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Revisiting Darwinian teleology: a case for inclusive fitness as design explana-

tion. 

Abstract. This paper elaborates a general framework to make sense of teleological explanations 

in Darwinian evolutionary biology. It relies on an attempt to tie natural selection to a sense of 

optimization. First, after assessing the objections made by any attempt to view selection as a 

maximising process within population genetics, it understands Grafen’s Formal Darwinism (FD) 

as a conceptual link established between population genetics and behavioral ecology’s adapta-

tionist framework (without any empirical commitments). Thus I suggest that this provides a way 

to make sense of teleological explanations in biology under their various modes. Then the paper 

criticizes two major ways of accounting for teleology:  a Darwinian one, the etiological view of 

biological functions, and a non-Darwinian one, here labeled “intrinsic teleology” view, which co-

vers several subtypes of accounts, including plasticity-oriented conceptions of evolution or or-

ganizational views of function. The former is centered on traits while the latter is centered on 

organisms; this is shown to imply that both accounts are unable to provide a systematic under-

standing of biological teleology. Finally the paper argues that viewing teleology as maximization 

of inclusive fitness along the FD lines as understood here allows one to make sense of both the 

design of organisms and the individual traits as adaptions. Such notion is thereby claimed to be 

the proper meaning of teleology in evolutionary biology, since it avoids the opposed pitfalls of 

etiological views and intrinsic-teleology view, while accounting for the same features as they do.  

 

Introduction 

Darwinism is a theory of the process and purpose of adaptation, which is attest-

ed by the appearance of design in the living world (Maynard Smith 1968, Leigh 

1971, Gardner 2009). In this view, adaptations are driven by cumulative natural 

selection, which has fitted organisms to their environments by a process of selec-

tion of slightly advantageous heritable variations. The concept of fitness intends 

to capture evolutionary success and, given that organisms feature a Mendelian 

inheritance, is often measured in terms of gene copies left to subsequent genera-

tions. In turn, these traits as adaptations can be understood as being there for the 

sake of maximising fitness, and, more precisely, “inclusive fitness” - that is, fit-

ness defined by taking into account also the genes left by individuals that are ge-

netically related to the focal actor (an inflexion of the concept unknown to Dar-

win and due to the fact that organisms often undergo social interactions; Hamil-

ton 1964, Gardner and West 2015). The traditional notion of design, meaning 



 

 

that organisms and their parts seem contrived toward a common purpose, is 

therefore explained by natural selection, which provides ways to explain all signs 

of design (cohesion, robustness, integration, etc.) without a designer. It is there-

fore legitimate to presuppose that biological traits, as functioning to maximise 

fitness, will appear as near-optimal answers to environmental demands, even if 

this assumption has to be a posteriori tested. Along those lines, behavioural 

ecology, the discipline that studies various traits of animals as ways to adapt to 

their environment, has since its inception been using this so-called adaptationist 

methodology, whose heart is the equation between optimisation and maximisa-

tion of fitness (Davies et al 2012). It is a massively successful body of science, 

which explained in detail e.g. the sex ratios of wasps, the foraging strategies of 

many animals in various environments, the relative investments of organisms in 

reproduction and survival, or the varieties of mutualistic relationships between 

plants and insects. As such, behavioral ecology can be seen as a modern science 

of biological design - even though this whole picture is quite contentious1, but 

the present paper will later on address those worries. 

 However, in contrast to how behavioral ecologists use and think about 

Darwinism, there is a persistent view that Darwin’s theory abolished the notion 

of teleology and replaced it with a purely mechanistic study of the dynamics of 

heritable traits, illustrated by the successes of evolutionary genetics. Some au-

thors who subscribe to this view but don’t think teleology should be eliminated 

in biology – for example because functional statements are overwhelming in bi-

ology, and they are teleological – often argue that teleology has therefore to be 

                                                 
1 Birch (2015) among others presents strong skeptical arguments against the role of maximiza-

tion; some are considered below. 



 

 

sought elsewhere than in natural selection. For example they would see pheno-

typic plasticity as the locus that underlies organismic teleology and finally drives 

evolution (West-Eberhardt 2005, Walsh 2015), or they would theorize the self-

organising capacities of organisms as supporting functionality, adaptation and 

finally teleological aspects of life (Varela et al. 1974, Rosen, 1971, Mossio et al 

2009, Shapiro 2011). 

 Here, I will argue that maximising inclusive fitness actually constitutes 

the essential meaning of biological teleology. I will defend it against views that 

oppose to Darwinian thinking another kind of teleology, by showing that all as-

pects of teleological judgement in biology rely on Darwinian teleology, which I’ll 

capture by defining design on the basis of inclusive fitness; by so doing, I inherit 

from the view (originally sketched by Fisher) that an intrinsic connection exists 

between design and natural selection2.  

 I start by considering the status of optimisation in population genetics 

and evolutionary biology in general, and then by discussing a view of evolution-

ary biology – “Formal Darwinism” (Grafen 2002) –  that proposes on the basis of 

an interpretation of natural selection some equivalences between population ge-

netics and other approaches in evolutionary theory (section 1). Since it consti-

tutes a framework to think about teleology in Darwinian biology, I’ll turn to usual 

families of views of teleology (section 2), and then indicate some of their weak-

nesses, showing that neither captures all that is teleological in organisms. Espe-

cially, I will argue that the key concepts of contrivance and design, central in 

                                                 
2 Birch (2015) contests this view and Edwards (1994) rejects this reading of Fisher; however 

regarding this latter point, even though it’s not Fisher’s exact meaning, the reading itself exists in 

the literature and is shared by people like Alan Grafen. For a defense of it see Gardner (2017). 



 

 

Darwin’s explanatory strategy, are not represented in these teleological concep-

tions (section 3). I will then confront them to the inclusive-fitness based teleo-

logy embedded within the Formal Darwinism, show that it recovers both the di-

mensions of design and contrivance proper to living organisms, and finally argue 

that it’s the most complete account of biological teleology  (section 4).  

 

1. Optimisation, design and teleology. 

1.1 Maximization and its critics. 

It is usually thought that where predarwinian biology saw teleological features, 

such as the fine adjustment of organisms to their milieu or their apparently de-

signed character, Darwin (1859) proposed a novel account, where no intention 

or plan would support such features. Cumulative natural selection explains the 

complex adaptive organs such as the eye, which seemed to be unexplainable by 

the mere laws of physics, for the chances that these laws would provide such a 

sophisticated organ were too low3. Adaptations such as the beaks of finches, so 

well designed to seize their prey within the holes where they hide (Lack 1947), 

were explained by natural selection. In other words, even if organisms look de-

signed, there is no designer: natural selection is enough to do the job. Finally, 

where people like Von Baer or Owen elaborated the most sophisticated version 

                                                 
3 This argument of the too low chances for a physical explanation is traditional: it can be found in 

the §63 of Kant’s Critique of judgement. In his Only possible argument… (Kant 1763) he indicates 

that the eye brings together so many different parts, acting under so many different and inde-

pendent rules, and in such an adjusted manner, that there is no way to derive this adjustment 

from the laws of physics; and in the first Introduction to the Critique of judgement he sees the 

statement “the eyes are here to see” as the paradigm of a teleological judgement in biology – a 

judgement such that, if one does not subscribe to it, any explanation of the item, for instance, any 

explanation of the eye’s structure, is precluded. On Kant’s view see Huneman (2017b). 



 

 

of the idea that all vertebrates, if not all animals, are molded on the same type – 

namely, the Ur-typus, or Owen’s vertebrate type - Darwin showed that the unity 

of type is due to common descent (Darwin 1859, ch.6) so, against authors from 

the “transcendental morphology” school (Rehbock, 1989, Balan, 1984), there is 

no need to conceive of a designer with a plan for organisms. This is the usual 

reading of Darwin’s take on teleology: while the biological design was related to 

a designer, and, on the basis of this idea, organisms were explained teleological-

ly, Darwin explains the appearance of teleology by natural selection; the Modern 

Synthesis added the genetics, and the mathematical apparatus of population bi-

ology, but inherited this conception.  

