EXPLAINING WHY THERE IS A PLURALITY OF MOTIONS
OF THE HEAVENS (EXAMPLE 1)

A first example of a teleological explanation in the De Caelo pertains to the
plurality of the heavenly motions: different heavenly bodies are observed
to move in different directions — why is it that they do not all move in the
same direction? Aristotle introduces his explanation as follows (Cae/ 11.3,
286a3—7):

Since there is no motion in a circle contrary to motion in a circle, we must examine
why there are several locomotions, though we must try to conduct the inquiry
from far off — far off not so much in their location, but rather by virtue of the
fact that we have perception of very few of the attributes that belong to them [i.e.,
the motions]. Nonetheless, let us speak of the matter. The explanation concerning
these things must be grasped from the following [considerations].”

This text shows that Aristotle is very well aware of the fact that it is
problematic and difficult to offer explanations of what is present in the
heavens, given the lack of empirical evidence. We are simply too far removed
from the objects of inquiry in distance.”

It is significant that Aristotle nevertheless is confident that there is a
way of answering this particular question, and that this answer follows
from a releological consideration. As we will see shortly, the consideration
“from which the explanation must be grasped” is the supposition of the
teleological principle that everything that has a function must exist for the
sake of that function. By positing a teleological principle, and hence by
setting a framework within which one can search for the possible functions
of those very features that have been observed, one might be able to find
the explanation of why those features are present. On the other hand, the
implication also seems to be that this kind of knowledge cannot be gained
by other means: observation is certainly ruled out (observation in this case
will only yield knowledge of the fact that there are several motions, not

18 *Erel § oUk EoTiv vawTio kivnots 1y kUkAG TH KUKAw, okeTrTéow 816 Ti TAious eiot dopad, kadTrep
Toppwley Telpwpévols TTolgiobal THY {NTNoty, Toppw & oy oUTw TE TOTTG, TTOAU 8¢ p&GAAoV
TE TGV oUUPERNKOTWY alTols Tepl TapuTaw dAiywv Exelv adobnotv. “Oucws 8¢ Aéycwuev. H &
aiTio Tepl ATV EvBEVSE AnTrTéQL

" Cf. Burnyeat (2004; 15-16) who observes that “De Caelo 1 contains an unusually high number of
occurrences of words like eikdTws and eAoyov which express epistemic modesty: this or that is
a reasonable thing to believe.” I should like to add to this observation that words of “epistemic
modesty” are even more abundant in book II where the explanation of the presence and absence
of heavenly features properly speaking is at stake (I counted only two occurrences of the word
eUAoyov and none of the word eikdTws in book I; in book II, I counted fifteen occurrences of the
word elAoyov and two of the word eikéTws).
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of the reason why), but also mathematical arguments will not do, again
because they cannot yield the reason why there are several motions.

Interestingly, the other two teleological explanations that stand on their
own and that explain the presence of heavenly phenomena are also imme-
diately preceded by a discussion of the methodological problems related to
this very enterprise of providing explanations in the strong sense for phe-
nomena at such a remove (see Czel 1.5, 287b29—288a2, II.12, 291b24—28
and IL.12, 292a14-18). In all these methodological introductions, Aristotle
expresses his conviction that, even though the empirical evidence is scanty,
it is still possible to state the phenomena; and given all the limitations,
the explanations offered are the best ones possible.*® For that reason, he
says, one should not criticize the person conducting the investigation for
being overly ambitious or for not providing more accurate and necessary
truths (CaelIl.5, 287b29—288a2); rather one should be content with “small
solutions in things in which we have the greatest difficulties” (Cae/ 1112,
291b28). The explanations that follow these introductions are all teleolog-
ical in nature, which shows that Aristotle also has great confidence in the
explanatory force of teleology in these difficult cases.”

Returning to our example from Cae/11.3, the teleological principle from
which “the explanation of why there are several locomotions of the heavens
must be grasped,” is that “each thing that has a function is for the sake of
that function” (Cael 11.3, 286a8: "ExaoTtdv EoTiv, GV éoTiv Epyov, veka
ToU épyov). This is a common principle in Aristotle’s biology (see, e.g.,
PA L5, 645b15—18), where it is claimed that each part of the body is for
the sake of the performance of some function. By stating it here, Aristotle
makes explicit that, in his view, teleology extends to the heavenly domain,
and that hence some of the puzzling cosmological phenomena can be
explained by reference to teleology. Aristotle also must refer to teleology
here, since material causes alone cannot account for the differences in

20 Pace Guthrie (1939, 165).

' This point is also made by Lloyd (1996, 171) with regard to the explanations in Cae/Il.5 and IL.12:
“Thus it is surely significant that both on the problem of why the heavens revolve in one direction
rather than in the other — in II 5 — and on the difficulty of the complexities of the motions of the
non-fixed stars — in II 12 — his positive speculations invoke teleology.” I disagree, however, with
Lloyd’s interpretation of the significance of this connection between Aristotle’s methodological
disclaimers on the one hand and his use of teleology on the other. According to Lloyd (1996,
161, 173, 175, 180), Aristotle’s main interest in cosmology follows from his concern to establish his
teleology, and especially the orderliness of the heavens. However, I do not believe that Aristotle’s
epistemological hesitations are not genuine here, or that Aristotle’s concern for the establishment
of teleology is all that prominent in the De Caelo. On the contrary, I believe that Aristotle uses his
teleology, already firmly established on the basis of the abundance of empirical evidence discussed
in the biological works, to extend — where possible — his knowledge of the heavens.
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locomotion in the heavens (for all spheres appear to be made of the same
material, which is aether),”” and there are no other kinds of explanation
available. The assumption that everything that has a function is present for
the sake of that function allows a series of inferences that ultimately yield
the explanation of why there are several motions of the heavens: if this
principle applies, then each of the motions must serve its own function.

Aristotle continues his explanation by identifying the function of the
first motion in the following way (Cae/11.3, 286a8-11):

The activity of god is immortality, and that is everlasting life. In consequence it is
necessary that an eternal motion belongs to the divine (&0 &véyxn T 8e16>*
kivnow &idiov Utrépyer). Since the celestial sphere is such (for its body is a divine
thing), for that reason it has a circular body, with which it naturally moves in a
circle for eternity.

The reasoning is that, if the function of the divine is immortality, and
if the heavens are divine, then the function of heaven is immortality.
Furthermore, if being immortal is the defining function of heaven, then it
is a necessary prerequisite for it to possess an eternal motion. That is, for
heaven as a whole to be able to perform its defining function or its activity
of being immortal, it has to perform at least one kind of eternal motion.
And the only kind of motion capable of uniform eternal continuity is
motion in a circle.

This explanation, curious as it may sound, resembles a particular type
of explanation that Aristotle frequently offers in his biological works (see
sections 3.2 and 4.3). Consider the following example taken from De Part-
ibus Animalium, where Aristotle provides an explanation of why birds have
wings (PA IV.12, 693b6-14): “For the substantial being of the bird is that of
the blooded animals, but at the same time it is also a winged animal . . . and
the ability to fly is in the substantial being of the bird.”** Aristotle takes the
essence, or the substantial being of the animal, as a starting point, and
derives from this essence the necessary prerequisites for the animal to have
in order to be able to perform its defining function. Just as birds must
have wings because they are essentially flyers (and the only way for birds

*» Cf. Simplicius, quoting Alexander, /n Cael 396, 6—9: “it is not possible to make either natural or
material necessity responsible for these things, since both spheres have the same matter, but it is
necessary to give an account of the difference in terms of some divine governance or ordering.” For
an analysis and defense of Aristotle’s arguments for the existence of aether, see Hankinson (2009).
Here I follow Leggatt in reading 616> instead of 8¢ with most manuscripts; see Leggatt (1995,
227). I believe Aristotle’s argument to be that the celestial sphere is /ike a divine being in the sense
that both partake in eternal motion, not that it itself is a god.

TGV yap dvaipwy 1) ToU Spvifos oboia, &ua 8¢ Kad TTepUywTos. . . T & Spvibl év T oloia TO

TN TIKOV EoTv. Cf. PA IV.13, 697b1-13 and PA I11.6, 669b8—12.
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to perform their defining function is by having and using their wings), so

too the heavens must have a spherical body and move eternally in a circle

because they are essentially immortal. According to this argumentation,
eternal motion in a circle is the proper attribute of an immortal body such
as the heavens.

However, Aristotle has not yet explained why there are several motions
of the heavenly bodies. The second part of the explanation of why there are
several motions consists of a complicated chain of arguments, based on a
total of six assumptions. The starting point of this chain is the conclusion
of the first part of the explanation, which is the necessity of there being an
eternal motion of the outer sphere in order for the heaven to be immortal.
The reasoning Aristotle employs is deductive, but the type of necessity to
which Aristotle refers is sometimes that of a necessary consequence, while
at other times it is the necessity of something having to be present first if
something else is to be present (the latter is what Aristotle calls conditional
necessity).” Let me give a summary of the chain of arguments (Cae/ 11.3,
286a13—286b2):

(a) If there is to be a body that moves in a circle eternally, it must have a
center that remains at rest.

(b) For there to be a fixed center, the existence of the element earth is
a necessary condition (i.e., since whatever is made of aether cannot
remain at rest, there must be a second element next to aether, the
natural motion of which is to move towards the center and then to
remain at rest in the center).

(c) If there is to be earth, then it is a necessary consequence that there is
also fire (for earth and fire are contraries, and if one exists, so does the
other).

(d) If there is to be fire and earth, then it is a necessary consequence that
the two other elements exist (for water and air are in a relation of
contrariety to each of the other two elements).

(e) From the existence of the four elements, it necessarily follows that there
must be generation (for none of the four sublunary elements can be
everlasting).

(f) If there must be generation, then it is necessary that there exists some
other motion.

» The formula “&véryxn. .. elven” is repeated six times: in Cael 11.3, 286a13; 11.3, 286a20; and 113,
286b2 (see (a), (b), and (f) in the following summary) the necessity is conditional; in Cae/ 11.3,
286a22; 11.3, 286a28; and 113, 286a32 (see (c), (d), and (e) in the summary) the necessity indicates a
necessary consequence.



164 Explanation and Teleology in Aristotle

According to this account, generation is a necessary consequence of there
being sublunary elements, whose existence is a necessary condition for there
to be an eternal, cyclical motion of the outermost sphere of the heavens
carrying the fixed stars. However, having established that it is necessary
for there to be generation (as a consequence of there being four sublunary
elements), Aristotle turns the argument around, and reasons that if there
is to be generation, then it is conditionally necessary for there to be other
motions, because the motions of the outermost sphere alone cannot cause
generation. Accordingly, generation is that for the sake of which all the
other motions (namely, the motions of the planets) take place. This is how
Aristotle summarizes his explanation (Cae/11.3, 286b6-9):

For the moment so much is clear, for what reason there are several bodies moving
in circles, namely because it is necessary that there is generation (811 &véyxn
Yéveow elvat), and generation [is necessary], if there also has to be fire, and that
one and the others [are necessary] if there also has to be earth, and that one because
it is necessary that something always remains at rest, if there has to be something
that is for ever in motion.

The complete explanation of why there are several motions of the heavens is
thus that there are different functions that require the presence of different
motions. There is one eternal motion in a circle (performed by the outer
sphere carrying the fixed stars) that is required for the sake of realizing the
immortality of the heavens, and there are other motions (performed by the
inner spheres carrying the planets) that must take place, if there is to be
generation.

Here, the use of the teleological principle allows Aristotle to draw an
organic picture of the cosmological system in which all the observed
motions can be explained by the purpose they serve.?® Arguably, this pic-
ture and the type of reasoning behind it are not without problems,”” but
at least Aristotle is able to give some rationale for some phenomena the
astronomers did not explain. The plurality of the motions of the heavenly
bodies makes sense in the light of the need for the heavens as a whole to
perform an eternal motion, if they are to be truly immortal, and — as a
corollary — of the need for there to be generation, if this eternal motion is
to be at all.

%6 Cf. Aristotle’s — perhaps even less satisfactory — analogy of the cosmos with a household in Meza
XII.10, 1075a19—22, which equally depicts the sublunary realm (the slaves and animals in the analogy)
as a necessary condition for the heavenly realm (the freemen in the analogy).

*7 For instance, it does not establish an explanation for each of the individual motions of the planets,
or for the need for there to be generation; this latter point is well brought out by Hankinson
(20022003, 31-32); see ibid. for further criticisms of the argument.
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5.3 EXPLAINING WHY THE HEAVENLY BODIES MOVE WITH
DIFFERENT COMPLEXITIES (EXAMPLE 2)

Let me now turn to a second example from the first group of teleological
explanations, which is part of Aristotle’s solution to the first problem under
scrutiny in Cael I.12, and pertains to the number of movements each of
the heavenly bodies undergoes. The example is particularly representative
for Aristotle’s “tentative” explanatory strategy in the De Caelo in that it
relies heavily on analogical reasoning and employs a thought experiment.?

Aristotle states that among the many cosmological problems “the one
that is most amazing” (Cael I1.12, 291b29) is that, while one would expect
the heavenly bodies that are nearer to the outer sphere to undergo fewer
motions than the ones further away, observations® and old sources both
give evidence that there is in fact no correlation between the distance of
a heavenly body to the outer sphere and the complexity of its motions.
For the Sun and the Moon, although further away from the outer sphere,
perform fewer motions than some* of the other planets that are closer to
it. Aristotle introduces his solution as follows (Cael I1.12, 292a17—22):

About these things it is well to seek more understanding, even though we have very
few resources to start from and are at such a great distance from their attributes.
Nonetheless, by beginning our study from the following [sort of consideration],
the present difficulty will not appear as anything absurd. We think about them as
if they are bodies only, and units with a certain order, but being altogether without
soul; but it is necessary to suppose that they partake in action and life: for in that
way the outcome will seem to be nothing unreasonable.””

2 Aristotle frequently relies on thought experiments (usually in the form of counterfactuals) in the
De Caelo. The most interesting one is perhaps in Cael 11.2, 285b1—7, where he asks us to think of
the body of the heavens as a thing (i) in which left and right are functionally differentiated (even
though this is not obvious to perception, as it is covered by a sphere) and (ii) as having an origin
of motion from where it would have started to move (even though, since the heavens are eternal,
there is no actual chronological beginning or end of motion). On this thought experiment, and on
the teleological explanation of the direction in which the heavens move in Cael 115, see Lennox
(2009). For a general discussion of thought experiments in antiquity, see Ierodiakonou (2005s).

» Cael11.12, 292a2: “it is clear also to observation (7] &ye1) that that happens with some of them.”

3° Modern commentators point out that Aristotle’s claim in Cael 1112, 291b34—292ar that “the Sun

and the Moon undergo fewer movements than some (¢via) of the planets” is problematic, since
whatever version of the theory of concentric spheres one accepts, the Sun and the Moon undergo

fewer movements than a// of the other planets. See Leggatt (1995, 246) for an outline of and a

possible solution to this problem.
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As in example 1 discussed above, the methodological caveat is followed by
the proposition to think about the motions of the heavenly bodies within
a teleological framework (as we saw in section 4.2, UTToAapPavelv is the
technical verb for positing principles). If we think of the heavenly bodies
as living beings, which act and move for the sake of ends and do so in
virtue of possessing an internal principle of movement (i.e., their soul), the
observed phenomena will make sense.

Before applying the notion of goal-directed action to the motions of the
heavenly bodies, Aristotle first explicates two “rules” that govern this type
of action. The first pertains to the number of actions needed to achieve the
good (Cuael I1.12, 292a22—24): what is in the best state possesses the good
without action; what is close achieves it by few motions or even by one; and
what is further away achieves it by many motions. Aristotle uses an analogy
of the number of exercises a body needs to undergo in order to acquire
a healthy condition: a person who is already in good condition does not
need to exercise; those who are not in such good condition need to perform
one or more kinds of exercises to achieve a good condition; and some can
never achieve a healthy condition at all, but only some substitute for it.
The second “rule” states that the higher the number of intermediate goals
that need to be achieved, the more difficult it is to achieve the ultimate
end; Aristotle illustrates this with an analogy drawn from the game of
knucklebones (Cael 11.12, 292a28-b1). Because these are the correlations
that exist between the number of actions needed to reach the good and the
initial distance of the agent from this good, this is how we should think
(BeT vopile)® of the actions of the stars and planets (Cae/ 11.12, 292b1-2):
“This is why it is necessary that we consider also the action of the stars as
being of the exact same sort as the action of living beings and plants.”

