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Chesapeake Bay food web

Krause et al. (2003)

Why study ecological interaction networks?

Mechanisms 
determining 

interactions between 
species

Rezende et al. 2007



Consequences on 
community 

functioning and 
stability 

Model population dynamics

➢ Understand cascading effects in networks
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Cavalheiro et al. (2008)

Consequences on 
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functioning and 
stability 

➢ Understand cascading effects in networks



Consequences on 
community 

functioning and 
stability 

➢ Study the links between network structure and 
ecosystem responses to perturbations

Network topology

Why study ecological interaction networks?

Donohue et al. (2016)



Questions

• What determines why there are links?

• What are the links between structure and function? 

• What are the links between structure and stability?

• What is the structure of ecological networks? Are there structural generalities?

• How do networks change with environmental conditions?

• What is the role of interaction type?



Questions

• What determines why there are links?             Today, example of species traits 

• What are the links between structure and function? 

Today, indirect interactions in networks + links with ecosystem function

• What are the links between structure and stability?

Tomorrow

• What is the structure of ecological networks? Are there structural generalities?

• How do networks change with environmental conditions?

Tomorrow + maybe Wednesday

• What is the role of interaction type?

Thursday



Part I
What determines the links between species?

The role of traits



The example of body size in food webs



Brose et al. (2006)

Trophic interactions and the ratio of body size 
between prey and predators

Ings et al. (2009)



Gravel et al. (2013)

Infer interactions from the niche model and 

species body size

Williams & Martinez (2000)

Starting from the niche model

Infering trophic interaction and food web structure from body size



Albouy et al. (2014)

Infering trophic interaction and food web structure from body size



Brose et al. 2019

Relations that depend on consumer traits and ecosystem types



Brose et al. 2019
Potapov et al. 2019

Relations that depend on consumer traits and ecosystem types



Different traits for different interaction types?

Bartomeus et al. 2016



Different traits at different steps of a trophic interaction?

Wootton et al. 2021



How many traits are required to predict an interaction?

Few trait-axes (dimensions) are required to predict interactions between two species in a given network



Part I :What determines the links between species?
The role of traits

Some conclusions and perspectives

➢ Importance of traits for understanding the structure of interaction networks: 
can we infer interactions between species?

➢ Relative importance of given traits depending on interaction types, 
ecosystems, environmental conditions?

➢ Relative importance of traits vs. abundance? Importance of evolutionary
history?



Part II
Network structure and ecosystem functioning



Diversity and ecosystem functioning

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



Diversity and ecosystem functioning in ecological networks

Poisot et al. 2013



Diversity of pollinators and functioningDiversity of pollinators and functioning
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Diversity of pollinators and functioning



Diversity of pollinators and functioning



Diversity of pollinators and ecosystem 
services



Diversity of pollinators and ecosystem 
services



Diversity of pollinators and ecosystem 
services



Diversity of pollinators and ecosystem 
services (stability)



Insurance hypothesis

Species diversity decreases the variability of ecosystem properties through asynchronous 
response of species to environmental fluctuations

Higher diversity 

levels

Low diversity

Yachi & Loreau (1999)



Diversity of pollinators and ecosystem 
services (stability)



Diversity of pollinators and ecosystem 
services (stability)



The structure of host-parasitoid networks and functioning

Peralta et al. 2014



Part II: Network structure and ecosystem functioning
Some conclusions and perspectives

➢ Network structure allows to describe complementarity and redundancy
among species -> direct links with the study of ecosystem functions and 
stability

➢ Studies often focus on one or two trophic levels: need a food web 
perspective?

Danet et al. 2021



Part III
Cascading effects in networks

Network structure and indirect interactions



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



• r = intrinsic growth rate of R

• K = carrying capacity of R

• aNR and aPN are the attack rates

• eNR and ePN are the conversion efficiencies

• dN and dP are the mortality rates
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Trophic chain:  a first model



• If there is an equilibrium with all species present, then:
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Trophic chain:  a first model
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Trophic chain:  a first model



• With 4 species in the food chain:

aNR, eNR

aPN, ePN
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Control by 

resources

Control 

by predators

Top-down and bottom-up effects

Alternation of predation and 

resource control in the food 

chain – prediction of the HSS 

model (Hairston et al. 1960, 

Oksanen et al. 1981)



Wootton & Power 1993

Top-down and bottom-up effects



Ware & Thomson Science 2005

Top-down and bottom-up effects



• Consumer functional response is ratio-dependent
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• If there is an equilibrium with all species present, then:

Top-down and bottom-up effects



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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Food web structure and bottom-up effects

Wollrab et al. 2012



Wollrab et al. 2012

Food web structure and bottom-up effects



Wollrab et al. 2012

Food web structure and bottom-up effects



McCann & Rooney 2009

Food web structure and bottom-up effects



Ward et al. 2015

Wollrab et al. 2012

Food web structure and bottom-up effects



Ward et al. 2015

Wollrab et al. 2012

Food web structure and bottom-up effects



Understanding direct and indirect effects: 
studies on network motifs



Morris et al. 2004

- -

Understanding direct and indirect effects
apparent competition



Morris et al. 2004

- -

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



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

+         +

+         +
- -

- -

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) 



Predicting cascading effects in food webs?
How different species affect the effect of one predator on one prey

Yodzis 2000



Predicting cascading effects in food webs?
How different species affect the effect of one predator on one prey

Jacobian matrix :

Yodzis 2000



Predicting cascading effects in food webs?
How different species affect the effect of one predator on one prey

Jacobian matrix :

Yodzis 2000



Predicting cascading effects in food webs?
How different species affect the effect of one predator on one prey

Jacobian matrix :

Influence of a species o on the response of species
i to a cull of seals s:

Yodzis 2000



« Diffuse effects in food webs »

Yodzis 2000



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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T = mass-specific respiration rate of the population 
(respiration per unit biomass) 
J  = mass-specific ingestion rate of the population
r = intrinsic production-biomass ratio 

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? See the 
course tomorrow on structure and stability


