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It is pervasively claimed that the framework of evolutionary theory, the Modern Synthesis (MS), 

which has been built between the 1930s and the 1950s through the synthesis of Mendelian genetics 

and Darwinian theory, has to be deeply revised, changed, “extended” (Pigliucci and Muller 2011, 

Odling-Smee Laland and Feldman 2003, Danchin et al 2011) or “expanded” (Gould 2002). 

Empirical and conceptual reasons are supposedly converging to support such a move. Supporters of 

a new Synthesis (e.g. Gilbert, Opitz and Raff 1996, Pigliucci and Muller 2011, Odling-Smee Laland

and Feldman 2003, Danchin et al 2011, Jablonka and Lamb 2005, Oyama, Griffiths and Gray 2001 

etc.) may disagree on many things but they generally think that the Modern Synthesis, as a scientific

theory through which explanations for biological phylogeny, adaptation and diversity should be 

sought, gave too much importance to natural selection or that its focus on genes, exemplified by the 

textbook definition of evolution as a change in genotypic frequencies, was exaggerate. 

In this paper I pose the question what kind of empirical findings would be likely to force a 

dramatic theoretical change, meaning that the core claims of MS regarding natural selection and 

genetics. I will focus on one strain of critiques, that targeted the explanatory weight of natural 

selection as selection for the fittest traits (provided that variant traits arise by mutation and 

recombination). I will distinguish several critiques, according to their content and to the strength of 

the challenge: whereas some challenges necessitate a complete rethinking of the core concepts of 

evolutionary theory, others are solved by adding or amending the main concepts or modeling 

assumptions. This paper aims at capturing at the most abstract level the structure of such issues in 

order to facilitate assessing how present and future given empirical findings bear onto the 

controversies. It questions the relationships between empirical research and theoretical models, 

asking what kinds of empirical facts regarding variation, would force us to strongly re-

conceptualize evolutionary theory. I will eventually argue that, even if the explanatory role of 

selection can be constrained by the structure of variation, and that such constraint compels us to 

reshape the explanatory factors in evolutionary biology, very few kinds of variations are likely to 

play this role. 

The first section will provide a systematic overview of the variety of “extended” syntheses, 

showing their place in the general space of controversies in evolutionary theory, and the empirical 



findings which motivate them. The second section considers one line of controversy, the status of 

natural selection, and will focus on the concept of “constraints” as advanced by Gould and 

Lewontin (1977), which triggered many debates. Since constraints reveal that variation may have 

other explanatory roles than those defined by MS (i.e.: fuel for selection), taking them into 

consideration entails changing classical selection-based model of explanation of traits. Thereby the 

third section describes two distinct explanatory schemes for a theory, one proper to Modern 

Synthesis and an alternative one; yet many weak revisions of the Modern Synthesis (MS) scheme 

are still possible even though they won’t turn it into an alternative explanatory scheme. The fourth 

section wonders which types of variation should motivate a departure from the MS scheme, and 

which changes to the explanatory scheme would in this case occur. It formulates in a very general 

manner what means random, directed, biased, blind and adaptive variation in order to decide which 

ones could support the alternative explanatory scheme. It then considers some cases of random and 

biased and directed variation, both allelic and phenotypic, and argues that in many cases an appeal 

to an alternative explanatory scheme needs additional principled reason to be legitimate.

 

1.     The rationale(s) for extending the synthesis.

The general idea of an extension of the evolutionary synthesis comes naturally to mind if one 

considers that many of these projects stem from disciplines that had been arguably left aside from 

the Modern Synthesis: developmental theory, as it has been constantly argued by Evo-Devo 

theorists (e.g. Amundson 2005), morphology (Ghiselin 1982; Love 2003) and ecology. Indeed, 

many of the calls for extension come from the side of developmental theory (e.g. Newman and 

Muller 2003), from morphology, or from ecology (Odling-Smee et al. 2003). There are many ways 

of understanding these claims
 1, but a common theme is precisely that they challenge the Modern 

Synthesis, in order to unite all biological fields of research related to evolution, adaptation and 

diversity in a single theoretical frame2 . 

Especially, there are different views about what exactly would change in the structure of 

evolutionary biology, were we to adopt an “extended” synthesis. Some are arguing that an extended

synthesis would explain form, and more generally, the fact that some overarching forms, such as the

tetrapod limb, are pervasive in the biological world, whereas Modern Synthesis focused on 

adaptation and genes (Pigliucci 2007; Amundson 2005, who places the controversy in the light of a 

longstanding contrast between functionalism and structuralism). In this perspective, it is not 

1 Love (this volume) presents an interesting approach based on the idea of problem agendas.

2 See Gayon 1998, Smocovitis 1996, Mayr and Provine 1985, on the arising of the Modern
Synthesis through population genetics and then import to other disciplines.



obvious whether what we are dealing with is an extension, or just another kind of science; therefore 

the very project of an “extended synthesis” as compared to the previous synthesis is doubtful 

(Amundson 2005), and assessing what “extended synthesis” means includes deciding about this 

ambiguity.

Others think that the extended synthesis deals with same explananda as the Modern 

Synthesis, but has to change explanantia or add new ones: this would happen because natural 

selection is not the only major explanans of evolution, adaptation or diversity, since other 

processes, such as self-organization (Kaufmann 1993, Walsh 2003), adaptive variation (Jablonka 

and Lamb 2005), or niche construction (Odling-Smee et al. 2003) are plausible explanantia of 

adaptation and evolution. Finally, it may be that, even if natural selection is still the main 

explanans, it has to be understood differently: by changing the units of selection (switching from 

genes to “developmental cycles”, as advocates the DST), by integrating the effects of plasticity 

(West-Eberhardt 2003, Love 2010), or by focusing on its effects on developmental genes or 

regulatory genes rather than coding genes generally (Carroll, 2005). Other very different theoretical 

elaborations of a new evolutionary framework would still concur on an extension of our concept of 

selection: allowing for sexual selection; signal selection (Zahavi 1997); social selection 

(Roughgarden 2009); multilevel selection (Goodnight 1992; Damuth and Heisler 1988; Okasha 

2006; Wilson and Sober 1998 etc.); species selection (Gould and Lloyd 1999; Rice 2004), etc. 

Actually, many of these approaches are reflected in the contents of the book Extended synthesis 

(Müller and Pigliucci 2011).

There is no doubt that Modern Synthesis as a historical stage in science was much more 

complex than the theory targeted by those biologists looking for an alternative framework (e.g. 

Depew 2011, and this volume); moreover it is plausible that these biologists frame the MS in their 

own way in order to make their own case more striking. Several core commitments that one could 

consider as crucial to the Modern Synthesis define what will be at stake afterwards, and they could 

be wrapped up in what Huxley wrote to Mayr in 1951: “Natural selection, acting on the heritable 

variation provided by the mutations and recombination of a Mendelian genetic constitution [a], is 

the main agency [b] of biological evolution.” Let’s unpack claims (a) (in bold) and (b) (in italics) 

further.

a. “The heritable variation provided by the mutations and recombination of a 

Mendelian genetic constitution “: notwithstanding their divergences, MS biologists therefore

agreed on that, namely,  inheritance is mostly genetic (the variance not due to the 

environment is genetic, and mostly additive genetic variance). As a corollary, evolution can 

be defined as a change in gene frequencies in a population; change of traits, species 



transformation and other evolutionary features supervene on it. Hence population (and 

quantitative) genetics appears as the science – sensu mathematical modeling - of the process 

of evolution by natural selection. One must subsequently decouple inheritance (pattern 

transmission of traits from one generation to another in a population) and development (the 

way a genotype gives rise to a genotype, this process underlying the transformation of the 

zygote into an adult organism, only the former pertaining to evolution. 

b. “Natural selection is the main agency”: selection defines what an adaptation is, and 

therefore explains why adaptation is so pervasive in the biological world, even though 

population genetics per se builds many models, in which non selective forces like mutation, 

migration or drift are in principle as likely as selection to contribute to the diversity patterns 

of populations. 

These core commitments have never been absolutely uncontroversial. On the contrary, since 

the times of Fisher and Wright, there has always been disagreement about which claims to accept, 

even though mainstream evolutionary biology since these days seems to be strongly committed to 

Huxley’s dictum. Yet the degree to which one accepts claims a and b determines the space of 

controversies in evolutionary biology3, so that the calls for an extended synthesis, fueled by new 

findings in evolutionary and developmental biology, still occur in this definite space. According to 

whether what is questioned is rather the genetic nature of the variation (claim a) or the role of 

natural selection (claim b), different types of extended synthesis can be proposed. 

Notice in this context that the issues of adaptationism (about b), which is the name given by 

controversies over the weight of natural selection, and issues of gene centrism are not directly or 

necessarily related (about a). From the beginnings of the MS up to now we can find instances of all 

combinations: some like Mayr would accept Huxley’s claim about selection as the “main agency” 

but not the idea that evolution is a change in gene frequencies4. Others would precisely accept the 

centrality of genes, like Michael Lynch, who ironically said that “nothing in evolutionary biology 

makes sense except in the light of population genetics” (2007) – yet he would not ascribe a 

prominent role to optimisation since his own models show that drift is one of the main agents of the 

architecture of the metazoan genome. 

3 For a detailed presentation of the space of controversies, see Huneman (2014).

4 “Evolution is not a change in gene frequencies, as is claimed so often, but the maintenance
(or improvement) of adaptedness and the origin of diversity. Changes in gene frequency are a result
of such evolution, not its cause.” (Mayr 1997). The focus on “adaptedness”, which is a property of
organisms, and contrasts with “adaptation” as the character of a trait, introduces the hotly debated
question of the relation between traits as adaptations, and the overall adaptedness of whole
organisms. 



