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and characterize, ecosystems. Ecosystems are varied both in size and, arguably, complexity, and may 
be nested one within another.  

 

Application of the ecosystem model (Tansley 1935; Odum 1969) implies comprehensive 
understanding of the interactions responsible for distinctive ecosystem types, but unfortunately this 
knowledge is rarely available. As a result, the use of the term ecosystem, when describing entities 
such as forests, grasslands, wetlands or deserts is more intuitive than based on any distinct spatial 
configuration of interactions. 

 

Where communities of organisms persist in dynamic equilibrium over long periods of time and 
occupy the same physical space, ecosystems may appear to have discrete physical boundaries, but 
these boundaries are porous to organisms and materials. Boundaries are, of course, most noticeable 
when there are major differences in the abiotic environment (for example lakes versus grasslands) and 
certainly some terrestrial ecosystems still extend over very large areas of the planet, for example 
savannah and tropical rainforests. Nevertheless, species abundance and species composition within 
these ecosystems always varies temporally and spatially. The population dynamics of species create 
temporal heterogeneity, while gradients in abiotic variables lead to spatial heterogeneity (Whittaker 
1975) often over orders of magnitude (Ettama and Wardle 2002).  

 

Ecosystem processes (Table 1.a) result from the life-processes of multi-species assemblages of 
organisms and their interactions with the abiotic environment, as well as the abiotic environment 
itself. These processes ultimately generate services when they provide utilities to humans (see Table 
1.b). Alterations in biodiversity can result in very noticeable changes in ecosystem functioning: for 
example individual genes may confer stress tolerance in crops and increased productivity in 
agricultural ecosystems, and invasive species may transform fundamental ecosystem processes such 
as the nitrogen cycle (see section 3). The dimensions of biodiversity and its relationships to human 
well-being have been extensively addressed by Levin (2000), including both the services that 
biodiversity supports and the evolutionary genesis of biodiversity together with the ecological 
processes underlying patterns and trends. 

 

The relationship between biodiversity and ecosystem functioning cannot be revealed by ecological 
studies of communities that focus on the structure and behaviour of species and populations at a 
location. What is needed in addition are studies that address the flux of energy and matter through the 
ecosystem. The measures used may be different: for example, community studies may employ indices 
measuring aspects of biodiversity, whereas ecosystem studies utilize measures of standing crop, or 
flux of nutrients. Both are important in the evaluation of ecosystem services. Services directly linked 
to primary plant productivity, e.g. provisioning of food, are measured in biomass per unit area, or 
nutrient content per unit biomass, whereas cultural services may require a measure of complexity of 
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biodiversity at a suitable scale, e.g. species richness in spatial units within the landscape (Srivastava 
and Vellend 2005). However, this is not to say that such measures are mutually exclusive. For 
example, the service of biological pest control is best estimated both by measures of biodiversity in 
terms of insect predator guilds, and their temporal relative abundance.  

 

 

Table 1.a.   Some examples of biological and physical processes and interactions that 
comprise ecosystems functions important for ecosystem services. (From Virginia 
and Wall, 2000) 

 

Ecosystem function Processes 

Primary production: Photosynthesis 

 Plant nutrient uptake 

Decomposition: Microbial respiration 

 Soil and sediment food web dynamics 

Nitrogen cycling: Nitrification 

 Denitrification 

 Nitrogen fixation 

Hydrologic cycle: Plant transpiration 

 Root activity 

Soil formation: Mineral weathering 

 Soil bioturbation 

 Vegetation succession 

Biological control: Predator-prey interactions 
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Table 1.b: Examples of relationships between biodiversity and ecosystem services. 