 We have to notice here a trend within Modern Synthesis thinking that 

pertains to some very general form of teleology, in the sense that the end of a 

process appears explanatory for the process. First, Wright’s adaptive landscapes 

are explanatory only insofar that their peaks are evolutionary attractors, so that 

natural selection drives population towards the most accessible peak. In a naïve 

language, this means that the fact that a gene combination is optimal in fitness – 

in some sense - is explanatory for the fact that it is there, whatever the process 

that led to this fact (in other words, trajectories on a fitness peak are not explan-

atorily relevant, but what is relevant is only the position of the summit). Second, 

Fisher’s (1930, 1941) Fundamental Theorem of Natural Selection (FTNS) intend-

ed to provide the basis of a teleological viewing, in the sense that, in a naïve read-

ing of the theorem4, knowing that a combination of traits has the best fitness is 

                                                 
4  Which is qualified below. 



 

 

sufficient to predict that the population will reach this trait value, because accor-

ding to it natural selection is supposed to maximize fitness5. 

 Those two major views of population genetics, Fisher’s and Wrights’, even 

if they are conflicting, are however in agreement on the fact that there is some 

optimization through natural selection - optimization corresponding to maximi-

sation in the sense that fitness maxima correspond to optimal phenotypes - ; and 

that optimization can play an explanatory role when one addresses evolutionary 

dynamics. But optimization is indeed a teleological explanation, in the sense that 

saying that the trait to be expected is in principle a trait close to the optimal trait 

means that I consider nature as directed towards reaching an optimum.  

 It is nevertheless not clear whether the theory of evolution by natural se-

lection should incorporate some teleology. As Fisher famously remarks, evolu-

tion is not natural selection (Fisher 1930 p.1); the FTNS is about natural selec-

tion: hence it might be that optimization has no role to play in evolution. There-

fore it is not obvious whether the occurrence of teleology within population ge-

netics underwrites other views of biological teleology, or whether it is plainly 

orthogonal to them.   

                                                 
5  Let us notice yet that the inspirations of Wright and Fisher about this optimization seem differ-

ent (see also Winther, 2006; Frank 2012). Wright thinks in terms of optimization in physics: fit-

ness landscapes show optimization in the same sense as wells of potential energy in physics, 

whereas Fisher’s maximizing of fitness is much more complex. Fisher rejects explicitly the idea of 

potential wells. He indeed draws on physics, but rather on statistical mechanics and on the fact 

that the positive increase in fitness seems to analytically derive from the nature of the system (a 

collective of genes) exactly as the second principle of thermodynamics, which is also a necessary 

law stating a trend in systems, analytically derive from the system of molecules in motion in sta-

tistical mechanics.  

 But Fisher’s idea of the FTNS also relies on a parallel with economics - Fisherian fitness 

is throughout the second chapter explained as analogue to a loan, that the parent would subs-

cribe to, and whose interests are computed in representatives in the grand-children generation. 

Thus the ‘maximization’ idea in Fisher borrows from both statistical mechanics and economics 

(but from not potential wells, as in Wright’s understanding). 



 

 

 Thus I will first consider the two aspects of maximization in population 

genetics as sketched above (Wright’s climbing landscapes, Fisher's FTNS) and 

ask on what basis they help us to make sense of a specific kind of teleological ex-

planation. The first issue one meets in this direction is that population genet-

ics per se does not seem to be teleological at all. It is, mostly, a dynamics of gene 

frequencies. Wright's landscapes may help to visualize what is going on in some 

situations, but the idea of climbing is not, as such, explanatory - also because real 

landscapes are highly dimensional and here maximization is more difficult to 

make sense of (see Gavrilets 2004). On the other hand, Fisher's FTNS does not 

really state an actual maximization of anything, and some doubt it even shows a 

potential maximization, either because this is wrong (Birch 2015) or because 

this is not Fisher’s intent (Edwards 1994). Granted, the first understanding of the 

theorem, by Wright and by population geneticists until the 70s, was that popula-

tion mean fitness increases because its variation equals genetic additive vari-

ance, which is positive by definition. Actually since Fisher himself there has been 

a tradition of interpreting the FTNS as meaning population fitness maximization 

by organisms.  

 However, many counter-examples have then been found: for instance, in 

scenarios involving frequency dependent selection (e.g. hawk-dove dynamics), 

the mean fitness of the population may decrease over successive generations. 

Thus, a more accurate reading of the theorem has been proposed later, after 

Price (1972), then Edwards (1994), which states that the increase in fitness di-

rectly due to natural selection is positive: yet this says nothing about evolution as 

such and its internal tendencies. In this perspective, the positive contribution in 



 

 

fitness change made by natural selection may, and often is, counterbalanced by 

what Fisher called the “deterioration of environment”, which can also be the 

change in fitness due for example by population structure change in frequency-

dependent selection (which entails that purported counterexamples to the theo-

rem indeed don’t invalidate it but challenge its empirical utility in biology). In 

this reading teleology, as maximization, plays no role in explaining the actual dy-

namics of evolution (recall Fisher's first line: “Natural Selection is not Evolu-

tion”… therefore analytic statements about natural selection may not explain ac-

tual evolution). Moreover, as Ewens (2014) indicates, the fact that the increase in 

mean fitness due to selection is always positive doesn’t imply that there is a 

maximum, not even a local maximum as in Wright’s fitness landscapes. In other 

words, the FTNS can’t show that selection intrinsically maximises anything; at 

least it may say that selection tends to maximise, which is very different. 

 However, when one considers evolutionary biology in general, one meets a 

striking contrast: some biologists, especially behavioral ecologists, make perva-

sive use of optimizing principles. They would explain traits by the fact that they 

maximize a proxy for individual fitness: clutch sizes are explained because they 

maximize a trade-off between investment in offspring number and life expectan-

cy of eggs (Charnov and Krebs 1974), foraging theory is wholly based on the idea 

that foraging time and foraging behavior in general maximize energy intake 

(Krebs and Davis 1997), mating strategies of gorillas are explained by their max-

imizing the amount of offspring with high chances of survival (Dunbar et al. 

2001). Overall, behavioral ecology is based on the idea that allelic frequency 

change underlies the change and fixation of traits, and that natural selection – 



 

 

acting on pools of genes – optimizes traits with regard to the environment by re-

taining those alleles that better contribute to individual fitness. However, as in-

dicated above, population geneticists have been reluctant to admit such notions 

of optimisation.  

 Hence there is a strange discrepancy within the theory of evolution: bio-

logical investigation of the origin or maintenance of traits by natural selection 

relies on optimization, whereas the theory supposed to capture the process of 

natural selection, focusing on gene frequencies change, is a dynamical theory and 

its practitioners do not support optimization (Gardner 2009).  

  

 1.2. Formal Darwinism as a conceptual analysis of maximization within na-

tural selection. 

 The Formal Darwinism is a framework developed by Alan Grafen to make 

sense of this difference between these types of theoretical  understanding of evo-

lution - optimization and dynamics – and justify the legitimacy of optimization 

reasoning in behavioral ecology (Grafen 2007, 2014). Grafen has shown that 

there is a mathematical equivalence between the population dynamics of allele 

frequencies (that correlate to phenotypes and distinct fitness values), and organ-

isms “choosing” a strategy in a strategy set according to an optimization pro-

gram, i.e. a function which aims at maximizing some maximand (Grafen 2002). 

He constructs an isomorphism between Price equation in population genetics 

and the optimization function whose arguments are strategies “chosen“ by the 

organism. According to it, assuming some strong conditions (no casts, no muta-



 

 

tions, no frequency-dependence, etc.), when the derivative of the latter reaches 0 

(hence an extremum is reached), the additive genetic variance nullifies and reci-

procally. 

  The maximand of the optimization function that Grafen calls the orga-

nism’s “objective“ -  is, most generally, the focal individual’s inclusive fitness 

(Grafen 2006), which is her fitness plus the indirect fitness benefits, i.e. the con-

tribution in fitness to the reproductive success of the individuals statistically 

correlated to the focal individual at a given locus. The measure of this correlation 

is called relatedness: if a trait provides a benefit b to another individual whose 

relatedness is r to the focal individual, then the indirect fitness benefit is br 

(Hamilton 1964; Frank 1998, West and Gardner 2013).  

