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Over the past fifty years, the conceptual exchanges between evolutionary biology and economics have been greatly intensified. From these exchanges, three disciplines have emerged, namely: evolutionary game theory, evolutionary economics and evolutionary behavioural economics. In this postface, we propose a brief survey of these disciplines, by focusing more specifically on the kind of explanatory schemes that they involve. We conclude by a few thoughts about the current prospects for the future of the relations between economics and evolutionary biology.

Evolutionary game theory

Evolutionary game theory, as is well-known, is par excellence a transdisciplinary approach (cf. entry Game/Strategy). First originated from the transfer of game theory models to evolutionary biology (Price and Maynard Smith 1973), this approach has been widely used in both economics [START_REF] Friedman | On economic applications of evolutionary game theory[END_REF]) and evolutionary biology (Weibull 1995) to account for the dynamics of social interactions with a strategic dimension-like territorial conflicts in animals or technologic arm races between firms. In each of these disciplines, the goal of game theoretical-models is identical, and consists in showing which equilibriums-if any-are reached in presence of such interactions (cycles, chaotic dynamics are also possible outcomes of evolutionary dynamics). However, the processes represented by these models are very different. Thus, in biology, the analog of rational choice is a populational process of natural selection-i.e. a blind process "choosing" among the different types of individuals according to their average fitness1 -whereas, in economics, the changes in frequency of strategies are primarily driven by individual learning, a process by which agents with a limited form of rationality adjust their behaviour according to past and current information (e.g. information about payoffs, opponent's play, etc.). (See entries Adaptation/Learning).

Because of this discrepancy, the analogy between the two applications of evolutionary game theory (economic and biological) is best categorized as a "formal" analogy rather than as a "substantial" analogy. 2 Nevertheless, the amount of conceptual overlap remains quite significant between them. As just mentioned, both share a common purpose, which is to explain the state of a given population when the payoffs of each member depend on its own action/phenotype and on that of its partner(s). But both also share a common domain of objects as the different kinds of individuals to which they apply can be compared according to their degree of cognitive autonomy-that is, according to their ability to respond, adaptively, to the strategic environment(s) to which they are confronted to (cf. entry Adaptation/Learning). Thus, one could perfectly draw an ontological continuum between the kinds of individuals which form the domain of evolutionary game theory: such continuum would start with simple individuals deprived of any sort of autonomy-i.e. with genetically fixed strategies-and would end with the perfectly rational agents of traditional game theory [START_REF] Von Neumann | Theory of Games and Economic Behavior[END_REF]. Between the two, one would find an infinity of individuals with various degrees of cognitive autonomy, that is, with more or less limited forms of rationality-each of them representing a certain trade-off between selection and learning.

Viewed in this light, the relationship between economic and biological applications of evolutionary game theory stands out neatly from most of the transdisciplinary analogies found in the other areas of science. In evolutionary game theory, the degrees of cognitive autonomy provide a relatively homogeneous scale for comparing the different objects to which it applies, whereas in most scientific analogies (such as, for instance, the formal analogy between Newton's law of gravitation in physics and the gravity model of migration in urban geography), this kind of comparison does not really make sense, for the objects and processes are often strictly heterogeneous (e.g. gravity vs. migration, planets vs. persons). However, this apparent homogeneity of evolutionary game theory needs to be qualified in several ways.

First, no cognitive structure is universally shared by all of the members of the different populations that can be formalized by this theory. Thus, a bacteria and a human are hardly comparable from a cognitive point of view, though both can be envisaged as cognitive "agents" in the broadest sense of the term. Second, game-theoretical models, in evolutionary game theory, are typically applied at different level of organization with heterogeneous features. For instance, a population of bacteria and a population of humans count both as instances of biological populations, yet the former is made of unicellular entities and the latter made of multicellular entities; and surely, we may expect a greater influence of learning than of natural selection over evolutionary change in the second of these populations. Last, evolutionary game theory is commonly used to represent strategic interactions between entities existing at higher levels of organizations, such as firms competing in a duopoly scenario, or syndicates vs. governments; yet, in those cases, it is far from obvious what the nature of our "ontological continuum" could be. Hence, even though cognitive autonomy provides an interesting (though speculative) currency to assess the respective importance that selection and learning may have in a given evolving population, it should not be overemphasized; for, ultimately, the ontological commitments of evolutionary game theory remain rather shallow.