 

Component of biodiversity Example of ecosystem service  
(see also section 3) 

Sources 

 

Genetic variability Medicinal products Chai et al. (1989) 

Population sizes and biomass Food from crops and animals Kontoleon et al. (2008)  

Species assemblages, 
communities and structures 

Habitat provision and recreation Rosenberg et al. (2000)  

Interactions between organisms 
and their abiotic environment 

Water purification Hefting et al. (2003) 

Interactions between and among 
individuals and species 

Pollination and biological control Messelink et al. (2008)  

 

 

In any community of organisms, some groups make the principal contribution to a particular process, 
and so contribute to the overall functioning of the ecosystem of which they are a part. Thus, the 
critical functions of communities of soil organisms are decomposition and nutrient and elemental 
cycling, whereas plant communities contribute biomass production through photosynthesis. 
Communities in the soil are intimately interlinked (through root-microbe interrelations) with 
vegetation, and faunal communities depend not only on primary plant production per se but on the 
composition and physical structure of plant communities for habitat. This linkage between above-
ground and below-ground parts of ecosystems is fundamental in all cases, as exemplified by 
provisioning ecosystem services in low-input agriculture by the role of legumes within cropping 
cycles. 

 

Box 1 illustrates some of the linkages between different communities of organisms in relation to their 
major functions. These interactions contribute both to the regulation of biomass in an ecosystem and 
to the diversity of species assemblages within communities. 
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Box 1:  Biotic communities and their major functions 

 

 

Figure 1:  Illustrative relationships between different functional groups in ecosystems.  
(following Swift et al. 2004). 

 

Primary producers:  

Classification of plants into functional groups has an extensive history. Groupings can be based on a variety of 
reproductive, architectural and physiological criteria, but scale and efficiency of resource capture is often 
suggested as the main criterion. This will be determined by features of both architecture (e.g. position and shape 
of the canopy and depth and pattern of the rooting system) and physiological efficiency (see Smith et al. 1997). 
In some agro-ecosystems photosynthetic microorganisms may constitute a significant group, e.g. lowland rice.  

 

Soil processors: 

This is a very diverse community of organisms, involved in decomposition of organic matter (decomposers), 
soil synthesis (synthesizers) and nutrient cycling (transformers).  

 

Decomposers:  

This is a group of enormous diversity that can be subdivided taxonomically into bacteria, fungi, invertebrates, 
and others) having functional roles in the breakdown and mineralization of organic materials of plant or animal 
origin. 

 

Synthesizers:  

These are species that change the structure of soil and its porosity to water by burrowing, transport of soil 
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particles amongst soil horizons, and formation of aggregate structures. Many of these species also contribute to 
decomposition. 

 

Transformers:  

This includes a range of autotrophic bacteria that utilize sources of energy other than organic matter (and 
therefore are not classifiable as decomposers) and play key roles in nutrient cycles as transformers of elements 
(carbon, nitrogen, phosphorus, sulphur etc.). Some heterotrophs that have a decomposer function but also carry 
out elemental transformations beyond mineralization (e.g. free-living di-nitrogen fixers). 

 

Primary regulators:  

Organisms that have a significant regulatory effect on primary production and therefore influence the goods and 
services provided by plants.  

 

Pollinators: 

Pollinators are a taxonomically very disparate group of organisms that includes many insect groups and 
vertebrates such as birds and bats.  

 

Herbivores:  

Vertebrate grazers and browsers are readily distinguished from invertebrate herbivores, although their impacts 
may be functionally similar and significant at the ecosystem level. The balance of effects of different types of 
herbivore can influence the structure of plant cover.  

 

Parasites:  

Microbial and fungal infections of plants may limit primary production in analogous manner to herbivory. 
Parasitic associations can also influence the growth pattern of plants and hence their architecture and 
physiological efficiency. 

 

Micro-symbionts:  

Mutualistic plant-microbial associations, e.g. di-nitrogen-fixing bacteria and mycorrhizal fungi. 

 

Secondary regulators: 

Hyper-parasites and predators:  

This is diverse group of microbial parasites and vertebrate and invertebrate predators that feed on organisms in 
other groups and at other trophic levels. 
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functions, but may not be generally applicable to other valued services in that ecosystem. 
Unfortunately, these local measures cannot be scaled-up to larger areas or transferred to other 
ecosystem types. 