However many of the “extended” theories are indeed often challenging both the crucial role 

of natural selection and the gene centrism of MS: that is, they extend evolutionary processes beyond

population genetics, and they extend the set of putative explanantia or processes beyond natural 

selection. In each case, some empirical findings seem to legitimate those extensions, for instance 

cases of non-genetic inheritance (Jablonka and Lamb, 2005, Danchin et al. 2011) or apparently 

directed or non-random variation (e.g. Moxon et al. 1994, Jablonka and Lamb 1994, Walsh 

2013).The question raised by calls for a revised, extended or new synthesis is therefore to assess in 

principle to what extent these findings compel us to overcome one or both of the claims 

summarized by Huxley, and then which transformations of the explanatory structure of evolutionary

biology would follow. 

 

2.     Trade-off adaptationism.

1 2.1 Constraints and the explanatory switch.

The ‘spandrel paper’ (Gould and Lewontin 1977, GL) aimed at stating the limits of the Modern 

Synthesis, and introducing key concepts for alternative approaches (“developmental constraints”, 

Bauplan, etc.), relying on the work by Alberch, Gould, Hall, and other evolutionary developmental 

theorists. Even though it occurred long before the explicit idea of an “extended synthesis”, it 

provides an interesting starting point for a reflection about what one should change in evolutionary 

theory if some claims turn out to be empirically true. 

GL targeted the atomism and adaptationism of evolutionary biologists who decompose an 

organism into separate traits and then explain each trait as an optimal response to environmental 

demands. According to GL, the adaptationist, after having dissociated the organism into traits, 

explains the (value of) the trait under study as an optimal answer to an environmental demand. For 

instance, fitness or some proxy such as energy intake is a function of the value of a trait x; there is 

an optimal value (Xo), which is the one selection would reach, at least if it acts alone (Potochnik 

2009). If the actual value X=Xo, then she would say that selection caused this trait, and explain it as

an adaptation for an environmental demand; the likelihood of the explanation is indeed maximal, 

since the conditional probability of the data (X=Xo) given the hypothesis (natural selection) is 1. 

But if X differs from Xo, GL argue that the adaptationnist can always update her story, by assuming

a new selective pressure that would change the predicted outcome of natural selection (fig.1), since 

the optimum is now the result of a trade-off between these two environmental demands. 

 

[See Figures at end of chapter]



Fig.1 Trade-off between hypothesized environmental demand (red curve) and other primarily 

unknown environmental demand (blue curve) explains the difference X-Xo between optimal value 

(regarding hypothesized demand in red) and actual value of the trait.

 

More precisely, trade-offs may first hold between selective pressures, like a selective pressure

to display few colors in order to avoid predator, and a sexual selection pressure, which stems from 

the preference of females towards conspicuous colour. Second, trade-offs may hold between the 

traits themselves. For example, if selection optimizes the speed race, regarding predators as 

selective pressure, it will also raise the costs paid by another trait, for example metabolic efficiency 

or limb robustness; this means that the genuine optimum will be a trade-off between selection for 

speed and something else, e.g. metabolic cost paid by other organs, some limb fragility, etc. 

Adaptationism is always a trade-off adaptationism, namely fitness trade-offs  representing the fact 

that the traits of an organism are integrated, and thereby actually evolving new traits values is only 

possible for selection under the condition that other traits of the organisms are not too much 

hindered. Hence, such trade-offs somehow import the integrated character of organisms within the 

optimality modeling that characterizes the adaptationist method of evolutionary ecologists. 

Finally, the distance to the optimal trait can also be due to the fact that x is linked, genetically,

developmentally or morphologically, to trait value Y that has been selected for, therefore the value 

of x is the one which is induced by the value of y that has been selected5. Here, the integrated 

character of organisms is crucial, since what is explanatory of the non-optimality pertains to the 

structure of the organism – however ultimately selection is what explains the trait values (as one 

says, X is a “by-product of selection”). In a word, from selective pressures trade-offs on one trait, to

fitness trade-offs on several traits, and then to selection by-products, we have seen an increasing 

mitigation of the purely adaptationist model, and an increasing acknowledgement of the integrated, 

structured or holistic character of organisms (in the sense that traits are in principle linked to one 

another).

Granted, an explanation of X≠Xo may also be the lack of genetic variation (but this would 

mean that we can wait for the optima to be reached, hence X is just a transient phenotypic state), or 

genetic drift. Drift, and hidden environmental demands, organismic cost or by-product selection are 

competing explanations, but this question might be solved by either doing replicated experiments, 

or considering the size of the population (small size increasing the plausibility of drift as an 

explanation) (fig.2). Hence claiming that adaptationism is methodologically flawed may be too 

5 The example of the chin given by Gould and Lewontin perfectly illustrates this. Another
classical case is the existence of male nipples



strong. 

Fig.2. Drift, and trade-off between rival environmental demands, as competing explanations 

for the difference between actual and optimal trait values X-Xo. If the correct model of 

environmental demands is the blue curve, then drift may explain the difference d. Otherwise X is an

optimal trait value given a new hypothesis on environmental demands.

 

But there is another possible explanation of X≠Xo, which considers the integrated character 

of organisms in another way than the fitness trade-offs I just mentioned, and which they call 

“developmental constraints”. As Amundson (1994) emphasized, these constraints are not so much 

about selection, but about variation. Suppose indeed that (fig.3), because of the developmental 

processes producing phenotypic variants on the basis of the set of genotypes, the phenotypic trait 

cannot take any value, but that all values are clustered around X. Thus, instead of any trade-off 

between selective pressures or selected trait values, this mere fact would explain that the actual 

phenotype is not the highest fitness trait value Xo, simply because no variant can have Xo or values 

close to Xo. 

From a logical viewpoint, constraints can be seen either negatively – they prevent the 

reaching of Xo – or positively – they somehow canalize or bias the variation around X. As Maynard

Smith et al. (1985) define it, “a developmental constraint is a bias on the production of variant 

phenotypes or a limitation on phenotypic variability caused by the structure, character composition 

or dynamics of the developmental system.” 

 

Fig. 3. Constraint on variation, as alternative non-adaptationnist explanation for X-Xo.

 

Indeed, in fig.3, the fact that X is not Xo is explained by the fact that no variation reaches Xo;

hence the next question is: why can’t X reach Xo? And here – this is the crucial point – the answer 

concerns the causes of variation, and not selection, therefore no trade-off adaptationism is allowed. 

Such cases, indeed, weaken the explanatory role of selection; thereby in order to capture the reasons

for the lack of optimality in the species under focus, evolutionary explanation should integrate the 

explanations of variation. Given that developmental processes are likely to impinge on heritable 

variation (Cheverud 2007), these should be studied in order to understand evolution and adaptation.

In some cases, what underlies constraints on variation precisely resort to the integrated 



character of organisms. Suppose that the trait x under focus is correlated to many traits, including 

trait y, and that the variation on y is limited either for genetic or for morphological reasons; then it 

will not be possible to vary x in any way, since it would reach the limits of y’s variation. Therefore 

asking about the constraints on variation as the cause of the fact that a trait value is X and not Xo 

entails asking about the connection between x and y and the reasons of y’s limited range of 

variation. In this case, contrary to the “by-product selection” scenario, selection does not play an 

explanatory role, because the trait linkage bears on variation. This is why, unlike the alternative 

explanations of a non-optimal trait surveyed above, such a situation would challenge the selectionist

explanatory perspective

In essence, constraints concern the covariance between traits. “Genetic change can alter the 

covariance among traits of the organism and that covariance may itself be subject to selection. But 

there is covariance and we can use its strength as a rough local measure of the strength of 

constraint.” (Maynard Smith et al. 1985). Constraints can the be explored by exploring these 

covariances; however, an obvious epistemic problem is that such covariances may not be 

distinguishable from the covariance due to the trade-offs that selection instantiates, as seen above. 

One hope for disentangling these two covariances consists in experimentally investigating possible 

variations (Brakefield 2006). 

Yet the constraint issue is more general than cases where the adaptationist prediction fails. 

Considering this makes salient the meaning of “constraints” as positive biases. Suppose that X=Xo, 

but that variation is clustered around Xo. In this case, selection as an optimizing process does not 

seem to explain the value of the trait, because it leaves unanswered the prior question why variants 

far from Xo do not occur. From a logical point of view, it is similar to the case of the flying fish 

falling back into the water, that Williams (1966) cited as a nice example of something which does 

not need a selectionist explanation (since what else could the fish do?)6.  

6 An additional important distinction holds between relative and absolute constraints: whereas the latter makes it
impossible to reach some variant trait, the former makes it mostly difficult as regards another cluster of traits values.
This latter term provides an obvious instance of a mostly positive meaning of constraint, since here some variations are
privileged, and therefore some evolutionary pathways become more likely than others (Of course, the distinction is
itself not absolute and is rather scale relative, and universal constraints may be overcome on long-scale evolution
(Maynard Smith et al 2006).). As Maynard Smith et al. (1992) explained, “One factor influencing the pathway actually
taken is the relative ease of achieving the available alternatives. By biasing the likelihood of entering onto one pathway
–rather than another, a developmental constraint can affect the evolutionary outcome even when it does not strictly
preclude an alternative outcome.” This phenomenon is the rationale for holding phenomena of parallel evolution at any
level as an effect of constraints (e.g. Conway Morris 2010). In order to display it, a figure should also represent a
probability distribution on variation, rather than a continuum of phenotypic values.

Another limitation of the presentation made here is that variation appears as quantitative,
trait values being numerical values plotted on an axis. But many concerns about constraints arise
regarding qualitative phenotypic differences, where precisely only several qualitative traits, such as
possible folding of a shell, are reachable. This shortcoming affects the graphical presentation but
not the logics of the argument.

