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The difference of approach is purely didactic – there is no

disagreement about matters of substance Grafen (1984,

p. 82)

Introduction

Scientific progress depends upon precise, reliable com-

munication between scientists (Brown, 1983). This can

be hindered if people use the same term to mean

different things, or different terms to mean the same

thing. In the extreme, this can lead to debates or disputes

when in fact there is no disagreement, or the illusion of

agreement when there is disagreement. Here, we are

concerned with issues of semantic confusion that have

arisen with research on the problem of cooperation. The

problem is why should an individual carry out a

cooperative behaviour that appears costly to perform,

but benefits other individuals (Hamilton, 1963, 1964)? A

large body of theory and a rich experimental literature

have arisen on this problem in the wake of Hamilton’s

pioneering papers.

To a large extent, semantic confusion should not be

a problem in this field. Several evolutionary theoreti-

cians have developed comprehensive overviews of the

area, and there is relatively general agreement between

them (Grafen, 1985; Queller, 1985; Taylor, 1996;

Frank, 1998, 2003; Rousset, 2004; Sachs et al., 2004;

Foster & Wenseleers, 2006; Gardner et al., 2007;

Grafen, 2006; Lehmann & Keller, 2006). Furthermore,

several possible points of confusion have long been

solved (Grafen, 1984; Frank, 1998; Reeve & Keller,

1999; Rousset, 2004). However, despite this, semantic

problems are still managing to creep in from a number

of directions.

In particular, several factors have led to us writing this

paper. First, extensions of social evolution theory to new

taxa seem to allow old semantic problems to reoccur or

new variants to arise. Two areas where this is currently

important, that we shall discuss, are work on cooperation

in humans and microbes. Other recent examples include
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Abstract

From an evolutionary perspective, social behaviours are those which have

fitness consequences for both the individual that performs the behaviour, and

another individual. Over the last 43 years, a huge theoretical and empirical

literature has developed on this topic. However, progress is often hindered by

poor communication between scientists, with different people using the same

term to mean different things, or different terms to mean the same thing. This

can obscure what is biologically important, and what is not. The potential for

such semantic confusion is greatest with interdisciplinary research. Our aim

here is to address issues of semantic confusion that have arisen with research

on the problem of cooperation. In particular, we: (i) discuss confusion over the

terms kin selection, mutualism, mutual benefit, cooperation, altruism,

reciprocal altruism, weak altruism, altruistic punishment, strong reciprocity,

group selection and direct fitness; (ii) emphasize the need to distinguish

between proximate (mechanism) and ultimate (survival value) explanations

of behaviours. We draw examples from all areas, but especially recent work on

humans and microbes.
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agronomy (reviewed by Denison et al., 2003) and para-

sitology (reviewed by Read, 1994; West et al., 2001,

2003). Secondly, serious semantic misunderstandings

can still occur in the evolutionary literature (e.g. Zahavi,

2003, 2005; Wilson & Hölldobler, 2005; Wilson, 2005).

Thirdly, even the leading social evolution theoreticians

do not use fundamental terminology consistently, as

illustrated by a recent target review on the topic

(Lehmann & Keller, 2006) and its associated commen-

taries, or a recent edited volume (Hammerstein, 2003).

Our aim here was to discuss some major terms that are

often misused or misunderstood (Box 1). Specifically: (i)

kin selection; (ii) mutualism; (iii) cooperation; (iv)

altruism; (v) group selection; (vi) direct fitness (vii)

distinguishing between ultimate and proximate explana-

tions of behaviour. We then end with the caveat that:

(viii) classifying behaviours will not always be the easiest

or most useful thing to do.

Social evolution theory

Before discussing possible points of confusion, it is

useful to provide a basic summary of relevant theory.

As stated above, the problem of cooperation is why

should an individual carry out a cooperative behaviour

that appears costly to perform, but benefits other

individuals (Hamilton, 1963, 1964)? Theoretical expla-

nations for the evolution of cooperation (or any

behaviour) can be broadly classified into two categories:

direct fitness benefits or indirect fitness benefits (Fig. 1;

Hamilton, 1964; Brown & Brown, 1981; Grafen, 1984;

Taylor, 1996; Lehmann & Keller, 2006; West et al.,

2006b). This follows from Hamilton’s insight that

individuals gain inclusive fitness through their impact

on the reproduction of related individuals (indirect

fitness effects) as well as directly through their impact

on their own reproduction (direct fitness effects) (Ham-

ilton, 1964; Grafen, 1984). The terms direct and indirect

fitness were introduced by Brown & Brown (1981),

although Fisher (1930, chapter 2) discussed indirect

effects in a similar context.

The first class of explanations for cooperation is that it

may provide a direct fitness benefit to the individual that

performs the behaviour, which outweighs the cost of

performing the behaviour (Sachs et al., 2004). One

possibility is that individuals have a shared interest in

cooperation. For example, in many cooperative breeding

species, larger group size may provide a benefit to all the

members of the group through factors such as greater

survival or higher foraging success – in this case,

individuals can be selected to help rear offspring that

are not their own, in order to increase group size (Kokko

et al., 2001). Another possibility is that there is some

mechanism for enforcing cooperation, by rewarding

cooperators or punishing cheaters (Trivers, 1971; Frank,

2003). This could happen in a variety of ways, which

have been termed punishment, policing, sanctions,

reciprocal altruism, indirect (reputation based) recipro-

city and strong reciprocity (see below).

The second class of explanations for cooperation is

that it provides an indirect benefit because it is directed

towards other individuals who carry the cooperative

gene (Hamilton, 1964, 1970, 1975). The easiest and

most common way in which this could occur is if genes

are identical by descent – by helping a close relative

reproduce, an individual is still passing on its own genes

to the next generation, albeit indirectly. Hamilton

(1964) pointed out that this could occur via two

mechanisms: (i) kin discrimination, when cooperation

is preferentially directed towards relatives; (ii) limited

dispersal (population viscosity) keeping relatives

together, allowing cooperation to be directed indiscrim-

inately towards all neighbours (this will be favoured as

those neighbours tend to be relatives). The second way

to obtain an indirect fitness benefit is if cooperation is

directed towards nonrelatives who share the same

cooperative gene. This assortment or ‘greenbeard’

mechanism requires a single gene (or a number of

tightly linked genes) that both causes the cooperative

behaviour and can be recognized by other individuals

Box. 1 Glossary.

Actor: focal individual who performs a behaviour.

Altruism: a behaviour which is costly to the actor and beneficial to the

recipient; in this case and below, cost and benefit are defined on the

basis of the lifetime direct fitness consequences of a behaviour.

Cheaters: individuals who do not cooperate (or cooperate less than their

fair share), but are potentially able to gain the benefit of others

cooperating.

Cooperation: a behaviour which provides a benefit to another individual

(recipient), and which is selected for because of its beneficial effect on

the recipient.

Direct fitness: the component of fitness gained through the impact of an

individual’s behaviour on the production of offspring.

Inclusive fitness: ‘the effect of one individual’s actions on everybody’s

numbers of offspring … weighted by the relatedness’ (Grafen, 1984);

the sum of direct and indirect fitness; the quantity maximized by

Darwinian individuals.

Indirect fitness: the component of fitness gained from aiding the

reproduction of related individuals.

Kin selection: process by which traits are favoured because of their

beneficial effects on the fitness of relatives.

Local group: a subset of the population who are interacting; the local

group may vary from the perspective of different behaviours or traits.

Mutual benefit: a behaviour which is beneficial to both the actor and the

recipient.

Mutualism: cooperation between species.

Neighbour-modulated fitness: total personal fitness, including the effects

of one’s own behaviour and the behaviours of social partners.

Recipient: an individual who is affected by the behaviour of the focal

individual.

Relatedness: a measure of genetic similarity.

Selfishness: a behaviour which is beneficial to the actor and costly to the

recipient.

Spite: a behaviour which is costly to both the actor and the recipient.
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due to a distinctive phenotypic marker, such as a green

beard (Hamilton, 1964, 1975; Dawkins, 1976; Jansen &

van Baalen, 2006). An alternative is to conceptualize

greenbeards as a form of kin discrimination.

