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Abstract

This paper argues that biological organisation &anlegitimately conceived of as an

intrinsically teleological causal regime. The cafethe argument consists in establishing a
connection between organisation and teleology tiitotihe concept of self-determination:

biological organisation determines itself in thesethat the effects of its activity contribute

to determine its own conditions of existence. Wggest that not any kind of circular regime

realises self-determination, which should be spmilf understood as self-constraint: in

biological systems, in particular, self-constraisites the form of closure, i.e. a network of
mutually dependent constitutive constraints. Wentlegplore the occurrence of intrinsic

teleology in the biological domain and beyond. @a bne hand, the organisational account
might possibly concede that supra-organismal biodlg systems (as symbioses or

ecosystems) could realise closure, and hence k®ldgical. On the other hand, the

realisation of closure beyond the biological re@ppears to be highly unlikely. In turn, the

occurrence of simpler forms of self-determinatiemains a controversial issue, in particular
with respect to the case of self-organising digsipasystems.
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This paper explores the conceptual connections dstworganisation and teleology in the
biological domain. Our central claim is straightf@rd: the organisation of biological systems
is inherently teleological, which means that itsno&ctivity is, in a fundamental sense, first
and foremost oriented toward an end.

The argument developed in the following pages mgdwo main objectives, both aimed at
supporting this claim. The first objective is tcopide a characterisation of teleology that
specifically applies to the biological domain, ahédrefore captures some distinctive feature
of the living organisation. Other classes of systdmainlyartificial systems, i.e. artefacts)
might also pertinently be described as teleologie#though not in the same sense that
biological systems are. The second objective sr¢me that the proposed characterisation of
teleology is naturalised, by which we mean thatmplies a legitimate and admissible
conception of causality from the standpoint of natgcience. Biological systems are natural
systems, and can be studied as such. Howevereumdst other natural systems, biological
systems are teleological.

What makes biological organisation teleological?e Tdore of our argument consists in
establishing a connection between organisation taleblogy through the concept of self-
determination. Biological organisation determineself in the sense that the effects of its
activity contribute to establish and maintain itgnoconditions of existence: in slogan form,
biological systems are what they do. Self-detertionaimplies therefore a circular relation
between causes and effects: the organisation pesdeftects (e.g.: the rhythmic contractions
of the heart) which, in turn, contribute to maintaihe organisation (e.g. the cardiac
contractions enable blood circulation and, theréty,maintenance of the organisation).

By relying on this circularity, we argue that thenditions of existence on which the
organisation exerts a causal influence can beprated as the goalefos or final causepf
biological organisation: because of the dependéeteeen its own existence and the effects
of its activity, biological organisation is legitately and meaningfully teleological. However,
teleology is interpreted here in a specific sensecisely because the final cause of the
organisation is identified with its own condition$ existence. While the goal of artefacts
does not coincide with their own existence (thelgufaa knife is not to maintain itself
although, of course, it has something to do waheitistence since the knifedssignedor a
certain use), in the case of biological systems tj@al and their own existence are one and
the same thing: in this sense, the teleology igresit for the case of artefacts, and intrinsic
for the case of biological systems (Jonas, 1966).

The idea that biological organisation realises-determination and, therefore, grounds a
specific form of teleology has a long history ire thhilosophical literature. In section 1, we
briefly review some of the most relevant accountshis tradition, and compare them with
another tradition — rather mainstream nowadays -clwhas proposed a different
understanding of intrinsic teleology, grounded Ire tprocesses of evolution by natural
selection.

Although we agree with previous similar proposdi®w the general connection between
self-determination and teleology, the analysisreffehere makes a further step, by claiming
that self-determination grounds teleology because iesake specific form of self-constraint
Not any form of causal circularity — this is theckground idea — is teleological: circularity as
such is necessary but not sufficient for intringleology. Biological organisation, hence, is
teleological because it realises self-determinaiien self-constraint.

In section 2, we elaborate an account of biologrghnisation understood in terms of self-
constraint. As we will argue, biological organisatican be adequately understood as a causal
regime in which a set of structures, acting as taims on the underlying, far from



thermodynamic equilibrium, flow of energy and mattealise a mutual dependence among
them, which we label ‘closure’. Because of clostine, constitutive constraints maintain each
other, such that the whole organisation can betsatdllectively self-constrain, and therefore

to self-determine: accordingly, we contend thasate provides a naturalised grounding for
teleology. Moreover, by relying on previous stud{®ossio et al., 2009; Saborido, et al.

2011), we suggest that the naturalisation of telgplopens the way to the naturalisation of
two related biological dimensions, i.e. normativatyd functionality: in particular, constraints

subject to closure correspond to biological funt$io

The theses advocated above require a justificadinth a clarification, both developed in
section 3. First, philosophical arguments shoulgtmeided to explain why self-constraint is
the only circular causal regime which can be saidcetlise self-determination, and therefore
to be teleological. On this issue, we contend theaitcular causation does not occur as self-
constraint, it amounts instead to a chain of tramsétions in which the system as a whole
plays no role in specifying its own dynamics, ahese dynamics are sufficiently determined
by the external boundary conditions. In contradt-c@nstraint implies that the circular
organisation specifies its own dynamics: that isywdnly self-constraint involves self-
determination, and why biological organisation fbglising closure) is teleological.

Second, one might wonder whether self-constraist,claaracterised in section 2, exists
beyond the biological domain. The issue is relevattie question might continue — because if
that were the case, then the account should contedeeleology is not restricted to the
biological domain. This result seems at odds wibthbscientific practice and intuition. In
reply, we answer that, indeed, if self-constraimrevshown to exist beyond the biological
domain, the organisational account we advocateldhmmncede that teleology exists beyond
biology. Yet, as we discuss, the issue is notesimpirically. On the one hand, any material
realisation of self-constraint as closure would spreably be, because of its internal
complexity,ipso factobiological or, at least, “at the edge” of biolo@n the other hand, the
guestion concerning the occurrence of simpler foofreself-constraint (not involving closure)
in the natural world is also controversial. The meandidates as examples of minimal self-
constraint seem to be physical self-organisingighs¢ive structures, but the various authors
who have addressed this issue diverge on the cgiootufor some, dissipative structures do
self-constrain; for others, they do not. In thispgect, only future investigations could clarify
the point, and help to draw more precise boundarvfeself-determination, and intrinsic
teleology, from an organisational perspective.

1. Naturalising teleology: from selection to or ganisation

In modern physical sciences, teleology has beeradied as a valid explanatory notion for
natural phenomena because of the inversion of tagisdéions that it involves: the idea that
an effect can determine its own cause, indeed,licenfwith the accepted principle of
Newtonian science according to which the effect tmisdlow from its cause. As a
consequence, since the ™M &entury teleology has been replaced by other iplies
(geodesics, Le Chatelier's, second law of thermadyins, attractors..})that account for the
tendency of physical systems to reach certain estgnal states”, even under perturbations,
without appealing to an inversion of the tempordation between causes and effects. In a
similar way, non-teleological explanations (SomnoéfiL950) have been proposed for many
purpose-like (“quasi-finalistic”, in Waddington’sords, 1968)biological phenomena as, for

1 See Bailly & Longo, 2011: 182-187. As an exampléaiv these principles are used in physical andpgio&l
descriptions see also a textbook in dynamical systileory, like Rosen, 1970.



instance, canalisation and chemotaxis.

