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Productivity – biodiversity relationships 
 
Top-down versus bottom up control 
 
Diversity - stability hypothesis 
 
Invasive species 

 



The debate 

Productivity-diversity relationships 

Productivity drives biodiversity 
 
Search for a general pattern: unimodal or 
monotonic increasing 
 
Major conceptual and empirical pitfalls 

– Unclear definition of productivity 
(production rate, biomass, very 
derived measures) 

– Unclear mechanisms (species energy 
theory? competition? evolution?) 

– Inconsistent patterns observed (also 
negative, U-shaped and none) 



The debate 

Productivity-diversity relationships 

Biodiversity drives productivity 
 
Mainly derived from biodiversity - 
ecosystem functioning (BEF) literature 
 
Raises concern about cause and 
consequence in biodiversity productivity 
relationships 

 



   Merging perspectives 

Productivity-diversity relationships 

Recent models and concepts promote a 
more mechanistic view disentangling 
potential and realized productivity 

Resource supply 
(potential 

productivity) 

Biomass 
(realized 

productivity) 
Biodiversity 

Resource 
ratios 

RUE 

Cardinale et al. 2009 Ecology 

Cardinale et al. 2009 Ecology Letters Hillebrand & Lehmpfuhl 2011 Am Nat 



  A global test of PDR 

Productivity-diversity relationships 

NutNet: the Nutrient Network 
 

Adler et al. 2011 Science 



Productivity-diversity relationships 

NutNet: the Nutrient Network 
 
Within sites: 34 out of 48 
local regressions were non-
significant, from the remaining 
14 no single pattern emerged 
 

Adler et al. 2011 Science 

  A global test of PDR 



Productivity-diversity relationships 

NutNet: the Nutrient Network 
 
For the skeptics: The faint 
appearance of unimodality in 
the data reflects only the fact 
that both richness and 
biomass are log-normal 
distributed variables.  
 

Grace et al. 2012 Science 

  A global test of PDR 



Top-down vs Bottom-up 

      Nutrients vs Grazing 

  

  

  

Nutrients significantly 
decreased richness across 
sites, whereas fencing did not 
have a significant main effect.  

Borer et al. 2014 Nature 
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Nutrients significantly 
decreased richness across 
sites, whereas fencing did not 
have a significant main effect.  

Borer et al. 2014 Nature 

Only if fencing increased light 
availability, it increased plant 
species richness 
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Species trade-offs 

  

  

  

Lind et al. 2013 Ecol Lett 
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Lind et al. 2013 Ecol Lett 

Plant species response by 
life form and years of 
treatment to the removal 
of two key limitations 
(nutrient availability and 
mammalian herbivory). 
Points are site species 
means of the log response 
ratio of abundance 
(%cover) of plant species 
naturally present after 1–4 
years of treatment 
compared with baseline 
(pretreatment) 
abundance in the same 
plot, corrected by 
subtracting the ratio from 
control plots. 



A short history of the  
diversity-stability hypothesis 

Diversity – stability – relationships 

Sir Robert May 

Charles Elton 

Eugene P. Odum 

“simple communities were 
more easily upset than 
that of richer ones; that is, 
more subject to 
destructive oscillations in 
populations, and more 
vulnerable to invasions” 

Kevin S. McCann 

“our results show 
that weak to 
intermediate 
strength links are 
important in 
promoting 
community 
persistence and 
stability“ 



A short history of the  
diversity-stability hypothesis 

Diversity – stability – relationships 

What is stability in the DSH context? 
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Diversity – stability – relationships 

      Nutrient network 

  

  

  

Hautier et al. 2014 Nature 

Here we analyze diversity-stability relationships from 41 grasslands 
on five continents and ask how these relationships are affected by 
chronic fertilization, one of the strongest drivers of species loss 
globally.  



Diversity – stability – relationships 

      Nutrient network 

  

  

  

Unmanipulated 
communities with 
more species had 
greater species 
asynchrony resulting 
in more stable 
productivity, 
generalizing a result 
from biodiversity 
experiments to real-
world grasslands. 
Fertilization weakened 
the positive effect of 
diversity on stability.  

Hautier et al. 2014 Nature 



Diversity – stability – relationships 

      Nutrient network 

  

  

  

Counter to expectations, this 
was not due to species loss 
following eutrophication but to 
an increase in temporal 
variation of productivity in 
combination with a decrease in 
species asynchrony in diverse 
communities.  

Hautier et al. 2014 Nature 



Nutrient Network 

      Invasions 

  

  

  

Seabloom et al. 2013 Global Change Biology 

Exotic cover in the 
Nutrient Network sites by 
region and ecosystem 
type.  



Nutrient Network 

      Invasions 

  

  

  

Seabloom et al. 2013 Global Change Biology 

Both exotic cover and 
richness were predicted by 
native plant diversity 
(native grass richness) and 
land use (distance to 
cultivation). 



Summary 

Conclusion 

Productivity – biodiversity relationships 
 
Top-down versus bottom up control 
 
Diversity - stability hypothesis 
 
Invasive species 

 



Summary 

Conclusion 

Networks rock! 
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