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ABSTRACT 
 

Large-scale cooperation, or the willingness of individuals to incur 

costs in order to help others, is a defining trait of the human species. 

However, cooperation poses a theoretical puzzle: since it is individually 

costly to cooperate, it seems that natural selection should favor non-

cooperation (defection). Recently, it has been proposed that coordinated, 

collective punishment by cooperators of defectors can allow cooperation 

to invade a population of defectors. Here, we address the fact that in this 

previous analysis, punishment was only available to cooperators; 

defectors had no ability to punish cooperators (i.e. antisocial punishment 

was not possible). In other models, the inclusion of antisocial punishment 

has been shown to undermine the ability of punishment to promote 

cooperation. Thus we examine the effect of allowing antisocial 
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punishment on the emergence of cooperation. Our results suggest that 

coordinated punishment confers no competitive advantage when 

punishment is a strategy available to both cooperators and defectors. 

While coordinated prosocial punishers can invade a population of non-

punishing defectors, they cannot invade a population of antisocial 

punishers. These results question the conclusion that coordinated 

punishment played a central role in the evolution of human cooperation, 

and highlight the importance of not arbitrarily excluding antisocial 

punishment strategies from evolutionary models. 

 

 

1. INTRODUCTION 
 

Cooperation, operationally defined as paying costs to benefit others, is 

central to human existence and survival. Yet given that cooperation is 

individually costly, explaining why the selfish process of evolution would 

favor cooperation has been a major research focus for the last half-century. 

Evolutionary game theory, in particular using the Prisoner’s Dilemma (PD), 

has been the central paradigm for studying the question. In a one-shot 

anonymous PD, and its n-player counterpart the Public Goods Game (PGG), 

cooperators always receive lower payoffs than non-cooperators (defectors), 

and thus natural selection favors defection. Numerous mechanisms for the 

evolution of cooperation, or alterations to the basic PD structure that can make 

cooperators out-earn defectors, have been proposed (Nowak, 2006; Rand & 

Nowak, 2013): direct reciprocity, where individuals interact repeatedly 

(Axelrod, 1984; Fudenberg & Maskin, 1990; Fudenberg, Rand, & Dreber, 

2012; Nowak & Sigmund, 1992, 1993; Rand, Dreber, Ellingsen, Fudenberg, & 

Nowak, 2009; Trivers, 1971; van Veelen, García, Rand, & Nowak, 2012); 

indirect reciprocity, where individuals interact within groups and carry 

reputations (Milinski, Semmann, & Krambeck, 2002; Nakamura & Masuda, 

2011; Nowak & Sigmund, 1998, 2005; Ohtsuki & Iwasa, 2006; Pfeiffer, Tran, 

Krumme, & Rand, 2012; Sommerfeld, Krambeck, Semmann, & Milinski, 

2007; Wedekind & Milinski, 2000; Yoeli, Hoffman, Rand, & Nowak, 2013); 

kin selection, where individuals preferentially cooperate with related others 

(Hamilton, 1964; Holmes & Sherman, 1983; Jansen & van Baalen, 2006; 

Lieberman, Tooby, & Cosmides, 2007); structured interactions, where 

individuals are matched in non-random fashion such that cooperators are more 

likely to interact with other cooperators (Brandt, Hauert, & Sigmund, 2003; Fu 

et al., 2012; Hauert & Doebeli, 2004; Helbing, Szolnoki, Perc, & Szabó, 2010; 

Lindgren & Nordahl, 1994; Nowak & May, 1992; Ohtsuki, Hauert, 



Coordinated Punishment Does Not Proliferate ... 3 

Lieberman, & Nowak, 2006; Rand, Arbesman, & Christakis, 2011; Sekiguchi 

& Nakamaru, 2009; van Veelen et al., 2012); and multi-level (or group) 

selection, where competition and reproduction occurs at the level of the group 

as well as the level of the individual (Bowles, 2006; Bowles & Gintis, 2003; 

Boyd & Richerson, 1990; Choi & Bowles, 2007; J. Henrich, 2004; Paulsson, 

2002; A. Traulsen & Nowak, 2006; Wilson, 1975).  