Moreover, what was depicted in the optimality model in Fig. 1-2 is a seemingly isotropic



 Granted, there exists a long term controversy regarding whether selection or variation – and 

especially mutation, as a major cause of genetic variation – accounts for (adaptive) evolutionary 

change. The first Mendelians supported (macro)mutations as the major cause of evolution, while the

Modern Synthesis put the causal weight on selection, forging several arguments – including 

Fisher’s geometric model - to show that actual beneficial mutations should mostly be 

micromutations, and therefore are unable to cause adaptive evolution by themselves. The 

abovementioned explanatory switch to the causes of variation therefore instantiates anew the claim 

that selection should not be considered as the main cause, and variation in turn is to be explained if 

one wants to explain evolution and adaptation. Yet this is mostly based now on our knowledge of 

developmental processes, as Evo-Devo’s emphasis on heterochrony could illustrate (Gould 1977) – 

and later on, our empirical knowledge of genome regulation (Carroll 2005, Davidson, 1986, 

Wagner 2008). The critique of trade off-adaptationism instantiates this controversy between 

primacy of variation vs. selection that constantly affected the history of evolutionary biology since 

Darwin (e.g. Beatty 2016). Recast in these terms, GL simply argues that one should not assume that

selection is the most explanatory factor in any context, something that many founders of the 

Modern Synthesis, and all population geneticists (for which selection is one mathematically 

possible outcome among others), would have agreed on (but few behavioral ecologists).

Many constraint-emphasising conceptions of evolution convey the message that organisms, 

through their development and therefore the variation it favors, precludes or allows, play an active 

role in evolution and should be therefore put to the fore of evolutionary thinking (Walsh, 2015, 

Bateson 2005). They could be subsumed under the call for considering organismic Bauplan, which 

is the last message of the ‘spandrels’ paper7. Yet the view that constraints are developmental 

processes supervening on genes or acting on genes does not exhaust the general theme of the power 

of constraints: those can also stand at the genetic or genomic level, for instance when pleiotropy 

imposes constraints on the possible variation that underlies a given phenotypic trait. We know now 

how cell differentiation and pattern formation occur through the concerted action of genes 

embedded in network structures such as gene regulatory network (Davidson 1986, Oliveri et al. 

2008). In this context, many of the constraints are proper to the genetic level because they stem 

from features of the gene regulatory network, or more generally from the principled features of 

variation – all possible variants are reached. However it assumes some equiprobability, which is a
form of randomness; but as developmental biases constraints often take the form of departures from
equiprobability.

7 Claiming that some constraints are physical constraints, due to physicochemical processes
that play at the level of molecules which constitute the cells - as exemplified by some of Newman’s

theories
 
(Newman, this volume)

 
 - also rejects the gene-centrism, but in a way that is less directly

committed to the organismic stance.



genome architecture. For instance, regulatory genes are often pleiotropic, because a same transcript 

is likely to affect the expression of many coding genes, and hence many traits; to this extent, they 

play a crucial role in evolution (Carroll 2012). This especially concerns the evolution of new forms 

because on the one hand, mutations to regulatory genes are less detrimental than those that occur to

 coding genes– since this does not hinder any functional protein - but on the other hand they can 

affect the organism in a much more integrated way (due to their pleiotropic nature) (Müller and 

Newman, 2003, Love 2008, for this difference between genes viz. evolution)8. 

In  the last decade we may arguably have moved beyond the concept of constraint as an 

operational concept, and turned towards a more fine-grained appreciation of the various variation-

supporting processes that operate in evolution. Speaking of genetic channeling, biased phenotypic 

variation, biased variation and other formulations is not only more precise, but allows one to 

directly consider the positive meaning of constraint. 

2.2. Explaining diversity alternatively: constraints and clustering morphospace.

The connection between constraints – understood positively – and the patterns of diversity of life 

forms clearly appears when we consider a modified case of trade-off adaptationism and its critique. 

Suppose, like in the case of fig.3, that we have two clusters of possible variations, around X 

and X’, and that the extant trait value is X; then another question to ask is: “ why is x=X rather than 

x=X’ “, X’ being situated in the other cluster. Given that both traits have the same fitness, selection 

cannot be the answer. Rather, only the study of the reasons for variation patterns can illuminate this 

issue, for instance the unraveling of a switch between these two clusters, that could be affected by 

some other properties of the system, or just sensitive to slight boundary conditions - , or a 

phylogenetic legacy that accounts for the fact that only the X-cluster of variations is instantiated in 

the species or clade under focus. 

This case directly impinges on explaining diversity, which comes at any level (species, 

genomes, cell metabolic networks) and according to all evolutionary biologists such as Mayr or 

Lewontin, is in general one of the major explananda of the theory. Here, only several small clusters 

(X
1
, X

2,
 in blue in fig.3) of variation are possible, because of reasons related to developmental 

processes, i.e. the way which, at all levels, from molecules to cells and organisms, the zygote 

develops into phenotypic traits. Therefore, given that lots of species share a large part of their 

genetic make-up, epigenetic settings and developmental patterns, we might see that a set of 

8 It is an open experimental issue about whether genetic channeling accounts for any
developmental bias (Brakefield 2006).



populations of parent species divides into several small groups defined by the X
1
 and X

2
 values. 

What explains diversity belongs to the study of developmental mechanisms, and especially the 

possible connection between sets of genotypes and possible phenotypes (e.g. genotype-phenotypes 

maps (Huneman 2010), as governing the possible clusters of traits – rather than to the study of 

natural selection dynamics in population genetics. In this manner, Wake (1991) analyzed 

salamanders, also relying on experimental embryology, and pointed out that there is a 

developmental switch which can either produce five or four digits. In the relevant lineages, four-toe 

variants are produced because, due to increase in genome size or decrease in body size, the switch is

activated9. So variation is discrete and restrained, which is why these many lineages converge to the

four-toe option - without a direct causal or explanatory role for gradual evolution by natural 

selection yielding design (Huneman 2015).

Yet classical evolutionary theory often considers another explanandum, tied to diversity, 

which is the unity across diversity. While life displays amazing patterns of diversity, patterns of 

unity across this diversity are also striking: fins of fish and wings of birds are similar; many diverse 

lineages have eyes... Following a longstanding tradition which goes back at least to Owen, MS 

reemploys two categories to understand this: homology (a), i.e. the traits are similar because both 

stems from a common ancestor; and analogy or homoplasy (b), i.e. adaptive convergence: different 

species exhibit a same trait because they faced common selective pressures10. Here, as Darwin 

already noticed it in chapter 6 of the Origin, under this latter kind of sameness one will find fine-

grained differences in the mechanisms underlying the focal trait, because here selection started from

different points or used different materials to build the common features. 

Now, considering the case of fig.3 where the causes of variation directly explain the trait, 

what could explain this unity across diversity? Suppose that all variation is slightly clustered around

X. Then in many parent species, what explains the fact that organisms exhibit the same trait X is 

precisely the fact that they share these developmental features. If now many species or clades have 

the same trait, then they do not need to have a common ancestor: it might be that the molecular 

processes underlying development are such that they necessarily give rise to variation severely 

9 The number of cells is the proximate cause of the switch here, and can be reached either by
decreasing the size of the animal then the limb size, or increasing  the size of the genome, both
things occurring  in the phylogeny of Plethodontidae. "This is a direct example of design limitation,
in which alternative states are sharply defended." (Wake 1991, 549). Notice that in the case of the
genus Myriapoda, variation seems undeniably discontinuuous since only even numbers of pairs of
legs are reachable.

10 Convergence is used for similar traits in independent lineages, whereas one talks of
parallelism about lineages that have a common ancestor and evolve similar traits which are not here
because of common ancestry. (See Pearce 2011 on these concepts). This is not important here.



clustered across trait X. Parallel evolution has often been seen as a witness of clustered genotypic 

variation, for whatever reason, and therefore, as a support for theories that favor variation- and 

especially mutation-producing processes over selection (as major explanantia for adaptive 

evolution)11. 

Beyond or below the gene level, often people will point out self-organization processes within

the chemico-physical underlying of cells as the source of the clustering of variation (e.g. Hall, 2003;

Walsh, 2003), and therefore as the reason why so many species will have a trait in common. The 

point here is that if a feature seems ‘advantageous’, which is common to many species, biologists 

will be tempted to explain it by selection, but they should first control whether this feature could not

arise universally ‘for free’12. 

When these self-organizing processes responsible of variation yield several small intervals of 

possible outcomes (like the blue intervals in Fig. 3), the explanation of diversity is connected to 

explanation of unity across diversity ; thus, the explanation of evolution is highly concerned by the 

explanation of the switches between possible outcomes of these processes. For instance, in recent 

work Newman and colleagues have established the very low amount of molecules involved in 

developmental processes (Newman and Bhat 2009, Newman and Forgacs 2005), which combines 

into a limited set of what he called “dynamical patterning modules” (DPM). This explains that there

will be in general very few developmental modules highly conserved, very common, across many 

clades. But the fact that several (few) combinations are possible, explains crucial differences in 

clades, it explains in a word the diversity between high-level taxa13. Thus the emerging picture is 

that high-level diversity may rely on bifurcations between DPMs, whereas within-clade diversity is 

explained by more traditional selectionist accounts of diversity and unity across diversity14. In this 

11 See Lenormand et al. (2016) for an assessment of claims that parallelism may either support
mutationism or selectionism; see also Depew, this volume, with the case study of sticklebacks

12 A recent example is given by modularity in metabolic network of cells. Modularity is in
general said to be advantageous, especially because it allows a system to remain functional when
one module is ineffective, whereas non-modular system are much more fragile. It is a fact that cell
metabolic networks are remarkably modular; therefore, we tend to think that selection shaped them,
in many clades, according to this perspective. However, Solé and Valverde (2009) have shown that
if a network is made up through very simple rules of adding new nodes, the chances of coming up
with a modular network are in fact extremely high when you get to high-dimensional networks; this
means that actual metabolic networks in cells were not always the result of selection, because the
variation among possible networks spontaneously favors modular networks. Here, the unity is
explained by an almost mathematical fact, which concerns the limited range of ways to build
networks beyond a certain size.

13 See also Newman, this volume.

14 This is perfectly in line with Gould and Eldredge’s major theory, the punctuated equilibria,
since here there is a discrepancy between low level taxa (species) which diversify quickly but not
much via natural selection, and diversification across phyla which is discontinuous and may require



case, physics rather than network theory explains the clustering of variation; and this clustering in 

turn explains several features concerning patterns of biodiversity in the theoretical morphospace.