 Stating this isomorphism does not claim that natural selection always 

maximizes, which is contrary to what is empirically known; it just means that the 

structure of both theories, dynamics and optimization, can be intertranslated, 

the maximizing strategy in the optimization program corresponding to the phe-

notype of the genotype fixed in the population genetics framework. Grafen esta-

blishes links between both - for instance, that when there is no “scope“ or “po-

tential“ - as he calls possibilities for selection in the strategy set- for selection to 

optimize phenotypes, populations are at genetic equilibrium. Even though vagar-

ies of the genetic make-up or of the development, which have an impact on the 

strategy set, may interfere with optimization, there is nevertheless a formal con-

nection between the dynamics of natural selection and an optimisation view 

with its associated language of purposiveness. Unlike the initial understanding of 

the FTNS, or the hill-climbing in fitness landscapes, which stood within popula-



 

 

tion genetics and faced limits pointed by population geneticists, this equivalence 

provides a formal foundation for the use of optimization thinking and language 

in investigating the evolution of traits by natural selection (namely, what Grafen 

(1984) calls the “phenotypic gambit“ assumed by behavioral ecologists).  

 

1.3. Formal Darwinism seen as a conceptual analysis of natural selection. 

 A caveat is here necessary. I’m not at all claiming that optimisation is all over 

the place, or that selection produces optimisation all the time. Rather, the extent to 

which optimisation is realised in the world is an empirical issue, and selection may 

often produce suboptimal phenotypes, as it has been empirically established, and 

theoretically proven by population geneticists. The FD only entails that there is an 

intrinsic and mathematical relation between selection and optimality, which means 

that the population genetics and the behavioral ecology levels are not wholly orthogo-

nal. 

 Birch (2015) convincingly argued that neither Fisher’s theorem (at the popula-

tion level) nor Grafen’s Formal Darwinism (at the organism level) establish that 

maximisation is at work with natural selection - either in the sense that population ge-

netics equilibria would be fitness maximal, or in the sense that natural selection drives 

in principle towards maxima (but may not reach them). Regarding Formal Darwinism, 

he shows that cases like heterozygote superiority are problematic, since they present a 

situation where the absence of potential and scope for selection does not correlate 

with a genetic equilibrium. Indeed, if everyone is heterozygote (think of malaria resis-

tance in sickle cell anemia), there is neither scope nor potential for selection (since all 



 

 

are optimal) but no equilibrium (since reproduction will introduce novel homozygotes 

because of Mendel’s laws), contrary to the link FD establishes.  

 I still think that the demonstration of Formal Darwinism is illuminating, in the 

sense that it sheds light on an conceptual intrinsic relation between natural selection 

and maximisation. To explicate it with an analogy, such intrinsic relation could be 

compared to some actions verbs, e.g. hunting, which are intrinsically teleological. The 

fact that these actions are directed towards a goal, e.g. killing preys, is built in the 

meaning of those verbs. This in turn doesn’t entail that the goal is always reached, e.g. 

that the hunter always kills his targets. This might be very rare: it’s an empirical issue; 

but the meaning of ‘hunting’ does not depend on those facts of the matter. It might 

even be  a question of the structure of the world preventing hunters to kill. Suppose 

that we are in a world where preys run much, much faster than the velocity of the re-

flex reactions and cognitive apparatus of hunters: then, hunters would almost never 

kill preys, even though hunting would still be intrinsically related to the death of the 

prey. This latter case corresponds to the decoupling between optimisation and popula-

tion genetic equilibria exemplified by heterozygote superiority. Therefore, Formal 

Darwinism does for natural selection the same thing as such grammatical analysis 

does for the verb ‘hunting’, namely establishing principled links between concepts. 

 There are two sets of reasons underlying cases of selection not optimizing 

phenotypes. The first, which can be extrinsic to population genetics, is about variation 

and its extent and biases: when variation is very much constrained, then selection has 

a very small scope6. Even though variation biases may be reflected within population 

genetics, the causes of the developmental constraints yielding such biases are not ex-

                                                 
6 See Huneman (2017) for a detailed analysis of those relations between direction of variation 

and scope for selection. 



 

 

plained in this field, therefore they are exogenous parameters. The second is more in-

trinsic to population genetics: assortative mating, castes, and in general some particu-

lar structures of populations. Such population genetics facts indeed prevent the For-

mal Darwinism equivalences to hold (Grafen 2002, 2007), and support Birch’s skepti-

cal verdict. But as I said, Formal Darwinism informs us about the concept of natural 

selection as it is used in behavioral ecology and population genetics, thus about orga-

nisms and about gene frequencies : it only tells us that “natural selection“ refers to a 

same thing, which in both fields under some conditions nullifies genetic additive va-

riance while it makes phenotypes tend towards inclusive fitness maxima.  (Notice that 

the case of heterozygotes superiority involves genetic variance due to dominance ef-

fects and is a more complex case where such nullification is precisely not relevant.)  

 To some extent, once the conceptual analysis of selection is done as it is, and 

this abstract link between behavioural ecology and population genetics is explicated, 

then one can make an inverse reasoning, starting from the fact that in this world much 

adaptation occurs, then infer that some of the conditions for the optimizing trend built 

in selection should be realised in this world, which in turn confers some further legit-

imacy to adaptationist assumptions instantiated by the phenotypic gambit. This is like 

inferring from the fact that a specific hunter indeed brings back killed animals, to his 

shooting skills, and then predict he’ll bring back much more victims. Of course the 

prediction is fallible: the hunter may have been lucky; he can’t plausibly be lucky 

everyday, so the prediction based on extended observation is more reliable;  but then, 

he can also run out of preys precisely because he was such a successful hunter, and 

the prediction will fail. Our inverse reasoning regarding the conditions of optimiza-

tion may be as fragile. However, it could also be strengthened by considering the 

amount of species known, the amount of living species hypothesized, and extrapolate 



 

 

the extent of adaptation in the living world. The fragility of the whole inverse reaso-

ning will therefore be the fragility of such extrapolation. 

 Notice then that the optimization approach embeds a clear teleological 

dimension: considering that a trait facilitates an organism’s attempt to realize its 

“objective“ - maximising the maximand - explains why it is present, so its objec-

tive-enhancing effect is indeed the cause of its being there. As in the classical ex-

ample of teleology and efficient causes presented in the history of philosophy by 

Leibniz (Discours de métaphysique), there is a mechanism, a dynamics, under-

writing the process which leads to an outcome (for example here a trait as an ad-

aptation), but many dynamical trajectories are possible and the mere fact that 

the trait is maximizing a variable explains its presence (Rice 2012), whatever the 

dynamics through which it has increased in frequency. Echoing Leibniz, Formal 

Darwinism provides us with a conceptual and formal pluralist framework for 

thinking of teleology. 

 Therefore, from the consideration of population genetics as the science of  

evolution by natural selection we can, indeed, deduce a teleological explanatory 

framework, which is defined by the maximization of inclusive fitness: namely, X 

is teleologically explained means that X contributing to maximize inclusive fit-

ness (of an organism of which X is a property7) explains X. This framework 

doesn’t state that all biology is teleological, but suggests what teleology should 

be if indeed it plays an explanatory role in biology. My claim in the present paper 

here is that this is the genuine Darwinian teleology, and allows to make sense of 

many of the several dimensions of teleology, namely physiological functions, 

                                                 
7 ‘Property’ is to be understood in the largest sense : a trait or an organ or a behaviour are pro-

perties, but so are the overall design of an organism, its form, its developmental patterns, etc.  



 

 

goal-directedness of developmental process (which concerns the whole orga-

nism), adaptations of all sorts (Huneman 2006). In the next section I’ll review 

major rival attempts to conceive of teleology in modern biology, point out their 

main flaws, and then in the end argue in favor of the present account based on 

inclusive fitness. 