  

The extent to which biodiversity metrics can be used for ecosystem service assessments is therefore a 
direct consequence of whether the measures are correct for the context. Unfortunately, because the 
understanding of the role of biodiversity is still incomplete, one can only be confident about a few 
cases where good data are available that are known to support ecosystem service valuations. For 
example: 

 

The productivity of terrestrial and aquatic systems for marketed foods, fuels or fibres can be measured 
using production statistics. The relevant measures of diversity in arable systems, for example, relate to 
crop genetic diversity, the diversity of land races and wild relatives, and the diversity of pests, 
pathogens, predators and symbionts. The most relevant biodiversity metric for crops is genetic 
diversity.  

 

The ecosystem service of food production depends in many cases on pollinators. Here the relationship 
between the service and biodiversity is strong, and the relevant metric is pollinator species richness. 
While the form of these relationships may be quite general, it appears that the resistance of different 
areas to pollinator loss varies quite widely according to the nature of the plant-pollinator interaction 
web in that ecosystem, and the recent history of pollinator and plant decline.  

 

Many cultural services depend primarily on species diversity, and tend to concentrate on the large-
bodied, charismatic plants, birds and mammals. The relationships between the service and 
biodiversity in these cases are very strongly dominated by diversity measures that never saturate. In 
fact the values increase with the addition of more, rare forms. For these purposes, the global 
conservation species datasets are useful and highly relevant. However, the relationships do not scale 
down simply within countries or local areas.  

 

The ecosystem service of freshwater quality shows a weak but rapidly saturating relationship with 
biodiversity and is strongly focused on a few functional types that are likely to be generally applicable 
across both scales and systems. 

 

Some work done on ecosystem processes such as primary productivity or decomposition (referred to 
as supporting services in the Millennium Ecosystem Assessment (MA 2005)) may also be relevant for 
many ecosystem services that ultimately depend on them. In studies, plant functional traits such as 
leaf area or plant size are strong predictors of ecosystem process strength, and measures such as the 















The Economics of Ecosystems and Biodiversity: The Ecological and Economic Foundations 

24 

 

lead to higher productivity in the forest, the proportion of commercial species in more diverse sites is 
typically lower (FAO 2006). On the other hand, species richness has been found to increase yields in 
tropical tree plantations, due to increased growth of individual trees (Potvin and Gotelli 2008), and it may 
reduce the impact of pests on timber species. At present, however, commercial timber production is 
dominated by a small number of species. 

 

For biofuels, it seems unlikely that biodiversity of the crop will play a direct role in most production 
systems, although all land-based biofuel production will still rely on the supporting and regulating 
services, such as nutrient and water cycling, for which biodiversity of soil organisms is important. The 
exception is the proposal to use mown grassland as a second-generation biofuel. Sustained production 
in such a system may well be best achieved by a diverse mixture of plant species. Biofuel production 
with algae is dependent on aquatic biodiversity for the provision of species adapted to the different 
places where cultivations would be held. 

 

Where are services generated? 

Most ecosystems are important, including forests, savannas, grasslands and marine and coastal 
systems in delivering this service. Ecosystems likely to be used for biofuel production include forests, 
arable land generally and grasslands. There is likely to be strong pressure to bring land currently 
regarded as marginal for agriculture into production for biofuel production; because time-to-market 
issues are less important than for food production systems. Remote and relatively inaccessible areas 
where land values are low may be targets for biofuel systems, introducing conflicts with recreation 
and biodiversity conservation. 

 

Uncertainties in delivery of service 

It is likely that a decline in the provision of wild timber, plant fibres and fuelwood will take place in 
proportion to the decline in the forested area. Fragmentation, however, may result in a much quicker 
decline in forest productivity than what would be expected given the total area of remaining forest 
(Laurance et al. 2001). Climate change has also been implicated in increasing forest fire risk (e.g. 
Westerling et al. 2006) and the combined effects of fragmentation and climate change may conspire to 
prompt an abrupt increase in fire risk, which may be particularly devastating (and less likely to be 
reversible) in tropical rain forests, as species are not ecologically adapted to fire, and each fire event 
tends to increase the likelihood that future fires will take place. 

 

2.4 Genetic resources 

Context and importance of service 

Genetic diversity of crops increases production and decreases susceptibility to pests and climate 
variation (Ewel 1986; Altieri 1990; Zhu et al. 2000). In low-input systems especially, locally adapted 
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Figure 2: The impact of insertion of the Sub-1 gene on the yield of the rice cultivar Swarna. This 
gene confers tolerance to early submergence in water. Plants were completely submerged 14 
days after the transplanting of 14 day-old seedlings in field trials at the International Rice 
Research Institute (Mackill 2006). 