If in many cases diversity and unity of life forms and properties are explained by considering 

underlying features of genetic mutation and phenotypic variation in general, then one can make 

sense of the way Pigliucci and Muller (2011) present the currently desired “extended synthesis”: 

they say that Darwin and the MS had to use statistical thinking to understand evolution, since they 

had a very incomplete empirical knowledge, but because of our deeper understanding of molecular 

and developmental mechanisms governing heritable variation, we can design mechanistic 

explanations of what statistical explanations were just a placeholder. Of course, this may leave open

the question of whether these mechanistic explanations indeed replace traditional ones. But the 

point is that, if we have to move to the causes of variation to understand traits in cases like fig. 3, 

we should consider the mechanisms of producing variation – as Newman (2009) perfectly 

exemplifies it – rather than use population thinking15, to the extent that the causes of variation are 

mostly responsible of the pervasiveness of a given set of variants. The kind of explanation at stake 

is not statistical explanation but mechanical causes16. 

In order to understand the competition between these mechanistic-variation-oriented vs. 

population-selection-oriented explanations, and the sense in which an “extended synthesis” 

approach intends to replace Modern Synthesis explanation, I turn to the general explanatory 

frameworks that are supported by these two approaches, regarding the explananda here described 

(adaptation, diversity, unity…). The alternatives to the Modern Synthesis will appear to be as 

diverse as the content of the concept of constraint was heterogeneous. 

3. The alternative explanatory schemes.

Should empirical evidence supporting the constraints model against the trade-off adaptationism 

bring a radical change in the explanatory structure of evolutionary theory? I will now examine 

such change more systematically, and then in the next section turn to assessing of the call for an 

extended synthesis with regard to the patterns of variation empirically detected. 

another account. 

15 Because Population-thinking, statistical, has been forcefully opposed by Mayr as the
landmark of evolutionary thinking to typological thinking, it could be expected that an “extended
synthesis”, advocating a switch in the concept of causality, from a statistical to a mechanical
understanding, would go with an attempt to make sense of typology (Lewens 2009, Love 2009).

16 And in fact the philosophical distinction between process-based concepts of causation and 
difference-making based accounts (Hall 2003) which encompass all probabilistic accounts, could 
clearly be used here.



3.1. Explanatory schemes.

Within the space of controversies I highlighted above, it has been a longstanding critique of the MS 

that it focuses on the adaptive differences, whereas other perspectives would investigate the 

commonalities across clades. Amundson (2001), in order to characterize the divide between MS 

evolutionary theories and developmental theorists, said that the former emphasize “the importance 

of adaptation over homologies” whereas the latter emphasize “the importance of homology over 

adaptation”. In Modern Synthesis indeed, commonalities are either analogies, hence adaptations, or 

homologies, namely they arose from a common ancestor which evolved the homologous trait via 

natural selection. In an alternative framework, homology (namely, homologous traits) would not in 

essence derive from adaptation and natural selection. This is precisely what appears in the case of a 

constrained variation demonstrated at the basis of the evolution of a trait. If variation is clustered 

because of the developmental processes, then it is plausible that in many species the variation will 

undergo the same constraints because developmental processes are to some extent shared by many 

species in a clade, and that therefore the trait will be common across species or clades. This is all 

the more possible that the mechanisms of constraints lie at the molecular level, which is widely 

common – as it is instantiated in Newman’s studies of DPM. It is also the case with some hugely 

conserved features of cell metabolism (Gerhardt and Kirschner 2005). So here, as soon as in one 

species the variation is clustered because of these reasons, we can be sure that other species and 

even clades will display the same or corresponding traits. Switching to the study of causes of 

variations therefore entails that commonalities across clades may become as such an important 

explananda, with no tie to adaption, either in the form of adaptive convergence or in the form of 

homologies to a trait that first emerged through selection. To this extent, a same developmental 

process can even be detected at the origin of different phenotypic outcomes, because those would 

also depend on distinct features of the species and its environment. As Raff said, making this link 

between the focus on universal patterns and the developmental, often molecular, mechanisms: “[T]o

developmental biologists, there is a mechanistic universality in developmental processes despite any

diversity of ultimate outcome” (Raff 1992).

Take the tetrapod limb, which has been a major object of study for developmental biologists 

(Hall, 2003, Wake, 1991, Raff 1996). The object itself pertains to the category of commonalities 

across several clades. Understanding that a same set of physical processes is at stake to produce as a

unique outcome a general pattern of connection between parts provides ipso fact an explanation of 

its universality across clades, even though no mention is made of selection, either convergent, or at 

the origin of a first character (plesiomorphic). Whereas commonalities are somehow derived 

explananda in MS (from the explanation of the first, plesiomorphic state brought about by natural 



selection), they are explananda per se in this perspective, hence it is legitimate to claim that here we

have switched explananda, as do Amundson (2005) (diversity vs. commonalities) or Pigliucci 

(2007) (genes vs. form). What differs seem to be the explanatory architecture of the theory.

Thus, in this section I argue that the challenge to the modern synthesis is less about proposing 

new explanantia, than advancing a new explanatory scheme for phenomena that pertain to 

adaptation and diversity of organisms. By ‘explanatory scheme’, I mean an organization of 

explananda and typical explanantia that allows some combinations and some questions such as “is x

more responsible than y for z?”, and specifies which families of alternative hypotheses should be 

empirically conceived of when a class of phenomena is encountered, as well as what should be 

taken as a default. For instance, Mayr’s distinction between proximate and ultimate causes 

illustrates an explanatory scheme: the explanation for a given phenomenon can be searched at two 

levels, before and during the lifetime of the individual, and these explanations are articulated in a 

specific way (population /individual, evolutionary/developmental etc.). Moreover, explanatory 

schemes can be defined at various theoretical levels: within a discipline (e.g. behavioural ecology, 

molecular evolution), or within a theoretical structure which encompasses disciplines, such as the 

Modern Synthesis and some of its challengers. Noticeably, the explanatory scheme proper to 

behavioural ecology takes natural selection as acting to maintain traits, until another explanation 

may be given. Explanatory schemes also prioritize explananda: Modern Synthesis, as Amundson 

emphasized, put “adaptation” as a privileged explanandum with respect to commonalities and unity 

of type. 

A real revision of an explanatory scheme thus consists in a re-ordering of of explanantia and 

explananda of the MS, possibly adding novel explananda or explanantia if needed. Therefore, the 

competing claims suggested by different authors about which explananda/antia to add make sense 

only when replaced in such perspective. I will argue that in order to understand the extended 

synthesis project, a general change in explanatory schemes of evolution (from MS to an alternative 

scheme) allows for focusing either on an explanandum switch, or on an explanans switch, hence 

encompassing various formulations of this project17. 

3.2. Modern Synthesis explanatory scheme, and its alternative.

Let’s start with the MS explanatory scheme, which is, as we know, centered on selection or 

adaptation. To sum up, natural selection causes adaptations; adaptation, because of adaptive 

radiation, accounts for diversity. Natural selection more generally yields diversity also via 

disruptive selection, or the maintenance of polymorphisms between strategies in evolutionary game 

17 This suggests the kind of pluralism discussed by Love (this volume.) 



theory (e.g., when a mixed strategy is stable). More generally, some diversity is also accounted for 

by drift, for instance the nucleotide diversity in populations, as Kimura has forcefully argued; yet 

this does not transform the explanation of diversity, since population genetics is still what accounts 

for it, thus conoforming to a commitment of the Modern Synthesis. And then unity across diversity 

is accounted for either by parallel adaptations, or by homologies, while in the last instance, 

homologies are traced back to adaptations: the first character (of which all others are homologous 

states) was an adaptation. This is exactly the reason why for Darwin the “principle of natural 

selection” was higher than the “principle of common descent”, since the latter presupposes the 

former18: “the law of the Conditions of Existence is the higher law; as it includes, through the 

inheritance of former adaptations, that of Unity of Type”. So the MS explanatory scheme would be 

the following (fig.4). Notice that as an explanandum adaptation is logically prior to diversity and 

unity.

Figure 4. The MS explanatory scheme. Note that diversity can be explained by natural 

selection via adaptive radiation (illustrated by Darwin’s finches ; image from Schluter 2000).

Now, if natural selection is explanatorily downplayed because of the constrained structures of 

variation, as advocated by critiques of trade-off adaptationism, what explanatory scheme would we 

have ? It would surely be less homogeneous: granted, adaptation is still often explained by natural 

selection, and adaptive radiation as well as drift or balancing selection explain some diversity. But 

now, homologies, which underlie unity of type, namely, unity across lineages, are not in principle 

relying on natural selection; they are often based on common developmental mechanisms of 

variation; and this also explains, as we said, diversity, via switches, bifurcations, etc. Finally some 

adaptations can be understood in relation to the developmental mechanisms directly producing 

variations in a very restricted range, as we saw – be it through adaptive variations, or through more 

complex mechanisms like phenotypic plasticity plus genetic accommodation as advocated West-

Eberhardt (2003), or finally via niche construction, which is seen by its proponents as an alternative 

18 “It is generally acknowledged that all organic beings have been formed on two great laws
Unity of Type, and the Conditions of Existence. By unity of type is meant that fundamental
agreement in structure, which we see in organic beings of the same class, and which is quite
independent of their habits of life. On my theory, unity of type is explained by unity of descent. The
expression of conditions of existence, so often insisted on by the illustrious Cuvier, is fully
embraced by the principle of natural selection. For 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 long-past periods of time: the adaptations being aided in some cases by use and disuse,
being slightly affected by the direct action of the external conditions of life, and being in all cases
subjected to the several laws of growth. Hence, in fact, the law of the Conditions of Existence is the
higher law; as it includes, through the inheritance of former adaptations, that of Unity of Type”
(Origin of species, chap. VI, summary)



pathway to adaptation (Odling-Smee et al 2003) (see also below section 4). 

Fig.5 Alternative explanatory scheme (AMS) summarizing several critiques to the Modern 

Synthesis 

It is clear then, that one could see this alternative explanatory scheme either as focusing on 

another kind of explanandum (since unity and diversity stand as explananda by themselves, 

irrespective of adaptation) – namely, unity of type, thereby commonalities, pervasiveness of few 

forms, etc. – or as the emergence of new explanantia, situated at the level of variation (mechanisms 

that produce variations, channel them, constrain them, etc.) – hence, processes other than natural 

selection (fig. 5). 

