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Social Continuum

Solitary Eusocial
Advanced 
Subsocial Parasocial

•Single family group.
•Generational overlap.
•Cooperative brood 
care.

•No cooperation
•No parental care.
•Interact only to 
mate. 

•Same generation 
adults in common 
nest.
•Communal = nest 
sharing but no 
common brood care.
•Semisocial = 
cooperative brood 
care, reproductive 
castes, many 
reproductives.

•Cooperative brood 
care.
•Reproductive division 
of labor.
•Overlap of 
generations.



Why Be Social?

Costs Benefits
More conspicuous to predators. Predator defense via dilution effect/mutual 

defense.
Disease and parasite transmission 

increases.
Receive assistance from others in dealing 

with pathogens.

Increased compeitition for food. Improved foraging.

Energy expended in determining and 
holding social status.

Subordinates granted permission to stay in 
group.

Greater male vulnerability to cuckoldry. Some males may cuckold others.

Greater female vulnerability to 
reproductive interference by others.

Opportunity to interfere with reproductive 
efforts of others.



Why Be Social?

• Direct benefits ...



Darwin’s One Special 
Difficulty

• I ... will confine myself to one special 
difficulty, which at first appeared to me 
insuperable, and actually fatal to my whole 
theory.  I allude to the neuters of sterile 
females in insect communities: for these 
neuters often differ widely in instinct and in 
structure from both the male and fertile 
females, and yet from being sterile they 
cannot propagate their kind.
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The Study of Social 
Behavior• Founding fathers of animal behavior (e.g. 

Tinbergen, Lorenz, von Frisch)

• Control and development of behavior.

• Animal ecologists (e.g. Lack, Skutch)

• Regulation of population density.

• Population geneticists (e.g. Fisher, Haldane, 
Williams)

• Operation of natural selection and the evolution 
of genetic systems.



Group Selection

• A tribe including many 
members who ... sacrifice 
themselves for the common 
good would be victorious 
over most other tribes.



Territoriality

• Lack (1954)

• Population dynamics in 
birds.

• Territoriality regulates 
population density.



Group Selection

• 1962 - Wynne-Edwards

• Populations/groups have 
characteristics of their own which are 
lacking in individuals - these can only 
have evolved through group selection.

• Interests of group often conflict with 
those of the individual.  When this is 
so, group selection overrides individual 
level selection.
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Group Selection
• Populations/groups have characteristics of 

their own which are lacking in individuals - 
these can only have evolved through group 
selection.

• Interests of group often conflict with those of 
the individual.  When this is so, group 
selection overrides individual level selection.

• Group selection operates through success 
and failure of entire groups.

• Groups are localized and persistent through 
time, reducing intergroup gene flow.

• 1962 - Wynne-Edwards



Group Selection

• How does a social trait appear and 
evolve in a selfish group?



Group Selection

• He who was ready to 
sacrifice his life .... would 
often leave no offspring to 
inherit his noble nature.



Group Selection

• What would happen if a few selfish 
individuals migrated into a cooperative 
social group?
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Group Selection

Natural Selection Requires
Individuals more than 

groups have.

Trait to be heritable.
Correlation between traits 
and reproductive success.

Variation of trait in 
population. Gene variation in a trait.

Differential survival.
Greater variation in 

reproductive success.



Group Selection
• Rate of natural selection depends on : 

(individual level selection)

• Strength of selection pressure

• Generation time

• Shorter generation time.

• More individuals.

• Greater number of incidents of selection.

• Amount of variation existing in the population 
already.
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Group Selection
• Rate of natural selection depends on:    

(individual level selection)

• Strength of selection pressure

• Generation time

• Shorter generation time.

• More individuals.

• Greater number of incidents of selection.

• Amount of variation existing in the population 
already.

• Migration.



Group Selection
• Social behaviors that Wynne-Edwards 

mentions can be explained through 
individual level selection.62 D. R. Norris and others Seasonal interactions in a migratory bird
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Figure 2. Predicted (a) number of young fledged (circles),
(b) nest fledging date (squares) and arrival date (diamonds)
for adult male (grey) and female (white) American redstarts
as a function of hypothetical shifts in winter habitat
occupancy. Ranges of δ13C values (x-axis) from the four
different winter habitats are based on samples taken from
redstarts at three different locations on the wintering
grounds (Jamaica, Honduras and Belize; Marra et al. 1998;
P. P. Marra, unpublished data). Starting values on the left in
black were chosen to represent individuals originating from
the highest-quality winter habitat (number of young fledged,
5; fledging date, 15 June; male arrival date, 5 May; female
arrival date, 15 May). Subsequent changes in the variables
( y-axis) are based on the TEs of δ13C on each variable
calculated from the path analysis (figure 1), where path
coefficients were converted to the units of each variable.

The female path model was also an excellent fit com-
pared with predicted values (!2 = 0.09, d.f. = 1, p = 0.76;
figure 1b). In contrast to the situation in males, δ13C did
not influence arrival date, although arrival date directly
affected fledging date. δ13C positively influenced fledging
date and, as in males, fledging date negatively affected the
number of young fledged. This resulted in a large IE of
δ13C on the number of young fledged ("0.31; table 1).
When the first-egg date was substituted for arrival date

Proc. R. Soc. Lond. B (2004)

(see § 2c), the results were almost identical: the main cau-
sal pathway remained from δ13C to fledging date and from
fledging date to number of young fledged (!2 = 0.37,
d.f. = 1, p = 0.54).

For adult males, the winter-habitat model predicted a
maximum change of one offspring (figure 2a) and a shift
in fledging date of approximately one week (figure 2b).
Depending on the winter habitat type occupied, arrival
date shifted by a maximum of two weeks, a large differ-
ence given that more than 80% of males arrive within a
three-week window during the month of May.
Importantly, the model also predicted that males originat-
ing from the poorest-quality winter habitat would arrive
several days later than females. As is the case with most
species of migratory birds, the advantage of early arrival
in males is high (Lozano et al. 1996; Hasselquist 1998).
Early-arriving males pair earlier (2001: r2 = 0.128,
p = 0.045, n = 32; 2002: r2 = 0.09, p = 0.107, n = 29) and
mate with females that have depleted δ13C values
(2001/2002 combined: r2 = 0.20, p = 0.037, n = 22) sug-
gesting that males may enhance their own reproductive
success by pairing with females from high-quality winter
habitat.

