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Biological individuals are the bearers of adaptation. What concept of adaptation is 
necessary to make sense of the fact that some adaptations create genuinely new 
individuals? Though the question of the nature of adaptation permeated much of 
the development of evolutionary theory in the last century, this specific formulation 
of the question was formalized in one particular research project, which I will 
examine here in order to derive broader consequences for our understanding of 
biological individuality.

The “evolutionary transitions” (ET) research program, initiated by Buss (1987) 
and carried on more formally by Maynard Smith and Szathmáry (1995) and Michod 
(1999), aims at understanding the conditions of the emergence of biological hierar-
chies. In these hierarchies, each level corresponds to a kind of individual, as well as 
to a potential bearer of fitness: genes, chromosomes, cells, multicellular organisms, 
colonies, and so on. Eldredge (1989) distinguished two kinds of hierarchies: the 
ecological hierarchy of interacting entities (cells, organisms, demes) and the genea-
logical hierarchy of entities that replicate (species, organisms, genes). One of the 
overwhelming features of the emergence of a new hierarchical level is the process 
by which free-living individuals come together to shape another kind of higher-level 
individual. The ET program aims both at formulating a general theory of what a 
transition is—the dynamics of transitions—and at understanding the specific fea-
tures of cell-multicellular individual transitions, which have stimulated significant 
theoretical and empirical research using clades like volvocine algae that include 
both cellular and multicellular species.

Among the general concepts that intend to capture transitions, two important 
views have been put forth: the idea that each transition comes with a new way of 
storing information (Maynard Smith & Szathmáry 1995), and the idea that the 
emergence of individuals presupposes a transfer of fitness from low-level to high-
level individuals (Michod 1999, 2005). The first idea has been developed by Maynard 
Smith and Szathmáry with the idea of limited and unlimited inheritance, whereas 
the second one is the overt focus of Michod and collaborators, who investigate how 
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selection can act in opposite ways at the level of individuals and at the level of the 
collectives in order to overcome the cost of defecting individuals. There is no doubt 
these two ideas should be linked in some ways, but this question remains to be 
investigated. Further, such investigation should clearly be preceded by a better 
understanding of the way in which this research program impacts our general view 
of biological individuality and of evolution by natural selection.

Clearly, the idea that individuals such as genes, organisms, or organism societies 
are themselves the result of evolutionary processes has tremendous consequences 
for our views of evolution and selection. For instance, in the so-called units of selec-
tion debates, authors (e.g., Kerr & Godfrey-Smith 2002; Lewontin 1970; Lloyd 2001) 
used to consider a priori either only organisms, or only genes, as the relevant entities 
of study, before even asking which of them is actually targeted by selection; yet if 
one asks how genes and organisms emerged in the first place, the whole terms of 
the debate should change. More generally, any formal view of natural selection 
assumes that there are replicators1 (Hull 1980): in the evolutionary transitions 
program, genes as replicators are already the product of evolution by natural selec-
tion, which means that a more general theory of selection and its “agents” should 
be developed (e.g., Griesemer 2000). Therefore, by putting into question the usual 
biological individuals (cells, organisms) and questioning their evolutionary origins, 
the ET program forces us to rethink some major concepts of the evolutionary theory 
apparatus: fitness and individuals in the first place, but also selection, replication, 
information, and inheritance. The present paper aims at contributing to these issues 
by focusing on the notion of adaptation and its relation to individuality.

The concept of adaptation has been involved in crucial debates regarding the 
epistemology and methodology of evolutionary theory—most famously, because of 
the vexed issue of adaptationism, or the scope of natural selection explanations. 
However, the very notion of adaptation is the subject of controversy, especially 
concerning the relationship between natural selection and adaptation (e.g., Walsh 
2003). Even if everybody agrees that Darwinism changed the meaning of adaptation 
by rendering the observed fit between organisms and their milieu understandable 
in terms of natural selection, the nature of this tie between adaptation and natural 
selection is subject to debate. However, most of these debates to date have not 
considered that units of fitness—the biological individuals undergoing natural selec-
tion and whose traits have been directly or indirectly shaped by natural selection—
were themselves a result of natural selection. Thus, taking the ET research program 
seriously implies questioning what adaptation should mean for emerging individu-
als2 as well as in what sense their own individuality can be conceived of as an adap-
tation, and therefore who benefits from this adaptation.

The present paper will deal with these issues in the following way: first, I will 
sketch the uses of multilevel selection in the ET program and raise questions about 
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using selection at multiple levels in order to account for the emergence of one of 
these levels; this will lead to a reassessment of the claim that multilevel selection 
constitutes the process of transitions. The second section will then formulate the 
question of adaptation specifically in respect to evolutionary transitions, in the 
context of philosophical debates about the nature of the link between adaptation 
and natural selection, and argue that none of the proposed views is likely to account 
for adaptation in transitions toward individuality. The third section suggests a solu-
tion based on the inclusive fitness–kin selection account of transitions. The last 
section will extend this account into a general concept of adaptation in transitions, 
making sense of the beneficiaries of adaptations both in cases of well-established 
individuals, and in cases of transient individuality.

MLS and Evolutionary Transitions

The MLS Framework

A transition is a process through which several individuals group into a collective 
that at some point itself becomes an individual and a potential unit of fitness. To 
this extent, it is natural to think of the process in general as a dynamic invoking 
selection on the free-living individuals (hereafter “basic individuals”) on the one 
hand, and selection on the collective of individuals on the other hand. Multilevel 
selection (Damuth & Heisler 1988; Okasha 2006) therefore seems the most plausible 
scheme for a general account of evolutionary transitions (Michod 1999).

Multilevel selection has been advocated in evolutionary biology since the 1980s, 
initially in order to make sense of cases of cooperation in organizations, such as 
altruistic alarm calls in herds of mammals or sterility among social insect workers 
(Wilson 2001; Goodnight 2005). In general, social traits are traits such that by “dis-
playing” a value of the trait, an individual modifies the fitness of others as well as 
its own. As Sober and Wilson (1998) forcefully argued, a social trait that is costly 
for an individual but beneficial for others can be understood as a result of both 
selection within the group and selection between groups, given that within-group 
selection favors selfish behavior and between-group selection favors altruistic 
behaviors, since the more altruists there are in a group, the better that group scores 
in intergroup competition. To this extent, multilevel selection accounts for the orga-
nization of cooperative individuals into groups if the population structure in sepa-
rate groups allows for the appropriate levels of competition between groups.

The various subtleties of this approach are beyond the scope of this paper. Note, 
however, that multilevel selection (MLS) approaches first require the assemblage 
of groups that are not necessarily spatially defined, but that are “trait groups”—that 
is, sets of individuals that are variously affected by the value of a given social trait 
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regarding their fitness. Second, the fitness of groups here is clearly defined in terms 
of number of individuals in the group. However, another view of group fitness would 
consist in measuring the fitness of groups in terms of daughter groups. This would 
correspond to the supposed empirical phenomenon of species selection or clade 
selection (where fitness of species is the rate of speciation). Damuth and Heisler 
(1988) distinguished these two varieties by naming them MLS1 (fitness measured 
by individual fitness) and MLS2 (fitness measured by offspring groups). Clearly, the 
Sober and Wilson approach is MLS1.

A transition is, in general, the process by which a set of independent basic indi-
viduals becomes an individual that is composed of some of the former and is also 
somehow autonomous, especially with respect to reproduction. As Maynard Smith 
and Szathmáry describe it: “Entities that were capable of independent replication 
before the transition can only replicate as parts of a larger unit after it” (1995, p. 
227). Hence, the new individual is likely to be ascribed a fitness value not derivable 
from the aggregation of fitness values of the component individuals. For example, 
even though organisms are made of cells and phylogenetically evolved from unicel-
lular organisms, the fitness value of a multicellular organism typically having two 
offspring is not the sum of all the cells in the two offspring; instead, it is just two.3 
Okasha (2005) suggested that a transition could be viewed as a process during which 
MLS1 becomes MLS2: at first the fitness of the group is its size (hence MLS1), and 
at the end of the process each group, being an individual, replicates on its own, 
resulting in an MLS2 process, where the fitness of groups as new individuals is 
equivalent to the number of daughter-groups. Therefore, the transfer of fitness from 
basic individuals to new individuals is allowed by the decoupling of group fitness 
(which is first indexed by the fitness of individuals, and finally becomes independent 
from it) and individual fitness.

Even though this description captures the way in which MLS works in a peculiar 
fashion in the transition process, critiques have been made (Shelton & Michod 2010) 
that it is not general enough to capture what happens in all cases where individuals 
of some species turn to multicellularity. There may be an appropriate defense of the 
MLS1-MLS2 view of transitions, but my proposition is therefore to leave the whole 
MLS view aside and suggest another way of framing the transition process.