Subsequently, Aristotle fills in the details of this analogy between the
actions of sublunary living beings on the one hand and the motions of
heavenly bodies on the other hand (Cael/ Il.12, 292b2-19; see Table 5.2
for an overview). In the world around us (Cael 11.12, 292b2: &vtaUfa),
different kinds of beings perform a different number of motions and have
different levels of access to the good. And just as in the case where health
is the ultimate good, different people require a different number of actions
to achieve the good, or, if they cannot achieve it, try to get as close to
their goal as possible, since “a thing is better the nearer it is to the best”
(Cael 11.12, 292b18-19). Thus we get the following base domain of the
analogy: a person in the best state performs no actions, because he already

3> For the terminology, see Bogen and McGuire (1986—7, 424—425).
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Table 5.2 The analogy between the actions of sublunary beings and
the motions of the heavenly bodies

Kinds of Number of actions Number of motions

sublunary needed to achieve Kinds of needed to achieve

living beings the good heavenly bodies  the good

Humans Need many actions, Other planets Need many motions,
but are able to but are able to
achieve the good achieve the good

Person in the Needs no actions, Outer sphere Needs one motion,

best state already possesses the but is able to

good achieve the good

Animals Need few actions, but Sun and moon Need few motions, but
only have limited only achieve the
access to the good good to a certain

degree

Plants Need few actions, Earth Performs no motion,
but are only able and is unable to
to achieve achieve the good.

intermediate goods

possesses the good. Humans who are not already in the best state perform
many motions, and have full access to the good. Animals perform few
actions, which allows them to achieve only an intermediate good (per-
forming more actions would serve no purpose, since animals will never
achieve the highest good). And, finally, plants perform few actions, but
they are completely unable to achieve the ultimate good.

Next, Aristotle is in a position to apply these general patterns to the
target domain of the analogy, i.e., to the motions of the heavenly bodies
(Cael 1112, 292b19—25):

And because of this the Earth does not move at all, and the ones that are close [i.e.,
the Sun and the Moon] have only few movements: for they do not reach the end,
but they are able to reach the most divine principle only to a certain point. The
first heaven attains it immediately through one movement. The ones in between
the first and the last [i.e., the other planets] reach it, but they reach it through
several movements.

In other words, Aristotle urges us to think of the Earth as plants: the Earth
is like plants in that it is unable to achieve the good, and therefore does
not move at all. The Sun and the Moon are like animals, in that they have
only limited access to the good, which is supposed to explain why they
perform few motions — it is no use performing more motions, as they will
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never achieve the highest principle. The outer sphere is like a person who
is already in the best condition; but unlike the person in the best state
who does not need to perform any actions, the outer sphere performs one
motion, which allows it to reach the highest principle. And finally, the
intermediate planets are like humans: they are able to achieve the highest
principle, but need many motions to do this.

Aristotle seems to believe that this reasoning suffices to make the differ-
entiation regarding the complexity of the motions of the heavenly bodies
less perplexing, as he moves on in the next lines to deal with the second
problem introduced at the beginning of the chapter.

If my reconstruction is correct, however, Aristotle must have meant this
analogy to work quite loosely.® As is clear from my summary above, the
Earth is not really like plants, because the Earth does not move at all, and
the outer sphere is not really like the person who is in the best state, because
the outer sphere performs one (eternal) movement. The thought experi-
ment cannot fully explain the differentiation (the causal model of the dif-
ferent motions of the heavenly bodies is not literally that of goal-directed
actions, nor are there any functional differences between the heavenly
bodies),* but it does reduce the puzzlement, and that is all Aristotle set
out to achieve. As was the case in example 1, lack of empirical evidence
makes it hard to provide fully fledged physical explanations in cases like
these, but through the use of teleological principles Aristotle at least suc-
ceeds in mitigating some of the perplexities pertaining to the heavenly
motions.

5.4 EXPLAINING WHY STARS HAVE NO FEET (EXAMPLE 3)

I shall now turn to an example of the second type of teleological expla-
nations, where Aristotle uses some form of the teleological principle that
nature does nothing in vain in order to explain the absence of heavenly
features, usually after a series of mathematical arguments or discussions of
the available empirical evidence.

The explanandum to be discussed concerns the question whether or not
the stars and planets possess a motion independently of the motion of the
spheres. One explanation is given in chapter I1.8, where Aristotle tries to
show that the heavenly bodies most likely do not possess a motion of their
own, but are carried around fixed in concentric spheres. The basic idea is

3 Pace Johnson (2005, 139) who interprets the analogy in a strong causal sense, arguing that its point
is “that the motion of the heavens is purposeful activity.”
34 For the distinction between a “strong” and a “weak” use of analogy, see Hankinson (1998, 22).
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that if the stars possessed their own motion, they would be self-movers,
and this would make them in principle capable of stopping their motions,
which would threaten the eternity of the heavens and life as we know
it. First, Aristotle sketches three possible scenarios of the motions of the
heavenly bodies and their spheres (Cae/11.8, 289b1—3). As both are observed
to move as a whole, it is necessary that the change of position takes place
with both the heavens and the stars being at rest, or with both moving, or
with the one moving and the other at rest. Aristotle then refers to empirical
evidence (Cae/11.8, 289bs and b1o) and gives mathematical arguments (Cae/
I1.8, 289b27—28) in order to show that the scenario in which the spheres
move while the heavenly bodies are at rest is “the least absurd” (Cae/ 11.8,
289b34—35: pdvws y&p oUTws oUbtv &Aoyov oupPaivet). In addition to
this, Aristotle offers a final teleological argument in favor of this theory,
arguing for the unlikelihood of the stars and planets possessing a motion
on their own. The argument runs as follows (Cae/ 11.8, 290a29-35):

In addition to these arguments, it would be absurd that nature gave them no organ
for motion (since nature does nothing as a matter of chance), and that she should
care for animals, but disregard such honorable beings; rather, it seems that nature,
as though deliberately, has taken away everything by means of which they might
possibly in themselves have effected forward motion, and that she set them at the
greatest distance from those things that possess organs for motion.

In a way, Aristotle’s explanation here parallels that of Plato in the 77maeus.
In this dialogue, Timaeus explains that the divine craftsman did not think
it to be necessary to equip the heaven — self-sufficient and perfect as it is —
with hands or feet for walking (77 33d—34a):

For he thought that a being which is self-sufficient would be much better than one
which is in need of other things. And he did not think it was necessary to attach
hands to it to no purpose — hands for which there would be no need either to grasp
or to defend itself against anything; nor had it any need of feet, nor of the whole
apparatus of walking (xeipédv 8¢, ais oUte AaPeiv oUte ol Tiva duivacBon ypeic
TIS NV, B&TNV OUK QeTO SelV aUT TTPoo&TrTely, oUde TTodGY oUdt OAwS TS
mepl T Paow Umnpeoias). For he assigned to it the motion that is most suited
to its body, [the motion] which, of the seven, is the most appropriate to mind and
to thinking. And therefore he caused it to move in the same manner and on the
same spot and revolving in a circle within its own limits. All other six [motions]
he took away (T&s 8¢ 8 &rrdoas kivrioels &deilev) and it was made not to partake

35 TIpos 8¢ ToUTols &Aoyov TO unbiv dpyavov aTois &mrodolUval Ty GUctv Tpds TNV Kivnow
(oUBty y&p cos ETuxe TrOlEl 1) PpUOIS), oUdE TGOV pév Gowv ¢ppovTioal, TGOV & oUTw Tiuicwov
Utrep18eiv, GAN Eoikev Coarep ETriTndes &PeAeiv TavTa 81’ GV évedéyeTo Trpoiévan Ko o Td, kad
11 TAgioToV &TmooTRioan TGV EXOVTwy dpyava TTPos Kivnotv.
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in their deviations. And as this circular motion required no feet, the universe was
created without legs and without feet.

In this passage, Plato describes how the heaven was created and was given
its circular motion, which is most appropriate for its spherical shape. The
other types of motion — forwards/backwards, to the left/to the right, and
up/down — were taken away from it. However, instead of this mythological
account for why the stars have no feet, Aristotle opts for a naturalistic
explanation.

The structure of Aristotle’s argument is quite complex. In short, it
consists of a reductio ad absurdum followed by an alternative account
proclaiming the purposiveness, or perhaps even the providence, of nature.
The first part of the argument builds upon the implicit counterfactual
assumption that if the stars “were intended by nature” to be moving on
their own, it would be absurd for nature not to have given them organs
for motion, given the fact that nature did provide such organs to “lesser”
beings. I take the expression that “nature does nothing as a matter of
chance” to be equivalent to the principle that nature does nothing in vain:
living beings always have the parts that they need, and if the heavenly
bodies lack organs for motion, that lack must be for the sake of something.
Or, to put it the other way around, if the organs for motion are absent
in heavenly bodies it must be because their presence would have been in
vain (they would have had no function to fulfill in this particular kind of
being). The reference to the honorable status of heavenly beings implies
that Aristotle takes the teleology of nature to apply even more to them than
to the sublunary beings.

The implicit underlying teleological principle here is that each capacity
(in this case the capacity for locomotion) requires an organ (cf. GA 1.2,
716a24—25) and that thus locomotion of the stars is possible if and only if
they have organs for locomotion. The absurdity lies in the fact that nature
did provide less honorable beings with organs for motion, and that we
would have to conclude, were we to accept this account as true, that nature
purposely neglected more honorable beings such as the stars. Since this
account is of course unacceptable within Aristotle’s view of the way nature
operates, the opposite scenario, set out in the second part of the argument,
must be the case: nature has taken away every means of locomotion, and
thereby set a distance between the heavenly bodies and the sublunary
beings equipped with organs for motion.3® As Aristotle explains, spherical

36 Aristotle considers it to be better for the superior to be separated from the inferior; cf. GA 1L,
732a6-8.
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bodies are least fit to effect forward motion on their own, because they
lack “points of motion” (Cael 11.8, 290bs-8): “[FJor forward motion it is
least fit, since it is least like to those things that produce motion on their
own; for it does not have any appendage or projection, as does a rectilinear
figure, but stands most apart in shape from those bodies equipped for
locomotion.”

The core of this teleological argument for why the heavenly bodies do
not have a motion of their own, and hence must be fixed in spheres, is thus
the assumption (presented as a fact) that heavenly bodies do not have feet
or any other organs for locomotion. For, if nature — for the most part — does
nothing in vain and the heavenly bodies have no feet, then the conclusion
is reasonable that nature must have “designed” the heavenly bodies not to
be able to move on their own.

The teleological argument Aristotle offers here is again in many ways
similar to explanations we find in the biological works. In biology, Aristotle
holds that all animals that are capable of locomotion must have organs for
motion and that animals without organs for motion are not capable of
locomotion.’” These two “laws” are exhaustive with regard to all blooded
land-walkers. The one and only exception to this rule is formed by the
footless snake, which obviously does not have organs specifically designed
for locomotion, but moves forward by bending itself. Just as in our example
concerning the heavenly bodies, we saw that Aristotle explains the absence
of feet in snakes by invoking the principle that nature does nothing in vain
(IA 8, 70829—20; quoted above in section 4.2).

In section 4.2, I argued that in the case of the footless snake, Aristotle
invokes the principle that nature does nothing in vain in order to set up
the counterfactual argument that if nature had equipped snakes with feet,
snakes would move very badly and the feet would have been next to useless.
The cause of the uselessness of the feet is the extraordinary body-length
of the snake: no kind of animal whose length is out of proportion to the
rest of its body can have four feet, because having four feet makes such
animals completely immobile; and snakes are animals that have such a
body size. Given the principle that nature does nothing in vain (and that

37 PA V.10, 686a35-br: “all (animals) that walk must have two hind feet” and 74 3, 705a19—25: “That
which moves always makes its change of place by the employment of at least two organic parts, one
as it were compressing and the other being compressed. And so nothing that is without parts can
move in this manner; for it does not contain in itself the distinction between what is to be passive
and what is to be active.” Cf. GA 11.3, 736b22—24: “for it is clear that the principles of which the
activity is bodily cannot exist without a body, such as walking [cannot exist] without feet” (ofov
Badigew &veu TodGdV).
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nature cannot give snakes more than four feet, since, in that case, the snake
would not be blooded), snakes do not have feet.3®

There is, however, an important difference between the explanatory force
of the use of this principle in biology as opposed to its use in cosmology,
and this difference derives directly from the lack of observational evidence
in the latter domain.? For in the biological domain observation determines
the possibilities of what nature does and does not produce.*® The design
possibilities that Aristotle allows to enter into thought experiments are thus
also strictly limited by the range of features that can actually be observed
to be available in nature. In the case of the footless snake, observation
shows that all other blooded animals that live on land have feet; blooded
land-dwellers share to a certain extent the same formal nature, which
explains the occurrence of certain co-extensive features like the possession
of a maximum of four feet. The snake also possesses all the properties that
belong to blooded land-dwellers, except for one. It is therefore rational to
ask why this particular property is absent in snakes, and, in the thought
experiment, to imagine feet to be present. It is not rational to ask why snakes
lack wings, telescopic eyes, or any other part that cannot be observed to
belong to the wider class to which snakes belong, or to imagine these
features to be present in snakes. As there is a virtual infinity of properties
that any animal does not have, it only makes sense for a natural scientist
to explain the absence (by means of imagining the presence) of those
properties that belong to the “natural possibilities” of that animal; and
what those natural possibilities are can be established inductively, on the
basis of observation and through comparison with related beings.

In the cosmological domain, on the other hand, the range of possible
ways in which a certain feature or motion could be present is only partly
determined by observation. What cannot be observed mightstill be present,
and what can be observed might be the result of a visual illusion. Aristotle
often struggles with this question of how much credence we must attribute
to our observations of the heavens, and of which observations we should

38 However, the fact that snakes do not have organs for motion does not mean that they are not capable

of locomotion: they move forwards by bending themselves (see Z4 7, 707b6-31; IA 8, 709a25-b4;
and /A 10, 709b27-28). This may point to a problem for Aristotle’s argument concerning the
heavenly bodies: for the absence of organs for locomotion as such does not provide conclusive
evidence that the stars in fact are not capable of locomotion. Of course, as the remainder of Cae/
11.8 points out, Aristotle is actually committed to the stronger claim that spherical bodies do not
only lack organs for motion, but also “points of motion,” which (at least given Aristotle’s laws of
sublunary mechanics) rules out any possible way of locomotion.

39 For the question whether or not principles from biology can be applied legitimately in cosmology,
see Cael 1.2, 284b6—24 and its discussion in Lennox (2009).

4° Lennox (2001a, 214-215).
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explain and which we should explain away. His general strategy is to explain
the phenomena and hence to save them, but on occasion, especially where
there are contradictory observations, the observations that conflict with
the theory of the stars moving around fixed in concentric spheres are rather
explained away. This is exactly what happens in the paragraphs leading
up to the explanation of why stars have no feet in Cael 11.8, 290ar2—29.
Before giving his teleological argument demonstrating the likelihood of
the absence of feet in stars, Aristotle argued that if the heavenly bodies
were to move on their own, they would either roll or rotate, but that
neither of these motions is observed to take place. The impression that
the Sun rotates in rising and setting* is then explained away: according to
Aristotle, the rotation is merely a visual illusion, caused by the weakness
and unsteadiness of our vision.

What this makes clear is, first of all, that while in biology observations
clearly show that snakes lack feet, observational evidence of the heavens
gives much less certainty about the absence of feet in the heavenly bodies.
For all we can tell, the heavenly bodies might be too far away for us to see
their organs of motion. Second, observations of the heavens will not tell
us whether there are any narural limitations to the possible ways in which
nature could have “designed” stars in order to make them able to move on
their own. The absence of feet in the heavenly bodies in itself seems hardly
enough to establish the reasonableness of the alternative theory that they
do not effect any forward motion at all.

This difference between the reliability and applicability of observational
evidence in biology and cosmology is important, because Aristotle’s expla-
nation in the case of the heavenly bodies is not prompred by the observation
that they do not have organs for motion, as it is in the case of snakes.*
There are no observations of the heavens that would reasonably lead to the
expectation of heavenly bodies having feet in the first place. (One might
object, however, that in this case the philosophical tradition within which
Aristotle is working prompts this question.*?) Rather, Aristotle works the
other way around: because he wants to make the theory that the stars do

# Xenophanes might have observed the same phenomenon, and gives it a similar explanation; see
DK21A41a: Sokelv 8¢ kukAeloBon Si& TNv &mdoTaciv; “[the sun] seems to turn in a circle due to
its distance.”

4 As I argued in section 4.2, Aristotle uses the principle in De Partibus Animalium typically when
he discovers that an animal lacks a part that is present in all other members of its wider class. For
examples, see PA V.12, 694a13—20; PA IV.12, 694216-18; PA IV.13, 696a10-15 and PA IV.13, 696ar2.

4 On this tradition, see Cornford (1975, 55—56); besides Plato, Empedocles also seems to have argued
for the footlessness of the celestial sphere (DK31B29: o¥ y&p &md votolo dUo kA&GSo1 dicoovTar,
oU Trédes, oU Bod yolv(x), oU undea yewnevta, &AA& odaipos Env kol <Tévtobev> Toos
EouTd).
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not move on their own as reasonable as possible, he uses the teleological
principle that nature does nothing in vain to argue for the likelihood of
the absence of the organs of motion in the heavenly bodies (cf. Cae/ IL11,
291b11-17, where Aristotle repeats the argument in a slightly modified way).

