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   Introduction 

 There is a tenuous relationship between the world’s rural poor, their agriculture, and 
their surrounding environment. People reliant on farming for their livelihood can no 
longer focus on current food production without considering the ecosystem pro-
cesses that ensure long-term production and provide other essential resources 
required for their well-being. Farmers are now expected to not only produce food, 
but also steward the landscape to ensure the provisioning of drinking water, wood 
products for construction and cooking, the availability of animal fodder, the capac-
ity for fl ood attenuation, the continuity of pollination, and much more. Farmer stew-
ardship of the landscape helps ensure ecological functions that, when benefi cial to 
human well-being, are referred to as ecosystem services. Human activities strongly 
affect ecosystem services and there is often a resulting trade-off among their avail-
ability, which frequently results in the loss of many at the expense of few, most 
notably when producing food (Foley et al.  2005  ) . 

 Ecosystem services have been categorized into four basic groups which include 
supporting services such as soil formation, photosynthesis, and nutrient cycling that 
are essential for providing provisioning services such as fodder, food, water, timber, 
and fi ber production; regulating services that affect agricultural pests, climate, 
fl oods, disease, wastes, and water quality; and cultural services that provide recre-
ational, aesthetic, and spiritual benefi ts (Fig.  3.1 ) (MA  2005a ; Daily and Matson 
 2008  ) . While provisioning services provided by agriculture have been and promise 
to remain a primary gateway for overcoming poverty, the dynamics of how to 
achieve poverty alleviation are changing rapidly with the declining availability of 
ecosystem services (MA  2005b ; Witcover et al.  2006 ; Sachs  2008  ) .  
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 The strategy of using agriculture as the primary means for economic development 
has been successful primarily because of the availability and consumption of eco-
system services, many of which were supplied by natural ecosystems (Tilman et al. 
 2002 ; Evenson and Gollin  2003 ; Semwal et al.  2004 ; Robertson and Swinton  2005  ) . 
For example, a farm’s current yield may be largely dependent on nutrients supplied 
by thousands of years of plant decomposition and cycling (supporting services) 
prior to agricultural production and irrigation using water originating in natural 
watersheds (provisioning services). The availability of ecosystem services has both 
direct and indirect links to economic development and can be considered a form of 
capital. The processes by which this “natural capital” can be sustainably used to 
support the livelihoods of impoverished people requires an understanding of eco-
logical and socioeconomic processes, particularly its links to other forms of capital, 
such as: (1) human capital: skills, knowledge, health, ability to labor and to pursue 
livelihood strategies; (2) fi nancial capital: savings, livestock, supplies of credit, 
remittances; (3) physical capital: basic infrastructure (e.g., transport, energy, market 
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  Fig. 3.1    Ecosystem services provided by agricultural landscapes and their connection to the 
Millennium Development Goals (Modifi ed from the MA  2005a,   b  )        
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access, communication, irrigation); and (4) social capital: membership of groups, 
networks, access to wider institutions of society (Bebbington  1999  ) . These forms of 
capital are intrinsically interconnected in how they contribute to management 
of agricultural landscapes, but here we focus mainly on natural capital and more 
specifi cally on the ecosystem services that defi ne this capital. 

 It is clear that around the world natural capital is diminishing and the availability 
of ecosystem services provided by natural ecosystems is becoming more uncertain 
as populations and urban development expand, and farmers seek new or better land 
for agriculture to meet increasing food demands (Bennett and Balvanera  2007 ; 
Srinivasan et al.  2008  ) . Already farmers in many regions of the world are no longer 
able to expand into forests, wetlands, and savannahs to produce or gather food and 
fi ber, and many can no longer expect to rely on the resources provided by the 
remaining intact natural ecosystems (DeFries et al.  2007  ) . To exacerbate the situa-
tion, climate change is adding to the variability in availability of ecosystem services 
and will dramatically impact natural capital over the coming century (Schmitz et al. 
 2003 ; Rosenzweig et al.  2004  ) . While those with fi nancial means are able to pur-
chase necessities such as cooking fuel, timber or even clean water produced in dis-
tant locations, the most impoverished do not have this option. They are restricted to 
utilizing what they can, where they are. With recent loss of natural ecosystems, 
looming threats of climate change, and rapid expansion and intensifi cation of agri-
cultural production using non-renewable resources, ecosystem services must be bet-
ter managed within farmed landscapes to ensure the well-being of the poor. 

 Land management decisions are often framed as a dilemma that involves a trade-
off between agricultural productivity and the preservation of natural ecosystems 
(Balmford et al.  2005 ; Green et al.  2005  ) . However, the apparent trade-off between 
agricultural productivity and other ecosystem services is an over-simplifi cation of 
management choices available; farmers may be able to manage for both (Foley et al. 
 2005 ; Perfecto and Vandermeer  2008  ) . Some have questioned the validity of achiev-
ing win–win situations for both conservation and agricultural benefi ts and argue that 
the best way to preserve nature is to intensify or maximize agricultural productivity 
(Balmford et al.  2005 ; Green et al.  2005  ) . Intensifi cation may spare land from agri-
cultural conversion but it by no means ensures the preservation of ecosystem ser-
vices, especially when it is based on inputs of synthetic fertilizers and pesticides 
that have adverse effects on biota and resources in adjoining natural areas (Perrings 
et al.  2006  ) . It is therefore critical that any effort towards agricultural intensifi cation 
include goals beyond crop and livestock yields. 

 The objective of this chapter is to give agricultural, environmental, and develop-
ment practitioners a basic understanding of the many ecosystem services provided by 
agricultural landscapes, their relationship to poverty alleviation, and a brief introduc-
tion to some of the ways to manage for optimum availability using a variety of strate-
gies at multiple scales. In addition, the long-term consequences of environmental 
degradation for the rural poor will be highlighted (Dasgupta  2007  ) . We have selected 
a series of examples that demonstrate the relationship between ecosystem services and 
poverty alleviation in agricultural landscapes. We also recognize that there is much yet 
to learn about this relationship and try to illustrate the areas in need of more research. 
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 As agricultural landscapes are managed by numerous farmers, the overall supply 
of ecosystem services provided is dependent on aggregated practices, thus we discuss 
management decision made at scales ranging from the farm fi eld, to the farmscape 
(the area of land managed by a farmer including the non-production areas), and 
the landscape. The aggregated results of farmers’ management decisions impact the 
availability of ecosystem services not only for themselves but for people in distant 
places or in the distant future (Fig.  3.2 ). Our intent is to illustrate the origins and 
main benefi ciaries of ecosystem services to show the various potential links of man-
agement decisions to poverty alleviation. In the fi rst section of the chapter we dis-
cuss how agroecological management strategies at the fi eld and farmscape scales 
can directly improve human well-being through increased agricultural production 
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  Fig. 3.2    Farm management when aggregated across a landscape can impact not only the ecosystem 
services available at a local scale but also the services available at regional and global scales. Here 
runoff from a farm in a watershed of Lake Victoria in western Kenya can negatively affect water 
quality and fi sheries (image provide by Keith Shepherd). Practices such as agroforestry, if adopted 
widely, could reduce erosion, improve water quality, and mitigate greenhouse gas emissions but at 
time scales that may be beyond the farmer’s season to season fi nancial horizon          
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and other ecosystem services such as soil health, nutrient cycling, pest regulation 
and crop pollination. In the second part we describe how many of the same manage-
ment practices designed to increase local benefi ts when scaled up to the landscape 
can benefi t regional water quality and global greenhouse gas (GHG) mitigation. 
Because the adoption of services with regional or global impacts may not have 
immediate economic benefi ts we introduce the role of payments for ecosystem 
 services (PES) for poverty alleviation. Finally, we discuss the need for conserving 
biodiversity and assessing the potential trade-offs and synergies of ecosystem ser-
vices across scales.   