Recently, an alternative possible route to cooperation has received 

considerable attention: the willingness for cooperators to pay to punish 

defectors (Almenberg, Dreber, Apicella, & Rand, 2011; Boyd & Richerson, 

1992; Brandt et al., 2003; Condon & DeSteno, 2011; Fiery Cushman, Dreber, 

Wang, & Costa, 2009; FA Cushman & Macindoe, 2009; Denant-Boemont, 

Masclet, & Noussair, 2007; Dreber, Rand, Fudenberg, & Nowak, 2008; Egas 

& Riedl, 2008; Fehr & Fischbacher, 2004; Fehr & Gächter, 2000, 2002; 

Fowler, 2005; Fowler, Johnson, & Smirnov, 2005; Gächter, Renner, & Sefton, 

2008; Hauert, Traulsen, Brandt, Nowak, & Sigmund, 2007; Hauser, Nowak, & 

Rand, 2014; Helbing et al., 2010; Joseph Henrich et al., 2010; Herrmann, 

Thoni, & Gächter, 2008; Houser, Xiao, McCabe, & Smith, 2008; Isakov & 

Rand, 2011; Janssen & Bushman, 2008; Jordan, McAuliffe, & Rand, 2014; M. 

Nakamaru & Iwasa, 2005; Nikiforakis, 2008; Nikiforakis & Mitchell, 2013; 

Ohtsuki, Iwasa, & Nowak, 2009; Ostrom, Walker, & Gardner, 1992; Powers, 

Taylor, & Bryson, 2012; Rand, Armao IV, Nakamaru, & Ohtsuki, 2010; Rand, 

Dreber, et al., 2009; Rand & Nowak, 2011; Rand, Ohtsuki, & Nowak, 2009; 

Rockenbach & Milinski, 2006; Sigmund, Hauert, & Nowak, 2001; Arne 

Traulsen, Röhl, & Milinski, 2012; Ule, Schram, Riedl, & Cason, 2009; Wu et 

al., 2009). Numerous behavioral experiments demonstrate that many 

cooperators will pay to punish defectors, and that this can stabilize cooperation 

in the lab (Fehr & Fischbacher, 2003; Fehr & Gächter, 2000, 2002; Jordan et 

al., 2014; Ostrom et al., 1992; Ouss & Peysakhovich, 2013; Peysakhovich, 

Nowak, & Rand, 2014; Peysakhovich & Rand, 2013; Rand, Ohtsuki, et al., 

2009; Rockenbach & Milinski, 2006). Complimenting this empirical work is a 

range of evolutionary models showing that allowing cooperators to punish 

defectors can facilitate the evolution of cooperation, in combination with some 

other mechanism (Boyd, Gintis, Bowles, & Richerson, 2003; Boyd & 

Richerson, 1992; Choi & Bowles, 2007; García & Traulsen, 2012; Hauert et 

al., 2007; Helbing et al., 2010; Joseph Henrich & Boyd, 2001; Hilbe & 

Traulsen, 2012; M. Nakamaru & Iwasa, 2005; M. Nakamaru & Iwasa, 2006; 

A. Traulsen, Hauert, De Silva, Nowak, & Sigmund, 2009). The general logic 

is that if defectors are punished, then the payoff advantage of defecting is 

negated and cooperators can outperform defectors; punishment itself is costly, 
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creating a second order free-rider problem that some additional mechanism is 

required to address.  

In the last few years, however, a body of evidence has begun to emerge 

challenging this positive role of punishment. Empirically, it has been shown 

that not only do cooperators punish defectors, but defectors also punish 

cooperators (Cinyabuguma, Page, & Putterman, 2006; Dreber et al., 2008; 

Ellingsen, Herrmann, Nowak, Rand, & Tarnita, 2012; Gächter & Herrmann, 

2009, 2011; Gächter, Herrmann, & Thöni, 2010; Herrmann et al., 2008; 

Nikiforakis, 2008; Sylwester, Herrmann, & Bryson, (In press)). This 

‘antisocial punishment’ has been ignored by nearly all previous theoretical 

models for the co-evolution of punishment and cooperation, which assume that 

only cooperators punish defectors. Punishment targeted at cooperators 

(‘antisocial punishment’) is excluded a priori.  