In sum, it seems that in this example Aristotle goes out of his way to
establish the reasonableness of the assumption that the heavenly bodies do
not have a motion of their own, and hence must be carried around while
being fixed in concentric spheres. In the biological realm, the observation
of what happens always or for the most part in nature is what allows us to
draw inferences about cases in which the goal-directedness is less evident. In
a domain such as cosmology, which is empirically underdetermined, such
inferences are necessarily of a conjectural nature. However, if teleology
extends to the heavenly realm, and Aristotle assumes that it does, then the
use of teleological principles allows Aristotle to make the most sense of
the phenomena, and to provide explanations appropriate to the science of
nature, rather than merely astrological or mathematical ones.

5.5 CONCLUSION

In the ears of a modern audience, Aristotle’s teleological explanations of
heavenly phenomena may sound rather unusual, but what I hope to have
made clear in this chapter is that they make perfect sense within Aristotle’s
conception of natural science. If the heavens are part of nature, then we
need at least to attempt to state all possible causes for their motions and
features, even if the investigation has been made difficult because of the
scarcity of empirical data. Aristotle’s use of teleological principles thus
follows from his treatment of the study of the heavens as part of the study
of nature, and we have seen that this approach is especially prominent in
the second book of the De Caelo, where Aristotle searches for explanations
of the features and motions of the heavens as a whole and of the heavenly
bodies. The scientific investigation of an empirically undetermined domain
such as the heavens is difficult, and as his methodological reflections show,
Aristotle is mostly well aware of all the problems involved. However, if one
wants to gain knowledge of the heavens and its bodies, one has to try and
give explanations that at least make the phenomena — both in terms of what
can and of what cannot be observed — seem as reasonable as possible.*
The strategy that Aristotle employs to generate these plausible accounts
is to posit teleological principles as a means of finding causal factors in

44 Cf. Irwin (1988, 34).
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difficult cases. As I argued in Chapter 4, the principles used are not a
priori postulates, but suppositions derived from empirical evidence. They
are generalizations over the actions of the formal nature of beings, based
on numerous observations made in the biological domain. Just as the use
of these principles helped Aristotle to find final causes in cases where these
were not immediately observable in biology, in the same way Aristotle
hopes to find explanations for natural phenomena in the cosmological
realm. This gives a very central role to Aristotle’s scientific practice in biol-
ogy: one could say that where Aristotle’s philosophy of science as described
in the Analytica Posteriora offers the student of nature his scientific toolbox,
the accessible and rich domain of biology is the student’s main workplace.
The experience and knowledge acquired in studying the biological phe-
nomena may then — of course with suitable adaptations and refinements —
be applied to other, less accessible domains of nature, such as the heavens.

The application of teleological principles to the cosmological domain is
itself based on the assumption that the heavens are no less teleological — and
perhaps even more teleological — than the sublunary realm is. However, as
have pointed out above, the lack of empirical evidence in the cosmological
realm also weakens to some extent the inferences Aristotle draws within
this teleological framework:# the explanations are plausible, but not as
“conclusive” as the ones we can find in the biological works.

For the De Cacelo this means that Aristotle argues as much from as
towards teleology: starting from the assumption that the heavens as a
whole are goal-directed, Aristotle tries to give a coherent, plausible, and
reasonable picture of the heavens in which things are present or absent
for a reason. This is Aristotle’s main goal in the De Caelo: even if it is
not possible to give deductions that demonstrate why the heavens and the
heavenly bodies have the features they have, one can still offer plausible
physical accounts that take away some of the puzzlement concerning the
heavens.

4 Cf. Falcon (2005, ix): “there are features of the celestial world that outrun the explanatory resources
developed by Aristotle for the study of the sublunary world.”



CHAPTER 6

Aristotle’s model of science: formalizing teleological
explanations in the Analytica Posteriora

6.0 INTRODUCTION

In the Analytica Posteriora, Aristotle defines scientific knowledge as knowl-
edge of the reason why. Knowing why something is the case amounts to
being able to provide a scientific demonstration (apodeixis), which consists
in a valid syllogistic argument in the mode Barbara (i.e., AaB, BaC, .".
AaC). Such demonstrations typically deduce the necessity of an attribute
belonging per se to a certain subject through a middle term that picks out
the cause of that necessary relationship. Thus, if formalized in accordance
with the recommendations of the Analytica Posteriora, causal explanations
(i.e., linguistic expressions that identify the cause of some phenomenon)
will constitute scientific demonstrations. However, despite the long tradi-
tion of Aristotelian scholarship on this treatise, many details concerning the
precise nature and syllogistic structure of demonstration remain enigmatic,
and are subject of much controversy.'

In this chapter, I aim to shed light on Aristotle’s pivotal discussion of
the integration of the four types of causal explanation into the syllogistic
framework of demonstration in APo I1.11, and specifically on his sugges-
tions on how to formalize teleological explanations. In the first part of
this chapter (sections 6.1-6.3), I shall clarify the examples Aristotle pro-
vides to illustrate his theoretical remarks about how to formalize causal
explanations into the syllogistic structure of scientific demonstration. In
particular, I hope to make sense of the teleological example of walking
after dinner for the sake of health. In the second part (section 6.4) of the
chapter, I shall juxtapose these findings with conclusions from the previ-
ous five chapters concerning Aristotle’s practice. In particular, I shall focus
on the structure of three of the most common types of actual teleological

! For present purposes, I leave aside the question of whether the Analytica Posteriora is supposed to
present a theory of scientific methodology and investigation or a theory of the organization and
presentation of the finished scientific system. On this matter, see among others Barnes (1993, xi—xix).
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explanations provided in Aristotle’s De Partibus Animalium. This will show
that Aristotle’s theory and practice of teleological explanation are in agree-
ment with each other, and that both are more flexible and comprehensive
than has been acknowledged so far.

6.1 CAUSES, EXPLANATIONS, AND MIDDLE TERMS

The problem: the middle terms of the examples in APo I1.11
do not pick out all four causes

In APo 1.2, Aristotle explains that demonstrations are syllogistic in form
and causal in content. A demonstration is a special kind of deductive
argument that produces scientific knowledge (AP0 1.2, 71b17-19), where
scientific knowledge is defined as knowledge of why things are the case
(APo 1.2, 71bg—13):

We think we have <scientific> knowledge (¢mioTtacBa) of each thing without
qualification (and not in the sophistic way, incidentally), when we think we know
the explanation because of which the state of affairs is the case (dTav v T’ adtiov
oicoueba ycookew 81" iy 16 Tp&yud o), that it is its explanation, and also
that it is not possible for this [state of affairs] to be otherwise. It is clear that
something of this kind is what it is to have <scientific> knowledge.

At the beginning of APo I1.11, Aristotle specifies —and, from our perspective,
complicates — this assertion by introducing his “doctrine” of four aitiai or
causal explanations, which, he claims, are all to be demonstrated* through
the middle term (AP0 IL.11, 94a20-27):

Since we think we have <scientific> knowledge when we know the explanation,
and there are four types of explanation: one, what it is to be a thing, and another,
given what things being the case it is necessary for that to hold; another, what
first initiated the motion; and fourth, the for the sake of what — all of them are
demonstrated through the middle term.?

After this short introduction to the topic of this chapter, Aristotle moves
on to give syllogistic examples of how each of the four explanations (aztiai)
is indeed demonstrated through the middle term.

? I follow Barnes (1993, 282) in translating both forms of apodeiknunai and deiknunai with the verb
“to demonstrate,” and forms of epideiknunai and déloun with the verb “to show.”

3 *Erei 8¢ ¢mioTaoBon oidpeba STav ei8duey TN aiTiov, adTion 8¢ TETTOpPES, pia pév TO Ti v elvan,
pia 88 TO Tiveov dvTeov &vdykn ToUT elva, ETépa 8¢ 1) Ti TTpddTOV EKivnoe, TeT&pTn B TO Tivos
gveka, TTaoon aUTan Si&k ToU péoou SeikvuvTan. See the appendix for a complete translation of APo
IL.11, 94220-94b26.
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In contrast to the apparent clarity of structure and argument in this
chapter, its content has raised many interpretative problems for modern
scholars, most of which pertain to the general purpose of the chapter and to
the nature of the individual syllogistic examples. The sentence stating that
“all the aitiai are demonstrated through the middle term” has traditionally
been interpreted as meaning that all four Aristotelian causes can or even
must be picked out by the middle term in scientific demonstrations.*
However, under this interpretation the syllogistic examples Aristotle gives
to illustrate his introductory sentence present us with two major difficulties.
In the first place, contrary to the expectations of many interpreters, the
syllogisms posited in no way constitute typical Barbara demonstrations
where the predicates hold universally and necessarily of the subjects.’ In
the second place, it is not immediately clear how the middle terms in the
given examples refer to the causes in question. In particular the section
that shows how final causes are demonstrated through the middle term is
notorious, because the final cause is not picked out by the middle term, but
by the major or predicate term.® Some scholars have taken up Aristotle’s
own suggestion that things will become clearer if we “change the logos”
(94b21-22: metalambanein tous logous), taking it to mean that we as readers
are supposed to rearrange the syllogism so that the middle term picks out
the final cause after all.” However, it is not an easy undertaking to construct
such a syllogism, let alone to do so while remaining close to the Aristotelian

4 This interpretation ultimately goes back to Philoponus, who criticizes this chapter in his commentary
on the Analytica Posteriora (In APo 376, 12-14; 376, 16-18; 376, 31-2; 377, 21-22 and 377, 26-27).
He thinks that the examples are wrong and rebukes Aristotle for having set out the syllogisms in a
confused way (/n APo 378, 16-195 379, 4-9; 379, 33—380, 3). In order to correct Aristotle, Philoponus
rearranges the examples and thereby maneuvers the causes into the preferred position of the middle
term (In APo 378, 19—22; 379, 33—380, 3; 381, 35-36).

Cf. Barnes (1993, xvi) (“In chapters Brr—12 the syllogism is, alas, a positive embarrassment and
a bar to understanding”) and (1993, 228) and Ross (1949, 647) (Ross calls Aristotle’s examples
“quasi-syllogisms”).

For the difficulties modern commentators encounter in this section, see Barnes (1993, 225, 229);
Detel (1993, 695, 707); and Ross (1949, 642). The problem is expressed most emphatically in Detel
(1997, 65-66):

The syllogistic reconstruction of the first of these [two teleological] examples Aristotle seems to offer
in the subsequent passage (94b12—20) turns out to be, at first sight, extremely problematic, though,
since he represents the aim of being healthy, not by the middle term, B, but by the major term, A.
This is clearly incompatible with his general claim, expressed in 94a20—24, that the aim too must be
proved through the middle term (the italics are mine).

See in particular Detel (1993, 684—716; 1997, 65—67). Recently, Johnson (2005, 52—55) argued that
“changing the terms” should be read as entailing that “health” and “good digestion” are convertible in
this explanation. This, however, is only possible if the terms were coextensive, which seems unlikely
in this case. Bolton (1997, 115), saves the example, but suggests that ultimately what is picked out by
the major term (the final cause) is “in its primitive definition” equal to what is picked out by the
middle term (the material cause).

“
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original. On the whole, the verdict of interpreters on this chapter has been
very negative.®

The hypothesis: the causality of the explanation and of the
explanatory middle term can be different

The hypothesis that I put forward in order to solve the problem outlined
above is a fairly simple one. I submit that it is not the examples that are
wrong, but rather our interpretation of what Aristotle means by saying that
“all the aitiai are demonstrated through the middle term.” What is crucial
for the understanding of this chapter is that within an Aristotelian demon-
stration there can be a difference between the type of causality expressed
in the explanation of a phenomenon (i.e. the type of causality expressed by
the whole demonstrative syllogism), and the type of causality expressed in
the middle term that picks out the explanans or cause of this phenomenon.
In the case of demonstrations of teleological phenomena, I shall even argue
for the stronger case that the type of causality expressed by the middle term
must be different from that expressed in the explanation that is being for-
malized into a demonstration. The upshot of this distinction for Aristotle’s
theory of demonstration is that all the four types of explanation will be
demonstrated through the middle term (because it is through the middle
term that a demonstrative syllogism is construed), but that the middle
term itself will 7oz have to refer to the corresponding cause in all four
cases.

I shall give an example to illustrate this distinction. Consider the dia
# question of what is ice. Aristotle takes this question (as presented in
APo 1112, 95a16—21; cf. Meta VII1.2, 1043a9-10) to be about the essence of
ice — about what ice 7s. An adequate explanation thus needs to be a formal
one. By assuming (the nominal definition) that ice is solidified water
Aristotle makes a first move towards such a formal explanation. However,
this preliminary answer does not qualify as a demonstration yet, because
we do not know why it is that “solidified” belongs per se to “water”, or
why there is ice. This is where the explanatory middle term comes in: the
middle term picks out the explanans of why solidified belongs to water.
The explanatory middle term that Aristotle proposes for this particular
example is a complete cessation (ekleipsis) of heat: ice comes about when
there is a complete cessation of heat. The middle term, which picks out

8 This might explain why the chapter has largely been ignored by some recent studies on the Analytica
Posteriora, including those of Byrne (1997); Goldin (1996) and McKirahan (1992).
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the efficient cause® of the solidification of water, reveals the essence of ice:
ice is solidified water resulting from a complete cessation of heat in water.
While the explanation that is being formalized is thus a formal explanation
(because it answers the question “what is ice?”), the middle term bringing
out this explanation picks out an efficient cause.

In sum, Aristotle’s claim that “all the aiziai are demonstrated through
the middle term” means under this scheme that all the four types of
explanations are demonstrated through the middle term, but that these
demonstrations may proceed through middle terms that pick out causes of

a different type.

The semantic distinction between hé aitia and to aition

Within the context of the Analytica Posteriora this philosophical distinction
is supported by a semantic distinction between the term /¢ aitia (fem.; pl.
aitiai) and the term ro aition (neut.; pl. aitia). Frede has argued that the
two terms were used differently in the original legal context in which
they arose: 70 aition (which is the neuter noun formed from the adjective
aitios, originally meaning “culpable” or “responsible”) designated the agent
responsible for a state of affairs, while 4é aitia designated the accusation —
i.e., a propositional item expressing the charges.'® This distinction between
aition as the thing responsible or cause and aitia as causal account or
explanation seems to be preserved in Plato’s Phaedo, and perhaps also in
Chrysippus and in Diocles.”

Outside the Analytica Posteriora, there is little or no evidence that Aris-
totle also endorsed this distinction," but within the Analytica Posteriora 1
believe there is. The semantic distinction is not crucial for the philosoph-
ical distinction, but a short sketch of the semantic distinction might help
to get a clearer view of the theory Aristotle is setting out in AP IL.11.

First to aition: usually, to aition is characterized as a condition for
knowledge.® More specifically, in “demonstrations of the reason why”

? T here follow Charles (1999, 233—235), who identifies ekleipsis as a process (the suffix —sis indicates a
nomen actionis) and as an efficient cause.

Frede (1980, 222—223). ™ Diocles, fr. 176 (Van der Eijk, 2001 edn).

In other treatises the distinction may only be preserved in “technical discussions” of demonstrations
such as DA Il.2, 413a11—21; this, however, requires further research. Interpreters of the Analytica
Posteriora usually take the terms to be semantically equivalent, and translate them more or less
randomly as cause, reason, or explanation.

Knowing why is to know &y means of to aition (APo 1.6, 75a35); this knowledge proceeds from aitia
(APo 1.9, 76a19—20) that are primitive (AP0 1.13, 78a25—26). See also APo 11.8, 93a4-8; AP0 11.8,
93b19; AP0 11.9, 93b21-26; APo 11.12, 95at0-12; AP0 11.12, 95222—25; and APo IL.12, 95b14.
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the middle term must always refer to an aition.'* This is what Aristotle
points out at the end of the following passage (4P I1.2, 89b37—90a9):

When we seek the fact or if something is without qualification, we are seeking
whether or not there is a middle term for it. And when, having come to know
either the fact or if it is — either partially or without qualification — we again seeck
the reason why or what it is, we are then seeking what the middle term is. . . Thus
it results that in all our searches we seek either if there is a middle term or what the
middle term is. For the middle term is the aition (To pév y&p oiTiov TO péoov),
and in all cases it is this which is being sought.

The middle term must pick out whatever is responsible for the connection
between the two terms it mediates. In this way, the middle term clarifies
the causal relation between the two terms by providing the real cause (and
not merely the epistemic reason) of why the one extreme term holds of the
other. I therefore translate the noun 7o aition as “cause.”