   Modes of Agricultural Intensifi cation 

 There is growing recognition that agricultural intensifi cation must entail ecologi-
cally sustainable management. This goes beyond past efforts to improve the living 
standard of the world’s rural poor, e.g., by increasing agricultural productivity using 
improved crop varieties and inputs such as inorganic fertilizers, biocides and irriga-
tion (Matson et al.  1997 ; Tilman et al.  2002  ) . While agricultural intensifi cation 
strategies reliant on high inputs increased food production in Latin America and 
Asia (Evenson and Gollin  2003  ) , this “Green Revolution” strategy was often at a 
cost to other ecosystem services and their societal impacts continue to be debated 
(Kiers et al.  2008  ) . Moreover, these strategies were not universally successful and in 
many regions, such as sub-Saharan Africa, they were largely not adopted (Smaling 
 1993 ; Smaling et al.  1993 ; Stoorvogel et al.  1993 ; Sanchez et al.  2009  ) . 

 Agricultural intensifi cation that has focused on provisioning of agricultural 
products has often resulted in severe impacts to other ecosystem services because 
of inappropriate use of irrigation, tillage, and fossil fuel-based industrial farm inputs 
such as pesticides and fertilizers. Such intensifi cation has contributed to degrada-
tion of 1.9 billion ha impacting some and 2.6 billion people, the withdrawal of 70% 
of global freshwater (2.45% of rainfall) for irrigation (   IAASTD  2008 ), biocide 
effects on health of humans and other organisms (Maumbe and Swinton  2003 ; 
Atreya  2008  ) , the massive coastal anoxic zones (Prepas and Charette  2007  ) , and 
biodiversity loss that has exceeded historical rates (Tilman et al.  2001 ; Cassman 
et al.  2003 ; MA  2005b ; Robertson and Swinton  2005  ) . These impacts, while promi-
nent in the developed world, are often exacerbated in the developing world where 
institutional recognition of environmental impacts and agricultural extension ser-
vices are limited, safety equipment is prohibitively expensive and regulation is 
often minimal (Dasgupta et al.  2002 ; Atreya  2008  ) . Furthermore, industrial inputs, 
most of which are reliant on fossil fuels for production and delivery, are susceptible 
to increasing fl uctuations in availability and price, which could negatively impact 
cost–benefi t ratios and thus farmers’ livelihoods as seen in recent food crises 
(Gomiero et al.  2008  ) . 

 There is a growing recognition that increasing agricultural productivity at the 
expense of other ecosystem services is not a sustainable means of alleviating  poverty. 
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M.S. Swaminathan, one of the founders of the “Green Revolution,” has called for a 
new “Ever-Green Revolution” that encompasses the principles of ecology, eco-
nomics, and social and gender equality (Swaminathan  2005  ) . The United Nations 
has taken up this charge and on the eve of the millennium, in their commitment to 
halve poverty by 2015, included environmental sustainability as one of the eight 
goals designed to be road markers for meeting their objective. The eight Millennium 
Development Goals (MDGs) are an interdisciplinary task list; each task carefully 
selected to help reduce poverty. While there is much debate as to the best strategies 
to achieve the MDGs, it is likely the inextricable link between each MDG and the 
availability of ecosystem services (Fig.  3.1 ) has been underestimated as their role is 
ignored in many of the current poverty alleviation approaches (MA  2005b  ) . Lack of 
conclusive evidence linking ecosystem services to human well-being is often cited 
as a reason for this neglect particularly in regions where the poor are most reliant on 
them. Meanwhile 60% of the earth’s ecosystem services continue to be degraded or 
used unsustainably (MA  2005b  ) .  

   Increasing Ecosystem Services for On-Farm and Local Benefi ts 

 Many of the one billion people who earn less than a dollar a day are reliant on 
agriculture for survival. The needs of these farmers are largely dependant on the 
success of very specifi c farm practices. Farmers often grow food for personal con-
sumption on small pieces of land, and are typically challenged by uncertain land 
tenure, little access to capital for investments, labor constraints, no available agri-
cultural extension, and limited access to markets (Sachs  2005  ) . In this context it 
may be diffi cult for farmers to think about managing resources beyond their farm. 
We will examine how utilizing ecological principles for management at multiple 
scales to intensify on-farm production can improve the availability of ecosystem 
services for farmers adopting such practices. 

   Agroecological Management from the Field to the Farmscape 

 The aim of agroecological management strategies on and around the farm is to 
focus beyond immediate crop yields to increase the production of ecosystem ser-
vices through effi cient use of resources to create a farming system that is profi table 
over time without compromising future well-being (Altieri  2002 ; Ananda and 
Herath  2003 ; Witcover et al.  2006  ) . Ecological intensifi cation of farm management 
can include incorporating a diversity of species to fi ll available openings or “niches” 
and can help ensure critical supporting and regulating services such as soil forma-
tion, pest control, and nutrient cycling required for sustaining provisioning services. 
Essentially this corresponds to the idea of increasing the agricultural use and con-
servation of biodiversity (Jackson et al.  2007  ) . 
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   Supporting Services Example: Building Healthy Soil 

 Many of the ecosystem services provided by agricultural landscapes are contingent 
upon the status and management of soil, e.g., tillage negatively impacts soil aggre-
gate stability affects and thus water infi ltration rates (Cannell and Hawes  1994  ) . 
Thus, collective management of on-farm soil properties can mediate the land-
scape’s potential for supporting services underpinning numerous other ecosystem 
services (Fig.  3.1 ). Low soil fertility is a basic and immediate constraint limiting 
farmers’ ability to meet consumption needs at the household level (Lal  2006 ; 
Sanchez et al.  2009  ) . Identifying and improving the soil’s ability to provide a 
favorable growing environment for crops is an important step in restoring ecological 
function and increasing food security, production, and income for smallholder 
farmers. 

 Converting natural ecosystems to simplifi ed agroecosystems and maintaining a 
constant state of disturbance through annual cultivation and management causes 
drastic changes in soil conditions, including the decline of soil organic matter 
(SOM) (Fig.  3.3 ). Maintaining or increasing SOM may be the single most important 
management strategy designed to improve supporting services.  

 The addition of even small quantities of SOM can have substantial benefi ts for 
the biological, chemical, and physical properties of the soil (Stevenson and Cole 

  Fig. 3.3    Changes in soil organic carbon (SOC) an indicator of SOM resulting from changes in 
land management. This is from a study that reviewed 537 cases of land use changes. The bars 
indicate the 95% confi dence intervals and the number of observations is shown in parentheses 
(Modifi ed from Guo & Gifford  2002 )       
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 1999  ) . Soil organic matter consists mainly of soil organic carbon (SOC), and pro-
vides the substrate required by bacteria to mineralize nitrogen and other nutrients 
stored in complex molecules (e.g., carbohydrates, amino acids, lignin) that would 
otherwise be unavailable to plants. SOM is a critical component of sustained nutri-
ent cycling and has numerous other benefi ts such as increasing soil water holding 
capacity, infi ltration rates, nutrient storage capacity, aggregation and reducing bulk 
density (Lal  2006  ) . Continual cropping without suffi cient organic matter inputs 
leads to depletion and unproductive soils resulting in reduced net primary produc-
tivity (NPP) or the rate an ecosystem accumulates energy or biomass. Eventually 
continued depletion causes a negative feedback loop where the landscape can no 
longer support the plants needed to provide the organic matter required for their 
growth (McDonagh et al.  2001  ) . 

