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 ABSTRACT

 In this paper, we develop an organizational account that defines biological functions
 as causal relations subject to closure in living systems, interpreted as the most typical
 example of organizationally closed and differentiated self-maintaining systems. We argue
 that this account adequately grounds the teleological and normative dimensions of
 functions in the current organization of a system, insofar as it provides an explanation
 for the existence of the function bearer and, at the same time, identifies in a non-arbitrary

 way the norms that functions are supposed to obey. Accordingly, we suggest that the
 organizational account combines the etiological and dispositional perspectives in an
 integrated theoretical framework.
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 1 Introduction

 During the last 40 years, the concept of function has been investigated by an in

 creasingly rich literature in the field of philosophy of science.1 The main reason
 for this interest lies in the fact that functions seem to call for the naturalization

 of their teleological and normative dimensions.

 First, functions seem to have a genuine explanatory role in accounting for the

 existence of function bearers. Affirming that?to cite a classical example?'the
 function of the heart is to pump blood' is to say that this effect has specific

 relevance in explaining the existence, structure, and morphology of hearts (see

 also Buller [1999], pp. 1-7). Functional attributions thus introduce a teleologi
 cal dimension in the structure of explanation, insofar as the existence of a trait

 could be explained by appealing to some specific effects or consequences of
 its own activity. In this respect, the explanatory power of functions has to be

 reconciled with their teleological 'flavour'.

 Second, the concept of function possesses a normative dimension to the ex

 tent that it refers to some effect that the trait is supposed'to produce (Hardcastle

 [2002], p. 144). As McLaughlin ([2001]) has pointed out, functions are means
 end relationships, which go beyond standard efficient causation. Attributing
 functions to traits implies a reference to some specific effect, which constitutes

 a criterion against which the activity of the trait can be normatively evaluated.

 The normative dimension of functions requires, then, a theoretical justification
 of the criteria upon which functional relations are identified among all causal
 relations.

 The philosophical debate has addressed both issues, and several accounts
 have been proposed to interpret the concept of function, in order to make
 it compatible with the accepted structure of scientific explanation. Broadly
 speaking, the existing philosophical accounts of functions can be classified
 into two main traditions, which mainly diverge on the explanatory strategies

 adopted to deal with the problem of teleology.

 A first tradition, usually labelled 'etiological', has tried to justify and nat
 uralize the teleological dimension of functions by appealing to a scientifically

 acceptable causal explanation. In the mainstream formulation, etiological ap
 proaches appeal to a historical-selective causal process, through which the
 existence of current functional traits is the consequence of the selection ex

 erted on the effects of previous occurrences of the trait. A second tradition,

 called 'systemic' or 'dispositional', discards the teleological dimension of func
 tional attributions as a relevant explanandum by interpreting functions as
 causal means-end relations at work in a system. From this second perspective,

 1 Several collections surveying the recent philosophical debate have appeared: see (Ariew et al.
 [2002]; Buller [1999]; Allen et ai [1998]).
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 functions do not explain the existence of the bearer; they refer to current con

 tributions of functional traits to some capacity of the system to which they

 belong. Both the etiological and the dispositional traditions have addressed
 the issue of normativity. As we will discuss, the etiological approach usually
 interprets norms in terms of the evolutionary conditions of existence of the

 functional trait. In contrast, a debate has arisen within the dispositional tra
 dition between authors claiming that an adequate theory of functions has to

 ground their normative dimension, and authors for whom not even a grounding

 of norms is required.

 The two traditions have been widely discussed and their qualities and limits

 precisely analyzed, along with their mutual relations. Most authors seem to
 agree that etiological and dispositional approaches provide alternative defini
 tions of functions, to the extent that the explanation of the existence of the

 functional trait seems to be conceptually independent from the explanation
 of its contribution to a capacity of the current system, and vice versa. Some
 authors have proposed a pluralistic solution to the problem of alternative defi

 nitions of functions, arguing that the etiological and dispositional approaches
 actually provide two complementary concepts of function (Allen and Bekoff

 [1995]; Godfrey-Smith [1994]; Millikan [1989]). Other authors, such as Kitcher

 ([1993]), Walsh ([1996]), and Walsh and Ariew ([1996]), have claimed that there

 is, in fact, a unique concept of function, in which the etiological and disposi
 tional formulations can be subsumed as special cases.2

 In this paper, we develop an organizational account of biological functions
 that shares with previous accounts the notion that the etiological and disposi
 tional perspectives can be integrated into a unique conceptual framework. In
 particular, we will interpret functions as causal relationships at work in the or

 ganization of biological systems, which at the same time (i) explain the existence

 of the function bearer and (ii) constitute means-end relationships contributing

 to some distinctive capacity of the current system being analyzed. The gist of
 the argument will be that functions are inherently related to the idea of a closed

 and differentiated self-maintaining organization, which provides an adequate
 grounding for their teleological and normative dimensions. A relevant implica

 tion of the organizational account is that it is likely to provide a unified account

 for functional attributions to both biological traits and artefacts. In this paper,

 however, we will restrict the analysis to the functions of biological traits, and
 leave the case of artefacts?which will require a detailed examination?for a
 future enquiry.

 The structure of the paper is as follows. In Sections 2 and 3, we present a

 critical analysis of the existing dispositional and etiological approaches and

 2 In Section 6.5, we will discuss in more detail these 'imitar?an' approaches, as Buller ([1999]) labels
 them.
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 discuss their relative strengths and weaknesses. Our analysis indicates the im

 portance of developing an account of biological functions that combines the

 virtues of these two approaches and can ground both the teleological and nor
 mative dimensions of functions in the current organization of the system. In

 Section 4, we introduce a description of biological organization in terms of

 self-maintenance, by arguing that two of its specific properties, closure and dif

 ferentiation, adequately naturalize teleology and normativity, and then ground

 functional attributions in the current organization of the system. In Section 5,

 we articulate our characterization of biological functions from the organiza
 tional perspective. In Section 6 we discuss some consequences and properties
 of our proposal, as well as some possible objections and counter-examples. Fi

 nally, in Section 7, we conclude by discussing the relation between our proposal
 and similar ones.

 2 Dispositional Approaches

 In the philosophical debate on functions, several authors have developed ac
 counts of functions based on the idea that functional attributions refer to cur

 rent features of the system under examination. Following the original proposal

 by Nagel ([1977], [1961]), these accounts discard teleology as a constitutive
 dimension of the concept of function. Thus, functions do not refer to a causal

 process that would explain the existence of the function bearer by appealing to
 its effects. Rather, functional relations are interpreted as a particular class of

 causal effects or dispositions of a trait, means-end relationships contributing
 to some distinctive capacity of the system to which it belongs. On the basis of
 this common theoretical stance, these approaches have been labelled 'causal
 role', 'dispositional' or 'forward-looking', as opposed to 'backward-looking'
 etiological ones. In this paper, we will use the general label 'dispositional' to
 refer to this class of theories.

 The philosophical agenda of dispositional approaches focuses on providing
 naturalized (i.e., grounded in some constitutive features of the system and not
 related to an extrinsic evaluative decision of the observer) and appropriate

 (i.e., in accordance with both scientific and everyday usage) criteria to identify

 what counts as a target capacity of a functional relationship, from which the
 relevant norms could be deduced, and the different dispositional approaches

 have proposed various criteria to identify these target capacities.