The term hé aitia is used less frequently in the Analytica Posteriora, and is
usually part of the definition of scientific knowledge. Scientific knowledge
is always knowledge of hai aitiai.’® For instance, in APo 1.2, 71b20-33
Aristotle first picks up on his definition of scientific knowledge as being
knowledge of 4é aitia of something, and then continues by stating that this
knowledge can be reached through things that are, among other things,
aitios of the conclusion (aiTicov ToU cupmepdopaTos). Other passages
(especially APo 1.13, 78b28-31) point out that Aristotle conceives of these
aitiai as being larger linguistic or syllogistic formulas that state the reason
why in answer to the question “why” (0 dioti or to dia ti)."7 At least within
the Analytica Posteriora it is thus implied that hé aitia itself is a kind of
syllogismos containing an explanatory middle term, where zo0 aition is a
subordinated element of /¢ aitia.® I therefore translate the noun 4¢ aitia as

4 The middle term in demonstrations of the reason why always picks out the a7tion that is immediate
and primitive (APo 1.34, 89b1s; APo 11.2, 9oa7—9; APo 11.8, 93a4—8; APo 1L.12, 9sato—12; AP0 I1.12,
95a17; passim in APo 11.16-18). If the deduction does 7oz proceed through the aition, but through
the more familiar of the (non-explanatory) converting terms, then the demonstration that follows
is not a demonstration of the reason why, but of the fact (AP0 1.13).

5 See, for example, APo 1.13, 78b17; APo 1.24, 85b22; APo 11.12, 94b8; APo 11.12, 94b18; AP0 11.12,

95b20; APo 1112, 95b28; passim in APo 11.16-18.

See APo 1.2, 71b9—13; APo 1.2, 71b30—315; AP0 1.31, 87b40; and APo 1111, 94a21—4.

17" These are explanations of the reason why, picking out zo zition through the middle term (cf. APo L13,

78b12-34; AP0 1.24, 85b23—27 and 85b35—36). In APo I1.10, 93b33, hé aitia indicates a non-syllogistic

causal account.

One might object that in AP0 1.24, 8sb24—27 Aristotle uses the expressions “of the #itia and of the

dia ti” and “of the aition and of the dia " interchangeably. However, the first expression applies to

the nature of the demonstrative syllogism (what is demonstrated is the explanation and the reason
why), while the second applies to the nature of the universal premise, which is more explanatory in
the sense that it shows the aition more clearly (cf. APo 1.31, 88a5—6).
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“explanation,” and the adjective aitios as either “causative” or “explanatory,”
depending on the context.

Assuming that this semantic distinction between aition and aitia illus-
trates a philosophical distinction between the type of causal explanation
that is demonstrated through the middle term and the type of causality

picked out by the middle term, I shall now present a new reading of
APo 1111

6.2 TOWARDS A NEW READING OF APO II.II

Making sense of the opening statement and the examples in APo I1.11

In his opening statement of the chapter, Aristotle first recapitulates his
definition of scientific knowledge. That is, we know something when we
know its explanation, which is the syllogistic formula stating the aition
of the state of affairs to be explained. He then specifies four kinds of
explanations, which are formulated as four different questions as to the
reason why: formal explanation is an explanation of whar it is to be a thing.
Material explanation — if we can indeed speak of material explanation in
this case’ — is an explanation of given what things being the case it is
necessary for that to hold. Efficient explanation is an explanation of what
initiated the movement. And teleological explanation is an explanation of
the for the sake of what. As the “since” (Etrei) indicates, this should all be
common knowledge.

The new information is that all of these explanations are demonstrated
through the middle term. This is the process of demonstration: the expla-
nations of the reason why are demonstrated through middle terms that
explain why the predicate holds of the subject in the conclusion. The mid-
dle term thus reveals a causal connection underlying the per se relation
between these two terms (on the causal notion of per se, see APo 1.4,
73a10-17). The point is that it is only by setting out the whole syllogism
and thereby expressing explicitly the cause of why the predicate holds of

Y The expression Aristotle uses to refer to material causation in APo IL11 (i.e., TO Tivwv dvTwv
&vérykn ToUT elvan) is puzzling, but of. perhaps GA V.3, 782a22—23 (Tiveov 8 UropydvToov kod
Bi& Tivas &vdykas ouuPaiver); PA Ls, 645b32-33 (v dvtewv &vaykaiov Utdpyev); and PA
IV.2, 677a17-18 (&AA& Tiveov SVTwY ToloUTwV ETepa £E &vdykns oupBaivel 81& TalTa TTOAS). I
believe Aristotle to imply that material causes for the most part necessitate their results, or at least do
so in the case of phenomena that are the subject of demonstrations. Here I treat the expression and
the example discussed below as “canonical” examples of material explanation, taken in the broad
sense as an explanation stating “that out of which.” For the problems involved (which do not affect
the interpretation presented here), see Barnes (1993, 226-227); Detel (1993, 685 and 690—694); and
Ross (1949, 638—642).
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the phenomenon picked out by the subject term that we come to reach
true understanding of something.

Aristotle then works out three examples of explanations (material, effi-
cient, and final) that are demonstrated through the middle term. He gives
no separate example of formal explanation, supposedly because this “has
already been demonstrated” (4P 1111, 94a35-36) in earlier chapters.*® For
the sake of completeness, I shall supply a formal cause explanation from
an earlier chapter in my discussion below.

My reconstruction of the four examples and their formalizations into
syllogisms is as follows:

Example 1: Material explanation (AP0 1111, 94a27-35; cf. Euc. £/111.31)

Explanandum: i. [Why (dia ti) is there a right angle?] [Why A?]

ii. Why is the angle in a semicircle a right angle? | [Why A of C?]

A = right; B = half of two rights (aition = material cause); C = angle in a semicircle

AaC because of B: right holds of the angle in a semicircle because of being half of two
rights.

Example 2: Formal explanation (AP0 11.8, 93b8—13; APo 1111, 94b34—36)

Explanandum: 1. What is thunder? [What is A?]

ii. Why (dia ti) is there noise in the clouds? [Why A of C?]

A = thunder (a sort of noise); B = extinction of fire (aition = efficient cause); C = cloud

AaC because of B: thunder is noise in the clouds because of fire being extinguished.

Example 3: Efficient explanation (AP0 I1.11, 94a36-b8)

Explanandum: i. [Why (dia ti) is there a Persian war?] [Why A?]
ii. Why did the Persian war come upon the [Why A of C?]
Athenians?

A = war; B = being the first to attack (aition = efficient cause); C = Athenians

AaC because of B: being warred upon holds of the Athenians because of being the first
to attack.

2% T take Aristotle to refer to APo 11.8, which is part of his larger investigation into the relation of
definition and causal explanations in APo II.8-10.
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Example 4: Teleological explanation (AP0 1111, 94b8—26)

Explanandum: | i. Why (dia #) does he walk? [Why C?]

ii. [Why does healthy hold of walking?] [Why A of C?]

A = being healthy; B = food not floating (aition = material cause); C = walking after
dinner

AaC because of B: being healthy holds of walking after dinner because of the food not
floating.

Before turning to an analysis of these examples, let me state from the
outset that contrary to the traditional interpretation I see no decisive indi-
cations in the text as to why Aristotle should only be concerned with
syllogisms in the mode Barbara. I submit that the introduction of the four
types of explanations in AP0 IL.11 rather shows that Aristotle is concerned
with laying out a general syllogistic structure in which every causal relation
can be fitted. Reading the chapter in this way, the contingency and singular-
ity of the examples noted by critics of Aristotle need no longer constitute a
lingering problem. They can be accounted for within the larger framework
of causal relations Aristotle is interested in, and so can the other examples
Aristotle mentions in the remainder of the chapter (AP0 I1.11, 94b27-34).*'

The example of material explanation

The first example of material explanation is developed in the context of a
discussion of the necessary nature of demonstrative syllogisms (AP0 111,
94a24-27).”* The example can be analyzed as follows (for the proof see
Figure 6.1). The dia ti question Aristotle poses is “because of what is the
angle in a semicircle a right angle.” An adequate explanation should thus
state the geometrical proof showing “that out of which” it follows that the
angle in a semicircle is right. This example of material explanation is in

* These latter examples are rather more fanciful than serious, such as the Pythagorean belief that
it thunders in order to frighten the inhabitants of Tartarus, or they report scientific views that
Aristotle rejects elsewhere, such as the explanation of thunder as being the extinction of fire in the
clouds (this explanation is explicitly rejected in Meteor 11.9, 369b12—24). For a discussion of these
examples, see Wians (1996, 137).

Here Aristotle states that, given a middle term shared by two propositions, it is necessary for the
conclusion of the syllogism to hold. The middle term, or the two premises taken as one, literally
bring about the conclusion, and are therefore in a sense the material causes of the conclusion
(cf. Ph 113, 195218-19).

2!

©
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Demonstration: ZABC = 90°

S ZMAB = ZMBA (a)
ya ZMCB = ZMBC (3)
) B+3=180°
AL B/5 N ii) 200+ B = 180° 2y+ 5 =180°

0]

(

(iii) 2(ot +7) + B+ & =360°

(iv) 2(oe+y) =180°

(v) o+ (“the angle in a semicircle”) = 180° (“two
rights”) divided by 2 (“half”) = 90° (“right”)

Figure 6.1 Material explanation in APo IL.11, 9422735

fact reflected in a theorem from Euclid (£7. I11.31), and the proof might be
so as well.

Here Aristotle induces the search for the middle term by rephrasing the
question explicitly in terms of material necessity: “given what being the
case is it a right angle?” What we are looking for is a condition that neces-
sitates the rightness of the angle in a semicircle — a condition, incidentally,
that will be immediately evident once the right mathematical figure has
been discovered (cf. Meta IX.9, 1051a21—29). Aristotle then formalizes the
explanation, while introducing “half of two rights” as the middle term (B)
that explains why “right” (A) holds of “angle in a semicircle” (C).

The rationale Aristotle offers in this section is somewhat obscure, but
is not too problematic once we presuppose the familiarity of Aristotle’s
readership with the relevant mathematical figure and the proof of the
proposition as we know it from Euclidean geometry (Aristotle hints at
both of them in the above mentioned passage in Meza IX.9). Important
in this proof is that the geometrical relations between “right angle” and
“angle in a semicircle” are discovered by division.” It is this division that
Aristotle refers to when claiming that “[the term B] is equal to A, and C
to B, because it [C] is of two rights — half.”** It is this “being half” that
necessitates the angle in a semicircle being a right angle. In sum, the angle
in a semicircle is a right angle because it is half of two rights; “being half
of two rights” is the material cause of “right” holding of “the angle in a

» Cf. MetaIX.9, 105122223: “mathematical figures, too, are discovered by actualization; for they find
them by dividing [the figures] (SicapoUvTes).”

24 Note the word order in the Greek: while B is defined as 7,-2R (AP0 1L.11, 94a29: fluiceic Suoiv
dpbodv; 94a32-33: dvTos fuioeos SUo dpB6w, C is explained as 2R-Y, (APo 1111, 94a32: Yo ydp
SpB&dV Nuioela).
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semicircle.” The angle in a semicircle is by necessity a right angle given that
it is two rights — divided in half.

In this case, both the causation expressed by the explanation and the
explanatory middle term that brings out this explanation are of the material

type.

The example of formal explanation

The second example of formal explanation (taken from AP0 11.8, 93b8-13)
can be analyzed as follows. The dia #i question Aristotle poses is why there
is thunder. This is a reformulation of the question “what is thunder,” which
is a question for the definition of thunder (Aristotle answers the “what is”
question by stating that it is the extinction of fire in cloud, which is not a
demonstration of the essence of thunder yet). For Aristotle, the question
why there is thunder is equivalent to the question what thunder is, except
that the first is a question for a demonstration and the latter for a definition
(see APo 11.10, 94a1-8). An adequate explanation of why there is thunder
thus needs to be a formal explanation expressing the essence of thunder
through a middle term that brings out this essence.

However, as Aristotle indicates in another text where he discusses the
same example (Meta VIL.17, 1041224-32),” the only way to get a demon-
stration is by converting the explanandum into a predicative relation.>®
This can be done, first, by taking the nominal definition of thunder (as
being “a sort of noise in the cloud”; APo 11.8, 93a22—23). Second, one can
do this by turning the request for a definition into a dia # question for a
demonstration, in which the object of inquiry is “a something of something
else” (i.e. why is there thunder in the clouds). Because the explanation in
this case is already known (i.e. thunder comes about through the extinction
of fire in the cloud), Aristotle sets out immediately to formalize the exam-
ple: the subject term (C) is “cloud”; the middle term (B) is “extinction of
fire”; and the predicate term (A) is “thunder.” Now, B holds of C, because
the extinction of fire takes place in the cloud (the cloud is the locus in
which the phenomenon typically resides), and A — “thunder” (i.e. a sort of
noise) — holds of B, because B is a definition of A.

In this case, the explanatory middle term picks out an efficient cause of
why there is thunder or noise in the clouds: the origin of motion of the
noise lies in the extinction of fire. It is through this efficient cause that

* For the thunder examples in the Analytica Posteriora and the Metaphysica, see Charles (1999, 233—

239).
26 Lennox (2004, 90n2).
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the essence of thunder, and thereby the formal explanation of why there
is thunder, is revealed: thunder is noise in the clouds caused by fire being
extinguished.?”

The example of efficient explanation

The third example of efficient explanation (AP Il.11, 94a36-b8) is fairly
straightforward. Here Aristotle picks a historical example in asking why
it is that the Persian war came upon the Athenians, rephrased as what
the explanation is for the Athenians being warred upon. As in the other
examples, it is not clear from the outset which type of explanation will
be demonstrated.®® However, the short explanation Aristotle offers first
(“because the Athenians attacked Sardis with the Eretrians”) shows that he
is looking for some state of affairs that initiated the movement, which is
an efficient cause (and not for that for the sake of which, such as the desire
of the Persians to gain an empire). Aristotle then formalizes the example
in the following way: “War, A; being the first to attack, B; Athenians C.”
It is significant that Aristotle here adds the notion of “first” to the attack:
it is being the fzrsz to do wrong that is explanatory for being wronged, and
this is the origin of motion.

In this case, the middle term picks out the efficient cause of why war came
upon the Athenians: for “people make war on those who first began,” which
is why being warred upon holds of those who first began. The Athenians
were the ones who first began (they fall under this formal description), and
this explains the origin of the Persian war.*

The example of teleological explanation

Aristotle introduces the section on teleological explanation (APo Il.11,
94b8—26) with a somewhat puzzling clause: “Occwv & aiTiov TO Evexka
Tivos. From what follows it is clear that the explanations that are at stake

27 Charles (1999, 239); Lennox (2001b, 141).

2 A similar example in Ph 117, 198a18-19 (“[for the why ultimately leads back either] to the first
source of motion, e.g., why did they go to war? Because they were plundered, or to that for the sake
of which, e.g., in order to rule”) points out that the question why there is war can be answered in
different ways.

* Note that in all three examples the primary explanandum is the occurrence of a certain phenomenon
(i.e. “rightness,” “thunder,” and “war”) that can be expressed in a predicative relation with a subject
in which the phenomenon typically and for the most part inheres (i.e. “angle in a semicircle,”
“cloud,” and “Athenians”). The demonstration that follows reveals that there is some aspect of this
subject that explains the holding of its attributes.
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are teleological ones: Aristotle gives two parallel examples (“For what reason
does he walk? In order to be healthy. For what reason is there a house? In
order to protect possessions”), and identifies the final cause or the purpose
in each example (“In the one case it is in order to be healthy, in the other in
order to protect”). He also explains that in these cases there is no difference
between a “because of what” question and a “for the sake of what” question.
However, it is not immediately clear whether or not Aristotle means that
the final cause has to be picked out by the middle term.

The introductory clause (AP0 I1.11, 94b8) has often been read as implying
just that (i.e., that in these cases the cause is that for the sake of which),*
but it does not have to be read in this way. The Greek has T évexk& Tivos,
which means something different from T6 oU éveka. The latter (i.e., 70 hou
heneka) is the more common expression and is used more or less as a stock
phrase designating the end (literally, “that for the sake of which,” in which
oU is a relative pronoun).?' In contrast, the first expression (i.e., 70 heneka
tinos/ton) designates the teleological relation of one item being for the
sake of something else (literally, “that which is for the sake of something,”
where Tivos is an indefinite pronoun). Here, the T6 is not used as a definite
article to substantivate the prepositional phrase, but is used to identify
either the item that is for the sake of something, or the teleological relation
that exists between two items.?*

Under this interpretation, the point Aristotle makes here is not that the
explanatory middle term in this case is the final cause, but that the causal
relation involved is teleological, and that the middle term must pick out
the causal factor that explains how one item is for the sake of something
else. The teleological explanation is demonstrated through a middle term
that need not itself be a final cause, but that rather shows how an end can
hold of some subject. This causal relation is then illustrated by the two
examples: walking is for the sake of health, and a house is for the sake of
protection. The middle term that we are looking for needs to pick out a
state of affairs that shows why this teleological relation between walking
and being healthy obtains.

3 E.g., Apostle (1981, 59): “Lastly, there is a final cause [or, that for the sake of which],” and Barnes
(1993, 60): “suppose it is the purpose which is explanatory.”