 Once soils have been degraded, improving their functions requires substantial 
active management and a clear understanding of the driving factors that led to deg-
radation (Whisenant  1999  ) . Using nitrogen fi xing plants in agricultural fi elds can 
begin to rehabilitate soils. Alternatively inorganic fertilizers can be used to increase 
crop productivity and the amount of residue that can be returned to the soil (Palm 
et al.  2007  ) . Incorporating residues can increase SOM resulting in a positive feed-
back loop, where yields continue to increase, and soil becomes responsive to further 
inputs. For example every 1 Mg ha −1  increase in the SOC pool in the rooting zone 
has been shown to increase wheat yields by 20–70 kg ha −1 , rice yields by 10–50 kg ha −1  
and maize yields by 30–300 kg ha −1  over un-amended soils (Lal  2006  ) . 

 Although inorganic fertilizer use may be an important tool for jump starting sub-
stantially degraded systems and increasing crop productivity, fertilizer use does not 
come without substantial trade-offs. The most important trade-off may be fi nancial, 
as the use of inorganic fertilizer does not necessarily translate into increased liveli-
hoods. Inorganic fertilizers are expensive, particularly for smallholder farmers, and 
their price may be increasingly volatile (Sogbedji et al.  2006 ; Gomiero et al.  2008 ; 
Huang et al.  2009  ) . In 2008, for example, worldwide inorganic fertilizer prices rose 
as much as 200%. Furthermore, smallholder farmers living in impoverished regions 
may have limited access to inorganic fertilizers due to lack of infrastructure, capital 
or fi nancing (Sachs  2005  ) . The excessive or inappropriate use of inorganic fertilizers 
can also lead to substantial reductions in other ecosystem services. Therefore, devel-
oping locally derived sources of nutrients from plants and animals used instead of, 
or in combination with inorganic fertilizers may help farmers achieve greater eco-
nomic returns over time and promote various ecosystem services. 

 Filling every available niche with carefully selected plants and animals can help 
balance nutrient losses from agricultural systems. Selecting appropriate plants for 
different niches can increase the availability of organic matter and retains nutrients 
otherwise lost through erosion and leaching (Fig.  3.4 ). To increase organic matter 
inputs, farmers may improve water management to increase NPP, incorporate woody 
biomass (trees or shrubs) within the cropping system (i.e., agroforestry), use cover 
crops to minimize erosion, green manures (nitrogen fi xing legumes), mulch, or 
increase animal manure inputs. Once organic matter production is increased, com-
bining inorganic fertilizers and organic materials can become even more effective in 
restoring fertility to nutrient-poor soils than either alone. Research in sub-Saharan 
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Africa shows that the application of inorganic fertilizers on soil amended with 
manure increased grain yields compared to plots to which just inorganic fertilizers 
or just manure was added (Kimani and Lekasi  2004  ) . In another long-term study, 
maize yields in Kenya were compared along a climatic and amendment gradient; 
demonstrating the benefi ts of incorporating a combination of high-quality manure, 
crop residue, and inorganic fertilizers (Okalebo et al.  2004  ) . Research on combining 
inorganic and organic soil amendments in smallholder systems is not new, but its 
current focus on the timing of nutrient availability, interactions between inorganic 
and organic sources, and the residual benefi ts to the system over the long-term is 
critical (Giller  2002 ; Vanlauwe et al.  2002 ; Drinkwater and Snapp  2007  ) .  

 Utilizing plants that fi x their own nitrogen (legumes) through symbiotic relation-
ships with micro-organisms associated with their root system can also increase 
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  Fig. 3.4    Management practices that can either increase organic matter inputs across the agricultural 
landscape or reduce nutrient losses (Modifi ed from Neider and Benbi  2008  )        
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overall nitrogen capital of the site. Legumes can be planted as annuals or perennial 
either in the fi eld as a cover, relay crop, or intercrop or in the fi eld margins as a hedge-
row. Estimates for N fi xation from legumes range from 58–120 kg N ha −1  year −1  for 
 annuals to 228 kg N ha −1  year −1  for perennial legumes such as alfalfa (Nieder and 
Benbi  2008  ) . A meta-analysis of over 94 studies of maize yields in sub-Saharan 
Africa reports that while yields increased most signifi cantly using inorganic fertilizer 
applications (2.3 t ha −1 ), yields also increased by 1.6 t ha −1  using coppiced woody 
legumes, 1.3 t ha −1  using non-coppiced woody legumes, and 0.8 t ha −1  using herbaceous 
green manure legumes (Sileshi et al.  2008  ) . These authors concluded that the combi-
nation of inorganic fertilizer and organic matter inputs increased effi ciency of fertil-
izer use, as there were no signifi cant differences in crop yield between organic inputs 
combined with 50% vs. 100% of the recommended fertilization rate in 48 studies 
with paired treatments (Sileshi et al.  2008  ) . This study suggests that the use of organic 
inputs could increase the effi ciency of inorganic fertilizer use by at least 50%. 

 In addition to increasing organic matter inputs, management practices that reduce 
erosion can also have substantial benefi ts for soil nutrients. Clearing land for pro-
duction has resulted in erosion rates 1–2 orders of magnitude greater than rates of 
erosion in natural ecosystems systems (Montgomery  2007  ) . Generally, manage-
ment that reduces the amount of soil disturbance or the impacts of disturbance, are 
likely to improve nutrient retention on the site (Lal  2004a  ) . To decrease nutrient 
losses through erosion and leaching, farmers can eliminate or limit soil disturbance 
by reducing the amount of tillage. They could also fi ll the niche opened by tillage 
during land preparation or harvesting by mulching or planting non-production crops 
such as improved fallows, cover crops, or green manures. Mulching with crop or 
agroforestry residues can protect otherwise bare soil from dislodging due to rainfall 
impact or wind (Roose and Ndayizigiye  1997  ) . Cover crops also protect soil and 
have been shown to reduce nitrate losses as the roots scavenge the soil for any 
residual nutrients which can then be incorporated and made available for subse-
quent production crops (Jackson et al.  1993 ; Wyland et al.  1996 ; Sileshi et al. 
 2008  ) . 

 Many of the practices just described are done so in the context of maintaining 
supporting services, mainly nutrient cycling required for primary productivity. 
Unfortunately, many of these practices generally introduce complexity and increased 
labor to the production system without necessarily increasing immediate economic 
returns. This creates an obvious draw towards the use of simpler methods relying 
solely on inorganic fertilizer inputs that promise immediate income even though the 
alternative integrated soil fertility management approach may have greater long-
term fi nancial benefi ts. In addition, it may not be apparent to those on such short 
time horizons that the soil provides the support services critical for the provisioning 
of many other ecosystem services, including ensuring a buffering capacity for envi-
ronmental perturbations caused by climate change (e.g., resilience to drought 
through increased soil moisture capacity) (Pimentel et al.  2005  ) . Therefore educa-
tion, through demonstration and outreach or even short-term economic incentives, 
will help promote the adoption of soil management practices key to ensuring long-
term agricultural productivity and well-being (Table  3.1    ).   
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   Provisioning Services Examples: Providing Food, Fiber, Fuel, and Timber 

 Small-holder farmers trying to escape poverty must fi nd a way move beyond 
subsistence to produce goods and services that are profi table. For the rural poor 
their ability to profi t is often constrained by limited availability of capital for invest-
ment in equipment, inputs, and land, limited access to markets both for sales and 
purchasing of inputs, and lack of infrastructure for irrigation or extension. While 
the focus of “Green Revolution” agricultural development on increasing the pro-
ductivity of a few high yielding crops has had great success increasing the caloric 
output of the farm, it has not ensured profi t, nutrition, or other provisioning services 
that the landscape may provide (Evenson and Gollin  2003 ; Kiers et al.  2008  ) . These 
services can include timber, fodder, fuel wood, medicine, and many other products 
that are of direct use to farming communities or marketed for income generation. 
One approach for maximizing these services would be to fi ll all available niches 
with useful plant or animal species, capitalizing on synergistic interactions when-
ever possible. 