Kin selection

Maynard Smith (1964) coined the term ‘kin selection’

to describe how indirect fitness benefits arise from

helping relatives reproduce. Since then, the phrase kin

selection has been used in two different ways. The

narrower use of kin selection works upon interactions

between individuals who are genetically related due to

common ancestry – i.e. indirect benefits due to limited

dispersal or kin discrimination. The broader use of kin

selection works upon interactions between individuals

who share the gene of interest, regardless of whether

this is due to coancestry or some other mechanism – i.e.

also includes greenbeard effects. The difference between

these usages is therefore whether kinship and related-

ness are defined on the basis of average genetic

similarity over most of the genome (narrow definition),

or at the particular locus of the behaviour being

examined (broad definition). Hamilton (1975) favoured

the narrower definition of kin selection, arguing that

inclusive fitness (and Hamilton’s rule) was more general

and should be distinguished from kinship effects. How-

ever, most people have used the broader definition,

using kin selection wherever genetic relatedness

between social partners occurs, irrespective of the

causes of relatedness. Here, we shall follow the broader

definition, whilst also noting that this distinction is

usually not important because kinship is by far the most

common reason for indirect fitness benefits.

It is also useful to make the distinction between

process and maximand. Natural selection is the process

by which fitness is maximized. Inclusive fitness is a

form of analysis of social traits, and a generalization of

Darwinian fitness that takes account of social interac-

tions – natural selection leads to organisms acting as if

they are maximizing their inclusive fitness (Grafen,

2006). Hamilton (1964) did not provide a specific term

for the process by which inclusive fitness was maxim-

ized – his aim was to show that natural selection would

maximize inclusive fitness. Consequently, the term kin

selection appears to have been adopted for this role, of

what provides a generalized description of natural

selection on social interactions. The key point here is

that kin selection is the process by which inclusive

fitness is maximized only if we are using kin selection in

its broadest sense. In some of his later papers, after the

term kin selection had been adopted elsewhere, Ham-

ilton (1971, 1972) seems to refer to social selection as

the process by which inclusive fitness is maximized, and

distinguishes between classical theory and social theory

(see also Frank, 2006).

-

Fig. 1 A classification of the explanations for cooperation. Direct benefits explain mutually beneficial cooperation, whereas indirect benefits

explain altruistic cooperation. Within these two fundamental categories, the different mechanisms can be classified in various ways – here we

follow West et al. (2006; see also Sachs et al., 2004; Lehmann & Keller, 2006). These possibilities are not mutually exclusive, for example a

single act of cooperation could have both direct and indirect fitness benefits. We have listed some of the many different terms that have been

used to describe the mechanisms for enforcing cooperation to emphasize that reciprocity (reciprocal altruism) is only one of many ways to

obtain direct fitness benefits through cooperation. These enforcement mechanisms can also alter the indirect benefits of a behaviour (Lehmann

& Keller, 2006), and determining the relationships between these terms remains an important task. Kin selection has been used to refer to (i)

just those indirect benefits involving coancestry (i.e. limited dispersal and kin discrimination), or (ii) all indirect benefits (i.e. also including

greenbeard effects).
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Mutualism and mutual benefit

From an evolutionary point of view, a behaviour is social

if it has fitness consequences for both the individual that

performs that behaviour (the actor) and another indi-

vidual (the recipient). Hamilton (1964) classified social

behaviours according to whether the consequences they

entail for the actor and recipient are beneficial (increase

direct fitness) or costly (decrease direct fitness) (Table 1).

Whether a behaviour is beneficial or costly is defined on

the basis of: (i) the lifetime consequences of the beha-

viour (i.e. not just the short-term consequences) and

(ii) the absolute fitness effect – for example, does it

increase or decrease the actor’s number of offspring

surviving to adulthood (i.e. not just relative to the

individuals or social group with which the actor directly

interacts). In his original papers, Hamilton (1964) pro-

vided terms for two of the four possibilities. He termed a

behaviour which is beneficial to the actor and costly to

the recipient (+/)) as selfishness, and a behaviour which

is costly to the actor and beneficial to the recipient ()/+)

as altruism. Later, he termed a behaviour which is costly

to both the actor and the recipient ()/)) as spite

(Hamilton, 1970). We do not discuss the semantics of

the term spite in this paper, because we have done so in

detail elsewhere (A. Gardner, I.C.W. Hardy, P.D. Taylor,

S.A. West, unpublished data). In this section, we are

concerned with defining a behaviour which is beneficial

to both the actor and the recipient (+/+)?

One possible term for +/+ behaviours is ‘cooperation’

(Trivers, 1985; Bourke & Franks, 1995; Rousset, 2004;

Lehmann & Keller, 2006). However, this use of

cooperation implies that cooperation is always explained

by direct fitness benefits. This can lead to confusion

because others use cooperation more generally for

behaviours that are beneficial to the recipient, but can

be either beneficial (+/+) or costly ()/+) to the actor

(Hamilton, 1972; Axelrod & Hamilton, 1981; Frank,

1995b; Maynard Smith & Szathmary, 1995; Sachs et al.,

2004; Foster et al., 2006; West et al., 2006b). Further-

more, to use cooperation for only +/+ behaviours, and

not )/+ behaviours (indirect benefits) contradicts the

popular use of cooperation in the empirical literature.

For example, referring to cooperative breeding in

vertebrates or insects does not necessarily mean that

direct fitness benefits are the explanation (Rousset,

2004). Indeed, a major question in studies of cooper-

ative breeding species is to determine the extent to

which cooperation is explained by direct (+/+) or

indirect ()/+) fitness benefits (Clutton-Brock, 2002;

Griffin & West, 2002). ‘Helping’ is another possible

term for +/+ behaviours, but it suffers from the same

problems as cooperation (Rousset, 2004). We return to

the specific definition of cooperation below.

Another possible term for +/+ behaviours is ‘mutual-

ism’ (Krebs & Davies, 1993; Emlen, 1997; Foster et al.,

2001; Clutton-Brock, 2002; Gardner & West, 2004a;

Ratnieks, 2006). There are also examples of people using

cooperation and mutualism interchangeably (Brown,

1983; Alcock, 1989). However, this use of mutualism

can be confusing because many also use mutualism to

refer to the more specific case of cooperation between

species (Wilson, 1975b; Herre et al., 1999; Yu, 2001; West

et al., 2002b; Kiers et al., 2003; Ridley, 2004; Futuyma,

2005; Foster & Wenseleers, 2006). This is also the

common use of mutualism in the ecological literature.

The two ideas here are quite distinct, as mutually

beneficial social behaviour is a description of the effect

of a single behaviour on the actor and the recipient,

whereas interspecific mutualism describes the impact

that each party has on the other. Using the same word to

indicate both may cause confusion, for example it is easy

to see how a mutually beneficial behaviour can evolve,

but this does not mean that interspecific mutualisms are

so easily explained. We think that the term mutualism is

best reserved for its ecological usage.

In order to solve this problem we suggest the term

‘mutual benefit’ to describe +/+ behaviours. This term

states as simply as possible, and without extra conno-

tations, that a behaviour is beneficial to both the actor

and the recipient. We emphasize that we think rede-

fining terms is usually counter-productive, and can add

more confusion than it solves. However, we think it is

useful in this case, because we already have the

situation where multiple terms are being used to define

the same thing, and those terms also have other uses.

We have found two similar uses of mutual benefit. First,

Maynard Smith (1982, p. 167) appears to use mutual

benefit in the same way as us, commenting that

cooperation that can be explained by either interactions

between kin or mutual benefits to cooperating individ-

uals. Secondly, Maynard Smith & Szathmary (1995, p.