Based on the winter-habitat model, females originating
from high-quality habitat were predicted to produce two
additional offspring (figure 2a) and have a fledging date
of almost one month earlier (figure 2b) compared with
females from low-quality habitat. Such changes are highly
important considering that redstarts raise single broods,
lay clutches of only three to five eggs per season (Sherry &
Holmes 1997) and have a nesting season of only about
two-and-a-half months in duration. A change in fledging
date by a month would probably have major consequences
for the ability of parents to feed fledglings prior to depar-
ture on autumn migration.

Unlike the case for males, winter habitat quality for
females did not influence arrival date on the breeding
grounds (figures 1b and 2b). The trade-off between early
arrival and survival is likely to be different between the
sexes. Whereas reproductive success in males appears to
be tightly linked to arrival date, all females are likely to
obtain mates and breed (Marra & Holmes 1997), regard-
less of their arrival date on the breeding grounds. In years
where temperatures are low during early spring migration,
females may delay departure from the wintering grounds
and/or extend the migration period. Along the migration
route in the eastern USA (Maryland), average tempera-
tures between 15 April and 15 May were 2 °C colder in
2002 than in 2001 (Smithsonian Environmental Research
Center, unpublished data). Correspondingly, for females,
there was a significant relationship between arrival date
and δ13C in 2001 but not in 2002.

The findings reported here have important conse-
quences for understanding the dynamics of migratory ani-
mal populations. First, our study provides direct evidence
that the quality of tropical wintering habitat influences
reproductive success thousands of kilometres away on the
temperate breeding grounds and emphasizes the impor-
tance of conserving habitat throughout the annual cycle
of migratory animals. Second, events in one season are
thought to act as a regulatory mechanism (via density
dependence) against negative effects in the previous sea-
son (Fretwell 1972; Sutherland 1996). For example, the
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What About Altruism?



Wright

• Developed r (the 
measure of genetic 
relatedness)

• Built a group selection 
model of altruism.

• Never linked relatedness 
and altruism.



Wright
x

r = 0.5

r = 0.5 r = 0.5

r = (0.5 + 0.5) / 2



Fisher
• Nauseous flavors as 

defense 
mechanisms.



J.B.S. Haldane

• Would I lay down my 
life to save one 
brother?

• No! But I would to 
save two brothers or 
eight cousins.



J.B.S. Haldane

• Never formalized his 
thinking.

• Made no attempt to 
understand how 
natural selection 
might act to 
maximize rules about 
dispensing altruism 
among kin.
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Grounds for thinking that the model described in the previous paper 
can be used to support general biological principles of social evolution 
are briefly discussed. 

Two principles are presented, the first concerning the evolution of 
social behaviour in general and the second the evolution of social 
discrimination. Some tentative evidence is given. 

More general application of the theory in biology is then discussed, 
particular attention being given to cases where the indicated interpretation 
differs from previous views and to cases which appear anomalous. A hypo- 
thesis is outlined concerning social evolution in the Hymenoptera; but the 
evidence that at present exists is found somewhat contrary on certain 
points. Other subjects considered include warning behaviour, the evolution 
of distasteful properties in insects, clones of cells and clones of zooids as 
contrasted with other types of colonies, the confinement of parental care 
to true offspring in birds and insects, fights, the behaviour of parasitoid 
insect larvae within a host, parental care in connection with monogyny 
and monandry and multi-ovulate ovaries in plants in connection with 
wind and insect pollination. 

1. Introduction 
In the previous paper (Hamilton, 1964) a genetical mathematical model was 
used to deduce a principle concerning the evolution of social behaviour 
which, if true generally, may be of considerable importance in biology. 
It has now to be considered whether there is any logical justification for the 
extension of this principle beyond the model case of non-overlapping 
generations, and, if so, whether there is evidence that it does work effectively 
in nature. 

In brief outline, the theory points out that for a gene to receive positive 
selection it is not necessarily enough that it should increase the fitness of its 
bearer above the average if this tends to be done at the heavy expense of 
related individuals, because relatives, on account of their common ancestry, 
tend to carry replicas of the same gene; and conversely that a gene may receive 
positive selection even though disadvantageous to its bearers if it causes 
them to confer sufficiently large advantages on relatives. Relationship alone 

T.B. 17 2 



Kin Selection

• Direct Fitness

• Your own offspring.

• Indirect Fitness

• Your genes in the additional offspring of a 
related individual that were made possible by 
your actions.



Kin Selection

• Individuals help their kin.

• Because kin share a proportion of their genes the actor gains an indirect 
fitness benefit.

rB - C > 0
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Kin Selection

• Individuals in eusocial societies are no 
more related than those in simpler 
societies.

• Importance of indirect fitness benefits has 
often been overestimated.

• Importance of direct fitness benefits has 
often been underestimated.



Multi-Level Selection
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So What Is Going On?

Letters Response

There is nothing wrong with inclusive fitness

Kevin R. Foster1, Tom Wenseleers2, Francis L.W. Ratnieks3 and David C. Queller4

1 Center for Systems Biology, Harvard University, Bauer Laboratory, 7 Divinity Avenue, Cambridge, MA 02138, USA
2 Zoological Institute, University of Leuven, B-3000 Leuven, Belgium
3 Laboratory of Apiculture and Social Insects, Department of Animal and Plant Sciences, University of Sheffield, UK, S10 2TN
4 Department of Ecology and Evolutionary Biology, Rice University, MS 170, 6100 Main, Houston, TX 77005, USA

We thank Fletcher et al. [1] for their comments on our
recent TREE article [2]. These can be condensed down to
two key points. First, a change in the definition of altruism:
to claim that altruism can evolve without relatedness,
Fletcher et al have simply changed and broadened the
definition used by Wilson and Hölldobler [3] and ourselves
[2] to include reciprocal altruism. Second, the authors
argue that group selection preceded kin selection (i.e.
inclusive fitness) theory as a theoretical tool to explain
altruism in the social insects.We discuss both but note that
neither point weakens our article [2], or rescues the pro-
blems in that by Wilson and Hölldobler [3].

Shifting semantics
Recent work by Fletcher and Zwick [4] showed that the
altruism of insect workers, and reciprocal altruism, where
one individual helps another and gains a delayed repro-
ductive benefit, can both be modeled with a form of Hamil-
ton’s rule. We reached an identical conclusion in a recent
model of mutualisms that is also based upon a direct-
fitness version of Hamilton’s rule [5]. The central point
is that the delayed feedback benefit in reciprocal altruism
can be captured with a phenotypic correlation term, which
emerges in the same way as genetic relatedness. On this
basis, Fletcher et al. claim that altruism can occur through
a phenotypic correlation alone, without genetic related-
ness. However, this is only true if one changes the defini-
tion of altruism used by Wilson and Hölldobler [3], and
ourselves [2]: ‘Altruism is defined as behavior that benefits
others at the cost of the lifetime production of offspring by
the altruist.’ [3] Crucially, reciprocal altruism and the
related phenomena that occur in mutualisms [5] cause a
phenotypic feedback that benefits personal reproductive
fitness. We appreciate that it is unfortunate that the
nomenclature of both phenomena contain the word ‘altru-
ism’, but we were careful to define our terms and, as with
Wilson and Hölldobler [3], reciprocal altruism was not
being discussed.