 Filling niches by managing farmland for multiple species or agroforestry has 
been promoted as a means of maximizing production potential for small landhold-
ers. Agroforestry systems improve soil conditions (Young  1997 ; Sanchez  1999  ) , 
provide habitat for species (Somarriba et al.  2003 ; Schroth et al.  2004 ; Harvey and 
Villalobos  2007  ) , mitigate against global climate change (Montagnini and Nair  2004 ; 

   Table 3.1    The importance, challenges, and strategies for securing provisioning ecosystem  services 
key to rural well-being such as food, fi ber, fuel, and timber production   

 Provisioning 
service  Importance  Challenges  Strategies 

 Food 
and fi ber 

 Food security  
 Independence  
 Textiles  
 Income 

 Biophysical constraints: 
water and nutrients  

 Farm size  
 Land tenure 
 Labor 

 Identify most profi table 
agroecological crop 
management techniques  

 Increase access to: markets, 
seeds, and soil 
amendments  

 Diversify production  
 Develop cooperatives 

 Fuel  Means to cook food  
 Provide heat 

 Ineffi ciency of stoves  
 Distance to available 

wood  
 Labor 

 Improve stove effi ciency  
 Increase fuel resources  
 Develop alternative fuel 

sources 

 Timber  Construction 
materials  

 Carbon sequestration 
in biomass  

 Litterfall inputs 

 Incorporation into 
farming system 
without impacting crops  

 Land tenure  
 Farm size  
 Labor 

 Identify optimal design 
and management of 
agroforestry system 
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Verchot et al.  2005  ) , and provide alternative sources of income (Sanchez  1999 ; 
Alavalapati et al.  2004  ) . Agroforestry systems is defi ned as multiple cropping of 
at least two plant species that interact biologically where one of the plant species 
is a woody perennial and at least one of the plant species is managed for forage, 
annual or perennial crop production and thus, can provide food, fuel, fi ber, and 
timber resources (Somarriba  1992  ) . Ecological interactions in agroforestry sys-
tems can have both positive (soil fertility improvement, improved nutrient cycling, 
carbon sequestration) and negative affects (shading, allelopathy) (Kohli et al.  2008  ) ; 
therefore, careful, ecologically based management that maximizes synergies is 
essential to ensure the greatest benefi ts at multiple scales. 

 There are numerous examples of the success of agroforestry systems to maintain 
ecosystem services from around the world, particularly in regions where there has 
been a strong infrastructure for research and extension (Graves et al.  2004  ) . Remnant 
trees in otherwise treeless pastures in the highlands of Costa Rica provision food for 
birds and animals (90% of the tree species), timber (37%), fi rewood (36%), and 
fence posts (20%) (Harvey and Haber  1999  ) . A spatial evaluation of agroforestry 
systems in Talamanca, Costa Rica demonstrated that cacao agroforestry systems 
can mimic the structural diversity of native tropical forests (Suatunce et al.  2003  ) . 
Farmer interviews in Talamanca demonstrated that species incorporated into their 
agricultural landscapes had numerous ecosystem functions, for example fi ber, 
timber, and fruit (Córdova et al.  2003 ; Somarriba and Harvey  2003  ) . If farmers use 
their land as sources of fuel, fi ber, and timber, the encroachment into native forests 
is minimized.    

   Agroecological Management from the Farmscape 
to the Landscape 

 Farmers can benefi t directly from ecosystem services other than supporting and 
provisioning services by managing beyond the production fi eld. There are a num-
ber of regulating services that farmers can manage that will directly enhance their 
well-being by maintaining or increasing crop productivity or the availability of 
other resources. These services can include the regulation of climate, water for 
drinking and irrigation, pollination and pest reduction. Most of these services 
require farmers to manage the farmscape and the surrounding landscape. Filling 
available niches around and between fi elds with a diversity of plants selected for 
multiple uses or maintaining already existing patches of natural vegetation can cre-
ate windbreaks that generate favorable micro-climates for crops (Seck et al.  2005  ) , 
maintain hydrologic processes that ensure water availability (e.g., percolation into 
ground water) (Rockström et al.  2004  ) , reduce the prevalence of weeds (Bokenstrand 
et al.  2004  ) , and provide habitat for pollinators and other benefi cial organisms 
(Tscharntke et al.  2008  ) . The management of areas of the agricultural landscape 
past the edge of the production fi eld can result in a complex landscape mosaic of 
diverse vegetation types. 
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   Regulating Services Example: Maintaining Pollinators 

 Recently, the importance of pollinators as a key element of agricultural diversity 
supporting human livelihoods has been increasingly recognized. The great majority 
of plant species benefi t from pollination provided by bees, fl ies, birds, bats, and 
other taxa. For example, 90% of fl owering species in tropical rainforests rely on 
animal pollination (Bawa  1990  )  and 75% of the most important crop species benefi t 
from pollination services (Klein et al.  2007  )  accounting for €153 billion annually    
(Gallai et al.  2009  ) . As much of the diversity of marketable horticultural products 
originates from developing countries (Aizen et al.  2008  ) , crop diversifi cation and 
pollinator-crop interactions could play a key role in poverty alleviation. 

 Agricultural intensifi cation in many parts of the world has necessitated managed 
pollination services, as wild pollinators are not available in suffi cient numbers to 
ensure crop yield (Potts et al.  in press  ) . At the global scale, populations of managed 
honey bees have not increased at the same rate as the proportion of agricultural 
crops that depend on pollinators (Aizen and Harder  2009  ) . Hence, the demand for 
pollination services is likely to outstrip current honeybee hive numbers in many 
areas of the world (Aizen and Harder  2009  ) . Because wild bees may be able to pro-
vide insurance against ongoing honeybee losses (Winfree et al.  2007  ) , the demand 
for wild pollination is increasing. Concerns about the delivery of future pollination 
services are high for tropical countries as habitat isolation affects pollinators in 
tropical landscapes (Ricketts et al.  2008  ) . 

 Managing pollination services solely reliant on the European honeybee is a risky 
strategy because it relies on single species management. Almond pollination in 
California relies on the European honey bee and oil palm pollinations in South-East 
Asia depend on a single imported African beetle (Kremen et al.  2002  ) . Recent stud-
ies highlight the need to promote biodiversity to improve resilience in the provision-
ing of pollination services by buffering pollination against asynchronous annual 
fl uctuations in bee abundance (Kremen et al.  2002 ; Winfree et al.  2007 ; Klein  2009  ) . 
Different pollinating species also occupy different spatial, temporal, and conditional 
niches in which only a diversity of pollinator groups will lead to high quality and 
quantity services (Hoehn et al.  2008 ; Klein et al.  2008,   2009 ; Blüthgen and Klein 
 2011 ). These facts suggest pollinator diversity must be protected or restored across 
agricultural landscapes to ensure pollination services under various conditions and 
across space and time. 