 The more classical dispositional approach is the 'systemic approach' (SA),
 which defines a function F as the contribution of a process P to a distinc
 tive higher-level capacity C of the system S to which it belongs (Craver [2001];

 Cummins [1975]; Davies [2001]). In the SA, explaining functions means analyz

 ing a given higher-level capacity of the system into the capacities of the system's

 components, which jointly concur to the emergence of the higher-level capacity.
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 Accordingly, as Davies clarifies, the SA restricts functional attributions to hi
 erarchically organized systems (Davies [2001], p. 85; see also Craver [2001],
 Section 4). The SA extends functional ascriptions to relations at work in a wide

 range of systems and capacities and dissolves the problem of teleology of func

 tions by reducing them to any causal contribution to a higher-level capacity. In
 turn, the normative dimension of functions is reduced to the constraint that the

 causal effect must contribute to a higher-level capacity: in particular, no refer

 ence to a 'benefit' for the system is required when identifying functional effects.

 Despite its restriction to hierarchically organized systems, the explanatory

 strategy adopted by the SA is exposed to a major criticism, namely, that it

 seriously under-specifies functional ascriptions, which in turn generates several

 problems (see also Wouters [2005]). First, the SA fails to draw a principled
 demarcation between systems whose parts appear to have functions and systems

 whose parts do not (Bigelow and Pargetter [1987]; Millikan [1989]).3 Second,
 the SA lacks a principled criterion to identify the relevant set of contributions

 for which functional analysis makes sense. Consequently, the SA is unable to
 adequately distinguish between functional contributions and dysfunctional or
 irrelevant effects (Millikan [1989]; Neander [1991]). Third, the SA is unable

 to draw an appropriate distinction between 'proper' functions and accidental,
 useful contributions (Millikan [2002], [1993]).

 Because of these fundamental weaknesses of the SA, the 'goal contribu
 tion approach' (GCA) has attempted to introduce more specific constraints

 on what makes causal relations properly functional, by linking the concept
 of function to the idea of goal-directedness. In particular, the GCA restricts

 functional attributions to causal contributions to those (higher-level) capaci
 ties constituting the 'goal states' of the system (Adams [1979]; Boorse [2002],
 [1976]). To identify the goal states of a system following a naturalized and
 non-arbitrary criterion, the GCA has adopted a cybernetic characterization of
 goal-directedness, based on ideas previously proposed by Rosenblueth et al.
 ([1943]) and developed by Sommerhoff ([1950], [1959]) and other authors. In

 particular, biological systems can be described as having as their essential goal

 to survive (and reproduce). Hence, biological functions are dispositions that
 contribute to these goals.

 The explanatory strategy of the GCA consists of restricting functions to the
 contributions to those higher-level capacities that can be described in a natu

 ralized way as 'goals' in cybernetic terms. The main virtue of this perspective

 3 As Craver points out, Cummins' conditions for performing a functional analysis certainly 'point
 to important symptoms' that the considered system is a relevant one (Craver [2001], p. 57).

 Nevertheless, they are too generic to rule out counter-examples, since many physical dissipative
 systems, such as hurricanes, in which the activity of microscopic elements causes the emergence
 of a higher-level pattern (Nicolis [1989]), seem to fit the conditions for being considered as
 'hierarchically organized', even if we do not attribute functions to their parts.
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 is that it provides an interpretation of functions that, in contrast to the SA,

 recognizes and substantiates their specificity as means-end causal relationships.

 Nevertheless, the very choice of interpreting the target capacity in cybernetic

 terms constitutes the fundamental drawback of the GCA. The cybernetic char

 acterization of a goal-directed system introduces norms whose application is,

 in fact, not restricted to the relevant kinds of systems and capacities. As Bedau

 ([1992]) points out, the cybernetic characterization of the goal state is unable to

 adequately capture the frontier between 'genuinely' goal-directed systems (sup

 posedly: biological systems and artefacts) and physical equilibrium systems,
 which tend to some steady state or state of equilibrium (see also Nissen [1980]).

 Moreover, as Bedau ([1992]) and Melander ([1997]) argue, cybernetic criteria
 may interpret dysfunctional behaviours of goal-directed systems as functional.

 Finally, the GCA account, much like the SA account, lacks the theoretical
 resources to distinguish between functions and accidental contributions to a

 goal state. In sum, the GCA still seems to under-specify functional attributions,

 and in some cases it appears even to be a less satisfactory account than the SA.

 Advocates of the SA and of the GCA often reply by explicitly denying
 that a theory of functions should provide principled criteria for the kind of
 distinctions invoked in criticisms. For instance, Craver argues that deciding

 what is the 'right' capacity the item is supposed to contribute to depends
 on 'background assumptions' that are external to the theory (Craver [2001],
 p. 71). Davies ([2001]) develops an argument against the need to distinguish
 theoretically between proper functions and accidental contributions. Similarly,

 Boorse argues that the distinction between 'functions performed' and 'functions

 possessed' is inevitably vague, and depends on 'how often or consistently the
 function gets performed' (Boorse [2002]). This position, however, appears to be
 somewhat at odds with the way in which both science and common language
 ascribe functions and is therefore, to some extent at least, unsatisfactory.

 The third main dispositional perspective proposes to identify functions with

 causal contributions of components to the life chances (or fitness) of the system

 (Bigelow and Pargetter [1987]; Canfield [1964]; Ruse [1971]). Here we will focus

 on Bigelow and Pargetter's account, which is probably the best known and
 most widely discussed.

 Bigelow and Pargetter have proposed the 'propensity view', according to
 which 'something has a (biological) function just when it confers a survival
 enhancing propensity on the creature that possesses it' (Bigelow and Pargetter

 [1987], p. 108). By appealing to survival in terms of enhancing propensities as

 the goal of a functional relation, the propensity view succeeds in restricting
 functions to components of biological entities. Moreover, Bigelow and Parget
 ter's reference to survival-enhancing propensity is intended to avoid functional

 attributions to contingent and/or accidental contributions to survival, which
 would be contrary to intuition and common use. As the authors clarify: 'What
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 confers the status of a function is not the sheer fact of survival-due-to-a

 character, but rather, survival due to the propensities the character bestows
 upon the creature' (Bigelow and Pargetter [1987], p. 107).

 Yet, as McLaughlin perceptively argues (McLaughlin [2001], pp. 125-8), the
 appeal to propensities does not fully succeed in restricting functional attribu
 tions to the relevant cases. Even by restricting propensity to the current envi

 ronment (the 'natural habitat', in Bigelow and Pargetter's terms), it is possible

 to imagine, for each specific effect produced by a trait, a situation in which that

 specific effect would confer a (possibly low) propensity that enhances survival,

 and thus have a function. The problem is that propensities to enhance survival

 in virtual (but not impossible) situations correspond, in a forward-looking ap

 proach, to actual functions of the existing trait. Moreover, to the extent that

 the specific contribution of the trait would presumably change according to
 the particular condition, each trait in fact possesses an indefinite list of actual

 functions. Again, the propensity view fails to provide an adequately restricted

 definition of what counts as a functional relation. All (biological) functions are
 survival-enhancing contributions, but not all survival-enhancing contributions

 are functions. Appealing to propensities does not solve the problem.

