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RPS Game Model  
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Reichenbach, Mobilia & Frey, Nature (London) 448, 1046, (2007). 



Role of Epidemic Spreading  
in Coexistence 

    Model 
•  SIR mode: portion of infected individuals will die 
•  Spatial neighbors can infect each other  
•  Offspring is always healthy 
•  Our findings 
 Virus spread within the same species promotes 

species coexistence; 
 Spread among different species  jeopardizes 

species coexistence. 
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RPS Model with Epidemic Spreading  
on 2D Lattice 
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Spatial patterns 
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Parameter-Space Characterization 
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W.-X. Wang, Y.-C. Lai, and C. Grebogi, Effect of epidemic spreading on species 
coexistence in rock-paper-scissors games, Phys. Rev. E 81,046113(1-4) (2010) 
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Intra-Species Virus Spreading  
Induces Coexistence 
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(a)  No virus spreading;   (b) With intra-species virus spreading; 
(c)  Under inter-species spreading, basin structure predicted by PDE model  
      for different values of initial density of empty sites; 
(d) Basin structure under inter-species virus spreading (from direct simulation) 



Theoretical Model 
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Evolutionary Equations 
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Partial Differential Equations 
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Inter-Patch Migration:  
Pattern Formation and Synchronization 

•  Target waves 
•  Synchronization and lag synchronization 
•  Coexistence of target wave and spiral waves 
•  Multi-target waves 

PaBern	
  forma:on,	
  synchronisa:on	
  and	
  outbreak	
  of	
  
biodiversity	
  in	
  cyclically	
  compe:ng	
  games,	
  W.-­‐X.	
  Wang,	
  X.	
  Ni,	
  
Y.-­‐C.	
  Lai,	
  and	
  C.	
  Grebogi,	
  Phys.	
  Rev.	
  E	
  83,	
  011917(1-­‐9)	
  (2011)	
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Migration Among Three Patches  
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Target Waves and Synchronisation	
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Coexistence of Target and  
Spiral Waves 
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Multi-Target Waves 
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Quantitative Characterization 
Dis+nguish	
  target	
  waves	
  from	
  spiral	
  waves	
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Synchronisability and Number of Rings 
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Predicting the Number of Rings 
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Transition from Complete to Lag Synchronisation 



Transition to Lag Synchronisation 
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Basins of Extinction and Coexistence 
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Conclusions 

•  Virus spreading within species can promote 
coexistence 

•  Virus spreading across different species tend to 
hamper coexistence 

•  Inter-patch migration can induce coexistence 
in the form of novel target waves 

•  All these are obtained from microscopic 
model of evolutionary dynamics 


