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“It is a very long haul from handling a small group of four species like the lemon tree, the 
nightshade, the black scale, and a chalcid parasite, to the contemplation of the almost 
inconceivable and profuse richness of a tropical rain forest […].
It is a question for future research, but an urgent one, how far one has to carry complexity 
in order to achieve any sort of equilibrium.” 

Charles Elton 

Ecology of Invasions by Animals and Plants, 1958 
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a food web is stable if  (May 1972):
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Trophic downgrading  
of Planet Earth 
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"Do food webs display universal structure similar to other types of networks?" 


How do we characterize the structure of Ecological networks?
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Pringle & Hutchinson (2020) AREES



Modularity

“Modularity is the tendency where species within a module tend to 

interact with a much higher frequency among them than they do with 

species from other modules” (Bascompte & Jordano 2014)
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The metric M

(Newman & Girvan 2004, Guimerà & Amaral, 2005)
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The metric M

# of interactions inside module s

# of interactions in the 
whole network



Modularity

The metric M

Sum of the species’ 
degree  inside module s
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How to find the modules?
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How to find the modules?
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Modularity

How to find the modules?
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How to find the modules?
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11 species: 1 – 11 modules;

Different sizes;
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11 species: 1 – 11 modules;

Different sizes;
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Optimization algorithms



Modularity

11 species: 1 – 11 modules;

Different sizes;

How to optimize?

Simulated annealing 





Donatti et al. (2012) Eco. Lett.





Olesen et al. (2007) PNAS



Afternoon: 

Calculating modularity in R
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Graph Theory - Representations
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E = {(1,2),  (2,3),  (2, 6),  (3, 4),  (4,5),  (4,6)}

Edge list:

3

Adjacency matrix:

n    := number of nodes in the graph.

m   := number of edges in the graph.

:= node, vertex

:= edge, link, connection



Let’s go to R now
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Modularity

The metric M

Barber 2007, Guimerà et al. 2007

# of interactions inside module s

# of interactions in the 
whole network