 To summarize, the main virtue of the dispositional approaches is their ca

 pacity to capture a fundamental dimension of the concept of function, i.e., the

 fact that it points to something more than mere causal relations: functions refer

 to current means-end relationships, and more specifically to current contribu

 tions of components to the emergence of a target capacity of the containing
 system. Yet, dispositional approaches in the end fail to provide a fully satis
 factory grounding for the normativity of functional attributions. Dispositional
 definitions turn out to be systematically under-specified, allowing functional
 ascriptions to classes of systems and/or capacities for which the functional
 discourse does not seem to be usual or relevant. In a word, the price paid
 for excluding the teleological dimension as a proper explanandum is not fully
 compensated by a satisfactory foundation of the normative dimension.

 In fact, most of the existing literature has favoured a different approach,
 according to which an adequate understanding of functional attributions has

 to deal with the problem of teleology. In particular, both the teleological and
 normative dimensions are conceived as being inherently related to the etiology
 of the functional trait.

 3 Etiological Theories

 The mainstream philosophical theory of functions is the etiological approach
 (Wright [1973], [1976]; Millikan [1984], [1989]; Neander [unpublished], [1991];

 Godfrey-Smith [1994]). The etiological approach defines a trait's function in

 terms of its etiology (i.e., its causal history): the functions of a trait are past
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 effects of that trait that causally explain its current presence. The etiological

 approach explicitly takes the issue of teleology as the central problem of a theory

 of functions. In this sense, this approach represents the heritage of Hempel's
 formulation of the problem (Hempel [1959]). In contrast with Hempel's own

 point of view, however, the advocates of an etiological approach have tried to

 justify the idea that functional attributions explain the existence of the function

 bearer in a scientifically valid way.

 Historically, the first etiological approach was proposed by Wright, who
 defined functions as follows.

 The function of X is Z means:

 (1) X is there because it does Z

 (2) Z is a consequence (or result) of X's being there (Wright [1976],
 p. 48).

 Wright's definition explicitly appeals to a form of causal 'loop', in which
 the effect of a trait helps to explain its existence. The scientific validity
 of Wright's definition has been questioned and, moreover, several obvious
 counter-examples have been formulated (see, for instance, Boorse [1976]).

 In order to ground the teleological dimension of functions without adopting

 an unacceptable interpretation of the causal loop described by Wright, main

 stream etiological accounts, usually called 'selected effect (SE) theories', have
 appealed to selection as the causal process, which would adequately explain
 the existence of the function bearer by referring to its effects. In fact, according

 to the SE theories, functional processes are not produced by the same tokens

 of which they are supposed to explain the existence. Instead, the function of
 a trait is to produce the effects for which past occurrences of that trait were

 selected by natural selection (Godfrey-Smith [1994]; Millikan [1989]; Neander
 [1991]). Selection explains the existence of the current functional trait because

 the effect of the activity of previous occurrences of the trait gave the bearer a

 selective advantage. The main consequence of this explanatory line is its histor
 ical stance: what makes a process functional is not the fact that it contributes

 in some way to a present capacity of the system, but that it has the right sort

 of selective history.

 By interpreting functions as selected effects, the SE theories are able not only

 to deal with the problem of teleology, but also to ground the normativity of
 functions. By defining functions as effects subject to an evolutionary causal
 loop, the SE theories identify the norms of functions with their evolutionary

 conditions of existence: the function of a trait is to produce a given effect because,

 otherwise, the trait would not have been selected, and therefore would not exist.

 Several virtues of the SE theories are often emphasized, such as their capacity

 to exclude functional attributions to traits of physical systems, to unambigu

 ously identify functions among the whole set of all processes occurring in a
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 system and, in particular, to draw a frontier between functions and accidental
 useful effects. In addition, as their advocates often emphasize, the SE theories

 offer a suitable justification of malfunction: a trait malfunctions if it fails to do

 what it was selected for (Millikan [1989]; Neander [1991]).
 Yet, the SE theories have their own weaknesses, which have been extensively

 discussed in the literature (see, for instance, Boorse [1976]; Cummins [2002];
 Davies [2000], [1994]). We will focus here on a specific one, which Chris tensen
 and Bickhard ([2002]) have labelled epiphenomenalism. The crucial drawback

 of the SE theories' explanatory line is the implication that functional attribu
 tions have no relation to the current contribution of the trait to the system,

 since they point solely to the selective history of the trait. This implication is

 problematic because it is at odds with the fact that functional attributions to

 biological structures do seem to have some relation?captured by the disposi
 tional approaches?to what they currently do, and not only to what explains
 their current existence. Accordingly, the SE theories provide an account that

 is problematically epiphenomenal, in the sense that it maintains that the at
 tribution of a function does not provide information about the 'phenomenon'

 (the current system) being observed. From the perspective of the SE theories,

 a function does not describe anything about the current organization of the

 system being analyzed.4
 Advocates of the SE theories are of course well aware of this problematic

 implication (Millikan [1989]; Neander [1991]). The main argument proposed
 to defend the etiological viewpoint consists of pointing out that the idea that

 functional attributions refer to current features of the system, even if appealing,

 is in fact irrelevant, since it cannot be adequately grounded, as the limits of the
 dispositional approaches seem to suggest. Dispositional interpretations may
 possibly provide a general characterization of 'useful' contributions, without
 being able to distinguish between proper functions (functions of) and accidental

 or secondary contributions (functions as). Only the evolutionary etiology can
 ground the right sort of normativity required to identify the function of a trait.

 4 Biological Self-maintenance

 The outcome of the brief critical survey proposed in Sections 2 and 3 is that
 current theories of functions seem to face a dilemma, arising from the way in

 4 To solve some difficulties inherent in the previous formulations of the etiological theories (mainly
 that they attribute proper functions to effects that are, in fact, no longer functional in the current
 system), Godfrey-Smith ([1994]) has proposed a 'modern history theory' of function. In his
 approach, functions are 'dispositions or effects a trait has which explain the recent maintenance
 of the trait under natural selection' (Godfrey-Smith [1994], p. 199). WMe it successfully counters
 several objections raised against previous versions of the theory, Godfrey-Smith's account is no
 better placed to deal with the problem of epiphenomenalism. More precisely, as McLaughlin
 ([2001], p. 116) points out, Godfrey-Smith's account (which is explicitly a historical one), by
 reducing the cases in which it attributes functions to currently non-functional traits, possibly
 reduces 'uncooperative cases', but it does not provide a principled solution to the problem.
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 which they deal with the two main issues related to the concept of function,
 i.e., its teleology and its normativity. Dispositional theories try to account
 for functions in terms of current contributions to some target capacity of a
 system, and discard the teleological dimension, but seem unable to provide fully

 adequate normative criteria on functional attributions. Etiological theories,
 on the other hand, try to account for both the teleological and normative
 dimensions of functions, but are unable to justify how functional attributions

 may refer to features and properties of the current system being analyzed.

 In this section, we will develop an organizational account (OA) of functions,
 which tries to overcome the dilemma. The core of the OA is the idea that func

 tional attributions do account at the same time for the existence of functional

 traits and for their current contribution to a systemic capacity, since functions

 make sense only in relation to a specific kind of physico-chemical organization,

 which is characteristically at work in biological systems.