Because this new level of explanantia comes into play, a core commitment of the modern 

synthesis (the centrality of population genetics, see (a) above) cannot be supported any more, since 

the explanatory role of selection is affected by the developmental and molecular mechanisms of 

variation, which stand in principle outside population genetics. The two constitutive claims (natural 

selection is the main explanans, see (b) above) and (b) (development doesn’t matter to evolution, 

see (a) above) are obviously rejected in this explanatory scheme. And finally the extrapolation 

thesis is challenged here: microevolution can still be explained by natural selection acting on gene 

mutations, and the same processes also account for the divergence due to adaptive radiation, but 

macroevolutionary phenomena such as large scale universality across clades or clade divergence 

may be explained by other processes (the right column in the diagram of fig. 5)19. 

It may not be accurate to talk of an “extended synthesis” in the case of many authors who 

reject the core commitments of the Synthesis, since an “extension” supposes that, precisely, one 

adds to a constant core some novelties. However, what appears here is that taking very seriously the

switch in explanation induced by an acknowledgement of the primary explanatory role of variation-

producing processes in evolution leads to a reshuffling of the core of the Synthesis. Amundson 

(2005) seems to have seized an important truth regarding the current challenges for the Modern 

Synthesis, namely, that pace Pigliucci (2007) or Carroll (2012) the putative extension would bring 

about a major rebuilding of the pillars of the theory.

Considering the issue of trade-off adaptationism vs. constraints studied in the previous 

section, it is plausible to think that both selection and developmental biases contribute to a given 

trait, and that in some cases one or the other explanation should be favored, based on the available 

empirical evidence concerning population size, lineage history and genomic and developmental 

19 As I noticed it when considering Newman’s views, this fits well with Gould and Eldredge’s
punctuated equilibria thesis about phylogenetic patterns, even though it is not entailed by this thesis.



make-up. However, adopting either the MS explanatory scheme or the alternative explanatory 

scheme means that the default states, the weight of each explanantia and the ordering of the favored 

explanantia will change in each of them. Conversely, various states of the empirical knowledge will

also grant preferentially one or the other explanatory scheme - the MS challengers concur in 

claiming that the current state of our empirical knowledge grants the alternative scheme; hence, the 

whole epistemic justification process is somehow dual. The question therefore is to specify which 

empirical facts about variation should grant which explanatory scheme, and this will be the 

endeavor of the last section.

3.3. Intermediate positions.

But the alternative explanatory scheme is not the only way to doubt the Modern Synthesis 

explanatory scheme; one can think of intermediaries between the two schemes – where the accounts

of unity and diversity will not directly shift explanantia, but rather integrate combinations of 

selection, developmental constraints, plasticity, within the explanans, together with natural 

selection. Many mixed explanatory schemes can indeed be conceived of, and those will define 

grades of strength in explanatory divergence20. At the extreme distance from the MS explanatory 

scheme, variation-producing processes as an explanans are explanatory per se, instead of being 

combined with natural selection, as it appears in the alternative explanatory scheme: this defines the

strong revision of MS that some call for. But as long as the variation processes are still integrated 

with natural selection into an explanation of adaptation, unity or diversity, this does not dismantle 

the spine of the MS explanatory scheme, i.e. the connection between selection and adaptation, and 

then the explanatory role of adaptation regarding other explananda: we still use a merely weak 

refinement of the Modern Synthesis

So theoretical views alternative to the MS are not necessarily suggesting new explanantia  

compared to those of the MS; rather, they radically challenge the overall structure of explananda 

and explanantia. For instance, adaptive radiation will still be a possible explanans for some facts of 

divergence, but it would be included in a set of distinct possible explanantia – some selection-based,

some selection-independent – avialable for explaining diversity, and it would not have any 

epistemic privilege.  This attention paid to the explanatory structure of the theory casts a light upon 

the current controversies. Recall that in the recent Nature paper challengers (Laland et al. 2014) 

20 Such a view resonates with the way Denis Walsh (2008) conceives of the grades in
involving development within evolutionary explanations; it shares with Alan Love’s idea of
“problem agenda” the idea that what happens with various challenges to the Modern Synthesis is
less the replacement of an explanation by another, than a reshuffling of the explanatory landscape,
even though I use different concepts than the “problem agenda”. See Love, this volume.



argued that newly attested facts of non-genetic inheritance, niche construction, or plasticity among 

others are so relevant to evolution that the theory should incorporate new concepts to account for 

that: this is a qualitative change. Conversely, defenders of the Modern Synthesis (Wray et al. 2014) 

argue that these facts are fascinating but do not call for entirely new concepts to be accounted for, 

except if the Modern Synthesis basics are caricatured – that is, some of the novelties brought about 

by the challengers are not so novel. Granted, the Modern Synthesis have always recognized the fact 

that evolution and diversity are either mostly explained by selection, or mostly explained by 

variation, and the notion of constraints faced by selection did not wait for the spandrels paper: 

questions of the limits of selection were indeed the matter of crucial controversies between Wright 

and Fisher, Dobzhansky and others, then Kimura and Gillespie and other population geneticists, etc.

More generally, population genetics itself is familiar with the fact that genetic profiles of population

are shaped by many other forces than selection. Wray, Hoekstra and the conservatives in the dual 

Nature 2014 paper have a point when they emphasize that the MS framework can make room for 

many putatively novel facts, because it already includes the notion that the explanatory weight of 

selection is possibly balanced by other explanantia. But what drastically changes, if one takes 

seriously the claims that novel facts at all levels are indeed challenging for MS, is the overall 

structure of explanation, which connects various explanantia and explananda. 

When considering the alternative explanatory framework,  in order to take seriously the calls 

for an alternative theory it is not enough to acknowledge that there are cases where mutations, drift 

or plasticity play indeed a stronger explanatory role than selection: what should change is the 

structuring of all these explanantia together, and the way explananda are interconnected in an 

explanatory picture. It may even happen that the very notion of adaptation, not only changes its 

explanatory role regarding commonalities, but even receives a new interpretation, since Odling-

Smee et al. (2003) claim that niche construction is another pathway to adaptation, alternative to 

natural selection, and even more radically Walsh (2003) argues on philosophical grounds derived 

from the so-called statisticalist view of natural selection (which is not under focus here) that natural 

selection is not even the cause of adaptation. The question of the robustness of the Modern 

Synthesis as advocated by its defenders is therefore the question of how many shifts can the MS 

explanatory scheme undergo – e.g., combinations of explanantia that mitigate natural selection’s 

explanatory force, adding new explananda such as the ‘organic form’, etc. – without being turned 

into a radical alternative explanatory scheme.

The next section will therefore question, among types of empirical facts about variation, 

which ones would legitimate witch towards an alternative explanatory scheme, rather than a weak 

modification of the MS explanatory scheme.



 

4.     Random, directed and adaptive patterns of variation and their implications

Focusing on these new explanantia, the question we face now is the nature of this variation that 

would compel us to change explanatory schemes, and the possible empirical mechanisms that may 

instantiate it. Variation as assumed by MS is genotypic (due to recombination and mutation, see e.g.

Huxley above) and for this reason often assumed to be “random” or “blind”. Challengers of MS 

have argued that other kinds of variation are met, that to some extent defeat the trade-off 

adaptationism program as illustrated above, and that may be due to various specific mechanisms - 

genetic, genomic, organismic, molecular. This section will consider these various modes of non-MS

variation, but to start with I must make clear the role of inheritance in this regard.

The claim that variation is not only caused by mutation  challenges gene centrism and not 

selectionism; the claim that variation is clustered, biased, non isotropic, etc., challenges 

selectionism but not directly gene centrism (it may be still purely genetic). However, if variation 

involves much more than genes, then it may employ epigenetic changes, and other kinds of non-

genetic inheritance; as such, to the extent that many epigenetic changes react to the environment 

and are therefore adaptive (Bonduriansky and Day 2005, Jablonka and Raz 2009), then we’ll be 

committed to a kind of directedness of variation which therefore challenge selectionism. Hence, 

some of the challenging views of variation embed claims about non-genetic inheritance – and 

reciprocally, challenges to the MS based on the recognition of the fact of non-genetic inheritance 

(e.g. Danchin et al 2011) involve to some extent a commitment to a possibly directed variation and 

therefore a challenge to selectionism. However such commitment comes in degree, and for instance 

Danchin et al. (2011) would be less willing than Jablonka and Raz (2009) to downplay the role of 

natural selection.

In this section I want to explore the reasons why, in principle, if a significant amount of 

variation of the kind X is empirically attested, then we should go for the alternative explanatory 

scheme. I start by abstractly defining types of variation, and examine their in-principle 

compatibility with the MS explanatory scheme. Then I will review cases of allelic mutation, of non-

genetic variation, and of directed variation, and question their consequences upon adopting either an

alternative explanatory scheme or a weakly revised Modern Synthesis scheme.

 

4.1. Characterizing types of variation.

I am looking for a characterization of variation general enough to decide, then, which kinds of 

variation would compel us to switch to an alternative explanatory scheme, where the causes of 



adaptation and diversity have to be looked for directly at the level of variation. The difficulty here is

that there are many senses in which people talk about variation, and even if in a given research 

context they understand each other, at the required level of generality we may find some 

contradictions21. 

Notably, variation can concern either the set of variants in one generation, or the new extant 

variants provided at each generation by mutation and recombination, as summarized by Huxley. 

The first is synchronic variation, the second is diachronic variation, and their relation is complex, 

entailing that there is no straightforward way to characterize randomness and directedness. 

