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Increasing population size and demand for food in the developing world is driving the intensification of 
agricultural systems, often threatening the ecosystem services upon which agro-ecosystems depend, and makes 

the enhancement of human livelihoods while protecting natural ecosystems a key challenge (Godfray et al. 2010). 

Measuring and quantifying trade-offs and synergies between agricultural production and ecosystem services 
requires socio-economic and ecological data from the same sites. Such studies are relatively rare, focussing 

primarily at the landscape or regional scale (e.g. Egoh et al. 2009). We quantified the provision of ecosystem 

services, their trade-offs and synergies, along an agricultural intensity gradient and also compared the potential 
effects of land sparing and land sharing on bird densities in forest and on farmland in the banana-coffee arc in 

southern Uganda. The ecosystem services measured were farm gross income (provisioning services), bird and 

tree species richness (cultural services- reflecting the existence value to many people irrespective of any direct 
benefits or experiences they derive from it) and carbon stored (regulating service). Land-use surveys and farmer 

questionnaires enabled agricultural intensity (active agriculture/total agriculture), gross income and food energy 

production to be quantified at 22 sites. Bird and woody vegetation diversity and species richness along with 
woody vegetation biomass was estimated with surveys throughout one year, at 26 1km x 1km sites. Additional 

bird surveys were also carried out at 19 forest patches with zero agricultural yield. Tree biomass data was then 

used to determine the stored carbon at each site. We show that higher income in intensively managed farmed 
landscapes result in a decline in species richness of birds and trees, and a reduction in carbon stored (Figure 1, 

Principle Components Analysis). This decline is particularly marked when smallholder mixed cropping shifts to 

plantation style agriculture but is also evident within smallholder systems. The reduction in services is predicted 
to increase as population increases, based on correlations between cultivation intensity and the 2002 Uganda 
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National Census and predictions for future populations in 2020 from the U.S. Census Bureau, and may have 

profound consequences for the environment and overall human wellbeing, despite the short term income gains. 
We found, however, that modelling of densities of bird species in farmland and forest sites against crop yield, 

both as food energy and income, indicated that sparing land for nature whilst increasing farmland yields 

elsewhere results in increased densities for most species for a given production target, particularly for those with 
limited ranges, as found in two other sites in the developing world (Phalan et al. 2011).  At the very large scale 

sparing land for nature whilst increasing yields on farmland is likely to be good for biodiversity, subject to 

practical issues such as ensuring forest is retained within such systems (Angelsen 2010) although at the farm level 
we are likely only to be dealing with smallholders in the medium term so large-scale farming is not an option and 

smallholders will still be reliant on ecosystem services for many aspects of crop production. Current agricultural 

intensification strategies of adding more fertilizer or relying on increased use of machinery no longer work in 
many areas due to soil degradation, and the 

increasingly unpredictable natural and economic 

environments means that farming is becoming even 
more challenging. For that reason, a new paradigm 

for agricultural research and development involving 

a diversity of approaches and a combination of 
scientific and indigenous knowledge is called for. 

This approach could ensure that natural resources 

can be sustainably managed and produce resilient 
landscapes that offer a win-win situation for both 

human well-being and biodiversity. 
 
	  

Figure	  1.	  Trade	  off	  analysis	  based	  on	  Principal	  Component	  
Analysis	  (PCA)	  between	  cultivation	  intensity,	  income,	  carbon	  

(tree	  biomass)	  and	  biodiversity	  (birds	  and	  trees)	  measured	  at	  
22	  sites.	  Arrows	  pointing	  in	  the	  same	  direction	  represent	  

synergies,	  arrows	  pointing	  in	  opposite	  directions	  represent	  
trade-‐offs.	  
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