Where does this leave us? We are happy to accept that
reciprocal altruism and mutualism can evolve without
genetic relatedness between actor and recipient [5]. This
much is obvious as partners in a mutualism need not even
be of the same species. However, an altruistic act that
decreases the lifetime reproduction of the actor will only be
selected when it increases propagation of the causal genes
through individuals that are related at one or more loci.

Which is the best: kin selection or group selection?
We view this as an empty question. There are three
different ways of partitioning social selection: (i) the inclu-
sive fitness extension of individual selection; (ii) the direct
fitness model of individual selection; (iii) and the within-
and-between group selection model [6,7]. Fletcher et al.
spend most of their time advocating the second (a form of
kin selection theory) but then conclude that group selection
is best [1]. In reality, all three models are important and
useful tools for investigating and modeling social evolution
and, if applied carefully, will give the same answers [6–8].

What about our deliberate focus on the contemporary
forms of these theories? Fletcher et al. emphasize that kin
selection was historically considered an alternative to
group selection [1]. This is fair enough, but there were
problems with early group selection theory [9] that were
not resolved until the models of D.S. Wilson [10] and Price
and Hamilton [11].

As for kin selection only being correct in so far as it
converges on group selection, it is revealing that no cita-
tions are offered for the latter. The reason is that group
selection theory, so far at least, has done little for the study
of social insects. If some hypotheses based on kin selection
have failed, then that is the price of applying the theory.
The positive side is that it has led to major insights on the
origin of eusociality, sex ratio evolution, worker laying and
policing, and caste conflict, many of which are supported by
a wealth of empirical data [12,13].

Instead of these attacks on kin selection, we encourage
group selection enthusiasts to provide new insights into
social insect biology. However, given that the different
theoretical approaches are compatible, we do not expect
these insights to contradict kin selection findings. Indeed,
it has long been known that group selection cannot explain
the strong altruism of insect workers without invoking
greater between-group genetic variance than can be
achieved through random assortment [14,15]. And which
ever way you slice it, this between-group variance means
that group members are related [6].
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We thank Fletcher et al. [1] for their comments on our
recent TREE article [2]. These can be condensed down to
two key points. First, a change in the definition of altruism:
to claim that altruism can evolve without relatedness,
Fletcher et al have simply changed and broadened the
definition used by Wilson and Hölldobler [3] and ourselves
[2] to include reciprocal altruism. Second, the authors
argue that group selection preceded kin selection (i.e.
inclusive fitness) theory as a theoretical tool to explain
altruism in the social insects.We discuss both but note that
neither point weakens our article [2], or rescues the pro-
blems in that by Wilson and Hölldobler [3].

Shifting semantics
Recent work by Fletcher and Zwick [4] showed that the
altruism of insect workers, and reciprocal altruism, where
one individual helps another and gains a delayed repro-
ductive benefit, can both be modeled with a form of Hamil-
ton’s rule. We reached an identical conclusion in a recent
model of mutualisms that is also based upon a direct-
fitness version of Hamilton’s rule [5]. The central point
is that the delayed feedback benefit in reciprocal altruism
can be captured with a phenotypic correlation term, which
emerges in the same way as genetic relatedness. On this
basis, Fletcher et al. claim that altruism can occur through
a phenotypic correlation alone, without genetic related-
ness. However, this is only true if one changes the defini-
tion of altruism used by Wilson and Hölldobler [3], and
ourselves [2]: ‘Altruism is defined as behavior that benefits
others at the cost of the lifetime production of offspring by
the altruist.’ [3] Crucially, reciprocal altruism and the
related phenomena that occur in mutualisms [5] cause a
phenotypic feedback that benefits personal reproductive
fitness. We appreciate that it is unfortunate that the
nomenclature of both phenomena contain the word ‘altru-
ism’, but we were careful to define our terms and, as with
Wilson and Hölldobler [3], reciprocal altruism was not
being discussed.

Where does this leave us? We are happy to accept that
reciprocal altruism and mutualism can evolve without
genetic relatedness between actor and recipient [5]. This
much is obvious as partners in a mutualism need not even
be of the same species. However, an altruistic act that
decreases the lifetime reproduction of the actor will only be
selected when it increases propagation of the causal genes
through individuals that are related at one or more loci.

Which is the best: kin selection or group selection?
We view this as an empty question. There are three
different ways of partitioning social selection: (i) the inclu-
sive fitness extension of individual selection; (ii) the direct
fitness model of individual selection; (iii) and the within-
and-between group selection model [6,7]. Fletcher et al.
spend most of their time advocating the second (a form of
kin selection theory) but then conclude that group selection
is best [1]. In reality, all three models are important and
useful tools for investigating and modeling social evolution
and, if applied carefully, will give the same answers [6–8].

What about our deliberate focus on the contemporary
forms of these theories? Fletcher et al. emphasize that kin
selection was historically considered an alternative to
group selection [1]. This is fair enough, but there were
problems with early group selection theory [9] that were
not resolved until the models of D.S. Wilson [10] and Price
and Hamilton [11].

As for kin selection only being correct in so far as it
converges on group selection, it is revealing that no cita-
tions are offered for the latter. The reason is that group
selection theory, so far at least, has done little for the study
of social insects. If some hypotheses based on kin selection
have failed, then that is the price of applying the theory.
The positive side is that it has led to major insights on the
origin of eusociality, sex ratio evolution, worker laying and
policing, and caste conflict, many of which are supported by
a wealth of empirical data [12,13].