Yet, there seems to be a major difference betweahariented biological phenomena and
physicochemical ones. Indeed, living systems atenly directed toward a certain goal state
by external factors; they pursue such states dgtme to quote Kauffman (2000), they are
capable of “acting on their own behalf’. Biologhgetefore, seems to harbour phenomena that
are teleological in a more fundamental sense, wbempared to the physicochemical domain.
This difference is captured for example by Mayristidction betweenteleomatic and
teleonomicprocesses (1974). The first category includesethmwecesses that are passively
goal-oriented, through the action of natural la@sgy( gravity, etc.), and are characteristic of
inanimate matter. In this case the goal state &ednteans to achieve it are externally
determined. The second category, of which livingtems are a typical example, includes
those processes whose orientation toward a goabms$rolled, according to Mayr, by a
program or other internal mechanisms. Biology, éfae, faces a challenge: it must provide
naturalised explanations, i.e. explanations in @@ace with the principles of causation
accepted by natural sciences, while at the saneitimust adequately capture the distinctive
teleological dimension of biological phenomena.

The scientific treatment of teleology in the bidtaj domain has been framed since th& 19
century by two central contributions: Darwin’s timeaof evolution by natural selection
(Darwin, 1859), and Bernard’'s notion of conservatod the internamilieu (Bernard, 1865).
These two pillars of modern biology, although mobpposition, focused on different aspects
of biological phenomenology: evolution vs. physgJo history vs. organisation, adaptation
vs. adaptivity respectively. Before discussing thierences, let us point out that, in our
view, the accounts of intrinsic teleology relying @ither perspective share a common
strategy for naturalisation which relates teleoldagythe contribution to the conditions of
existence of a system: they both look for a cincakusal regime such that the conditions of
existence of a biological entity can be said — sti@ntifically acceptable way - to depend on
its own effects, even though this causal regimeaised in different ways and by different
biological entities in the two accounts (see beldwgnce in both cases biological teleology is
naturalised by identifying thtelos with the conditions of existence of the relevaydtem.
The divergence between these two views, we holdcaerms the relevant regime that is
supposed to realise an admissible form of causaulerity, i.e. natural selection and
organisation, respectively. Let us take a closek lat these two families of accounts.

The evolutionary perspective constitutes the mesast naturalised approach to biological
teleology. The central idea is that the teleological dimensif biological organisms is not to
be explained by looking at the present, but atphst, i.e. at their evolutionary history. The
notion of adaptation, in particular, grounds tebggl in the biological realm, by replacing the
role of the Designer with the mechanism of nataeddction:

“Organisms are adapted, hence they are teleological (for the Darwinian) this
teleology can be explained through, and only thhoungitural selection” (Ruse, 2000:
223).

Selection does not only explain change in evolargnhistory but it also produces
adaptations, since organisms are selected forvairand efficient reproduction in a given

It is the mainstream approach especially for biisisg but of course not the only one. See Perlrgan4) for a
comprehensive review of the contemporary debatiel@ology, which analyses the evolutionary apprdaca
wider context of teleological perspectives. Theamigational approach, in our view, can provide dhtr
option, and, we will argue, a naturalistic grourtdiof teleology that does not incur the limitatioof the
evolutionary and other approaches, such as themgtie one.



environment. In particular, the existencecofrenttraits is the consequence of the selection
exerted on the effects produced frgviousoccurrences of the trait. In such a way, selection
allows us to consider organisms as designed, agid ltfstory as teleological, insofar as the
existence of aype of trait can be explained by some of its speafiects or consequences,
that have contributed to the adaptation and sulrafvéne organism to which the trait belongs.

Within this tradition, different positions have Imeexpressed on whether and how evolution
grounds teleology To frame the comparison with the organisatiommted one, we submit
that an evolutionary account of teleology can Heestatically described as relying on three
core claims. First, it takes the lineage (of orgars and their hereditary traits) as the relevant
system with respect to which intrinsic teleologydae grounded. Indeed, the existence of
trait types can be said to (evolutionarily) dependtheir own effects by taking into account,
as mentionedintergenerationaloccurrences of those traits; therefore, the relecacular
causal regime goes beyond the boundaries of ingaidrganisms (or traits) and requires
considering the (relevant) lineage to be descril&stond, natural selection is the process
through which the evolutionary intrinsic goals betlineagéare reached. In particular, the
intrinsic goals - i.e., in the terms expressedvabdhose effects which contribute to
determine the evolutionary conditions of existentéhe lineage - are the adaptations fixed
by selection. Third, by focusing mainly on the tela between the organism and its
environment — unfolding in the temporal scale dafltagical evolution — it emphasises the
interactive dimension of the living organism rattiban its physiology. As we will see,
organisational accounts diverge from the evolutipre&count on each of these clafms

A full-fledged analysis of the strengths and wealses of the evolutionary account of
teleology goes beyond the objectives of this papénat matters most with regards to the
comparison with the organisational account is tlest, some authors have emphasised
(Toepfer, 2012), the evolutionary account actugligsupposes the existence of individual
organisms that are able to survive and reprodudkein environment. Therefore, it seems to
rely on an account of how individual organisms nggne maintain themselves, which as we
will see,alreadyinvolves a teleological dimension. Accordingly,@sristensen and Bickhard
(2002) and Mossio et al. (2009) have pointed ¢ etvolutionary account falls into a form of
“epiphenomenalism”, insofar as it is unable to captthe teleological dimension expressed
by that biological phenomenon which is the capaoitygelf-determination of an individual
organism in its environment. An account of evoln#éidly grounded teleology, hence, seems
to depend on an account of organisationally grodnt#eology insofar as evolutionary
adaptation depends on individual adaptive organisatOrganisms seem to draw their
teleological dimension on a source that is differand more fundamental than natural
selection. The organisational perspective aimsiabvering that source. Let us then turn to it.

Traditionally (Fox Keller, 2000; Huneman, 2007)e tfirst explicit assertion of the inherent
connection between self-determination, teleologgl bBiological organisation can be traced
back to Immanuel Kant'€ritique of Judgementl790). Unlike any other kind of systems,

% For instance Ayala, 1970; Millikan, 1989; Neande91; Kitcher, 1993; Ruse, 2000.

*We are aware of the fact that it is quite unusaatlaim that lineages have goals. Yet, we maintait the
appeal to the evolutionary loop between effects exidtence to explain teleology implies that thetssn in
which such a loop is realised is the lineage. Thign would deserve a more detailed examinaticet, We leave
for a future work.

® The evolutionary framework is also at the basithef mainstream approach in the philosophical @ebhbut
biological functions, i.e. the so-called selectefeat theory (Millikan, 1989; Godfrey-Smith, 1994By
interpreting Wright's etiological account (Wright973) in evolutionary terms, the evolutionary fravoek
defines functions as adaptations.



Kant explains, organisms can be characterisedaaigral purposesas they are capable of
organising themselves, that is they have the cgpatself-organising. Although usually the
causes of the existence of a system are exterdahdependent from that very system, in the
case of biological organisms the causes are —aat te some extent — internal, in the sense
that they depend on the system that they contribuigenerate (see also Weber & Varela,
2002). In other words living systems are teleolaljycorganised entities whose components
produce and maintain each others as well as thdewltois worth emphasising that the
Kantian account of biological self-determinatioroals for the possibility of making a
straightforward conceptual distinction between ¢hcategories of systems: physical systems,
which do not possess any teleological dimensionefaats, which are extrinsically
teleological (thetelosis provided from the outside, by a designer orsaruand does not
coincide with their own existencegnd organisms, endowed with an intrinsgtos Although
Kant lays the philosophical foundations for an iiptetation of biological organisms as
purposeful and self-organising systems, he encoumjor difficulties in reconciling the
intrinsic teleology of biological systems with tbenceptual framework developed for natural
science in theCritique of Pure Reasofl781f, which is based on purposeless natural laws,
external efficient causes and mechanical principles

The scientific investigation of biological self-éetination, as mentioned, starts with Claude
Bernard (1865; 1878) His main contribution consists in developing gpraach capable of
dealing with the distinctive aspects of biologicabanisation without appealing to vitalist
principles (Hall, 1968; Bechtel, 2007). This opematis made possible through the distinction
between natural laws, common to all phenomena, muilceux, those local boundary
conditions that determine the properties of spe@henomena: differemhilieuxcan harbour
gualitatively distinct phenomena without contratigt the general laws. In the case of
biological organisms, Bernard distinguishes thesel and the internahilieu and analyses
their relations. The distinctive features of theernal milieu of biological systems are
fundamentally two (Bernard, 1878). The first cotssecisely in its self-determination, as all
components contribute to the realisation of thedd@ns in which all other components can
exist. The second is represented by its ‘constanoy’stability, in contemporary language —
in spite of the continuous variations taking platehe externamilieu. Both aspects — self-
determination and the conservation of the intemdieu — express in Bernard’'s view the
teleological dimension of living systems.