 Local (farmscape) alterations that impact pollination services include changes in 
the abundance, diversity, distribution, and temporal continuity of fl oral resources 
(Klein et al.  2002 ; Greenleaf and Kremen  2006 ; Potts et al.  2006 ; Holzschuh et al. 
 2007 ; Williams and Kremen  2007  )  and availability of nesting sites and materials 
(Shuler et al.  2005  ) . Therefore, local management practices must include planting and 
preservation of year-round foraging resources (e.g., understory blooming herb, fl ower 
strips), nesting resources (e.g., open ground, dead wood, and whole twigs), and should 
avoid agro-chemical use during pollinators’ times of activity (Brittain et al.  2010  ) . 

 Management recommendations should include possible risks and trade-offs or 
dis-services that might be promoted through the establishment of pollinator-friendly 
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management practices. These include the promotion of pest species or the repelling 
of pollinators from crop species by planting fl ower resources (pollinators attracted 
to the fl owering resources planted rather than to the crop species of interest). It is 
especially important to collect information and train local people to shift human 
labor from providing hand pollination services (e.g., passion fruit pollination in 
Brazil) to the management of pollinator-friendly agricultural practices. 

 The conservation of natural or semi-natural habitats that provide additional pol-
linator resources is essential to promote pollination (Kremen et al.  2002 ; Ricketts 
et al.  2008  ) . These natural or semi-natural habitats are often large in area, which 
seems to be important for many rare pollinating species. Therefore, pollination man-
agement practices should be promoted not only at the farmscape but also at land-
scape scales. These practices include natural habitat protection and creating stepping 
stones or corridors to connect agriculture and bee (semi- and natural) habitats of 
high quality. The complexity of managing habitats across a landscape suggests the 
coordination by local farmers and organizations may be critical for maintaining wild 
pollination services and sustaining the continued health pollinators.  

   Regulating Services Example: Managing Agricultural Pests 

 Many of the strategies used to promote soil and pollinator functions can also be 
employed to increase pest regulation services. The importance of local and land-
scape factors in pest regulation services has long been a topic of ecological studies. 
In theory, strategies that limit density and diversity of herbivores and increase den-
sity and diversity of predators should enhance pest regulation services, but relation-
ships between farm management, pests, and predators are complex (Tscharntke 
et al.  2005 ; Clough et al.  2010  ) . In fact, crop diversity, landscape complexity, and 
predator diversity all have important implications for provisioning of pest regula-
tion services within agroecosystems. 

 Diversity of crop and non-crop plants within agroecosystems affects pest regula-
tion. Theory on the relationship between crop diversity and pest regulation hypoth-
esizes that natural enemies are more diverse in polycultures because alternative prey 
or other food resources are available (“enemies hypothesis”) and that prey popula-
tions are lower in polycultures where locating host plants is diffi cult (“resource 
concentration hypothesis”) (Root  1973  ) . Subsequently Andow  (  1991  )  reviewed 
>200 studies on pests, predators, and crop diversity fi nding that the majority of 
herbivore species (52%) had larger population sizes in monocultures than polycul-
tures; only a few herbivore species (15.3%) were more abundant in polycultures. 
A number of different strategies such as habitat diversifi cation (e.g., intercropping, 
use of cover crops and trap crops, allowing weed growth, crop rotation, inclusion of 
perennial plants), agroforestry with a diverse, dense mix of trees as or in addition to 
crop plants, and organic management (e.g., elimination of pesticides, and organic 
matter addition) all contribute to maintenance of diversity and density of natural 
enemies within agroecosystems leading in some cases to enhanced pest regulation 
(e.g., Altieri  1999 ; Rao et al.  2000 ; Östman et al.  2001 ; Eilers and Klein  2009  ) . 
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Increased vegetation complexity in agroforests, for example, can harbor greater 
abundance and diversity of insectivorous birds enhancing pest control services 
(Perfecto et al.  2004 ; Van Bael et al.  2008  ) . However, plant diversity may not always 
benefi t pest regulation if, for example, trees serve as alternate hosts for pests, com-
pete with crops for water or nutrients making crops more susceptible to pest prob-
lems, or limit the movement of olfactory cues that attract natural enemies to pest 
species (Rao et al.  2000  ) . 

 Landscape context is extremely important in determining the strength and persis-
tence of pest regulation within agricultural systems. Placement of non-crop habitats 
such as hedgerows, windbreaks and early succession fallow areas at edges of crop 
fi elds can enhance predation by providing overwintering sites for natural enemies, 
facilitating dispersal, and providing habitat for alternative hosts of parasitoids of 
crop pests and necessary food resources like pollen, and nectar (Altieri  1999 ; Rao 
et al.  2000 ; Tscharntke et al.  2005 ; Bianchi et al.  2006 ; Zhang et al.  2007  ) . Non-crop 
habitats act as sources for intensively managed agricultural systems to maintain 
biodiversity of natural enemies (Tscharntke et al.  2005 ; Eilers and Klein  2009  ) . At 
larger spatial scales, maintaining a balance between the proportion of crop and non-
crop vegetation may be critical as diversity and abundance of some natural enemies 
declines far away from natural habitats (Perfecto and Vandermeer  2002  ) . Similarly, 
a greater degree of landscape complexity can enhance natural enemy density and 
specifi cally increase predator activity, fecundity, oviposition rate, predation area, 
and condition of natural enemies, and can reduce pest pressure (Bianchi et al.  2006  ) . 
In some cases, complex habitats with smaller crop fi elds relate to slow establish-
ment of pests (Östman et al.  2001  ) ; however, complex habitats and landscapes may 
also benefi t populations of pests that subsequently invade crops (Bianchi et al. 
 2006  ) . Finally, both vertical intensifi cation (large numbers of trees in same area) 
and horizontal intensifi cation (great expanses planted with the same species) may 
increase pest outbreaks (Rao et al.  2000  ) . Thus, diversifi ed landscapes can enhance 
pest control services when they result in higher natural enemy diversity and density 
of enemies that colonize crop fi elds, reduce pest densities, reduce damage levels, 
and increase crop yields keeping in mind possible trade-offs in maintaining com-
plex landscapes (Bianchi et al.  2006  ) . 

 Finally, natural enemy diversity may actually enhance or hinder pest control, 
depending on the exact context examined. The combined effects of predators 
depend on two main groups of factors: (1) degree of complementarity in the assem-
blage of predators and parasitoids; and (2) the occurrence of predation or competi-
tion among predators and parasitoids of pests. In assemblages with a high degree of 
complementarity, there may be behavioral or diet differences among predator 
 species that mean that multiple predator species are more effective than single pred-
ator species for controlling pests (Cardinale et al.  2003 ; Tscharntke et al.  2005 ; 
Snyder et al.  2006  ) . For example, Cardinale et al.  (  2003  )  found synergistic effects 
of two  ladybird beetles and one parasitoid species on aphid pests of alfalfa, and 
cascading effects on alfalfa yield, such that their effects were greater with all three 
natural enemies present than expectations based on their individual effects. Likewise, 
others have found additive effects of multiple predator species controlling cabbage 
aphids (Snyder et al.  2006  ) . In other situations, however, multiple predators performed 
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worse then each predator alone due to the prevalence of intraguild predation (one 
predator consuming another instead of feeding on herbivore species among the 
predator assemblage) (Finke and Denno  2005  ) . Thus, the exact relationship between 
natural enemy diversity and pest suppression and crop benefi t may depend on pred-
ator and parsitoid species composition, and the type of agroecosystem examined.   