Instead of these attacks on kin selection, we encourage
group selection enthusiasts to provide new insights into
social insect biology. However, given that the different
theoretical approaches are compatible, we do not expect
these insights to contradict kin selection findings. Indeed,
it has long been known that group selection cannot explain
the strong altruism of insect workers without invoking
greater between-group genetic variance than can be
achieved through random assortment [14,15]. And which
ever way you slice it, this between-group variance means
that group members are related [6].
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ANALYSIS

The evolution of eusociality
Martin A. Nowak1, Corina E. Tarnita1 & Edward O. Wilson2

Eusociality, in which some individuals reduce their own lifetime reproductive potential to raise the offspring of others,
underlies the most advanced forms of social organization and the ecologically dominant role of social insects and humans.
For the past four decades kin selection theory, based on the concept of inclusive fitness, has been the major theoretical
attempt to explain the evolution of eusociality. Here we show the limitations of this approach. We argue that standard
natural selection theory in the context of precise models of population structure represents a simpler and superior approach,
allows the evaluation of multiple competing hypotheses, and provides an exact framework for interpreting empirical
observations.

F
or most of the past half century, much of sociobiological
theory has focused on the phenomenon called eusociality,
where adult members are divided into reproductive and (par-
tially) non-reproductive castes and the latter care for the

young. How can genetically prescribed selfless behaviour arise by
natural selection, which is seemingly its antithesis? This problem
has vexed biologists since Darwin, who in The Origin of Species
declared the paradox—in particular displayed by ants—to be the
most important challenge to his theory. The solution offered by the
master naturalist was to regard the sterile worker caste as a ‘‘well-
flavoured vegetable’’, and the queen as the plant that produced it.
Thus, he said, the whole colony is the unit of selection.

Modern students of collateral altruism have followed Darwin in
continuing to focus on ants, honeybees and other eusocial insects,
because the colonies of most of their species are divided unambiguously
into different castes. Moreover, eusociality is not a marginal pheno-
menon in the living world. The biomass of ants alone composes more
than half that of all insects and exceeds that of all terrestrial nonhuman
vertebrates combined1. Humans, which can be loosely characterized
as eusocial2, are dominant among the land vertebrates. The ‘super-
organisms’ emerging from eusociality are often bizarre in their consti-
tution, and represent a distinct level of biological organization (Fig. 1).

Rise and fall of inclusive fitness theory
For the past four decades, kin selection theory has had a profound
effect on the interpretation of the genetic evolution of eusociality
and, by extension, of social behaviour in general. The defining feature
of kin selection theory is the concept of inclusive fitness. When
evaluating an action, inclusive fitness is defined as the sum of the
effect of this action on the actor’s own fitness and on the fitness of the
recipient multiplied by the relatedness between actor and recipient,
where ‘recipient’ refers to anyone whose fitness is modified by the
action.

The idea was first stated by J. B. S. Haldane in 1955, and a foundation
of a full theory3 was laid out by W. D. Hamilton in 1964. The pivotal
idea expressed by both writers was formalized by Hamilton as the
inequality R . c/b, meaning that cooperation is favoured by natural
selection if relatedness is greater than the cost to benefit ratio. The
relatedness parameter R was originally expressed as the fraction of the
genes shared between the altruist and the recipient due to their com-
mon descent, hence the likelihood the altruistic gene will be shared. For
example, altruism will evolve if the benefit to a brother or sister is

greater than two times the cost to the altruist (R 5 1/2) or eight times
in the case of a first cousin (R 5 1/8).

Due to its originality and seeming explanatory power, kin selection
came to be widely accepted as a cornerstone of sociobiological theory.
Yet it was not the concept itself in its abstract form that first earned
favour, but the consequence suggested by Hamilton that came to
be called the ‘‘haplodiploid hypothesis.’’ Haplodiploidy is the sex-
determining mechanism in which fertilized eggs become females, and
unfertilized eggs males. As a result, sisters are more closely related to
one another (R 5 3/4) than daughters are to their mothers (R 5 1/2).
Haplodiploidy happens to be the method of sex determination in the
Hymenoptera, the order of ants, bees and wasps. Therefore, colonies
of altruistic individuals might, due to kin selection, evolve more
frequently in hymenopterans than in clades that have diplodiploid
sex determination.

In the 1960s and 1970s, almost all the clades known to have evolved
eusociality were in the Hymenoptera. Thus the haplodiploid hypo-
thesis seemed to be supported, at least at first. The belief that haplo-
diploidy and eusociality are causally linked became standard textbook
fare. The reasoning seemed compelling and even Newtonian in con-
cept, travelling in logical steps from a general principle to a widely
distributed evolutionary outcome4,5. It lent credence to a rapidly
developing superstructure of sociobiological theory based on the pre-
sumed key role of kin selection.

By the 1990s, however, the haplodiploid hypothesis began to fail.
The termites had never fitted this model of explanation. Then more
eusocial species were discovered that use diplodiploid rather than
haplodiploid sex determination. They included a species of platypo-
did ambrosia beetles, several independent lines of Synalpheus sponge-
dwelling shrimp (Fig. 2) and bathyergid mole rats. The association
between haplodiploidy and eusociality fell below statistical signifi-
cance. As a result the haplodiploid hypothesis was in time abandoned
by researchers on social insects6–8.

Although the failure of the hypothesis was not by itself considered
fatal to inclusive fitness theory, additional kinds of evidence began to
accumulate that were unfavourable to the basic idea that relatedness is
a driving force for the emergence of eusociality. One is the rarity of
eusociality in evolution, and its odd distribution through the Animal
Kingdom. Vast numbers of living species, spread across the major
taxonomic groups, use either haplodiploid sex determination or clonal
reproduction, with the latter yielding the highest possible degree of
pedigree relatedness, yet with only one major group, the gall-making
aphids, known to have achieved eusociality. For example, among the
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Inclusive fitness theory and eusociality
ARISING FROM M. A. Nowak, C. E. Tarnita & E. O. Wilson Nature 466, 1057–1062 (2010)

Nowak et al.1 argue that inclusive fitness theory has been of little value
in explaining the natural world, and that it has led to negligible pro-
gress in explaining the evolution of eusociality. However, we believe
that their arguments are based upon a misunderstanding of evolu-
tionary theory and a misrepresentation of the empirical literature. We
will focus our comments on three general issues.

First, Nowak et al.1 are incorrect to suggest a sharp distinction
between inclusive fitness theory and ‘‘standard natural selection
theory’’. Natural selection explains the appearance of design in the
living world, and inclusive fitness theory explains what this design is
for. Specifically, natural selection leads organisms to become adapted
as if to maximize their inclusive fitness2–4. Inclusive fitness theory is
based upon population genetics, and is used to make falsifiable pre-
dictions about how natural selection shapes phenotypes, and so it is
not surprising that it generates identical predictions to those obtained
using other methods2,5–7.

