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Ecosystem Services 
 
 The conditions and processes through which  
 natural ecosystems, and the species that 
 make them up, sustain and fulfill human life. 
 
 This includes both goods, and functions. 

Daily 1997 



A framework for Ecosystem Services and Resilience in Agriculture 
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Moving Beyond Ideology to Close Yield Gaps and “Nature Gaps” in 21st Century 
Agriculture:  
A Review of the Multi-Functionality of Five Systems of Agroecological 
Intensification 
Jeffrey C. Milder1,2*†, Kelly Garbach3*, Fabrice A.J. DeClerck4*, Laura Driscoll5, Maywa Montenegro5, and 
Barbara Herren6 



“Biosphere integrity” is one of two core boundaries along with climate change, “each of 
which has the potential on its own to drive the Earth System into a new state should 
they be substantially and persistently transgressed.” Biodiversity is given special 
attention for two reasons: 1)“the role of genetically unique material as the “information 
bank” that ultimately determines the potential for life to continue to co-evolve with the 
abiotic component of the Earth System in the most resilient way possible. Genetic 
diversity provides the long-term capacity of the biosphere to persist under and adapt to 
abrupt and gradual abiotic change.” And “second capture(ing) the role of the biosphere 
in Earth System functioning through the value, range, distribution and relative 
abundance of the functional traits of the organisms present in an ecosystem or biota”.  
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Version 2.8 B 

Upgrade: 
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Regulating and 
Support Services  
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*number of species may be greater than 100 million 



3 mechanisms, 3 questions: 

1) Sampling Effect: one species outcompetes all others 
in a single function. 
Which is the best species (traits) for the job? 

2) Complementary Effect: species interaction are 
greater than the sum of the individuals. 

 What combination of species (traits) should be used? 
3) Insurance Effect: Greater diversity = greater 

resilience 
 How much diversity is enough (and where)? 

[Can these mechanisms interoperate at scale?] 
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Success story: Relationship between richness and Weighted 
Damage Index (WDI = 0-100) – Common bean in Uganda 

Black sigatoka Weevils  

ALS Anthracnose  

Richness  Richness  

In times of higher disease incidence  
(Anthracnose) higher relationship of 
varietal diversity with reduced damage 

(M l b  t l  b itt d) 



Diaz and Cabido (2001)  
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Ecological Community 
House Hold Consumption 

Functional 
Or Food 
Groups  

Low Functional  
Diversity 

High Functional 
Diversity 
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Flynn et al. (2009) 
DeClerck NCEAS DGS 
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Functional trait Effect Response
Specific leaf area (SLA) X
Wood density X
Growth form X
Height X
Leaf phenology X X
Nutrient uptake strategy X X
Photosynthetic pathway X X
Raunkiaer life form X
Clonality X
Dispersal mode X
Leaf size X
Maximum propagule longevity X
Physical defense X
Pollination syndrome X
Resprouting ability X
Seed mass X
Lifespan X



a) Species in effect trait space 



a) Species in effect trait space 

b) Functional effect groups 
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a) Species in effect trait space 

b) Functional effect groups 
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c) Species in each land use 



a) Species in effect trait space 

b) Functional effect groups 
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c) Species in each land use 

e) Spearmanρbetween land 
use intensity and response 

diversity 
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Land use intensity 

ρ = -0.9 

d) Functional dispersion 
(response diversity) for 

each effect group in each 
land use  

Effect size for 
meta-analysis 



r = -0.22 
p = 0.0003 

Redundancy decreases with land use intensification 
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100% of Global need 

Can Agriculture Provide Nuritional Needs? 

Red Meat 
+468% 

Nuts and Seeds 
(-68%) 

Fish 
+48% 

Fruit 
(-44%) 

Whole Grains 
+54% 

Vegetables 
(-11%) 

Milk 
(-49%) 

Adapted from Muray 2014 



Table 1. Nutrients and nutrient groups taken into account for calculation of FD metrics. From 
the 51 required nutrients for human diets, 17 nutrients that are key for human diets and for 
which reliable plant composition data were available in the literature were selected. Because 
plants are not a proven source for Vitamin B12 and Vitamin D, these were not included. 

Macronutrients Minerals Vitamins 

Protein Calcium (Ca) Vitamin A  

Carbohydrates  Iron (Fe) Vitamin C  

Dietary fibre  Potassium (K) Thiamin  

Fat Magnesium (Mg) Riboflavin  

Manganese (Mn) Folate  

Zinc (Zn) Niacin  

  Sulfur (S)   

Remans, Flynn, DeClerck et al. PloS One (2010)  



Farm 103801 
Species Richness = 19 
FD = 0.66 

Farm 201201 
Species Richness = 18 
FD = 0.99 

Farm 600102 
Species Richness = 10 
FD = 0.76 

Species Richness 

FD
 

F. DeClerck, Remans, Fanzo and Palm (2010)  
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Pest Control 
Perfecto et al. 2004 

Pollination 
Ricketts et al. 2004 

Pollination 
Steffan-Dewenter et al. 2002 

Evidence for a biodiversity and function relationship 

Distance from forest Agroforest stucture Seminatural habitat (%) 





Av
el

in
o 

et
 a

l. 
20

12
 



Coffee 
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Forest 

Plantation 

Sugar Cane 

Dispersal Threshold (m) 

Dispersal 
Barrier 

Hypothetical Distance Weighted Dispersal Effects of Heterogenous Landuses  

Based on work by F. DeClerck, Olivas, and J. Avelino  

> 600 (m) 

400 (m) 150 (m) 
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• Good agricultural 
practices 

• Appropriate species 
(traits) choices  (for 
functions) 

• Genetic principles in 
selection of planting 
material (and 
maintaining diversity?) 

 
 

How reduce risks and failures 
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Three Considerations 
1. how multiple processes interact to provide a single 

function; 
– Genetic resistance 
– Habitat suitability 
– Immigration/emigration 
– Spillover effects 
– Functional diversity and its connectivity 

2. the critical role of scale in (plot, field, landscape) in 
managing biodiversity for service provision and its 
interaction with farm management; and  

3. Species traits: the what where and why.  
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