Another argument for decoupling MLS and transitions is that, even though many 
cases of evolution of altruism via MLS have been investigated, be they theoretical 
(e.g., Wilson & Dugatkin 1997; Goodnight, Schwartz, & Stevens 1992) or empirical 
(the case of flour beetles in Wade 1977; Goodnight & Stevens 1997), in all these 
cases the higher-level entities, the groups, are somehow already identified. They may 
not be spatial groups—though that is often the case—but they do have to be trait 
groups in competition, whereas in the case of transitions high-level entities simply 
result from the transitions, so they are not exactly present during the transition. 
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Moreover, and more importantly, it is not necessary that these groups be multiple: 
we might study, for example, how a set of cells becomes a multicellular organism. 
In a case often used to understand the selectionist dynamics of a switch to multicel-
lularity, slime molds (Dictyostelium discoideum) under starving conditions switch 
from separate cells to one individual organization composed of a quasi-germinal 
and a quasi-somatic piece (Bonner 1967). Hence we may have only one high-
level collective instead of several in competition, which renders appeal to MLS 
irrelevant.

Another issue with the multilevel selection approach to ET comes from the 
widely adopted definition of biological individuality proposed by David Hull. Hull 
(1980) claimed that the ontology of biology should rest on our best theory of bio-
logical processes, which is evolutionary theory; that the theory provides us with ways 
of individualizing entities; and that, in the end, an individual according to the Dar-
winian theory cannot be something other than a unit of selection. Now, consider ET 
processes: while in the beginning only the individuals of the set (e.g., genes or cells) 
are undergoing natural selection, at the end the compound individual undergoes 
natural selection on its own. There is a slight problem here in talking about selection 
at both levels during transition, since it implies that the compound would be (as a 
unit of selection) an individual before the transition, so that the transition has no 
reason to take place.

Thus, even though models of evolutionary transition have been done in terms of 
MLS, it makes sense to look for another conceptual frame that would allow us to 
design a more general scheme of transition. I will argue below that talking in terms 
of MLS describes a selective process that could be alternatively phrased without 
reference to groups, and that without this reference we would get rid of the problems 
raised by the abovementioned objections.

A Deflationist Presentation

Given that natural selection by definition favors entities with higher fitness, hence 
entities that make more copies of themselves in the following generation, several 
entities associated in a compound individual cannot be reliably articulated without 
what Wilson and Sober (1989) called a “common fate,” in which the fitnesses of each 
of them covary so that they are proportional or equal. This entails that

a. prima facie, selection doesn’t compose entities in such a way that they can have 
a common fate, since it favors entities with increasingly high fitness differences—this 
is the very general issue of evolution of cooperative behaviors (i.e., behaviors that 
are costly for the actor and beneficial for others4; e.g., Hamilton 1964; West, Griffin, 
& Gardner 2007), against the backdrop of what seems to be the natural inclination 
of natural selection. This concerns every case of biological organization, such as 
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insect societies, biofilms, schools of fish, and so on, and has been the object of numer-
ous studies since seminal papers by Hamilton (1964) and Trivers (1971). Moreover, 
as emphasized by Queller and Strassmann (2009), cooperation does not entail 
absence of conflicts, and reciprocally the suppression of conflicts may accompany 
little cooperation because there are just a few ways to cooperate. Therefore, loss of 
conflict and increase in cooperation are two distinct axes along which a common 
fate is approached through the evolution of distinct individuals. However, the dif-
ference here with these general cases of organization is that in ET the organization 
itself becomes an individual and a unit of fitness.5

b. Assuming that such organization became cohesive in a way that seems to harmo-
nize the component individuals, natural selection will favor “selfish” components—
because, by definition, if they invest more in their own replicates than in what is 
“good” for the whole, they will overcome competing others in evolutionary time—
which tends to dismantle the compound.

Now, the description of issues a and b sets the stage for any model of the transi-
tion process. A first stage shall model the conditions under which evolution by 
natural selection works in a way that favors tradeoffs between fitness of entities, so 
that clusters of entities I call socioclusters—clusters of individuals likely to undergo 
a common fate—emerge (e.g., “spirals” in Boerlijst and Hogeweg 1991 or van 
Baalen & Rand 1998). The second stage models the way such socioclusters evolve 
the means to be maintained through time, regularly behaving as coherent wholes 
because they get buffered against the higher payoff to defection, and therefore 
become evolutionary individuals themselves and units of fitness. Thus, the second 
stage involves a maintenance question about high-level individuals and is answered 
by investigating the high-level adaptations that are able to buffer the new individu-
als, whereas the first stage describes an origin question. As Michod put it, 

The trend toward a higher level of organization . . . culminat[es] in an adaptation that legiti-
mizes the new unit once and for all. Examples of such adaptations include the cell membrane 
in the case of the transitions from genes to groups of cooperating genes, or . . . the germ-line 
or self-policing functions, in the case of the transitions from cells to groups of cooperating 
cells, that is, multicellular organisms. (1999, p. 42)

The next section will ask about the nature of these adaptations in the context of 
transitions.

To study the first stage, we need to make sense of the way selection promotes 
socioclusters in the first place, when there is nothing but one level of basic individu-
als. We will see that socioclustering only needs a deflationist framework, in the sense 
that it does not appeal to MLS nor to group selection.6 Let’s consider how Michod 
describes what occurs in this first stage of the dynamic: “During the emergence of 
a new unit, population structure, local diffusion in space (Ferrière & Michod 2000) 
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and self-structuring in space (Boerlijst & Hogeweg 1991) may facilitate the trend 
toward a higher level of organization” (Michod 1999, p. 42). What is population 
structure doing there? Michod suggests in his book two processes—“cost of rarity”7 
and “cost of commonness”—that enhance the aggregation of individuals with pro-
social cooperative traits. 

Take the cost of rarity. What is causally relevant in Michod’s description is indeed 
the effect of the frequency of rare mutants upon their selective success: even though 
an allele is fitter than others, because what is going on is social interaction, its fre-
quency within its close neighborhood affects the realization of its expected fitness. 
Thus, while its expected frequency is higher than that of others, its realized frequency 
becomes reliably lower than others’. Therefore, the emergence of socioclusters 
depends upon the structure of the population to the extent that it makes realized 
fitness more, or less, equal to expected fitness. Hence the general process of evolu-
tionary transitions by natural selection only involves fitness values and fine-grained 
population structures, which are likely to reliably affect realized fitness at a local 
scale.8 What the ET models unravel are the general conditions about population 
structure under which realized fitness values can be locally different, on a regular 
basis, from expected fitnesses.9 This is why Michod says that the highest (expected) 
fitness variants (i.e., the most selfish ones) are not selected in evolutionary transi-
tions: “When birth is a nonlinear function of density, the adaptive features of a unit 
of selection are no longer sufficient to predict the outcome of natural selection. 
‘Survival of the fittest’ is false, and there is no measure of overall adaptedness” 
(Michod 1999, p. 72).

As in any case of evolving altruism, all population structures implying that the 
most prosocial individuals have increased chances to interact with other prosocial 
individuals will enhance the clustering of prosocial individuals. Hochberg, Rankin, 
and Taborsky (2008) thereby proposed a model whereby cheaters—individuals that 
don’t enter into fitness trade-offs with others, so that they increase their relative 
fitness—undergo a selection for dispersal; this would be likely to occur in the transi-
tions to multicellular organisms. However, the variety of population structures likely 
to enhance socioclustering of entities and hence tradeoffs of fitness and that support 
a potential common fate is wide, and, besides features of dispersion, may include 
demographic structures related to life history traits, as explored by Lehmann and 
Rousset (2010) (in accordance with Frank 2010).

Besides, another common way to conceive of the problem of evolving cooperation 
and of the advantage of selfish behaviors is in terms of “tragedy of the commons” 
(Martens 2010; Rankin, Bargum, & Kokko 2007; Frank 2010), namely, when there 
is a public good, a potentially collectively deleterious situation arises from the 
advantage for those that overexploit this resource with no cost. Here, Foster (2004) 
has shown that a payoff pattern with diminishing returns for selfish behaviors 
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neutralizes the incentive for selfish behaviors and therefore allows for an altruistic 
population. So what we see is that, besides population structures, payoff structures 
of fitness are also likely to enhance socioclustering. MLS approaches, therefore, 
could be seen as a coarse-grained picture of some natural selection processes that 
mostly rely on fine-grained specific structures, that is, either local population struc-
tures, or fitness structures defined by the nature of the payoff function in the evo-
lutionary game-theoretic models.

Rephrasing the ET programs in terms of an inquiry about the diversity of popula-
tion and fitness structures likely to solve the tragedy of the commons and maximally 
foster clustering of prosocial individuals leads to the reassessment of a claim fre-
quently made in the context of ET, which is that we face an exceptional situation 
where Fisher’s theorem is falsified.10 But by correcting this claim, we will be able to 
sketch a very general definition of the first side of the transition program, the socio-
clustering issue. Fisher’s theorem asserts that change in mean population fitness 
equals additive genetic variance, which entails that fitness always increases, and thus 
that selection maximizes fitness. The point here is that highest-fitness variants, which 
are by definition the ones contributing less to the socioclusters, will not be selected: 
hence the claim that transitions are an exception.