Second, Nowak et al.1 are incorrect to state that inclusive fitness
requires a number of ‘‘stringent assumptions’’ such as pairwise inter-
actions, weak selection, linearity, additivity and special population
structures. Hamilton’s original formulations did not make all these
assumptions, and generalizations have shown that none of them is
required3,5,6,8. Inclusive fitness is as general as the genetical theory of
natural selection itself. It simply partitions natural selection into its
direct and indirect components.

Nowak et al.1 appear to have confused the completely general theory
of inclusive fitness with models of specific cases. Yes, researchers often
make limiting assumptions for reasons of analytical tractability when
considering specific scenarios5,7, as with any modelling approach. For
example, Nowak et al.1 assume a specific form of genetic control, where
dispersal and helping are determined by the same single locus, that
mating is monogamous, and so on. However, the inclusive fitness
approach has facilitated, not hindered, empirical testing of evolutionary
theory9–11. Indeed, an advantage of inclusive fitness theory is that it
readily generates testable predictions in situations where the precise
genetic architecture of a phenotypic trait is unknown.

Third, we dispute the claim of Nowak et al.1 that inclusive fitness
theory ‘‘does not provide any additional biological insight’’, delivering
only ‘‘hypothetical explanations’’, leading only to routine measure-
ments and ‘‘correlative studies’’, and that the theory has ‘‘evolved into
an abstract enterprise largely on its own’’, with a failure to consider
multiple competing hypotheses. We cannot explain these claims,
which seem to overlook the extensive empirical literature that has
accumulated over the past 40 years in the fields of behavioural and
evolutionary ecology9–11 (Table 1). Of course, studies must consider
the direct consequences of behaviours, as well as consequences for
relatives, but no one claims otherwise, and this does not change the
fact that relatedness (and lots of other variables) has been shown to be
important in all of the above areas.

We do not have space to detail all the advances that have been made
in the areas described in Table 1. However, a challenge to the claims of
Nowak et al.1 is demonstrated with a single example, that of sex
allocation (the ratio of investment into males versus females). We
choose sex allocation because: (1) Nowak et al.1 argue that inclusive
fitness theory has provided only ‘‘hypothetical explanations’’ in this
field; (2) it is an easily quantified social trait, which inclusive fitness
theory predicts can be influenced by interactions between relatives;
and (3) the study of sex allocation has been central to evolutionary
work on the eusocial insects. In contrast to the claims of Nowak et al.1,

recent reviews of sex allocation show that the theory explains why sex
allocation varies with female density, inbreeding rate, dispersal rate,
brood size, order of oviposition, sib-mating, asymmetrical larval com-
petition, mortality rate, the presence of helpers, resource availability
and nest density in organisms such as protozoan parasites, nematodes,
insects, spiders, mites, reptiles, birds, mammals and plants5,12,13.

The quantitative success of this research is demonstrated by the
percentage of the variance explained in the data. Inclusive fitness
theory has explained up to 96% of the sex ratio variance in across-
species studies and 66% in within-species studies13. The average for all
evolutionary and ecological studies is 5.4%. As well as explaining
adaptive variation in behaviour, inclusive fitness theory has even
elucidated when and why individuals make mistakes (maladaptation),
in response to factors such as mechanistic constraints13. It is not
clear how Nowak et al.1 can characterize such quantifiable success
as ‘‘meagre’’. Their conclusions are based upon a discussion in the
Supplementary Information of just three papers (by authors who
disagree with the interpretations of Nowak et al.1), out of an empirical
literature of thousands of research articles. This would seem to indi-
cate a failure to engage seriously with the body of work that they
recommend we abandon.

The same points can be made with regard to the evolution of the
eusocial insects, which Nowak et al.1 suggest cannot be explained by
inclusive fitness theory. It was already known that haplodiploidy itself
may have only a relatively minor bearing on the origin of eusociality,
and so Nowak et al.1 have added nothing new here. Inclusive fitness
theory has explained why eusociality has evolved only in monogam-
ous lineages, and why it is correlated with certain ecological condi-
tions, such as extended parental care and defence of a shared
resource14,15. Furthermore, inclusive fitness theory has made very
successful predictions about behaviour in eusocial insects, explaining
a wide range of phenomena (Table 2).

Ultimately, any body of biological theory must be judged on its
ability to make novel predictions and explain biological phenomena;
we believe that Nowak et al.1 do neither. The only prediction made by
their model (that offspring are favoured to help their monogamously

Table 1 | Inclusive fitness theory has been important in understanding a
range of behavioural phenomena

Research area Correlational? Experimental? Theory–data interplay

Sex allocation Yes Yes Yes
Policing Yes Yes Yes
Conflict resolution Yes Yes Yes
Cooperation Yes Yes Yes
Altruism Yes Yes Yes
Spite Yes Yes Yes
Kin discrimination Yes Yes Yes
Parasite virulence Yes Yes Yes
Parent–offspring conflict Yes Yes Yes
Sibling conflict Yes Yes Yes
Selfish genetic elements Yes Yes Yes
Cannibalism Yes Yes Yes
Dispersal Yes Yes Yes
Alarm calls Yes Yes Yes
Eusociality Yes Yes Yes
Genomic imprinting Yes Yes Yes

Data are taken from refs 9–11. Correlational studies test predictions using natural variation in key
variables, whereas experimental studies involve their experimental manipulation. Interplay between
theory and data means that theory has informed empirical study, and vice versa. Inclusive fitness is not
the only way to model evolution, but it has already proven to be an immensely productive and useful
approach for studying eusociality and other social behaviours.
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We thank Fletcher et al. [1] for their comments on our
recent TREE article [2]. These can be condensed down to
two key points. First, a change in the definition of altruism:
to claim that altruism can evolve without relatedness,
Fletcher et al have simply changed and broadened the
definition used by Wilson and Hölldobler [3] and ourselves
[2] to include reciprocal altruism. Second, the authors
argue that group selection preceded kin selection (i.e.
inclusive fitness) theory as a theoretical tool to explain
altruism in the social insects.We discuss both but note that
neither point weakens our article [2], or rescues the pro-
blems in that by Wilson and Hölldobler [3].