 

A current threat 

The evolution of a new race (Ug99) of wheat stem rust (Puccinia graminis) in 1999 in the East African 
Highlands, and its subsequent range expansion from Kenya to Ethiopia has followed the predominant west-east 
airflows dispersing spores. It threatens global wheat production because of the absence of resistance in most 
modern cultivars. The potential migration path from East Africa via the Arabian peninsular, to the Middle East 
into the rice-wheat belt of the Indo-Gangetic plains represents a major threat to food security in South Asia. 
Strategies to mitigate the risks of loss of yield in a crop that underpins the livelihoods of millions of people 
requires the breeding of durable resistance into cultivars locally adapted for yield potential. Incorporating 
different combinations of race-specific resistance genes into new cultivars is one way forward. Such genetic 
diversity is present in germ plasm of wild relatives of wheat (e.g. Triticum speltoides and T. monococcum) and 
traditional Kenyan landraces (Singh et al. 2006). 

 

 

Where are services generated?  

All ecosystems are important for their genetic resources. Agricultural biodiversity can be considered 
to have a special status because of previous human efforts to improve varieties, hence the specific 
focus of the International Treaty on Plant Genetics Resources to conserve resources for food and 
agriculture. The replacement of landraces by high-yielding food crop varieties, taken together with 
other changes in agricultural practice has accelerated the erosion of genetic variation in cultivated 
material. The loss of genetic diversity associated with more intensive agriculture may also have 
deleterious impacts on the non-domesticated plants and animals (and micro-organisms) in the 









The Economics of Ecosystems and Biodiversity: The Ecological and Economic Foundations 

30 

 

Green areas, vegetation and trees, also have direct health benefits, e.g. in a study from New York, 
presence of street trees was associated with a significantly lower prevalence of early childhood 
asthma (Lovasi et al. 2008). Green area accessibility has also been linked to reduced mortality 
(Mitchell and Popham 2008) and improved perception of general health (e.g. Maas et al 2006). In a 
review by Bird (2007), links were noted between access to green spaces and a large number of health 
indicators, e.g. coping with anxiety and stress, treatment for children with poor self-discipline, 
hyperactivity and Attention Deficit Hyperactivity Disorder (ADHD), benefiting elderly care and 
treatment for dementia, concentration ability in children and office workers, healthy cognitive 
development of children, strategies to reduce crime and aggression, strengthened communities, and 
increased sense of well-being and mental health. The distribution and accessibility of green space to 
different socio-economic groups, however, often reveals large inequities in cities (e.g. Pickett et al. 
2008), contributing to inequity in health among socio-economic groups, although confounding effects 
are not always possible to separate (Bird 2007).  

 

Sensitivity of service to variation in biodiversity 

To what extent biodiversity and variation in species composition plays a role in the generation of 
environmental quality services is still poorly investigated (Elmqvist et al. 2008). For air quality, 
filtering capacity increases with leaf area, and is thus higher for trees than for bushes or grassland 
(Givoni 1991). Coniferous trees have a larger filtering capacity than trees with deciduous leaves 
(Givoni 1991). Figure 3 illustrates a hypothesized distribution of species richness in relation to degree 
of anthropogenic impact. The urban core has fewer species and often very different species involved 
in generation of ecosystem services than in more rural areas. Interestingly, the number of plant species 
in urban areas often correlates with human population size, and plant diversity may correlate 
positively with measures of economic wealth as shown for example, in Phoenix, USA (Kinzig et al. 
2005). 
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2006), hurricanes (Costanza et al. 2006), catchment-borne floods (Bradshaw et al. 2007), tsunamis 
(Kathiresan and Rajendran 2005), avalanches (Gruber and Bartelt 2007), wild fires (Guenni et al. 
2005) and landslides (Sidle et al. 2006). The available evidence for some of these effects is still 
scarce, and in some cases controversial. Many hazards arise from human interaction with the natural 
environment and are sensitive to environmental change. Examples include: 

 

 flash floods due to extreme rainfall events on heavily managed ecosystems that cannot retain 
rainwater; 

 landslides and avalanches; 

 storm surges due to sea-level rise and the increasing use of hard coastal margins; 

 air pollution due to intensive use of fossil fuels combined with extreme summer temperatures; 

 fires caused by prolonged drought, with or without human intervention. 