   Managing Agricultural Landscapes for Regional 
and Global Ecosystem Services 

 Many practices that maximize ecosystem services that directly benefi t farmers have 
impacts far beyond farm borders. Soil management, irrigation, use of pesticides, 
inorganic fertilizers, fuel, and non-production areas all can affect ecosystem ser-
vices at the regional or even global scale (Tilman et al.  2001 ; Prepas and Charette 
 2007 ; Smith et al.  2008  ) . From the perspective of those living in distant locations 
the impact of individual farms may seem small and irrelevant but collectively can be 
dramatic. Although the impacts may not necessarily directly affect the farmers that 
manage them the impacts are indirectly connected to their livelihoods and the alle-
viation of poverty. We focus on two of the most obvious ecosystem services result-
ing from management of agricultural landscapes that have impacts at multiple 
scales: the regulation of water and GHG emissions. One example shows how agri-
cultural practices regulate quality and quantity of water from upland to downstream 
users to the coastal communities (Fig.  3.1 , Table  3.2 ) (Prepas and Charette  2007  ) . 
Another example shows how management of nutrients across the agricultural land-
scape collectively results in GHG reductions on a scale that infl uences global atmo-
spheric conditions. In both of these examples the impacts most likely will not be 
directly or immediately felt. Water scarcity and climate change will be chronic, 
slowly developing problems that will invariably disproportionally affect the poor 
(Parry et al.  2004 ; Srinivasan et al.  2008  ) . It is important to recognize that the agro-
ecological management practices that benefi t regional and global population may be 
challenging for poor farmers to adopt for a number of reasons (van Noordwijk et al. 
 2002  ) . It is, therefore, in the best interest of the recipients, particularly those in rich 
countries, to see themselves as stakeholders in the management of these potentially 
distant agricultural landscapes and support policy and actions that promote prac-
tices that maximize ecosystem  services and alleviate poverty.  

   Regional Regulating Service Example: Protecting 
Water Quality and Availability 

 The amount of rainfall intercepted by agricultural landscapes and the immense 
 volume of water applied as irrigation makes agricultural production one of the most 
important modifi ers of water-related ecosystem services. More than 15% of the 
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water that runs across the global terrestrial surface area fl ows in or through  cultivated 
landscapes and agriculture accounts for 70% of global water withdrawals (MA 
 2005a,   b  ) . This interaction with agriculture affects a number of water-related ecosys-
tem functions, including water availability, water quality and fl ood attenuation, all 
of which impact local human well-being and regional populations. Ensuring an 
adequate supply of clean water for both human consumption and the maintenance 
of natural habitat will be among the most signifi cant global challenges of this 
 century (MA  2005a,   b  ) . More than 1.1 billion people do not have access to clean 
water (WHO/UNICEF  2004  ) , yet already 5% to possibly 25% of water use exceeds 
the long-term accessible supply of global freshwater (MA  2005a,   b ; see the chapters 
on water in this volume). As demand increases, water scarcity will inevitably result 
in problems for food production, human health, economic development, and biodi-
versity (Postel et al.  1996 ; Rockström et al.  2004  ) . In addition, the degradation of 
water quality from agricultural runoff further threatens the viability of freshwater 
and coastal ecosystems and people dependant on coastal fi sheries for their liveli-
hood (see chapter on Fisheries   , Vol. 2). 

 One aspect of human well-being that can be directly measured is human health, 
which is tightly linked in a number of ways to water availability and quality (see 
the chapters on Health, this volume). Nitrate losses from fi elds into waterways and 
aquifers may adversely impact human health. For example, high nitrate concentra-
tions in drinking water have been attributed to methemoglobinemia (blue baby 
syndrome) and impaired immune response (Fewtrell  2004  ) . Due to a lack of reli-
able data and diffi culties of proper analysis, the extent of high nitrate levels in 
drinking water is unknown but suspected to surpass the 10 ppm nitrate limits set by 
the World Health Organization (WRI  1989  )  in many regions or the world. High 
nitrate levels can also cause toxic algal blooms (toxic cyanobacteria) associated 
with chronic disease such as liver cancer (WCD  2000  ) . Irrigation ditches, canals, 
rice fi elds, and reservoirs harbor and spread vector-borne diseases, particularly in 
tropical regions where Rift Valley Fever and Japanese encephalitis occur (WCD 
 2000  ) . For people with little access to medical care, poor water management can 
threaten their very survival. 

 Impaired water quality in aquatic habitats also indirectly affects human well-
being. Movement of soil, nutrients, and pesticides from agricultural fi elds to adja-
cent waterways has already caused massive reduction of ecosystem services. The 
physical impact of rainfall hitting bare soil dislodges soil particles and can result 
in sealing and runoff of soil particles, nutrients, and pesticide residues. Likewise, 
irrigation can dislodge soil, nutrients, and pesticides affecting water quality and 
fl ow. Runoff of nitrogen from terrestrial to aquatic ecosystems has doubled from 
111 million tons per year in pre-industrial times to between 223 and 268 million 
tons per year (Galloway et al.  2004  ) . Inputs of nitrogen (N) and phosphorus (P) 
into aquatic ecosystems stimulate primary production including algal growth, 
thereby consuming much of the water’s dissolved oxygen. This depletion of oxy-
gen causes eutrophication, kills fi sh in streams, rivers, lakes, and coastal regions, 
and leads to substantial economic impacts to communities reliant on fi sheries 
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(Prepas and Charette  2007  ) . For example, in Lake Victoria, eutrophication threat-
ens fi sheries and the livelihoods of rural poor living around the lake (Prepas and 
Charette  2007  ) .The impacts of pesticide runoff are not well understood as their 
release into the environment often creates synergistic or unanticipated effects. 
Pesticide runoff negatively affects humans (Rola et al  1993 ; Polidoro and Bosque-
Perez  2007 ; Luo and Zhang  2009 ) and non-humans alike (Hayes et al.  2002 ; 
Jarrard et al.  2004  ) . 

 Strategies to improve water-related ecosystem services in agricultural landscapes 
might be as simple as changing crop management practices (e.g., growing cover 
crops) or extremely involved (e.g., constructing detention ponds with irrigation 
return capabilities). In general, water-related ecosystem services can be improved 
by effi cient use of inputs (i.e., nutrients, pesticides and irrigation), limiting bare soil, 
reducing the speed or volume of irrigation water or runoff, or by capturing and 
retaining runoff. Agroecological management strategies for increasing local ecosys-
tem services also serve to increase water-related services that ensure the availability 
of clean water on a larger scale. 

 Beyond the agricultural fi elds or pastures, management of water-related ecosys-
tem services may require more investment in time, labor, and money since strate-
gies may not show obvious benefi ts for farm production, or may require longer 
time horizons or complex construction. However, basic practices could include 
protecting waterways by fi lling niches and covering the soil surrounding the farm 
fi elds with organisms that can utilize excess nutrients or pesticides or slow the 
movement of water. Planting vegetation along pathways that lead to water bodies 
is effective at capturing sediments and phosphorus (Uusi-Kamppa et al.  2000  ) . 
Grassed waterways, once mature, can reduce the fl ow rate of runoff and cause sedi-
ment to drop out of suspension before reaching aquatic systems (Maass et al.  1988  ) . 
One study found 92% of sediment, and 71% of nutrients contained in irrigation 
runoff was reduced in the fi rst 4 m of a grass fi lter strip (Blanco-Canqui et al.  2004  ) . 
Another showed that an 8 m buffer of grasses decreased nitrate loads by 28% and 
a 16 m buffer decreased loads by up to 42% (Bedard-Haughn et al.  2004  ) . More 
complex buffer zones can be created by planting woody vegetation either along 
waterways or even adjacent to fi elds as hedgerows. The deep roots of hedgerow 
plantings of trees and shrubs reach niches in the soil where nutrients otherwise 
untapped by shallow rooted annual crops would leach from and enter water bodies 
via sub-surface fl ow (Wigington et al.  2003  ) . Riparian buffers that included switch 
grass and woody plants removed 97% of the sediments, 94% of the total nitrogen, 
85% of the nitrate, 91% of the total phosphorus, and 80% of the phosphate in run-
off (Lee et al.  2003  ) . 