In Bernard’s view, biological organisms are telgpdal not only because of their capability
of compensating for external variations by means&rnal modifications, but also because
the conservation of the internalilieu serves the main intrinsic goal of maintaining the
specific internal conditions for the organism tasexConservation and stability are inherently
linked to self-determination.

During the 20th century, Bernard’s account was i@algrly fertile, and constituted the
reference for the development of theoretical modélseleological processes in biological
organisms. An important contribution in this redpscthe notion ohomeostasisormulated

by Walter Cannon (1929), which expresses the clpalof actively compensating for

® See for example Zammito (2006) and Sloan (2012).

" Claude Bernard's work is neither the only nor firet contribution to a scientific grounding of ¢elogical
properties of living systems in the @entury, especially if we take into considerati®arman Biology (see
Lenoir, 1981; 1982, for more details). Yet, Bernandork is crucial for the purposes of this papssmuch as
it played an important role in the early developimefnthe idea of biological self-determination mfliencing
the traditions of research of French Molecular 8iyl, Cybernetics, and that branch of Systems Thedigh
gave rise to the idea of biological autonomy.



environmental perturbations through a coordinatagisiplogical action. The explicit and
rigorous characterisation of homeostasis, expressednnection with the notion déedback
loop, is due to first-order Cybernetics and, in patacuto the work of Norbert Wiener (1948)
and Ross Ashby (1956). Initialljeveloped in the context of servomechanisms, theehaf
homeostasis gave rise to a proliferation of appboa, which made Cybernetics the general
framework for the investigation of teleological aadaptive behaviours in wide range of
domains, including biology.

The cybernetic treatment of teleology is partidylainstructive for our purposes.
Undoubtedly, its main strength is its generalityichih however, turns out to be its decisive
weakness when applied to account for biologicalf-determination (Bedau, 1992).
Homeostasis is a mechanism of stabilisation, whiolmalises Bernard’'s notion of
conservation of the internatilieu. As such, itpresupposethe existence of the organisation
that under certain circumstances it contributem#ontain stable. In particular, homeostasis
does not capture the most distinctgenerativedimension of biological organisation, i.e. the
fact that the components involved in feedback Icamesnot only stabilised, but produced and
maintained by the very organisation to which th&ohg. In a word, homeostasis misses
precisely self-determination. What specifically teed for the object of this paper is that the
cybernetic approach provides an inadequate unadeliata of biological teleology, because it
obscures its specificity with respect to the tedgyl which is at work for artefacts (Jonas,
1953). Technically, the “goal” of a homeostatic maaism is defined as the interval within
which the mechanism maintains the target variaffRasenblueth et al., 1943). Yet, it does
not make any difference from the point of view bE tdefinition whether the interval is
extrinsically established by a designer, as indage of artefacts, or intrinsically identified
with the conditions of existence of the systeminabe case of biological systems. Both cases
can pertinently be said to be homeostatic. Howevéailing to account for their difference,
Cybernetics misses the crucial dimension of biaalgieleology.

As suggested by Jonas (1966), the grounding obgicél teleology, at first sight so elusive,
should be found within the living system, in thensfitutive properties of its organisation.
This, indeed, is the perspective adopted by a nuwilater accounts to biological teleology
more specifically focused on self-determinationthis perspective, we distinguish between
the “genetic” and the “organisational” approaches.

The genetic approach, still very influential, comds the evolutionary account with some
insights from Bernard’s and Cybernetics’ viéwand associates self-determination with a
specific mechanism within the organism: the genand its expression. The underlying
theoretical framework is that of (mainly French)lewular biology, centred on the notion of
program (Jacob and Monod; 1961; Mayr, 1961; Jacob, 1976ndd, 1970). In this line of

thought, the concept of genetic program, in thetexdnof Darwinian evolution, rehabilitates

teleology (Jacob, 1970: 9) as an admissible sfierdimension. The central idea is that
teleological behaviours, which control the form, well as the adaptivity of biological

organisms, are subtended by genetic molecular mé&she’. In turn, these mechanisms, by
enabling the reproduction of the organism, deteentive conditions of its own persistence. In
this perspective, therefore, the goal is not egicinbut rather intrinsic to the system, since it

8 For the historical relationship between Cybermetind French molecular biology, see Fox-Keller 200

®We can find here a convergence of genetics, Bémneory and cybernetic modelling. The genomédvego
in such a way as to provide not only the mechanifmghe construction of structure, but also cyledim
mechanisms for the conservation and stabilisatioth@ internal milieu of individual living systen(see for
example Morange, 1994: 163). In such a way, theotegical dimensions of adaptation and adaptivity a
integrated in a unique framework.



is specified by a program that determines its Ritstates. The program, in turn, has been
specified by evolution (Jacob, 1970: 8).

In the genetic interpretation of self-determinatithrerefore, teleology is naturalised in terms
of what Mayr calledeleonomy and defined at the intersection between the mtdeand
cross-generational levels. The fundamental biokdgigoal is the maintenance, through
reproduction, of biological systems over the get@na. As for the evolutionary account, the
relevant system that realises self-determinatiom ifact the cross-generational lineage: in
contrast to other accounts, however, the genetiwv \@mphasises the reproduction of the
genetic program as the central mechanism that esdiblogical self-determination. By
reproducing their genetic programs, biological eyst set the conditions for their own
maintenance as lineages. The genetic view of sdrthination can therefore be seen in the
end as an evolutionary account of teleology, centrethe expression of the genetic program
as the main mechanism of the organism that mast#snown evolutionary conditions of
existence (Monod, 1970: 24-25).

Again, our objective in this paper is not to deyeb fine-grained critical analysis of the
various naturalised accounts of biological teleglothe description provided aims merely at
emphasising their main similarities and differencas as to locate our own view within the
relevant literature. In this respect, one of themveeaknesses of the genetic approach is that
the level of the individual organism and its orgation is neglected. The genetic approach
considers a specific subsystem (the genome asgagond as the only one responsible for the
reproduction of the organism and, therefore, of slb#-determination of the lineage. As
Maturana & Varela (1973) have emphasised, the ehséems arbitrary, to the extent that it
leaves aside all the other processes that maker¢famism an integrated unity. In addition, it
seems to raise both the issues affecting the egnhry approach (epiphenomenalism) and
the systemic-cybernetic one (neglect of the geiverahetabolic dimension) not to mention
the fundamental theoretical and philosophical difities carried on by the program metaphor
(Rosen, 1991; Lewontin, 1991; 2000; Longo & Tend&@08; Bich, 2012a).

The organisational accounts, in turn, are morectireand explicitly inspired by Kant's and
Bernard’'s line of thought in addressing the problein teleology: accordingly, self-
determination and teleology are understood, finst foremost, in relation to the organisation
of the individual organismf.