 

Sensitivity of service to variation in biodiversity 

The role of biodiversity in delivering protection from natural hazards is generally small, but it has a 
role in facilitating recovery from such perturbations. In some particular cases, the ecological integrity 
of the affected ecosystem is of central importance, and it is likely that loss of biodiversity reduces 
resilience. Biodiversity plays a key role in the preservation of wetlands and coastal systems such as 
mangroves that deliver significant ecosystem services. For example, sea-level rise places intense 
selective pressures on halophytic vegetation whose fate is critical to the survival of salt marshes and 
other transition ecosystems (Marani et al. 2004). In mountain forests, increasing tree diversity is 
believed to enhance the protection value against, for example, rock fall (see, for example, Dorren et 
al. 2004). 

 

Where are services generated? 

Flooding is a problem in a wide range of ecosystems, including steep deforested catchments, flat 
alluvial plains and urban ecosystems with constrained water flows. Flooding can also occur because 
of exceptionally high tides and storm surges, a problem that will be exacerbated by rising sea levels; 
coastal wetlands are known to play a major part in defence against tidal flooding. Wind breaks from 
managed woods or from the use of natural forest features are a traditional means of protecting crops 
and habitations against both violent storms and general damage from exposure to high winds. In all 
these cases the role of vegetation is structural, and the part played by species composition will 
normally be indirect, in controlling the stability and resilience of the system. 

 

Living marine flora and fauna can play a valuable role in the defence of coastal regions, and dampen 
and prevent the impact of tidal surges, storms and floods. This disturbance alleviation service is 
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provided mainly by a diverse range of species which bind and stabilize sediments and create natural 
sea defences, for example salt marshes, mangrove forests, kelp forests and sea grass beds (Rönnbäck 
et al. 2007). Natural hazard regulation services show a declining trend due to loss of natural buffers 
such as wetlands and mangroves. For example, 20% or 3.6 million ha have been lost from the 18.8 
million ha of mangrove forests covering the planet in 1980 (FAO 2007); 20% of coral reefs have been 
seriously degraded in only the past two decades (Wilkinson 2006); coastal wetland loss is extremely 
rapid, reaching 20% annually in some areas. On the other hand, the value of the regulation that is 
provided by these ecosystems is likely to be escalating, given an increase in human vulnerability to 
natural hazards.  

 

Uncertainties in delivery of service 

The effect of ecosystems on natural hazard mitigation is still poorly understood and it is uncertain to 
what extent abrupt changes in this service may be associated with abrupt changes in ecosystem 
extension and condition, for example the degradation of coral reefs or forests due to climate change. If 
the relationship between hazard regulation and ecosystem extension is an inverse asymptotic 
relationship, then regions where past ecosystem loss has been extensive may suffer a disproportionate 
future decline in the provision of this service. 

 

2.10 Erosion prevention 

Context and importance of service 

Vegetation cover is the key factor preventing soil erosion, as classic historical examples such as the 
American dust bowl of the 1930s demonstrate, where lack of vegetation cover combined with drought 
resulted in unprecedented wind erosion, destroying farmland and livelihoods (Cooke et al. 1936). 
Landslide frequency seems to be increasing, and it has been suggested that land-use change, 
particularly deforestation, is one of the causes. In steep terrain, forests protect against landslides by 
modifying the soil moisture regime (Sidle et al. 2006).  

 

Sensitivity of service to variation in biodiversity 

This ecosystem service is generally not species specific or dependent on biodiversity in general, 
though in areas of high rainfall or extreme runoff events, forests may be more effective than grassland 
or herb-dominated communities. 