Let’s characterize types of variation, starting with isotropy. Prima facie, isotropic synchronic 

variation is such that for a randomly chosen individual, all values of traits are equiprobable. An 

equivalent formulation is that a given trait value has the same chances as other trait values to be 

taken by a given amount of individuals. Non isotropic variation is such that some intervals of values

may be more probable than others for a randomly taken individual at each generation, but all values 

in these intervals are equally probable, and no interval has probability 0. When variation is isotropic

it can often be said to be random; such randomness as equiprobability would mean that two 

randomly chosen trait values have equal chances to be displayed by one individual in a generation. 

Interestingly, it might be that allelic variation is not isotropic but that phenotypic variation is, for 

instance because many allelic variants are synonymous due to redundancies in the genetic code. 

Concerning diachronic variation, things are mostly affected by heritability, which is (most 

generally speaking) the pattern of covariance between variation at one generation and variation at 

the next one (de Visser et al. 2003). Diachronic phenotypic variation is generally not random 

precisely because of heritability, which means that there is a positive statistical correlation between 

the values of the offspring’s traits and the values of the parents’ traits. Going this way, diachronic 

variation seems reducible to synchronic variation combined with heritability, but “combined” 

remains problematic, as it will appear now. 

When biologists say that variation, including diachronic variation, is random, it mostly means

that it is not necessarily beneficial, or that the fact that it is beneficial does not cause, or increase the

probability, of a given variant: “blind” variation is a better word. It is this property of mutations that

has been empirically tested and established in the 50s by especially the experiments of Luria, and 

that supported definitively the Modern Synthesis framework. This of course does not contradict the 

fact that synchronic variation could be non-isotropic.

21 The whole section on randomness is indebted to Merlin’s extensive treatment of the question
of randomness of genetic mutations and developmental noise (Merlin 2014), even though the
perspective defended here is quite different and much less complex and encompassing.



This may not match many technical (algorithmic, mathematical) concepts of randomness, yet 

it includes the idea that from the perspective of the environment, there is no statistical correlation – 

hence predictability – between the state of the environment and the likelihood of a given variant. 

Hence this vernacular use of “randomness” retains the notion of statistical unpredictability, which 

essentially belongs to the notion of randomness. A random sequence of digits is actually a sequence

where the knowledge of a digit or a subsequence is not (or only weakly) predictive regarding the 

next digit or subsequence22. 

There is a sense in which diachronic variation can be strictly or mathematically non random, 

though still statistically unpredictable from the environment – namely, the case of a predictable 

change across generations of the mean value of the trait in a population. Because of this diachronic 

predictability, there is no randomness mathematically speaking, though according to the 

idiosyncratic evolutionists’ meaning variation is random (= blind). Here, diachronic variation would

be directed, in the sense that some trend is visible in the data regarding variation along generations. 

This directedness can be produced by a bias in mutations: suppose that, irrespective of the value of 

the trait of the parents, some mutations in the zygotes are more probable than others; then, from 

generation 0, all diachronic variation will be biased. This is the basis of “genetic channeling”, which

is a specific form of developmental constraint. Such a fact challenges a reduction of diachronic 

variation to synchronic variation plus heritability. 

Stoltzfus (2006) and Yampolsky and Stoltzfus (2001) have shown that by reducing to a 

synchronic set of variants all variations that can happen along the evolutionary process through new

mutations, MS precisely forgets about how mutations can make a difference onto evolution. More 

generally they claim that when Fisher (1932) demonstrated that mutations are a force which is 

negligible compared to selection, he assumed such view of variation, but if you consider that 

mutants may arise at each point of the evolutionary process, the mutations - by biasing the chances 

of distinct possible outcomes of such process - massively impinge on evolution by natural selection.

Similarly, Beatty (2008, 2011) convincingly argued that the chronological order of chance 

mutations makes a difference to the course of selection. So variation has to be considered also 

diachronically, otherwise we neglect properties that are relevant to the evolutionary process.

On this basis, I’ll propose a representation of variation in general in order to specify what 

would be isotropic/non isotropic synchronic variation, and biased, directed and adaptive diachronic 

variation. I intend to be as general as possible concerning the connection between kinds of variation

and explanatory structures, in order to provide a general framework for what can be concluded 

concretely about cases of actual variation, which can therefore be allelic, phenotypic, genotypic, etc.

22 This property has been shown to derive from computational concepts of randomness as
absence of algorithmic shortcut (Chaitin 1970).



To this end it is better to simply start from trait values and represent the population as inhabiting a 

hyperdimensional space where each individual occupies a point defined by the values of its traits23. 

(When there is only one trait considered, this space is a line.) Isotropy, here, means that there is no 

large empty patches in this space. This representation captures synchronic variation, and the 

properties of the change between states of the space at each generation capture diachronic variation.

Given that there is an application that projects each individual at generation n onto a parent 

individual at generation n-1 (or the middle individual of the two parents), we can settle a “mean-

offspring individual” i(n) which is defined by the average of the coordinates of the offspring of 

individual i (n-1)24 and then measure the degree of deformation of the set of individuals at n-1 

compared to the set of individuals at n. The degree of heritability (for a given trait) is the degree to 

which the set is stable between two generations along a given dimension: it can be statistically 

described and measured, and averaged across several generations. 

Now, let’s note dx’
i
 the difference between value x

i
 for individual i, and x’

i
 which is the trait 

value for its offspring (dx
i
’’ for another offspring, and dx

î
 for the mean of the offsprings’ trait 

values). Considering the global change of values dx and dy of two traits x and y between 

generations allows one to measure correlated variation between traits, which is well established 

since Darwin first talked about the “laws of growth”25, and which has been massively studied 

recently (Pavlicev et al. 2011).

Now, saying that diachronic variation is biased means that intergeneration variation in trait 

value is more likely to take place in one direction than in another. Thereby it can be formulated as: 

for a randomly taken individual i at generation n-1, and a randomly taken offspring of i noted i’, the

probability of dx’
i
> 0 is higher than the probability of dx’

i
<0. (Biases can of course affect multiple 

traits, and therefore will be formulated in a multidimensional way.)26

Variation’ being directed means that one trait value Xo seems to be targeted by an 

intergenerational trend of variation. In the present perspective it is enunciated as: picking randomly 

23 Dimensions are the numbers of traits, or, when considering genetic variation, the loci that
underpin one trait.

24 Considering the mean value controls for the effect of selection, since it brackets the variance
in offspring number.

25 Many occurrences in chapter 6 of the Origin (also “complex laws of growth”).

26 Of course, considering the phenotypic traits of adults is problematic because selection may
have already acted and some offspring individuals are lost, so that the absence of some trait values
is not due to variation but to the low fitness of these traits. Therefore, a space of genetic variation is
less prone to this distinction problem since between two generations, what accounts for the
distribution of genes of an individual is the variation-producing processes.



an individual i at generation n-1, and one of its offspring i’, then the probability that |x
i
-Xo| >|x

i’
 – 

Xo| is higher than the probability that |x
i
-Xo| <|x

i’
 – Xo|.

In this space a manifold is constituted by the sets of trait values that are optimal or highest in 

fitness in the environment; this defines the optimal phenotypes. Adaptive variation is therefore 

easily conceived of as a directed variation where the target of the trend is the value of the optimal 

phenotypes for x. Intuitively, adaptive variation means that diachronic variation tends to 

approximate the optimal manifold. 

 

Fig. 6. A. Isotropic variation in the space of trait values. B. Non isotropic variation

C. Diachronic directed variation (left: generation n; right: generation n+i).

How to articulate in principle these types of variation to evolutionary explanations ? I’ll 

consider only one dimension in this space of variations (one trait), for the sake of simplicity. The 

upshot is that there is no clear cut one-to-one correspondence between types of variation and 

explanatory schemes in evolutionary biology.

Suppose a variation is directed towards Xo; is it really the case that in principle evolutionary 

change is sufficiently explained by variation, with no important role for selection ? Consider here 

the probability distribution defined by synchronic variation in the population at generation n. At 

generation n+m, if we leave aside selective pressures, the mean of the distribution will be closer to 

Xo. However, from there nothing is really entailed about the variance of this distribution. Thus if 

this variance is high, there will be room for selection to act on the population – for the following 

reason.

 

Fig.7 Directed variation aims at trait value Xo. Each thin vertical black line has a size 

proportional to the amount of individuals having trait with the value measured on the line. There is 

directional selection for X1. The variance of the distribution at generation n (below) is large. At 

generation n+i (above), variants closer to X1 have more offspring because of selection and the 

population moves towards X1.

 

Suppose indeed now that selection favors trait values close to X1. Then if the variance is large

(that is, if variation is not much clustered around Xo, even though diachronic variation is directed 

toward Xo), in the distribution, at generation n, individuals with trait values closer to X1 will have 



more offspring than individuals with trait value closer to Xo, even though these offspring will in 

probability be even closer to Xo than their parents because of directed variation (fig.7) The 

evolutionary result therefore will be determined by both variation and selection. Heritability is an 

important factor here because it determines to what extent directionality of variation will affect 

response to selection: if the trait is poorly heritable, the effect of selection after one generation will 

be attenuated, so the directionality of variation will tend to overcome selection. But if it is strong, 

then selection will drive the process. (This very general situation is exemplified in population 

genetics by studies about mutation-selection balance.)27

Since the decisive character of strongly alternative explanatory schemes is that the 

explanantia of evolutionary change and adaptation have to be sought at the level of variation, this is 

rather not the case here. Even if the causes of the directionality of variation are elucidated, this will 

not provide either predictions of the evolutionary trajectory or explanation of the extant adaptations 

However, when variance is very low, selection will be less explanatory because the response 

to selection will be very weak, given that very few individuals are distant from the Xo trait value 

and then, being closer to X1, are likely to out reproduce the individuals displaying a value closer to 

Xo (because they do reproduce more). Here, the directionality of variation determines 

intergenerational change; it is plausible that the whole explanatory scheme should be revised, if 

those cases happen to be rather dominant in our data. 