Some foundational contributions to this view haeet provided by the embryology of Paul
Weiss and Conrad Waddington, who have developegsidelated to cybernetic stabilisation
in the context of specifically biological process@$hey characterise processes such as
“canalisation” and “molecular self-organisation” taleological terms as “quasi-finalistic”
ones (Waddington 1962; 1968), i.e. oriented toveafimhal state despite perturbations, thanks
to the intrinsic properties of biological organisat In particular, Weiss (1968) describes
distributed dynamics of mutually dependent processemolecular production, which he
conceptualises as a closed network in which eaemeit is correlated with the others; a
slight deviation in its state triggers reactions afmpensation that involve the whole
distributed network. The interdependence he dessrilunlike the cybernetic one, is
constitutive of the self-determination of the systeas it is directly related to the realisation of
the living unity: each component contributes naydo the activity of the others but also to
their maintenance. The result is the realisatioa &rm of collective stability (Weiss, 1968:
186).

1 For an analysis of the contributions of Weiss PiaiRosen, and the autopoietic theory to the osgdioinal
approach in biology, see Damiano (2012) and Bichrg&ellos (2013).



The first coherent formulation — and today commuoougd of many subsequent accounts — of
the idea of biological self-determination from arganisational perspective has been put
forward by Jean Piaget. By relying on Weiss'’s seffanisation and Waddington’s ideas on
adaptive mechanisms, Piaget explicitly integratesrtotion of self-determining organisation

with the dimensions of molecular self-productiond a@hermodynamic grounding (Piaget,

1967).

In doing so, Piaget elaborates the crucial themaktioncept obrganisational closurewhich

he considers as complementary to thatheifmodynamic opennesalready emphasised by
Ludwig von Bertalanffy (von Bertalanffy, 1949). Tlere idea is to connect the notion of
stable flux of exchanges of matter and energy batveystem and environment, with that of a
circular internal order that enables the continumemonstitution of the components of the
system. The concept of closure formulated by Piageteives of the dynamics of living
systems as a form of self-determination realiseduigh a circular network of processes and
components that continuously maintain the livingstegn as a unity. Moreover, Piaget
grounds biological adaptivity in the properties thie organisation, and thus provides,
following Weiss, a constitutive interpretation bketcybernetic notion of stabilisatioknlike
the evolutionary approach, the organisational onés pnore emphasis on the internal
dimension of living systems rather than on extenmflluences, by focusing mainly on
physiology. In this way, the organisational apptodakes into consideration the relation
between organism and environment as it unfoldsh@ present, in terms of internal
compensations for environmental perturbations.drtigular, Piaget expresses biological self-
determination also in terms of the relation to él&ernal environment, to which the system is
capable to adaptively interacting so as to maint&sn constitutive organisation. By
reinterpreting and generalising Waddington’s coteey assimilationand accommodation
Piaget characterises the interaction between tgantsm and the environment in terms of
(individual) adaptation, defined as the assimilatad external influences which involves an
internal self-regulation (accommodation). Accomntama consists in a change in the
structure of the circular network of processes oddpction, which leaves the general
relational scheme invariant (Piaget, 1967).

According to Piaget, the integration of closure apt-regulation constitutes a naturalisation
of the teleological dimension of living systems, fleplacing final causes with an intelligible
causal regime of self-determination. In his vieward unlike the cybernetic account —
homeostatic mechanisms express biological teleologly to the extent that they are
inherently linked to the underlying self-determigrinrganisation: the goal states of living
systems, according to Piaget, are therefore theserrdined by organisational closure, the
causal regime which continuously produces and raasthe organism.

The connection between organisation, closure dedltgyy, as we will argue in the following
section, is the central tenet on which an adequatigeralised account of teleology should rely.
Yet, it is interesting to notice that one of thestnamous and influential account of biological
organisation, the theory @utopoiesis holds an opposite position about this specifsués
Even thought Maturana and Varela build their manfebiological organisation on Piaget’s
distinction between organisational closure andnttoetynamic openness, they explicitly reject
any legitimacy and relevance - though not a haariste - to teleological and functional
explanations (Varela & Maturana, 1972; Maturana &réla, 1973). According to them,
autopoietic systems are systems without goals.rii&ie target of their criticism of teleology
is twofold: on the one hand, the reductive focustled genetic approach on a specific
subsystem (the genome as a program) as the onlyespensible for self-determination; on
the other hand, the temporal scale of the evolatiprmpproach, which has no explanatory
significance in analysing individual organisms.



In our view, Maturana & Varela’'s position is inadede, because it fails to recognise that it is
possible to provide a distinct account of biologiteeology by relying on the notion of
organisational closure. Discarding teleolony toto, indeed, may lead to obscuring the
gualitative differences which exist between biotadisystems and any other kind of natural
or artificial systems. Yet, their suspicion withgegds to teleology reveals that the very
concept of closure suffers from an insufficient reladerisation. Although it does point in the
right direction, we submit that closure, as desatilby Piaget, Maturana and Varela is not
spelled out clearly enough to capture the distwectaspects of organisational self-
determination. To adequately ground intrinsic tklgy, closure must be shown to be a form
of self-determination, specifically realised bylbgical systems.

2. Organisation and self-deter mination

As this brief historical overview shows, the ide& a conceptual connection between
biological organisation and teleology has a préstig history in philosophy of science and
theoretical biology. In very general terms, thadition has tried to naturalise the teleological
dimension by linking it to some form of circularusal regime at work within individual
biological organisms. In particular, we agree wvdtithors like Kant, Bernard and Piaget that
intrinsic teleology is grounded inspecifickind of circular regime, that we have labelled-sel
determination.

Beyond this general claim, however, what mattershes precise meaning given to self-
determination. What does it exactly mean in theldgical domain? How do biological
systems determine themselves? In this respe@eis to us that the tradition evoked above
has not fully succeeded, so far, in providing dlstand shared account of biological self-
determination. Even if we exclude both the evohaiy and genetic interpretation of self-
determination, and focus on the organisational thmeejssue remains open insofar as the very
notion oforganisationhas not (yet) been expressed in fully expliciotietical terms. In this
section, we do not aim at providing a complete #revork of organisational principles in
biology; yet, by relying on recent theoretical grtdlosophical work on this matter, we think
that it is possible to adequately characterise ehgpecific properties of biological
organisation that ground intrinsic teleology.

At first approximation, all authors having focused the connection between organisation
and self-determination emphasise that biologicslesyis realise a distinctive relation between
the parts and the whole. Biological organisationsists in a network of mutually dependent
components, each of them exerting a causal influenc the condition of existence of the
others, so that the whole network is collectivebfeato self-maintain. As mentioned, Kant
refers to this causal regime as “self-organisatidfét, the use of this term has progressively
shifted during the 2Dcentury and has today a precise meaning in Physic®n-equilibrium
thermodynamics: self-organising systems are theafled “dissipative structures” (Nicolis &
Prigogine, 1977}. In turn, the more recent literature has tende@dopt Piaget's term —
closure — as the technical one to indicate theiSp@ausal regime realising biological self-
determination. In what follows, we conform to thise.

As it has been recently underlined (Moreno & Mossigoress) the notion of closure conveys
the idea that self-determination results from titegrated interactions among a set of entities
which would not exist in isolation: each componemkes aspecific and complementary

™ In the following section, we will discuss in songetails the conceptual relations between biological
organisation and physical self-organisation.
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contribution to the maintenance of the boundaryddens under which the whole network
can exist. Accordingly, by virtue of the interplégtween division of labour and mutual
dependence that it implies, closure captures aafimathtal aspect of the idea of “organisation”
as such. In a word, biological systems are orgdnisdahe technical sense that they realise
closure.

Is this characterisation of closure sufficient tapture the specific regime of self-
determination at work in biological systems? Asffisight, closure seems to be an adequate
tool to grasp the difference with both artefactd ather categories of natural systems: indeed,
intuition seems to confirm that it is only in thlogical case that the parts exist only insofar
as the system does. The parts of a rock do nobldessf the whole is broken, just as the
components of a computer do not disintegrate ifithele machine is disassembled.