261) use it in a similar, but not identical way. They use

mutual benefit to describe ‘synergistic’ benefits to

cooperation, and distinguish it from when individuals

force others to cooperate, which they term enforce-

ment. This classification can be confusing because: (i) it

is not clear how they classify scenarios when cooper-

ation evolves through punishment or policing, which is

enforced, but leads a mutual benefit in the long term;

(ii) they seem to classify some cases which rely on kin

selection into their mutual benefit category (e.g. Nowak

& May, 1992).

Table 1 Social Behaviours. A Hamiltonian classification scheme for

behaviours that have been selected for by natural selection.

Effect on recipient

+ )

Effect on actor

+ Mutual Benefit Selfishness

) Altruism Spite
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Cooperation

We now consider the formal definition for ‘cooperation’.

It is extremely useful to have a term that describes

‘cooperative behaviours’ that provide a benefit to the

recipient, but could be beneficial (+/+, favoured by direct

fitness benefit) and/or costly ()/+, favoured by indirect

fitness benefit) to the actor. Cooperation and helping are

both frequently used in this context. For example, as

discussed above, a topic of debate is the extent to which

cooperative breeding, or helping behaviours in cooper-

ative breeders, can be explained by direct or indirect

fitness benefits. Consequently, one possibility is to define

‘cooperation’ as a behaviour that provides a benefit to the

recipient – this therefore includes both +/+ and )/+

behaviours (Sachs et al., 2004).

However, this definition of cooperation may be overly

inclusive. For example, when an elephant produces

dung, this is beneficial to the elephant (emptying waste),

but also beneficial to a dung beetle that comes along and

uses that dung. It does not seem useful to term behav-

iours such as this, which provide a one-way byproduct

benefit, as cooperation. Consequently, we prefer that a

behaviour is only classed as cooperation if that behaviour

is selected for because of its beneficial effect on the

recipient. We do not wish to imply that the behaviour is

selected for purely because of its beneficial effect on the

recipient, just that it has at least partially done so. This is

easily illustrated with an example. Suppose that two

bacterial species (A and B) are interacting, and that each

feeds upon a waste product of the other. This would be a

mutually beneficial (+/+) behaviour, but we would not

class it as cooperation. However, now suppose that a

higher production of species A’s waste product evolved

because this benefited species B, and hence led to a

higher level of waste production by species B, which was

beneficial to species A. This kind of interaction has been

termed byproduct reciprocity or invested benefits (Con-

ner, 1995a; Sachs et al., 2004), and we would class this as

cooperation. Our definition of cooperation therefore

includes all altruistic ()/+) and some mutually beneficial

(+/+) behaviours.

This distinction over whether a trait is favoured for

that purpose relates to the standard text book definition

of adaptation (Rose & Lauder, 1996). A common

definition for an adaptation is a ‘trait that enhances

fitness and that arose historically as a result of natural

selection for its current role’ (Rose & Lauder, 1996). A

difference here is that our definition of cooperation

considers the selective forces maintaining the trait, and

not just those that led to its initial evolution – this is

sometimes termed ‘aptation’, as opposed to adaptation

(Rose & Lauder, 1996). Although we suspect this

distinction will be unimportant for most real cases, there

are fields in which it is important, such as distinguishing

between the evolution and maintenance of sex and

recombination (West et al., 1999; Burt, 2000). That

historical factors can be important for social evolution is

demonstrated by the example that it can be hard for

eusociality to evolve in species with multiple mating, due

to reduced relatedness, but that multiple mating can

evolve in species which are already eusocial (Hamilton,

1964; Boomsma & Ratnieks, 1996). We admit that

determining whether certain +/+ behaviours are cooper-

ation may be hard, but this emphasizes that it is a key

question.

The use of distinguishing social behaviours on the basis

of the selective forces maintaining them has been

demonstrated by the analogous distinction made in the

communication literature between a ‘signal’ and a ‘cue’

(Maynard Smith & Harper, 2003). A signal is ‘any act or

structure which alters the behaviour of other organisms,

which evolved because of that effect, and which is

effective because the receiver’s response has also

evolved’, whereas a cue is ‘a feature of the world,

animate or inanimate, that can be used by an animal as a

guide to future action’ (Maynard Smith & Harper, 2003).

This distinction has been extremely useful, allowing a

clear and general conceptual overview to be developed.

Although, we note that this definition of a signal does not

exclude actions that operate because of their substantive

effects rather than their information content, so for

example, it could include reciprocity, where cooperation

is conditional upon the cooperative behaviour of others

(A. Grafen, Personal Communication; see also Grafen,

1990).

Altruism

The above sections have emphasized how terms such as

altruism have very specific meanings, which can convey

useful information. Consequently, when these terms are

misused, or redefined, it can lead to confusion. In this

section we discuss three cases in which this has occurred

with the term altruism. A general point here is that

altruism is defined: (i) with respect to the lifetime

consequences of a behaviour; (ii) on absolute fitness

effects (i.e. does it increase or decrease the actor’s fitness,

and not relative to just some subset of the population).

For example, if a cooperative behaviour was costly in the

short term, but provided some long-term (future) bene-

fit, which outweighed that, it would be mutually bene-

ficial and not altruistic. This does not mean that such a

behaviour is somehow less interesting – determining

whether and how a cooperative behaviour provides short

or long term direct fitness benefits remains a major

problem (Clutton-Brock, 2002; Griffin & West, 2002).

Instead, our aim is to distinguish the fundamental

difference between direct and indirect fitness benefits.

Reciprocal altruism

Trivers (1971) suggested that cooperation could be

favoured between nonrelatives, in reciprocal interactions.
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The idea here is that individuals can take turns in helping

each other, for example by preferentially aiding others

who have helped them in the past. Trivers termed this

‘reciprocal altruism’. This work was highly influential in

showing that cooperation could be favoured between

nonrelatives, and stimulated a huge amount of theoret-

ical and empirical research. Current theoretical over-

views place reciprocal altruism as just one of many

mechanisms by which cooperation between unrelated

individuals can be favoured (Krebs & Davies, 1993;

Griffin & West, 2002; Frank, 2003; Sachs et al., 2004;

Lehmann & Keller, 2006; West et al., 2006b). Further-

more, it has been suggested that the specific mechanism

of reciprocity is unlikely to be of general importance

outside of humans, because the conditions required can

be extremely restrictive (Conner, 1995b; Dugatkin, 1997;

Clutton-Brock, 2002; Hammerstein, 2003; Stevens &

Hauser, 2004; Stevens et al., 2005).

However, reciprocal altruism is not altruistic – it

provides a direct fitness advantage to cooperating. If an

individual does not pay the cost of cooperation in the

short term then it will not gain the benefit of cooperation

in the long term (although things could get more

complicated if reciprocity was between relatives). Con-

sequently, following Hamilton’s original scheme, it is a

mutually beneficial (+/+) behaviour and not an altruistic

behaviour ()/+). It is presumably for this reason that

Hamilton (1996, p. 263) thought that reciprocal altruism

was misnamed, and that he and others have used

alternative terms such as ‘reciprocity’ (Alexander,

1974), or ‘reciprocal cooperation’ (Axelrod & Hamilton,

1981). Unfortunately, the term reciprocal altruism has

been in use so long that we do not expect its use be

changed, although it would be preferable to use

reciprocity or reciprocal cooperation. It is not clear how

much confusion this different use of altruism has led to –

although we suspect it is at least partially responsible for:

(i) the frequent and incorrect assumption that kin

selection and reciprocal altruism are the two leading

explanations for cooperation or altruism and (ii) the

confusing use of altruism in the human literature (see

below).

Trivers (1971) originally redefined altruism in a

different way to Hamilton. Specifically, he defined it

with respect to inclusive fitness, apparently in the short

term, rather than direct fitness in the long term:

‘Altruistic behavior can be defined as a behavior that

benefits another organism, not closely related, while

being apparently detrimental to the organism performing

the behavior, benefit and detriment being defined in

terms of contribution to inclusive fitness’ (Trivers, 1971).