Evolutionary economics

Evolutionary game theory is not the only "evolutionary" approach built on an analogy between biology and economics. Indeed, the so-called field of "evolutionary" economics3 [START_REF] Dopfer | The evolutionary foundations of economics[END_REF]) also derives from an (apparent) analogy between the two disciplines (though, in this second case, the analogy goes exclusively from biology to economics). Originally sketched by [START_REF] Alchian | Uncertainty, evolution, and economic theory[END_REF], and later championed by [START_REF] Nelson | An Evolutionary Theory of Economic Change[END_REF], evolutionary economics has been developed in reaction to the dominant, neoclassical paradigm, and proposes an original account of the nature of economic change-drawing on earlier works by [START_REF] Schumpeter | The Theory of Economic Development[END_REF] on the importance of innovation (vs. price) in the dynamic of competitive markets. The main tenet of this approach is straightforward, and consists in positing a fundamental analogy between the processes of natural selection and the process of economic competition. 4In neoclassical economics, a central assumption is that any market satisfying the condition of pure and perfect competition should ultimately "clear" at some point in time; that is, the price system should reach a unique equilibrium [START_REF] Arrow | Existence of an equilibrium for a competitive economy[END_REF]). Yet, as noted by many (not only evolutionary) economists, real markets rarely satisfy this idealization; for in the real world, the rationality of individual agents (firms and consumers) is always limited; and their choices are always made in the absence of complete information. To explain the dynamic of market change, the founders of evolutionary economics have thus proposed an alternative framework in which the competition between firms is envisaged on the model of a Darwinian competition. According to them, the process driving economic change on competitive markets is fundamentally analogous to natural selection; that is, the firms which are the most efficient are also the ones which are favoured by this process of selection, while the other are left with no other option than either to imitate the most successful firms or to go bankrupt. Here, the innovations are analogous to mutations (cf. entry Innovation/Mutation), and the "evolutionary success" of the firms is measured in terms of increased profit.

In this framework, a key analogy is the parallel-introduced by Nelson and Winter (Winter 1964;[START_REF] Nelson | An Evolutionary Theory of Economic Change[END_REF]-between the role of the genes within organisms and the role of the so-called "routines" within firms. In Nelson and Winter's terminology, routines refer to "characteristics of firms that range from well-specified technical routines for producing things, through procedures for hiring and firing, ordering new inventory, or stepping up production of items in high demand, to policies regarding investment, research and development (R&D), or advertising, and business strategies about product diversification and overseas investment." (Nelson and Winter 1982, p.14). Like genes, routines are persistent features which are involved in every aspect of the firm's organization. They determine the possible behaviours of the firm on markets (the firm's "environment") and are ultimately responsible for their economic success. Sometimes, an innovation occurs which supplants an old, less efficient routine. But innovations do not necessarily lead to increased profits, and can also be responsible for the death of a whole organization (like with deleterious mutations). 5Because of its exclusive emphasis on the process of economic competition, evolutionary economics is of little relevance for the evolutionary biologist. But it remains instructive to stress the differences between, on the one hand, evolutionary economics and, on the other hand, evolutionary game theory. To begin, there is an obvious difference concerning the direction of the analogies: in the case of evolutionary game theory, the approach is bi-directional-i.e. transdisciplinary-whereas in the case of evolutionary economics, the analogies are one-sided. This difference reflects an important aspect of their respective methodologies: while evolutionary game theory puts a great emphasis on abstraction (many details are neglected, such as the relation between the genotype and the phenotype) and on idealization (many unrealistic assumptions are made about the infinite size of the populations, the strategy set, etc.), evolutionary economics aims at providing a precise and realistic description of the way firm competition is working in real markets (e.g. by considering how the R&D departments influence the dynamic of innovation and competition in particular populations of producers).

Unlike the models used in evolutionary economics, which are often very detailed and derived from empirical data, models in evolutionary game theory are mostly analytic in their structure. This explains why evolutionary game theory constitutes a powerful tool to derive testable predictions about the evolution of populations, but also why the predictive power of evolutionary economics is quite limited. This lack of predictive power goes with the relative scarcity of formalism in evolutionary economics. Yet, in spite of this formal difference, these two disciplines overlap to some extent with respect to their domains of object; for as noted above, evolutionary game theory can also be applied to account for strategic interactions between firms-especially when some amount of "firm-level selection" and learning is involved. Thus, even though both strongly differ in what concerns their methodological and epistemological aspects, evolutionary economics and evolutionary game theory remain somehow (though only loosely) related-not only as possible ways of applying analogical schemes in scientific explanations, but also as possible sources of complementary insights into the process of economic competition.