Variance and directionality of variation are thereby explanatory, but only in combination with

heritability, and often with selection. Directed variation as such does not support, legitimate or call 

for a switch in explanatory schemes. However there is one case where variation has such an 

explanatory weight that it determines the explanation,  namely heritable adaptive variation. In this 

case, clearly, explaining why variation directs onto the adaptive value supports a general 

explanation of the evolutionary change because the value of the trait would be reached even without

selection, whereas selection is supposed to depend upon variation. This is why some instances of 

epigenetic inheritance, which seem to include adaptive variation, are so challenging for the MS, at 

least according to some authors (Jablonka and Lamb 2005).  Yet clearly if some systems exhibit 

adaptive heritable variation, one might ask a further question about their evolutionary history, and 

here basic natural selection may provide the answer (see Scott-Phillips et al. (2011)). 

The next section considers whether some specific known cases of variation grant a radically 

alternative explanatory scheme, or rather, should trigger weak amendments of the explanatory 

structure.

27 If you represented this outcome in terms of the Price equation, all the change in mean trait 
value would come out in the ‘selection’ term. And in turn selection would lead to a rise in the 
covariance of parent -offspring trait value (thanks to Denis Walsh for this remark).



4.2. Instantiating patterns of variation.

In this section I consider some known patterns of variation, first at the allelic level, and then at other

levels, when there is variation in development or phenotype in general even if the genotype is fixed.

I investigate whether specific patterns of variation support specific explanatory schemes.

4.2.1. Genetic variation: randomness is not the issue.

A simple and straightforward approach of variation at the genetic level consists in considering

one genotype in relation to the mutations and recombinations it undergoes at the next generation – 

contextualizing variation in the loci landscape sketched above. A kind of randomness is the fact that

no mutation is more likely than another, or that recombination is pairing indifferently the alleles, 

meaning that chances for allele x to be paired at the next generation with y or with z are equal. 

However such randomness is not often obtained in biology: on one hand due to linkage 

disequilibrium recombinations may not be random; on the other hand mutations may actually be 

biased and non random -  especially because given the chemical nature of the nucleotides, some 

point mutations are more probable than others, then some mutations from one triplet to another are 

more probable than others (Yampolski and Stoltzfus 2001). Hence equiprobability is not the rule for

genetic diachronic variation. 

Biased mutation is therefore to be taken into account in explaining evolution by natural 

selection (see Bateson, this volume). It may especially decide between several possible outcomes of

selection that have close fitness values, as Stoltzfus and Yampolsky (2009) made clear. However 

such biased non adaptive mutation does not require to switch to an alternative explanatory scheme 

since biased mutation and selection are here intertwined to produce the adaptive outcome as well as 

the evolved diversity. A rather weaker revision of explanatory structure is favored by this case.

While some cases of non-random variation at the genetic level are due to the chemical 

properties of nucleotides, some others may be due to properties of the genetic system, as it has 

evolved features likely to produce variation for adaptive purposes (Giraud et al. 2001 Moxon et al. 

199628). This latter instance of biased allelic variation seems more prone to favor an alternative 

explanatory scheme. 

But while biased mutations may be integrated within a slightly renovated MS schema, 

inversely random genetic variation does not necessarily support the classical MS scheme, as I show 

now. Suppose that many mutations are indeed underlying the same phenotype: then the variants will

28 Though nothing warrants that it is strictly speaking adaptive variation – see Merlin (2010)
on this.



not be discriminable for selection. Take the extreme case that almost all mutations correlate to a 

same phenotypic trait value: then we are exactly in the case presented in section 2 fig.3, where 

constrained variation swamps selection, and selection does not play any explanatory role. 

The case is not a pure abstraction: it is well known that the relations between genotype and 

phenotypes, often modeled as GP maps (Wagner and Altenberg 1996), are not simple, and that one 

phenotype is generally underpinned by many different genes, even non synonymous. So if we 

characterize variation in this way, the fact that allelic variation is random or isotropic does not ipso 

facto support the MS explanatory scheme. Current genomic research has found this kind of case. 

When gene regulatory networks can be built with a sole focus on transcription and binding sites of 

transcripts, they are called transcriptional networks (de la Fuente 2007 for the difference between 

kinds of networks). Recently, Andreas Wagner and colleagues have considered such networks in 

cells. Investigation on the transcriptional regulation networks of yeast S. cerevisiae has shown that 

they include very few unique regulatory pathways, and a vast majority which are present in two or 

more occurrences - the mean number of pathways between any source and target pair being 2,01 

(Wagner and Wright, 2007, p.164). This implies that random mutations are not so likely to change 

the phenotypic outcome, because other pathways can always supplement a pathway damaged by the

mutation. A huge set of random mutations map onto very few actual alternative functioning 

networks: this means that variation is severely constrained, which clearly reduces the scope for 

selection.

Hence regarding allelic diachronic variation, randomness isotropy or biases do not, by 

themselves, favor any decision regarding the explanatory scheme proper to contemporary 

evolutionary biology. Defining  the variations required by MS as mutations and recombination-

based variation (as Huxley did) is not the correct way to characterize (negatively) the kinds of 

variation that would be challenging the MS explanatory scheme. At least, we have shown that 

randomness or isotropy in mutations is not a sufficient condition for applying the MS explanatory 

scheme where variation plays no explanatory role (all variants being possibly there). And inversely, 

cases empirically attested of biased allelic variation do not necessarily support a radical switch in 

explanatory schemes.

4.2.2. Variation with fixed genotypes: why would phenotype matter?.

The previous subsection established that randomness of variation is not a general criterion to make 

sense of the empirical facts that would force one to reconsider the explanatory scheme of the 

Modern Synthesis. Directed or biased variation does not provide a sufficient reason to downplay the

role of selection versus variation, and inversely, there might be cases of random allelic variation, 



like these analyzed by Wagner and Wright (2007), where in fact phenotypic variation is really 

clustered in a way that selection faces important constraints, to a point that the mechanisms of 

variation should play the crucial explanatory role regarding some questions. Adaptive variation is 

the only clear case where another explanatory scheme of evolution is needed ; yet some of the only 

cases of adaptive variation we know are about phenotypic plasticity (West-Eberhardt 2003), which 

is not by itself heritable (in the sense that phenotypes are not transmitted).

But precisely, a pervasive claim set by the challengers of MS is that, pace Huxley,  there is 

more to variation than mutation and recombination – supposed to be isotropic and random. And 

considering these variations will force us to reconsider MS and adopt an alternative explanatory 

scheme (Kirschner and Gerhardt, 2005; West-Eberhardt 2005). Hence it is finally important to 

consider here the extent to which specific cases of non-allelic variation – hence, variation at the 

phenotypic level – even non-heritable, could play such an important role in evolution that it forces 

us to recast our conceptions. This is what West-Eberhardt argued regarding phenotypic plasticity - 

which indeed is pervasive over almost all clades, and is a key feature of development. But West-

Eberhardt also argued that in many cases a plastic response to environment initiates evolutionary 

change, and that the genes afterward modify their frequency according to this change. This would 

define a “genes as followers” scenario of evolution, which contrasts with the usual view of 

“mutation first”, and then selection and evolutionary change (West Eberhardt 2005). It would 

thereby be an empirical question to decide whether one given trait, or one novelty, or a case of 

speciation, evolved through one or the other scenarios – and of course another empirical question to

determine which scenario has been phylogenetically the most prevalent. This radical view of the 

evolutionary role of plasticity, emphasized by Walsh (2008) as the highest grade of involvement of 

development in evolution, fully subscribes to the strong alternative explanatory view since the 

crucial explanatory role is given to the mechanism of variation, namely plasticity. My argument 

here is to consider very generally to what extent phenotypic plasticity can make a difference to 

evolutionary change, and then ask whether it should generally support a rethinking of evolutionary 

theory, in the way West-Eberhardt claims. Then I will turn to another kind of non-genetic variation, 

that attracted attention when Evo-Devo arose.

4.2.2.1. Plasticity.

Suppose a genotype G with a correlated trait P, which has an average number of offspring w (here, 

its fitness), and consider an alternative genotype G’ which is  plastic, so can express either P1 or P2 

respectively relative to environments E1 and E2, the two morphs being produced according to 



environmental cues. P1 and P2 have different chances to have offspring but the average given the 

distribution of environments E1 and E2 is also w.  

Now consider a mutant genotype G”, such that W (G”) =  w”> w, with its phenotype P”. 

Suppose that, while the fitness of the phenotype P” is higher than the fitness of P, phenotype of G, 

the fitness of P” has the property that P” is fitter than P1 when it is in an environment mostly made 

of P1, but less fit than P2 in an environment full of P2. 

For example suppose that w = 8, and that there are 3 morphs P1 in E1 and 6 P2 in E2 – while 

W (P1) = 4 and W (P2) = 10.

 Then: W (G’) = 1/9 (3x4 + 6 x10) = 72 /9 = 8 = w.

Now, if we consider the evolutionary dynamics, leaving drift aside (by considering a large 

enough population), clearly G” will invade a population of Gs, since its fitness is higher. 

However, regarding the plastic G’, things are less simple. In the E1 environments G” would 

invade since its fitness is higher than the fitness of P1 which is the fitness of G‘ in these 

environments; but in E2, G” won’t invade, and G’ will still persist. What clearly appears is that 

even in such a trivial example plasticity makes a crucial difference to the evolutionary dynamics: 

the genotype fitnesses of G, G’ and G” don’t accurately predict the dynamics. What explains the 

evolution of G is what explains phenotypic plasticity, therefore it seems that the cause of 

phenotypic variation are crucial. But, does it lead to reconceive of the explanatory role of selection?

As such, it does not seem that we should resort to an alternative explanatory framework: 

natural selection still drives the dynamics, and the phenotypic traits P2 of G, that defeat the mutant 

genotype G” in E2, are still here because of natural selection. Hence, plasticity per se does not seem

to grant a radical explanatory change which of course is well illustrated by the fact that various 

aspects of plasticity – to start with, the “norm of reaction” – have been the topic of intense 

controversies within the Modern Synthesis framework, at least from Bradshaw (1965) on (Nicoglou

2015). 

