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Evolutionary game theory provides a framework for
explaining social interactions, including those between
males and females. In a recent article, Roughgarden et al.
discuss a new approach to sexual selection based on
cooperative game theory and argue that cooperation
rather than competition is fundamental in interactions
between the sexes. However, compelling reasons
for adopting this approach are not given and the authors
do not adopt it consistently. We argue that non-
cooperative game theory provides an adequate basis
for understanding sexual selection, but that further work
is needed to produce realistic models. We agree with
Roughgarden and colleagues that bargaining is an
important aspect of social interactions, but this is not
a novel claim. Bargaining does not require the assump-
tion of cooperation and does not necessarily lead to it.

Introduction
The current approach to explaining sexual selection is
based on the idea that individuals act in their own best
interests. This often leads to a conflict between males and
females [1]. In a recent paper that criticizes this idea [2],
Roughgarden and colleagues argue for a new approach in
which non-cooperative game theory (i.e. competition) is
replaced by cooperative game theory (i.e. cooperation).
Many authors have discussed various aspects of the claims
of Roughgarden et al. in the Letters section of Science for
May 5 2006 (Vol. 312, pp 689–697). Here, we concentrate on
the challenge to evolutionary game theory.

Evolutionary game theory
Evolutionary game theory provides a framework for
understanding how evolution shapes interactions between
organisms (i.e. it forms the basis for explaining social
interactions). The standard use of evolutionary game
theory assumes that individuals act so as to maximise
their own fitness. Each member of a population has
a genetically determined strategy that specifies how it
interacts with other population members. The strategy
adopted by most population members at evolutionary
stability is called an evolutionarily stable strategy
(ESS) [3]. Under this strategy, each population member
is using the best strategy given that others are also using
this strategy. Thus, at an ESS, no individual can increase
its fitness by adopting a different strategy. This is
the definition of a Nash equilibrium (NE) (which Rough-
garden et al. [2] call a ‘Nash competitive equilibrium’ or
NCE). Cooperation is not assumed, but can emerge from
each individual trying ‘selfishly’ tomaximise its ownfitness.

Many biological interactions between two organisms are
modelled as a game in which each player makes a single
decision in the absence of information about the decision
of the other player. We refer to this as a one-shot
simultaneous game. In such games, it is usual to assume
that the choice of action of an animal is not influenced
by the behaviour of its opponent, but is fixed, being
determined by the genotype of the animal alone.
Roughgarden et al. [2] are right to point out that one-shot
simultaneous games are often unrealistic and we should
take account of interactions between the players during
the course of the game; however, this point has been made
before in the context of interactions between males and
females [4], and various models include interactions
between animals [4–11]. When bargaining occurs, it is
the rules (i.e. strategies) that govern bargaining that are
genetically determined (and hence subject to evolutionary
processes). At an ESS, rules are best responses to each
other and are hence in NE [4]. Biological models in which
rules evolve sometimes predict more cooperation than does
the NE based on one-shot games, sometimes less [4,7,8].
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Box 1. The Nash bargaining solution

Nash [13,14] introduced the Nash bargaining solution (NBS) and

Nash equilibrium (NE) in successive years. NE arise more naturally

in biology, because a system is always at a NE when EESs are

played. However, is there also a role for the different idea of the

Nash bargaining solution? The Nash bargaining problem consists of

a feasible set (the set of pairs of possible payoffs to the two players)

and a disagreement point (the payoffs that each player will get in the

event of their failing to agree). Nash gave a set of rationality axioms

that assign a unique solution to each such pair. The most important

axioms are Symmetry and Independence of Irrelevant Alternatives.

The latter says that if players sometimes choose x when y is

available, then they will still choose x when y is unavailable. Using

these axioms, Nash showed that there is usually a unique pair of

payoffs to the players that are the Nash bargaining solution.

Let P1 and P2 denote possible payoffs to Player 1 and Player 2,

respectively. Let P�1 and P�2 denote the payoffs to Player 1 and Player

2, respectively, at the disagreement point. At the NBS, the payoffs P1

and P2 maximise the product (P1 � P�1 )(P2 � P�2 ). Under the Nash

program, the NBS is justified in a particular bargaining situation if it

arises as the NE of the bargaining game. This means that the

fundamental biological assumption is that players maximise their

own fitness; the resulting product maximisation is a consequence if

the NE coincides with the NBS.

Drawbacks to using the NBS as a predictor include its use of a

symmetry axiom, its failure to recognise the potential importance to

the players of their outside options, and its highly unrealistic

assumption that the players have no secrets from each other. The

NBS can sometimes be generalised to take account of the first and

second of these problems, but attempts at an adequate general-

isation in the face of incomplete information have yet to prove

themselves [20].

The Nash program calls for the predictive power of cooperative

solution concepts such as the NBS to be tested by modeling the

negotiation process as a (non-cooperative) game by formalizing its

implicit rules. If this negotiation game can be solved using the idea of

a NE, we are in trouble unless this non-cooperative solution outcome

coincides with the cooperative solution concept under study.