3t Cf. Ph 112, 194a27-30 “Further, that for the sake of which (16 oU #veka), or the end, as well as
whatever is for the sake of these (6oa ToUTwv éveka), belong to the same study. But nature is an
end and a ‘that for the sake of which’ (16 00 éveka).” CaelI1.12, 292b6—7: “for action always consists
in two factors, when there is that for the sake of which (o0 éveka) and that which is for the sake of
something (T6 ToUToU éveka).”

32 Cf. Ph1Ls, 196br7 and bao—22; DA IIL.12, 434a32; GA L1, 71524; GA V.1, 778b13; MA V1, 700b26—27;
and Meta X1.8, 1065a31.
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In a simplified version of the demonstrative syllogism, the predicate
term (A) is being healthy, the middle term (B) is the food not floating, and
the subject term (C) is walking after dinner. In this case, the middle term
picks out the material cause of why being healthy holds of walking after
dinner, because it identifies the physiological condition that is healthy —
a condition that itself is initiated by walking that brings about health as
an efficient cause.®» For the identification of “the food not floating” as a
material cause, compare Aristotle’s qualification of the boiling of the blood
surrounding the heart as a material cause of anger in DA 1.1, 403a25-br.

In all four examples, the different explanations that are at stake are
revealed through the middle term, which picks out a cause for the holding
of the predicate term of the subject term. However, in my analysis of the
example of teleological explanation, I have left two important questions
unanswered. First, if Aristotle did not intend the final cause to be picked
out by the middle term, what does he mean by “changing the logo:”?
Second, one might wonder what it is about this example — or about
teleological explanations in general — that makes it so hard to rewrite the
demonstrations in such a way that the final cause is actually picked out by
the middle term. The following sections address these questions.

63 THE FORMALIZATION OF THE EXAMPLE
OF TELEOLOGICAL EXPLANATION

Why walking is for the sake of health

The argument of the section on final causes is fairly long compared to the
illustration of the other types of explanation, and it proceeds in quite a com-
plicated way. Here I shall first separate the different steps in the argument
and give a detailed interpretation of each; next, I shall propose two possi-
ble interpretations of “changing the /logo”. Let me start by introducing
the way Aristotle originally formulates the terms of the explanation
(Table 6.1). For the sake of clarity, I also add the alternative formulations
of the terms that Aristotle uses during the argument (Table 6.2).34

The argument itself proceeds roughly in the following four steps. First
Aristotle asks us to suppose that to make the food not floating (B,), holds
of C, walking after dinner, and that this is healthy (A,). Note that Aristotle
changes the formulations of the terms A and B, presumably to show that

33 As Bolton (1997, 113-15) suggested.
34 T shall retain the numbering in my discussion of the example of teleological explanation; where it
is not clear which formulation Aristotle has in mind the term is not numbered.
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Table 6.1 The original formulations of the terms in APo IL.11, 946826

A, Being healthy TO Uyradve Condition  Final cause
B, The food not floating 16 uf) ¢mimoA&lev T& ortiac  Condition  Aition
C  Walking after dinner ~ TepitTaros &md Seimrvou Activity Explanandum

Table 6.2 The alternative formulations of the terms in APo I.11, 946826

A,  Healthy Uy1ewds Productive of condition
B,  To make the food not TO TrOLElV ) EmimoA&gely  Activity productive of
floating T& o1t condition

walking (which is an activity) holds of another activity that produces the
condition of the non-floating of food. It is this latter activity that Aristotle
calls healthy, for healthy is just that which produces (or is useful to) the
condition of being healthy. This is in fact the way Aristotle characterizes
“healthy” in the Ethica Eudemia (EE 1.8, 1218b16—22):

And that the end stands in a causal relation to the means subordinate to it is shown
by teaching. For, having defined the end they show, regarding other things, that
each of them is a good, because “that for the sake of which” is the cause (aiTiov
Y&p TO oU éveka). [Note that Aristotle uses “0 hou heneka” here, and not “zo
tou heneka’]. For example, since “being healthy” is such and such a thing, then
necessarily this other thing will be what is useful for it. And what is healthy will
be the efficient cause of health (16 & Uyiewov Tfis Uyieios aiTiov s kivfjoav),
though only the cause of its being, but not of health being a good.

By characterizing walking as an activity that is productive of the food not
floating, and the latter as being productive of health, Aristotle implies that
C is an efficient cause of A,, being healthy: walking is productive of a
healthy condition (cf. Rh 1.6, 1362a31-34). Walking and health are thus
causes of each other: while walking is the efficient cause of health, health is
the final cause of walking (cf. 25 11.3, 195a8—11). Now, if walking is a health-
producing activity, it remains for the teleological demonstration to exhibit
why it is that walking effects a change that is directed towards health.
Health, as the final cause of walking, explains why there is walking after
dinner, but apparently, this is not sufficient for a complete demonstration of
this phenomenon: we also need to know why this teleological relationship
between walking and health obtains (for, as we saw in section 1.1, final
causes never operate in a vacuum). Accordingly, Aristotle continues the
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argument — and this is step 2 — by explaining that it is thought that B,, the
material condition where the food is not floating on the surface, holds of
C, walking, and healthy (A,) holds of B (B,). This opinion points towards
the causal role of the phenomenon picked out by B,.

Indeed, Aristotle now (third) poses the question of what the aition is
that causally connects C, walking, and A, which picks out the “that for the
sake of which.”® The answer is B, the not floating. Aristotle adds that “this
is like a definition of that” (4P 11.11, 94b19—20). Probably the first “this”
refers to By, the not floating, while “that” refers to A,, being healthy, “for,”
Aristotle explains, “in that way the A will be explained.” The not floating
of the food is like a definition of being healthy in the sense that it shows
how being healthy in this context (i.e. in the context of a person who just
had dinner) is to be understood. Part of what it means to be healthy in this
case is to be in a condition where the food is not floating on the surface of
the stomach.?

Finally, Aristotle turns to an account of the minor premise: “For what
reason does B hold of C?” He answers that the reason is “because that is
what being healthy is: to be in such a condition.” The formulation of this
response suggests that we have touched upon a premise that is not further
analyzable but is immediately evident (i.e. the premise is immediate).
At this point, Aristotle ends his discussion of this particular example of
teleological explanation.

Two possible interpretations of “changing the logoi”

The section is completed by the enigmatic statement (Barnes called it the
“Delphic injunction”)?” that one needs to “change the /ogoi”, and that
“in that way each of them will become clearer” (AP0 I1.11, 94b21—22). The
traditional interpretation reads this sentence in an apologetic way: Aristotle
realizes that his example of the final cause is ill-chosen and messy, and that
by mistake the middle term does not pick out the final cause. In order to
make sense of this example, we should therefore (stipulate that the terms
are coextensive and) rearrange the order of the terms or of the premises in
such a way that the middle term will pick out health as the final cause.
However, I see two problems with this reading that strongly suggest that
we should look for a different interpretation.

3 The apposition “the for the sake of which” in APo I1.11, 94b18 belongs to A, not to the aition.

36 Other definitions of health are “having one’s body in a uniform state” (Meta V1.7, 1032b6-8), or
“having fasted for a while” (P I1.3, 194b36).

37 Barnes (1993, 229).
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First, Aristotle spends quite some time expounding the example of tele-
ological explanation, and it seems not very charitable to assume that this
is not the example he actually would have liked to present to his readers.
In fact, the explanation that walking is for the sake of health is a stock
example in the Aristotelian corpus, and the rationale Aristotle provides
for health holding of walking in this chapter is perhaps not entirely trans-
parent, but very much in line with other accounts of the example. If my
interpretation holds, then we might say that Aristotle succeeds quite well
in demonstrating how the middle term, i.e. the food not floating, exhibits
the teleological relation between walking and health (and does so with-
out using the psychological language of desires or wants, which Aristotle
evades in this example as well). There is thus no need to rearrange the
example.

Second, Aristotle uses the verb petodapPdvewv as a technical term in
the Prior Analytics and in the Topics, where it means without exception
“to substitute for.”® This suggests that we should expect peToAapPdvev
ToUs Adyous to mean something like “substituting the Jogo7 (for some-
thing else).” In fact, the use of peTaAauPavewv as some kind of technical
procedure of substitution in these texts presents two options for how to
interpret the expression in the context of the Analytica Posteriora, neither
of which implies a rearrangement of the example.

One possible interpretation® is that the substitution concerns the for-
mulations (logo7) of the terms. This reading is based on Aristotle’s use of
ueToAauPdverv in the following passage of the Analytica Priora (APr1.34,
48a1—27):

Mistakes frequently will happen because the terms in the premise have not been
well set out. . . The reason for this is that the terms are not set out well with regard
to formulation, since if the terms for being in the conditions are substituted [for the
terms for the conditions themselves], there will not be a deduction; for example,
if instead of “health” “healthy” is posited, and instead of “disease” “diseased.” For
it is not true to say that being healthy cannot hold of someone diseased. But if this
is not assumed, there is no deduction, except in respect of possibility: and that is
not impossible. For it is possible that health holds of no man. . . It is evident then
that in all these cases the fallacy results from the setting out of the terms; for if
the terms for being in the conditions are substituted, there is no fallacy. Thus, it

Smith (1989, 137, 261). See APr L.17, 37b1s; APr 1.20, 39a27; APr 1.22, 40a34—35; APr 1.23, 41a39;
APr 129, 45b12—20; APr 1.34, 48a1—27; APr 1.38, 49b1—2; APr 1.39, 49b3—6; APr 1.4, 56b7-8; APr
11.8, sobi—11; 7op 1.2, 110a4—9; Top V.2, 130a29-b10; Top V1.4, 142b3; Top V1.9, 147b12—-14; and
Top V.11, 148b24—149a7 (passim).

39 Already suggested by Fortenbaugh (1966, 192).
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is clear that in such premises the term for being in the condition always needs to
be substituted and posited instead of that of the condition itself.+°

In this passage, Aristotle deals with fallacies that occur when the terms
of the syllogisms have not been set out well with regard to formulation
(4829: kar& THV Aé).#' The problem is solved by substituting terms “for
being in the conditions,” that is, adjectives such as “healthy” (Uy1aivov)
and “diseased,” instead of the terms for the conditions themselves, that
is, nouns such as “health” (Uyieia) and “disease.” We might postulate
that a similar kind of substitution of the formulation of the terms has
taken place in APo ILi1: the terms indicating the conditions are substi-
tuted by terms indicating what is in the condition, or rather, by terms
indicating what is productive of the condition. We have seen that Aristo-
tle substituted “healthy” (A,) for “being healthy” (A,), and “to make the
food not floating” (B,) for “the food not floating” (B,). Through these
substitutions A and B could be predicated of C (a term indicating an
activity), and also the causal relations (in this case, both material causal
and efficient causal ones) between the three terms would become more
evident.

Another possible interpretation** is that the substitution concerns the
replacement of words by their definitions. This is the stock use of the
expression in the context of the 7opica, and, accordingly, we should supply
&vTi TGOV dvoudTwv in the passage in APo IL.11. One context in which
the expression “to substitute the definitions for the words” is used in
the Topics is in that of the fallacy of repeating the word that is being
defined or predicated in the definition or predication. The failure pertains
to not having used the prior or better-known term in the definition or
predication. The procedure of substituting definitions for words is one of
the recommended ways to detect the fallacy (70p V1.9, 147b12-14; V1.4,
142a34-b6):

4% TroAAGKIs 8¢ SioyeUudeoBar cupTreoeiTal Tapd TO W) KOAGDS ékTibeaban ToUs KaTd THY TTPdTACIY
Spous. .. ToUuTou & odTiov TO un) Kahdds ékkeioBar Tous Spous kot Thv AéS1y, Etrel peTaAnpOév-
TV TGOV KT T&S £6e1s oUK EoTan GUANOY10POS, olov &vTi ugv THis Uyieias i Tebein 1O Uyiadvov,
&vTl 8¢ THis vooou TO vooolv. o y&p dAnBEs eltreiv cos oUk EvdéyeTal T voooUvTl TO Uyiaively
UtrépEat. ToUTou 8¢ pf AngBévTos o yiveTan ouANoyiouds, £l pry ToU évdéxeoBar- ToUTo & oUk
&BUvaTov- EvdéxeTar ydp pndevi dvbpwte Umdpyelv Uyisiav. .. Davepdv olv 6T1 év &maot
ToUTOoISs 1) &TT&TN YiveTan Tap& THY TGV dpwv EkBeatv- peTaAn$pOEvTwy y&p TEOV KaTd TS £€e1s
oUdty yiveton weldos. SfjAov oUv 6T1 KXT& TS TOIXUTOS TTPOTAoELS &el TO Kot THv E§v &vTi
Tfis €§ewds peToANTTTéOV Kai BeTéov Spov.

4! For parallels for this method of metalépsis in the ancient grammar tradition, see Sluiter (1990, 111ff).

4 Suggested by Pieter Sjoerd Hasper (in personal correspondence).
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Another [failure] is, if one has used the term that is itself being defined. This
passes unnoticed when the actual name of the object being defined is not used,
e.g., supposing anyone had defined the Sun as a star that appears by day. For in
bringing in day he brings in the Sun. To detect errors of this sort, substitute the
definition for the word (ueTahauPdverv dvTi ToU dvdpaTos TOV Adyov), e.g., the
definition of day as the passage of the Sun above the Earth.

The expression is also used in the context of examining the correctness of
definitions rendered of a complex term. For the definition to be correct,
the words of the complex term have to be replaced by the definitions of the
words (7op V111, 149a1-3). The substitution of definitions of words used
in definitions also helps to clear up whether or not the predications hold
non-accidentally (7op I1.2, 1102a4—9):

One should substitute definitions also for the words contained in the definitions
(AouPdvev 8¢ kad &vTi TGOV &v Tols Adyols dvopdTwv Adyous), and not stop
until one comes to something familiar; for often when the definition is given as
a whole, the thing looked for is not cleared up, (oUmew &fjAov) whereas if for
one of the words used in the definition a definition be stated, it becomes obvious
(koTddnAov).

Under this interpretation, we need to replace the words set out in the
syllogism — such as “walking,” or “being healthy” — by their definitions
(perhaps just as Aristotle did himself), until we find the more familiar
terms,” and in that way the predications will become clearer. A strik-
ing parallel is provided by Galen, who — plainly following Aristotle —
uses peTaAopuPBdvely in this exact same way while discussing scientific
demonstrations.*

The expression peTaAapavely ToUs Adyous may be too elliptical to
help us decide which of the two possible interpretations we should favor,
but this problem need not concern us too much. Both uses seem to be
at play in the Analytica Posteriora context: Aristotle probably meant some
technical procedure of substitution that he applied himself in discussing
the example, and through which the causal relations between the terms
and the predications became clearer.

4 This type of substitution might be connected to the one Charles observes in the Analytica Posteriora
concerning the example of thunder: the predicative term “thunder” is replaced by its nominal
definition “noise in the clouds,” which both gives us more familiar terms and indicates how thunder
is to be understood in the relevant syllogism. See Charles (1999, 240).

44 See Galen, Meth Med X.39, s—10: “that with regard to every inquiry one needs to substitute the
definition for the word” (c>s &mi T&vTwY TGOV {nToupévwy eis Adyov Xpn peTahapPdvestal
ToUvoua). I am grateful to Jim Hankinson for bringing this parallel to my attention.
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Ends cannot be picked out by middle terms

If my interpretation is right, then Aristotle has offered us an example of
teleological explanation where the middle term picks out a material cause,
while the final cause is picked out by the predicate term. This leaves us
with the question why Aristotle did not simply provide us with an example
of teleological explanation where the middle term picks out a final cause.

I believe that Aristotle indirectly addresses this question in the passage
where he brings up the order of causation in different types of demonstra-
tions (APo 11.11, 94b23—26):

Here the events occur in the opposite order from the cases where the causes are
according to motion. For in the latter the middle term must occur first, while here
C, the ultimate term, [must occur first] and last the for the sake of which.%

In this passage, Aristotle contrasts the order of causation in demonstrations
of efficient causal explanations with that of teleological explanations. As
we saw earlier, the middle term in the example of efficient explanation
(i.e. being the first to attack) picked out an event that /azer initiated the
war against the Athenians. The efficient cause picked out by the middle
term thus precedes the explanandum in time. However, in the example of
teleological explanation, we saw that the action picked out by the subject
term (i.e. walking) occurred first. The final cause, health, came about last.
It seems that in demonstrations of teleological explanations the final causes
are literally, in a temporal sense, the zelos or the end (and culmination) of
the events to be explained.

Aristotle returns to this issue in the next chapter (AP0 I1.12), where
he discusses the syllogistic features of demonstrations of processes, i.e., of
attributes coming to hold of certain subjects.#® Unlike demonstrations of
being, which are typically illustrated by mathematical examples in which
the attributes hold always and necessarily of their subjects, the premises of
demonstrations of processes do not pick out relations between universals
that are timeless and necessary without qualification. Instead, they track
causal developments over time and pick out relations between attributes
and subjects that hold only for the most part. For the syllogistic structure
of such demonstrations this means, first, that the terms get tensed: the

¥ ai B¢ yevéoels dvamraity vtalfa kad i TGOV KaTd Kivnow aiticov- kel uev ydp 1O péoov del
yevéabou TpddTov, EvTaba 8¢ TO I, TO EoxarTov, TeheuTadov 8¢ TO oU Eveka.