In spite of this strong intuitive appeal, yet, vink that this characterisation is insufficient,
because the general idea of “mutual dependencehach closure relies does not exclusively
apply to the biological realm: in some cases, gtajsatnd chemical systems can also involve
the mutual dependence among their constituentsaarfidst sight, they seem to realise a form
of self-determination. Let us mention the exampiat is frequently evoked in this kind of
debate, namely, the Earth’s hydrologic cycle. Harset of water structures (e.g. clouds, rain,
springs, rivers, seas, etc.) generate a cycleudfataelations in which each contributes to the
maintenance of the whole, and is in turn maintaibgdthe whole. Clouds generate rain,
which (contributes to) generates a spring, whigcregjirise to a river, which (contributes to)
generates a lake, which regenerates clouds, and'§does the water cycle realise closure?
Is it, therefore, teleological? Actually, some auth(Toepfer, 2012) have claimed that non-
biological circular systems of this kind should ineluded in the category of teleological
systems. In our view, this position is somehow swtniwal to that hold by Maturana and
Varela, and equally unsatisfactory, to the extdwdt tit fails in capturing fundamental
differences between physical regimes of this kind kiological organisation. Where does the
weakness lie? In a nutshell, our diagnosis is phavious accounts of closure fail to specify
the relevant level of description at which bioladiself-determination occurs.

What is the relevant level? Previous accounts géisational closure have already foreseen
the answer, through the pivotal distinction betwesganisational closure and thermodynamic
openness. As Piaget emphasises, an adequate andergtof biological organisation must
take into account its thermodynamic opennesstheefact that it is traversed by a continuous
flow of energy and matter. At the same time, theveg of biological systems “folds up”, and
can be pertinently described as a closed networkuttial interactions. Maturana and Varela
share this intuition, and explicitly claim that tleenstitutive closure of biological systems
cannot mean that they are “independent”, in thesesehat they would not need to interact
with the external environment; quite on the comtrdineir thermodynamic openness makes
them inherently interactive, that is, it makes tregents In these formulations, however, the
precise relation between closure and openness tisstated in explicit terms: biological
organisation is open and y@b, some other sensé is also closed. In the absence of such a
precise characterisation, hence, it remains undi¢laere is a fundamental difference between
biological closure and any other kinds of causgtles” occurring in the natural world.

In this respect, a fundamental contribution hashnh@evided by Robert Rosen, who was the
first author to have explicitly seen and claimedttl sound understanding of biological
organisation should account for the distinctionwlssn closure and openndasterms of a

2 As we will discuss in the section 3, it is imparttanot to confuse the water cycle, to which we raferring
here (the hydrologic system alone), with supra-oigaal systems such as ecosystems, or with evee mor
comprehensive climatic systems which possibly idehiological organisms as components.
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distinction between two causal reginsswvork in biological systems. In his theory of,R)-
systems (1972), Rosen elaborates a rigorous antidydormal account of organisational
closure. The starting point is a criticism of wikRksen calls the “Newtonian paradigm” in
science, characterised by severe limitations waspect to the admissible causal relations
and, therefore, to its explanatory power (Rose854% The main problem of the Newtonian
paradigm, according to Rosen, is that it segregdifésrent causes in different independent
structures and eliminates final causes from théupac The result is a failure to adequately
describe both the distinctive properties of com@gstems (and, in particular, of living ones),
and the richness of their behaviours, as in forngta anticipatory behaviours (Rosen,
1985b). In other words, circularity and final casiseed to be introduced.

In Life Itself (1991), Rosen’s account of closure is based oreiaterpretation of the
Aristotelian categories of causality and, in pathe, on the distinction between efficient and
material caus€. Let us consider a physical process, such as @ioracatalysed by an
enzymé*, which can be described formally as an abstragiping f (the enzyme) between
the setdA (the substrates) ari@l(the products), so th&t A=>>B. If we interpret the mapping
in causal terms, and look for the causesBpfRosen claims (and develops a detailed
conceptual and formal justification, that we do rextall here) thaf is the material cause of
B, in our example the source of matter and energyleviiis the efficient cause, the enzyme
that makes the transformation possiBleBy relying on this formal distinction, Rosen’s
central thesis is that:

“a material system is an organig@ living systerh if, and only if, it is closed to
efficient causation” (Rosen, 1991: 244).

In turn, a natural system is closed to efficienisaion if, and only if, all components having
the status of efficient causes are materially pcediby and within the system itsélf

According to Rosen, the circularity of organisatibnlosure rehabilitates the notion of final
cause, and grounds teleology, which cannot be paghin terms of linear causation. His main
idea in this respect is that circular causatiomvedl understanding the components of an

13 Rosen uses and re-interprets Aristotelian causea amy of answering to the question "why x?" in a
description of a natural system, where x is a campbor feature of such a system. Rosen does s of
physical, chemical and biological description, hyterpreting Aristotelian causes in strict relation
mathematical formalism and associating them witysjdal structures or quantities. In the case ofdym@amical
description of physical systems, he associategitial state of a system with the material caube,parameters
with formal cause and the operators with efficieatise (Rosen, 1985b). According to Rosen, in timauhycal
descriptions of physics there is no space for figaises. When he applies the Aristotelian accouatrelational
description of biological systems such as the oeedbévelops for M/R-Systems (Rosen, 1972; 1991), he
identifies: the material cause with matter and gpdiowing in the system (the input and the outpfita
process); the efficient cause with a material stmecthat affects the process without being diyeaffected in
turn, which he expresses mathematically as a mggpat transforms the input into the output; therfal cause
with the global topology of the network, that is, mathematical terms, the whole graph built ondategory
formalism. As we explain in the following pages, d¢tearacterizes final causation with the inverseffitient
causation.

141t could also be a membrane channelling the passtgolecules inside a cell, the heart pumpingt)etc.

*Rosen relies on category theory in order to forynd#scribe efficient causes as mappings. Indegdgory
theory allows expressing the activity of componergsnappings and, at the same time, mappings therases
the products of other mapping. This adequatelywaptthe hierarchical and manifold character oitcieffit
causes in living systems: they act on processeny(ees catalyse reactions) and, at the same tireg, dhe
produced by other efficient causes (enzyme areymext by other metabolic processes within the cell).

'8 et us consider the previous example of the catahg an instance of efficient cause. A minimalkecas
closure to efficient causation would be a systenchiproduces all the catalysts necessary for ita aativity
(Cornish-Bowden, 2006). This is what is usuallyexal‘catalytic closure” (Kauffman, 2000).
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organism not only in terms of what causes themaksd in terms of their contribution to the
realisation and maintenance of the whole, i.e.eiimt of both efficient and final causes
(Rosen, 1991: 48, 252). Within closure, in par@cuteleology coincides with the inversion of
efficientcausation: if y is the efficient cause of y, theis the final cause of x. The reason is
that, because of closure, what x does (y) conedub the very existence of x. Final
causation, therefore, finds its justification ire thery organisational principles of the system,
without reference to an external designer or usesuch a way intrinsic biological teleology
is naturalised in terms of a specific organisatmfnefficient causes. It is important to
underscore that the inversion of efficient causgsnd means implies the inversion of the
arrow of time. Rosen naturalises teleology &lystracting closure from time, and by
considering a purelyelational description of the circular causal regime, andaxdiynamical
one, based on temporal sequences of states. Adlequbnt accounts of closure share, we
hold, the very same strategy for naturalisation.

An analysis of Rosen’s account in all its richnessild far exceed the scope and limits of this
paper. What matters most for our present purpastet, by providing a clear-cut theoretical
and formal distinction between material and effitieausation, Rosen explicitly distinguishes
between two causal regimes which coexist withinldgiwal systems: closure to efficient
causation, which grounds its unity and distincte®s) and openness to material causation,
which allows material, energy and informationaknaictions with the environment.