 

2. Current approaches to teleology and functions: two families. 

2.1. Intrinsic-teleology views. 

 The term “teleology” also gestures towards another very different view, 

which opposes the classical - Modern Synthesis centered - view of biology.  Here, 

authors use another strategy in order to naturalize teleology : they think that or-

ganisms themselves (decoupled from natural selection)  are intrinsically teleolog-

ical. Though there is not a body of theory that one could summarize, all these 

views of teleology share a same reluctance for the Darwinian primacy of natural 

selection as the rationale for any teleology: I label them “intrinsic-teleology” 

view here, also to contrast them with the externalist character of explanations by 

natural selection (Godfrey-Smith 1996). 

 Along these lines, some are arguing that organisms are playing an im-

portant causal role in their evolution, because they are built to cope with their 

environment. That was the focus of West-Eberhardt’s book on phenotypic plas-

ticity (West-Eberhardt 2005). She contrasts classical "mutation first" scenarios, 

where evolution by natural selection acts on random mutations at the allelic lev-

el, with "phenotype first" scenarios where the organism phenotypically change 



 

 

in relation to the environment, then initiating an evolutionary change that is reg-

istered (but not constituted, or caused) by the alleles’ frequency change. Other 

authors focus on variation, arguing that it is not only genetic random variation, 

but often epigenetically transmitted hereditary variation, directed and not ran-

dom, that fuels natural selection: in this case the organism somehow thereby di-

rects its variations (Jablonka and Lamb 2005).  This led Jablonka and Lamb to 

speak of a “Lamarckian dimension” (but see Merlin 2010 for a rebuttal of the 

term Lamarckian), referring to Lamarck’s idea that organisms vary across evolu-

tionary timescales because they strive to adapt to circumstances. Denis Walsh 

synthesized those views by arguing that the organismic teleology is the underly-

ing rationale of the genetic evolution, which is a shadow of the real cause of evo-

lution (esp. adaptation), that lies at the level of organism teleology (Walsh 2003, 

2006, 2012). At the microbiological level, Shapiro (2011) develops an account of 

bacteria that is quite close in spirit to such views, since he argues that bacteria’s 

features call for a teleological drive towards surviving and adapting built in 

themselves, and accounting for their capacity to produce adaptations via the bi-

ased production of mutations. 

 Evidence of transgenerational or intragenerational non-genetic inher-

itance (Jablonka and Raz 2009) plays an important role in those arguments, not 

exactly because the substrate of inheritance is not Mendelian, but because it al-

lows variation to be non-random, hence possibly adaptively directed, and there-

fore allows for some purposiveness within the variation-inducing mechanisms. 

This is not crucial in Walsh’s account (Walsh 2015), indeed, yet what’s important 

for him is the fact that variation cannot be assumed to be blind variation occur-



 

 

ring in a population of organism, but is also emerging from organisms 

themselves in an adaptive way, and such variation plays a leading role in evolu-

tion. On Wash’s view, many variation mechanisms - and not especially epigenetic 

or non-genetic inheritance - can support patterns of biased variation, and those 

patterns are crucial for establishing the teleological character of organisms as 

‘agents’, as he calls them. Reciprocally, not all research on non-genetic inher-

itance is committed to intrinsic-teleology view (see Danchin et al. 2011), mean-

ing that the project of extending the notion of inheritance is not logically leading 

to vindicating a non-Darwinian teleology. 

 Another variant of intrinsic-teleology accounts – not primarily interested 

in evolution - has been advocated by authors involved in the long-lasting philo-

sophical controversies about understanding biological functions (the notion of 

function being an instance of teleological judgment, as emphasized above). Build-

ing on Varela and Maturana's theory of organisms as selforganising entities 

(known under the name “autopoiesis”), as well as on Rosen (1971) theoretical 

account of the notion of organism as closed circular system,  Mossio et al. (2009) 

and Saborido et al. (2012) advocated an "organizational account" (OA) of func-

tions and teleology, according to which, since organisms are self-maintaining en-

tities in which the activities of parts achieve a constraint upon the whole and are 

in the same time maintained by such a whole, the parts are both causes and ef-

fects of themselves; therefore they can be teleologically understood. Here, teleol-

ogy is a property of some natural entities (namely, organisms), therefore it is a 

realist concept, corresponding to objective features of these specific physical sys-

tems. 



 

 

 This reactivates a Kantian line of thinking, since Kant first argued that bi-

ology is intrinsically teleological (it explains things functionally, and it postulates 

norms for understanding development, see e.g. Ginsborg 2004, Huneman 2006), 

and for this reason should presuppose that organized beings are unfolded by a 

teleologically oriented formative force (the formative force, or Bildungstrieb, 

conceived of by biologists such as Blumenbach in the wake of Kant’s texts). Kant 

was the first to argue that organisms have to be thought as self-organizing enti-

ties, meaning that we cannot understand and study them except if we presup-

pose that they are self-maintaining and self-producing according to an idea (that 

we think is) at the origin of their production (Huneman 2006). However, where 

Kant’s analysis aimed at the necessary structures of our cognition, OA accounts 

argue that teleological features ontologically characterize organisms them-

selves8. 

 

2.2. Etiological Darwinian views of teleology. 

 Philosophers of science have been keen on deflating in some ways the 

functional discourse that is so pervasive in biology, for the reason that such ex-

planation, which cites the effects of a process as a cause of its presence, mainte-

                                                 
8  This OA of teleology that I am considering may also seem close to the well known “systemic” or 

“causal role” views of functional statements, initiated by Cummins (1975). Such accounts see 

functional traits as traits having a causal role in a focal system, a role defined by a regular con-

nection between input and output – hence it ties teleology as an explanatory modality, to organi-

zation as a property of some systems, hence reminding the OA of teleology. Yet, being realist, the 

OA actually contrasts with the systemic view of functions, because for the latter the teleological 

aspect of the functional explanations is tied to a specific explanatory strategy, i.e. the choice of a 

system to investigate and the carving of it into parts, hence it is not realist regarding biological 

teleology. OA, on the other hand, emphasizes that the system is objectively defined by the set of 

constraining feedbacks, and the parts are objectively individualized by the circular processes that 

maintains the whole. 



 

 

nance, form or effectuation, violates the requirements of correct science. Hempel 

(1955) and then Nagel (1961) famously tried to eliminate functional discourses 

in the context of their philosophy of science, quite unsuccessfully: for instance, if 

functional statements are merely stating a cause and effect relationship, one 

wonders why not all effects of a trait such as the kidney are not equally function-

al9… For these positivist authors, functions were mere ways of talking but don’t 

capture something real in the word. 

 Yet, a Darwinian take on functions and then teleology has been precisely 

defended in this debate. Larry Wright (1973) initiated this approach, which con-

sidered that functional statements are legitimate statements that hold as such, 

with no need for any eliminative rephrasing. In this view, the “function of X is Y” 

is an explanation of the presence of Y, to the extent that it means that “X is here 

because it does Y”. This can be explanatory when for instance doing Y (in the 

past) caused the selection of (past instances of bearers of) X. This so-called etio-

logical approach (or “selected-effects theory”) has then been tied to natural se-

lection because the feedback by which the effects act upon the presence of their 

cause in biology is generally natural selection (Millikan 1984, Neander 1991)10. 

This theory of functions was called “Teleological” by Neander, since it naturalizes 

teleology via natural selection. Unlike positivist philosophers of science, for these 

philosophers the naturalization made possible by Darwin is such that a teleologi-

cal thinking is legitimized because natural selection yields an explanatory 

scheme quite different from the mechanical explanations that are pervasive in 

                                                 
9 See Mc Laughlin (2001, chap.1) for a thorough overview of these positions. 
10 Strictly speaking Wright’s view differs from ‘selected effect’ theories since for him natural se-

lection was not logically necessary to make sense of functions. But this is not relevant here. 



 

 

physics. And since evolution by natural selection of a trait or a gene is something 

objective out there, the teleology resting on natural selection – which is mostly 

about functional statements – is not a mere way of speaking, a “stance” (as says 

Dennett (1995) about intentionality), but rather a real feature of some entities in 

this world, namely the organisms. The teleology proper to functional ascriptions 

is thereby naturalized in a realist way (i.e., it is not depending upon our explana-

tory strategy and interests). This conception of functions as teleology faces many 

problems and underwent successive refinements since its formulation (see e.g. 