It is clear that this form of ‘altruism’ could not be selected

for, unless benefit and cost are only measured in the

short term, and that there is some longer-term benefit

(i.e. it is mutually beneficial and not altruistic). In his

later book, Trivers (1985) returns to Hamilton’s defini-

tions associated with Table 1 (‘the altruism becomes a

form of cooperation’ – having previously defined cooper-

ation as a +/+ behaviour and altruism as a )/+

behaviour), and at times uses phrases which do not

invoke altruism, such as ‘return effects’, ‘return-benefit’

and ‘reciprocity’ (p. 47). However, altruism is still used in

other ways at other times, in a manner that is based on

short term rather than long term cost and benefits. For

example: ‘In effect, two individuals trade altruistic acts.

This can be called reciprocity or reciprocal altruism’ (p.

48), and by referring to kinship and reciprocity as two

ways to explain altruism (p. 49).

Weak altruism

The different use of the word altruism in the ‘new’ group

selection literature has also led to confusion. Wilson and

colleagues (Wilson, 1975a, 1977; Colwell, 1981) rede-

fined altruism to refer to the fitness of an individual

relative to the individuals that it interacts with, in its

group. They define a behaviour as ‘weakly altruistic’ if it

leads to a decrease in the fitness of the focal individual,

relative to the other members of its group. This means

that behaviours which provide a benefit to everyone

within the local group, including the actor, such as the

production of a public good, can be defined as altruistic.

These are sometimes termed ‘whole-group’ (Pepper,

2000) or ‘group beneficial’ traits (Dugatkin et al., 2003,

2005) – as opposed to ‘other-only’ traits which do not

provide a benefit to the actor (Pepper, 2000). Whole-

group behaviours can have both a direct and indirect

benefit, and as discussed above, this means that whether

they are altruistic or mutually beneficial will depend

upon the relative cost and benefits of the behaviour, as

well as population structure (Pepper, 2000; Rousset,

2004). This leads to the confusing situation where a trait

could be favoured because it selfishly increases an

individual’s direct fitness, but will be weakly altruistic

by Wilson’s definition (Dawkins, 1979; Grafen, 1984;

Harvey et al., 1985)! This also emphasizes that there is a

fundamental difference between altruism ()/+) and

weak altruism (which can be +/+ or )/+), in contrast to

the suggestion of Fletcher & Doebeli (2006).

We illustrate this point in Table 2, with the simplest

possible case, where groups consist of only two individ-

uals. We compare the fitness of cooperators (C) who

perform some cooperative behaviour, and defectors (D)

who do not. The cooperative behaviour is assumed to be

costly to the individual who performs it (cost ¼ x), but

provide a benefit to all the members in the group. We

assume that the benefit to cost ratio is three, and so each

cooperative behaviour brings a benefit of 3x to the group,

and hence 3x/2 to each individual. This cooperative

behaviour would be classed as ‘weakly altruistic’. Table 2

illustrates that from the selfish perspective of an individ-

ual, C always leads to a higher fitness, irrespective of

whether it is in a group with a C or a D. This shows that

weakly altruistic behaviours can be selected for because
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they increase an individual’s direct fitness, and are hence

mutually beneficial. More generally, the fundamental

point is that the spread of a gene is determined by its

fitness ‘relative to others in the breeding population, and

not to others with which it happens to interact’ (Grafen,

1984, 2002, 2006; Harvey et al., 1985). A more compli-

cated case illustrating the same point is given in Table 3.

Altruism in humans and strong reciprocity

Altruism has been redefined in a number of ways in the

literature on cooperation in humans. One approach in

the empirical side of the literature has been to describe a

costly behaviour as altruistic if it benefits another

individual, but then to seemingly only measure the cost

to the actor over the short term or relative to who they

interact with (Fehr & Fischbacher, 2003). This clearly

includes the possibility for either mutually beneficial (+/

+) or altruistic ()/+) behaviours, and is analogous to the

definition of cooperation (or helping). In contrast, the

approach taken in the relevant theoretical literature, is to

use altruism for behaviours which are costly but provide

a benefit to all individuals in the group (Gintis, 2000;

Boyd et al., 2003) – this is the same as weak altruism

described above. In both cases we are left with the

possibility that cooperation can be labelled as altruistic,

even when it provides a direct benefit that can outweigh

its cost, and hence can be selected for from selfish

individual interests (i.e. mutually beneficial cooperation,

with a +/+ payoff). We focus on the relevant theoretical

literature in this section, and will return to the empirical

literature later.

The usage of altruism in the human cooperation

theoretical literature is best illustrated by examining a

specific model. Gintis (2000) compared the relative

fitness of two different strategies: ‘self-interested agents’

who do not punish or cooperate and altruistic ‘strong

reciprocators’ who cooperate and punish noncoopera-

tors. He labels strong reciprocators as altruistic because

they ‘increase the fitness of unrelated individuals at a

cost to themselves’. However, in this and related models,

cooperation is individually costly within the social group,

but provides a benefit to all the members of the group

(including the cooperative individual), through mecha-

nisms such as increased productivity or reducing the rate

of group extinction (Gintis, 2000; Henrich & Boyd, 2001;

Table 2 The fitness of cooperative individuals who perform a ‘weakly altruistic’ trait (C), and defectors who do not (D).

Group Two cooperators One cooperator

No coopera-

tors

Type of Individual C C C D D D

Baseline Fitness 1 1 1 1 1 1

Individual cost of cooperating x x x 0 0 0

Benefit of cooperation (shared within group) 6x
2 ¼ 3x 3x 3x

2
3x
2 0 0

Benefit – cost 3x ) x ¼ 2x 2x 3x
2 � x ¼ x

2
3x
2 0 0

Fitness 1 + 2x 1 + 2x 1 þ x
2 1 þ 3x

2 1 1

The calculation assumes that the cooperators (C) invest x resources in cooperation, the benefit to cost ratio is three, and that benefits are shared

amongst all group members. From the selfish perspective of an individual, C always leads to a higher fitness, irrespective of whether it is in a

group with a C or a D. This shows that a behaviour which would be classed as weakly altruistic can be selected for because it increases an

individua’ls direct fitness. This table was inspired by an analogous one, in the sex ratio literature (Harvey et al., 1985).

Table 3 The relative fitness of an individuals

who cooperates (C) and defectors who do not

(D), when more cooperative groups are more

likely to survive and reproduce.

Group

One cooperator, and

N-1 defectors N defectors

Type of individual C D D

Baseline resources 1 1 1

Public good contribution 1 0 0

Benefit to group m 0 0

Individual resources after public goods game m
N 1 þ m

N 1

Total Group Resources m + N ) 1 N

Proportion of Group Resources m=N
mþN� 1

1þm=N
mþN� 1

1
N

Relative reproductive success of groups 1 P

Fitness of Individuals m=N
mþN� 1

1þm=N
mþN� 1

P
N

We compare the fitness of a cooperator in a group with N ) 1 defectors, with the fitness of a

defector in a group with N other defectors. See main text for details. Under certain conditions,

from the selfish perspective of an individual, C leads to a higher fitness. This shows that a

behaviour which some would class as altruistic and not in the individuals self interest, can be

selected for because it increases an individual’s direct fitness, and hence is actually mutually

beneficial.
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Bowles et al., 2003; Boyd et al., 2003; Gintis, 2003;

Bowles & Gintis, 2004). Consequently, cooperation can

provide a direct fitness benefit, as well as the potential for

indirect benefits due to individuals who share the

cooperative gene.

The problem here is that the definition of altruism is

relative to the local group, and not the population as a

whole (as with ‘weak altruism’). As discussed above,

natural selection selects for a gene if it causes a behaviour

that leads to that gene increasing in frequency in the

population, not some other arbitrarily defined scale such

as social partners (Grafen, 1984) (see Table 2). Another

way of looking at this problem is that by examining

altruism relative to the group this means that any

benefits of the behaviour which are equally spread

throughout the group are ignored – traits which provide

a benefit at the group level will therefore seem altruistic

because the benefits are ignored. Consequently, the

model of Gintis (2000) leads to the confusing situation

where cooperation can be favoured because it provides a

direct benefit to the cooperator, because it increases the

chance they and the rest of their group survive, but that

this is defined as altruistic and not in their self interest.