However, if we turn to a novel interpretation of Fisher’s theorem (Frank & Slatkin 
1992; Edwards 1994), the theorem is much less demanding. It equals the change  
in mean fitness directly caused by natural selection to variance in genetic additive 
fitness. So the total evolutionary change, or the change indirectly due to selection, 
can indeed be negative, if the indirect effects of selection or the other causes of 
change in fitness are higher than this quantity. Fisher called this negative change 
“deterioration of environment,” including the genetic background of alleles. Effects 
of pleiotropy, epistasis, as well as frequency dependence or, more precisely, modifica-
tions of realized fitness because of environment, are included in this idea of deterio-
ration. To this extent, reinterpreting transitions in the deflationist way I suggest here 
means that they conform to Fisher’s theorem. This is interesting because, if one 
emphasizes that the theorem is both fundamental and analytic (as Fisher himself 
thought), the idea of a violation of Fisher’s theorem would be an argument against 
the possibility of producing transitions by natural selection. But from our viewpoint 
the question of transitions becomes (at least at the first stage): what are the popula-
tion structures generating effects that are likely to deteriorate the “environment” 
(in the large, Fisherian sense) in a way regular and stable enough to preclude an 
increase in frequency of the less cooperative alleles?11

Now the second stage in a transition, which marks it as being a genuine transition 
and not merely the emergence of some cohesive organization likely to be a transient 
interactor but not a stable unit of fitness (a pack of wolves, for example), is the 
constitution of a set of adaptations buffering the emerging individual against the 
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prime to defection, or against, in other words, dissolution of the sociocluster. It is 
only from this point on that the process of emerging individuality by means of 
natural selection becomes a real transition, since some irreversibility enters the 
picture once the emerging new individual is now reliably present and can be a bearer 
of adaptations. From this point on, the emerging individual persists as one thing in 
time, and thus is able to reproduce as one entity and to be ascribed heritable prop-
erties (in MLS terms, we face now MLS2; Okasha 2006; Michod 2005). Identifying 
the nature and causes of such adaptations defines a maintenance question about 
organized wholes, since by this we question the reasons for maintaining socioclusters 
against selection on their compound entities. I will consider in the next section the 
nature of such adaptations and why they are special.

An Issue with Adaptation

As Michod emphasized it, the establishment of a new kind of individual on the basis 
of a collection of basic individuals requires, in the end, an adaptation (hereafter 
termed I-adaptation) that buffers it against being dismantled by the selection in 
favor of selfish individuals: Michod writes that the process “culminat[es] in an adap-
tation that legitimizes the new unit once and for all.” (1999, p. 42). There may be 
one or several such adaptations, and each major transition is characterized by its 
own adaptations as well as by the sequence of their emergence. For cells, the mem-
brane, which separates the cell from its outer milieu, is one such adaptation; for 
multicellular organisms, in many cases the bottleneck separating the parent organ-
ism from its offspring is also an I-adaptation (Grosberg & Strathmann 2007), espe-
cially due to its ability to decrease the transmission of selfish elements through 
reproduction. Cell suicide (apoptosis) is also an important adaptation (Durand, 
Rashidi, & Michod 2011), as is the sequestration of the germ line (Buss 1987) and 
possibly the immune system.12

This sequestration, as a specific adaptation in the case of multicellular organisms, 
supposes the division of labor between somatic and germinal cells. Among species in 
the lineage Volvocale, some are multicellular such as Volvox carteri, and some are just 
single cells like Chlamydomonas reinhardtii (Kirk 1998; Michod & Nedelcu 2003), 
while some encompass several cells but without differentiation like Gonium. In this 
way, understanding the evolution of the lineage presents interesting insights into the 
origins of multicellular organisms with the evolution of the required I-adaptations. 
Specialization and division of labor has been studied by Michod and colleagues in 
the case of the Volvox carteri (Michod & Roze 2001, Michod & Nedelcu 2003). They 
decoupled fitness into two components: survival for motile cells that receive resources, 
and reproduction for germinal cells that replicate and don’t move. Given that fitness 
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as such is the product of viability and fertility, if division of labor occurs, then the 
fitness of each type of cell is zero (since one of its components is zero), so the whole 
only has fitness at the end of the division of labor. Division of labor, therefore, is one 
of the I-adaptations yielding multicellular organisms.

However, the case of multicellularity is unusual, because there has been transition 
to multicellularity in several lineages, and the adaptations required are not always 
the same, nor is their sequence. In particular, the bottleneck is not always required, 
nor is the sequestration of the germ line (Grosberg & Strathmann 2007). Evolving 
this latter adaptation is often a stage in the evolution of individuality among multicel-
lular organisms (Buss 1987). But once there are extant cells, it seems that getting to 
multicellularity is not very difficult, especially because there are many ways to 
produce such a result (Grosberg & Strathmann 2007). So, in general, there are several 
kinds of I-adaptations, and their nature as well as the order of their emergence have 
to be investigated, not only abstractly in formal models (e.g., for multicellular organ-
isms as such), but also in various lineages, because evolutionary transition occurred 
several times.13 This multiplicity is even the case within the volvocine algae, since here 
some multicellular species have evolved independently (Coleman 1999).

Now, the question is: why is an I-adaptation an adaptation? How to make sense 
of it as an adaptation? For instance, consider the transition to multicellular organ-
isms: traits of organisms are adaptations (e.g., the echolocation system of bats, the 
white fur of polar bears), but it is hard to think of something that “makes” or “con-
stitutes” the organism itself as an adaptation, since organisms are carriers of adapta-
tions. Alternatively, given that these new individuals are groups of individuals,  
we could think of these adaptations as adaptations of a group; however, group 
adaptations are famously controversial since Williams (1996/1966) has shown that 
in general they can be reduced to the adaptations of the individuals that make up 
groups, because group selection is not empirically plausible. Granted, multilevel 
selection involves a kind of group selection; against such objections, however, we 
might say first that we described the transitions here without MLS, and second that 
in these cases the MLS does not assume groups. Therefore, even if MLS in general 
justifies group adaptations, it is not clear whether such justification could be extended 
to situations with no pre-constituted groups. Moreover, the general idea of group 
adaptation in a recent investigation was shown to be valid under very stringent 
conditions (Gardner & Grafen 2009) such as clonal groups or, less straightforwardly, 
groups with severely repressed internal competition.14

Concepts of Adaptation

To properly formulate the issue raised by these individual-constituting adaptations, 
I will turn to the existing conceptions of adaptation and show that I-adaptations 
don’t fit them. The following sections will propose a solution.
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Darwinian biology is a theory of adaption (Gardner 2009) and diversity (e.g., 
Lewontin 2002). That organisms “fit” their environments, as well as their “contriv-
ances” (from Darwin) which make them likely to function as coherent machines, 
are explained in terms of natural selection. The traits that adjust an organism to its 
environment come from natural selection, or at least are explained by natural selec-
tion.15 To this extent, a somehow intuitive interpretation of the Darwinian concept 
of adaptation consists in viewing an adaptation as the result of natural selection. 
This view, largely held by philosophers (e.g., Sober 1984; Brandon 1990), implies that 
“X is an adaptation” is a historical statement saying something about the causal 
history of X. Notice that the adaptation is a trait, and the organisms being adapted 
are in a sense derivative from this; they are “bundles of adaptations,” as Huxley 
(1942) put it.16

Three remarks have to be made here:

First, adaptedness of organisms and traits as adaptations are nonetheless more 
intricate than this. The “principle of natural selection” (Brandon 1990), in effect, 
assumes that adaptedness of organisms plays a role in their fitness, and therefore in 
the causation of adaptations (traits)—since the more adapted an organism is, the 
fitter it is and therefore the fitter are its traits (on the average).

Second, this is a definition of what an adaptation is. It does not explain adaptations. 
More precisely: to say that an adaptation results from natural selection is not to 
explain it (since this merely says that it is an adaptation); explaining means uncover-
ing the reason for which selection happened. This is why we can say that something 
is an adaptation even without being able to explain it, as in the case of genomic 
sequences tested in the Kreitmann test, which exhibit the signature of selection 
while we are not able to say what the selective pressures were, since we ignore the 
ecological context (Voight, Kudaravalli, Wen, & Pritchard 2006).

Third, this conception perfectly fits the modern synthesis (MS), since the heritable 
traits have as such a genetic basis, so the natural selection for the traits can be cashed 
out in terms of evolution of genotypic frequencies, according to the MS definition 
of evolution.

However, this view that statements of adaptation are historical is controversial as 
such, because evolutionary biologists don’t always use history to assess adaptations: 
often they don’t know history, and sometimes they just don’t need history. Optimal-
ity modeling, for example, compares a trait to what it would be if selection had 
shaped it (Parker & Maynard Smith 1990; Potochnik 2007; Huneman 2012), and this 
does not appeal to history. When it concerns social behaviors—that is, behaviors by 
which individuals affect the fitness of other individuals—selection is frequency-
dependent, and in that case theorists design evolutionary game theoretical models, 
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often evolutionary stable strategy. These don’t integrate information about history. 
They simply compare possible strategies in the strategy set, without investigating 
the evolutionary origins of strategies themselves—some of them can even be coun-
terfactual, because what counts is robustness against mutant strategies.