Ariew et al. 2002, Godfrey Smith 1994, Buller 1999, Huneman 2013), but this is 

not the place to deal with that. I just emphasize that the focus of teleology here is 

the trait itself, explained in a teleological manner via the functional ascription. 

This focus on traits clearly contrasts with the focus on organisms themselves 

proper to the intrinsic-teleology accounts surveyed above. 

 Nevertheless, I will argue in the following that these two kinds of realist 

approaches to teleology – etiological views sensu Neander and others, and the 

intrinsic-teleology views - which are equally interested in giving a legitimate 

naturalized sense to teleology in life sciences, fail to capture the generality of the 

teleological explanatory practice in biology.  

 

3. Critique of the most frequent theories of biological teleology. 

3.1. Issue with the etiological theory 

 The etiological theory focuses on traits as functional. “The function of kid-

neys is eliminating toxins”, means that kidneys, by eliminating toxins, provided 



 

 

fitness advantages to those who had them, and therefore, present individuals are 

descendants of those ones and have kidneys. But notice first that this is a 

shortcut for a genuine biological explanation – in this case, like the case of the 

heart or other organs (often mentioned in literature about etiological views on 

functions, e.g. Millikan, 1984, Neander 1991, Wright 1973), selection was not act-

ing in a population of kidneys-carrying vs. non-carrying individuals, but of 

course, the population was made up of individuals carrying slightly different 

kidneys, differing in terms of their toxin-elimination performances. And at each 

step of this process, the selection retained slightly better-performing variants, so 

that ultimately well-adapted kidneys became established in the population. This 

incremental dimension of the selective process is crucial, since it stems from the 

fact that most variations likely to be selected are generally small. The etiological 

view of functions refers to a notion of “selection for kidneys because of the toxin-

eliminating effect that they achieve”, but this properly means that better toxin-

elimination provides (ceteris paribus) a fitness advantage that yields what we 

call “selection for kidneys”. The idea of selection targeting kidneys against non-

kidneys is of course too simplistic, and obscures the process of natural selection 

in favor of an emphasis on the parallel between natural selection and human in-

tention (which often chooses A against non-A), that Wright (1973) considered as 

two aspects of a general concept of “function”. 

 Because of its focusing on traits themselves rather than organisms, the 

etiological theory of functions fails to make sense of the fact that traits are inte-

grated within an organism, in a way which implies that their nature and form 

should somehow be adapted to other traits. The fact that toy examples (heart, 



 

 

kidney…) favored by etiological theorists, as I just indicated, neglect the incre-

mental nature of selection somehow illustrates this failure since, as Fisher’s 

(1930) “geometric argument“ made clear, the fact that selectable mutations are 

generally small derives precisely from the integrated character of organisms. 

 Intuitively, this echoes the longstanding critique of adaptationism (Gould 

and Lewontin 1978, Godfrey-Smith 2001), which argues that atomizing organ-

isms into discrete traits and asking what adaptations-for they are misses the es-

sence of the organism. More precisely, the fact that this account does not link 

functions of traits to any idea of system (unlike the other account) indicates that 

there is an issue with such idea of teleology, since it is unable to account for the 

fact that functional traits are also systematically related, and possibly related to 

non-functional traits. The basic issue is that even though etiological accounts 

may correctly make sense of what it is to ascribe a function to a trait or be a func-

tion of a trait, they are not capable of making sense of a whole organism as hav-

ing an (apparent, at least) teleological nature. In other words, they can not see an 

organism as having parts collectively contrived to a purpose, because they only 

make sense of parts separately, each having its specific function in the environ-

ment. As an account of biological teleology in general, etiological views are want-

ing. Such account indeed, as many authors, tends to see functions as the sole di-

mension of teleological language in biology, while as Birch (2012) argues,  “the 

reducibility of all teleological talk in biology to function ascription is not some-

thing we can safely take for granted“;  many other instances of this language oc-

cur in biology, some of them implying the whole organism.  



 

 

 This doesn’t mean that the etiological account is mistaken; it’s rather in-

complete as an account of teleology. Granted, making sense of the apparent te-

leological character of organisms may be seen as something extrinsic to the task 

of a theory of functions. But a complete theory of biological teleology should be 

able to do this11, at least because organisms seem designed in the sense that parts 

are adjusted to one another (without entailing that their function is to be ad-

justed to one another), and that developing organisms are seemingly teleological 

in the sense that they are oriented towards producing the typical design of the 

species. As Kant noticed, it’s impossible to consider and understand embryoge-

nesis without assuming that the system undergoing such process oriented to-

wards a goal12. Thus the etiological theory is an incomplete theory of teleology.  

 Thinkers in the etiological tradition have sometimes diagnosed this prob-

lem: Kitcher’s paper entitled "Function and design" (1995) indeed tries to plug 

into the etiological account the notion of a system, arguing that if X is here be-

cause of its doing Y, so that X has been designed to do Y, X is therefore meant to 

be integrated into a design. In such a design as a self-contained and orderly 

structure, not all parts should owe their presence to natural selection, but all 

may nevertheless be functional because other, naturally-selected, parts, have 

themselves adapted to their presence. The present paper takes a similar line of 

argument, but will rely on the view of maximisation sketched above13. 

                                                 
11 Remember that Wright’s etiological account was initially given as a general theory of teleology. 
12 Kant’s solution is that this goal is a necessary assumption of our knowledge - see Ginsborg 

(2004); Breitenbach (2009); Huneman (2007). 
13 This section on etiological account is comparatively short for several reasons. First, there has 

been many discussions about the problems and limits of this widely accepted account of func-

tions – e.g. chapters in Ariew et al. (2001) or Huneman (2013); second, the present paper is much 

more discussing intrinsic-teleology accounts, which are not Darwinian. Etiological accounts are 

 



 

 

  

3.2. Issue with the intrinsic-teleology accounts. 

 On the other hand, the intrinsic-teleology accounts deal with the whole-

ness of organisms: such wholes have to be understood in relation to the envi-

ronment within which they maintained themselves, and as oriented towards the 

maintenance of the parameter values that allow them to live (e.g., all physiologi-

cal parameters), a maintenance often called homeostasis since Cannon. In Ja-

blonka’s, West-Eberhardt’s, Shapiro’s or Walsh’s views, living beings (either bac-

teria, or multicellular organisms) are literally striving to adapt to their environ-

ment, and this striving is what allows us to understand their functioning and be-

havior.  

 But here the focus on organisms entails a drawback inverse to the former: 

it is not at all clear how to individuate functional traits in organismic accounts, 

and even worst, not clear how to ascribe function to particular traits. For in-

stance West-Eberhardt’s view of plasticity is about a general property of devel-

opmental systems, without making clear which traits could be so explained and 

why. So one cannot use plasticity to account for saying that a given trait is here 

to do such and such. Granted, plasticity may be something through which organ-

isms cope with environmental changes or uncertainty; but this means that plas-

ticity has no resources to explain traits of an organism in an unchanging envi-

ronment, and yet these are still ascribed a role. While plasticity captures an as-

                                                                                                                                            
somehow Darwinian, and they are closer to the solution I will defend here, even though they are 

insufficient. Intrinsic-teleology views on the other hand are either connected to the biological 

theories that are currently challenging the Modern Synthesis, or to views that are not primarily 

evolutionary, such as Rosen’s. 



 

 

pect of teleology - that is, the ability to deal with environmental uncertainty, 

which may in turn be itself an adaptation and as such explainable by natural se-

lection14 – it is not embracing the generality of the teleological concepts in biolo-

gy.  

 Someone could here object that etiological accounts of functions too do 

poorly in individualizing traits - and that’s not their role, anyway. Generally they 

first assume individual traits, and interpret functional ascriptions to those traits. 

