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Tero et al, 2010, Science 

Buhl et al, 2009, Behavioral Ecology and Sociobiology  

Latty et al, 2011, Royal Scoiety Interface 
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Predator	
  detec%on	
  

Ward et al. (2011), Proceedings of the National Academy of Sciences 



predator	
  
to	
  leM	
  

Ward et al. (2011), Proceedings of the National Academy of Sciences 



Predator	
  avoidance	
  increases	
  with	
  
group	
  size	
  

€ 

1− 1
2
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Ward et al. (2011), Proceedings of the National Academy of Sciences 



Time	
  taken	
  decreases	
  with	
  group	
  size	
  

Mean	
  (±SE)	
  
%me	
  	
  (s)	
  
spent	
  by	
  

focal	
  fish	
  in	
  
each	
  zone	
  

Ward et al. (2011), Proceedings of the National Academy of Sciences 



Quorum	
  responses	
  

Ward et al. (2008,2011) PNAS, Sumpter et al. (2008) Current Biology,  
Sumpter & Pratt (2009) Philosophical Transactions of Royal Society B 
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Model: Low flow Model: High flow 

Data: Low flow Data: High flow 
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Buhl et al. (2006), Science 
Yates et al. (2009), PNAS 
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Buhl et al. (2006), Science 
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30 particles 
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  vs	
  Data	
  

Buhl et al. (2006), Science 

7 locusts 25 locusts 50 locusts 



Model vs Data 

Buhl et al. (2006), Science 







Self-­‐propelled	
  par%cle	
  models	
  

current position current velocity 

current velocity 
position and velocity of neighbours 

stochastic effect 

future position 

future velocity 



Ginelli, F. & Chaté, H., Phys. Rev. Lett., 105 168103 (2010). 

Hemelrijk, C. K. & Hildenbrandt, H. PLoS One 168103 (2010). 





Too	
  many	
  models,	
  not	
  enough	
  data	
  

•  Thousands	
  of	
  (possibly	
  10,000)	
  papers	
  on	
  SPP	
  
models.	
  Many	
  of	
  which	
  generate	
  realisi%c	
  
looking	
  schooling	
  behaviour.	
  

•  Some	
  ‘universal’	
  proper%es	
  established	
  of	
  
these	
  models	
  (Vicsek	
  &	
  Zafiris,	
  2010).	
  

•  Few	
  studies	
  which	
  iden%fy	
  the	
  actual	
  rules	
  of	
  
interac%on.	
  	
  





Mann et al. (submitted) 
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Mann et al. PLoS Computational Biology (in press) 
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Fine-­‐scale	
  model	
  selec%on	
  

Mann et al. PLoS Computational Biology (in press) 



Fine-­‐scale	
  model	
  selec%on	
  

Forward interaction with those 
moving in opposite direction.  

Interaction radius equal to half 
a prawn body length.  

Mann et al. PLoS Computational Biology (in press) 
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…? 

Mann et al. PLoS Computational Biology (in press) 



Data Model 

Global-­‐scale	
  fit	
  



Turning	
  example	
  





Interaction Radius with Memory (D1-4) 

Mann et al. PLoS Computational Biology (in press) 



Fine-­‐scale	
  model	
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Mann et al. PLoS Computational Biology (in press) 



Data Model D3 

Global-­‐scale	
  fit	
  





Herbert-Read et al. (2011), PNAS 



Rules	
  of	
  mo%on	
  

Herbert-Read et al. (2011), PNAS 



Catch	
  up	
  those	
  in	
  front.	
  	
  
Wait	
  for	
  those	
  behind.	
  



Turn	
  towards	
  your	
  neighbours	
  



Aarac%on	
  is	
  more	
  important	
  than	
  
alignment	
  



Fish	
  swim	
  parallel	
  to	
  sides	
  of	
  tank	
  	
  



Response = Past + Wall + Neighbour 1 + 
Neighbour 2 + Neighbour 3 

Herbert-Read et al. (2011), PNAS 
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Perna et al. (submitted) 
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Simple	
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Bayes	
  factor	
  test	
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www.collec've-­‐behavior.com	
  

Webpage: 

http://www.math.uu.se/~david/ 

Just now Postdoc position available to 
work with Jens Krause and myself on 
human collective behaviour. 

http://www2.personalavd.uu.se/
ledigaplatser/2450postDOC.html 