Behavioral ecology is paradigmatically a field where such nonhistorical explana-
tions are used in evolution (for example, when Dunbar 2001 computes the chances 
that a gorilla will switch partners). Behavioral ecologists Reeve and Sherman 
thereby developed a competing account of adaptation (1993, 2001) that they term 
currentist, and according to which an adaptation is the higher-fitness phenotypic 
variant in the population. In this account, to say that X is an adaption is to distin-
guish X in a phenotypic class by means of a model.17 Reeve and Sherman then 
distinguish two kinds of inquiry: evolutionary biology that looks for the origins of 
traits, such as paleontology, genetics, or systematics, and inquiries that look for the 
reasons of trait maintenance. This is what behavioral ecologists do: they try to under-
stand why a behavior is conserved in a species, which means that it has reasons to 
be maintained, is robust against alternative behaviors invading, and is an evolution-
ary stable strategy (ESS). To each kind of inquiry—maintenance and origin—the 
concept of adaptation is specific: historical for origins questions, currentist for main-
tenance questions. Thus, Reeve and Sherman are pluralist about adaptation (two 
concepts, because there are two kinds of inquiries), unlike Brandon and others; but 
their distinctive contribution is the currentist concept of adaptation. One could 
argue that there is indeed only one concept, and reduce the currentist one to the 
historical one. Or one can be a pluralist—indeed, Brandon (2012) advocates such 
pluralism (i.e., the use of both historical and nonhistorical concepts of adaptation), 
but he doesn’t tie the two concepts to kinds of evolutionary inquiries.

The Puzzle: The Status of I-Adaptations

Yet leaving the issue of pluralism aside, the question for us is to decide which 
concept of adaptation is adequate to account for these I-adaptations, which make 
collectives of individuals. They explain why the new individual is buffered against 
decomposition into its elements, so clearly they pertain to a maintenance question. 
Prima facie, they should therefore be seen according to the currentist concept of 
adaptation. However, is this really the case?

If you consider basic individuals (e.g., cells in a multicellular individual), those 
which enter the collective are indeed not the highest-fitness variants, because one 
increases one’s own fitness by investing less in the collective, so that for any basic 
individual there can be a higher-fitness individual, namely one that invests less in 
the collective. Therefore the I-adaptation, maintaining the group against precisely 
these individuals, cannot be ascribed to them, so such an adaptation is not the prop-
erty of highest-fitness variants—which are clearly not adapted in the sense of being 
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concerned by an I-adaptation. In one process that leads to a collective individual, 
namely the selection for dispersing cheaters (Hochberg et al. 2008), it is clear that 
in this case the cheaters (highest-fitness variants) are regularly excluded from the 
scope of the sociocluster and thereby from carrying the forthcoming I-adaptation.

Now, one could argue that since we have two levels—basic individuals and the 
new individual—the population to consider when looking for the highest-fitness 
variants is the one composed of the individuals in the emerging, non-basic sense. 
But here we do not have a genuine population—more precisely, emerging individu-
als are characterized by the I-adaptation, but there are no variants: the other puta-
tive individuals (that is, those that do not have the I-adaptation) are not individuals, 
precisely because they lack the I-adaptation. They are just suboptimally cohesive 
clusters of individuals at most, but not units of fitness. So the currentist concept  
of adaptation does not account for I-adaptations. Then, what about the classical 
historical concept of adaptation? Is it the case that the I-adaptation is a result of 
selection?

In rough terms, of course it is, since the whole transition is a selective process. 
More precisely, though, there is an issue here about traits and their bearers. Think 
of the cell membrane: it is a property of the cells, not of the chromosomes. Therefore, 
saying that the membrane is a result of selection means that cells having and cells 
not having the property of a membrane were previously competing, and that the 
“membraned” cells got selected. However, no such selective processes occurred, 
because any cell already presupposes membranes. The problem here is that one can’t 
consider something that is not a property of chromosomes as the result of a selec-
tion on chromosomes. The same reasoning could be made for any transition.

Yet another option is left to the supporter of a historical concept of I-adaptation: 
considering the membrane as an extended phenotype (sensu Dawkins 1982).18 So 
selection on the chromosomes gives rise to an extended phenotype of the chromo-
somes, which is the membrane. And, analogously, I-adaptations can be considered 
as extended phenotypes of basic individuals, which get themselves selected. So now, 
it seems that I-adaptations are adaptations in the usual historical sense.

But the problem is not solved in this way. The question of the nature of adapta-
tion indeed includes a more specific one, about who benefits from an adaptation 
(Lloyd 2001). Clearly, ascribing adaptations fulfills a simple criterion, namely: who, 
among the replicating entities in a process, gets its fitness increased because of the 
adaptation, such that without it its fitness would decrease? In ordinary cases (e.g., 
the ones often considered by ecologists or modeled by population geneticists), it is 
both organisms and genes, because precisely their fitnesses are most often aligned. 
In cases of extended phenotypes, clearly the genes are better off with these adapta-
tions, so once again they are beneficiaries. But what about I-adaptations? Without 
them, the basic individuals (such as the genes, in some transitions) with highest 
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fitness could replicate more, so they don’t benefit from them. The emerging indi-
vidual seems to benefit more, because without the I-adaptation, it would disappear, 
making its fitness (survival) zero. But this contradicts the fact that in our extended-
phenotype solution, we considered I-adaptations as a result of selection on basic 
individuals. Therefore, something here is unclear and we need to revisit the whole 
question of adaptation and its beneficiaries.

Adaptations in Fraternal and Egalitarian Transitions: The Inclusive Fitness View

Broad Kin Selection and the Variety of Transitions

To start a general theory of adaptations in transitions, it is useful to turn to a general 
typology of transitions sketched by Queller (2000). Some transitions put together 
basic individuals that are similar (he calls them “fraternal transitions”), typically like 
the emergence of multicellularity, since often all cells in such cases are clones. Some 
others, on the other hand, put together individuals that are different but on a par 
within the transitions (he calls them “egalitarian transitions”). An example of this 
case would be the constitution of eukaryotic cells, because mitochondria are not of 
the same genetic nature as the rest of the cell. In general, all transitions based on 
associations that involve symbionts or endosymbionts, like Vibrio fischeri (a squid 
with luminescent bacterial colonies as symbionts; see Bouchard 2010) or termite 
mounds, are indeed egalitarian transitions (Turner 2001; Bouchard 2010; etc.)

What I have developed in the first section, based on Michod and colleagues’ views 
on the emergence of multicellularity, mostly concerns fraternal transitions. However, 
the I-adaptations occur in both kinds of cases, so one needs to elaborate an account 
of adaptation that encompasses both kinds. The general MLS scheme of transitions 
is tempting because it seems that both fraternal and egalitarian transitions could 
fall under the scheme of competing groups, so that MLS would be the general 
account for transitions. However, I raised some general objections to the MLS phras-
ing above, and therefore adopted a more deflationist frame, in which I specified 
transition as a two-step process. Now, in order to tackle the issue of the nature of 
I-adaptations, I will look for another framework to capture the transition process, 
with the prerequisite that it allows one to address simultaneously both kinds of 
transitions. A unified account of various evolutionary processes that would include 
both cases of cooperation in extant organizations and cases of emergence of new 
fraternal and egalitarian individuals would be more promising if framed in terms 
other than MLS.

The preceding move away from MLS could also be justified by the fact that mul-
tilevel selection in general has clearly been the focus of many controversies (e.g., 
West et al. 2007; Lehmann, Keller, West, & Roze 2007; Traulsen & Nowak 2006; 
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etc.). Concerning cooperation and biological organization in general—be it insect 
colonies, packs of wolves, or multicellular organisms—the general issue is that MLS 
rivals the most common account of cooperation in evolution, the kin selection 
account (see Strassmann & Queller 2007 for a review), which can also be described 
in terms of inclusive fitness (Hamilton 1964). Inclusive fitness of an individual’s trait 
(e.g., a behavior) is computed by adding the payoff (in fitness) to the focal individual 
(“direct benefits”) and the “indirect benefits”, namely, the benefits to others weighted 
by the relatedness19 between the focal individual and the recipient (West et al. 2007; 
Frank 2006; Grafen 1984). There is no knockout theoretical argument showing that 
MLS is more encompassing than kin selection, or that kin selection is just a case of 
MLS when the group is a kin group (pace Sober & Wilson 1998). On the contrary, 
there is a formal equivalence between MLS (concerning MLS1, more specifically) 
and selection on basic entities with fitness values averaged on different group con-
texts (“contextual selection”; Kerr & Godfrey-Smith 2002). The formal equivalence, 
granted, is not everything, because one could always argue that two formally equiva-
lent models do not capture the same causal processes. What is therefore the causal 
difference between MLS and individual (contextual) selection?