In Rosen’s account, self-determination is locatédthe level of efficient causes: what
identifies the system is the set of efficient causebject to closure, and the maintenance of
the organisation is the maintenance of the netwbrfficient causes. Inspired by the idea of
catalysis and its crucial role in metabolism, Rotkes therefore a clear step forward, with
respect to previous accounts, in the charactevisati biological self-determination. For
Rosen closure is not conceived of as just any tamgde of production, in which each
component is transformed into another componentgdnerating a circular chain. Rather,
each efficient cause acts on material processesemuations which produce another efficient
cause, without being itself involved in the tramefation: the mutual dependence among
efficient causes is realised through the actionrtedeon material causes. In other words,
although self-determination concerns efficient edio®, it requires an adequate
comprehension and description of the intertwindatieships between efficient and material
causation. A system closed to efficient causatsoauich because it is able to act on its own
constitutive dynamics, which in turn realise andnten the efficient organisation.

In our view, Rosen’s account has made significtejisstowards an adequate characterisation
of biological self-determination and, consequentiyintrinsic teleology. In the remainder of
this section, we will develop an account which, thimk, is consistent with the conceptual
framework he set. Indeed, in spite of its qualjt@se of the weaknesses of Rosen’s account
of closure is its abstract character. Closure iBndd as involving efficient causes but,
without further specification, it might be diffiduto identify efficient causes in a system.
What actually plays the role of efficient causeanbiological system? How should the
relevant level of causation at which self-deterrtioraoccurs be characterised?

To answer these questions, we submit that the idect®ntribution comes from the more
recent literature that emphasises, in line withglig initial insights, the “thermodynamic
grounding” of biological systems (Bickhard, 200(hr{Stensen & Hooker, 2000; Moreno &
Ruiz-Mirazo, 1999). In particular, Stuart Kauffmg®000) has proposed to retrieve the classic
idea of “work cycle” (as in an ideal thermal Carnzachine), and to apply it to the context of
biochemical, self-maintaining reactions. Based okins’ ideas about work, conceived of as a
constrainedrelease of energy (Atkins, 1984), Kauffman argues a2 mutual relationship
between work and constraints must be established gsystem in order to achieve self-

13



maintenance, in the form of a “work- constraint yeycle”.

What are constraints? They can be conceived abdadacontingent causes, which reduce the
degrees of freedom of the dynamics on which they(Battee, 1973), while remaining
conserved (at the time scale which is relevantescdbe their causal action) with respect to
those dynamic¥. In describing physical and chemical systems, traims are usually
introduced as external determinations (boundaryditioms, parameters, restrictions on the
configuration space, etc....), which means thay tentribute to determining the behaviour
and dynamics of a system, even though their existdoes not depend on the dynamics upon
which they act (Umerez, 1994; Juarrero, 1999). ake ta simple example, an inclined plane
acts as a constraint on the dynamics of a ball ngogn it, whereas the constrained dynamics
do not exert a causal role in the production anstemce of the plane itself.

When a (W-C) cycle is realised, in turn, the mutualations between constraints and

constrained dynamics change, and become circutaisti@ints are required to harness the
flow of energy (in Carnot’'s machine, for instano@e needs the walls of the cylinder, the

piston, etc...), so that the system can generate amiknot merely heat (due to the dispersion
of energy). In the case of systems able to deterrtiemselves, these constraints are not
independently given (as in the Carnot’'s machine) tather, are produced and maintained by
the system itself. Hence, the system needs tohesevbrk generated by the constraints in

order to maintain those very constraints, by eshinlg a mutual relationship between

constraints and work.

The work-constraint cycle constitutes a thermodyisally grounded self-determining
regime, through which a system is able to self-trairs by exploiting part of the flow of
energy and matter to generate work. As such, howéve (W-C) cycle is not supposed to
specifically apply to biological systems, insofas & does not explicitly capture the
organisational dimension of biological self-detaration. Indeed, closure implies not only
the constraining action exerted on the thermodyodtow, but also a specifiorganisation
among the constitutive constraints. And the workstaint cycle does not elaborate on the
nature of this organisation. For this reason, warstithat the crucial conceptual move here
consists in interpreting Rosen’s efficient causéerms of constraints: hence, organisational
closure should be understood adasure of constrainttMoreno & Mossio, in press).

What is lacking in previous accounts of closurethe (explicit) theoretical distinction
between constraints and processes, and the relateightion of closure to the organisation of
constraints. What is the general picture behing thaim? Biological systems, as many other
physical and chemical systems, are dissipativeesystwhich means that they are traversed
by a far from thermodynamic equilibrium flow of egg and matter. In this respect,
organisms do not differ qualitatively from othertural dissipative systems. However, what
specifically characterises biological systems is fhct that the thermodynamic flow is
channelled and harnessed byset of constraints in such a way as to realise mutual
dependence between these constraints. Accorditigtyprganisation of constraintan be
said to achieve self-determination as self-constraince the conditions of existence of the
constitutive constraints are, because of closuretually determined within and by the
organisation itsetf.

" Their local conservation makes the conceptuakrifice with respect to material causes. For instamhile
the substrates of a chemical reactions are cor/énte the products, the catalysts accelerate #aetions
without being consumed by it. Because of their eovetion, cataysts are constraints, while subsrate
material causes. See Mossio et al. (2013) for aawatt of constraints and their role in organisadlanosure.

'8 Biological self-determination should be carefullistinguished from self-organisation. As mentionee)f-
organisation’ refers nowadays to physical spontasgihenomena. In contrast, biological systems ramstly)
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The appeal to self-constraint allows making morglie the distinction between two kinds
of circular causal regimes: cycles and closureti@mone hand, cycles refer to circular chains
of transformations that, under the effects of exdly determined constraints, can be
described at one level of causation (in particuthat at which processes occurr in non-
equilibrium thermodynamic conditions). On the othand, closure indicates a circular causal
regime in which a set of constraints describedra level of causation maintains itself by
canalising processes and reactions occurring iregoilibrium thermodynamic conditions at
another level of causation: closure is thereforedmstruction an inter-level causal regithe

The central hypothesis is that closure of condtsagonstitutes the causal regime that is
distinctively at work in biological systerfi’s Unlike both artefacts and physical cycles,
biological systems are specific in the fact thairtactivity maintains (at least some of) the
constraints which enable that very activity so thatlosed path of causation is realised
between the mutually dependent constraints. Iniqudat, closure is the circular causal
regime that adequately grounds intrinsic teleolagg, consequently, normativity. As it has
been recently argued (Barandiaran & Moreno, 2008s$b et al., 2009) the goal of a closed
organisation has an intrinsic relevance for thetesgs which generates a criterion for
determining what norms the system is supposed ltownthe system must behave in a
specific way, otherwise it would cease to existe Tritrinsic goal of a system realising closure
becomes its norm or, maybe more precisely, its itiond of existence are the intrinsic (and
naturalised) norms of its own activity. Lastly, ameportantly, by grounding teleology and
normativity, closure also grounds functionalitye thet of constraints subject to closure are the
set of biological functions.

In this respect, it should be underlined that theaiof biological function not only relies on
the teleological and normative dimensions, but aleothe very idea of organisation. A
biological function is a kind of effect that is naily normatively oriented towards a goal, but
also conveys the idea of a network of mutually dejeat entities, each of them making
differentyet complementargontributions to the self-determination of the eyst Ascribing
functions requires distinguishing between differeatisal roles in self-determination: this is
precisely what happens with a closure of conssaiAs a result, the concepts of closure,
organisation and functionality are theoreticallyated to each other: they all refer to the
causal regime through which biological self-deteration is realised.