Shifting semantics
Recent work by Fletcher and Zwick [4] showed that the
altruism of insect workers, and reciprocal altruism, where
one individual helps another and gains a delayed repro-
ductive benefit, can both be modeled with a form of Hamil-
ton’s rule. We reached an identical conclusion in a recent
model of mutualisms that is also based upon a direct-
fitness version of Hamilton’s rule [5]. The central point
is that the delayed feedback benefit in reciprocal altruism
can be captured with a phenotypic correlation term, which
emerges in the same way as genetic relatedness. On this
basis, Fletcher et al. claim that altruism can occur through
a phenotypic correlation alone, without genetic related-
ness. However, this is only true if one changes the defini-
tion of altruism used by Wilson and Hölldobler [3], and
ourselves [2]: ‘Altruism is defined as behavior that benefits
others at the cost of the lifetime production of offspring by
the altruist.’ [3] Crucially, reciprocal altruism and the
related phenomena that occur in mutualisms [5] cause a
phenotypic feedback that benefits personal reproductive
fitness. We appreciate that it is unfortunate that the
nomenclature of both phenomena contain the word ‘altru-
ism’, but we were careful to define our terms and, as with
Wilson and Hölldobler [3], reciprocal altruism was not
being discussed.

Where does this leave us? We are happy to accept that
reciprocal altruism and mutualism can evolve without
genetic relatedness between actor and recipient [5]. This
much is obvious as partners in a mutualism need not even
be of the same species. However, an altruistic act that
decreases the lifetime reproduction of the actor will only be
selected when it increases propagation of the causal genes
through individuals that are related at one or more loci.

Which is the best: kin selection or group selection?
We view this as an empty question. There are three
different ways of partitioning social selection: (i) the inclu-
sive fitness extension of individual selection; (ii) the direct
fitness model of individual selection; (iii) and the within-
and-between group selection model [6,7]. Fletcher et al.
spend most of their time advocating the second (a form of
kin selection theory) but then conclude that group selection
is best [1]. In reality, all three models are important and
useful tools for investigating and modeling social evolution
and, if applied carefully, will give the same answers [6–8].

What about our deliberate focus on the contemporary
forms of these theories? Fletcher et al. emphasize that kin
selection was historically considered an alternative to
group selection [1]. This is fair enough, but there were
problems with early group selection theory [9] that were
not resolved until the models of D.S. Wilson [10] and Price
and Hamilton [11].

As for kin selection only being correct in so far as it
converges on group selection, it is revealing that no cita-
tions are offered for the latter. The reason is that group
selection theory, so far at least, has done little for the study
of social insects. If some hypotheses based on kin selection
have failed, then that is the price of applying the theory.
The positive side is that it has led to major insights on the
origin of eusociality, sex ratio evolution, worker laying and
policing, and caste conflict, many of which are supported by
a wealth of empirical data [12,13].

Instead of these attacks on kin selection, we encourage
group selection enthusiasts to provide new insights into
social insect biology. However, given that the different
theoretical approaches are compatible, we do not expect
these insights to contradict kin selection findings. Indeed,
it has long been known that group selection cannot explain
the strong altruism of insect workers without invoking
greater between-group genetic variance than can be
achieved through random assortment [14,15]. And which
ever way you slice it, this between-group variance means
that group members are related [6].

References
1 Fletcher, J.A. et al. (2006) What’s wrong with inclusive fitness? Trends

Ecol. Evol. 21, 597–598
2 Foster, K.R. et al. (2006) Kin selection is the key to altruism. Trends

Ecol. Evol. 21, 57–60
3 Wilson, E.O. and Hölldobler, B. (2005) Eusociality: origin and

consequences. Proc. Natl. Acad. Sci. U. S. A. 102, 13367–13371
4 Fletcher, J.A. and Zwick, M. (2006) Unifying the theories of inclusive

fitness and reciprocal altruism. Am. Nat. 168, 252–262
5 Foster, K.R. and Wenseleers, T. (2006) A general model for the

evolution of mutualisms. J. Evol. Biol. 19, 1283–1293
Corresponding author: Foster, K.R. (kfoster@cgr.harvard.edu)
Available online 7 September 2006.

Update TRENDS in Ecology and Evolution Vol.21 No.11 599

www.sciencedirect.com

Letters Response

There is nothing wrong with inclusive fitness

Kevin R. Foster1, Tom Wenseleers2, Francis L.W. Ratnieks3 and David C. Queller4

1 Center for Systems Biology, Harvard University, Bauer Laboratory, 7 Divinity Avenue, Cambridge, MA 02138, USA
2 Zoological Institute, University of Leuven, B-3000 Leuven, Belgium
3 Laboratory of Apiculture and Social Insects, Department of Animal and Plant Sciences, University of Sheffield, UK, S10 2TN
4 Department of Ecology and Evolutionary Biology, Rice University, MS 170, 6100 Main, Houston, TX 77005, USA

We thank Fletcher et al. [1] for their comments on our
recent TREE article [2]. These can be condensed down to
two key points. First, a change in the definition of altruism:
to claim that altruism can evolve without relatedness,
Fletcher et al have simply changed and broadened the
definition used by Wilson and Hölldobler [3] and ourselves
[2] to include reciprocal altruism. Second, the authors
argue that group selection preceded kin selection (i.e.
inclusive fitness) theory as a theoretical tool to explain
altruism in the social insects.We discuss both but note that
neither point weakens our article [2], or rescues the pro-
blems in that by Wilson and Hölldobler [3].

Shifting semantics
Recent work by Fletcher and Zwick [4] showed that the
altruism of insect workers, and reciprocal altruism, where
one individual helps another and gains a delayed repro-
ductive benefit, can both be modeled with a form of Hamil-
ton’s rule. We reached an identical conclusion in a recent
model of mutualisms that is also based upon a direct-
fitness version of Hamilton’s rule [5]. The central point
is that the delayed feedback benefit in reciprocal altruism
can be captured with a phenotypic correlation term, which
emerges in the same way as genetic relatedness. On this
basis, Fletcher et al. claim that altruism can occur through
a phenotypic correlation alone, without genetic related-
ness. However, this is only true if one changes the defini-
tion of altruism used by Wilson and Hölldobler [3], and
ourselves [2]: ‘Altruism is defined as behavior that benefits
others at the cost of the lifetime production of offspring by
the altruist.’ [3] Crucially, reciprocal altruism and the
related phenomena that occur in mutualisms [5] cause a
phenotypic feedback that benefits personal reproductive
fitness. We appreciate that it is unfortunate that the
nomenclature of both phenomena contain the word ‘altru-
ism’, but we were careful to define our terms and, as with
Wilson and Hölldobler [3], reciprocal altruism was not
being discussed.

Where does this leave us? We are happy to accept that
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useful tools for investigating and modeling social evolution
and, if applied carefully, will give the same answers [6–8].

What about our deliberate focus on the contemporary
forms of these theories? Fletcher et al. emphasize that kin
selection was historically considered an alternative to
group selection [1]. This is fair enough, but there were
problems with early group selection theory [9] that were
not resolved until the models of D.S. Wilson [10] and Price
and Hamilton [11].