Thus it is important to reconsider these models, and examine the 

consequences of allowing cooperators to be punished. Work in this vein has 

not been promising for punishment. When antisocial punishment, as well as 

indiscriminant punishment: (i) are added to the spatially structured model of 

(M. Nakamaru & Iwasa, 2005; M. Nakamaru & Iwasa, 2006) where agents are 

embedded in a lattice, the result is that defectors who punish cooperators are 

the only globally stable strategy (Rand et al., 2010); (ii) are added to the 

voluntary social dilemma model of (Hauert et al., 2007) where players can opt 

out of the game and be ‘loners’ who receive a fixed intermediate payoff, the 

result is that punishment no longer increases the level of cooperation in the 

steady state distribution for most parameter sets (although this result relies on 

loners being able to punish cooperators (García & Traulsen, 2012)); and (iii) 

are added to the exploration dynamics model of (A. Traulsen et al., 2009), 

where mutation rates are very high, again punishment no longer increases the 

state steady frequency of cooperation (regardless of whether the game is 

optional or compulsory) (Hauser et al., 2014). Similarly, when the intergroup 

conflict model of (Boyd et al., 2003) is extended such that defectors who 

receive punishment are allowed to retaliate, punishment is much less effective 

at promoting cooperation (Janssen & Bushman, 2008), and including defectors 

that punish cooperators in a group-structured model undermines the evolution 

of cooperation (Powers et al., 2012).  

In this chapter, we extend these previous results by considering the role 

that antisocial punishment might play in a recently published model related to 

coordinated punishment (Boyd, Gintis, & Bowles, 2010) (hereafter 

abbreviated as BGB). BGB argue that coordinated, collective punishment can 

lead to establishment of cooperation as a stable strategy. In their model, 
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cooperators are allowed to signal their intent to punish defectors before the 

game begins. This allows coordinated punishment to invade defection: 

punishers signal their intention to cooperate and punish defection, and then 

only follow through if enough others also signal. If too few others signal, then 

everyone defects; this allows the punishers to not be at a disadvantage when 

they are rare in a population otherwise made up of defectors.  

As in most other models, BGB do not consider the possibility of antisocial 

punishment directed at cooperators. Here we consider the consequences of a 

modification to the defector strategy which exploits the signal given by would-

be punishers: when punishers signal their intention to punish, they identify 

themselves to defectors as potential threats. Therefore our antisocial defectors 

punish those who signal, regardless of the signalers’ subsequent behavior. This 

therefore prevents cooperative punishers from invading, because the 

cooperative punishers are once again at a disadvantage relative to a defector 

majority (since they are being punished for signaling, even if they do not 

subsequently cooperate and punish).  

The chapter proceeds as follows. In Section 2, we give the details of the 

model. In Section 3 we present the results. In Section 4, we conclude. 

 

 

2. METHODS 
 

A. Original BGB Model 
 

The BGB model consisted of n individuals playing a game with two parts. 

The first part was a single signaling stage. The second part was a repeated 

two-stage game in which players first decided whether to cooperate, and then 

decided whether to punish those who did not cooperate in the first stage.  

In the signaling stage, individuals can choose to either signal, or not 

signal. Signaling carries a cost of signaling (q).  

In the cooperation stage, individuals can choose to either cooperate or 

defect. If an individual cooperates, it incurs a cost of cooperation (c) and 

creates a benefit (b), which is divided amongst all n group members. If an 

individual defects, it incurs no cost and contributes no benefit to the group. 

The model also includes an error rate in cooperation (e), which accounts for 

the inability to cooperate given mistakes or extenuating circumstances which 

preclude cooperation, such that out of N possible instances of cooperation, (1-

e)N will result in cooperation, while eN will result instead in defection. 
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In the punishment stage, individuals can choose to punish or not punish. 

Punishers incur a cost (k) for each individual that defected in the previous 

stage, and inflict a cost (p) on each of these defecting individuals. 

Additionally, the model stipulates an advantage from coordinated punishment 

(a), such that the cost to punish decreases as the number of punishers increases 

if a>1 (if M is the number of punishers, the cost to punish is Mk / [Ma]).  

The cycle of cooperation stage and punishment stage repeats T times. 

BGB show that cooperation can invade defection by considering two 

strategies: the (cooperative) punisher (P) and the (defecting) non-punisher (N).  