There are, nevertheless, some limitations that are specific to evolutionary economics. Two of them deserve a quick mention here. First, the analogy between mutation and innovation is a very loose one (cf. entry Mutation/Innovation), for unlike innovation-which is an intentional and adaptive process-mutation is by essence undirected (though there may be adaptive constraints on some mechanisms of variation) and usually rigid (mutants are not plastic "problem-solvers"). Second, the very notion of fitness, when applied to firm, is very hard to define, for there is no real equivalent of biological fitness in economics. Of course, the notion of an increased profit provides a natural criterion for success in economics; but it is not analogous to the process of reproduction in biology (successful firms do not "reproduce" in any biologically meaningful sense of the term). Hence, evolutionary economics does not really derive from a substantial connection between natural selection and economic competition-in fact, its whole methodology is better seen as a sui generis representation of economic processes.

Evolutionary behavioural economics

The third connection between evolutionary biology and economics concerns the use of evolutionary hypotheses in the field of behavioural economics [START_REF] Robson | The evolutionary foundations of preferences[END_REF]. Historically, behavioural economics was developed in the 1960s-1970s to account for the systematic violations of the strong model of rationality posited by neoclassical economists. 6 As is well-known, the main influence of this discipline was cognitive psychology [START_REF] Allais | Le comportement de l'homme rationnel devant le risque, critique des postulats et axiomes de l'école américaine[END_REF][START_REF] Kahneman | Prospect theory: An analysis of decision under risk[END_REF][START_REF]Choices, values, and frames[END_REF]. But in the 1990s-2000s, several theoreticians suggested that an evolutionary stance could well explain some of the observed departures from strong rationality reported in the literature [START_REF] Rogers | Evolution of time preference by natural selection[END_REF][START_REF] Waldman | Systematic errors and the theory of natural selection[END_REF][START_REF] Bergstrom | Economics in a family way[END_REF][START_REF] Robson | Evolution and human nature[END_REF]. Today, there is still no consensus about the relevance of evolutionary theory for economic and psychological matters. But it is certainly uncontroversial to claim that natural selection have had a non-negligible influence on (at least) some of the cognitive structures underlying our current preferences [START_REF] Gintis | The bounds of reason: Game theory and the unification of the behavioural sciences[END_REF].

At first, it may seem odd that most of the evolutionary explanations found in behavioural economics have to do with deviations from rationality (e.g. violations of Bayes' rule); for given the strong analogy between rational choice and natural selection, and given the non-negligible role that natural selection has (presumably) played in the evolution of our cognitive architecture, one should expect instead these deviations to constitute a challenge to both economic rationality and biological optimality-not only a challenge to economic rationality. However, two reasons can be invoked to explain this fact.

First, the best solution to a given decision problem is not always "accessible to" natural selection. 7 For instance, implementing a sophisticated device for probabilistic reasoning might well-assuming it is available-be optimal in those situations involving a choice under uncertainty. But if there is not enough variations to sustain the evolution of this system, or if the developmental/ecological constraints somehow prevents its implementation, then evolution will fail to produce individuals which behave according to the corresponding (in that case probabilistic) principles. Of course, this does not mean that such an optimal device could never appear in natural populations (assuming the proper variations are present); but even so, it would not necessarily follow that this device should be favoured by natural selection. For implementing a sophisticated decision machinery is likely to be cognitively expensive; and, if cheaper alternatives are on the market, one should rather expect natural selection to favour "fast and frugal" heuristics which, on average, do a better job-at the price of some "irrationalities" [START_REF] Gigerenzer | Reasoning the fast and frugal way: models of bounded rationality[END_REF].

Second, one could also question the implicit assumption-made in behavioural ecologythat natural selection always favours individual organisms who behave in conformity to the axioms of rational choice theory. Though surprising, this line of thought has found some support in recent empirical and theoretical studies, which have shown that animals often exhibit irrational behaviours8 that are nevertheless consistent with the hypothesis fitness maximization [START_REF] Houston | Do we expect natural selection to produce rational behaviour?[END_REF][START_REF] Mcnamara | Natural selection can favour 'irrational' behaviour[END_REF]. Admittedly, it might be debated whether or not the behaviours described in those studies are truly "irrational" in the first place [START_REF] Kacelnik | Meanings of rationality[END_REF][START_REF] Huneman | The behavioural ecology of irrational behaviours[END_REF]. But the very possibility that it could sometimes be biological optimal to be irrational (in the strict sense of decision theory) remains an interesting conjecture.