As for kin selection only being correct in so far as it
converges on group selection, it is revealing that no cita-
tions are offered for the latter. The reason is that group
selection theory, so far at least, has done little for the study
of social insects. If some hypotheses based on kin selection
have failed, then that is the price of applying the theory.
The positive side is that it has led to major insights on the
origin of eusociality, sex ratio evolution, worker laying and
policing, and caste conflict, many of which are supported by
a wealth of empirical data [12,13].

Instead of these attacks on kin selection, we encourage
group selection enthusiasts to provide new insights into
social insect biology. However, given that the different
theoretical approaches are compatible, we do not expect
these insights to contradict kin selection findings. Indeed,
it has long been known that group selection cannot explain
the strong altruism of insect workers without invoking
greater between-group genetic variance than can be
achieved through random assortment [14,15]. And which
ever way you slice it, this between-group variance means
that group members are related [6].
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ANALYSIS

The evolution of eusociality
Martin A. Nowak1, Corina E. Tarnita1 & Edward O. Wilson2

Eusociality, in which some individuals reduce their own lifetime reproductive potential to raise the offspring of others,
underlies the most advanced forms of social organization and the ecologically dominant role of social insects and humans.
For the past four decades kin selection theory, based on the concept of inclusive fitness, has been the major theoretical
attempt to explain the evolution of eusociality. Here we show the limitations of this approach. We argue that standard
natural selection theory in the context of precise models of population structure represents a simpler and superior approach,
allows the evaluation of multiple competing hypotheses, and provides an exact framework for interpreting empirical
observations.

F
or most of the past half century, much of sociobiological
theory has focused on the phenomenon called eusociality,
where adult members are divided into reproductive and (par-
tially) non-reproductive castes and the latter care for the

young. How can genetically prescribed selfless behaviour arise by
natural selection, which is seemingly its antithesis? This problem
has vexed biologists since Darwin, who in The Origin of Species
declared the paradox—in particular displayed by ants—to be the
most important challenge to his theory. The solution offered by the
master naturalist was to regard the sterile worker caste as a ‘‘well-
flavoured vegetable’’, and the queen as the plant that produced it.
Thus, he said, the whole colony is the unit of selection.

Modern students of collateral altruism have followed Darwin in
continuing to focus on ants, honeybees and other eusocial insects,
because the colonies of most of their species are divided unambiguously
into different castes. Moreover, eusociality is not a marginal pheno-
menon in the living world. The biomass of ants alone composes more
than half that of all insects and exceeds that of all terrestrial nonhuman
vertebrates combined1. Humans, which can be loosely characterized
as eusocial2, are dominant among the land vertebrates. The ‘super-
organisms’ emerging from eusociality are often bizarre in their consti-
tution, and represent a distinct level of biological organization (Fig. 1).

Rise and fall of inclusive fitness theory
For the past four decades, kin selection theory has had a profound
effect on the interpretation of the genetic evolution of eusociality
and, by extension, of social behaviour in general. The defining feature
of kin selection theory is the concept of inclusive fitness. When
evaluating an action, inclusive fitness is defined as the sum of the
effect of this action on the actor’s own fitness and on the fitness of the
recipient multiplied by the relatedness between actor and recipient,
where ‘recipient’ refers to anyone whose fitness is modified by the
action.

The idea was first stated by J. B. S. Haldane in 1955, and a foundation
of a full theory3 was laid out by W. D. Hamilton in 1964. The pivotal
idea expressed by both writers was formalized by Hamilton as the
inequality R . c/b, meaning that cooperation is favoured by natural
selection if relatedness is greater than the cost to benefit ratio. The
relatedness parameter R was originally expressed as the fraction of the
genes shared between the altruist and the recipient due to their com-
mon descent, hence the likelihood the altruistic gene will be shared. For
example, altruism will evolve if the benefit to a brother or sister is

greater than two times the cost to the altruist (R 5 1/2) or eight times
in the case of a first cousin (R 5 1/8).

Due to its originality and seeming explanatory power, kin selection
came to be widely accepted as a cornerstone of sociobiological theory.
Yet it was not the concept itself in its abstract form that first earned
favour, but the consequence suggested by Hamilton that came to
be called the ‘‘haplodiploid hypothesis.’’ Haplodiploidy is the sex-
determining mechanism in which fertilized eggs become females, and
unfertilized eggs males. As a result, sisters are more closely related to
one another (R 5 3/4) than daughters are to their mothers (R 5 1/2).
Haplodiploidy happens to be the method of sex determination in the
Hymenoptera, the order of ants, bees and wasps. Therefore, colonies
of altruistic individuals might, due to kin selection, evolve more
frequently in hymenopterans than in clades that have diplodiploid
sex determination.

In the 1960s and 1970s, almost all the clades known to have evolved
eusociality were in the Hymenoptera. Thus the haplodiploid hypo-
thesis seemed to be supported, at least at first. The belief that haplo-
diploidy and eusociality are causally linked became standard textbook
fare. The reasoning seemed compelling and even Newtonian in con-
cept, travelling in logical steps from a general principle to a widely
distributed evolutionary outcome4,5. It lent credence to a rapidly
developing superstructure of sociobiological theory based on the pre-
sumed key role of kin selection.

By the 1990s, however, the haplodiploid hypothesis began to fail.
The termites had never fitted this model of explanation. Then more
eusocial species were discovered that use diplodiploid rather than
haplodiploid sex determination. They included a species of platypo-
did ambrosia beetles, several independent lines of Synalpheus sponge-
dwelling shrimp (Fig. 2) and bathyergid mole rats. The association
between haplodiploidy and eusociality fell below statistical signifi-
cance. As a result the haplodiploid hypothesis was in time abandoned
by researchers on social insects6–8.

Although the failure of the hypothesis was not by itself considered
fatal to inclusive fitness theory, additional kinds of evidence began to
accumulate that were unfavourable to the basic idea that relatedness is
a driving force for the emergence of eusociality. One is the rarity of
eusociality in evolution, and its odd distribution through the Animal
Kingdom. Vast numbers of living species, spread across the major
taxonomic groups, use either haplodiploid sex determination or clonal
reproduction, with the latter yielding the highest possible degree of
pedigree relatedness, yet with only one major group, the gall-making
aphids, known to have achieved eusociality. For example, among the
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Inclusive fitness theory and eusociality
ARISING FROM M. A. Nowak, C. E. Tarnita & E. O. Wilson Nature 466, 1057–1062 (2010)

Nowak et al.1 argue that inclusive fitness theory has been of little value
in explaining the natural world, and that it has led to negligible pro-
gress in explaining the evolution of eusociality. However, we believe
that their arguments are based upon a misunderstanding of evolu-
tionary theory and a misrepresentation of the empirical literature. We
will focus our comments on three general issues.