Moreover, using functions to individualize traits is very controversial, because, 

as made clear by Griffiths (2006), individuation of traits in evolutionary biology 

often relies on common descent, hence on homologies, and not on homoplasies 

and then adaptation or function. In effect, one should be able to say that the an-

terior limb of a vertebrate is the same thing, whether it’s instantiated by a hand 

or by a whale’s fin or a bird’s win, even though those three body parts have dis-

tinct functions. So one should not take the inability to individualize traits as an 

objection against intrinsic-teleology accounts such as West-Eberhardt's. Howe-

ver my objection here rather targets the difficulty of ascribing functions to indivi-

dual traits.  

 Consider now the extravagant tail of the peacock: it is not maintaining the 

self-organisation of the organism, and indeed may hasten the demise of the indi-

vidual by attracting the attention of a predator, so according to the organization-

al account OA it looks like non-teleological. But neither is it facultatively pro-

duced by the organism: peacocks does not grow tails as a plastic response, 

                                                 
14 See Nicoglou (2015) on the controversies about the selection for plasticity. 



 

 

thereby these are not produced by the organisms to cope with their current en-

vironment, as in principle plastic traits are.  

 So, few of the intrinsic-teleology accounts would apparently consider 

those adaptations such as peacock tail as teleologically explained. But the pea-

cock tail is an adaptation (it enhances its bearer’s fitness by enabling him greater 

mating success), and if we want to make sense of teleological explanations in a 

naturalized framework, this should count as an example of such explanation. 

Considering the rival account of teleology (etiological accounts), peacock’s tail is 

of course a paradigmatic case of a functional trait in etiological accounts, since it 

is a classical case of selected trait.  

 Here, one could object that Walsh’s account in fact sees functions as con-

tributions to overall systems’ goals, and thus, if the goals include reproduction, 

then surely the peacock’s tail has a function. But now consider mixed strategies 

in behavioural ecology – such as “act as a hawk with probability 0.7, act as a dove 

with probability 0.4” – that are proven to be “evolutionary stable strategies” 

(Maynard-Smith 1982); they are adaptations, to the extent that they are the re-

sult of natural selection. However, the precise values of probabilities defining 

this strategy are in no way necessary or useful to the survival of the individual 

organism, and don’t contribute to any specifiable goal better than any other pro-

bability value; therefore, such adaptations can’t be accounted for in the intrinsic-

teleology perspective. 

 And a more general criticism holds against OA accounts. Critically, some 

traits in organisms are not recruited to do self-maintenance of the organism: for 

instance, the altruistic behavior of sterile workers among the eusocial insects 



 

 

does not do anything to its maintenance (and indeed they may be self-

destructive) - yet we have explanations that are in a way teleological (choosing 

the best strategy, in a decision-theoretical model), and we definitively see them 

as adaptations (Krebs and Davies 2001). Saborido et al. (2012) tried to answer 

this concern about non-maintenance traits by arguing that one should consider 

another system, that defined by the lineage rather than the individual organism. 

In those cases of “cross-generational self-maintenance“, their answer here would 

probably be that the sterile casts contribute to the maintenance of the colony as 

a whole, which is therefore their function. 

 This faces a first objection : it seems that a price to pay is that some objec-

tivity of teleology is given up, since deciding in favor of an organism or a lineage 

or a colony seems to rely on the modeler’s choices, hence we get closer to Cum-

mins' systemic account, which makes teleology something so explanatory-

strategy-dependent that it could be said dispensable. A second objection, derived 

from a slightly different case, is more radical. Acts of altruistic nepotism need not 

maximize the fitness of any group or lineage in order to be selectively favored. 

By definition, they will not contribute to the survival of the agent (since they are 

costly for her); but they are not promoting the survival of the group either, which 

includes various organisms with distinct genetic make-ups, and which may sur-

vive without them. What they increase is the amount of genes “for“ altruistic ne-

potism in the gene pool, but this is obviously not the kind of system that the OA 

account considers as a system likely to be autonomous and support functions. 

 Thus OA accounts and intrinsic-teleology views in general face difficulties 

in deriving from teleological organisms an account of those seemingly teleologi-



 

 

cal explanations of individual traits. This insufficiency is problematic for such 

accounts of teleology, because when asking the teleology question one wants to 

make sense of all dimensions of what before Darwin was supposed to pertain to 

teleology.  

 

3.3. Darwin’s insight about design. 

 We thereby think that neither of the here reviewed attempts of giving 

sense to teleology wholly succeeds, because either one of them – namely, adopt-

ing the etiological view of functions - loses the overall design of the organism, or 

the other – namely adopting any intrinsic-teleological account - loses the fact 

that adaptation sometimes differs from the maintenance of the organism or the 

strive to survive and adjust to the organism’s environment, or in other words, 

that traits as adaptation can be decoupled from organism’ maintenance. Etiologi-

cal views of function and theories of intrinsic teleology both have a realist take 

on teleology, but it seems that they can’t capture at the same time the functionali-

ty of parts and the design of organisms, and therefore are compelled to always 

exclude one aspect of the apparent teleology in biology. 

 Nevertheless, Darwin had a quite complex view on this matter. He 

thought that the design of organisms is explained by natural selection; and that 

traits themselves are adaptations: “natural selection acts by either now adapting 

the varying parts of each being to its organic and inorganic conditions of life; or 

by having adapted them during past periods of time” (1859, ch. 6); therefore an 



 

 

etiological account of function (rephrasing functions of traits in terms of natural 

selection) would not be far from his view.  

 Yet he also emphasized the coordinated contrivances of organisms, for in-

stance in the book on orchids, throughout which he explores the contrivances 

through which orchids can be fertilized: traits are contrived together, so that 

they somehow adjust to each other within an organism, and ultimately contrived 

to support reproduction15. This contrivance is in turn explained by natural selec-

tion. Contrived traits are not initially made for one specific purpose; at the con-

trary, various traits may have originated for various distinct purposes, yet by 

evolution they find themselves all together contrived for one specific purpose 

that is reproduction: “Although an organ may not have been originally formed 

for some special purpose, if it now serves for this end we are justified in saying 

that it is specially contrived for it. On the same principle, if a man were to make a 

machine for some special purpose, but were to use old wheels, springs, and pul-

leys, only slightly altered, the whole machine, with all its parts, might be said to 

be specially contrived for that purpose.” (Darwin 1862, 348) The very fact of 

contrivance as studied initially in the Orchids book, therefore, is about many 

traits of varied origins that conspire together into something that looks as if de-

                                                 
15 The following example from the chapter on Spirantes automnalis exemplifies the point: “We 

thus see how beautifully everything is contrived that the pollinia should be withdrawn by insects 

visiting the flowers. They are already attached to the disc by their threads, and, from the early 

withering of the anther-cells, they hang loosely suspended but protected within the clinandrum. 

The touch of the proboscis causes the rostellum to split in front and behind, and frees the long, 

narrow, boat-formed disc, which is filled with extremely viscid matter, and is sure to adhere lon-

gitudinally to the proboscis. When the bee flies away, so surely will it carry away the pollinia. As 

the pollinia are attached parallel to the disc, they adhere parallel to the proboscis. When the 

flower first opens and is best adapted for the removal of the pollinia, the labellum lies so close to 

the rostellum, that the pollinia attached to the proboscis of an insect cannot possibly be forced 

into the passage so as to reach the stigma ; they would be either upturned or broken off: but we 

have seen that after two or three days the column becomes more reflexed and moves from the 

labellum, - a wider passage being thus left.” (Darwin 1862, 111) 



 

 

signed to reproduce. Natural selection, for Darwin although in an implicit and 

weakly articulated way, accounts for both the traits as adaptations and the over-

all design of organisms. Of course Darwin’s darwinism didn’t include population 

genetics; thus, realizing such insight in current biology means implementing it in 

an evolutionary science structured into a darwinian biology of organisms (beha-

vioral ecology) and a population genetics, and this is where FD should intervene. 