A common point to the evolutionary approaches in behavioural economics is that they all involve biological hypotheses about the causes of economic behaviours. More specifically, these explanations are integrative, as they conceive of economic phenomena as a part of a broader causal network involving both biological and economic factors,9 and differ sharply from the kind of explanations used in evolutionary economics (which focus, as we have seen, on the structural similarities between economic processes and evolutionary processes). However, "integrative" is not to be understood here as a synonym of "reductive"; for in evolutionary behavioural economics, different kinds of evolutionary process are usually posited to explain a given pattern of economic behaviour (like genetic and cultural forms of selection).

An illustration of such pluralistic attitude can be found in the evolutionary approaches of 'strong reciprocity'-a kind of social interaction that has been one of the hottest topics in behavioural economics during the past three decades. In behavioural game theory, strong reciprocity refers to a (conditional) form of altruistic cooperation where there seems to be no apparent benefits for the cooperating agents [START_REF] Gintis | The bounds of reason: Game theory and the unification of the behavioural sciences[END_REF]. Many alleged instances of such altruistic behaviour have been reported in experimental studies, such as in experimental applications of the dictator game and the ultimatum game (cf. entry Altruism).10 However, none of these observations fits with the game-theoretical models posited by neoclassical economists, which predict that the agents should consistently behave in a self-regarding manner. 11To account for the sort of "other-regarding" preferences that these experiments have revealed, behavioural economists have proposed several evolutionary explanations-including group selection hypotheses. Most often, these explanations integrate both genetical and cultural sorts of evolutionary influences. Hayek (1960), for instance, was a precursor in positing the existence of a process of cultural group selection to explain how moral norms promoting strong reciprocity could have evolved in human populations. More recently, [START_REF] Boyd | Not by genes alone: how culture transformed human evolution[END_REF] developed a model in which strong reciprocity appears to be the product of a coevolution process between genetic and cultural group selection. In this "mixed" explanatory scheme, genetic group selection is supposed to be a weak force-due to a high migration rate between the groups, while, by contrast, cultural group selection is supposed to be quite powerful (as in most human groups, conformist norms tend to keep individual variations at a low level; the newcomers adopt the commonest behaviours in the group). Given of this conformist tendency, strong reciprocity-which directly enhances the performances of the groups despite its individual cost-is naturally selected at the group level.

Often, reputation (indirect reciprocity) is included in these models to explain why individuals sometimes incur an apparent cost reward or punish an anonymous fellow [START_REF] Fehr | Strong reciprocity, human cooperation, and the enforcement of social norms[END_REF]. But some evolutionary models do not assume group selection at all, and explain the evolution of strong reciprocity by the sole action of individual selection. [START_REF] André | The evolution of fairness in a biological market[END_REF], for instance, have developed an ecological market model in which only individual selection is at work: in their model, strong reciprocity (i.e. inequality aversion) evolve in a population of proposers and responders (playing a Dictator game) when the responders have the ability to choose the "best offers" among the proposers. The hypothesis of cultural group selection is thus neither the only nor necessarily the best explanation to the evolution of strong reciprocity.

What's next?

At first, one could be tempted to think that, of the three perspectives sketched above, the third ones-i.e. the evolutionary approaches in behavioural economics-are the most promising. This position has been defended by [START_REF] Hammerstein | The second wave of evolutionary economics in biology[END_REF], who noted that, during the past of history of both evolutionary game theory and evolutionary economics, "the interdisciplinary discourse was limited", whereas in behavioural economics, the testing of evolutionary hypotheses promoted "the joint exploration of empirical and theoretical questions of mutual interest by biologists and economists" (p.604). In favour of this view, these authors stress-rightfully-that most of the analogies on which were built evolutionary game theory or evolutionary economics were markedly one-sided and domain specific (that is, used by biologists only for biological purposes only, or by economists only for economic purposes only). Yet, even though this assessment is surely correct, it is important not to derive from it the much stronger view that the "integrative" explanations of evolutionary behavioural economics would be in some way intrinsically superior to the analogical explanations on which rely evolutionary game theory and evolutionary economics. 12Evolutionary game theory, for sure, is no longer as popular or lively than it was at its beginning in the 1970s. But, far from being outdated, it is now part of the "normal science" that is conducted in many areas of evolutionary theory and economics. Thus, even though the communication between economists and biologists has been somehow limited in the past, 13 it does not mean that the development of theoretical analogies has no longer its place in the future of interactions between biology and economics. In scientific research, for instance, analogies are often fruitful by suggesting new directions of inquiry, and are even more valuable when they provide a general framework allowing the models of different sorts of phenomena. Evolutionary game theory possesses exactly this form of generality, and that is why it can be used to represent different sorts of evolutionary process (e.g. learning, cultural and genetic selection) within a single formal language. This particular way of "integrating" or "combining" multiple evolutionary processes into a single, dynamical perspective is not "integrative" in the sense of evolutionary behavioural economics-for no phenomena is reduced or explained here in terms of a single cause. But it remains nonetheless essential for an interdisciplinary research; for without it, behavioural scientists (especially those with an evolutionary bent) would no longer be able to address the multiple aspects of the strategic behaviours, in humans and animals, using a common theoretical framework.

