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A highly diversified mutualistic interaction  

Involved in the reproduction of 
~80% of angiosperms (~250 000 sp.) 
~70% of crops 
 
 
Most pollinators are insects 
~43 000 sp. of Hymenoptera 
~19 000 sp. of Lepidoptera 
~14 000 sp. of Diptera 
~210 000 sp. of Coleoptera  
 
But also vertebrates 
~900 sp. of birds 
~300 sp. of mammals 

Nabhan & Buchman 1997 



An historical emphasis on specialization 

Xanthopan morgani  

Angraecum sesquipedale  



Generalism and pollination 



Generalism and pollination 



94%	  food	  
webs	  

1%	  mutualis3c	  
webs	  

4%	  parasi3c	  
webs	  

Ings	  et	  al.	  2009	  

Networks	  in	  ecology	  

food	  web	  
mutualis3c	  web	  host-‐parasite	  web	  



Mutualis3c	   Antagonis3c	  

34 plant-pollinator webs 24 plant-phytophagous insect webs 

?	  

(i)	  
Do	  mutualis7c	  and	  antagonis7c	  networks	  

differ	  in	  their	  architecture?	  



Insect generalism / degree 
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Quantified insect generalism 



insect	  generalism	  (no.	  of	  species)	  
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Insect	  phylogene7c	  generalism	  

Fontaine	  &	  al.,	  Proc.	  B.	  2009	  

defense	  and	  counter-‐defense	  
co-‐evolu3on	  

trait	  convergence	  and	  
complementarity	  



Nested	   Compartmented	  

Bipar7te	  networks	  and	  fine	  architectural	  pa?erns	  

e.g.	  Bascompte	  et	  al.	  PNAS	  2003	   e.g.	  Lewinsohn	  et	  al.	  Oikos	  2006	  



Mutualis7c	  networks	  and	  nestedness	  

Seed	  dispersal	   pollina3on	  

Nested	  structure	  
	  

• 	  Con3nuum	  between	  specialist	  and	  generalist	  species	  

• 	  Presence	  of	  a	  core	  of	  highly	  connected	  species	  

• 	  Asymmetrical	  specializa3on	  

Bascompte	  et	  al.	  2003	  



Mutualis7c	  networks	  and	  nestedness	  



Differences between mutualistic and trophic 
interaction webs structure? 

Nested structure 

Mutualistic networks Trophic networks 

Compartmented structure 

Hypothesis 
The structures of mutualistic and 

trophic networks differ 

Bascompte et al. PNAS 2003 Lewinsohn et al. Oikos 2006 

Bascompte et al. Science 2006 



Ø  Compartmented patterns can also be 
found in plant-pollinator networks 

Olesen et al. PNAS 2007 

Mutualis7c	  networks	  and	  compartmenta7on	  



Thébault	  &	  Fontaine,	  Science,	  2010	  

Network	  architecture	  and	  interac7on	  type	  



Thébault	  &	  Fontaine,	  Science,	  2010	  

Network	  architecture	  and	  interac7on	  type	  



Network	  architecture	  and	  interac7on	  type	  

commensal	   commensal/parasi3c	   parasi3c	  

Blick	  &	  Burns,	  PPEES,	  2011	  



(ii)	  
What	  are	  the	  consequences	  of	  the	  different	  network	  
architectures	  on	  species	  coexistence	  and	  stability?	  

Mutualis3c	   Antagonis3c	  
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dAi
dt

= rAiAi − IAiAi
2 +

ajiAiPj
1+ ajihji Pk

Pk∈prey(Ai)
∑j=1

Np

∑

dPi
dt

= rPiPi − IPiPi
2 −

aijAjPi
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∑j=1
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∑

dPi
dt

= rPiPi − IPiPi
2 +

aijAjPi
1+ aijhij Ak

Ak∈mut (Pi)
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Na

∑

-‐density	  dependence	  term	   -‐density	  dependence	  term	  

-‐interac3on	  term	  
saturates	  with	  mutualis3c	  partner	  densi3es	  

-‐interac3on	  term	  
saturates	  with	  prey	  densi3es	  

Mutualis3c	   Antagonis3c	  
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dynamics	  of	  mutualis7c	  and	  trophic	  webs	  