A promising way to tackle this question is to start from a comparison between 
MLS and kin selection. Suppose that you have a population of a species divided in 
groups; the more the intergroup competition increases relative to intragroup com-
petition, the more MLS you have for pro-social (altruistic) traits. This means that 
the between-group variance overcomes the intragroup variance. This entails that 
relatedness increases in each set of individuals interacting with a focal individual, 
and then in general, which in the end means that kin selection increases, and does 
so reciprocally (Frank 2006; Foster & Wenseelers 2006; West et al. 2007). A simple 
example is a locus with two alleles, selfish and altruist. If groups are formed that are 
homogeneous for each allele, there will be groups full of altruists and groups full of 
selfish actors; intragroup variance will be quite low, but intergroup variance will be 
high. At the same time, selection between groups will be comparatively stronger 
than selection within groups. An intuitive way to consider this is to think of altruism 
in terms of investment of individuals in the protection of the group: the higher the 
frequency of altruists, the higher the level of engagement between groups. But in 
this case relatedness is also high, because the statistical association at the considered 
allele between an individual and those with whom it interacts is obviously high 
(altruists mostly interact with altruists, and selfish actors with the selfish). Inversely, 
if you decrease relatedness, groups that are more mixed will be created, and then 
the internal variance relative to intergroup variance will increase, which will decrease 
the intergroup competition (relative to intragroup competition).

So MLS and kin selection are exactly co-occurring: moreover, we see that they 
are the same process. Understanding each of them first relies on a specific parsing: 
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parsing trait groups, in the MLS approach; parsing indirect and direct benefits, in 
the kin-selection approach. What differs among them are the causally relevant (or 
at least explanatory) variables. In MLS, once the population is parsed into (trait) 
groups in competition, you have determined the selective process; in kin selection, 
the fitness values of each social trait are computed as the addition of direct and 
indirect benefits, according to Hamilton’s rule: the benefit of the social trait T of 
individual Y is mitigated by its relatedness r to the focal actor X. Understanding the 
process of kin selection therefore boils down to understanding how direct and indi-
rect benefits combine, and this in turn relies upon the way indirect benefits are 
distributed. But this, in the end, relies upon the distribution of relatedness, which 
therefore proves to be the crucial causal variable in the approach. But of course the 
causal variables in MLS and in kin selection are strictly correlated, because of the 
abovementioned equivalence between the intergroup-intragroup competitive dif-
ferential and the global change in relatedness. So most of the arguments used to 
choose between both approaches come down to concerns about mathematical trac-
tability: is it easier to track relatedness, or to parse individuals into competing 
groups? Most of the time it’s the former, which explains why it is kin selection that 
usually explains cooperation in social organizations (Queller & Strassmann 2007). 
Groups may be difficult to identify and track, especially, as mentioned previously, 
in the case of transitions where they are still emerging, making trait group structure 
rather opaque. Therefore, even if a kin-selection formulation can be reversed into 
a MLS one, specifying the relatedness is a more salient causal factor, more explana-
tory, and therefore a promising understanding of transitions should be elaborated 
in this way. Moreover, such a formulation puts individuality transitions immediately 
on a par with organizations such as colonies, which are often described in terms of 
kin selection for explaining social behaviors like workers’ sterility (Queller & Stras-
smann 2009; Reeve & Hölldobler 2007). Thus, in multicellularity and fraternal 
transitions in general, kin selection easily explains what is going on (since all basic 
individuals are kin). Population structure is explanatory, because in the end it struc-
tures the relatedness relationships in the populations: this is why the first character-
ization of transitions above, in terms of population structures, was not sufficient or 
too superficial, since it omitted the crucial role of relatedness, through which, within 
specific population structures, the focal actor with an altruist trait can receive indi-
rect fitness benefits. The explanatory role of fitness structure also highlighted above 
can be understood in light of the explanatory importance of the partition of direct 
and indirect fitness benefits.

Yet one could say that egalitarian transitions are left aside, because in their case 
there are no kin (because of species difference). To answer this, we must highlight 
a distinction between kinship and relatedness itself—until now synonymous—which 
will be crucial for the scope of the transitions theory. In the usual presentation of 
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Hamilton’s rule, we say that a social behavior X with a benefit b for the recipient Y 
and a cost c for the actor X evolves iff c< br, where r is the relatedness between 
actor and recipient, and relatedness r is supposed to be the degree of kinship. 
However, even if in many insect societies this is a correct approach for what happens, 
relatedness is not exactly kinship (see for instance Gardner, West & Wild 2011). 
What is relevant for the evolution of social behavior is the probability that the 
recipient is likely to have a prosocial behavior conditional on the focal actor being 
prosocial, which means, in other words, the probability that the recipient has the 
prosocial allele like the actor does.20 Relatedness is a measure of this probability, 
which concerns only the focal allele for the social trait—it is, more precisely, the 
probability that the recipient has the focal allele, in addition to the probability that 
for a random gene in a random individual in the population it is shared by the 
recipient. So relatedness does not concern the whole genome. Kinship measures the 
probability for whole genomes to be related; therefore, when the degree of kinship 
is high, this ensures a high degree of relatedness. But while closeness in genealogy 
is a cause of high relatedness, it is not relatedness itself—often it can be taken as a 
proxy for relatedness, because in many cases it is the reason why two individuals 
are highly related (statistical association at one locus derives from genome-wide 
statistical association). Yet in principle many causal processes can make for the same 
degree of relatedness.

So one has to distinguish between relatedness as the crucial causal factor for the 
evolution of prosocial behavior and genealogy as a possible cause for this related-
ness. West, Griffin, and Gardner (2007) call narrow kin selection the type of kin 
selection in which genealogy causes the relatedness; this makes room for broad kin 
selection, a mode of kin selection that relies on a relatedness obtained by any means, 
not exclusively genealogy. A possible mechanism of broad kin selection is the so-
called greenbeard mechanism, by which a gene related to a locus with a prosocial 
allele (Gardner & West 2010) increases in frequency when prosocial behaviors are 
precisely directed toward carriers of this allele. As these authors describe it, there 
are four varieties of greenbeards mechanism,21 depending on (a) whether the green-
beard genes are harming or helping the greenbeards, and (b) whether the prosocial 
allele is discriminative, or indiscriminative but more beneficial to greenbeard recipi-
ents. Greenbeards are more likely to be found in microorganisms, they say, because 
the evolution of cheaters seems to happen more frequently in higher organisms.  
In fact, one instance of greenbeard has been found playing a role in the transition 
of slime molds to multicellular life (Queller, Ponte, Bozarro, & Strassmann  
2003), which supports my case for understanding transitions in terms of broad kin 
selection.

In any case, the difference between relatedness as a causal variable for prosocial 
behaviors and genealogy as a frequent and possible explanation for relatedness 
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leads us to expand the scope of kin selection regarding the explanation of transitions. 
Egalitarian transitions are processes whereby genetically heterogeneous popula-
tions produce a higher-level collective individual. Narrow kin selection can’t happen 
in such a mixed population because the basic individuals are unrelated. How-
ever, there can be a statistical association at a focal locus, and therefore relatedness 
in general can be computed, even though genealogy does not play a role. To this 
extent, mutualisms have been conceived of in terms of broad kin selection (Foster 
& Wenseelers 2006), which contradicts the received view, according to which intra-
species altruism comes from kin selection whereas interspecies altruism (i.e., mutu-
alism) comes from reciprocal altruism (Trivers 1971) or something else (“strong 
reciprocity,” etc.). In this sense, egalitarian as well as fraternal transitions at each 
level could be viewed in terms of broad kin selection: population structures are  
such that the most related individuals interact with each other, so that the first  
stage of the transition (i.e., the socioclustering of individuals helping each other) 
can occur.

Rethinking I-Adaptations

Broad kin selection offers a very general framework: it includes both selection medi-
ated by genealogy (i.e., narrow kin selection) and greenbeard phenomena, as well 
as multilocus population genetics, because basically one can see a population of 
genomes at many loci as a set of genes structured by relations of relatedness and 
hitchhiking (Gardner, West, & Barton 2007). Thus, essentially the same processes of 
selection yield the dynamics of gene frequency evolution in these three cases. In this 
framework, evolutionary transitions are a particular class of phenomena character-
ized by the emergence of new levels to which fitness can be ascribed, but, in terms 
of their internal dynamics, don’t require other causal factors than the usual evolu-
tionary dynamics: fitness, relatedness, heritability.

Now, given that the dynamics of gene frequencies under broad kin selection can 
always be formulated in terms of inclusive fitness, viewing all the transitions, egali-
tarian as well as fraternal, in terms of broad kin selection allows one to describe all 
these processes in terms of inclusive fitness. Inclusive fitness is not, here, a property 
of organisms only, it is a property of basic individuals (genes, chromosomes, organ-
isms, etc.); at each level of the transition, they can be ascribed inclusive fitness. This 
will allow for an account of I-adaptations in transitions.