46 1 discuss the models of demonstration outlined in this chapter and their possible influences on
Aristotle’s methods in his biological works in Leunissen (2010). On demonstrations of processes,
see also APo 1.8, APo 1.30, and APo 11.16.
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processes picked out by the major and middle terms have to be characterized
as either past, present, or future happenings. This is, for instance, how
Aristotle formalizes the example of the coming ro be of an eclipse (APo 1112,

95a14—16):

For instance, because of what did an eclipse come about? Because the Earth came in
the middle; and it is coming about because [the Earth] is coming [in the middle],
and it will come about because [the Earth] will come in the middle, and there is
[an eclipse] because [the Earth] is [in the middle].#”

Second, Aristotle explains that the state of affairs picked out by the middle
term has to be either simultaneous with the states of affairs it explains in
the case of “simultaneous processes” (AP0 11.12, 95a10—24), or precede it in
the case of “consecutive processes” (AP0 I1.12, 95a24—9s5b1 and APo 1L.12,
95b13-b37). Simultaneous processes are processes in which attributes come
to hold of their subjects simultaneously with the operation of the cause
picked out by the middle term, i.e., A comes to hold of C at the same time
as B comes to hold of C. For instance, the eclipse comes to hold of the
Moon at the same time as the Earth moves in between the Moon and the
Sun. Consecutive processes are processes in which attributes come to hold
of their subjects some time after the (start of the) operation of the cause
picked out by the middle term, i.e., A comes to hold of C sometime after
B has come to hold of C. As an example of the latter, Aristotle states that
the coming to be of a house is demonstrated through a middle term that
picks out a state of affairs that is chronologically prior to the explanandum:
i.e., the earlier coming to be of a foundation (AP IL.12, 95b38: éoTon y&p
Bepéhios TpSTepoY).* Demonstrations such as these are thus to reflect the —
chronological — order of causation in the real world,* which means that
the relevant type of causal priority pertaining to the middle terms picked
out in demonstrations of processes is “priority in generation,” not “priority
in nature.”

Now, from Aristotle’s earlier treatment of the walking-for-the-sake-of-
health example, we can infer that teleological processes are consecutive
processes (health comes about some time affer walking has made our food
no longer float on the surface of the stomach), whose demonstrations

47 olov d1& Ti yéyovev Ekhewyis; 816T1 év péowd yéyovev 1) yfj- yiveton 8¢ 816T1 yivetan, éoTon 8¢
81671 EoTan &v péow, Kai ol B16T1 EoTIv.

48 Note that Aristotle typically depicts the causal sequence involved in house-building as a proper and
paradigmatic case of an (artificial) teleological causal chain. See, e.g., P4 IL9, 200a24—29; PA 1.1,
646a27—28; and PA I1L.s, 668a13—24.

4 Cf. Charles (2000, 198-204) on the dependence of the practice of definition on the order of
causation.
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should satisfy the formal requirements outlined in APo II.12. The upshot
of this is that, unlike material, formal, and efficient causes (which can all
be prior in generation), final causes of processes cannot be picked out by
the middle terms in demonstrations (ends that constitute final causes are
never prior in generation, but come about when the necessary prerequisites
have been fulfilled), but must always be part of the conclusion that is being
demonstrated.”® A teleological explanation explains that some feature is
present or comes to be for the sake of some end, where that end is the
final cause of that feature; demonstrations of teleological phenomena show
that this end in fact comes to hold of that subject through the opera-
tion of some other type of cause. That is, demonstrations of teleological
phenomena show that there is a genuine and intrinsic teleological rela-
tionship between the end and the feature of which it is the end. This is
exactly what Aristotle has shown us, namely that the action of walking in
fact leads to health, because walking is what makes the food not floating,
and being in a condition of having the food not floating is what being
healthy is (i.e., health comes to hold of walking once — after some walk-
ing around — walking has made the food not floating). On this account,
ends are part of the conclusion that needs to be demonstrated, and can-
not be picked out by the middle term through which the conclusion is
demonstrated.

The question I shall focus on below is how this picture of the structure
of demonstrations of teleological phenomena as described in the Analytica
Posteriora relates to the structure of the actual teleological explanations
offered by Aristotle in his De Partibus Animalium. 1 shall first return
briefly to his discussion of demonstration in the natural sciences, and then
analyze three predominant types of explanation in biology that involve
final causality. Without going into too much detail, I shall show that
the structure of the actual teleological explanations illustrates our findings
about the theory of explanation rather well.”"

5 This might explain why in the case of the teleological explanation in APo ILi1 the explanandum
is picked out by the subject term (“why does walking after dinner occur?”), rather than by the
predicate term as in the other three types of explanation.

' This question touches upon the important debate on the relation between the ideal of scientific
investigation and demonstration set out in the Analytica Posteriora (the “theory”) and the method-
ological reflections and actual explanations Aristotle offers in his treatises on natural science (the
“practice”). Although I cannot defend my position here, I am more sympathetic to the approach
defended passim in the works of Lennox and Gotthelf, who hold that Aristotle builds upon and
elaborates his scientific standards for the different sciences, than to the approach defended by Lloyd
(1996), who argues that Aristotle is a methodological pluralist, and that theory and practice cannot
be reconciled with each other.
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64 THE STRUCTURE OF ACTUAL TELEOLOGICAL EXPLANATIONS:
EVIDENCE FROM DE PARTIBUS ANIMALIUM

The structure of demonstration in the natural sciences

according to PA L1

Aristotle brings up the issue of demonstration in the natural sciences in
the first book of De Partibus Animalium. As we saw in more detail in
Chapter 3, Aristotle argues there that the modes of demonstration in the
theoretical sciences and in the natural sciences are different, because the
modes of necessity and the direction of the causal inference are different
(PA 1.1, 640a3-6):

For the starting point is in some [i.e. the theoretical sciences] what is, but in others
[i.e. the natural sciences] what will be. For, “since health or man is such, it is
necessary that this is or comes to be,” but not “since this is or has come about,
that from necessity is or will be.”s*

The causal mode of necessity operative among sublunary (non-circular)
natural phenomena is identified as conditional necessity, which Aristotle
explains as the necessity of certain things being present first, if the end is
to come to be (PA L.1, 639b26—30). Demonstrations in the natural sciences
thus pertain to linear, causal — typically, teleological — sequences in which
the causally relevant items are separated in time (and not to timeless or
eternal phenomena, which are the objects of demonstration in the other
theoretical sciences), and they will thus have to track the order of causality
in the natural, sublunary world. However, since those causally relevant
items never necessitate their outcomes without exception, but only for
the most part,” the direction of the inferences that pertain to them can
never be from the prior to the posterior. Rather, the necessity that governs
the deduction in the natural science kind of demonstration has to be
conditional too, and move — one-directionally — from the posterior (which
is the end that already has come to be) to the prior (which are the antecedent
causes of the coming to be of that end). In other words, the proper mode
of reasoning has to be that, if the end has come to be or is (such and
such), then its necessary prerequisites have had to come to be or be present

52 H y&p &pxn Tols uev TO Bv, Tois B¢ TO éoduevov- ETrel yap To1dvde éoTiv 1) Uyiela 1) 6 &vbpwros,
qvdykn TO8 elvar ) yevéoBai, GAN ok érel T8 EoTiv 1} yéyovev, ékeivo €€ dvdrykns EoTiv Ay
goTal.

53 This is because, as Aristotle explains (in PA 1.1, 640a6—9 and GC IL11), the relation between the
cause and effect in the natural, sublunary world is never one of unqualified necessity and the
necessity involved in these cases does not convert.
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first (its necessary prerequisites cannot not be; cf. P 11.9, 200a19—22). The
deduction is not of the consequences of a certain starting point, but of the
antecedents of the end.’

These remarks about the nature and structure of demonstrations in the
natural sciences present the following picture of what these demonstrations
in practice would look like. First, it is clear that the predominant form of
demonstration in the natural sciences will be teleological in nature. The
main project of the De Partibus Animalium is, as we saw, to explain why
particular parts and their differentiations belong to the animals that have
them, and Aristotle’s first move in answering these questions is usually to
identify the function the part performs. It is the function that constitutes
the part’s final cause and that explains its presence.

Second, we ought to expect the explanations Aristotle provides (which
are potentially transformable into demonstrations of the natural science
kind) to do more than just identify the final causes of natural phenomena.
Aristotle’s discussion of demonstration in PA L1 puts the ends that consti-
tute the final causes of natural phenomena in the position of (observational)
starting points for demonstration in the natural sciences. It is from know-
ing the realized end that we can then deduce its necessary antecedents,
which the realization of this end demands. This inference scheme implies,
I submit, that the ends that constitute the final causes will be picked out
by the major terms in the demonstration, and that they are part of the
conclusion that is being demonstrated, whereas the necessary antecedents
will figure as middle terms in the demonstration. In other words: a certain
animal part is present in the animal that has it for sake of the function
it performs, but it is through specifying the necessary antecedents that
Aristotle demonstrates the teleological relationship between the animal,
the part, and its function. Indeed, De Partibus Animalium is not a treatise
that simply lists parts of animals and their respective functions. Aristotle
also specifies why, for instance, this particular animal needs to perform
this function (or at least benefits from being able to perform it), why it
performs this function with only one kind of part rather than with two
kinds (as some of its related species do), why the part can perform the
function it performs, etc.

I take it that this picture is largely consistent with the example of why one
walks after dinner in APo IL.11. The question why one walks after dinner
parallels the biological question why a certain part is present in a certain

54 Lloyd (1996, 32); as Lloyd rightly points out, the antecedents that are deduced are antecedents of
the final cause in a chronological or ontological sense, not in a logical one.
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animal. The question is answered by identifying the final cause: in the
case of walking, health; in the case of biological parts, the function of the
part. In both cases, the middle term will have to pick out the conditionally
necessary antecedents that for the most part will bring about the end that
constitutes the final cause.

I shall strengthen this general picture by an analysis of the three
most common types of teleological explanation that Aristotle uses in his
De Partibus Animalium.>

The place of final causes in actual teleological explanations

(1) The explanation of the presence of vital and essential parts: functions

are subsumed under the formal cause

The most common question in De Partibus Animalium is why a certain part
belongs to a certain animal, and Aristotle typically answers this question by
pointing to the function that part plays within the particular animal kind
that has that part. The presence of parts is thus explained teleologically
through reference to their function (which is the part’s final cause), but
usually the need to perform these functions is explained by reference to the
definition of the substantial being of the animal. It is the definition of the
substantial being of the animal that specifies, among others, the functional
features that are to be realized and that is thus causally primary in the
explanation of the presence of those features.

Let me explain this by returning to a by now familiar example. The
question why birds have wings is answered by reference to the function
of flying as a part of the definition of the substantial being of birds
(PA 1V.12, 693b6-14, quoted above in section 5.2): birds are essentially
flyers, and flyers necessarily have wings. In a formalization of this example,
the middle term would be “flyers” (which picks out a functionally defined
form), not “flying,” which would pick out the function or final cause.
That “being a flyer” is causally prior to “flying” in the explanation of the
presence of wings in birds is evidenced by the fact that there are also kinds
of birds that have wings but are not actually able to fly: these birds, too,
have wings in virtue of being flyers, even though those wings cannot be
said to be present for the sake of flying.% It is thus the definition of the
substantial being of birds that is causally primary, and which is picked out
to explain why such necessary parts as wings with certain functions hold of

55 These three types of teleological explanation coincide with patterns I, III, and VIII discussed in
section 4.3.
56 See, e.g., PA V.12, 694a6-13. Cf. Aristotle’s discussion of sedentary insects in PA IV.6, 682br2—17.
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all birds. Note that from the definition of birds as blooded flyers not only
can the presence of wings be demonstrated, but also many of the bird’s
other features, such as the possession of two feet (rather than four, or six).

Additionally, Aristotle sometimes explains the presence of parts in sub-
species by reference to the functions that are part of the definition of the
substantial being of the wider kind. The fact that birds are essentially flyers
explains according to Aristotle why ducks have wings for the sake of fly-
ing. Here, the functions tend to be subsumed under the definition of the
substantial being (or the formal cause) of the animal’s wider kind. Wings
belong to ducks because ducks are essentially birds, and all birds necessarily
have wings (even if those wings do not actually enable the bird to fly).

In these cases, functions are picked out by the predicate term and only
“indirectly” through the middle term as being part of the definition of
the substantial being of something — that is, as being included in the
formal cause.’” Final causes of parts are demonstrated to belong to parts
through the functionally defined substantial being of an animal (i.e., the
ends that constitute the final causes are exhibited as being the realization of
a preexisting potential for form), and it is this formal cause that has causal
primacy.

(2) The explanation of the coming to be and presence of subsidiary and
luxcury parts: secondary teleology

A second type of explanation that is fairly common in Aristotle’s De Partibus
Animalium is the so-called “double-barreled” explanation. In these cases,
Aristotle explains the presence of a part or its differentiation by reference
to the function it performs (he sometimes merely states that the part or
its differentiation is “for the better”), whereas he explains their coming
to be by reference to material necessity. This type of explanation usually
pertains to features that are not of vital or essential importance to the
animal, either because the functions these features perform are already
performed by some other part (where this other part can be exhibited to be
the necessary prerequisite for the performance of that function), or because
the functions themselves are not strictly necessary for the animal’s life or
identity. In both cases, nature theoretically could have designed the animal
without the possession of these features. Instead, Aristotle indicates that
these features are present because they contribute to the well-being of the
animal.

57 PA L1, 640233-35: “hence we must in particular say that since this is what it is to be a human being,
on account of this it has these things; for it cannot be without these parts.” Cf. Ph 119, 200a14 and
PA L1, 639b13—14.
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One category of such parts consists of horns, spurs, hoofs, nails, teeth,
hair, and eyebrows; these parts all serve the luxury function of defense or
protection. The doubleness of the explanation indicates that these parts are
due to what I have called “secondary teleology.” That is, the coming to be of
the materials out of which the luxurious parts are constituted is entirely due
to material necessity (see, e.g., PAIV.3, 677b22—29 and PA V.4, 678a3-10).
The presence of these parts, on the other hand, and their organization and
distribution in an animal’s body are due to the goal-directed actions of the
formal nature of the animal. Aristotle describes the action of the formal
nature of the animal in these cases as wusing materials that are present of
necessity for a good purpose, rather than as producing those materials for
the sake of the realization of some function.

Let us return to the example of horns (PA I11.2; see also sections 3.2 and
4.3). First, Aristotle summarizes his account that horns are present in the
animals that have them for self-defence and attack (PA IIl.2, 663b21—22).
Next, he poses the following question (PA II1.2, 663b22—24): “We must
say what the character of the necessary nature is, and how nature according
to the account has made use of things present of necessity for the sake of
some:thing.”58 The necessary nature of the animal indicates, as I argued
above in Chapter 3, the amount and kind of materials that come to be as
a result of material necessity, as a by-product or surplus of conditionally
necessitated processes (without being themselves conditionally necessary).
As Aristotle explains, large animals seem to produce more earthen material
than is conditionally necessary (and necessitated) for the production of their
bones, and it is this residue which is then “used by nature for protection
and advantage” (PA I11.2, 663b25-35). There is no potential for form that
directly necessitated the coming to be of extra materials, and, had there
not been a surplus of material available, the formal nature of the animal
would not have been able to use it for the production of horns.

In cases like this, the function to which the formal nature of the animal
puts the part is highly determined by the potentials the available material
has. The earthen residue is used by the formal nature of an animal to
produce parts like horns, because this kind of material has a defensive

8 réds Bt Tfis dvaykaias ¢pUoews éxovons Tois UTdpXouoty &€ &vdykns 1) kaT& TOV Adyov

PUoIs Bvekd Tou kaTakéypnTal, Aeywuev. Here Ogle’s translation (1912; “Let us now consider the
character of the material nature whose necessary results have been employed by rational nature for
a final cause”) is grammatically closer to the Greek than Lennox’s translation is (2001b; “Since there
is a necessary nature, we must say how the nature according to the account makes use of things
present of necessity for the sake of something”). Pds should be taken with echousés in the genitive
absolute, and with katakechrétai: as soon as we know what kind of thing the necessary nature is, we
can explain how nature makes use of the things that are present on account of this necessary nature.
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potential.”? Formalizations of examples like these are not easy, but for our
purposes, it suffices to notice that again a function is demonstrated to
belong to some feature through another more basic feature, in this case
the availability of materials with certain material potentials due to material
necessity.

(3) The explanation of differentiations of parts: differentiae or residues are
causally primary

A third common question in Aristotle’s De Partibus Animalium is why a
part has the structural and material properties it has in the particular kind
of animal that has it. Or, in other words, Aristotle seeks to explain why the
part is differentiated in the way it is in this particular animal, relative to
the realization of other parts with the same name and approximately the
same function in other animals.

