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Species diversity, food web structure and the temporal 
stability of ecosystems: 

bridging the gap between theory and data?
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Biodiversity and ecosystem stability: still a need to develop the food
web perspective?

➢ The relationship between diversity and ecosystem functioning often focus on plant 
communities and taxa within a trophic level, ignoring food web structure

➢ Recent advances to include food web perspective on the links between diversity and 
ecosystem functions, but less so for stability of ecosystem functions

Barnes et al. (2017) 

Hines et al. (2015) 

Schneider et al. (2016) 



Biodiversity and ecosystem stability: still a need to develop the food
web perspective?

➢A modelling approach

➢ Empirical relations using long-term data on stream fishes

Jérôme Eschenbrenner

Colin FontaineAlain Danet Maud Mouchet Willem Bonnaffé
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different energy channels

Rooney & McCann (2008)
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Generalist consumers sharing the same prey are 
more synchronous than specialist consumers

Thébault & Loreau (2005)

Predator might increase or decrease synchrony of its
prey populations

Raimondo et al. (2004)

McCann (2000)
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Assessing the links between diversity, food web structure and 
ecosystem stability?

a modelling approach
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Simulations: relations between diversity, food web structure and 
temporal variability of total biomass

Run simulations with
varying initial diversity of 

plants and animals

Measure food web properties
at the end of simulations when
transient dynamics are over

➢ Diversity of remaining plants 
and animals

➢ Connectance and average
trophic level of species in food
webs

➢ CV of total plant biomass and 
of total animal biomass

➢ Synchrony and population CV 
for plants and for animals
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Results
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Results

CV of animal 
total biomass

SynchronyPopulation 
CV

0.98 0.17

CV of plant 
total biomass

SynchronyPopulation 
CV

1.07 0.55

➢ Variations in CV of animal total biomass among
food webs is explained by greater variations in 
population CV than synchrony among food webs
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CV of plant 
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SynchronyPopulation 
CV

1.07 0.55

connectance average
trophic level

0.98
-0.390.11

➢ Almost no relation between connectance and stability of 
total biomass

➢ Food webs with high species average trophic level are 
related with lower population CV and greater synchrony
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connectance average
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0.98
-0.390.11

Plant 
diversity

Animal 
diversity

0.54

0.45-0.59
-0.15

-0.35

Plant 
diversity

Animal 
diversity

0.54

0.45-0.59
-0.15

-0.120.3

0.12

Total effect = - 0.26 Total effect = 0.22Total effect = 0.17Total effect = 0.09

➢ Effects of animal diversity related to changes in average trophic level of species in food webs
➢ Direct effects of plant diversity on the two components of CV of total biomass



A few conclusions from the modelling approach

➢ Higher average trophic level stabilizes population CV but leads to higher
synchrony

➢ Food webs with more biomass at higher trophic levels are characterized by 
more stable animal biomass

➢ No effect of connectance

➢ Inconsistent and overall weak effects of species richness: destabilising effects
on temporal stability of total plant biomass, stabilising effect of animal 
diversity on total animal biomass
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Results: what are the relations between food web structure and 
biomass stability?

Danet et al. (2021) Ecology Letters, 24, 2364– 2377.
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Results: what are the relations between food web structure and 
biomass stability?

Danet et al. (2021) Ecology Letters, 24, 2364– 2377.

Biomass
stability

Synchrony CV species

-0.77 -1.33

Food web 
Connectance

Average
trophic level in 

food web

Species
richness

➢ No relation between connectance and stability
of total biomass

➢ Food web average trophic level is related with
lower population CV and greater stability of total 
biomass

- 0.26



Results: what are the relations between diversity and biomass
stability?

Danet et al. (2021) Ecology Letters, 24, 2364– 2377.

Biomass
stability

Synchrony CV species

-0.77 -1.33

Food web 
Connectance

Average
trophic level in 

food web

Species
richness

- 0.26

- 0.51 0. 47

-0.7 - 0.26

➢ Lower synchrony at higher species richness

➢ Destabilising effect of species richness on 
population biomass and total biomass

Total effect = -0.31
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Discussion and perspectives
How these results relate with theoretical predictions?

➢ Relation between diversity and stability of total 
biomass in food webs?

➢ Consistent with
experiments on plant 
communities

➢ But synchronizing effect of 
animal diversity in the food
web model

Tilman et al. (2006) 



Discussion and perspectives

➢ Importance of considering environmental conditions and perturbations? 

Hautier et al. (2015) 



Discussion and perspectives

➢ Importance of considering environmental conditions and perturbations? 

Olivier et al. (2020) Danet et al. (2021)
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Thank you for your attention