 This Darwinian insight seems most present in Kitcher (1989). Kitcher 

held the view that functions of traits understood as “selected effects” fit in a gen-

eral design, which also means that not all features of organisms are targeted by 

selection, but that many features are somehow entailed by the organism’s de-

sign, which takes place as soon as some features are designed by natural selec-

tion16. His use of the word “design” intends to capture such a connection be-

tween selection and organismality. I think that this is close to the connection be-

tween adaptations, contrivances and design, which for Darwin defined the way 

in which teleological explanations could be reconceived in his framework. In the 

following section I propose an alternative view, sharing the concern for design 

present in Kitcher's approach, but relying on the Formal Darwinism account 

stated above. 

 

                                                 
16 “It is enough (…) that genuine demands on the organism have been identified and that the en-

tities to which they (biologists)  attribute functions make causal contributions to the satisfaction 

of those demands. (…)  To say that the function of X is F is to propose that a complete explanation 

of the presence of X (at the appropriate time) should be sought in terms of selection for F. Once 

we relax the demands on functional ascriptions, the role of selection is no longer clear; indeed, a 

biologist may explicitly allow that selection has not been responsible for maintaining X (or, at 

least, not completely responsible). But there is a different type of explanatory project to which 

the more lenient attributions contribute. They help us to understand the causal role that entities 

play in contributing to complex effects.” (Kitcher 1993, 271) 



 

 

4. Maximization of inclusive fitness: teleological explanation of design.  

4.1. Inclusive fitness and design. 

 In this last section, relying on the Formal Darwinism view stated above, I 

claim that the maximization of inclusive fitness underpins proper teleological 

explanations in biology (hereafter “IF teleology”), in a way faithful to Darwin’s 

sense of the unity between the contrivances and the traits as adaptations17. It is 

indeed teleological, since when a trait improves inclusive fitness it is for this pre-

cise reason that it is here18. So the inclusive-fitness effect itself explains, which 

indicates that this is a teleological explanation. Then the “IF teleology“ account of 

teleology says that teleologically explaining X means showing that X contributes 

to maximising inclusive fitness by whatever means. It implies that teleology as an 

explanation is legitimate, because it is grounded in the dynamics of gene fre-

quencies, according to the isomorphism stated by FD. Once again this does not 

mean that the whole evolutionary process has a goal; it just means that the evo-

lutionary structure of biological reality makes some teleological reasoning legit-

imate, and therefore allows us to make on this basis predictions of which pheno-

types will be found. I’ll argue now that, so defined, IF teleology accounts for most 

of the features which seem to need a teleological explanation, realizing in a Mo-

dern Synthesis setting Darwin’s intuition that explanations of design of orga-

nisms and of adaptive trait should go together. 

                                                 
17 Birch (2012) also argues in favor of a key role of inclusive fitness to make sense of biological 

teleology - and not only of functions. His account relies on the idea of robust processes or attrac-

tors in phase spaces, and extends beyond biology, though the present view should be compatible 

with it.  
18 There might be an epistemic worry here, about which trait actually accounts for the impro-

vement; see e.g. Huneman (2013) - but this is not the concern here 



 

 

 Indeed, IF teleology shares with “intrinsic-teleology” accounts an empha-

sis on the role of organisms, because within the optimization framework sketched 

above any (selected) trait can be understood as the ‘choice’ by the organism of a 

strategy which, through direct and/or indirect benefits, improves the net fitness 

result. So in this explanatory scheme the organism controls its inclusive fitness 

gains by ‘choosing’ its phenotypes. This use of the ‘maximizing agent analogy’ 

(Grafen 2002) means that organisms themselves are the locus of a teleological 

understanding, which acknowledges the point made by the supporters of intrin-

sic-teleology accounts in the wake of Kant’s views: as agents, organisms may be 

addressed as if acting on a purpose, or teleologically. 

 From this maximization principle follows thereby a concept of design: 

since evolutionary logics may be framed in terms of the choice of strategy, or 

phenotype, by an organism, then the set of actual phenotypes can be seen as in 

principle being likely to manifest that it has been designed. And since inclusive 

fitness is the maximand, then organisms can be conceived of as “designed to” 

maximize their inclusive fitness (Gardner 2009) - once again, even though the 

design fails, exactly as the hunting person can fail in killing preys.  

 To this extent organisms’ overall design is in accordance with this maxi-

mization principle - especially, the fact that the parts are contrived to a common 

purpose: this can be explained by the fact that too much independence between 

parts would affect the physiology and then the inclusive fitness, so that from this 

standpoint some coordination is necessary, from which a more or less achieved 

design results. The appearance of design – in the sense of “being designed” - 

stems from the teleological nature of organisms, as maximizing agents; and the 



 

 

design itself, as contrivance and relations of parts, is a result of the fact that all 

the parts are oriented towards maximizing inclusive fitness. To sum up: since the 

genes-dynamics aspect of natural selection translates into optimization, the or-

ganisms can be said to be designed to achieve inclusive fitness, and for this rea-

son the parts are more or less coordinated, giving for instance rise to those ex-

tremely complex and adapted structures such as the eye, whose design chal-

lenged causal explanations for decades19. (IF teleology can also, in principle, ex-

plain the evolution of genetic structures, so that one can say that these systems 

are designed to maximize inclusive fitness20.) What contrives all parts of an or-

ganism is thereby the value of inclusive fitness21. 

 So the IF teleology explains the coordinated design. Essentially, it explains the 

trade-offs between values of traits, in the sense that the value of each trait reachable 

by selection is contrived by the values of other traits and not only by its adjustment to 

                                                 
19 It was presented by Kant as the paradigm of the set of coordinated action of myriads of parts 

seemingly contingent for physical laws (Kant 1763, Huneman 2015). 
20 Here I can mention Fisher’s (1928) theory of the evolution of dominance, albeit with the quali-

fier that this is very far from being widely accepted. Fisher suggested this was an example of the 

inverse side of the usual research about the genetic basis of evolution, since usual evolutionary 

research intends to explain evolution on the basis of genetics, whereas here he investigated the 

evolutionary bases of genetic make up itself. Given that organisms are on the whole well de-

signed, mutations in general will tend to reduce rather than improve (inclusive) fitness (Fisher 

1932, 279). He wanted to understand why constant alterations by mutational pressure does not 

take place, thus he elaborated a theory according to which mutations, as often detrimental, will 

induce selection for modifier genes that bring about their recessiveness so that their chances to 

harm organisms in which they reside will be lower. So according to Fisher’s theory, the very phe-

nomenon of dominance results from a process through which the integrity of organisms is pre-

served in the face of mutational assault. 
21 As an alternative to inclusive fitness, during discussions about social evolution, another ap-

proach termed “personal fitness” or “neighbor modulated fitness”, has been proposed (Hamilton, 

1964 – recently revived by Taylor and Frank 1996). In the personal fitness approach, the fitness 

effect of a behavior is the addition of its effect on the fitness of the focal individual, plus the fit-

ness benefits gained by this individual from the others, mitigated by relatedness (Taylor and 

Frank 1996). It has been claimed that personal fitness approach is equivalent to inclusive fitness 

in most situations (Taylor et al. 2007). However, the advantage of inclusive fitness, even though 

both approaches can be equivalent in describing the evolutionary dynamics, is that the process is 

similar to a rational process of deciding on the best options through maximizing the utility, as it 

is studied by microeconomics: it is as much a teleological process. It is to be noted that such tele-

ology resembles much more to the one used in economics than the one used by physicists talking 

of entropy maximization or least action in Hamiltonian variation calculus. 



 

 

environmental demands. For example, the running speed of a cheetah has some im-

pact upon on metabolism and on the possible values of other traits, so that if selection 

were to maximize speed, it would impinge other functions and ultimately decrease 

inclusive fitness; hence the trait values that are predicted by IF maximization are op-

timal trade-offs, and adaptationism is always ‘trade-off adaptationism’ (Huneman 

2017).  

 What was lacking in the etiological accounts of functional traits in general is 

the connection between trait-based teleology (a given trait is here for something) and 

the designedness of the overall organisms; in turn, the OA as well, as in general the 

intrinsic-teleology accounts, had a hard time making sense of specific functional traits 

and adaptations as functions and adaptations - especially regarding adaptations speci-

fically at odds with the organism’s interests in survival. IF teleology by definition 

captures the link between these two things, as a principled link between the IF max-

imizing character of selected traits and the contrivances or contrived character of or-

ganisms themselves, established above; therefore I claim that it is the proper Darwini-

an teleology. Hence thinking teleological explanations in terms of inclusive fitness 

allows us to make sense of all teleologically-sounding explanations: the ones directed 

towards functional traits and the ones focusing on organisms apparently fulfilling 

some aims in their development. 