 

Uncertainties in delivery of service 

The same apply as for service 3.9. 
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and specialist predators and parasitoids, including birds, bats, spiders, beetles, mantises, flies, and 
wasps, as well as entomopathogenic fungi (Way and Heong 1994; Naylor and Ehrlich 1997; Zhang et 
al. 2007). In the short-term, this process suppresses pest damage and improves yields, while in the 
long-term it maintains an ecological equilibrium that prevents herbivorous insects from reaching pest 
status (Zhang et al. 2007, Heong et al. 2007). Agricultural pests cause significant economic losses 
worldwide. Globally, more than 40% of food production is being lost to insect pests, plant pathogens, 
and weeds, despite the application of more than 3 billion kilograms of pesticides to crops, plus other 
means of control (Pimentel 2008). The services of regulation are expected to be more in demand in 
future as climate change brings new pests and increases susceptibility of species to parasites and 
predators. 

 

Sensitivity of service to variation in biodiversity 

The diversity of natural enemies seems to improve biological control through a variety of 
mechanisms, including: i) species complementarity, when more than one type of predator or 
parasitoid adds to the control of a pest species; ii) the sampling effect, whereby a particularly effective 
natural enemy is more likely by chance alone to occur when more species are present; iii) redundancy, 
where more species will buffer against disturbance or ecosystem change; and iv) idiosyncrasy, when 
the whole is greater than the sum of the parts owing to interactions among species (Tscharntke et al. 
2005; Kremen and Chaplin-Kramer 2007).  

 

A diverse soil community will not only help prevent losses due to soil-borne pests and diseases but 
also promote other key biological functions of the soil (Wall and Virginia 2000). Soil-borne pests and 
diseases such as root-rot fungi cause enormous annual crop losses globally (Haas and Défago 2005), 
but bacteria in the rhizosphere (the soil surrounding roots) can protect plant roots from diseases 
caused by root-rot fungi (Haas and Keel 2003); similarly, symbiotic mycorrhizal fungi can protect 
roots from pathogenic fungi (Newsham et al. 1995). Plant-parasitic nematodes represent a major 
problem in agricultural soils because they reduce the yield and quality of many crops and thus cause 
great economic losses. However, nematodes have a variety of microbial antagonists that include 
nematophagous and endophytic fungi, actinomycetes and bacteria (Dong and Zhang 2006).  

 

Where are services generated? 

The natural control of diseases and invasions occurs in all ecosystems. Those heavily influenced by 
human activity incur the greatest risk of both disease outbreaks and invasion. Data on populations of 
biological control agents are scarce but the trends are presumed to be negative owing to habitat 
transformation associated with agricultural intensification (agricultural expansion, enlargement of 
field size, and removal of non-crop habitat, which results in a loss of the natural landscape features 
required for maintaining their populations) and increasing pesticide use. On the other hand, the 
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UK makes over 2.5 billion visits to urban green spaces (Woolley and Rose 2004), and 87 million 
Americans participated in wildlife-related recreation in 2006, an increase of 13% over the decade 
(USFWS 2007). Wildlife-based marine tourism, as whale and dolphin watching, is also a profitable 
activity that is highly dependent on a functioning ecosystem (Wilson and Tisdell 2003). 

 

Many cultural services are associated with urban areas, and strong evidence demonstrates that 
biodiversity in urban areas plays a positive role in enhancing human well-being (see section 3. 7). For 
example, Fuller et al. (2007) have shown that the psychological benefits of green space increase with 
biodiversity, whereas a green view from a window increases job satisfaction and reduces job stress 
(Lee et al. 2009). This may have a strongly positive effect on economic productivity and hence 
regional prosperity. Several studies have shown an increased value of properties (as measured by 
hedonic pricing) with proximity to green areas (Tyrväinen 1997; Cho et al. 2008). Nihan (2009) and 
Shu Yang et al (2004) have also pointed to the role of ecosystems in providing design features that 
can be utilized in the context of eco-design in architecture and urban and community planning 

 

Sensitivity of service to variation in biodiversity 

The role of biodiversity varies greatly among these services but is likely to be particularly large for 
ecotourism and educational uses of ecosystems. However, in many cases biodiversity may not be the 
typical identifier of the value being placed on the ecosystem, but nevertheless underlies the character 
recognized by the visitor.  