First, Nowak et al.1 are incorrect to suggest a sharp distinction
between inclusive fitness theory and ‘‘standard natural selection
theory’’. Natural selection explains the appearance of design in the
living world, and inclusive fitness theory explains what this design is
for. Specifically, natural selection leads organisms to become adapted
as if to maximize their inclusive fitness2–4. Inclusive fitness theory is
based upon population genetics, and is used to make falsifiable pre-
dictions about how natural selection shapes phenotypes, and so it is
not surprising that it generates identical predictions to those obtained
using other methods2,5–7.

Second, Nowak et al.1 are incorrect to state that inclusive fitness
requires a number of ‘‘stringent assumptions’’ such as pairwise inter-
actions, weak selection, linearity, additivity and special population
structures. Hamilton’s original formulations did not make all these
assumptions, and generalizations have shown that none of them is
required3,5,6,8. Inclusive fitness is as general as the genetical theory of
natural selection itself. It simply partitions natural selection into its
direct and indirect components.

Nowak et al.1 appear to have confused the completely general theory
of inclusive fitness with models of specific cases. Yes, researchers often
make limiting assumptions for reasons of analytical tractability when
considering specific scenarios5,7, as with any modelling approach. For
example, Nowak et al.1 assume a specific form of genetic control, where
dispersal and helping are determined by the same single locus, that
mating is monogamous, and so on. However, the inclusive fitness
approach has facilitated, not hindered, empirical testing of evolutionary
theory9–11. Indeed, an advantage of inclusive fitness theory is that it
readily generates testable predictions in situations where the precise
genetic architecture of a phenotypic trait is unknown.

Third, we dispute the claim of Nowak et al.1 that inclusive fitness
theory ‘‘does not provide any additional biological insight’’, delivering
only ‘‘hypothetical explanations’’, leading only to routine measure-
ments and ‘‘correlative studies’’, and that the theory has ‘‘evolved into
an abstract enterprise largely on its own’’, with a failure to consider
multiple competing hypotheses. We cannot explain these claims,
which seem to overlook the extensive empirical literature that has
accumulated over the past 40 years in the fields of behavioural and
evolutionary ecology9–11 (Table 1). Of course, studies must consider
the direct consequences of behaviours, as well as consequences for
relatives, but no one claims otherwise, and this does not change the
fact that relatedness (and lots of other variables) has been shown to be
important in all of the above areas.

We do not have space to detail all the advances that have been made
in the areas described in Table 1. However, a challenge to the claims of
Nowak et al.1 is demonstrated with a single example, that of sex
allocation (the ratio of investment into males versus females). We
choose sex allocation because: (1) Nowak et al.1 argue that inclusive
fitness theory has provided only ‘‘hypothetical explanations’’ in this
field; (2) it is an easily quantified social trait, which inclusive fitness
theory predicts can be influenced by interactions between relatives;
and (3) the study of sex allocation has been central to evolutionary
work on the eusocial insects. In contrast to the claims of Nowak et al.1,

recent reviews of sex allocation show that the theory explains why sex
allocation varies with female density, inbreeding rate, dispersal rate,
brood size, order of oviposition, sib-mating, asymmetrical larval com-
petition, mortality rate, the presence of helpers, resource availability
and nest density in organisms such as protozoan parasites, nematodes,
insects, spiders, mites, reptiles, birds, mammals and plants5,12,13.

The quantitative success of this research is demonstrated by the
percentage of the variance explained in the data. Inclusive fitness
theory has explained up to 96% of the sex ratio variance in across-
species studies and 66% in within-species studies13. The average for all
evolutionary and ecological studies is 5.4%. As well as explaining
adaptive variation in behaviour, inclusive fitness theory has even
elucidated when and why individuals make mistakes (maladaptation),
in response to factors such as mechanistic constraints13. It is not
clear how Nowak et al.1 can characterize such quantifiable success
as ‘‘meagre’’. Their conclusions are based upon a discussion in the
Supplementary Information of just three papers (by authors who
disagree with the interpretations of Nowak et al.1), out of an empirical
literature of thousands of research articles. This would seem to indi-
cate a failure to engage seriously with the body of work that they
recommend we abandon.

The same points can be made with regard to the evolution of the
eusocial insects, which Nowak et al.1 suggest cannot be explained by
inclusive fitness theory. It was already known that haplodiploidy itself
may have only a relatively minor bearing on the origin of eusociality,
and so Nowak et al.1 have added nothing new here. Inclusive fitness
theory has explained why eusociality has evolved only in monogam-
ous lineages, and why it is correlated with certain ecological condi-
tions, such as extended parental care and defence of a shared
resource14,15. Furthermore, inclusive fitness theory has made very
successful predictions about behaviour in eusocial insects, explaining
a wide range of phenomena (Table 2).

Ultimately, any body of biological theory must be judged on its
ability to make novel predictions and explain biological phenomena;
we believe that Nowak et al.1 do neither. The only prediction made by
their model (that offspring are favoured to help their monogamously

Table 1 | Inclusive fitness theory has been important in understanding a
range of behavioural phenomena

Research area Correlational? Experimental? Theory–data interplay

Sex allocation Yes Yes Yes
Policing Yes Yes Yes
Conflict resolution Yes Yes Yes
Cooperation Yes Yes Yes
Altruism Yes Yes Yes
Spite Yes Yes Yes
Kin discrimination Yes Yes Yes
Parasite virulence Yes Yes Yes
Parent–offspring conflict Yes Yes Yes
Sibling conflict Yes Yes Yes
Selfish genetic elements Yes Yes Yes
Cannibalism Yes Yes Yes
Dispersal Yes Yes Yes
Alarm calls Yes Yes Yes
Eusociality Yes Yes Yes
Genomic imprinting Yes Yes Yes

Data are taken from refs 9–11. Correlational studies test predictions using natural variation in key
variables, whereas experimental studies involve their experimental manipulation. Interplay between
theory and data means that theory has informed empirical study, and vice versa. Inclusive fitness is not
the only way to model evolution, but it has already proven to be an immensely productive and useful
approach for studying eusociality and other social behaviours.
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Take Home Messages

• Social groups are costly and beneficial.

• Social groups formation due to both:

• Direct benefits.

• Indirect benefits.

• Both group and individual levels of selection 
may be important in the evolution of social 
groups.