The same issue reoccurs in a number of related models

(Bowles et al., 2003; Boyd et al., 2003; Gintis, 2003;

Bowles & Gintis, 2004). The potential direct fitness

benefit of cooperation is illustrated clearly by the model

of Boyd et al. (2003), where groups compete for territor-

ies in pairs. In their model, the territory is won by the

group with the most cooperators, and so it is clear that a

single individual could potentially gain a huge direct

fitness advantage by cooperating, and hence making its

group much more successful. The role of direct fitness

benefits in this model is further emphasized by the fact

that it assumes that social behaviours are culturally

transmitted, by imitation on the basis that they benefit

the individual.

We illustrate how cooperation can provide a direct

fitness benefit in such models in Table 3. We assume that

groups of N individuals play a public goods game within

groups, and that the more productive groups are more

likely to survive or reproduce. We compare the fitness of

a cooperator in a group with N ) 1 defectors, with that of

a defector in a group of N defectors. Individuals have one

unit of resource to contribute to the public goods game –

cooperators contribute this whole unit, defectors con-

tribute nothing. For each unit invested in the group, the

whole group obtains a return of m units of resources to

share equally amongst the group (cooperation provides a

group benefit: m > 1). Consequently, as long as m < N,

the cooperator ends up with less resources than they

started with (compared with Table 2, where m > N). We

then assume that the group with greater resources is

more likely to survive or reproduce, such that the group

with greater resources has a relative reproductive success

of 1.0, and the other group has a relative reproductive

success of P (P < 1). If the relative fitness of individuals is

their share of the group resources multiplied by the

group productivity, then the fitness of the cooperator will

be greater than that of a defector in a group of N defectors

if m > P�NP
P�1

. This demonstrates that cooperation can be

mutually beneficial, and hence favoured by selfish

interests (a direct fitness benefit), even in cases when

playing the public goods game leads to the cooperator

having less resources (m < N), and a lower fitness than

the other members of the group (
m=N

mþðN� 1Þ <
1þm=N

mþðN� 1Þ).
This is because the benefit at the level of the group, of

having just one individual cooperate, can outweigh this

cost, and allow a cooperator to invade a population of

defectors.

Punishment can be selfish or altruistic (like cooper-

ation) or even spiteful, and so without detailed analysis

of particular situations, the word punishment should not

be given a prefix such as ‘altruistic’. Punishment may

provide a direct benefit because it can cause higher levels

of cooperation within the punisher’s group (Gardner &

West, 2004b; Lehmann & Keller, 2006). If this is the case

in the models discussed here, then ‘selfish punishment’

would have been the appropriate term, rather than

‘altruistic punishment’. The alternative possibility is that

punishment is favoured because it leads to an indirect

fitness benefit, by: (i) making the punished individual

more likely to cooperate with relatives of the punisher –

altruistic punishment (Gardner & West, 2004b; Lehmann

& Keller, 2006); or (ii) reducing the fitness of individuals

who are competing with relatives – spiteful punishment

(Gardner & West, 2004b). In the human models

discussed above, the simulation approaches used mean

that the relative importance of direct and indirect

selection in favouring punishment are not clear.

A detailed analysis of this problem would be extremely

useful (Gardner & West, 2004b; Lehmann & Keller,

2006).

More altruism?

We have not exhausted the redefinitions of altruism. For

example, altruism has also been to used to describe

behaviours that benefit other individuals (e.g. Kaushik &

Nanjundiah, 2003; Zahavi, 2003, 2005) – this could

Table 4 The relationship between some of the terms that we have

discussed. The different categories can be grouped according to

whether they have beneficial (+) or costly ()) fitness consequences

for the actor and recipient.

Term

Consequences

for actor

Consequences

for recipient

Altruism ) +

Reciprocal altruism + +

Weak altruism ) or + +

Strong reciprocity ) or + ) or +

Cooperation ) or + +

Mutual benefit + +
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clearly include behaviours which are altruistic ()/+) or

mutually beneficial (+/+). However, we think that the

examples we have given above are sufficient to illustrate

the general points. In particular, that redefining altruism

can obscure, and lead to confusion about the selective

forces at work. We stress that by pointing out when

behaviours are not altruistic, we do not hope to imply

they are less interesting or easier to explain. Indeed,

demonstrating direct long-term fitness benefits of a

cooperative behaviour can be harder than demonstrating

kin selected benefits (Griffin & West, 2002, 2003).

Explaining cooperation remains one of the greatest

challenges for evolutionary biology, irrespective of

whether it is altruistic or mutually beneficial.

Group selection

The group selection literature has generated a huge

amount of semantic confusion (reviewed by Dawkins,

1979; Maynard Smith, 1983; Grafen, 1984; Trivers, 1998;

Foster et al., 2006). Although this debate was solved

decisively during the 1960s to 1980s, by evolutionary

biologists, it seems to reoccur and lead to confusion as

new fields embrace the relevant aspects of social evolu-

tion theory (Reeve & Keller, 1999). We have already

discussed the phrase ‘weak altruism’. In this section we

briefly discuss some of the other points of confusion that

have arisen. An interested reader is directed elsewhere

for general reviews (Grafen, 1984; Dugatkin & Reeve,

1994), or more technical summaries (Wade, 1985; Frank,

1986a; Queller, 1992; Gardner et al., 2007). Readers

familiar with this work could easily skip this section.

The old and the new

Before discussing the semantic issues, it is useful to

distinguish between two different types of group selec-

tion, and explain their relation to social evolution theory

more generally (Grafen, 1984; Trivers, 1998). During the

1960s, Wynne-Edwards (1962) argued for the import-

ance of group selection in its original or ‘old’ form. He

considered relatively cooperative behaviours such as

reproductive constraint, as follows. In groups consisting

of selfish individuals (who reproduce at the maximum

rate), resources would be over exploited, and the group

would go extinct. In contrast, groups consisting of

cooperative individuals who restricted their birth rate

would not over exploit their resources, and not go

extinct. Hence, by a process of differential survival of

groups, behaviour evolved that was for the good of the

group.

During the 1960s and 1970s a large body of theoretical

and empirical work was piled up against this idea. Theory

showed that this type of group selection would only work

under extremely restrictive conditions, and so its import-

ance would be rare or nonexistent (Maynard Smith,

1964, 1976; Williams, 1966; Leigh, 1983). For example,

Maynard Smith (1976) showed that group selection

would not work if the number of individuals who

disperse and reproduce elsewhere (successful migrants)

is greater then one per group. Empirical work showed

that individuals were reproducing at the rate that

maximized their lifetime reproductive success, and were

not practising reproductive restraint (Lack, 1966; Krebs &

Davies, 1993). It is this form of group selection that leads

people to the false conclusion that individuals behave for

the good of the population or species or ecosystem.

In the 1970s and 1980s a new form of group selection

was developed, based on a different conception of the

group (Wilson, 1975a, 1977; Colwell, 1981; Wilson &

Colwell, 1981). The idea here was that at a certain stages

of an organism’s life cycle, interactions take place

between only a small number of individuals. It can be

shown that under these conditions, cooperative beha-

viour can be favoured. This ‘new group selection’ is

sometimes referred to as ‘trait-group selection’ or ‘demic

selection’ or ‘intrademic selection’. One way of concep-

tualizing the difference between the old and new group

selection models is that the new group selection models

rely on within-population (intrademic) group selection,

whereas old group selection theory worked on between-

population (interdemic) group selection (Fig. 2; Reeve &

Keller, 1999). Another difference is that the old group

selection approach argued that selection at the group

level was the driving force of natural selection, whereas

the new group selection emphasizes that there are

multiple levels of selection, and these can vary in their

importance. Another way of looking at this is that the

new group selection approach looks at the evolution of

individual characters in a group structured population,

whereas the old group selection approach looks at the

evolution of group characters (Fig. 2; Okasha, 2005).