Take the example of eyes: both birds and insects have eyes for the sake
of vision, but birds have eyes made of fluid eye jelly, while insects have
hard eyes. This material differentiation of eyes cannot be explained by
reference to the function of vision as such, which only requires eyes to
be made of some transparent stuff (the generic function only explains
the presence of parts, not their differentiations). Aristotle explains these
differentiations by claiming that they are either for the better or necessary
for the animal’s way of life (or some other differentia that is part of their
specific substantial being). In both cases, they are present for the sake of
the functional optimization of that part within the particular animal kind.
Thus, in PA11.2, 648a13-19 (quoted above in section 4.2), Aristotle explains
the (relative) fluidity of the eyes of birds as being for the sake of bezzer vision
in birds: birds have fluid eyes to be better able to see.

However, Aristotle explains the need for functional optimizations like
these by reference to the specific nature, habitat, and needs of the animal in
question, for which he believes they are either necessary or subsidiary. That
is, in the case of necessary differentiations, the causally primary feature
in these explanations will be one of the four kinds of differentia of the
animal kind, which are the other parts (and functions) the animal has,
the animal’s bios (lifestyle and habitat), its activities, and its disposition.
These four differentiae immediately necessitate the variation among parts
through conditional necessity. The differentinze demand a functional
fine-tuning of the part, and this will in its turn conditionally necessitate

% Pace Lennox (20013, 194-195), who holds that “such material is present for the sake of constituting
parts which must have a material propensity suitable for defense.”
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material-structural changes or a relocation of the part. This is clear in the
following example (PA 11.13, 657b22—29):

The four-footed, egg-laying animals do not blink in the same way [as the birds],
because it is unnecessary for them to have moist and accurate vision since they
are terrestrial (671 008 Uyp&v altols dvaykaiov Exew kad dkpiPpf] THv dyiv
gmryeiols oUow). But for the birds it is necessary (Tois & &pviciv &vaykaiov):
they use vision to see from a great distance. Accordingly, crook-taloned birds have
sharp vision (for they search for their food from above, which is also why these
most of all birds soar to the heights), while those which are terrestrial and incapable
of flight, such as domestic fowl and the like, do not have sharp vision. For nothing
related to their way of life requires them to have it (oU8tv y&p alt& kaTemelyel
Tpos ToV Plov).

A reconstruction of the premises involved in this example shows that the
fact that crooked-taloned birds search for their food from above explains
why they need accurate vision, and it is this need for accurate vision that
conditionally necessitates the moistness of the eyes of these birds (crooked-
taloned birds have moist eyes for the sake of better vision, because better
vision is required for their way of life).®

However, in the case of differentiations that are for the better, Aristotle
indicates that what primarily caused their coming into being is the avail-
ability of extra materials, usually due to material necessity. The potentials
of this material then determine for what purpose the formal nature of the
animal can use the material, where the ultimate function is determined
relative to the animal’s specific substantial being. Water-birds have webbed
feet, for instance, because by using the available earthy residues in this way,
nature improves the animal’s way of life and thereby improves its well-
being (PA IV.12, 694a22-bir); had the residues not been earthy, nature
would have to have used them for some other purpose or would have had
to discard the residues. The function for which nature can use the available
materials is guided and limited by the material potentials that material has,
which indicates that these potentials are causally primary. In both cases,
the final cause is part of the conclusion of the demonstration, while the
middle term refers to formal or material-efficient causes.

Let me end this exposition of common types of teleological explanation
in the De Partibus Animalium by pointing out that although the actual
explanations are more complicated than the example of walking after din-
ner in the Analytica Posteriora, the basic structure and the role of final causes

% For the identification of habitat as a causally basic feature, see Gotthelf (1997a, 85-89) and Charles
(1999, 249-250).
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seem to be the same. In biology, Aristotle attributes functions to (differen-
tiations of) parts in order to explain the presence of the latter. However,
the holding of these functions follows from other, more basic features,
such as the animal’s essence (which comprises functions), its lifestyle, or
the availability of certain material potentials. It thus seems that in practice
too Aristotle picks out final causes as part of the explanation, but not as
the causally primary feature in the complete explanation.

6.5 CONCLUSION

In the preceding sections, I have argued that APo IL.11 shows how each
of the four types of explanation is demonstrated through an explanatory
middle term, which need not express the same type of causality as the
explanation does.

This interpretation, supported by the lexical difference between aitia
and aition, takes away the need to rearrange Aristotle’s syllogistic example
of walking after dinner for the sake of health. Nothing in the text of
the Analytica Posteriora suggests that final causes must be picked out by
the middle term in a teleological demonstration. A comparison with the
use of petaAauPavew in the Prior Analytics and the Topics shows that the
expression peTaAauPavely ToUs Adyous should be taken as referring to
some kind of procedure of substitution that Aristotle has applied himself
while setting out his example, rather than as an admonition to us to change
the order of the terms or premises. The fact that ends that constitute the
final causes of natural phenomena are chronologically speaking the last
to come to be, together with Aristotle’s requirement that demonstrations
of processes have to reflect actual causal sequences and track priority in
generation, explains why it is impossible to construct a syllogism in which
the middle term picks out this end as a final cause.

A short analysis of Aristotle’s methodological remarks about demon-
stration in the natural sciences and of his actual practice of teleological
explanation in De Partibus Animalium confirms the general picture found
in the Analytica Posteriora with regard to the structure of teleological expla-
nations. Functions explain the presence (or differentiations) of parts in the
animals that have those parts, but the coming to be of these functional
parts is itself explained further by reference to either the definition of the
substantial being of the animal (which specifies the potentials for form that
conditionally necessitate the coming to be of the vital and essential parts),
or the availability of extra materials (which are used by the formal nature
of the animal for the production of subsidiary or luxury parts). Final causes
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are the starting points from which the conditionally necessary antecedents
are to be traced back, but it is the presence of these prerequisites that
necessitates — for the most part, and if nothing interferes — the coming to
be of ends.

In sum, final causes form important and necessary ingredients of tele-
ological explanations, but the ends that constitute the final causes are
themselves demonstrated to come to be because of other causally prior
facts, and these need to be picked out in the complete explanation
as well.

APPENDIX

Translation of Aristotle’s Analytica Posteriora I1.11, 94a20—94b26

Since we think we have <scientific> knowledge when we know the expla-
nation, and there are four explanations — one, what it is to be a thing, and
another, given what things being the case it is necessary for that to hold;
another, what first initiated the motion; and fourth, the for the sake of
what — all of them are demonstrated through the middle term. For, “given
what thing being the case it is necessary for this to hold” does not occur
when one proposition is assumed, but when at least two are. This is the
case when they have one middle term. Thus when this one is assumed,
it is necessary for the conclusion to hold. It is clear too in the following
way. Because of what is the angle in a semicircle a right angle? Given what
thing being the case is it a right angle? Suppose then that right is A, half of
two rights B, the angle in a semicircle C. Thus of A’s — right — holding of
C — the angle in a semicircle B is the cause. For this [B] is equal to A and
C to B, because it [C] is of two rights — half. Thus given B, half of two
rights, being the case, A holds of C (for that was it that [necessitates] the
angle in a semicircle being a right angle). And that [B] is the same as what
it is to be it, since the definition signifies this [i.e. what it is to be it].

Now it has also been shown that the middle term is explanatory of the
essence.

For what reason did the Persian war come upon the Athenians? What is
an explanation of the Athenians’ being warred upon? Because they attacked
Sardis with the Eretrians. For that initiated the movement. War, A; being
the first to attack, B; Athenians C. B holds of C, the Athenians being the
first to attack, and A holds of B, because people make war on those who
have wronged them first. Therefore A holds of B, being warred upon to
those who first began, and this, B, holds of the Athenians — for they first
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began. And in this case, too, the cause, that what initiated the movement,
is the middle term.

Regarding the cases in which the causal relation is that something is for
the sake of something — for example, for what reason does he walk? In
order to be healthy. For what reason is there a house? In order to protect
the possessions. In the one case it is in order to be healthy, in the other
in order to protect. There is no difference between for what reason it is
necessary to walk after dinner and for the sake of what it is necessary. Call
“walking after dinner” C, “the food not floating on the surface” B, and
“being healthy” A. Suppose then that to make the food not floating on
the surface at the mouth of the stomach holds of walking after dinner, and
suppose the first is healthy. For it is thought that B, the food not floating
on the surface, holds of to walk, of C, and that thereof (of B) A, healthy,
holds. What then is the causal factor for C of A’s — the for the sake of
which — holding of it? B, the not floating. This is like a definition of it
<of A>; for A will here be explained in this way. And for what reason does
B hold of C? Because that is what being healthy is: being in such a state.
Surely one must substitute the definitions, and in that way each of them
will become clearer. Here the events occur in the opposite order from the
cases where the causes are according to motion. For in the latter the middle

term must occur first, while here C, the ultimate term, [must occur first]
and last the for the sake of which.



CHAPTER 7

Conclusion

Aristotle appeals in a variety of ways to his theory of natural teleology
in order to generate explanations of biological phenomena. At the most
basic level, living beings are explained to have the capacities of the soul
they have in virtue of those capacities being necessary for the sake of
living, and in the case of the more complex and less widespread capacities,
in virtue of being necessary for /iving well. At the more complex level,
Aristotle explains that living beings — and also the heavenly bodies — have
the bodily parts and features they have for the sake of exercising their vital
and essential capacities, or for contributing to the performance of those
vital and essential capacities, or because they serve their well-being in some
other way.'

What unifies these teleological explanations is that they all pick out a
function or beneficial end as that for the sake of which some feature is
present. In addition, the presence of this function or end is identified as
the outcome of the operation of a goal-directed efficient cause (i.e., as
being due to the goal-directed actions of the formal nature or soul of a
natural being), where this process of coming to be either consists in the
realization of a potential for form, or in nature making good use of excess
materials.

Aristotle characterizes the first process of coming to be as being due to
teleology and conditional necessity. This kind of causation, which I call

' As for the token questions I raised in the introduction, we have found the following teleological
explanations: organisms reproduce for the sake of preserving their own kind such that they can
participate in the eternal and the divine. Birds have wings because they are essentially flyers (being a
flyer is part of the substantial being of birds), and wings are a necessary prerequisite for being a flyer.
Neither snakes nor stars have feet, because in these beings the presence of feet would have been in
vain, and nature does nothing in vain. Most of the hoofed life-bearing animals have horns, because
there is an excess of earthen material present in their bodies, and because of the defensive potentials
this material has, nature uses it for the better to make horns in all the males. In the females, however,
the excess of material is excreted, because females are not strong enough to be able to use the horns,
and nature never includes any features in the actual design of an animal that it would not be able to
use.

208
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“primary teleology,” is responsible for the coming to be and presence of
those features that can be exhibited to be the necessary prerequisites for
the performance of vital and essential functions. The end that constitutes
the final cause in these cases is prior “in nature” and “in definition,” and
is causative in virtue of being formally one with the formal and efficient
causes of the living being in question, such that the realization of the form
is the end state towards which the efficient cause is intrinsically directed
and by which its operation is confined.

Aristotle characterizes the second process of coming to be as “the nature
according to the account making use of what is present of necessity.” This
kind of causation, which I call “secondary teleology,” is responsible for
the presence and sometimes also for the shaping of subsidiary and luxury
features that increase the well-being of living beings; the coming to be
of their constitutive materials, and sometimes even of entire structures, is
due to material necessity. Both causal patterns are teleological for Aristotle,
since in either case it is the operation of a goal-directed efficient cause that
ensures the intrinsic and regular connection between natural processes and
their beneficial outcomes.

In the sections below, I conclude my account of the merits and limits
of Aristotle’s use of teleology to generate explanations by specifying (1) the
priority Aristotle attributes to teleological explanations, (2) their syllogistic
structure, (3) the way they integrate references to final causes and necessity,
and finally (4) their explanatory power.

7.1 THE PRIORITY OF TELEOLOGICAL EXPLANATIONS

Aristotle considers it the foremost task of natural philosophers to state tele-
ological explanations such as the ones cited above, because he is convinced
that these explanations are the most effective at serving the function of
providing scientific knowledge.

For Aristotle, who is a realist concerning causal explanation, the discovery
of explanations supplies scientific knowledge. We know something when
we know its causal explanation, and there are four types of this: i.e., formal,
material, efficient, and teleological explanation. In natural philosophy, we
have seen that Aristotle stresses the importance of teleological explanations.
Apparently, the most important way of explaining the presence, absence, or
differentiation of natural phenomena is by picking out the final causes of
these phenomena under their causally relevant and appropriate description,
and then (and this step is crucial) to show how the ends that constitute the
final causes come to hold of the phenomena under explanation.
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The importance Aristotle attributes to teleological explanations does not
derive from a denial of the causal force of the material and efficient causes
in natural phenomena. Aristotle argues that the operation and interaction
of all four causes are necessary for teleological natural phenomena to come
about, and acknowledges that there are some natural phenomena (such as
the coming to be of eclipses, ice, and perhaps the spleen) that only involve
the operation of material and efficient causes. However, the fact that most
natural (and especially, biological) processes occur regularly and have reg-
ular beneficial outcomes indicates, according to Aristotle, that there exist
such things as natures and that those processes are intrinsically directed
towards the realization of such outcomes. The regular coming into being
and presence of natural beneficial outcomes cannot be accidental and a
matter of chance. Thus, Aristotle argues, in addition to material and effi-
cient causes operating from the “bottom up,” there must be overarching
formal and final causes at work that from the “top down” guarantee the
regularity of those outcomes by ordering, timing, and limiting the complex
sequence of natural events in general and of the stages in biological devel-
opment in particular. Aristotle repudiates his materialist predecessors for
treating the results of such processes as being incidental to chance interac-
tions between material elements. They were not able to account for those
results in terms of intrinsic causation. Aristotle holds that the explanation
of such phenomena requires the assumption of final and formal causes 77
addition to material and efficient causes.

The importance of teleological explanations also does not lie in the fact
that they pick out final causes as being the causally primary factors in the
sequence of development, for final causes never are. The implicit model
for explanation that Aristotle employs here is that of demonstrations of
(non-cyclical) processes, and not that of geometric-type demonstrations of
timeless and/or eternal states of affairs. This former model, as described in
APo 1112, requires the scientist to lay bare the order and timing of events or
stages of development within a causal sequence. In simultaneous processes,
the item picked out by the middle term ought to be simultaneous with (and
therefore have the same tense as) the process to be explained. However, in
consecutive processes — such as teleological ones — the item picked out by
the middle term has to precede the process to be explained. As Aristotle
points out, the middle terms in such demonstrations have to pick out
the immediately necessary prerequisite for the effect (i.e., the coming to
hold of an attribute of a subject) that has come about. For demonstrations
of natural phenomena of the teleological type, this means the following.
First, since such demonstrations track the chronological ordering of items
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involved in the processes under explanation, the middle terms of these
demonstrations have to pick out that which is causally prior in generation.
Second, since the ends that constitute final causes are — although causally
prior in nature — last in generation, they cannot figure as the causally
primary factors in demonstrations of teleological phenomena. Instead,
ends and functions figure in the predicative position in the demonstration
of natural phenomena and are therefore part of the conclusion that is being
demonstrated. (Note that this is 70z to say that final causes have no causal
force or ought not to be picked out in teleological explanations; I merely
claim that final causes have no causal primacy in teleological explanations
in the sense outlined above.)

The importance of final causes, then, and hence of teleological explana-
tions that pick out those final causes, lies in their explanatory priority. The
reason for this is that the functions and ends that constitute final causes
are in most cases easy to identify: they are immediately apparent to obser-
vation. Once these functions and ends have been established, one can then
proceed to determine the conditionally necessary antecedents, which will
be part of the complete causal explanation. Because final causes are “closer
to us,” they provide the best starting points for the discovery of the other
causally relevant features and developments related to the explanandum.
Since all properties and developments are equally significant or insignificant
from a material-efficient point of view, the boundary between essential and
incidental properties can only be determined by studying natural beings
as teleologically organized wholes. For Aristotle not every terminus of a
continuous process is a final cause, but only that in which this process — if
nothing prevents it — would typically and for the most part culminate. The
end that constitutes a final cause is a “good,” that is, something that con-
tributes to the existence, essence, or well-being of the whole of which it is
part. Through the investigation of natural phenomena from a teleological
viewpoint, one is able to distinguish the causally relevant features of those
phenomena, and thereby to discover the features that are to be included in
the complete explanation of them. The identification of final causes thus
helps to frame the search for material, formal and efficient causes of some
phenomenon and thereby to find its complete causal explanation.

7.2 THE (SYLLOGISTIC) STRUCTURE OF
TELEOLOGICAL EXPLANATIONS

The general structures underlying Aristotle’s actual teleological explana-
tions provided in the natural treatises are largely consistent with the theory
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of demonstration as described in AP0 IL.11. Both practice and theory, how-
ever, prove to be more complex and flexible than has traditionally been
acknowledged.