3. Self-constraint and teleology

With respect to the original accounts, we have @dguhat more recent theoretical
investigations on the principles of biological angsation allow for a more explicit account of
the kind of circular causal regime that groundsinsic teleology: self-determination as self-
constraint, which takes the specific form of cl&sur.e. an organisation of mutually

not spontaneous, in spite of the fact that theyegae their own components. Accordingly, to avoitb@uities,
we submit that closure entails a form of self-mamatnce of the whole, and not its self-generatiorsedf-
organisation.

¥ These two levels of causation are of course netahly ones which coexist in biological systemsedéh
usually realise many levels of organisation (uhidaf, multicellular...), and possess also regulatapacities.
The point here is that biological organisation a®rmm of self-constraint requires, necessarily, istiction
betweerthesetwo specific regimes.

2 0r, at least, in systems being “at the edge” eftilological domain as, possibly, complex chemiztivorks.
In this paper, we do not discuss these categofisystems to the extent that this does not interfeith our
main argument.
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dependent constraints. Yet, the argument develspethr leaves two issues open: in this
section, we deal with both of them.

The first issue can be expressed through the faligwuestion: why is intrinsic teleology
exclusively grounded by self-constraint? Even thougne concedes that there is a
fundamental difference between closure and cydderms of their causal structure, it might
be argued that cycles, insofar as they do realif@ra of circular causal regime, ground
intrinsic teleology in the same sense that closioes. Those physical regimes which are
adequately described as cycles, in particular,ccbal said to exist also because of the effects
of their own activity: the river exists becausenidintains other water structures involved in
the water cycle and, thereby, maintains itself. g&kdngly — the argument would conclude —
the water cycle can be said to be intrinsicallgaédgical (Toepfer, 2012).

It should be underscored that advocates of an @maonal account of intrinsic teleology

cannot easily accept this conclusion, since it wauldermine the very project of providing a
naturalised grounding which would Beecificto the biological domain. If any causal cycle
can be justifiably interpreted as intrinsicallyetelogical, then biological organisation would

not possess any distinctive feature in this respiscit the case? In our view, it is not.

Although they consist in a circular chain of prass we argue that physical cycles of this
kind donot realise self-determination and, therefore, shawtibe considered as inherently
teleological. Let us develop the argument.

Physical cycles, like the hydrological one, arestibuted by a set of entities (in the case of
the water cycle, the various configurations of wal&ke, river, clouds, rain...) connected to
each other through a circular chain of transforareti In this sense, it might be said that each
entity generates (in the sense that it becomesifotfeving one in the chain and, indirectly,
itself. Unlike a closed organisation, however, thain of transformations does not generate
its own constraints, which are external to theuwarc dynamics, and independent from them.
In the case of the water cycle, for instance, tgaachics of the river are specified in
particular by the conformation of the ground arglstope, which are not generated by the
water cycle itself.

Of course, the independence of the constraints ftben cycle does not mean that the
constrained dynamics cannot affect those very caings. As a matter of fact, the river does
dig and modify its bed. Yet, the conceptual poiatehis that, unlike what happens in the case
of closure, the conditions of existence of the watgcle are met independently from the
causal action that it possibly exerts on its owrurlmtary conditions (i.e. the external
constraints): the water cycle would exist even ¢othe river did not modulate its own bed.
Accordingly, we argue that cycles of transformasi@an be adequately described in terms of
far from equilibrium circular dynamics, whose cdiahs of existence are sufficiently
determined by independent boundary conditions.

What is at stake here is a fundamental distinchietween a causal regime in which some
effects happen to circularly contribute to genetatsr own (material) causes, and a causal
regime which itself plays a role in determining tbenditions under which the effects
contribute to generating their own causes. The adeatrinsic teleology, we submit, does not
merely point to the realisation of a circular relatbetween causes and effects but, rather, to
the situation in which the activity of a system, psoducing some effects, contributes to
specifying the conditions under which the circulalation as such can occur. It is in this
precise sense that the connection between teleokyy self-determination is to be
understood. By merely obeying (or, at best, modhdat the external constraints, the
dynamics of the cycles fail in specifying their saliregime in that they simply realise it.
Accordingly, cycles dmot self-determine. Therefore, they are not teleolalgiegimes.

16



The conceptual distinction between circular caosatind self-determination (i.e. the idea that
self-determination is a specific kind of circulagime) clarifies why an adequate account of
intrinsic teleology requires considering two levels causation. Indeed, if there were no
principled distinction between processes and camis, it would be impossible to make the
distinction between circular chains of transformatand self-constraint. That is why we have
stressed in the previous section the crucial ingmoe of distinguishing, as suggested by
authors as Piaget, Maturana, Varela and Rosengbatalosure and openness, which allows
locating biological self-determination at the redavlevel of causation.

The second issue concerns the scope of self-cortstnahe natural world. If self-constraint
could be shown to exist beyond the biological demaione could argue —, it would follow
that non-biological systems would realise intringieology’. Again, this implication might

be at odds with the objective of providing a spealfy biological grounding of teleology,

and deserves to be addressed explicitly.

Before discussing the occurrence of self-consti@autside of biology, let us say a word about
its presence within biology. As we claimed, theldgical manifestation of self-constraint
takes the form of closure, which is organisatiod,anore precisely, functional organisation
to the extent that, as mentioned, constraints stulif@ closure correspond to biological
functions.

Closure is typically realised by biological organss which are a specific subset of
particularly complex systems, included in the larget of organised systems (actually, they
meet the requirements to be describedaa®mnomoussystems; see Moreno et al., 2008:
Moreno & Mossio, in press). Yet, it seems that dgdal systems other than organisms may
be pertinently described as organised: for instabo¢gh multicellular organisms and their
constituting cells realise closure; similarly suprganismal systems, as symbioses,
ecosystems (Nunes-Neto et al., 2014) or even ldrggte regulation systems (to the extent
that they include biological systems as constitslemight also possibly be shown to be
organisationally closed. If it were the case — aredhave no principled objections to this — it
would follow that the biological realm includes seal classes of organised systems (possibly
located at different level of organisation) andnsequently, that each class would be
inherently teleological (as well as normative aodctional). This implication is important,
because it highlights the fact that the organisalicaccount we advocate links intrinsic
teleology to closure and organisation, aotwith the more restrictive concept of organism.

Let us now have a look beyond the biological dom&ines self-constraint occur outside
biology? Although we do not have a general answéiné question, we think that some useful
clarifications can indeed be provided. As a mattdact, this question could be interpreted in
two different ways, and it might be useful to diss@ach of them separately.

On the one hand, one can wonder whether self-@nsin the form ofclosureis realised by
non-biological systems, i.e. systemat involving the intervention of biological systems a

ZLWe cannot excluda-priori that there might be cases of physicochemical (pbaitogical) systems realising
closure and, therefore, a basic form of intrinsletlogy. However, it should be underscored thiatifsue does

not exclusively concern the organisational accoéatording to Bedau (1991), for instance, some &iod
crystals might undergo a process of natural selectinsofar as they are capable, in some adequate
circumstances, of reproduction, variation and higredAccordingly, they would be teleological frorma
evolutionary perspective. As such, hence, the fhat the organisational account might possibly ibecr
teleology to some physical systems does not coistét principled difference (or weakness) with ee$fo the
evolutionary one.
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constitutive constraint& In this respect, the crucial remark is that tealisation of closure
requires a relatively high degree of complexity,the extent that only complex chemical
functional structures could be able to adequatelystrain the thermodynamic flow, so to
generate and maintain a viable self-maintainingvagt (Moreno & Ruiz-Mirazo, 2009;
Arnellos & Moreno, 2012). To our knowledge, actyathere are no clear examples of non-
biological organisationally closed chemical netvgrlapart from abstract theoretical and
computational models as, for instance, the wellkm@utocatalytic sets (Kauffman, 2000).
In any case, a material realisation of closure wquesumably require such a high degree of
chemical complexity that the resulting system wobl “at the edge” of the biological
domain. Accordingly, the organisational account lmidefinitely conclude that this kind of
system would be intrinsically teleological, in thight of its proximity to (or possible
inclusion in) the biological domain.

