
  

7. Competition, cooperation and spatial 
structure



  

Bacteria (often) live in a highly structured world
→ why does it matter?

● Competition (for space or 
resources) is local

● Interactions between individuals 
(eg production of public good or 
bioweapons, signaling, etc) → 
Fitness of an individual depends on 
its neighbours 



  

Competition for resources: r/K selection

What to make 
from this glucose?
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dN
dt

=r∗N∗(1−
N
K

)

Respiration

Fermentation

high K, low r
(= 36 ATP, slow)

high r, low K
(= 2 ATP, fast)

Trade-off between rate and 
yield: Which one is selected?



Growing fast or efficiently: who wins?

dN f

dt
=r f∗N f∗(1−

N f+N r

K (N f , N r)

)
dN r

dt
=rr∗N r∗(1−

N f+N r

K (N f ,N r )

)

● No space (mixed)? Both populations 
share the same K, but r is private

Fermenters always win (higher r)

● With space?

Respirators (high K, low r)

Fermenters
(high r, low K)

Resources

Respirators may win (we’ll try to understand why)
Pfeiffer, Schuster & Bonhoeffer, 2001

https://sci-hub.st/10.1126/science.1058079
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Prisoner dilemma: 
T>R>P>S and R>(T+S)/2

Nash equilibrium, ESS
Pareto optimal

Type C = cooperate (pay a personal 
cost to bring a benefit to others)

Type D = do not cooperate (but can still 
benefit from cooperative act of others)

Switching from type C to D always increase fitness → selection 
for type D in mixed populations

From Nowak, 2006

Cooperative dilemma in biology

https://sci-hub.st/10.1126/science.1133755


  

Cooperative dilemma in isolated groups: 
Simpson paradox

Chuang et al, 2009: experiment with bacteria, 
with a synthetic social antibiotic resistance trait

https://sci-hub.st/10.1126/science.1166739


  

Cooperative dilemma in isolated groups: 
Simpson paradox

Within each group, 
cooperators loose

But with spatial 
structure: 

groups of cooperators 
do better than group of 
non-cooperators

→ cooperation may 
increase overall

From Chuang et al, 2009

https://sci-hub.st/10.1126/science.1166739


  

From Chuang et al, 2009

The data: experimental 
proof of concept

Stan Leibler, one of the founding
fathers of system biology

https://sci-hub.st/10.1126/science.1166739
https://en.wikipedia.org/wiki/Stanislas_Leibler


  

General theory for the evolution of social traits

Individuals of the same types
interact more often

Two frameworks to understand this:  
kin selection and group selection,

Heated argument between proponents 
of each...



  

Examples of cooperative traits, in microbes 
and others

● Secretion of public good molecules 
(extra-cellular enzymes digesting a 
sugar or degrading an antibiotic, biofilm 
matrix…)

● Prudent use of resources

● Altruistic suicide

● Eusociality in animal societies

● Existence of multicellular organisms by 
itself

https://b-ok.cc/dl/1102567/ed33c1


  

Cooperation and selfishness in the LTEE?

dN
dt

=r∗N∗(1−
N
K

)

Reminder: r (growth rate) is private, 
K (yield) is shared

What would you expect to happen 
to E. coli during thousands of 
generations of evolution in well-
mixed medium (LTEE)?

From Novak et al (2006)
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https://sci-hub.se/10.1086/506527


  

Cooperation and selfishness in the LTEE?

But...

From Vasi et al (1994)

… cell size increases ...

… and numerical yield decreased!

https://sci-hub.se/10.1086/285685


  

Cooperation and selfishness in the LTEE?

Katrina van Raay

Luis Zaman
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From Van Raay et al (2021)

Use of a media-in-oil setup to re-evolve LTEE 
descendant in more or less structured setting

https://www.biorxiv.org/content/10.1101/2021.07.11.451942v2.abstract


  

Cooperation and selfishness in the LTEE?

Katrina van Raay

Luis Zaman
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From Van Raay et al (2021)

https://www.biorxiv.org/content/10.1101/2021.07.11.451942v2.abstract