 To attain this objective, the OA relies on a scientific and conceptual frame

 work, developed during the last 40 years in the domains of theoretical biol

 ogy, complex systems theory, and far-from-equilibrium thermodynamics, which

 provides an understanding of the constitutive organization of biological sys
 tems in terms of self-maintenance. Until very recently, no philosophical account

 of functions had explicitly tried to establish a connection with these theories,

 possibly because they were being developed in parallel with the philosophical
 debate on functions and could not provide a reliable scientific basis. Today,
 these theories have been considerably developed, and we will suggest that they

 offer interesting new conceptual tools to investigate the nature of functions.

 The specific aim of this section is to describe biological systems as a specific

 class of self-maintaining systems, by focusing on two of their fundamental prop

 erties, crucially involved in the grounding of functional attributions: organiza

 tional closure and organizational differentiation. We will argue that biological

 systems, as organizationally closed and differentiated self-maintaining systems,

 possess the necessary properties for adequately grounding both the teleological
 and normative dimensions of functions in their current organization.

 4.1 Closure, teleology, and normativity

 The OA relies on the understanding of biological systems as a sophisticated
 and highly complex example of natural self-maintaining systems.

 In the last 40 years, the study of self-maintaining systems has become a
 thriving area of investigation in many scientific disciplines, including physics,

 chemistry, and biology. Self-maintenance is a widespread phenomenon in na
 ture, exhibiting different degrees of complexity. Its minimal expression con
 sists of the so-called 'dissipative structures' (Glansdorff and Prigogine [1971];

 Nicolis and Prigogine [1977]; Nicolis [1989]). Dissipative structures are systems
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 in which a huge number of microscopic elements adopt a global, macroscopic

 ordered pattern (a 'structure') in the presence of a specific flow of energy and

 matter in far-from-thermodynamic equilibrium (FFE) conditions. In turn, the
 macroscopic pattern exerts at least one 'top-down' constraint that contributes
 to the maintenance of the FFE flow of energy and matter enabling the persis

 tence of the microscopic dynamics (Ruiz-Mirazo [2001], p. 59). Insofar as they
 make an active contribution to maintaining the FFE conditions required for
 their own existence, dissipative structures can be described as self-maintaining

 systems.

 A standard and relatively simple example of a dissipative structure are the

 'B?nard cells', i.e., macroscopic structures that appear spontaneously in a liquid

 when heat is applied from below (Chandresekhar [1961]). In the initial situation,

 in which there is no difference in temperature between upper and lower layers,

 the liquid tends to be in a state of thermodynamical equilibrium, and appears

 perfectly uniform (in terms of the statistical distribution of the kinetic energy

 of the molecules). When heat is applied from below, the liquid is traversed by
 a continuous flow of energy that modifies its molecular structure and gener

 ates a linear variation in temperature, density, and pressure between the lower

 and upper planes. If the temperature in the bottom layer is increased up to a

 specific threshold, the liquid's dynamics changes dramatically: in far from ther

 modynamic equilibrium, the random movements of the microscopic molecules
 spontaneously become ordered, creating a macroscopic pattern, usually called
 'convection cells'. In each cell, billions of microscopic molecules rotate in a

 coherent manner along a hexagonal path, each cell rotating either clockwise or

 anticlockwise, and always in the opposite direction from that of its immediate
 neighbours in a horizontal plane.

 The crucial property of B?nard cells is that their existence depends not only
 on a set of boundary conditions (the heat applied from below), but also on the

 mutual causal relation existing between the macroscopic pattern and the micro
 scopic dynamics. On the one hand, the coherent rotation of billions of molecules

 generates each macroscopic cell, as we have described. On the other hand, the
 cells exert a constraining action on the microscopic dynamics, since the fact of

 belonging to a given cell determines whether a molecule rotates in a clockwise

 or counter-clockwise direction. Since B?nard cells exist only in the presence of

 (i) a flow of energy traversing the system (induced by the external heat supply)

 and (ii) the mutual causal dependence between the macroscopic pattern and
 the microscopic dynamics, they are an example of self-maintaining systems.

 A second example of a dissipative structure is the flame of a candle. In a
 candle flame the microscopic reactions of combustion generate a macroscopic
 pattern (the flame itself) that contributes to maintaining the conditions for its

 own existence. Specifically, the flame makes a crucial contribution to main

 taining the microscopic chemical reactions by keeping temperature above the
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 combustion threshold, vapourizing wax, and inducing convection (which pulls
 in oxygen and removes combustion products). In turn, the chemical reactions
 keep generating the combustion and thus the flame itself. As with B?nard cells,

 the flame works to maintain the conditions that enable it to work (Bickhard
 [1993], [2000]).

 The central conceptual point for the present discussion is that self
 maintaining systems can be said to instantiate what we call organizational
 closure, i.e., a circular causal relation between some macroscopic (or higher
 level) pattern or structure and the microscopic (or lower-level) dynamics and

 reactions. Because of the organizational closure, the activity of the system be

 comes a necessary (even if, of course, not sufficient) condition for the system
 itself.5

 In nature, a very broad set of physical and chemical systems (in addition to the

 example described above, one may mention whirlwinds, hurricanes, oscillatory

 chemical reactions,6 and autocatalytic chemical networks) can be pertinently
 described as self-maintaining systems (Nicolis and Prigogine [1977]; Field et al.

 [1972]; Field and Noyes [1974]). In particular, insofar as they can be described

 as being subject to organizational closure, biological systems can also be consid

 ered as a paradigmatic example of extremely complex self-maintaining systems.

 Indeed, biological systems contribute in many ways to maintaining a constant

 exchange of energy and matter with the external environment, which in turn

 is required to maintain their constitutive organization (their metabolism). As
 simpler physico-chemical self-maintaining systems, biological systems work to

 maintain the FFE conditions enabling them to work.
 A first important implication of organizational closure is that it provides a

 criterion to determine in a non-arbitrary way what 'the goals' of the system

 are. The goal states of self-maintaining systems are not such simply because
 they are characteristic or interesting capacities (as the systemic accounts sug
 gest), or because the systems compensate for deviations from them (as classical

 cybernetic accounts claim). More fundamentally, in an organizationally closed
 system the goal states are the stability points (or set of points) through which

 the system can exist (Barandiaran and Moreno [2008]).
 We can now formulate our first thesis. We claim that organizational closure

 grounds teleology and normativity in a naturalized way. As we have just dis
 cussed, the central feature of self-maintaining systems is that (at least some

 5 An obvious but crucial remark. Self-maintenance has nothing to do with 'independence' from the
 environment or external conditions. A system can be said to be self-maintaining with respect to a
 given environment and context, in which it can exert a constraint on some boundary conditions.
 In this sense, self-maintenance is a context-dependent determination. This point will become
 important in the following sections.

 6 Such as the well-known 'Brusselator' (Nicolis and Prigogine [ 1977]) and the Belussov-Zabotinsky
 reaction; other classical examples of oscillatory chemical reactions are the 'FKN' model (Field
 et al [1972]) and the 'Oregonator' (Field and Noyes [1974]).
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 An Organizational Account of Biological Functions 825

 of) their constitutive processes generate some constraints that contribute to

 maintaining the FFE conditions, which in turn enable the constitutive pro
 cesses to occur. Hence, organizational closure justifies explaining the existence
 of a process by referring to its effects: a process is subject to closure in a self

 maintaining system when it contributes to the maintenance of some of the
 conditions required for its own existence. In this sense, organizational closure
 provides a naturalized grounding for a teleological dimension: to the question
 'Why does X exist in that class of systems?', it is legitimate to answer 'Because
 it does Y'. In the case of the flame, for instance, the existence of the reactions

 of combustion is explained (at least in part) by taking into account their conse

 quences and, in particular, the generation of a macroscopic flow of energy (the

 flame), which in turn maintains the conditions in which the chemical reactions

 of combustion may occur.

