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Introduction to evolutionary food web models

Overview
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2 The impact of temperature on food web structure and stability

3 Robustness checks

4 Work in progress
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Introduction to evolutionary food web models

What is an evolutionary food web model?

Initialize network

New morph 
goes extinct  

Others 
go extinct

Add new morph

Population dynamics

All morphs 
survive 
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Introduction to evolutionary food web models

A famous example based only on body masses...
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Introduction to evolutionary food web models

... and another example based on three traits
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Introduction to evolutionary food web models

The evolutionary algorithm

Initialize network

New morph 
goes extinct  

Others 
go extinct

Add new morph

Population dynamics

All morphs 
survive 

log(Body mass)R

mc
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Introduction to evolutionary food web models

The evolutionary algorithm

Initialize network

New morph 
goes extinct  

Others 
go extinct

Add new morph

Population dynamics

All morphs 
survive 

log(Body mass)R

dBi

dt
=
∑
j

(εaij − aji )BiBj

− diBi −
∑
k=1

cikBiBk
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Introduction to evolutionary food web models

Examplary simulation run
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The impact of temperature on food web structure and stability

Overview

1 Introduction to evolutionary food web models

2 The impact of temperature on food web structure and stability

3 Robustness checks

4 Work in progress

Korinna T Allhoff (UPMC Paris) korinna.allhoff@upmc.fr September 2016 13 / 28



The impact of temperature on food web structure and stability

The Arrhenius equation

• Morph i’s respiration and mortality rate

di (T ) ∝ exp

(
+
Eact · (T − T0)

kTT0

)

• Resource growth rate

R(T ) ∝ exp

(
+
Eact · (T − T0)

kTT0

)
• Resource carrying capacity

K (T ) ∝ exp

(
−Eact · (T − T0)

kTT0

)
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The impact of temperature on food web structure and stability

Prediction: Higher temperatures lead to...

• ...fewer trophic levels!

• ...more biomass accumulation!

• (...less biomass accumulation?)
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The impact of temperature on food web structure and stability

Simulations with T=280 K and T=300 K
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The impact of temperature on food web structure and stability

Results 1/3:
Temperature dependent network size
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The impact of temperature on food web structure and stability

Results 2/3:
Temperature dependent biomass accumulation
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The impact of temperature on food web structure and stability

Results 3/3:
Temperature dependent trait values

T ↑ ⇒ body mass ↓
T ↑ ⇒ vertical diversity ↓

Edeline et al. ”Ecological emergence of thermal clines in
body size.” Global Change Biology (2013) 19, 30623068
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Robustness checks

Overview

1 Introduction to evolutionary food web models

2 The impact of temperature on food web structure and stability

3 Robustness checks

4 Work in progress
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Robustness checks

Robustness checks

www.wikipedia.org/wiki/Optimal foraging theory

Q1: What about
other functional

responses?
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Robustness checks

Robustness checks

Rall et al. ”Universal temperature and body-mass
scaling of feeding rates.”

Phil. Trans. R. Soc. B 367.1605 (2012): 2923-2934.

Q2: What about
temperature dependent
consumption rates?
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Robustness checks

Robustness checks
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Work in progress
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Work in progress

Work in progress: Dynamic responses to warming

Gomulkiewicz and Holt. ”When does evolution by natural
selection prevent extinction?.” Evolution 49.1 (1995): 201-207.

• Do we observe an evolutionary
rescue effect on the network
scale?

• Or do we observe an extinction
debt?

• Is there a difference between
short-term and long-term
responses?
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Work in progress

Work in progress: Dynamic responses to warming

Gomulkiewicz and Holt. ”When does evolution by natural
selection prevent extinction?.” Evolution 49.1 (1995): 201-207.

• Do we observe an evolutionary
rescue effect on the network
scale? PERHAPS

• Or do we observe an extinction
debt? YES

• Is there a difference between
short-term and long-term
responses? DEFINITELY!
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Work in progress

One toy, many playgrounds
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Work in progress

Thank you for your attention! :-)
Special thanks go to my co-authors N. Loeuille and E. Thebault,

and to a bunch of marvellous master students:
W. Bonnaffe, A. Weinbach, G. Chero, E. Kerdoncuff and A. Terrigeol!
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