Let’s first consider the case of one I-adaptation in multicellular organisms, namely 
apoptosis, or directed cell suicide. Cells harboring the apoptosis mechanism (Durand 
et al. 2011) may not have the highest fitness. However, precisely because they can 
enhance the spreading of cells statistically associated with them on the apoptosis 
focal allele, this mechanism clearly increases the indirect benefit of cells having this 
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trait. A simple test for this consists in imagining that one cell mutates into an 
apoptosis-likely cell: it may reduce its life expectancy, but at the same time, because 
it creates new opportunities for the cell to which it is related, it gains indirect benefits 
which can overcome the loss of direct benefit. Therefore, the highest inclusive fitness 
is for the cells likely to undergo apoptosis even against their own survival value,  
and then the apoptosis can be considered as an adaptation in the currentist  
sense, to the benefit of those apoptotic cells. This reasoning has been developed  
by Reece, Pollitt, Colegrave, and Gardner (2011) for apoptosis in prokaryotes:  
in order to decide whether it is an adaptation, one has to check whether apop-
tosis increases in frequency when prokaryote strains are parasites in competition  
in the same host (as compared to cases where there is only one strain)—which  
would mean that apoptosis results from natural selection because it yields indirect 
benefits.22

Hence, from the viewpoint of indirect benefits adopted here, it is the basic indi-
viduals who benefit from the adaptation, and thereby they become the highest 
inclusive fitness variants. As a consequence, generalizing this example of apoptosis 
as an I-adaptation in multicellularity, I-adaptations are the traits of the highest-
inclusive fitness basic individual’s variants. In any transition the beneficiaries of an 
I-adaptation are these basic individuals, whose inclusive fitness is increased by it; 
given that relatedness is computed in terms of statistical association with a focal 
allele related to the I-adaptation, the set of beneficiaries can also be, as in egalitarian 
transitions, composed of heterogeneous (species-different) individuals.

The view advocated here comes close to the characterization of group adaptations 
by Gardner and Grafen (2009), even though their project—namely, determining,  
in the framework of Grafen’s “formal Darwinism,” (a formal understanding of 
natural selection), which kind of collectives can constitute a group likely to carry 
adaptations—is quite different from mine. They write: “Insights into the evolution 
of mechanisms of conflict resolution may be provided by inclusive fitness theory. For 
example, worker policing in honeybees may be understood in terms of adaptation 
at the level of the individual worker, motivated by nepotistic interests that need not 
coincide with the best interests of the colony” (2009, p. 9, my emphasis).23 However, 
the difference of projects entails important divergences. Gardner and Grafen (2009) 
argue that only groups in which internal selection has been suppressed can carry 
adaptations, because it makes them likely to fulfill the analogies of the “maximizing 
agent analogy,” which characterizes selection as an optimization process. This means 
that only clonal groups, with no possible conflicts, or (but less reliably) groups with 
repression of internal competition, and hence with equal fitnesses between members, 
are likely to carry adaptations. For this reason, they write: “Mechanisms of conflict 
resolution are a cause, rather than a consequence, of group adaptation. This suggests 
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that phenomena, such as punishment, policing and high genetic relatedness, cannot 
be understood as group adaptations” (2009, p. 9, my emphasis). However, the per-
spective adopted here is rather complementary; the I-adaptations studied are pre-
cisely these adaptations—for example, mechanisms for suppressing competition  
or ensuring clonality (such as multicellular organisms’ bottlenecks)—which indeed 
cause groups to be individuals likely to carry adaptations. All the adaptations of the 
group, after these I-adaptations occurred, have these as conditions, and Gardner and 
Grafen (2009) were inquiring about precisely the ability to carry such adaptations. 
Thus there is agreement on the fact that some features (that I term I-adaptations) 
are causing the ability of some groups to become adaptation-carriers. Gardner and 
Grafen (2009) don’t call them adaptations (since adaptations come afterwards), 
which reflects the fact, questioned in the present paper, that their status as adapta-
tions is unclear. Whereas they questioned why the groups initiated by I-adaptations 
were particular entities (and they answered it through the fulfillment of formal 
Darwinism clauses), I inquired about the nature of I-adaptations. Given that I- 
adaptations buffer the group, as sociocluster, against being dismantled by internal 
selection, all I-adaptations seem to ensure to some extent this repression of competi-
tion that, according to Gardner and Grafen, makes groups likely to carry adapta-
tions. Yet, since the equality of fitnesses is less efficient against fitness fluctuation 
than the identity of genotypes, many of these I-adaptations may not be efficient 
enough to provide the group with the fitness homogeneity required by Gardner and 
Grafen (2009) to fulfill the “group as maximizing analogy” and then become a 
carrier of group adaptations in their sense. The bottleneck as I-adaptation obviously 
does it, but other I-adaptations such as the cell membrane may not. Given their 
requirements, Gardner and Grafen have, for example, to say that division of repro-
ductive labor “does not equate to the emergence of a superorganism” (Gardner & 
Grafen 2009). In this, they agree with Queller and Strassmann (2009), who argued 
that cooperation, such as division of labor, does not entail lack of conflict. The fact 
or potentiality for conflict, for Gardner and Grafen (2009), means the non-equality 
of fitnesses (and non-clonality), which prevents the group from being seen as an 
organism. Inversely, Queller and Strassmann (2009) take the same argument the 
other way round and claim that conflict and competition do not have to be expelled 
from the definition of organismality, as indicated above. However, notwithstanding 
the option chosen, the issue raised by the specific nature of I-adaptations is still 
pending, and therefore the solution suggested here is still valid.

The final section, below, will develop my characterization of I-adaptation in terms 
of a currentist, inclusive fitness–based view of adaptation, and on this basis propose 
a general framework for viewing transitions that would conciliate Queller and Stras-
smann’s liberality with organisms, and Gardner and Grafen’s (2009) rigor regarding 
the number of groups likely to carry adaptations.
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Consequences: Confronting Cluster Evolution with the Theory of Adaptation and 
Individuality

To summarize: an evolutionary transition is a two-stage process. The first stage is a 
clustering of basic individuals into proto-collective individuals (socioclusters), due 
to population structure effects that allow broad kin selection to associate pro-social 
individuals. The second stage is the maintenance of a trait in the population, through 
a set of I-adaptations establishing new collective individuals as units of fitness; 
therefore I-adaptations have to be understood according to the currentist concep-
tion of adaptation, yet phrased in terms of inclusive fitness.

If we consider the maintenance vs. origin partition of evolutionary questions, the 
origin question seems to concern the first stage, socioclustering of basic individuals 
(see the first section, above). But given that evolutionary transitions are about the 
first emergence of new units of fitness, it is not clear whether the I-adaptations 
couldn’t be counted among what constitutes the origins of new individuals. So in 
this precise case, interestingly, the origin and the maintenance questions are overlap-
ping. Below, I develop now the consequences of such an overlap for the question 
of the nature of adaptations in ET.

In fact, the issue of the nature of adaptation is incompletely solved by the cur-
rentist concept framed in terms of inclusive fitness as above. What prevented the 
historical concept of adaptation from being applied here was that even though the 
selection story seemed to be about the basic individuals when phrasing the selection 
in terms of extended phenotypes, they themselves did not benefit from the adapta-
tion, but only the emerging individuals did (the second section of this chapter 
above). However, in the inclusive-fitness view, clearly the basic individuals, who 
undergo selection, are also the ones that benefit from the adaptation. Therefore, it 
is possible to say that I-adaptations result from selection, so that now they fall under 
the historical concept of adaptation. Extending the notion of fitness benefit, indeed, 
is what made the historical notion applicable. Thus, interestingly, the I-adaptations 
can be adaptations in both the historical and the currentist sense, and this is because 
they can simultaneously be viewed as an answer about a maintenance question, and 
as an answer about the origin of some units of fitness in the first place. This latter 
project is particularly undertaken when one questions the order in which the set of 
I-adaptations emerged in a given transition, and whether the order has been the 
same for each clade or not.

To be more precise, these two questions, maintenance and origin, do not pertain 
to the same timescale: asking why the socioclusters as such are buffered against 
being dismantled by selection for cheaters is indeed relative to a short timescale, 
since what is relevant here is the arising of mutants among the basic individuals, and 
mutation rates can be microevolutionary variables. What about asking for the origin 
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of socioclusters turned new individuals? When one considers empirically the occur-
rence of evolutionary transitions, which happen in a large phylogenetic scale, the 
origin of new kinds of individuals seems to belong to the realm of macroevolution 
rather than to the scope of microevolution. Actually, given that the microevolution-
ary scale is defined by a restricted range of environmental and mutational changes, 
and that, inversely, the origin of new forms of individuality is defined by the fact 
that the very notion of fitness changes for the basic individuals, it seems that the 
scale of the origin question is rather macroevolutionary, because here we overcome 
the restricted range of changes. Hence, questioning either the origin or the mainte-
nance of new individuals clearly belongs to two different timescales; given that 
I-adaptations provide answers for these two kinds of questions, their nature— 
historical on the one hand, currentist on the other hand—has to be understood in 
terms of such difference between timescales. Finally, the same I-adaptation will be 
an adaptation either in the currentist sense or in the historical sense, depending 
upon the timescale according to which one frames the study of the evolutionary 
transition.