P players always signal in the signaling stage. Then in the cooperation and 

punishment stages, their behavior depends on the outcome of the signaling 

round. If a threshold number of players (τ+1) signaled in the signaling round, 

then P players will cooperate in every cooperation stage and punish all players 

that defected in the previous cooperation stage. If the threshold quorum was 

not met, P players will defect in every cooperation stage and not punishment. 

N players do not signal in the signaling round, always defect in the first 

cooperation stage, and never punish. If the punishers chose to punish defectors 

in the first punishment stage (i.e. the threshold signaling quorum was met), 

then N players switch to cooperation for the remaining T-1 cooperation stages. 

The model also includes assortment (or ‘relatedness’). Where r is the 

average coefficient of relatedness among individuals in a group of n 

individuals, x is the frequency of punishers in the population, and j is the 

number of punishers among the other n-1 group members, the probability of 

encountering j punishers as a punisher is Pr(j|P)=r+(1-r)x.  

Thus the fitness of a punisher, WP(x) (Eq. 1.1) consists of four terms, first 

the baseline fitness, W0, given as 1, then the cost q of signaling, then the 

benefits of cooperation minus the cost of punishing N defectors and erroneous 

defectors and the cost of being punished given erroneous defection in the first 

round (given that threshold quorum is met), and the benefits of cooperation 

minus the cost of punishing erroneous defectors and the cost of being punished 

given erroneous defection in all further (T-1) rounds in the game (given that 

threshold quorum is met): 
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 (1.1) 

 

Given r, x, and j as above, the probability of encountering j punishers as a 

non-punisher is Pr(j|N)=(1-r)x. Thus the fitness of a non-punisher, WN(x) (Eq. 

1.2) consists of three terms, first the baseline fitness, W0, given again as 1, then 

benefit of all Ps’ cooperation minus the cost of being punished in the first 

round (given that threshold quorum is met), and the benefits of cooperation 

minus the cost of being punished given erroneous defection in all further (T-1) 

rounds in the game (given that threshold quorum is met): 

 

 (1.2) 

 

 

b. Extended Model Including Antisocial Punishment 
 

We now extend the BGB model by altering the non-cooperative strategy 

to include antisocial punishment (creating a new strategy, the antisocial 

punisher A). Antisocial punishment in the extended model consists of 

incurring a cost to punish individuals that signaled in the signaling round of 

the game (“shooting the messenger”) in all T punishment rounds. We assume 

that antisocial punishers incur the same cost of punishing (k) as did the 

original punishers, with the same punishment adjustment variable (a), to inflict 

the same cost of being punished (p) on other individuals, so that the 

punishment options were equal and opposite; however, the antisocial 

punishment was not restrained by any threshold variable (which could put rare 

A players at a disadvantage in P dominated groups).  
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Assuming the same parameters and probability distributions as before, the 

new fitness of a P player in the extended model, WP*(x) (Eq. 2.1), consists of 

the same four terms as before, in addition to one new term, the cost of being 

punished by A players in all rounds: 

 

 (2.1) 

 

The fitness of an A player, WA(x) (Eq. 2.2), consists of the same three 

terms as before, in addition to one new term, the cost of punishing all signalers 

(i.e. all P players) in all rounds: 

 

 (2.2) 

 

 

3. RESULTS 
 

We now explore the dynamic for these two different strategy sets. We use 

the same parameterization as in BGB: c=0.01, b=4c, p=q=k=1.5c, a=2, e=0.1, 

n=18, and T=25 (BGB argue that these values likely model the environment in 

which cooperation would have evolved in early Homo hunter-gatherers). We 

again follow BGB and examine two different coefficients of relatedness, r=0 

(completely unrelated) and r=0.07 (BGB argue this represents the average 

relatedness of early Homo hunter-gatherer groups). Our analysis then varies 

the signalling threshold τ from 0 to n-1, and determines the evolutionary fixed 
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points: x=0 and x=1 are always fixed points (because the model does not 

include mutation), as are values of x for which WP(x)=WN(x) in the BGB 

model and WP*(x)=WA(x) in the extended model.  

Our analysis of the BGB model replicates BGB’s results. We find a 

bifurcation at τ=1 in the unrelated case with r=0 (Fig. 1a), in which two 

interior (i.e. 0 < x < 1) equilibria, one stable and one unstable, exist for all 

values of τ>1. In the case with relatedness r=0.07, no bifurcation occurs (Fig. 