What has been emphasized by Walsh (2013, 2015), is that in this case however, phenotypic 

plasticity as it has been investigated by West-Eberhardt (2003) is a feature of organisms rather than 

genes, and therefore, “adaptation” in the sense of the Modern Synthesis, which is defined by natural

selection acting on gene populations, is in turn partially explained by a phenomenon that itself 

pertains to the organism’s activity. This fact should motivate a turn to a radical alternative 

explanatory scheme: the adaptive capability of organisms explanatorily precedes the adaptation as a

trait property, induced by a selective genotypic dynamics.

Yet this conclusion is not so much supported by the sole empirical facts of phenotypic 



plasticity, than by some conceptual take on plasticity that will simply not be shared by those who 

stay committed to a Modern Synthesis explanatory framework. 

First, this claim about the originality of plasticity faces the usual objection that supporters of 

the evolutionary relevance of non-genetic adaptive variation meet in general (e.g. Scott-Phillips et 

al. 2011), which objects that ultimate and proximate causes are here mixed. Here, this property of 

organisms is itself a result of evolution by natural selection, and the MS framework has precisely 

the resources to ask why plasticity is such a pervasive feature of organisms, and in which 

environments it has been favored by natural selection. The “evolution of plasticity” is indeed a 

longstanding program of classical evolutionary biology, as illustrated by the controversy between 

Via and Schleicher regarding the putative “plasticity genes” (Nicoglou, 2013).  

A way for phenotypic plasticity to directly play an evolutionary role would be of course to 

give rise to heritable variants. This ties the question to non-genetic inheritance, and may by itself 

justify an extended synthesis or face the above objections. West-Eberhardt (2003) conceives of a 

way for the best phenotypic variants to be passed on to the next generation that does not involve 

heredity per se, namely “genetic accommodation”. Yet she follows a long tradition of concepts in 

evolutionary thinking aimed at making sense of some intergenerational existence of phenotypic 

variants with no commitments to non-genetic inheritance: Baldwin effect, genetic assimilation, etc. 

Therefore, it is arguable that many of the plasticity facts were such that Modern Synthesis had 

resources to conceive of them29.

Second, and even more importantly, the very concept of “plasticity” is controversial, and 

biologists may be cross talking when they comment on the findings grouped under such a label. 

Phenotypic plasticity, as I have reiterated here, can be modeled as reaction norm or even as 

plasticity gene in population genetics, which pertains to the MS framework (Nicoglou 2013). 

Unless one has already defended a concept of plasticity that is not the one used in such contexts, it 

is hard to rely on the empirical facts described as “plasticity” to justify any move away from the 

classical Modern Synthesis framework. Hence no empirical finding about “plasticity” is likely to 

settle the issue about a putative explanatory shift, because it already supposes conceptual 

assumptions about what is plasticity and before that, about what adaptation is. 

So even though the fact of plasticity in principle implies that there is more in evolution than 

genotypes and their fitnesses – but who really doubted that? – the measure to which this should 

entail an explanatory switch depends upon many theoretical assumptions used to describe and 

model such plasticity.

 

29 On genetic accommodation see Pocheville and Danchin, this volume.



4.2.2.2. Heterochrony and the conceptions of variation

One major interest of attention from the side of those who started advocating for a renewal of 

evolutionary biology is undoubtedly the phenomenon of developmental timing. As Gould (1977) 

forcefully argued, with a set of coding genes and even a same adult phenotype, any difference in 

this timing - be it intersection of developmental sequences, deletion of a sequence, or simply 

changes of speed of some sequences - has induced evolutionary changes. Moreover, some of these 

changes are major events in phylogenesis, and Gould was not far to argue that we owe them the 

major novelties in evolutionary history. Those would correspond to important changes in body 

plans, which define the stages of rapid phylogenetic change and contrast with the phases of 

evolutionary stasis, which according to a punctuated equilibrium view of phylogenetic patterns 

make up most of the evolutionary history. 

Those variations of developmental timing instantiate the claim that the evolutionary relevant 

variation is not only – and may be even not principally – the mutating/recombination events 

mentioned in Huxley’s dictum, and this indeed could induce a major rethinking of explanatory 

architecture of the theory. But why in principle would this variation lead to major epistemic 

changes? 

 Suppose that G has two possible developments D’, at tempo t’, and D at a tempo t much 

slower.

Fig. 8. G genotypes with developmental timings t and t’, t> t’. There are four periods A 

(1<i<4), corresponding to 4 generations (or sets of generations) for organisms in the environment. 

Each color represents one environment characterized by one dominant type of organisms (or 

traits), which defines a different selective pressure for G.

In case 1, G will compete with other alleles distributed with a probability distribution X. But 

in case 2, since the timing is really longer, when the offspring come to reproduction time, they will 

compete with another probability distribution X’ for the other alleles (fig.9). If there is any 

frequency dependence of selection, clearly the outcomes of such competition for G will be very 

different if the timing is t or t’. Therefore considering developmental timing explains important 

differences in the evolutionary dynamics. And the ultimate cause for such variation is the 

developmental mechanisms in their relations with environmental conditions.

However, in the case considered here, it is not clear that the whole explanatory weight has to 

be switched toward variation. It is more plausible that we need to consider at a more fine-grained 

level the conditions under which natural selection drives evolution. For instance, our understanding 



of developmental timing has been renewed by the conception and investigation of the role of 

regulatory genes (Carroll 2008), and on gene regulatory networks (Davidson 1986). Heterochrony, 

in this perspective, may not exactly be a variation with constant genotype. Regulatory genes govern 

the expression of the coding genes; each of them may impact at various moments on many genes; 

and the sequence of expression of various genes is due to the regulatory genes. Hence it is safe to 

assume that  neoteny, paedomorphosis and heterochrony are related to changes in the regulatory 

genes. For this reason, regarding the MS explanatory framework one could rather think of this 

phenomenon as a challenge to integrate a more complex picture of the genome as a sort of complex 

system, possibly regulative and adaptive30. It’s not impossible that under this perspective, the MS 

framework remains plausible, because what is at stake is the evolution of regulatory genes – those 

being very pleiotropic, and displaying different features than coding genes. Going on in this way, 

one could revisit the case made above for developmental timing as a motivation for a new synthesis,

and instead argue for a weak revision of the explanatory framework. Variation on these genes, and 

the molecular mechanisms that drive it, are replacing blind allelic mutation and recombination, but 

this is a move within the classical explanatory scheme. 

A second perspective on heterochrony and variations in developmental timing consists in 

seeing this as another instance of phenotypic plasticity. If the whole genome is constant, and the 

timing can plausibly vary according to some environmental cues, this should indeed be termed 

phenotypic plasticity. For instance some environments trigger a short development while others 

trigger a long and slow development. The consequences are what is just sketched in the above 

subsection, and may impinge on the evolutionary dynamics; but in principle this does not differ 

from the reasons why plasticity, described above, dramatically changes the evolutionary dynamics. 

But in this later case, heterochrony, or developmental timing in general can no more than plasticity 

in general trigger any strong revision of the explanatory framework of the MS. More assumptions 

and more conceptual work, always controversial, have to be done before supporting such a 

conceptual move. 

 

Conclusion

Trying to summarize the main radical critiques elaborated against the MS by especially 

developmental biologists, one quickly has to focus on the compared explanatory roles of variation 

and selection. A same restructuring of the explanatory scheme of evolutionary theory seems 

vindicated by many instances of extended synthesis. In order to assess this framework I investigated

30 For a view saying that, one should rethink of evolutionary biology’s theoretical structure
precisely because genomes are complex adaptive systems, see Walsh (2014)



the kinds of variations that may support the case of such theoretical change. The result is that no 

clear cut distinction between cases of variation can be made that would single out which ones are 

empirically supporting, or infirming, the radical alternative explanatory scheme. Especially the roles

of directed and random allelic variation are not as clear as they used to be seen, in the sense that 

they do not allow one to draw on their sole ground a clear-cut line between Modern Synthesis and 

alternative proposals. 

The conclusion is that many cases of variation differ from the kind of allelic variation 

provided through mutation and recombination (appealed to in Huxley’s definition of the MS), but 

many of them seem to call for a diversification of the entanglements between selection and other 

causal variables in models of evolution that could still be understood within  a slightly modified MS

explanatory scheme. They are less justifying by themselves a total switch of explanatory schemes, 

which would downplay the explanatory role of natural selection in favor of an enhanced 

explanatory role of these patterns of variation and their underlying mechanisms. Such a switch, to 

be defended, needs more conceptual work regarding the concepts of adaptation, plasticity, and in 

general genomes as integrated systems.
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Figures:

 

Fig. 8. G genotypes with developmental timings t and t’, t> t’. There are four periods A (1<i<4), corresponding to 4 
generations (or sets of generations) for organisms in the environment. Each color represents one environment 
characterized by one dominant type of organisms (or traits), which defines a different selective pressure for G.



Fig.7 Directed variation aims at trait value Xo. Each thin vertical black line has a size proportional to the amount 
of individuals having trait with the value measured on the line. There is directional selection for X1. The variance of
the distribution at generation n (below) is large. At generation n+i (above), variants closer to X1 have more 
offspring because of selection and the population moves towards X1.
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Fig. 6. A. Isotropic variation in the space of trait values. B. Non isotropic variation
C. Diachronic directed variation (left: generation n; right: generation n+i).



Fig.5 Alternative explanatory scheme (AMS) summarizing several critiques to the Modern Synthesis; 



Figure 4. The MS explanatory scheme. Note that diversity can be explained by natural selection via adaptive 
radiation (illustrated by Darwin’s finches ; image from Schluter 2000).



Fig. 3. Constraint on variation, as alternative non-adaptationnist explanation for X-Xo.



Fig.2. Drift, and trade-off between rival environmental demands, as competing explanations for the difference 
between actual and optimal trait values X-Xo. If the correct model of environmental demands is the blue curve, then
drift may explain the difference d. Otherwise X is an optimal trait value given a new hypothesis on environmental 
demands.

Fig.1 Trade-off between hypothesized environmental demand (red curve) and other primarily unknown 
environmental demand (blue curve) explains the difference X-Xo between optimal value (regarding hypothesized 
demand in red) and actual value of the trait.
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