 Similarly, organizational closure grounds normativity. Because of the orga
 nizational closure, the activity of the system has an intrinsic relevance for the

 system itself, to the extent that its very existence depends on the effects of its own

 activity. Such intrinsic relevance, we hold, generates a naturalized criterion to

 determine what the system is 'supposed' to do. In fact, the whole system (and
 its constitutive processes) 'must' behave in a specific way, otherwise it would

 cease to exist. Accordingly, the activity of the system becomes its own norm or,

 more precisely, the conditions of the existence of its constitutive processes and

 organization are the norms of its own activity.

 Organizational closure provides, then, a naturalized grounding for both tele

 ology and normativity in the current organization of a self-maintaining system.

 Their contribution to the maintenance of the whole system constitutes at the
 same time (one of) the conditions for the existence and the norm of all processes

 subject to closure. Yet, although necessary in order to naturalize teleology and
 normativity, organizational closure is not a sufficient condition for functional

 attributions. Minimal self-maintaining systems, such as flames or hurricanes,
 do instantiate closure, but their components do not have functions. To have

 functions, self-maintaining systems must belong to a specific class in which dif

 ferent contributions to the self-maintenance of the system can be distinguished.

 4.2 Organizational differentiation

 Dissipative systems instantiate a minimal form of self-maintenance in that they

 generate a single macroscopic pattern constraining their constitutive processes

 in an organizationally closed way. Dissipative systems make a unique contri
 bution to their own maintenance. Instead, and this is our second main thesis,

 functional attributions apply to systems in which it is possible to distinguish
 between different contributions to self-maintenance made by the constitutive
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 organization. Functional ascriptions require not only closure, but also organi
 zational differentiation.

 Organizational differentiation has to be carefully distinguished from what
 could be labelled the 'material complexity' of a system, i.e., the variety of its
 internal components. Self-maintaining systems may indeed differ considerably

 with respect to their material complexity. Whereas many physical dissipative

 systems possess a rather homogeneous structure in terms of the variety of
 molecules composing them (e.g., whirlwinds and B?nard cells), other systems,

 including chemical dissipative systems such as candle flames, have many dif
 ferent molecular components. Certain types of chemical systems (autocatalytic

 networks, for instance) may even possess a high degree of material complexity.

 Even high material complexity, however, does not imply organizational dif
 ferentiation, and thus does not imply functions. In the case of the flame, for

 instance, the different chemical components all 'converge' to generate a single

 macroscopic pattern (the flame), which in turn constrains the microscopic dy

 namics by maintaining FFE conditions, as already discussed. Accordingly, it is
 not possible in this case to distinguish between the different ways in which the

 various components contribute to the self-maintenance of the system. Hence,

 functional attributions to components of the flame, as well as to all dissipative

 structures, are not meaningful. It is for this reason, we argue, that we do not

 attribute functions to simple forms of self-maintaining systems, whatever their

 material complexity may be.7
 Organizational differentiation is the second necessary ingredient for func

 tional attributions, the other being closure. Organizational differentiation im

 plies not only that different material components are recruited and constrained
 to contribute to self-maintenance but, in addition, also that the system itself

 generates distinct structures contributing in a different way to self-maintenance.

 In other words, material components become candidates for functional attri

 butions only if they have been generated, and are maintained, within and by
 the organization of the system. A self-maintaining system is organizationally

 differentiated if it produces different and localizable patterns or structures,
 each making a specific contribution to the conditions of existence of the whole

 organization.8

 7 The same argument applies to Michael Ruse's example of the water cycle (Ruse [2003], pp. 263-4),
 used to counter the idea that circular causality suffices to ground functions. The system including
 the water cycle may possibly be considered a self-maintaining system, but not an organizationally
 differentiated one. Accordingly, it does not seem to constitute a counter-example to our account.

 8 For a more detailed understanding of the transition between material complexity and functional
 differentiation, let us take the example of an autocatalytic chemical set. An autocatalytic set is
 a collection of molecular entities (catalysts), each of which can be created catalytically by other
 catalysts within the set, such that, as a whole, the set is able to catalyze its own production. In this
 sense, the set as a whole is said to be 'autocatalytic' (Kauffman [2000]). Consider now the very

 minimal conceivable autocatalytic set, constituted by a single (though possibly chemically very
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 The most prominent examples of organizationally closed and differenti
 ated self-maintaining systems are living organisms and in particular, their

 metabolism. Metabolic organization consists of a network of reactions, finely
 regulated by their highly complex material components (enzymes), and regen

 erated by the very network that they control in an organizationally closed way.

 Metabolic organization is not globally distributed and functionally undifferen
 tiated, in contrast to dissipative structures and many other examples of physical

 and chemical networks. Instead, living systems possess and generate hierar
 chical levels, differentiated regulatory mechanisms, and temporally decoupled

 processes, each of them contributing differently to the global maintenance of

 the system (Wimsatt [2002]).

 Consider, for instance, a biological cell. In a cell, different localizable struc
 tures, generated within the system, make differentiable contributions to self

 maintenance. The membrane?as a whole, integrated structure made out of
 many different molecules?acts as a constraint that (among other things) en

 sures adequate internal concentrations of metabolites. In turn, DNA (among
 other things) acts as a template for the synthesis of the proteins, which have

 to be continuously renewed due to their high rate of decay. In a word, the cell

 possesses different parts, produced within and by the system, that contribute
 differently to the maintenance of the system itself. In this way, functional attri

 butions to each part are grounded.

 The understanding of metabolic networks as organizationally closed and
 differentiated systems was put forward several decades ago by pioneers such
 as Rosen ([1973], [1991]), Maturana and V?rela ([1973]), V?rela et al. ([1974]),

 V?rela ([1979]), Pattee ([1973], [1982]), and G?nti ([1975], [2003]). Beyond the
 specific (and sometimes simplistic) formulations of these authors, this approach
 is now increasingly accepted and has been developed in various scientific fields,

 including theoretical biology, biochemistry, and synthetic biology (some recent
 examples are Luisi [1998], [2006]; Kauffman [2000]; Cornish-Bowden et al.
 [2007]; Hofmeyr [2007]).

 Insofar as their metabolic organization can be described as a closed and
 differentiated self-maintaining network, living systems possess all the relevant

 complex) kind of catalyst reproducing copies of itself. In this case, functional attributions are not
 meaningful, since, here, the set makes a unique contribution to its maintenance, i.e., it produces
 copies of the same catalyst. Let us now suppose that some catalysts, instead of producing other
 copies, start producing molecules of a new kind, which generate, say, a new structure enclosing
 the network (a membrane). Suppose also that this new structure were to exert a constraint,
 by contributing, for instance, to ensuring a suitable concentration of raw materials within the
 system. We argue that, since this new system would generate different components (catalysts and

 membrane molecules) making different contributions to the maintenance of the system, it would
 be possible to attribute functions to them.
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 properties underlying functional analysis from the organizational perspective
 we are proposing here.9

 5 Functions

 Let us now focus on functions, by providing an explicit definition in organiza

 tional terms. According to the OA, a trait type T has a function if, and only

 if, it is subject to organizational closure C in a differentiated self-maintaining

 system S.