-‐ intrinsic	  growth	  rates	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
rP	  and	  rA	  <	  0	  è	  obligate	  mutualism	  

-‐ intrinsic	  growth	  rates	  	  	  	  	  	  	  	  	  	  	  	  
rP	  >	  0	  and	  rA	  <	  0	  
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	  Ø 	  Persistence:	  	  

propor2on	  of	  species	  persis2ng	  at	  the	  
equilibrium	  
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Ø 	  Resilience:	  
	  

measure	  of	  the	  speed	  at	  which	  a	  system	  returns	  to	  
its	  original	  state	  a@er	  a	  perturba2on	  
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Results:	  impact	  of	  network	  architecture	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
on	  species	  persistence	  

Mutualis2c	  networks	  

Nestedness	  

Diversity	  
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+	  
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+
-‐Antagonis2c	  networks	  

Thébault	  &	  Fontaine,	  Science,	  2010	  



Results:	  impact	  of	  network	  architecture	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
on	  species	  persistence	  
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-‐	  0.81	  

0.86	   -‐0.36	  

0.35	  

Mutualis3c	  

Ø 	  opposite	  effect	  of	  network	  architecture	  on	  the	  persistence	  of	  mutualis3c	  
and	  trophic	  networks	  

Antagonis2c	  
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Mutualis3c	  

indirect	  effect:	  0.40	   indirect	  effect:	  0.18	   indirect	  effect:	  -‐0.76	   indirect	  effect:	  -‐0.31	  

Ø 	  Importance	  of	  nestedness	  and	  modularity	  for	  network	  stability	  

Antagonis2c	  



Results:	  network	  architecture	  at	  equilibrium	  
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Strong link between stability constraints of dynamical systems and the 
architecture of ecological interaction networks 

Nestedness 

M
od

ul
ar

ity
 

pollination 

herbivory 

Stabilizing structure 
for mutualistic 

networks 

Stabilizing structure 
for antagonistic 

networks 

Theoretical predictions fit empirical data 



(iii)	  
Some	  limits	  and	  perspec7ves	  	  



But pollination networks are not isolated… 

plantes 

pollinisateurs 

pucerons 
parasitoïdes 

insectes herbivores 

insectes granivores 
parasitoïdes 

oiseaux granivores 

rongeurs granivores 
parasitoïdes 

papillons 

Pocock et al. Science 2012 



Sauve	  et	  al.	  submiaed	  

But pollination networks are not isolated… 



Plasticity in pollination networks 

Petanidou et al. Eco. Let. 2008 



Petanidou et al. Eco. Let. 2008 

Loss of interactions due to: 

Partners are missing Partners are present 

70% 30% 

Plasticity in pollination networks 



if 
 E/T < Enew/(hnew) 

Plasticity in interaction networks                  
and optimal foraging theory 

profitability 

Optimal foraging (McArthur & Pianka 1966) 
 fitness of animal is a function of the efficiency of foraging 
measured in terms of some currency – usually energy – 
and natural selection has resulted in animals that forage 
so as to maximize this fitness 



if 
 E/T < Enew/(hnew) 

Plasticity in interaction networks                  
and optimal foraging theory 

profitability 

Optimal foraging (McArthur & Pianka 1966) 
 fitness of animal is a function of the efficiency of foraging 
measured in terms of some currency – usually energy – 
and natural selection has resulted in animals that forage 
so as to maximize this fitness 



Fontaine	  &	  al.,	  J.	  Ani.	  Eco.,	  	  2009	  

Optimal diet, effect of intraspecific competition 
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Fontaine	  &	  al.,	  J.	  Ani.	  Eco.,	  	  2009	  

Optimal diet, effect of intraspecific competition 



Introducing adaptive foraging in pollination models 



Elisa	  Thébault	   Alix	  Sauve	  

Thank	  you!	  
	  
	  
	  

And	  thanks	  to:	  



Generalism	  and	  interac7on	  type	  

Fontaine	  et	  al.,	  Proc.	  B.,	  2009	  



Introducing adaptive foraging in pollination models 



Généralisme et pollinisation 