Consequence 1: Transitions, Generalized

However, if we set aside these I-adaptations and consider the process of transi-
tions preceding the point where we have to raise the maintenance question,  
the socioclustering of individuals and the processes leading to proto-collective  
individuals are the same processes that produce collective organizations such as 
packs of wolves or wasp colonies (which we do not necessarily consider as units of 
fitness): namely, processes like broad kin selection and population structure effects 
that lead to organized wholes having a common fate regarding some selective pres-
sures. So in this first transitional stage, we may witness lots of socioclusters as proto-
individuals composed of basic individuals whose fitness values are correlated. Then, 
with the I-adaptation, the new individuals get fitness of their own: cells with a  
membrane can be counted instead of counting chromosomes, and bottlenecked 
multicellular organisms are obvious units of fitness since their offspring can be easily 
counted.

To this extent we can draw some general pictures of transition processes. Rankin, 
Bargum & Kokko (2007) distinguished between the “complete” tragedy of the 
commons, by which a collection of basic individuals gets washed away by the tragedy, 
namely by the incentives to overconsume a public good—and “component trage-
dies,” by which a collection of individuals facing a tragedy does not become extinct, 
but organizes itself in a way that prevents the tragedy from driving it to extinction. 
In this way, many groups sharing a public good can be characterized by the way they 
are maintained against a tragedy of the commons. The authors identify three main 
ways: diminishing returns in regard to exploiting the public good, (narrow) kin  
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selection, and coercion. Parallel to this difference, in our context we could distin-
guish between “complete” and “component” transitions: the complete ones occur 
when an I-adaptation establishes new units of fitness; the component ones are such 
that socioclusters have some common fate because of associated fitness values, but 
don’t get to an I-adaptation. Thus, their cohesiveness is not reliable through time; in 
other words, the basic individuals have not given up a possible independent fate, 
which may, for example, burst out in the case of potential conflicts becoming actual, 
like what may happen in the bee species Melipona bees (Queller & Strassman 2009). 
Component transitions also include cases like that of Bacillus subtilis, in which 
socioclustering occurs, since these bacteria can form a single cohesive individual 
under conditions of rarefied resources: “Evidently, great populations of single swim-
ming cells . . . [use] hydrodynamic interactions to accomplish jointly the tasks neces-
sary for survival” (Solari, Kessler, & Goldstein 2007). In this case, no I-adaptations 
ensures that this compound will go on reproducing as one piece.

Moreover, if you also consider the distinction between egalitarian and fraternal 
transitions, you get a four-entry table distinguishing the types of transitions (see 
table 7.1). (Notice that a third dimension of the table would be the kind of processes 
producing I-adaptations, and the explanations thereof.) An example of egalitarian-
component transition would be the fig-(pollinator) wasp mutualist system, because 
even though a common fate has been reached because of mutual dependence for 
reproduction, alignment of reproductive interests between wasps and figs is not 
wholly present, as described by Herre, Knowlton, Mueller, and Rehner: 

Although in the long term the two mutualists depend completely upon one another, their 
reproductive interests are not identical. The fig benefits both from the production of viable 
seeds and from the production of female pollinator wasps that will potentially transfer the 
tree’s pollen to produce seeds in other trees. The wasps benefit only from the production  
of offspring (that necessarily come at the expense of approximately 50% of the potentially 
viable seeds). (1999, p. 49)24

Table 7.1
The Four Kinds of Transitions

Complete transition Component transition

Fraternal Transition toward multicellular 
organisms

Colony of Melipona bees (high level of 
potential conflict makes them different from 
organisms; see Queller & Strassmann 2009)
Bacillus subtilis bacteria

Egalitarian Transition toward eukaryotic cells 
(mitochondria as symbionts)
Termite mounds Macrotermes 
(Turner 2000)
Lichens

Some fig-pollinator wasp mutualisms
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Nevertheless, there is still an issue about the discontinuities between complete 
and component transitions, because one could say that there are often several 
I-adaptations needed to establish genuine individuals (think of what multicellular 
organisms required), and therefore that individualized socioclusters can be more  
or less new kinds of individuals according to the number of I-adaptations they 
need. Complete transitions with several I-adaptations, for example, have chances  
to possess a very reliable set of competition repressors, and therefore qualify as 
organisms in Gardner and Grafen’s terms. Recently, biologists have discussed the 
possibility of naming some organizations “superorganisms” (after Sober & Wilson 
1989), addressing the question of what an organism is in an evolutionary perspective, 
and how “superorganisms” are a distinct form of organism (Strassmann & Queller 
2007, 2010; Queller & Strassmann 2009; Pepper & Herron 2008; Reeve & Hölldobler 
2007; etc.). In this context two positions are possible, corresponding to the two 
attitudes regarding group adaptations sketched above (Gardner & Grafen 2009; 
Queller & Strassmann 2009):

a. One can argue that to be an organism is to fall under a specific concept, and 
define superorganisms in a rigorous way by comparison with organisms (Gardner 
& Grafen 2009 take this option, since they define the “group as maximizing agent” 
in analogy with the “individual as maximizing agent,” the organism being the indi-
vidual)25; or

b. One can just say that things are more or less organismal, depending upon the 
number of organismal features they present (contiguity, functional coherence, etc.), 
so that the real issue is to which degree something is an organism, “superorganism” 
becoming therefore a dispensable concept: “If superorganism is meant to highlight 
the common features of high cooperation, low conflict and unanimity of action, why 
reserve that term for the top level only?” (Queller & Strassman 2009, pp. 3, 148).

If one accepts that complete transitions are always a matter of degree, degrees 
being defined by number of I-adaptations, the transitions presented in table 7.1 
would be an argument in favor of the continuist stance regarding organisms to which 
(b) is committed. When types of new individuals as the result of complete transitions 
differ from one another in terms of degree of individuality, then clearly “multicel-
lular organism,” as a result of one frequent major transition (Grosberg & Strath-
mann 2007), is also a concept which comes by degrees; hence, the continuist thesis 
about organismality is right. However, it is not correct for reasons having to do with 
what organisms are, but rather for reasons having to do with what individuals in 
general are, as resulting from a variety of different processes listed as evolutionary 
transitions.
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The last consequence of this view of transitions is that we switch from a very 
coarse-grained view of evolution, where very few transitions occurred and created 
the set of evolutionary individuals we now have, to a finer-grained view, where many 
transitions have happened and are happening in several lineages, producing a mul-
tiplicity of distinct forms of transient individuality. This is in line with the picture of 
individuality suggested by Queller and Strassman (2009), who write (even though 
“organismality” in their phrasing corresponds to individuality here): 

“Evolution does not work by major transitions alone. If evolution occasionally 
crafts new organismal alliances that are truly transformational, it seems likely that 
it will much more frequently craft new organismal alliances that are not necessarily 
revolutionary in the history of life, but organismal nevertheless.26 And if we want to 
understand the evolution of organismality, we should pay attention to the examples 
that are recent, to the ones that are unconventional and even to the ones that are 
incomplete.” (Queller & Strassman 2009, p. 3151)

Consequence 2: Adaptation, Generalized

The second consequence is about the concept of adaptation. If, in the case of  
complete transitions with their I-adaptations, adaptation is both a historical and a 
currentist concept—since the question is in the same time a maintenance and  
an origin question—we can reconsider the debates about pluralism regarding 
adaptations.

What Reeve and Sherman (1993) emphasized is that adaptation ascriptions are 
not always historical; these authors may be wrong in that the meaning of such ascrip-
tions is ultimately historical, but they have a point in indicating that at least their 
supporting data are not. Thus, what appears with complete evolutionary transitions 
is, first, that the two adaptation concepts cannot be reduced to one another, because 
in this case the same I-adaptation indeed falls under both concepts, but for two 
distinct reasons. So here pluralism cannot be interpreted in terms of a derivation 
between a metaphysical concept of adaptation (history) and a more epistemological 
concept (current fitness maximum), an interpretation which was prima facie tempt-
ing regarding the most common cases. Second, the complete transition is like a limit 
case where maintenance and origin fuse; here, the two concepts of adaptation actu-
ally overlap, but it seems to be the only case. Then, after a complete transition, and 
in the domain defined by the kind of individuality it yielded, issues that are either 
of maintenance or of origin lead biologists to ascribe adaptations either in the cur-
rentist or in the historical sense, depending upon the timescales implicit in their 
framework. As a result, the complete transition is a sort of nodal point for adapta-
tions: it defines a level where the two kinds of adaptation are juxtaposed and where 
afterwards many adaptations can evolve, as traits of this individual defined by  
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such transition—adaptations which will be either historically or currently defined. 
Thereby, the complete transition appears like a singularity, where the two concepts 
of adaptation can be at once concurring, when I-adaptation defines a new level of 
possible adaptations; and then the new, evolving adaptations will likely be either 
currentist or historical adaptations, so that the two meanings can once again diverge.

