
Collective behavior: Summary

• Systems of many similar units interacting in a well-defined manner
• Interactions within a cluster: attraction/repulsion, or more complex combinations
• Behave differently than they would on their own
• Transitions can occur simultaneously, governed by the collective
• Critical behavior of order parameters (average normalized velocity)
• Correlations in space, time across a cluster 

locusts ants starlings zebra



• William Bialek: Fundamental physical limits on the performance of 

biological systems (2018)

"for the application of general theoretical principles of physics and 
information theory to help understand and predict how biological systems 
function across a variety of scales, from molecules and cells, to brains and 
animal collectives."

• Irene Giardina and Andrea Cavagna: Statistical physics of flocks and 

swarms (2021)

"For the incisive combination of observation, analysis, and theory to 
elucidate the beautiful statistical physics problems underlying collective 
behavior in natural flocks and swarms.”

Lectures 11, 12



• Pay attention to the sources, their attributes and “genre”

• What was the scientific breakthrough?

• Can you identify a key insight(s) needed for the breakthrough?

• How do the findings align with or challenge existing models?

• Can you put this work in the context of others in the course? Compare/contrast.

• What are some potential implications of their findings?

Guiding questions



What are the physical limits on biological systems, and what are their implications?

How do interactions between individual elements in a biological system give rise to population-level properties?

Do principles like information flow optimality or maximum entropy govern some biological systems (the brain)?

Bill Bialek: the questions



Bill Bialek: the impact
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Role of noise and sensitivity in setting limits

What are the physical limits on biological systems, and what are their implications?
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Entropy and information in the context of biological systems 
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Do principles like information flow optimality or maximum entropy govern some biological systems (the brain)?



Bill Bialek: the impact

2006 2012

Emergent properties, pattern formation

2011

How do interactions between individual elements in a biological system give rise to population-level properties?



Today’s plan

Bialek developing theory for biological systems and emergent properties 
https://www.youtube.com/watch?v=UQQLjm0toU8 47:20-84 (38 min)

Break

Discussion of “the questions” based on the video

Bialek emergence in the brain https://www.youtube.com/watch?v=qP_cogP_qR8 (4 min)
Bialek theory for biology, big questions https://www.youtube.com/watch?v=PRli78QkEfQ 11 min
Bialek Living History https://www.youtube.com/watch?v=4myrUPQ2-
o4&list=PLHeeH4QC_pZVjTm_Jmffmem57ag4-c6Kh&index=72  14 min

https://www.youtube.com/watch?v=UQQLjm0toU8
https://www.youtube.com/watch?v=qP_cogP_qR8
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https://www.youtube.com/watch?v=4myrUPQ2-o4&list=PLHeeH4QC_pZVjTm_Jmffmem57ag4-c6Kh&index=72
https://www.youtube.com/watch?v=4myrUPQ2-o4&list=PLHeeH4QC_pZVjTm_Jmffmem57ag4-c6Kh&index=72
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