On the other hand, one can ask whether there arplesi non-organised forms of self-
constraint in the natural world. As frequently dissed by the literature, the main candidates
are dissipative structures, in which a huge nundfemicroscopic elements spontaneously
self-organise, and adopt a global, macroscopicreddeonfiguration (the “structure”) in the
presence of a specific flow of energy and mattefainrfrom-thermodynamic equilibrium
conditions (Nicolis and Prigogine, 1977). A numbémphysical and chemical systems, such
as Bénard cells, flames, hurricanes, and osciljlabtiemical reactions, can be pertinently
described as self-organising dissipative systems.

The question is whether dissipative structures ban described as making a causal
contribution to their own maintenance. Accordingstome authors, it is the case: the internal
dynamics, enabled by external constraints, prodacel determine) their own attractors
which, in turn, constraint the dynamics. In thigwj attractors contribute to maintain the
adequate external conditions of the dynamics tmatyre them. Prigogine himself, for
instance, elaborates on original ideas of von Barfey (1948), and ascribes to dissipative
structures not only the capacity of reacting covesgrely to a certain range of perturbations,
but also that omanagingexchanges with the environment (Prigogine anddgtes) 1988). In

a similar vein, Bickhard (2000) claims that dissiy@a structures exhibit self-maintenance,
insofar as the actively contribute to maintain @dequate conditions of their own existefice
In line with Bickhard’s view, Ruiz-Mirazo (2001, 58) further develops the understanding
of dissipative structures in terms of self-maintereg by explicitly connecting it to self-
constraint®. In Ruiz-Mirazo's account, physical self-orgarisatimplies the fact that the
dissipative pattern is maintained by a set of gair#is, of which at leagineis produced by
the pattern itself.

Yet, the issue has not been settled in the litezatln contrast with the preceding view,
several authors (Anderson & Stein, 1985; Crutctfidl994; Minati & Pessa, 2006) have
argued that dissipative structuresrdu self-constrain and, more generally, do not contegbu
to their own conditions of existence. In this viedissipative structures would not be
dissimilar from the case of physical cycles disedsabove, insofar as their behaviour would

2 Therefore, we deal here with physicochemical regimvhich woulchot be “supra-organismal”, as the already
mentioned ecosystems or (possibly) larger climgséesns.

ZuA candle flamd...] makes several active contributions to its own ipeace. It maintains above combustion
threshold temperature. It vaporises wax into a inaitig supply of fuel. In a standard atmosphere and
gravitational field, it induces convection, whictllg in continuing oxygen and removes combustiaydpcts. A
candle flame, in other words, tends to maintairelfifsit exhibits self-maintenance" (Bickhard, 2000:
http://www.lehigh.edu/~mhb0/autfuncrep.html).

4 A similar thesis has been proposed by Bishop (R008&rms of direct self-constraint interpretedaaform of
downward causation.
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be sufficiently determined by the external boundargnditions. According to this
interpretation, dissipative structures can be desdras situations in which, given a set of
external constraints, a set of basic components saiidble initial conditions, collective
dynamics emerge and exhibit a specific phenomenolbag turn, these dynamics can be
characterised through an attractor that, as suafs po causal role on the very dynamics: an
understanding of self-organising phenomena in tesfreelf-determination would be, in this
sense, a projection of the observer (Bich, 2012b).

As far as we know, hence, there is no shared antwéne question whether dissipative
structures self-constrain and constitute, accofging@ non-biological case of self-
determination. If they do not, it would of coursdldw that they do not stand as an exception
of the claim that self-constraint, self-determioati and thus intrinsic teleology, would be
exclusivefeatures of the biological domain. What if, in trast, one advocates — as we did
elsewhere — the idea that they do realise a forsetffconstraint. In this case, it seems to us
that the only coherent conclusion with the orgaisal account would be to concede that
dissipative structures realise intrinsic teleolo@elf-organisation would be intrinsically
teleological, just as biological organisation isetYthis conclusion cannot go without an
important remark.

The fact that self-organisation might possibly lesatibed as teleological should not obscure
that it would be so by realising a radically dit#fat kind of causal regime. Dissipative
structures possess a low internal complexity, whighprecisely what enables them to
spontaneouslyself-organise when adequate boundary conditionsnage In contrast to
biological organisms, self-organising systems gstesns that are simple enough to appear
spontaneously. In particular, they do not realikesure; rather, they would b@inimally
teleological, insofar as they would generatsirggle macroscopic constraint (the structure
itself) that, supposedly, maintains itself by agton its own boundary conditions. Even under
this interpretation, thus, the behaviour of dissygastructures would still be mostly and
largely determined by external boundary conditiols.this respect, hence, dissipative
structures are not organised and, given the conakpbnnection we emphasised between
organisation and functionality, their parts haveunctions.

In a word, dissipative structures and closed osgdiins would have almostothing in
common with respect to their causal regimes, exdeptthe very fact of being both
intrinsically teleological.

4. Conclusions

What makes biological organisation teleological?this paper, we have argued that the
answer to this question appeals to self-detern@natbiological systems are teleological

because the effects of their own activity contrgbtid establish and maintain their own

conditions of existence. Again, biological systeans what they do: hence, as explained, they
realise intrinsic teleology.

Most of the argument that we developed has beeedan clarifying the meaning of self-
determination and, more precisely, at specifyin@tind of causal circularity it involves. In
this respect, one of the general upshots of themmpthat, although teleology has indeed
something to do with circularities, not any kindanfcular causation is relevant to adequately
ground intrinsic teleology.

Self-determination grounds intrinsic teleology hesm we argued, it must be understood as
self-constraint. Biological systems are capablesaf-determination because they generate
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(some of) the constraints that act on their owiviigt By generating these constraints, they
contribute to determine the conditions at whichirtlseganisation can occur; accordingly,
unlike other classes of natural (as the controskrsase of physical cycles) or artificial
systems, biological systems do not merely obeyreate and independently generated,
constraints. For these reasons, self-determinatieans self-constraint that, in biological
systems, takes the form of closure, i.e. the osgdinn of a set of mutually dependent
constraints.

Characterised in this way, biological organisato@am be legitimately said to be teleological
without involving any contradiction with the condiem of causality accepted by the natural
sciences. In particular, closure does not implyraersion of the temporal relation between
causes and effects, since it consists in a puedbtional description of the circular causal
regime at work. This is why we claim that the origational account of teleology in terms of
closure complies with the exigencies of naturalism.

With this organisational characterisation of tebgyl in hand, we have briefly explored its
occurrence in the biological domain. As a mattefaat, it might be argued that closure is
realised not only, and typically, by biological argsms, but also by other systems located at
other levels of description, as symbioses or edesys If adequate justification were
provided, the organisational account would easilgcede that these systems are organised,
that is, that they realise a closure of constraemsl are hence teleological in the same way as
organisms, inasmuch as their constitutive dynamace directed towards their own
maintenance.

Beyond the biological realm, finding clear casesntfinsic teleology does not seem an easy
task. This seems to support our intention of progjch characterisation that captures some
distinctive feature of the living organisation. fS&nstraint as closure, on the one hand,
requires such a high degree of complexity that actyal realisation might be pertinently

included in the biological (or nearly biologicalpmain. The case of simpler forms of self-

constraint seems more controversial: authors hadiggt with the issue do not agree on
whether the main candidates — self-organising pigsie systems — do self-constrain or not.
Future scientific investigations will presumablyopide a better understanding of the

boundaries of intrinsic teleology, in its more gettasense.
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