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Spatial Effects 
• Unstructured populations 

o Not particularly realistic 

• Networks are used to describe spatial structure 
o Computational simulation approach 

o Heavy emphasis on Prisoner’s Dilemma 

• Lack of general understanding 

o No “general influence” of structure 

• Spatial effects depend largely on the type of game and update rule 



Update Rules (1) 
• Replicator rule/proportional imitation rule 

o How much better was partner’s payoff? Adopt partner’s strategy with that 

probability 

• Multiple replicator rule 
o Same idea, but compare everyone in your neighborhood 

o Strategy change is more likely (more comparisons) 

• Moran-like rule/Death–Birth rule 
o Choose a neighbor’s strategy, or your own, with a probability proportional 

to its payoff 

o Possible to shift to a strategy with an inferior payoff 

• Unconditional imitation rule/“follow the best” rule 
o Pick the strategy in your neighborhood with the best payoff 

o Deterministic 



Update Rules (2) 
• Best response rule 

o Cognitive ability to ask “am I playing the best strategy, given my 

neighbors’ configuration?” 

o If not, shift to that strategy with some probability 

o Not imitative but innovative  

• Can adopt a rule that isn’t already present 

• Fermi rule 
o Select a neighbor at random, adopt that strategy with a probability 

described by the Fermi distribution function: 

 

o β (inverse of temperature) controls the intensity of selection 

• Low β  = high noise, weak selection 

• High β = low noise, strong selection 



Spatial Structure: Key 
Findings 

• Nowak & May (1992) 
o Cooperation increases with spatial structure in PD 

o Explained in terms of clusters of cooperators forming 

• Hauert & Doebeli (2004) 
o Cooperation often decreases with spatial structure in Snowdrift! 

o Explained in terms of cluster formation and growth being inhibited 

• So cooperation does not always result from structure 

• But wait… 
o Explanations in terms of “microscopic” effects suggests a discontinuity 

between PD and Snowdrift  at this low level 

o Equilibrium structure doesn’t differ, however 

• Only stable equilibrium in both cases is full defection 

o Difference is actually the result of different update rules 

• Unconditional imitation vs. replicator rule 

 

 



Spatial Structure: General 
Findings 

• For replicator rule + random networks or lattices 
o Negligible effect on Harmony games  

o Minimal effect in PD throughout most of the parameter space 

o Enhancement of cooperation in Stag Hunt 

o Inhibition of cooperation in Snowdrift 

o Clustering is the key factor at work in these latter two cases 

• Strong tendency to increase/maintain high local densities 

• Different consequences in different games 

• Even just homogenous random networks have an effect 
o As degree increases, effect increases in Stag Hunt and Snowdrift, but 

decreases in PD 

o No differences between random and spatial networks if there is no clustering 

o Differences when there is clustering, however 

• These are the cases where cooperation is promoted in Snowdrift and PD! 



Synchronous vs. 
Asynchronous Update 

• One criticism of Nowak & May was by Huberman & 

Glance, who replaced synchronous updating with 

asynchronous in spatial PD 
o Updating one agent at a time, not all at once 

• Adds stability to your neighborhood 

o Asymptotic cooperation obtained by Nowak & May disappeared 

o Big splash, but it is still hotly debated whose findings are more general 

• Conclusions so far? 
o Changing to asynchronous in different contexts can lead to either 

increases or decreases in cooperation 

o In general, this parameter rarely has an effect 



Heterogeneous Networks 
• Introducing variance into the population’s degree 

distribution 

• Increasing degree heterogeneity 
o Clear enhancement of cooperation in Snowdrift games region 

• Robust against changes to update rules and network degree 

• Having lots of neighbors gives you a lot of payoffs 

o Defectors turn their neighbors against them, cooperators don’t 

o Hubs end up being dominated by cooperators, who drive 

cooperation in the rest of the population 

o Weaker enhancement in Stag Hunt and PD 

• Effect very dependent on update rule 



Best Response Update 
Rule 

• Recall: innovative rather than imitative update rule 

• According to Roca et al., best response suppresses 

the effects of population structure on evolutionary 

games 
o Identical to a well-mixed population 

o Only one exception 

• In regular lattices, if initial cooperator density is low it is boosted, and if 

it is high it is inhibited 



Weak Selection 
• So far, all results assume strong selection 

o Your fitness is based entirely on your payoff 

• Weak selection is the same as instituting a baseline 
fitness 

• Ohtsuki & Nowak 
o A modified payoff matrix may be obtained that allows you to analyze a 

random homogenous network via replicator dynamics (i.e., as if it were a 
well-mixed population) 

o Closer approximation with weaker selection 

o Allows you to ask, “am I dealing with a different game, now that my 
payoff matrix has changed?”  

• Using Fermi update rule allows you to reduce 
strength of selection 
o This reduces the effects of population structure 

 