It has since been shown that kin selection and new

group selection are just different ways of conceptualizing

the same evolutionary process. They are mathematically

identical, and hence are both valid (Hamilton, 1975;

Grafen, 1984; Wade, 1985; Frank, 1986a, 1998; Taylor,

1990; Queller, 1992; Bourke & Franks, 1995; Gardner

et al., 2007). New group selection models show that

cooperation is favoured when the response to between-

group selection outweighs the response to within-group

selection, but it is straightforward to recover Hamilton’s

rule from this. Both approaches tell us that increasing the

group benefits and reducing the individual cost favours

cooperation. Similarly, group selection tells us that

cooperation is favoured if we increase the proportion of

genetic variance that is between-group as opposed to

within-group, but that is exactly equivalent to saying

that the kin selection coefficient of relatedness is

increased (Frank, 1995a). In all cases where both

methods have been used to look at the same problem,

they give identical results (Frank, 1986a; Bourke &

Franks, 1995; Wenseleers et al., 2004; Gardner et al.,

2007).
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Avoiding confusion

In addition to the problems associated with the term

‘weak altruism’, the group selection literature has pro-

duced three other sources of semantic confusion. First,

the different types of group selection can be mixed up

(Grafen, 1984; Trivers, 1998; Okasha, 2005). This can

give the impression that the validity of the new group

selection justifies the application of the old group

selection (Trivers, 1998). This can be a particular problem

with nonspecialists or nontheoreticians, and we believe

that it plays a major role in explaining why old group

selection lingers in some fields, such as areas of micro-

biology (e.g. Shapiro & Dworkin, 1997; Shapiro, 1998;

Bassler, 2002; Henke & Bassler, 2004), parasitology

(reviewed by West et al., 2001, 2003), and agronomy

(reviewed by Denison et al., 2003). Numerous examples

of this problem are also provided by Sober & Wilson

(1998), who switch confusingly between old and new

group selection (Trivers, 1998).

The potential for confusion is increased when the

impression is gained that evolutionary biologists do not

use the new group selection methodology because they

think it is unimportant (as they do with the old). In

reality, the kin selection (or inclusive fitness) approach is

generally preferred over new group selection because it is

usually easier to construct models, interpret the predic-

tions, and then apply these to real biological cases. For

example: (i) recent methodological advances mean that

kin selection and inclusive fitness models can be

constructed and analysed much more simply, and for

much more general cases (Taylor & Frank, 1996; Frank,

1997, 1998; Taylor et al., 2007); (ii) in some of the most

successful areas of social evolution, such as split sex ratios

in social insects or extensions of Hamilton’s (1967) basic

local mate competition theory, predictions arise elegantly

from kin-selection models, whereas the corresponding

group selection models would be either unfeasible or so

complex that they have not been developed (Frank,

1986b, 1998; Boomsma & Grafen, 1991; Queller, 2004;

Shuker et al., 2005); (iii) kin selection methodologies can

usually be linked more clearly to empirical research, both

empirically (Queller & Goodnight, 1989) and concep-

tually – ‘knowing that r ¼ 0.22 gives many biologists an

understanding of the genetic closeness described; the

knowledge that n ¼ 10 and v/vb ¼ 2.98 is (at least for the

present) less illuminating’ (Grafen, 1984); (iv) the group

selection approach tends to hide the distinction between

direct and indirect benefits of behaviours, which many

find extremely useful; (v) the group selection approach

has been less useful for identifying and quantifying issues

of reproductive conflict, which have provided some of

the most useful areas for empirical testing of theory

(Trivers, 1974; Ratnieks et al., 2006); (vi) inclusive fitness

theory leads to the recovery of a maximizing principle for

social settings (individuals should behave as if maxim-

izing their inclusive fitness), which is a useful reasoning

tool (it is easier to think of individuals optimizing

something rather than the evolutionary dynamics),

provides formal justification for the use of intentional

language (selfishness, altruism, conflict), and legitimizes

discussion of ‘function’ and ‘design’ of social behaviours

(Hamilton, 1964; Grafen, 1999, 2006) – whereas the

group selection view does not lead so easily to a

A B

Fig. 2 The difference between old and new group selection. Panel A shows the old group selection, with well-defined groups with little gene

flow between them (solid outline). The white circles represent cooperators, whereas the grey circles represent selfish individuals who do not

cooperate. Competition and reproduction is between groups. The groups with more cooperators do better, but selfish individuals can spread

within groups. Panel B shows the new group selection, with arbitrarily defined groups (dashed lines), and the potential for more geneflow

between them. The different groups make different contributions to the same reproductive pool (although there is also the possibility of factors

such as limited dispersal leading to more structuring), from which new groups are formed.
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maximizing principle (instead it emphasizes the tension

between individuals and groups), and indeed, people

looking for one could fall into the trap of old group

selection, which incorrectly views Darwinian individuals

as acting to maximize group or species fitness.

A second source of confusion is the incorrect idea that

inclusive fitness theory or kin selection are distinct from,

or just special cases of, new group selection. This idea

lingers on, with group selection being invoked in cases

where kin selection is suggested to be unimportant

(reviewed by Gardner & West, 2004b; Foster et al., 2006;

Helantera & Bargum, 2007). Recent examples can be

found in the human (e.g. Sober & Wilson, 1998), social

insect (e.g. Wilson, 2005; Wilson & Hölldobler, 2005) and

microbial (e.g. Kreft, 2005) literature. Whilst coancestry

is without doubt the most important cause of relatedness

between individuals, and the underlying factor in the

examples discussed above, the inclusive fitness approach

applies more generally when genetic correlations be-

tween social partners occur for any reason. Although this

point was realized by Hamilton (1964, 1975), and has

been developed substantially (Frank, 1998), it is often

not appreciated. Inclusive fitness is a generalization of

Darwinian fitness, and inclusive fitness theory (kin

selection in its broadest form) is a generalized description

of natural selection, and these are not simply special

cases that are appropriate only for when individuals

interact with their relatives (Grafen, 2006). Perhaps most

importantly, there is no biological model or empirical

example that can be explained with the new group

selection approach, that cannot also be understood in

terms of kin selection and inclusive fitness.

A third source of confusion is that the new group

selection approach has involved the use of several

fundamental terms in ways that were different from

their established (valuable and clear) meanings (Daw-

kins, 1979; Grafen, 1984). Specifically it has identified

within-group selection as ‘individual selection’ and

between-group selection as ‘group selection’. This can

be confusing as in some situations a social behaviour can

be selected for by a selfish direct benefit, but be classed as

being selected against by ‘individual selection’ and

favoured by ‘group selection’ (Grafen, 1984; Tables 2

and 3). Even a nonsocial trait can be ascribed a group

selection component simply because groups containing

fitter individuals are themselves favoured by selection

(Hamilton, 1975; Okasha, 2004)! Group selection was

originally defined as the differential survival or extinc-

tion of whole groups (Maynard Smith, 1976). The new

group selection models do not rely on the maintenance

of whole groups, and so the terms trait-group or demic

selection are perhaps more appropriate. An alternative is

to state as simply as possible what they are – models of

nonrandom assortment of altruistic genes (e.g. because of

relatedness, or altruists choosing to interact with each

other; Maynard Smith, 1976). When this is done, the

links with inclusive fitness theory become transparently

clear. The potential meanings for ‘group selection’ are so

numerous because the partitioning of selection into

within-group and between-group components can be

done for any arbitrarily defined group (Wade, 1985).

Indeed, group selection has also been used to describe

species level sorting (Williams, 1992), and new variants

are being introduced such as ‘cultural group selection’

(see below). These points emphasize the use and power

of Hamilton’s original terminology, and the gains to be

made from the minimal use of jargon.