Aristotle’s actual teleological explanations consist for the most part of
explanations that refer directly to final causes, but also of explanations
that follow the use of teleological principles. In those cases where the final
causes are immediately discernible, Aristotle starts by identifying that final
cause and then proceeds to show why it is that this function or goal is
necessary or beneficial for the natural being in question. In the case of
living beings, the functions for the sake of which the parts of living beings
are present are typically the realizations of the capacities of the soul, which
are themselves teleologically grounded as being necessary for or otherwise
contributory to the preservation of life and the reproduction of the living
being in question. The “classification” of the various soul functions that
living beings have and Aristotle’s teleological account of their nested hier-
archy in De Anima form the reference points for explanations of biological
phenomena.

The strategy Aristotle employs to connect the function with the bearer
of that function in each of these cases depends first and foremost on the
type of question that needs to be answered (i.e., on whether one needs to
explain the presence, absence, or differentiation of some part or feature)
and, second, on the status of the part or feature in question. Parts or
features that are immediately necessary for the living being that has them
(and without which formal natures — hypothetically speaking — could not
have designed these living beings) are shown to belong to the living being
through reference to their essence, picked out by the definition of their
substantial being, which includes (among other features) the necessary vital
and essential functions to be realized.

Parts or features that Aristotle characterizes as non-necessary (because,
again, hypothetically speaking, formal natures could have designed the
animal without them), and which are “for the better” or “for the sake
of well-being,” are shown to belong to living beings by reference to their
possession of extra materials, which are then said to have been used by their
formal nature for something good. I have called such features subsidiary
or luxury parts, depending on whether they contribute to the performance
of a vital or essential function, or rather perform a non-necessary, “luxury”
function such as defense.

Similarly, vital or essential differentiations of parts are usually shown to
belong to the living beings that have them by reference to one of their
specific differentiae (i.c., the being’s way of life, its activities, character, and
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the other parts it possesses), which are then shown to require a functional
optimalization of the part or feature in question. Subsidiary and luxury
differentiations of parts, on the other hand, are shown to be present on
account of the availability of extra material that has come to be by material
necessity, and which is then used by the animal’s formal nature for the
better.

The absence of parts or features is explained either by reference to their
lack of function within this particular kind of animal (often because the
animal has some other, more necessary feature that interferes with the
functionality of the now missing part), or non-teleologically by reference
to the absence of the constitutive material (or natural place) in this animal.

In explaining the actions of animals or human beings, Aristotle first
picks out the goal of that action. He then shows how this action comes
about by reference to the intermediate efficient causes, which usually take
the form of the desire for an object and of the perception of that object as
something good.

Teleological principles, such as “nature does nothing in vain,” are gen-
eralizations over (or “causal abstractions” of) the observed outcomes of
the goal-directed actions of formal natures, explicating what they “always”
or “never” do or make when they are said to produce living beings and
their parts. The principles, which are suppositions of Aristotle’s natural
science, function predominantly as heuristic tools for the identification of
the causally relevant facts to be picked out in explanations, but are not
part of the ultimate explanation itself. The principles provide a framework,
established inductively through observation, of what is (and what is not)
among the natural possibilities by which the actions of formal natures
are constrained, and thereby set the natural boundaries within which the
explanation of a particularly difficult phenomenon must take place, if it is
to be explained teleologically.

Teleological principles are used in the following way. First, the presence
of parts is explained through the use of the principle that nature does
everything either because it is necessary or because it is for the better.
The principle helps to determine the type of teleology responsible for
the coming to be and presence of that part, and thereby makes it easier to
identify the part’s specific function. If the part can be observed to be present
in all animals that are able to perform the function associated with that
part, then the part must be necessary (i.e. be a necessary prerequisite for the
performance of that function); it will be a product of primary teleology;
and there will be some commonality in the form of all the animals that
have that part that explains the part’s presence. If the part is present only
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in some animals that are able to perform the function associated with
that part, then the part must be for the better; it will be a product of
secondary teleology; and there will be a differentia in combination with
the availability of extra materials that explains the part’s presence in the
subspecies.

The absence of parts is explained through the use of the principle that
nature does nothing in vain. Aristotle constructs a counterfactual argument
of the following form: if the formal nature of this particular being had
designed the animal with this part, the part’s presence in that animal
would have been in vain, because some other, more necessary feature that
being has would have interfered with its functionality. The part is absent,
then, because nature does nothing in vain (and because nature could not
tinker with the other, more necessary feature).

Finally, the principle that nature does what is best is mostly used for
explanations of the presence of parts or of their differentiations in cases
where observation shows that there are several possible natural means for
nature to fulfill a certain functional need. Aristotle shows how the features
an animal has are the best for it, given its specific substantial being, relative
to the other natural possibilities.

In short, in all the actual teleological explanations provided in the natural
treatises it is either a formal cause (e.g., an essential property specified by
the definition of the substantial being of a living being, a differentia), an
efficient cause (e.g., a desire, an action of a formal nature), or a material
cause (e.g., a flow of earthen material with certain potentials) that turns out
to be causally prior in generation. Ends and functions, on the other hand,
which are prior in nature, are picked out as what explains the presence
of features and as what guides and limits the processes of coming into
being of those features. This picture is largely consistent with the zheory
of the structure of teleological explanations Aristotle provides in APo 111,
where he integrates his theory of four causes with the syllogistic pattern of
scientific demonstrations. In this chapter Aristotle shows how there may
be a difference between the type of causality expressed in the explanation
of some feature and the type of causality expressed in the middle term that
picks out the explanans of that feature. In teleological explanations, there
must be a difference between the two. In addition, Aristotle argues that it
is through the explanans that a certain type of causal relation is shown to
obtain. In contrast with the traditional interpretation of AP0 IL.11, I have
argued that in teleological explanations final causes are never to be picked
out by the middle term as being explanatory of the conclusion, but rather
are themselves part of the conclusion that is being demonstrated. Walking
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after dinner is for the sake of health, because walking brings about the
physiological condition of having the food not floating on the surface of
the stomach, which is exactly what being healthy is in the context of a person
who has just had dinner. The middle term that picks out the condition
of having the food not floating brings out the teleological relation that
obtains between walking and health. Under this scheme, demonstrations
of the teleological type are demonstrations in which an end that constitutes
the final cause is demonstrated to come to hold of some state of affairs
through the operation of other types of cause picked out by the middle
term.

This scheme is consistent with the idea (mentioned earlier) that for
Aristotle the structure of scientific demonstrations in the natural sciences,
which pertain to processes, is to reflect the order of causation in the real
world. Additionally, if the necessity that obtains in the world of change and
development is conditional, then the necessity that governs deductions of
natural phenomena has to be conditional as well: if the end is to come to
be, then its necessary prerequisites have to come to be first. In the natural
treatises, Aristotle never produces actual syllogisms, but the underlying
pattern is largely the same. Phenomena are explained to be present for the
sake of some end that constitutes the final cause. This end, then, needs to
be demonstrated to come to hold of those phenomena through other prior
necessitating factors.

This schematic picture of the structure of teleological explanations points
also to the wider ramifications of this book: both the incorporation of
conditional necessity into the demonstrative framework, and the room for
variability between the type of explanation that is being demonstrated and
the type of causation picked out by the middle term allow for a very flexible
and comprehensive model of scientific demonstration, going far beyond
the geometric model of demonstration pertaining to mostly mathematical
states of affairs. Treating Aristotle’s use of teleology in the natural sciences
as one homogeneous category would inevitably obscure the richness of his
explanatory and demonstrative strategies.

7.3 THE INTEGRATION OF FINAL CAUSES AND NECESSITY
IN TELEOLOGICAL EXPLANATIONS

Another aspect of the structure of teleological explanations concerns the
integration of references to both teleology and necessity in the explanation
of living nature. I have argued that in his explanations, Aristotle picks out
(roughly speaking) two types of teleology in combination with two types
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of necessity: primary teleology in combination with conditional necessity
and secondary teleology in combination with material necessity.

Aristotle invokes what I call “primary teleology” in explaining those
parts and features of a living being that are the realizations of capacities
already given with the kind of soul that being has. The parts and features
are the necessary instruments for the performance of the essential and vital
functions included in the definition of the substantial being of that living
being. In those cases, the formal nature or the soul of that living being
is the cause of both the coming to be of those parts and features, and of
their presence. The necessity of the coming to be of the part or feature in
question (and of its constitutive materials) is conditional upon the need of
some essential or vital soul function to be realized; the part and features that
are present are then exhibited as the necessary prerequisites of something
being what it is and being able to lead the kind of life it does.

However, Aristotle also recognizes that some parts or features that are
observed to be present among living beings are not immediately necessi-
tated by the functions specified by the definition of the substantial being
of that animal, but do give rise to the performance of functions that con-
tribute to the well-being of the animal. In these cases, Aristotle ascribes
the cause of the coming to be of the matter constitutive of those parts and
features to material necessity, while ascribing the cause of their structure
and presence to the goal-directed actions of the formal nature or soul of
the animal. There is no capacity for the performance of a function that
conditionally necessitates the realization of luxurious parts, and subsidiary
parts are strictly speaking not necessary for the performance of necessary
functions. Aristotle believes that, hypothetically speaking, nature could
have designed the animals that have subsidiary parts in such a way that
they would have been able to function without them, which is evidenced
by his observation of other related animals that lack the subsidiary part in
question but are nevertheless able to perform the function associated with
that subsidiary part. Subsidiary parts are rather present for the animal’s
well-being or living well. The material processes that take place in the bod-
ies of animals for the sake of generating the necessary parts lead incidentally
to the generation of residues or other extra materials. These materials are
then used by nature — “who, as a good housekeeper, is not in the habit of
throwing away things that could be useful” — for the sake of the good of
the animal. This latter process is teleological in Aristotle’s view, but in a
qualified way: the formal nature of the animal attributes a function to a
part or to a flow of material, after this part or material has already come
to be as the result of material necessity, and does so in accordance with the
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available material potentials, which thus have causal priority in generation.
The teleology here is secondary on the operation of material necessity.

The integration of material necessity in secondary teleological explana-
tions gives evidence for my view that Aristotle’s theory of teleology was not
developed for the sake of replacing materialist explanations, which account
for everything in terms of material necessity and its coincidental outcomes.
In Aristotle’s view, material natures usually operate under the constraints of
teleology, but not always: sometimes material natures operate according to
their own natures without being directed towards the realization of some
end, and give rise to structures that can be and often are used for the sake
of something. When Aristotle restricts unqualified necessity to the eternal
realm of the heavenly bodies he does not thereby deny the existence of
material necessity in the sublunary realm. He rather points out that in
causal sequences that take place in the heavenly realm the prior always
necessitates the coming to be of the posterior, because the coming to be of
the posterior is necessary “without qualification.” In the sublunary realm
the prior in a causal sequence never necessitates the posterior “without
qualification,” regardless of whether the posterior is necessitated by con-
ditional necessity or by material necessity. The role of material necessity
in the sublunary realm is therefore not confined to the “negative” part of
constraining the realizations of ends in natural beings. Material necessity
also has a more positive role to play, in that it provides extra possibilities
(“extra” in the sense that the possibilities are not already given with the soul
and the potential for form some living being possesses) for the realization of
features and functions that may contribute to the well-being of the animal
in which it operates.

The distinction between “primary” and “secondary” teleology also solves
some of the problems pertaining to the scope of Aristotle’s teleology. For
instance, it allows us to attribute an anthropocentric purpose to winter
rain (i.e., the growth of crops), without having to conclude that Aristotle’s
theory of natural teleology is anthropocentric. In the realm of nature,
formal natures make good use of what is present of material necessity; in
the same way, human beings may — through the application of art — impose
secondary functions upon natural phenomena such as winter rain (which
occurs regularly due to material necessity), while following the material
potentials and natural propensities rain has. It is the application of art that
ensures the regular beneficial outcomes of winter rain, not a preexisting
potential for form that is being realized. Aristotelian teleology pertains
strictly to individual kinds of formal natures, and is not in any intrinsic
way anthropocentric or cosmic.
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7.4 THE EXPLANATORY POWER OF TELEOLOGICAL EXPLANATIONS

The explanatory power of the actual teleological explanations Aristotle
provides of natural phenomena derives from the success of his theory of
natural teleology in integrating and making intelligible phenomena that
would otherwise be dissociated facts of our universe.

Aristotle’s theory of natural teleology, in combination with his theory of
four causes, allows him to explain natural processes, deliberative action, and
artistic production as variations of one and the same basic phenomenon
(but, importantly, without trying to reduce them to one abstract model).
Aristotle sets up the analogy between agency and nature, and especially
between art and nature (where intentionality and deliberation play no
significant causal role), in order to bring out the goal-directedness of the
latter through our familiarity with the goal-directedness of the former.
The analogies thus serve primarily a didactic function: Aristotle reveals
the causal frameworks that apply to art and agency and extends those
to natural generation as far as the similarities hold. Ultimately, however,
the goal-directedness of art and agency are ontologically dependent on
that of nature, where goals are asserted to be present most. Living beings
(humans, animals, and perhaps in some sense even the heavenly bodies)
act goal-directedly, and craftsmen produce artifacts through goal-directed
activity, because they imirate nature and are themselves endowed with
natures.

The force of the analogy between art and nature remains visible also in
Aristotle’s explanations in the biological works, where the formal, efficient,
and final causes are said to coincide in the souls of living beings. Aristotle
often depicts these “formal natures” as if they are “internal craftsmen”
who make, use, or redirect materials for the sake of realizing the living
being’s characteristic functions. The theory that nature is goal-directed thus
unifies natural beings such as elements, plants, animals, human beings, and
even the heavenly bodies under one ontological category. They all become
teleologically organized composites of form and matter, but with widely
different manifestations of organized complexity. The coming to be and
presence of their bodies and features, and the occurrence of their motions
and actions all involve goals, ends, and functions that ultimately contribute
to their being, life, and living well. The teleological explanations Aristotle
provides pick out those goals, aims, and functions, and relate them to the
beings, parts, and processes of which they constitute the final cause.

Teleological explanations are most successful in biology. Aristotle pro-
vides comprehensive and detailed accounts of why parts belong to the
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animals that have them, why they are differentiated in the way they are,
and why some animals lack parts that one would expect to have been
present. The references to functions Aristotle makes in these explanations
are grounded in his theory of soul. In particular, they build upon the
classification of the various capacities of the soul to perform life functions
and upon the idea that the soul is the final cause of the natural body that
is instrumental. Different kinds of living being are demarcated by their
characteristic soul functions, and the parts and bodies they have must be
necessary for or subsidiary to those functions. Any part of a living being’s
body is the way it is for the sake of the capacities that characterize its life,
because it is causally dependent on and conditionally necessary for these
capacities. Capacities and the living bodies in which they are realized are
essentially connected.

The success of the use of teleological principles in biology as a heuristic
tool for finding final causes where they are not immediately discernible
also forms the foundation for Aristotle’s use of those very same principles
in his cosmology. The lack of empirical data in the latter domain makes
the endeavor to explain the heavenly phenomena very difficult. Aristo-
tle tries to integrate the study of the heavens into the science of nature,
and he believes that material explanations of the mathematical proper-
ties of the heavenly phenomena are insufficient for a complete scientific
understanding of them. Aristotle therefore uses teleological principles as a
heuristic to find final causes, and by doing so tries to turn his cosmology
into a proper natural science. The teleological principles are not a pri-
ori postulates, but suppositions derived from the numerous observations
Aristotle made in the biological domain. However, because of the lack of
empirical data, the teleological explanations that are provided in cosmol-
ogy amount to — as Aristotle himself keeps pointing out — plausible or
reasonable explanations that take away some puzzlement concerning the
heavens. They do not constitute explanations that reach the same level of
accuracy and necessity as the explanations provided in biology. The use
of the theory of natural teleology as a means to generate explanations of
natural phenomena is thus limited in those domains where our observa-
tions of the phenomena are incomplete. On the other hand, Aristotle’s
attempt to give teleological explanations of the features and motions of
the heavens shows the comprehensiveness of his theory of natural teleol-
ogy: ultimately he is trying to establish a coherent picture of the whole
cosmos and all its natural beings in which (at least for the most part)
things are present or absent or differentiated in the way they are for a
purpose.
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In sum, if my interpretation of the theory and practice of teleo-
logical explanations in Aristotle holds, then the explanatory work per-
formed by final causes is significantly different from what has traditionally
been thought. Final causes explain the presence of features, but exert no
“mysterious pull” from the future. They rather function quite literally as
the direction-givers and the ends and limits of developments necessitated
by formal-efficient or material-efficient causation. In this way, they provide
both the first component of a teleological explanation and the heuristic
starting point for investigations that will lead to a statement of the com-
plete teleological explanation of the phenomenon in question. This does
not mean, however, that final causes have only a heuristic value: since
in demonstrations of the teleological type the final causes are part of the
conclusion that is being demonstrated, the practice of Aristotle’s natural
science demonstrates the very existence of natural teleology.
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