 Alternatively, existing wetlands could be used to fi lter agricultural runoff and can 
remove as much as 59% of the total phosphorus, 38% of the total nitrogen, and 41% of 
the total organic carbon (Jordan et al.  2003  ) . Practices such as planting and maintaining 
woody vegetation or infrastructure development may not be adopted without fi nancial 
capital, as there is little incentive for farmers lacking fi nancial capital to make the large 
investment required to ensure their success, and this will be discussed in more general 
terms below.  
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   Global Regulating Service Example: Mitigating Climate Change 

 Global climate change resulting from GHG emissions is another major upcoming 
challenge that will inevitably and disproportionately impact the poor (Srinivasan 
et al.  2008  ) . Impoverished people reliant on agricultural production will be highly 
susceptible to fl uctuating temperatures and rainfall, movement of disease and pests, 
and many other anticipated results of climate change (MA  2005b  ) . Some of the 
agroecological management strategies described here have potential to help farmers 
adapt to climate impacts and to mitigate climate change. Agriculture directly con-
tributed 13.5% of total global GHG emissions in 2004, and when the additional 
17.4% of total emissions from deforestation (much of which is for farming and 
grazing) are considered, managing to reduce these emissions represent a major 
pathway for mitigation (Smith et al.  2008  ) . 

 Agriculture-related emissions result from deforestation caused by extensifi cation, 
use of pesticides and inorganic fertilizers, livestock production, fuel use for mecha-
nized production including irrigation pumping, and transportation of goods. While 
these practices may be a sizeable proportion of the global emissions they also repre-
sent ways that emissions could be reduced if alternative practices are adopted. 
Although policy discussions are largely focused on carbon dioxide, other more pow-
erful GHGs can also be mitigated through changes in agricultural practices. 
Agriculture accounts for about 60% of the nitrous oxide and 50% of the methane 
emitted globally by anthropogenic sources in 2005 (Smith et al.  2007  ) . Much of the 
emissions from agriculture landscapes, like other nutrient losses, indicate ineffi ciency 
in management practices. 

 Emissions from agricultural landscapes can be categorized into primary, second-
ary, or tertiary emissions (Lal  2004b  ) . Primary emissions are those due to mobile 
operations (e.g., tillage, harvesting) that are not largely used in small-holder farm-
ing reliant on manual labor for most operations. Secondary emissions result from 
stationary sources (e.g., crop drying, irrigation pumping) that may be more impor-
tant for small-holder operations. Tertiary emissions are a result of the equipment 
manufacture, construction of farm buildings and acquisition of raw materials (Lal 
 2004b  ) . The adoption of agroecological management strategies may help limit 
emissions at each of these stages (Fig.  3.5    ).  

 Agroforestry practices, i.e., woody perennial shrubs and trees in hedgerows sig-
nifi cantly increase carbon storage across the landscape (Smith et al.  2008  ) . The 
potential of agroforests to sequester carbon varies widely depending on soil type, 
climate, and rainfall. Values for biomass sequestration rates in agroforestry systems 
can range from 0.29 to 15.21 Mg C ha −1  year −1  (Nair et al.  2009  ) . Reforesting sites 
that are marginal for crop production could sequester between 0.8 and 
18.8 Mg C ha −1  year −1  depending on site conditions and management. (Richards and 
Stokes  2004  )  While both agroforestry and reforestation may substantially increase 
carbon storage, this may come at a cost to ecosystem services directly useful to the 
farmers (e.g., fuel wood, timber or food production). Alternatively, managing cropland 
soils for carbon may increase the mitigation potential and enhance crop production. 
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Reducing tillage and increasing residue inputs could sequester on average 
 0.2–0.7 Mg C ha −1  year −1  or improved management of grazing lands could sequester 
0.1–0.8 Mg C ha −1  year −1  depending on climate zone (Smith et al.  2007  ) . Managing 
soils for carbon sequestration, i.e., increasing SOM, may seem the most promising 
means of mitigating GHG emission in agricultural landscapes, but if additional ben-
efi ts to farmers can materialize, then efforts to provide incentives should weigh the 
trade-offs in terms of labor and yield costs in the short-term.   

   Conservation of Biodiversity to Provide Ecosystem Services 

 Agrobiodiversity refers to the biological resources (genes, species, and habitats) 
that contribute to food, agriculture, and human well-being in agricultural landscapes 
(Qualset et al.  1995  ) . It serves as a source of adaptation for crops and livestock, and 
in a larger context, for transformation to new production systems under unknown 
future environmental conditions. It also encompasses the biodiversity in natural 
ecosystem fragments and the organisms that move across the mosaic of ecosystems 
within agricultural landscapes (Jackson et al.  2007  ) . For the poor, agrobiodiversity 
is one of the greatest sources of natural capital, especially in the form of traditional 
varieties of crops, medicinal plants, and useful wild species, e.g., that may be moved 

  Fig. 3.5    The technical global mitigation potential of various agricultural management practices 
for nitrous oxide (N 

2
 O), methane (CH 

4
 ), and carbon dioxide (CO 

2
 ) (Source Smith et al.  2007  )        
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into home gardens (Jarvis et al.  2008  ) . Evaluating the actual value of agrobiodiversity 
is diffi cult to assess, given the lack of knowledge on ecosystem functions of most of 
the biodiversity in agricultural landscapes, and the discrepancy between private vs. 
social benefi ts derived from it (Pascual and Perrings  2007  ) . 

 The conservation of biodiversity can be managed for at multiple scales across 
the landscape and is thought to be critical for many other services that can benefi t 
poor farmers, besides the provisioning services generated by crop genetic resources. 
In Daily’s  (  1997  )  pioneering work on ecosystem services, she defi nes these ser-
vices as “the conditions and processes through which natural ecosystems and the 
species that make them up, sustain and fulfi ll human life.” There is increasing evi-
dence that ecosystem services are regulated by ecological communities yet global 
trends indicate that biodiversity losses are resulting in losses in ecosystem func-
tioning (Flynn et al.  2009 ; Jackson et al.  2009  ) . There is a growing recognition of 
a strong relationship between the biodiversity of an agricultural system or land-
scape and the provisioning of services (Chan et al.  2006  ) , and the willingness of 
the some consumers (especially in the developed world) to pay for biodiversity 
friendly products (Wendland et al.  in press  ) . A small, though increasing number of 
studies demonstrate that conserving both natural and semi-natural elements in 
agricultural landscapes can make signifi cant contributions to biodiversity conser-
vation. Harvey et al.  (  2006  )  found that the abundance of bird, beetle, tree, and 
butterfl y diversity could be conserved by increasing tree cover and that even mini-
mal number of trees on pastures can enhance biodiversity (Daily and Ehrlich  1995 ; 
Harvey and Haber  1999 ; Ricketts  2004 ; Schroth et al.  2004  ) . Likewise, maintain-
ing forest cover in agricultural landscapes, and minimizing the distance between 
forest fragments can make signifi cant contributions to conserving wild biodiver-
sity and their related services (Daily and Ehrlich  1995 ; Ricketts  2004  ) . Management 
of these patches can also contribute to the provisioning of ecosystem services, 
particularly pollination and pest control (Schroth et al.  2004  ) , and carbon storage 
(Smukler et al.  2010 ). 

