
Consequences of network 
structure on ecosystem

functioning

Elisa Thébault



Diversity and ecosystem functioning

Tilman et al. (2006) Hector et al. (2010) 



Diversity and ecosystem functioning in ecological networks

Poisot et al. 2013
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The structure of host-parasitoid networks and functioning

Peralta et al. 2014



Network structure allows to describe complementarity and redundancy 
among species 

 Direct links with the study of ecosystem functions and stability



Cascading effects in networks?
Network structure and indirect interactions
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Understanding indirect effects: a central issue in ecological networks



Understanding direct and indirect effects: 
studies on network motifs



Understanding direct and indirect effects: 
studies on network motifs



Effects can differ from predictions

Hulot et al. Nature 2000



Simplified pelagic food web

(from Carpenter et Kitchell, 1993, 

The trophic cascade in lakes, 

Cambridge University Press).

Need to consider food web structure
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Understanding direct and indirect effects: 
studies on network motifs



Morris et al. 2004

- -

Understanding direct and indirect effects
apparent competition



Morris et al. 2004
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Understanding direct and indirect effects
apparent competition



Important applications for management

-         -

+         +

+         +

Carvalheiro et al. (2014)

Carvalheiro et al. (2008)



Indirect effect of species j on species i:

i j

Predators or 
parasitoids

Prey ?

Estimating potential indirect competition among prey
the Muller’s index



Indirect effect of species j on species i:

k

i j

?

Sum over all shared predators

Estimating potential indirect competition among prey
the Muller’s index

Predators or 
parasitoids

Prey



Indirect effect of species j on species i:

Fraction of predators of species i that 
belong to predator species k

k

i j

?

Estimating potential indirect competition among prey
the Muller’s index

Predators or 
parasitoids

Prey



Indirect effect of species j on species i:

Fraction of predator species k attacking 
species j

k

i j

?

Estimating potential indirect competition among prey
the Muller’s index

Predators or 
parasitoids

Prey

Fraction of predators of species i that 
belong to predator species k



Indirect effect of species j on species i:

i j

𝑑𝑗𝑖 ≠ 𝑑𝑖𝑗

Predators or 
parasitoids

Prey

Estimating potential indirect competition among prey
the Muller’s index



Competition or facilitation in plant-pollinator networks?

➢ Complex indirect interactions among plants and among pollinators, importance of the 
balance between mutualism and competition

+         +

+         +
-         -

-         -

Bastolla et al. (2009) Valdovinos et al. (2016)



Facilitation Competition

Competition or facilitation in plant-pollinator networks?

Bergamo et al. 2021

➢ Complex indirect interactions among plants and among pollinators, importance of the 
balance between mutualism and competition
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Facilitation Competition

Competition or facilitation in plant-pollinator networks?

Bergamo et al. 2021

➢ Complex indirect interactions among plants and among pollinators, importance of the 
balance between mutualism and competition
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+         +
-         -

-         -

Bastolla et al. (2009) Valdovinos et al. (2016)



Predicting cascading effects in complex ecological networks?

➢Need for a dynamical perspective and accounting for long indirect 
pathways

Pires et al. (2020) 



Terms of the Jacobian
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Estimating direct and indirect effects in networks
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Montoya et al. 2009

« Diffuse effects in food webs »



Another approach: food web model based on allometric relations

Bioenergetic model of Yodzis and Innes (1992) 
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J  = mass-specific ingestion rate of the population
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Another approach: food web model based on allometric relations

Bioenergetic model of Yodzis and Innes (1992) 
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Another approach: food web model based on allometric relations

Bioenergetic model of Yodzis and Innes (1992) 



Brose et al. 2006 ; Iles & Novak 2016

Trophic interactions based on the niche model

Another approach: food web model based on allometric relations



Iles & Novak 2016

Predicting cascading effects in complex food webs?



Iles & Novak 2016

Predicting cascading effects in complex food webs?



Part III: Cascading effects in networks
Network structure and indirect interactions

Some conclusions and perspectives

➢ Importance of indirect interactions: network structure matters for 
understanding cascading effects in ecological communities

➢ Can we predict consequences of perturbations on ecological networks?

➢ Which network structures limit the spread of cascading effects?  
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