Direct fitness

Direct fitness is usually used to describe the component

of fitness gained through the behaviour of an individual

influencing their reproductive success. However, in

recent years, the term direct fitness has also been used

to describe a powerful method for constructing kin

selection models, which also allows for how an individ-

uals fitness is influenced by their social partners (Taylor

& Frank, 1996; Frank, 1997, 1998; Rousset, 2004; Taylor

et al., 2007). This approach involves: (i) writing down

how the personal fitness of an individual depends upon

their behaviour, and the behaviour of the individuals

with which they interact; (ii) differentiating this equation

in such a way that the appropriate relatedness term

appears, leading to an expression that can be conceptu-

alized alternatively as a direct fitness effect or as an

inclusive fitness effect (these two views are mathemat-

ically equivalent). The development of this methodology

has revolutionized social evolution theory, providing a

simpler method that produces more general models,

compared with the inclusive fitness approach. Happily,

because of the mathematical equivalence, the results of

direct fitness analyses are readily interpreted in terms

of inclusive fitness, which can be a more natural way of

understanding kin selection (Taylor et al., 2007).

However, this new use of the term direct fitness can

cause confusion. It is clear why this method for con-

structing kin selection models could be called the direct

fitness approach – the first step involves writing the direct

(or personal) fitness of an individual. The confusion is

that by terming this the direct fitness approach, it can

lead to the impression that it ignores the indirect fitness

consequences of the behaviour and so does not take

account of inclusive fitness. However, it does. The direct

fitness approach has also been termed the ‘neighbour-

modulated’ approach (Hamilton, 1964; Maynard Smith,

1983; Grafen, 2006).

Proximate and ultimate explanations

The Nobel Prize winner Niko Tinbergen famously

clarified the different approaches to studying animal

behaviour, in the most influential paper of his

career (Tinbergen, 1963; Kruuk, 2003). His key insight

was to show that the different methodologies are
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complementary and not alternatives. Of particular rele-

vance here is his distinction between: (i) proximate

explanations which are concerned with the mechanisms

underlying a behaviour (causation; how questions) and

(ii) ultimate explanations which examine the fitness

consequences or survival value of a behaviour (why

questions) (Mayr, 1961).

One of Tinbergen’s classic studies to illustrate this

distinction was on the removal of eggshells from their

nests by black-headed gulls. The mechanistic (proximate)

explanation for this is that individuals are more likely to

remove objects from their nest if they are white or egg-

coloured, have frilly edges, and if they are feather-light.

The evolutionary (ultimate) explanation for this is that it

makes aerial predators such as herring gulls less likely to

find their brood. These explanations are clearly not

competing (each answer cannot provide a solution to the

other problem), and a fuller understanding is gained by

considering both. In this section we use the literature on

cooperation in humans to illustrate the problems that can

arise through blurring these approaches. In particular, we

show how distinguishing between these hypotheses: (i)

clarifies the evolutionary forces at work and (ii) allows

human behaviour to be placed in a wider context.

Strong reciprocity in humans

In the human cooperation literature, the definition and

discussion of terms related to altruism has often mixed

proximate and ultimate factors. An example of this is

provided by ‘strong reciprocity’, which is defined prox-

imately, but then given as a solution to an ultimate

problem. A strong reciprocator has been defined as a

combination of ‘a predisposition to reward others for

cooperative, norm-abiding behaviours’ and ‘a propensity

to impose sanctions on others for norm violations’ (Fehr

& Fischbacher, 2003). This is a description of a proximate

mechanism. However, it is then given as a solution to an

ultimate problem: ‘Strong reciprocity thus constitutes a

powerful incentive for cooperation even in non-repeated

interactions when reputation gains are absent’ (Fehr &

Fischbacher, 2003).

This approach mixes up two different questions (how

and why?). The proximate question is how is cooperation

maintained? The answer to this is through punishment

and reward – i.e. what has been termed strong recipro-

city. The ultimate question is why is cooperation main-

tained, or more specifically, why is cooperation and

punishment (strong reciprocity) maintained? The poss-

ible answers to this are because it provides either a direct

or an indirect fitness benefit. The related theory, which

we have discussed above, suggests that the answer is a

direct-fitness benefit, because cooperation increases

group productivity and/or survival and hence provides

a direct benefit to individuals who cooperate.

The difference between proximate and ultimate ques-

tions can be illustrated with a discussion of the import-

ance of the role of imitation (cultural transmission) or

learning (Boyd et al., 2003). Learning and imitation are a

solution to the proximate not the ultimate problem. They

provide a mechanism to learn how to punish and

cooperate, and at a rate that maximizes fitness. For

example, the imitation of successful strategies (Boyd

et al., 2003). The ultimate question is why is cooperation

and punishment favoured in the first place? Put another

way, what makes punishers and cooperators so successful

that they are worth imitating? Another example is

provided by neurobiological work. Experiments have

shown that punishment of individuals who do not

cooperate leads to stimulation in the dorsal striatum, an

area which has been implicated in reward-related brain

circuits (Quervain et al., 2004). Consequently, at a

proximate level, individuals punish others who do not

cooperate because it gives them ‘satisfaction’. The

ultimate question is why has the brain circuitry evolved

so that punishment provides satisfaction. The answer to

this must be that punishment has provided some fitness

advantage, either direct or indirect.

The potential confusion that can be caused by these

semantic issues is illustrated by the suggestion that

standard evolutionary theory cannot explain cooperation

between humans, and that alternatives such as ‘cultural

group selection’ or ‘gene-culture coevolution’ are needed

(Bowles et al., 2003; Fehr & Fischbacher, 2003). Whilst

these alternative models work on standard social evolu-

tion principles, the terminology involved gives the

misleading impression they do not. For example, Gintis

(2000) describes how strong reciprocity ‘cannot be

justified in terms of self-interest’, but then as we have

explained in a previous section, his model to explain it

appears to rely on cooperation providing a direct fitness

benefit. To give another example, Fehr & Fischbacher

(2003) suggest that ‘cultural group selection’ or ‘gene-

culture coevolution’ provide an alternative to selfish or

kin selected explanations of cooperation. However, the

models that they refer to (Henrich & Boyd, 2001; Bowles

et al., 2003; Boyd et al., 2003; Gintis, 2003) appear to rely

on selfish benefits to cooperation (although also possibly

some indirect benefits as we have discussed earlier).

Social learning answers how questions, not why ques-

tions – whilst both of these are important, they are

different (although there can be some interesting inter-

actions, which we discuss below).

Interactions and special humans

A lack of a clear distinction between ultimate and

proximate factors can obscure biological differences and

similarities. This is illustrated by the discussion of

whether cooperation in humans is special. Bowles &

Gintis (2004) suggest that a problem is ‘why similar

behaviours are seldom observed in other animals’. We

would suggest that at the ultimate level this statement is

incorrect. Punishment has been shown or argued to
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stabilize cooperation in a number of situations, not

just between animals, but also with plants and

bacteria (reviewed by Trivers, 1985; Clutton-Brock &

Parker, 1995; Frank, 2003; Sachs et al., 2004; Foster &

Wenseleers, 2006; Kiers & van der Heijden, 2006;

Ratnieks et al., 2006; West et al., 2006b). For example:

between legume plants and their rhizobia bacteria

(West et al., 2002a; Kiers et al., 2003, 2006), within the

social hymenoptera (ants, bees and wasps; Ratnieks &

Visscher, 1989; Ratnieks et al., 2006), between yucca

plants and their pollinator moths (Pellmyr & Huth,

1994), between cleaner fish (Bshary & Grutter, 2002,

2005), and within colonies of naked mole-rats (Reeve,

1992). Furthermore, the direct benefits of cooperation,

via increasing group survival, and hence individual

survival, have been suggested to be important in a range

of species, especially cooperative breeding vertebrates,

but also social insects (Wiley & Rabenold, 1984; Queller

et al., 2000; Kokko et al., 2001; Clutton-Brock, 2002;

Griffin & West, 2002).

In contrast, what appears to be special about coopera-

tion in humans is the proximate factors involved.