1b), and instead stable interior equilibria are present at all values of τ. 

Importantly, when τ<4, there is only a single stable interior equilibrium. Thus 

regardless of the where the population starts (including a case dominated by 

defectors), cooperation will evolve: P players can invade an N population 

when r=0.07 and τ<4. This finding was the main result of BGB, with which 

they argued that coordinated threshold punishment can drive the evolution of 

cooperation. 

When analyzing the extended model, however, we see a very different 

result. For both r= 0 (Fig 2a) and r=0.07 (Fig 2b), P players can never invade 

A players. The unstable equilibrium (“dividing”) line never drops below 

x=0.7, which provides no opportunity whatsoever for a rare punisher to invade 

a group of antisocial punishers. Similarly, however, there is no opportunity for 

a rare antisocial punisher to invade a group of punishers.  

 

 

Figure 1. Flow diagrams of the original BGB model (P vs. N). Graphs plot the stable 

equilibrium frequencies of the P strategy as the threshold number of punishers varies 

from 0 to n-1 among populations of: a.) completely unrelated group members (r=0), 

and b.) average hunter-gatherer-related group members (r=0.07). Arrows indicate flow 

vectors; lines with converging flow vectors indicate stable equilibrium lines, and lines 

with diverging flow vectors indicate unstable equilibrium lines. 
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Figure 2. Flow diagrams of our extended model (P vs. A). Graphs plot the stable 

equilibrium frequencies of the P strategy as the threshold number of punishers varies 

from 0 to n-1 among populations of: a.) completely unrelated group members (r=0), 

and b.) average hunter-gatherer-related group members (r=0.07). Arrows indicate flow 

vectors; lines with converging flow vectors indicate stable equilibrium lines, and lines 

with diverging flow vectors indicate unstable equilibrium lines.  

 

CONCLUSION 
 

Here we have shown that coordinated punishment no longer allows 

cooperators to invade defectors if defectors can punish those who signal their 

willingness to sanction defectors. This punishment of signalers undermines the 

mechanism in the original BGB paper: signaling was only slightly costly 

because if a quorum was not met, the P players could avoid the costs of 

cooperation and punishment by just defecting themselves. However, if P 

players are punished for signaling, giving the signal again becomes highly 

costly. Furthermore, the A players’ strategy of self-defense seems entirely 

psychologically plausible: if I were to tell you “I plan to punish you”, which is 

effectively what the P players are doing to the N and A players in the signaling 

round, few would find it surprising if you preemptively punished me.  

It is important to note that even against our antisocial A players, the 

cooperative punisher P strategy is still an equilibrium: a population dominated 

by P players cannot be invaded by A players. However, using the parameters 

that BGB argue are ecologically valid, the basin of attraction for the A players 

is much larger than that of the P players. Thus natural selection favors 

defection over cooperation.  
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Here we have provided yet another example of how adding antisocial 

punishment, an empirically demonstrated behavior which should not be 

ignored, dramatically changes the outcome of a model for the coevolution of 

cooperation and punishment. Our results show that this holds true whether 

punishment is solitary, as has been modeled in many previous studies, or it is 

coordinated among many individuals, as in the BGB model. Thus costly 

punishment is not a mechanism for the evolution of cooperation, and the great 

degree of cooperation observed among unrelated humans (Andreoni, 

Harbaugh, & Vesterlund, 2003; Balliet, Parks, & Joireman, 2009; Bateson, 

Nettle, & Roberts, 2006; Bolton, Katok, & Ockenfels, 2005; Burnham & Hare, 

2007; Capraro, Jordan, & Rand, 2014; Dreber, Ellingsen, Johannesson, & 

Rand, 2013; Engel & Rand, 2014; Forsythe, Horowitz, Savin, & Sefton, 1994; 

Frank, Gilovich, & Regan, 1993a, 1993b; Goette, Huffman, & Meier, 2006; 

Gray, Ward, & Norton, 2012; Hallatschek & Nelson, 2008; Peysakhovich et 

al., 2014; Rand, Greene, & Nowak, 2012; Rand et al., 2014; Rapoport, 1965) 

is likely explained by forces other than costly punishment, perhaps such as 

repetition and reputation (Jordan, Rand, & Peysakhovich, Forthcoming).  
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