A success for the Nash program came when Rubinstein [21]

showed that the non-cooperative negotiation game in which two

players exchange offers until someone says ‘yes’ has a unique

(subgame-perfect) NE, provided that the players discount the

unproductive passage of time at a positive rate. (A subgame-perfect

strategy profile must include NE in all subgames, whether in

equilibrium or not.) When the discount rates of the players are equal

and the time interval between successive proposals is sufficiently

small, the unique bargaining outcome in Rubinstein’s model

approximates the NBS [19].
The approach of Roughgarden and colleagues
In their recent paper, Roughgarden et al. propose that
cooperation rather than competition is fundamental in
social interactions (‘The distinction between our proposition
and previous work is apparent in the use of the word
‘cooperative,’ which means only a mutually beneficial out-
come in previous work but describes a process of perceiving
andplaying the game inourwork.’ [2]).However theauthors
do not give adequate justification for this approach and do
not adopt it consistently throughout the article.

We consider Roughgarden et al. to also have an unusual
view of ‘competitive’ and cooperative games: ‘In competitive
games, the players do not communicate. In cooperative
games, players make threats, promises, and side payments
to each other; play together as teams; and formand dissolve
coalitions’ [2]. Communication and threats are biologically
important, but the standard view in both biology and
economics is that they are included in what Roughgarden
et al. call ‘competitive’ games [3,12].

To clarify terminology, we note that what Roughgarden
et al. call a ‘competitive’ game is usually referred to as a
non-cooperative game in both economics and biology. The
use of the term ‘non-cooperative game’ assumes that
agents act in their own best interests but does not preclude
the emergence of cooperation.

The contributions of Nash
John Nash invented both the Nash bargaining solution
(NBS, Box 1) [13] and the idea of aNE [14]. TheNBS is part
of a body of work usually described as cooperative game
theory, whereas the NE is the basic concept of non-coop-
erative game theory.

Roughgarden et al. offer cooperative game theory as an
alternative to non-cooperative game theory, emphasising
the role of the NBS [2]. Nash did not regard cooperative
and non-cooperative game theory as rival approaches. On
the contrary, he regarded them as complementary. In
cooperative game theory, strategic issues are confined to
a black box. Axioms are usually formulated that relate only
to the payoff structure of a game. Ideally, the set of axioms
will characterise a unique ‘cooperative solution concept’.
The NBS is the prototypical example. Such a cooperative
solution concept provides a simple prediction of the outcome
of bargaining among theplayers that can be appliedwithout
getting into any messy analysis of who can do what and
when. But when should we proceed as though the axioms
apply? Nash’s answer to this is called the ‘Nash program’
[15–17]. It calls for the construction of a (usually much
simplified) model of what the players can and cannot do
whilebargaining.The result isanon-cooperativebargaining
game. One computes the NE of this bargaining game if one
can, and hopes to be able to solve the problem of how to
choose among theNE if there ismore than one. If successful
in the latter enterprise, one then compares the selected NE
outcome with the prediction generated by the cooperative
solution concept. If the two are the same, one has some
support for the cooperative solution concept. If not, then the
cooperative solution concept does not apply in the context
under study. This makes cooperative game theory an aux-
iliary discipline to non-cooperative theory. It does not make
it an alternative, asRoughgarden et al. appear to believe [2].
www.sciencedirect.com
Commitments, threats and cheating
The basic requirement for orthodox cooperative game
theory is that the players are able to sign binding contracts
that commit them to a course of action. But animals do not
have a legal system. Any threats, promises, take-it-or-
leave-it demands and the like implicitly made by animals
must therefore be credible if they are to be effective in
modifying the behaviour of other animals.

Cheaters and freeloaders will always be a problemwhen
there are no binding contracts. As Roughgarden et al. point
out [2], cheaters can be suppressed by penalties imposed by
individuals that are prepared to enforce them. We agree,
but there is usually a cost to policing. It is then necessary to
show that policing is in the self-interest of the enforcer.
Policing and enforcement have to be included as part of
the process, and again one seeks the individually best
strategies.

In their examples [2], Roughgarden et al. talk in terms
of a solution in which threats are effective because it is
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in the self-interest of the threatened individual to take
note of credible threats. This is the standard approach
of non-cooperative game theory, and is not consistent
with the claim of Roughgarden et al. that cooperation is
fundamental and hence can be taken as a starting point of
the analysis [2].

The future
Bargaining is part of non-cooperative game theory. An
approach based solely on cooperation is neither justified
nor required. Economic models show that the NBS can be
the outcome of a negotiation process, but results are largely
for the case of perfect information. When the players might
have secrets from each other, economic models do not
predict the simple version of the NBS considered by
Roughgarden et al. Indeed, these models predict that
cooperative behaviour will be unattainable much of the
time, even with fully rational players using an optimal
bargaining protocol [18]. The problem is that players
have an incentive to lie about the least that they are
willing to accept, and when both make such extravagant
claims the result can sometimes be disastrous, and far from
cooperative, even in ideally favourable circumstances.

Neither is it true that adopting a bargaining framework
that incorporates insight from cooperative game theory
excludes the orthodox approach to sexual selection. It only
appears so in the article by Roughgarden et al. because
they seem unaware of later work that incorporates outside
options into Nash bargaining theory. In the context of
sexual selection, outside options are alternative partners
with which an animal could interact. When the outside
options of a player are sufficiently large, they trump the
considerations that lead to the NBS [19]. But this is the
case that is taken as the norm in the orthodox theory of
sexual selection.

Roughgarden et al. have correctly highlighted the need
to consider interactions between animals. Unfortunately,
theNBS is a black box that ignores this process.We need to
understand when the outcome of the bargaining process
can and cannot be predicted by the NBS. To do so, we need
realistic models that do not assume symmetry, perfect
information and no outside options. It is likely that the
article by Roughgarden et al. should at least stimulate this
research program.
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