Experimental work has shown very sophisticated punish-

ment and reward systems, which can be facultatively fine

tuned in response to variation in local conditions that alter

the direct benefit of cooperation (Fehr & Gächter, 2002;

Wedekind & Braithwaite, 2002; Fehr & Fischbacher, 2003;

Fehr & Rockenbach, 2003; Fehr & Fischbacher, 2004;

Henrich et al., 2005; Crespi, 2006; West et al., 2006a). For

example, human cognitive abilities allow individuals to

alter their level of cooperation in response to whether

there is the possibility for punishment (Fehr & Gächter,

2002), and whether they are competing locally or globally

for resources (West et al., 2006a). Furthermore, although

proximate factors alone cannot supply the answer to the

ultimate problem of why cooperate, there is the possibility

for some interesting interactions that can alter the evolu-

tionary dynamics, and provide a mechanism that could

rapidly generate cultural differences (Boyd et al., 2003;

Gintis, 2003; Hagen & Hammerstein, 2006). For example,

imitation of successful strategies allows individuals to fine

tune their behaviour in response to local conditions.

Consequently, although plants and bees have impressive

strategies for enforcing cooperation with punishment,

humans can be even more sophisticated.

Interactions between ultimate and proximate factors

can also play a key role in constraining adaptation, and

hence determining how perfect behaviours should be.

Proximate mechanisms determine the possibilities that

evolution can work on, and hence the level of perfection

that should be expected in behaviours (West & Sheldon,

2002; Boomsma et al., 2003; Shuker & West, 2004). This

interplay is likely to be key to explaining the experi-

mental result that humans will cooperate and punish in

one-shot interactions, where they will never get to

interact with the same person again (Fehr & Gächter,

2002; Fehr & Fischbacher, 2003; Fehr & Rockenbach,

2003; Fehr & Fischbacher, 2004). From an ultimate

perspective, theory has suggested that cooperation and

punishment have generally been favoured in humans

because they have provided direct fitness benefits. From

a proximate perspective, the way humans do this is what

has been termed strong reciprocity, and can be fine tuned

to local conditions with social learning (see above). A

problem with this proximate mechanism is that it can

lead to imperfect behaviour when the individual is

subjected to some situations, such as one-shot interac-

tions, where there are no direct fitness benefits to

cooperation. However, it is well accepted that numerous

factors are expected to constrain adaptation and prevent

animals from behaving perfectly in certain test situations

(Herre, 1987; Wehner, 1987; Parker & Maynard Smith,

1990; Partridge & Sibley, 1991; Herre et al., 2001; West &

Sheldon, 2002; Boomsma et al., 2003; Shuker & West,

2004).

Defining behaviours will not always be
easy or the most useful thing to do

Although we believe that well-defined terms are needed,

we would also like to stress that there are situations

where defining a specific behaviour could be extremely

hard, and might not be the most useful way forward. In

particular, when a cooperative behaviour can provide

both direct and indirect benefits, it can be hard to

determine whether it is altruistic or mutually beneficial,

because this will depend upon the relative importance of

the direct and indirect benefits. This could happen with

whole-group behaviours that provide a benefit to every-

one within the local group, including the actor. For

example: (i) the production of public goods, such as iron-

scavenging siderophore molecules, by many bacteria

(West & Buckling, 2003); (ii) helping in cooperative-

breeding vertebrates, if that leads to a larger group size,

which increases the survival of everyone, including the

helper (termed group augmentation; Kokko et al., 2001).

In cases such as this it can be useful to describe

behaviours in terms of who incurs costs and benefits,

and not their net sum for the actor.

A related problem is that behaviours should be

classified according to their impact on total lifetime

reproductive success. So, whilst a cooperative behaviour

that increased the chance of attaining reproductive

dominance in a group would be classified as mutually

beneficial, this may not be immediately obvious. Fitting

specific behaviours into this classification can be hard

because of difficulties with measuring future (and hence

total lifetime) fitness consequences (Griffin et al., 2003;

MacColl & Hatchwell, 2004). This means that in some

situations there can be an advantage to describing

behaviours according to immediate effects, as the future

effects may not be certain, and we are often not in a

position to view them (Trivers, 1985). However, this also

emphasizes the pitfalls of describing behaviours with
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terms such as altruism, based upon immediate fitness

benefits to participants, rather than total lifetime bene-

fits.

Useful predictions can often be made and tested, even

when we do not know whether a cooperative behaviour

is altruistic or mutually beneficial. We illustrate this with

three examples. First, Taylor (1992a,b) showed that,

contrary to expectations, limited dispersal would not

necessarily favour higher levels of cooperation. However,

the cooperative behaviour modelled by Taylor provides a

benefit to everyone in the group, and can be altruistic or

mutually beneficial depending upon exact parameter

values (Rousset, 2004). Secondly, it is possible to make

predictions for how selection for investment into public

goods should vary with environmental conditions and

population structure (West & Buckling, 2003), and to test

these predictions (Griffin et al., 2004), without determin-

ing whether this is altruistic or mutually beneficial.

Thirdly, in cooperative breeding vertebrates, we can

predict that the extent to which helpers preferentially aid

relatives (kin discrimination), will vary with the benefit

of helping, despite the fact that we do not know the

relative importance of indirect and direct fitness benefits

of helping for particular species (Griffin & West, 2003).

Another general issue is that, although we have

focused on cooperative behaviours that are clearly

helping another individual (+/+ or )/+), the classification

in Table 1 can be applied to all forms of social behaviour.

Other possibilities would include dispersal or sex ratio

evolution. For example, dispersal can be altruistic ()/+) if

it reduces the local competition for resources and hence

provides a benefit to relatives, or mutually beneficial (+/

+) if it also provides a direct benefit such as moving to a

better habitat or a reduced likelihood of inbreeding

(Hamilton & May, 1977). When considering specific

cases it will often not be necessary or useful to think

about behaviours such as the sex ratio or dispersal in

terms of the classification provided in Table 1 (or Ham-

iltoin’s rule). However, the insight that these behaviours

can be thought about in the same ways was a huge

breakthrough that has allowed very general overviews to

be developed (Hamilton, 1971, 1972, 1975; Frank,

1986a, 1998; Taylor, 1990, 1996; Taylor & Frank,

1996). Indeed one reason why evolutionary biologists

may have solved the levels of selection debate that still

rages in other areas is that they have been able to apply

theory to areas such as the sex ratio that are not so loaded

with preconceptions of how individuals are expected (or

ought) to behave.

Conclusions

Science depends upon the communication of facts and

ideas. The misuse or redefinition of widely used terms

can hinder this. In the case of altruism, the various

redefinitions that we have discussed are well meaning,

but lead to confusion because there are so many potential

ways to do it (Table 4). For example, with respect to

population or local group, with respect to personal or

inclusive fitness, with respect to short or long term etc.

Consequently, unless we are careful, a term that had a

single useful meaning can becomes meaningless and

confusing.

We have discussed the human cooperation literature

in some detail because we think this illustrates the

general points. Another area where this problem is

growing, is the literature on cooperation in microbes

(reviewed by West et al., 2006b). First, the old group

selection ideas, and even species or community level

selection, are still suggested (e.g. Shapiro & Dworkin,

1997; Shapiro, 1998; Bassler, 2002; Henke & Bassler,

2004). Secondly, terms have been redefined. Altruism

has been defined relative to the local scale, analogous to

weak altruism (e.g. Kreft, 2005), or to mean a behaviour

that benefits others (e.g. Kaushik & Nanjundiah, 2003),

and cooperation has been defined to refer to only the

specific case of public goods (e.g. Velicer, 2003; Travisano

& Velicer, 2004). Thirdly, it has been assumed that

proximate answers can be given to ultimate questions.

We suspect that this proximate/ultimate issue is likely to

be particularly important in research on communication

between bacteria (quorum sensing), where signals can be

defined both proximately and ultimately (reviewed by

Diggle et al., 2007; Keller & Surette, 2006).

A general point here is that the potential for semantic

confusion is greatest with interdisciplinary research. One

reason for this is that different fields may use the same

term differently (Read, 1994). For example, we have

focused on the evolutionary definition of altruism,

whereas the psychological definition is based on motiva-

tions (Quervain et al., 2004). Another reason is that

different areas may focus traditionally on different

questions, such as proximate vs. ultimate. In all cases,

confusion is best avoided by clear and specific statements

that minimize jargon.
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