Evolutionary economics, admittedly, is a bit more specific, for the analogies on which it relies do not serve a real purpose outside of economics. But even so, this approach has proven quite useful to draw further attention on some key aspects of market economics that were previously neglected. Thus, the dynamical character of competitive markets was largely overlooked by neoclassical economics, and the evolutionary analogies pointed by Nelson and Winter have surely helped to shed light on its significance. Now, the analogical scheme on which relies evolutionary economics is no longer very popular among the community of economists. This is certainly due to the loose and imprecise character of the analogy between Darwinian competition and market competition. But it might as well be the symptom of a more general trend-like any other kinds of theoretical approaches in science, analogies too may get "exhausted" from their explanatory power.

To conclude, we cannot predict how exactly the interplay between economics and evolutionary biology will evolve in the future. But our guess is that collaborative enterprises between biologists and economists will take many forms, and not only the sort of "integrative" trend that is currently characteristic of evolutionary behavioural economics. So, rather than merely following the flow of these newest approaches, scientists would probably gain by focusing more on the articulation and the combination of the main explanatory schemes (integrative and analogical) at the interface between evolutionary biology and economics.

At the individual level, the phenotypic strategies are merely "implemented" by the organisms-in their genotypes-but no assumption is made about their cognitive capacities.

For an explanation of the distinction between formal and substantial analogies, cf. the introduction to this volume.

This appellation is a bit unfortunate, for evolutionary economics has not much in common with the other "evolutionary" approaches in social sciences (like evolutionary psychology). But to follow the common use, we will stick with this appellation.

In the most radical versions of this theory (e.g.[START_REF] Hodgson | Darwinism in economics: from analogy to ontology[END_REF], economic competition is envisaged as an instance of natural selection.

In Nelson and Winter's view, the most successful routines tend to be copied by the other firms present on the same markets, based on their average success.

Examples of such departures include violations of instrumental rationality, such as preferences reversal, time inconsistent preferences or loss aversion, but also violation of cognitive rationality, such as violation of Bayes' rule and multiple statistical biases.

This point does not rely on the nature of the situation considered-deterministic or stochastic.

The most common examples are violations of transitivity or non-independence of irrelevant alternatives.

In one sense, integrative explanations could be envisaged as a limit case of analogical explanations (like the "integral" analogies discussed in the introduction to this volume), for they apply precisely when the explanandum of one discipline (in this case: economic behaviours) shares all of the relevant aspects-plus some, non-relevant aspects-of the explanandum of a broader discipline (biological behaviours).

In the dictator game, an experimenter gives to a subject a fixed amount of money; the latter has then to choose between (a) sharing this amount of money with an unrelated and anonymous recipient and (b) keeping the whole amount. In the ultimatum game, the setting is identical, except that the recipient now has the possibility of declining the offer-which leads to a mutual payoff of zero. Typically, the agent share about 25% of the initial dotation in the dictator game (altruistic cooperation) and about 40%-50% of the initial dotation in the ultimatum game. Small offers in the ultimatum game are almost systematically rejected by the recipients (altruistic punishment).

In both the dictator and the ultimatum games, classical game theory predicts that the agent should keep the money. In the ultimatum game, it also predicts that the recipient should accept any offer, even the smallest.

This is not, however, a conclusion that[START_REF] Hammerstein | The second wave of evolutionary economics in biology[END_REF] derive explicitly in their paper.

Hammerstein and Hagen illustrate this lack of communication by pointing to the parallel development of signaling theory (see entry Signal/Communication) in economics and evolutionary biology-as the authors note, evolutionary biologists didn't seem to be aware, at first, that such a theory had already been developed by economists a few years earlier!