 This definition implies the fulfilment of three different conditions. Accord

 ingly, a trait T has a function if and only if:

 Ci : T contributes to the maintenance of the organization O of S;

 Ci'. T is produced and maintained under some constraints exerted by O;
 C3: S is organizationally differentiated.

 Accordingly, the heart has the function of pumping blood since pumping
 blood contributes to the maintenance of the organism by allowing blood to
 circulate, which in turn enables the transport of nutrients to and waste away

 from cells, the stabilization of body temperature and pH, and so on. At the same

 time, the heart is produced and maintained by the organism, whose overall

 integrity is required for the ongoing existence of the heart itself. Lastly, the

 organism is organizationally differentiated, since it produces numerous other
 structures contributing in different ways to the maintenance of the system.

 It should be emphasized that the characterization of functions we are propos

 ing is consistent with the one proposed by Wright. In this example, the heart
 is there because it pumps blood (otherwise the organism, and thus the heart,

 would disappear), and pumping blood is a consequence of the heart's being
 there. This consistency stems from the fact that the organizational account, by

 appealing to a causal loop at work in the organization of the system, provides
 an argument for naturalizing both the teleology and normativity of functions,

 which, at an organizational level, mirrors the explanatory strategy adopted

 by the etiological approaches. The resulting account represents an integra
 tion of the etiological and dispositional perspectives, since it may at the same

 time explain the existence of the trait and its current contribution to the self
 maintenance of the system.

 It should be noted that, in principle, functional attributions may concern
 either the constitutive traits of a differentiated self-maintaining system or the

 9 In this paper, we do not discuss the question of whether the class of organizationally closed and
 differentiated systems coincides with the class of living systems. Consequently, we leave open the
 possibility that, at least in principle, functional attributions may concern 'non-living' systems. In
 practice, however, all known cases of closed and differentiated self-maintaining systems are living
 systems.
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 processes that these structures concur to produce. In what follows, however, we

 will mainly refer to the functions of traits, which are consistent with the typical

 use of functional attributions in the relevant literature, as well as in ordinary

 language (see also Wimsatt [2002], p. 179).
 In the remainder of this section, we will discuss in more detail some relevant

 implications of Q and C2 above.

 5.1 C\i Contributing to the maintenance of the organization

 With respect to the contribution of T to O, Q has two possible variants:

 (1) T contributes to the maintenance of O in the sense that, without T,
 S would cease to exist (i.e., T makes an indispensable contribution
 toO);

 (2) T contributes to the maintenance of O in the sense that that specific
 organization would not exist without T, but S could still maintain itself

 by modifying its organization (i.e., T does not make an indispensable
 contribution to O).

 The existence of these two variants clarifies the distinction between 'being

 subject to closure' and 'being indispensable' in a given self-maintaining system.

 In Section 4.1 above we argued that organizational closure grounds normativity

 in the sense that the constitutive processes of a self-maintaining system 'must'

 work in a specific way, otherwise the organization itself would cease to exist. In

 fact, this general claim has to be further refined.

 Self-maintaining systems can be grouped into classes (and possibly sub
 classes) according to the kind of organization they possess. In this way, we
 can distinguish between flames and hurricanes, between animals and plants,
 between humans and cats, and so on. Whereas each class is identified by a min
 imal set of common distinctive processes and constraints that the system has

 to instantiate, individual members may possess a more complex organization,
 including more processes, constraints, and capacities. We call regime of self

 maintenance each possible specific organization that an individual member of a

 class can adopt without ceasing to exist or losing its membership of that class.

 Each class may thus include several regimes of self-maintenance. In organiza
 tional terms, if a trait is subject to closure (and thus has a function), then the

 specific regime of self-maintenance that the system has adopted requires the said

 trait as an indispensable component. Nevertheless, not every functional trait

 contributes to all possible regimes of self-maintenance of a given class, which
 means that an individual system can sometimes compensate for the breakdown

 of a component by shifting to a different regime of self-maintenance, in which

 the defective trait is no longer required. In contrast, some functional traits are
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 indispensable, in that they are required for all regimes of self-maintenance that

 a member of a class could possibly adopt.

 To exemplify this distinction, one may consider two typical biological func

 tions in humans: (i) the heart's pumping of blood and (ii) the eyes' transduction

 of light. In the first case, the functional trait is indispensable, because it con
 tributes to generating a global process (the circulation of blood), which is
 required in order to preserve the existence of this class of systems, whatever

 regime of self-maintenance of the members is considered. In this sense, there

 are no organizational alternatives to blood pumping for humans to be viable.
 In the second case, in contrast, the transduction of light contributes to gen

 erating a capacity (seeing), which constrains other processes in specific modes

 of self-maintenance but is not indispensable for human beings (blind people

 can survive). However, since the transduction of light is functional, this cru
 cially means that a whole network of processes depends in some way on the
 capacity of the eyes to transduce light. Accordingly, if the eyes were to stop
 performing their function or if they were to malfunction, a global constraint

 (vision, in this case) would disappear and the system would be forced to shift to

 a new regime of self-maintenance (in this case, find new ways of finding food,

 moving around; etc.).10 To the extent that, as we have already pointed out (see
 footnote 5), self-maintenance is a context-dependent determination, the same

 caveat applies of course to the distinction between 'simply functional' and 'in

 dispensable' traits. Nevertheless, we maintain that, for each given individual
 in a given environment, the distinction usefully clarifies a fundamental aspect
 about the way in which a trait can be said to contribute to the self-maintenance

 of a system.

 5.2 C2: Producing the functional trait

 With respect to the production and maintenance11 of T by O, an important
 distinction stems from the specific regime of self-maintenance producing the
 functional trait.

 As already discussed, since not all functional processes are indispensable, a
 system may adopt more or less complex regimes of self-maintenance, following

 10 Of course, the case in which the breakdown of a trait implies the complete loss of a given capacity
 is an extreme case. In many cases, the breakdown of a functional trait simply requires a shift to
 a new regime of self-maintenance in which the system will be able to perform the same set of
 functions through a (more or less) different physical organization. This is typically the case with
 the brain and neural networks, in which physically different parts can subserve the same capacity.

 11 The specific production relation at work between the whole organization and the entity being
 produced could provide a relevant criterion to distinguish between biological traits and artefacts.
 In particular, biological traits would correspond to traits being at the same time produced and

 maintained by the ongoing organization of the system. Artefacts, in contrast, would correspond
 to entities that, although produced by a self-maintaining organization, do not depend on it for
 their ongoing maintenance.
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 the complexity of the ongoing organization. Accordingly, we submit the fol

 lowing definitions. For each given class of self-maintaining systems, the primary

 function Fp of T is the contribution of T to the self-maintenance of S that is
 subject to closure in the more basic regime of self-maintenance. In contrast, a
 secondary function Fs of T is the contribution of T to the self-maintenance of

 S that is subject to closure in whatever (comparatively) more complex regime
 of self-maintenance.