 Petit and Petit  (  2003  )  demonstrated that although many species are conserved in 
managed landscapes, few of these are species of conservation concern. Flynn et al. 
 (  2009  )  used a metric of functional diversity, where species were classifi ed not by 
their taxonomy or evolutionary relationships, but rather were classifi ed by their con-
tributions to ecosystem functions (insectivores, frugiviores, omnivores, canopy spe-
cies, leaf gleaners, etc.) and found that functional diversity was lost more rapidly 
than species richness. This work suggests that the loss of biodiversity may have 
important consequences for the provisioning of ecosystem services. 

 There are several overarching ecologically based management strategies that can 
be used to guide development practitioners and land managers. These are outlined 
by McNeely and Scherr  (  2003  )  who provide six general recommendations: (1) create 
biodiversity reserves that also benefi t local farming communities; (2) develop habitat 
connectivity in non-farmed areas; (3) reduce or reverse the conversion of natural 
ecosystems to agriculture by increasing farm productivity; (4) minimize agricultural 
pollution; (5) modify management of soil, water, and vegetation resources; and 
(6) modify farming systems to mimic natural ecosystems.  
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   Tradeoffs and Synergies 

 The current situation of diminishing natural areas and the loss of biodiversity with 
its associated ecosystem services is coupled with increased demands for food pro-
duction. This forces farmers to make diffi cult management choices that can have 
serious long-term consequences for economic prosperity of their farming opera-
tions, as well as broader impacts on ecological and human well-being (Jordan et al. 
 2007 ; Scherr and McNeely  2008  ) . The decisions farmers make will inevitably incur 
trade-offs in the availability of ecosystem services. At the same time some decisions 
could actually have synergistic effects on multiple ecosystem services (Robertson 
and Swinton  2005 ; Swallow et al.  2009  ) . Converting forests to agriculture is obvi-
ously a trade-off between forest goods and services for food (Fig.  3.6 ). In a land-
scape where trees and food are produced together, such as in multistrata agroforestry 
systems, important synergies can be achieved. Planting trees in agricultural land-
scapes may enhance water quality and quantity, provide habitat for pollinators and 
benefi cial insects, store carbon, and improve long-term agricultural productivity. 

  Fig. 3.6    A hypothesized comparison of the trade-offs in ecosystem services from a biodiverse 
intact wildland forest landscape, a monoculture farmed landscape, and a biodiverse farmed landscape 
(Modifi ed from Foley  2005  ) . The relative availability of ecosystem services could be compared as 
percentages of a reference landscape as indicated here       
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  Fig. 3.7    A theoretical degradation and rehabilitation U-shaped trajectory curve. The possible 
relative degradation status of three categories of agricultural production, biodiverse, low diversity 
and degraded agricultural landscapes. Over time as agricultural production becomes more 
simplifi ed (e.g. less biodiverse) due to intensifi cation, ecological theory suggests that ecosystem 
stocks, functions and services are likely to decline. As biodiversity is restored to these systems, the 
stocks, functions and services may increase but never quite to the original state       

Similarly planting trees may incur signifi cant trade-offs in terms of a large short-
term cash and labor investment to purchase seeds or seedlings and to ensure sur-
vival, or in some cases depending on the species, may actually reduce water 
availability (Farley et al.  2005  ) .  

 Tradeoffs and synergies also occur among the communities that actually utilize 
the services. For example, people living at the top of a watershed may receive the 
benefi ts of food provisioning services from agricultural production while the people 
at the bottom of the watershed suffer from the loss of clean water that would have 
been provided by an intact forested watershed (Falkenmark and Folke  2002  ) . This 
type of geographical disconnect between management practices and the availability 
of ecosystem services has lead to large-scale reduction in these services. Unless 
these two groups of stakeholders can interact to negotiate management strategies that 
have mutually benefi cial outcomes, one group will continue to benefi t from certain 
services and the trade-off will be loss of services to the other (Lant et al.  2008  )  
Fig.  3.7 .  

 These examples illustrate how evaluating the trade-offs and synergies for a par-
ticular management decision is extremely diffi cult given that many benefi ts may be 
felt in geographically or temporally distant places. Maximizing the benefi ts of eco-
system services requires an effective ecological assessment of the potential trade-offs 
and synergies of various agricultural land management options at a variety of scales 
that incorporate all those who could be potentially impacted. The need for an effective 
ecological assessment is clear but the methodologies for doing so are still in the devel-
opment stage. To accurately assess the potential trade-offs and synergies requires 
simultaneous quantifi cation of multiple ecosystem services over long periods of time. 
Given the diffi culties of such research, most studies of ecosystem services are con-
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fi ned to 2 or 3 years and one or two services. To date there are only few examples of 
projects that have assessed multiple services required to observe trade-offs and syner-
gies let alone generate accurate quantifi cation at a meaningful scale (Gamfeldt et al. 
 2008 ; Tallis et al.  2008 , Smukler et al.  2010 ). Currently analysis must rely on com-
plex biophysical process models that still need development and validation for agro-
ecosystems (Tallis et al.  2008  ) . A number of other models and planning tools are 
being employed to provide fi nancial incentives directly to land managers for the pro-
visioning of ecosystem services in developed countries (Eigenraam et al.  2006  ) , but 
models directly relevant to farmers in developing countries seem a long way off. 
Furthermore, in order for assessments to actually infl uence management decisions, 
rural communities must be involved through a participatory or economic approach, 
evaluating and prioritizing their ecosystem service needs. The infrastructure required 
for such an approach in impoverished regions may be prohibitively expensive and 
require institutional intervention not currently in place, but the fi nancial promise of 
PES may help initiate some form of such analysis in these regions.  

   Conclusions 

 Increased agricultural productivity through “Green Revolution” technologies, 
including inorganic fertilizers, improved seed and small-scale irrigation projects 
will contribute towards meeting the United Nation’s goal of halving global poverty 
by 2015 (Sachs  2005 ; Denning et al.  2009 ; Sanchez et al.  2009  )  but sustained pov-
erty alleviation will require a diversity of interventions. We must manage agricul-
tural landscapes for multiple ecosystem services, or else our efforts to alleviate rural 
poverty may in fact just transpose dire economic conditions to other regions (e.g., 
downstream), or even exacerbate poverty in coming generations. 

 Examining solutions to poverty through the lens of ecology means seeing the 
situation holistically both spatially and temporally. Ecological research illustrates a 
number of principles that can be applied to management of agricultural landscapes 
to ensure the availability of multiple ecosystem services. Management practices that 
increase soil organic matter, or maximize biodiversity by fi lling niches with a vari-
ety of plants that cycle nutrients and provide habitat for benefi cial organisms, are 
examples of ways to increase natural capital across the landscape that have been 
effectively demonstrated. Given that many of these practices do not directly increase 
agricultural productivity or income immediately, novel approaches will be required 
to convince farmers to adopt them. 

 The plight of the rural poor cannot be isolated from either regional or global 
markets, and poverty has to be viewed as inextricably tied to regional and global 
ecosystem processes. Human well-being is reliant on a complex interconnection 
between the management of individual farms and the sustained availability of eco-
system services on a much broader scale. Those that recognize this relationship 
have a responsibility to help forge policy, markets, education, and community outreach 
required to plan for trade-offs and synergies that will empower impoverished rural 
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farmers to maximize the availability of ecosystem services that will have long-term 
benefi ts for society at large.      
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