 While IF teleology does better than etiological accounts and intrinsic-

teleology accounts because it allows making sens of a teleological understanding of 

both organisms and traits, it’s also more complete because some IF teleology cases 

can’t be accounted for by one or the other family of views, as I’ll show in this last 

section.  



 

 

 

4.2. IF teleology vs OA and vs SE views. 

Regarding the traits themselves, according to IF teleology one explains 

their presence by the fact that they contribute directly to offspring or indirectly 

to offspring of the relatives of the organisms. Therefore, against the OA account - 

and intrinsic-teleology accounts more generally -, traits that don’t help maintain-

ing organisms into life can still be teleologically explained. It may be that traits 

fostering reproduction will seem to go against survival, which is prima facie hard 

for the OA to account for : for instance, the fragility of cottonwood branches 

seems less fit to their actual ecological location than a robust tree, but actually it 

increases the dispersal capacity because of their easiness to be broken combined 

with the fact that from the fragments trees easily sprout, so that those fragments 

can flourish by dispersing along streams even if the original cottonwood is un-

dercut by the streams and dies (Endler 1986). 

Granted, Saborido et al. (2012) attempted to extend the OA account by in-

cluding reproduction in their definition of the organismic constraints that under-

lie functions in their sense, so that the lineage itself may in the end become the 

subject of teleology. However, some traits can still be teleologically explained by 

their contribution to indirect fitness benefits, so not by direct offspring benefit, 

and here, even this extended OA would fail. For example, there is a teleological 

explanation of the phenomenon of human menopause22: grandmothers help rais-

ing children, which increases the reproductive success of their offspring (Foster 
                                                 
22 Birch (2012) gives the same example; he indicates that this teleological explanation would 

hardly be expressed as a “function of menopause“, because many would be reluctant to the nor-

mative connotations carried in this case by the concept of function.  



 

 

and Ratnieks 2005); menopause in this example evolves by increasing the indi-

rect benefit side of the inclusive fitness magnitude, because it proves more bene-

ficial for the inclusive fitness than no menopause, which would privilege the di-

rect benefit side. Alarm calls in vervet monkey are of the same type: though cos-

tly for the agent, who puts herself at risk by yelling, they evolve by increasing the 

indirect fitness benefits, which has been established by considering the family 

structures of tribes in which they live, since they are actually made of highly ge-

netically related individuals (Cheney and Seyfarth 1985).  

Even though beyond the organism itself the lineage becomes the subject 

of the teleology, as the OA tends to do, it won’t account for traits owing their 

existence to very indirect benefits. Otherwise, given that all the degrees of re-

latedness may be found in the population, the teleological entity would become 

the population itself, which puts a very high cost onto the account, since in this 

case, teleology becomes something very far from what it was supposed to cap-

ture, mostly related to an individual organism. 

Summing up, OA may account for traits beneficial to the offspring, 

through taking reproduction into account - but it can’t account for traits owing 

their existence to the ‘indirect benefit’ side of the inclusive fitness equation, since 

no reproduction is involved in the relatedness coefficient. But IF teleology does 

that, by definition. 

And now, against the etiological account, the trait does not need to be te-

leologically explained only in the sense that it would have been selected for a spe-

cific effect; it might just be that the trait contributes to increasing both direct and 

indirect fitness, in a way greater than other alternative traits within the same 



 

 

system – a plurality of effects can be the reason of this increase of inclusive fit-

ness (one effect causing direct benefits, the other causing indirect benefits). Thus 

it appears that the etiological view of functions only captures one subcase of 

what is teleological regarding biological traits.  

Think of the classic example of kidneys, whose function is to eliminate 

toxins since our ancestors, carrying properly functioning kidneys, have been fa-

vored by selection because of the toxin-eliminating activity of kidneys. In this 

case, the trait and its payoffs only concern the focal actor: there is no mention of 

any other beneficiary of the trait. Thus the only question is: “which activity of the 

trait was causing a net benefit for the actor?“ Yet in the most general cases, not 

only the benefiting effect is relevant, but also the relatedness to other potential 

beneficiaries, and traits beneficial for the focal actor can be counterselected if 

less beneficial traits come with higher benefits for related actors (namely, bene-

fits that, mitigated by the relatedness value and added together, overcome the 

direct benefit).  

For instance, Ratcliff et al. (2013) consider the function of microbial dor-

mancy. Many microbes indeed form “dormant resting stages (e.g. spores and 

cysts)“. When environment is stressful this may help survival, however geno-

types forming dormant microbes pay an “opportunity cost“ since their delayed 

reproduction may cause them to have on the average less offspring than their 

non-dormant competitors - thus the survival enhancement effect is not enough 

to make dormancy into a selected trait. Yet genotypes with dormant microbes 

spare resources, which can be in turn consumed by surrounding non-dormant 

microbes. If those are enough related to the dormant microbes, then the genes of 



 

 

the dormant microbes will increase in frequency and the indirect fitness benefits 

explain the evolution and maintenance of the trait “microbial dormancy“. Clearly, 

this happens, as Ratcliff et al. (2013) have shown, only when the population is 

structured in the proper way, namely its structure gathers dormant microbes 

with mostly their kin.  

So here the indirect benefits are key to the teleological explanation of the 

microbial dormancy. But one may think that extending the etiological account by 

changing ‘fitness’ into ‘inclusive fitness’ in its formulation may allow it to account 

for such a case. This was already suggested by Neander (1991). She writes: 

“It is  a/the proper function of an item (X) of an organism (O) to do that 

which items of X’s  type did to contribute to the inclusive fitness of O’s ancestors 

and which caused the  genotype of which  is X is the phenotypic expression (or 

which may be X itself where X is the genotype) to increase proportionally in the 

gene pool.“ 

Thus, an SE account could perfectly make sense of the explanation of mi-

crobial dormancy as teleological. However, in details it’s not at all obvious. Inclu-

sive fitness here is composed of several things : 1. a positive impact on direct fit-

ness in periods of environmental stress; 2. a negative impact because of repro-

ductive delay; and 3. a positive impact via resources for kins, when the popula-

tion structure is favorable. Moreover, this latter point is not independent from 

the microbial dormancy itself as a possibly cooperative behavior, since as Power 

et al. (2012) have shown “the opportunity for cooperation can in turn drive the 

creation of population structures that support it“. Thus, it’s impossible to state 

(following Neander’s definition) “that, which things of type “microbial dorman-

cy“ did to contribute to inclusive fitness“. Even though the inclusive fitness ex-

planation is ultimately teleological, as I argued, it’s not likely to allow us to dis-



 

 

tinguish a “proper function“ in Neander’s sense23, and therefore etiological ac-

counts of teleology can’t cover all cases deemed teleological according to IF te-

leology. 

 

Conclusions. 

 In this paper I presented a view of evolutionary theory that confers an 

overarching role to a specific teleological explanation understood in terms of the 

maximization of inclusive fitness. I argued that this view could, better than many 

classical rephrasing of teleology by philosophers, account for the teleological fea-

tures of explanation present in Darwinian theory, especially the use by Darwin of 

the concepts of design and contrivances. This paper therefore offers two general 

claims:  

 a) that the genuine and legitimate meaning of teleology in biology is max-

imization of inclusive fitness – because, given the isomorphism established by 

FD, this accounts for and justifies the explanatory power of teleological explana-

tions in evolutionary biology; 

 b) that extant accounts of teleology captures aspect of teleology but aren’t 

general enough to make sense of the whole Darwinian teleology.  

 

 

                                                 
23 Actually Griffiths (1993) have noticed the difficulty of introducing a reference to “inclusive fit-

ness“ in a definition of a proper function and revise Neander’s definition in a way that gets rid of 

this phrase.  
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