 For instance, the heart has the primary function of pumping blood because
 pumping blood is the contribution of the heart subject to closure in the more

 basic regime of self-maintenance required for its own production and mainte
 nance. In contrast, the heart might have the secondary function to, say, make

 a characteristic noise, since this effect could possibly contribute (by permitting

 medical diagnoses, for instance) to a more complex regime of self-maintenance
 (which in this case would include socio-technical interactions), which would

 also help to produce and maintain the heart. Similarly, the nose has the primary

 function to warm and humidify air, whereas it may have the secondary function

 to support eyeglasses, since the complexity of the regime of self-maintenance

 in which the first contribution is subject to closure is lower than that of the
 second one.

 In most cases, in which no distinct regimes of self-maintenance are available

 in a given class, primary and secondary functions simply collapse into a unique

 definition. For those classes admitting distinct regimes of self-maintenance,
 the organizational approach explicitly admits the possibility of a given trait
 performing simultaneously more than one function. In such cases, however, a

 distinction between different 'levels' of functionality would be preserved and, in

 particular, the concept of primary function would correspond to the etiological
 notion of proper function (see Section 6.3 below).

 At first sight, the primary function of a trait can be seen as being more
 'fundamental', in the sense that, usually, secondary functions are performed
 in addition to a trait's primary function. Or, more precisely, the organization
 in which secondary functions are subject to closure usually includes the orga
 nization of the primary function. For instance, the organization in which the

 nose performs the function of supporting eyeglasses includes the organization

 in which it has the proper function of warming and humidifying air. It should

 be noted, however, that the notions of primary and indispensable functions

 are conceptually independent, and that their mutual relations and dependencies

 have to be clarified case by case. A trait's primary function may be indispensable

 in a given class (as in the case of the heart) or not (as for the eyes). Therefore,

 a trait may not only possess simultaneously a primary function and one or

 more secondary functions, it could also perform a secondary function (i.e.,
 supporting eyeglasses) without actually performing or being able to perform
 the primary function (i.e., warming and humidifying air). Whatever the specific
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 relations between the multiple functions of a trait might be, the central point

 is that all functional attributions to a trait T, be they primary or secondary,

 provide an answer to both the question 'why T?' and the question 'what is T
 for?' in different regimes of self-maintenance.

 Again, it is worth clarifying that the distinction between primary and sec
 ondary function is a context-dependent one. What counts as a primary or
 secondary function of a trait depends on what counts as a basic regime of
 self-maintenance, which in turn depends on the context with respect to which

 the class of self-maintaining systems (and its admissible regimes) has been
 defined. If the context changes, the definition of the constitutive organiza
 tion of the class may possibly change. Nevertheless, we hold that, for each

 specifiable environment or context, the distinction between primary and sec

 ondary is not arbitrary and captures a relevant property of complex bio
 logical systems, in which some categories of structures (such as proteins or

 cerebral areas) may perform several functions, and regularly shift between
 them.

 6 Implications and Objections

 Before concluding, we will discuss some relevant implications of the OA, as
 well as some objections that could possibly arise.

 6.1 Functional versus useful

 A first relevant implication of the OA is that it possesses the conceptual re
 sources to distinguish not only between two levels of functionality, but also
 between functionality and usefulness. Whereas functions are the class of con
 tributions satisfying the three conditions formulated in Section 5, we argue
 that what are usually called 'useful' contributions are those produced by en
 tities that satisfy Q and C3 but not C2. An entity is useful if it contributes
 to the maintenance of an organizationally closed and differentiated system,

 without being produced under some constraint generated by the system. Ac

 cordingly, various entities such as oxygen, food, and gravity are useful for a

 given class of self-maintaining systems, without being functional. In the same
 way as functional entities, useful entities may be indispensable or not, depend

 ing on the specific regime of self-maintenance to which they contribute. In

 addition, since they satisfy C\ but not C2, useful entities are subject to the same

 kind of normativity as functional entities (one can answer the question 'What
 is the oxygen for in an organism?'), whereas they do not refer to a teleological

 dimension (the relation of useful entities with the self-maintaining organiza
 tion does not allow one to answer the question 'Why do they exist in that
 system?').
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 6.2 Dysfunctions, side effects, and accidental contributions

 A second relevant implication of the OA is that it provides a principled criterion

 to distinguish between functional and dysfunctional processes and to rule out
 functional attributions to irrelevant effects.

 In each class of self-maintenance, a trait may perform one primary function

 and possibly several secondary functions according to the specific regime of self

 maintenance in which it is subject to closure. Dysfunctions appear whenever
 a trait fails to adequately perform its primary and/or secondary function. A
 dysfunctional trait is a trait that fits C2 and C3, but fails to fit Q. When a
 dysfunction occurs, the system has to react in order either to compensate for

 the dysfunction and maintain the current regime of self-maintenance, or to
 shift to a new one if the function is not indispensable. Dysfunctions are defined

 in relation to a specific regime of self-maintenance in a specific class of self
 maintaining systems. Hence, to interpret some neutral or deleterious effect of

 a trait in an individual system as dysfunctional, the current organization of the

 individual has to belong to a specifiable regime of self-maintenance in a class

 of self-maintaining systems in which the function of the trait is defined.

 In turn, irrelevant effects of traits are effects that, while they satisfy C2

 and C3, do not contribute to maintaining the organization of the system (and
 consequently do not fit Q) without being dysfunctional, in the sense that the

 irrelevant effect does not prevent the trait from performing its function(s).

 Finally, the OA allows one to interpret the concept of 'accidental' contri
 butions. A contribution to self-maintenance is accidental if it occurs only in

 relatively infrequent and occasional circumstances. In the OA, however, the
 frequency of a contribution to self-maintenance is irrelevant for determining
 its status. Thus, both functional and useful contributions might be systematic
 or accidental, following the specific context with respect to which the relevant

 class of self-maintaining systems has been defined.

 6.3 Proper functions and selected effects

 An interesting issue raised by the OA is the relation between its concept of pri

 mary functions and the etiological concept of proper functions. The problem is

 quite complex, and we leave a detailed analysis of it for an independent paper.
 However, the heart of the issue is as follows: we suggest that the attributions
 of primary functions in organizational terms will in many cases coincide with

 attributions of proper functions in selective terms, even if diverging cases exist.

 As we have already discussed, primary functions in organizational terms are the

 processes produced by a trait T that are subject to closure in the (comparatively)
 more basic organization required to produce and maintain T. In this sense, it
 is likely that the basic organization in which a trait T is subject to closure is in
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 fact the oldest one in evolutionary terms, if compared to more complex orga

 nizations involving a higher number of constraints and constitutive processes.

 For instance, to take an obvious example, the organization in which the pro

 cess 'transducing light' is subject to closure is evolutionarily older than that in

 which the process 'supporting eyeglasses' is subject to closure. Since more basic
 organizations are presumably the oldest in evolutionary terms, traits subject to

 closure in those organizations are more likely to have been subject to a selective
 process, and to have made functional contributions to 'selected effects'.

 It should be emphasized that convergence between these two characteri
 zations does not imply their theoretical equivalence. Primary functions, we
 maintain, are such on the basis of the normative and teleological dimensions

 generated by the closed organization of a differentiated self-maintaining sys
 tem. The fact that some of these functions are also selective effects is, as such,

 irrelevant to an organizational interpretation of functional attributions.