The last suggestion of this paper is therefore that the completion of a transition 
displays a sort of necessary superposition of the two natures of adaptation and how 
they relate to individuals. Far from challenging the very concept of adaptation, the 
I-adaptations, which achieve transitions and make up new individuals, reveal some-
thing deep about the pluralistic and coherent structure of the biological concept of 
adaptation.

Conclusion

As a process of emergence of individuals as units of replication and fitness, evolu-
tionary transitions raise challenges to the canonical notions of evolutionary  
theory—especially selection and adaptation. Even if the MLS lexicon is handy for 
understanding what is going on there, I argued that a more deflationist way of 
putting it can account for transition processes, and especially their first part, the 
emergence of a sociocluster. Under such a perspective I considered the nature of 
these I-adaptations, which are supposed to finally establish socioclusters as individu-
als in the second phase of a complete evolutionary transition. I used the theory of 
inclusive fitness, as related to kin selection, to account for any kind of transition,  
be it fraternal or egalitarian, because relatedness is a measure not reducible to the 
genealogical causes of relatedness. This formulation of the complete transitions 
allows one to make sense of I-adaptations as currentist adaptations, in the sense 
employed by behavioral ecology. But, lastly, the specific status of emerging individu-
als, or socioclusters turned into units of fitness by I-adaptations, implies that these 
adaptations can simultaneously be seen historically—since they are also the answer 
to specific origin questions in the timescale of macroevolution.

Therefore, this examination of adaptations within transitions leads to a new 
assessment of pluralism regarding adaptations in biology. Both historical and cur-
rentist concepts are legitimate and irreducible, but can be conflated in the case of 
complete transitions. It also offers a new generalized picture of transitions, which 
can be more or less complete depending of the sequence of I-adaptations that are 
involved in the making of an individual unit of fitness. The idea that one can estab-
lish a general table of transitions—complete and component ones—supports this 
perspective: individuals are what emerge within these processes of transitions, in 
their two stages characterized here. Therefore, there are degrees of individuality, and 
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these degrees can be interpreted in terms of transient individuality. Socioclusters  
in component transitions are transient individuals; only individuals resulting from 
complete transitions are definitive individuals, and for this reason they can be units 
of fitness.
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Notes

1. Or heritability (Lewontin 1970), but this amounts to the same consequences regarding my point.

2. For an attempt to justify the notion of emergence here, see Huneman (2008).

3. An example of this could take this form: take a single clonal organism having one offspring, and 
another one having two younger offspring, resulting in a lesser total sum of cells—the cell counting will 
not give you the organisms’ fitness.

4. I rely here on the classification of social behaviors according to the repartition of their benefits in 
West et al. (2007).

5. It could then be argued that there is only a difference of degree between a transition and the estab-
lishment of particular social organization, a claim that concerns the question of whether organism means 
a specific class of entities (Grafen & Gardner 2009) or a continuum of possible levels of integration 
(Queller & Strassmann, 2009; Reeve & Hölldobler, 2007). This question is not debated here, but is 
touched on at the end of this chapter.

6. This first stage of a transition, preliminary to the emergence of a group as individual, can often be 
understood in terms of conflict mediation, as Michod writes: “During the origin of each new kind of 
individual, conflict mediation is a necessary step, otherwise new adaptations at the new level cannot 
evolve, for there is no clearly recognizable (by selection) unit, no individuality. The evolution of conflict 
mediation is necessary for adaptation at the new level” (1999, p. 35).

7. “Before the evolution of a structure comes to ‘house’ the new higher-level unit (and this must come 
later), interactions among lower-level units are density- and frequency-dependent, and, therefore, there 
will be problems with rarity and advantages to commonness” (Michod 1999, p. 35).

8. This relevance of population structure to the evolution of cooperation has been emphasized by 
Godfrey-Smith (2009), who shows that different population structures give rise to different outcomes in 
cases of multilevel selection.

9. Godfrey-Smith (2009) inquired about the consequences of different population structures for multi-
level selection in transitions.

10. For example, see Michod (1999, p. 72) cited above.

11. To go on with this claim, we should specify in more detail what “environment” is, and the environ-
ment of what. For Fisher, the point of Darwin’s theory was ultimately to provide an explanation of 
adaptation and adaptedness (Gardner 2009); hence this examination of what environment means should 
wait until we have reassessed what adaptation is in the context of ET.

12. See Pradeu (this volume) for an assessment of the claim that the immune system is an I- 
adaptation.

13. Understanding this order, and the weight of each I-adaptation in several parallel transitions, will 
allow one to assess the claim recently made by Conway-Morris (2011) that evolutionary transitions to 
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multicellularity are another case of evolutionary convergence (the same selective reason for one trait in 
several lineages), which supports the thesis of a large-scale predictability of evolution.

14. See below for a discussion of Gardner and Grafen (2009).

15. There are many debates about whether selection is the cause of traits or not, being only explanatory 
(e.g., Walsh 2007), or whether it causes the traits themselves (Neander 1995) or only their spreading.  
I don’t take a stance on these issues here, which basically don’t affect the problem I’m dealing with.

16. Which is reactualized by Queller and Strassmann: “Adaptations do tend to be strongly bundled into 
what we call organisms” (2009, p. 3144).

17. Note that Reeve and Sherman accept that “adaptation” is ascribed to traits at first stake.

18. Or as niche-constructed (Odling-Smee, Laland, & Feldman 2003), or as a public good (especially in 
microbes; Brown & Johnstone 2001). But for our concern here, these approaches are identical.

19. Relatedness is considered below. It is, between two individuals, a statistical association at the locus 
under consideration. Proximity in kinship, increasing the similarity between genomes, increases ipso facto 
relatedness.

20. There is an issue here about interpreting whether (1) the probability of the recipient having the 
prosocial allele is relevant because it is likely to return benefits to the focal actor, or whether (2) it is 
crucial, because then the offspring of the recipient will be related to the focal actor so indirect fitness 
benefits for the prosocial allele will increase. The first position (1) involves an approach in terms of what 
Hamilton called “neighbor-modulated fitness,” now called the “direct fitness “approach” (e.g., Taylor & 
Frank 1996), where one considers a focal recipient (whereas inclusive fitness considers a focal actor) and 
computes her fitness in terms of the benefits the trait provides to herself, and the benefits provided to 
her by the other actors, mitigated by the relatedness. The latter position (2) involves the inclusive fitness 
approach, because one counts the indirect benefits as the descendants of the recipients affected by the 
trait, mitigated by the relatedness. The two approaches are mathematically equivalent (Taylor, Wild, & 
Gardner 2007) most of the time; one can still wonder whether they are causally equivalent, but this issue 
is left aside (but see Martens, unpublished data, 2012.). I rely here on the inclusive fitness approach, and 
note that their difference, when one considers which causal variables play a role, stands at a finer grain 
than the difference between kin selection and MLS.

21. The initial idea was exemplified by Dawkins (1982): let’s suppose an allele that codes for a greenbeard 
in individuals, but also allows its carrier to recognize greenbeards and stimulate an altruistic action.

22. “If apoptosis is a cooperative trait, it will be more frequent in infections in which parasites are geneti-
cally related, to ensure that those undergoing apoptosis provide a benefit to their kin. In genetically 
diverse infections, parasites have no fitness interest in paying the cost of apoptosis to benefit non-kin; 
undergoing apoptosis in a mixed infection may therefore represent a serious error, because competitors 
will benefit from the sacrifice.” (Reece et al. 2011, p. 1).

23. To understand a sketch of Formal Darwinism with its application to the issue of group adaptation 
and group selection, see Gardner, this volume, box 4.

24. In contrast, another mutualist pair, the yucca-moth system, does not even seem to qualify as a transi-
tion, since here this common reproductive fate instantiated by the fig-wasp systems does not occur. In 
the latter, “the reproductive interests of individual female wasps are much more closely linked to their 
host than is the case with the moths, because the wasps tend to be trapped within the inflorescence they 
pollinate. Moreover, the female wasp offspring will carry pollen from the inflorescence in which they 
developed. In contrast, moths can pollinate and lay eggs in several different flowers, and their offspring 
are unlikely to provide the additional pollination service because they drop to the ground and emerge 
as adults much later. The difference between the figs and yuccas in the degree to which their interests 
coincide with their partners is probably reflected in the much higher proportion of the fig seeds that 
support development of wasp offspring compared with the proportion of yucca seeds that support the 
development of the moth offspring” (Herre et al. 1999, p. 49).

25. See Haber, this volume, for two definitions of superorganisms, among which is the organismic 
comparison.

26. This “revolutionary”/”non-revolutionary” distinction corresponds to my “complete” vs. “component” 
transition difference.
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