 Despite the convergence, attributions of primary or proper functions from an

 organizational or etiological perspective may differ in at least two main cases.
 The first case concerns those traits that have been selected for their effects, but

 that no longer perform their proper function. Here, the SE theories would still

 attribute a proper function to the trait, whereas the organizational account
 would not, and would instead claim that the now-useless trait had a proper

 function in the past and now does not. The second case is the symmetrical

 opposite, in which a trait contributes to producing a process subject to closure
 in the more basic self-maintaining organization required to produce T. Here,
 the OA would attribute function to the trait, whereas the SE theories would not.

 It is on the basis of this second divergence that, as we emphasized in Section 5,

 the organizational approach may pVovide a solution for the epiphenomenalism
 of the SE theories, while still accounting for the teleological dimension of
 functions.

 6.4 Reproduction

 A possible objection to the OA is that it seems to fail to account adequately for

 the functions of reproductive traits. Reproductive traits, the objection would
 charge, have a function in biological systems, even if they do not appear to

 be subject to closure since they do not contribute to the self-maintenance of

 the system producing and maintaining them. Again, the issue would require an

 independent paper, developing an articulated theoretical analysis. Nevertheless,
 let us develop here the gist of the argument.

 The objection is right in pointing out that reproductive traits are not subject
 to closure in any individual self-maintaining system. Indeed, reproductive traits

 are neither subject to closure in the reproducing system nor in the reproduced

 system, which do not produce and maintain them. In this sense, we explicitly
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 claim that, in the organizational account, reproductive traits are not functional

 with respect to the individual self-maintaining system.

 Yet, the objection ignores an alternative explanation. The OA may explain
 functional attributions to reproductive traits by appealing to 'second order'

 self-maintaining systems, composed of a set of individual self-maintaining sys

 tems, in which reproductive traits could be subject to organizational closure.
 As a matter of fact, organisms belong to higher-order historical systems, in
 which individuals, each having a limited lifetime, are continuously reproduced

 through generations. Similarly, organisms are components of higher-level eco

 logical systems, i.e., networks of interactions among organisms that constrain
 some of the conditions of existence of each individual. In both cases, a form of

 organizational closure seems to exist between the individual organisms and the

 higher-order system, be it historical, ecological, or both. Individuals contribute
 to the maintenance of the higher-order system, which in turn reproduces and

 maintains them. In this sense, both kinds of higher-level systems are candidates

 as second-order self-maintaining systems, of which individuals would consti

 tute functional parts. In particular, reproductive traits of individuals would be

 subject to closure in the organization of the second-order systems, and then
 have a function.

 Of course, an articulated theory of second-order self-maintaining systems is

 still to be formulated. In this sense, the argument we have developed here still

 lacks adequate justification. Yet, we maintain that the OA has the theoretical
 resources to correctly capture the sui generis nature of reproductive functions

 in the whole set of biological functions. An adequate explanation of functional

 ascriptions to reproductive traits constitutes, then, one of the main objectives
 of the OA's research programme.

 6.5 Relation with other 'unitarian' approaches

 In the recent philosophical literature about functions, a number of proposals
 have tried to unify the dispositional and etiological approaches into a com
 mon framework. For instance, Griffiths ([1993]) suggests that the etiological
 approach can be incorporated into Cummins' systemic approach. In particular,

 'the proper functions of a biological trait are the functions it is ascribed in a

 functional analysis of the capacity to survive and reproduce (fitness) which has

 been displayed by animals with that feature', which amounts to affirming that

 'the proper functions of a trait are those effects of the trait that were components

 of the fitness of ancestors' (Griffiths [1993], pp. 146-7). Kitcher ([1993]), Walsh

 ([1996]), and Walsh and Ariew ([1996]) have put forward approaches based
 on similar strategies. Here, we focus on Walsh's proposal, leaving a more ar
 ticulated discussion of the relation between these 'non-historical' approaches
 (Wouters [2005]) and the organizational account for an independent paper.
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 Walsh proposes a relational theory of functions, according to which 'the/an
 evolutionary function of a token of type X with respect to selective regime R

 is to m if and only if X's doing m positively (and significantly) contributes to

 the average fitness of individuals possessing X in R' (Walsh and Ariew [1996],

 p. 263). According to whether the relevant selective regime is past or current,
 the function will be past or current.

 Indeed, the relational approach succeeds in providing a non-historical defi
 nition of functions, which can apply to both historical and current functions.

 However, the conceptual strategy adopted is the opposite of the one we propose

 in this paper. As McLaughlin points out ([2001], pp. 128-31), the relational the

 ory unifies historical and current functions by interpreting past functions as

 past contributions to fitness. The etiological approach is then reinterpreted as

 a propensity view applied to past selective regimes. The main consequence is

 that functional attributions to a trait can no longer explain its current presence,

 which is the main explanandum of etiological theories. The relational theory
 may either appeal to the function of past traits to explain the current presence

 of a trait, or to the current function of a trait to explain the existence of future

 traits. But functional attributions are no longer able to account for the existence
 of the current function bearer.

 The organizational approach adopts the opposite strategy in that it aims to
 provide a unified definition of functions by extending the teleological dimension

 to the current activity of a trait. Functional attributions to both past and current

 traits explain the presence of the trait in terms of the effects of its contribution

 to the self-maintenance of the system to which it belongs. The organizational

 concept of function applies to classes of self-maintaining systems in current or

 past regimes of self-maintenance, by preserving in both cases its teleological
 and normative dimensions.

 7 Conclusions

 In this paper, we have put forward an organizational account in which biolog

 ical functions are defined as causal relations subject to closure in living sys
 tems, interpreted as the most typical examples of organizationally closed and
 differentiated self-maintaining systems. We have argued that this account jus

 tifies the grounding of the teleological and normative dimensions of functions

 in the current organization of the system, in that it provides an explanation
 for the existence of the function bearer and, at the same time, identifies in a

 non-arbitrary way the norms that functions are supposed to obey. Accordingly,

 we have suggested that the OA may combine the etiological and dispositional
 perspectives in an integrated theoretical framework.

 Some authors have recently put forward accounts of biological func
 tions closely related to the approach developed in this paper. In particular,
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 Christensen and Bickhard ([2002]) have suggested, relying on their own work
 on the notion of biological autonomy, that the organization of autonomous
 systems provides an adequate grounding for the normativity of functional at

 tributions. In a similar vein, McLaughlin ([2001]) has developed an account
 in which both the teleology and normativity of functions can be naturalized

 in the organization of self-reproducing systems. Despite some terminological

 differences, the central idea of these approaches (i.e., that the organizational

 closure instantiated by living systems provides an adequate basis to naturalize
 functions) fundamentally coincides with that defended in this paper, and we
 explicitly recognize the theoretical relationship.

 Nevertheless, we believe that these authors did not succeed in building a fully

 satisfactory account of this central idea, which could (at least in part) explain
 why their work has scarcely been echoed in the philosophical literature about
 functions. Our account may represent a substantial philosophical improvement

 on previous similar approaches in two aspects. First, it articulates a fine-grained

 description of its central concepts and an explicit definition of biological func

 tions, thereby placing precise constraints on functional attributions. Second, it

 spells out?at least in a preliminary way?the major implications of the central

 idea with respect to several issues with which a theory of function is supposed
 to deal.

 Of course, most of the philosophical work is still to be done. Neverthe
 less, the arguments developed in this study may constitute a useful step to

 wards a unifying organizational theory of functions for living systems and
 artefacts.
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