 

Where are services generated? 

Cultural and recreational services based on biodiversity are most strongly associated with less 
intensively managed areas, where semi-natural biotopes dominate, although in urban areas this may 
vary. Low-input agricultural systems are also likely to support cultural services, with many local 
traditions based on the management of land and its associated biological resources. Newly created or 
restored green spaces are becoming an increasingly important component of the urban environment 
providing this service. 

 

Uncertainties in delivery of service 

Uncertainty may be assessed for tourism, where abrupt changes in the provision of tourism benefits 
can occur for a range of reasons. Some of these may be ecological, as systems reach tipping points. 
Key wildlife populations may collapse through disease or other factors, fire may destroy picturesque 
landscapes, corals may bleach with sudden temperature shifts, ecosystems may suddenly change from 
one (attractive) to another (less desirable) stable state. Some of these will be reversible, others will be 
permanent. Abrupt shifts may also (and perhaps more often) be socially instigated. War, terrorism, 
socio-political disruption, natural disasters and health crises all tend to rapidly and negatively affect 
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implications for the design and management of landscapes. For example, it has been suggested that 
major ecosystem degradation tends to occur as simultaneous failures in multiple ecosystem services 
(Carpenter et al. 2006). The dry lands of sub-Saharan Africa provide one of the clearest examples of 
these multiple failures, causing a combination of failing crops and grazing, declining quality and 
quantity of fresh water, and loss of tree cover. However, a synthesis of over 250 cases of investments 
in organic agriculture in developing countries around the world (both dry lands and non-dry lands) 
showed that the implementation of various novel agricultural techniques and practices could result in 
a reduction of ecosystem service trade-offs, and increased levels of regulating services, even as crop 
yields were maintained (Pretty et al. 2005) (corresponding to B or even C in Figure 4).  

 

Figure 4: Potential trade-offs between provisioning services and regulating ecosystem 
services. A) Shifting an ecosystem to an increase in provisioning services produces a 
rapid loss of regulating services, B) regulating services linearly decrease with 
increases in provisioning services, and C) provisioning services can increase to quite 
high levels before regulating services decline. Source: Elmqvist et al. (2010).  

 

 

The generation of some services may also result in other less desired effects, sometimes referred to as 
disservices, for example, the foods, fuels and fibres grown to satisfy basic human needs for nutrition 
and shelter may be highly valued, but the pests and pathogens deriving from the same ecosystems 
have a negative value. Both are products of the way in which the underlying ecosystems are managed, 
with the result that trade-off decisions have to be made (see Box 3). Knowledge of these relationships 
is essential to ensure that policy decisions translate into operationally effective and predictable 
outcomes. 
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top carnivore species encompasses a wide range of processes and functioning. The most charismatic 
species may be excellent indicators of ecosystem condition but not necessarily be of greatest 
functional importance. Ecosystem properties vary in detail according to both spatial and temporal 
factors. To derive the value of ecosystem components from their marginal impact on the production of 
valued goods and services, we need to know the shape of the ecological production functions that 
define the relationship between environmental inputs and outputs of goods and services. Ecological 
production functions thus capture the biophysical relationships between ecological systems and the 
services they provide, as well as inter-related processes and functions such as sequestration, predation, 
and nutrient cycling. They accordingly include both well-understood inputs over which humans have 
direct control, and poorly understood inputs over which humans have variable and often limited 
control. Identification of ecological production functions requires: i) specification of the ecosystem 
services of interest, and ii) development of a complete mapping from the structure and function of the 
ecological system to the provision of the relevant ecosystem services. Although we are making 
progress in understanding and defining ecological production functions for certain ecosystem 
services, such as carbon sequestration, the specification of production functions for many important 
ecosystem services is still rudimentary (Perrings et al. 2009).  

 

Nevertheless, certain things are well understood. Conversion of ecosystems for the production of 
particular services generally reduces their capacity to provide other services. Whether specialization 
of this kind enhances the value of the ecosystem depends on the value of the forgone services 
(Balmford et al. 2002). Converted lands may gain value in terms of provisioning services, but lose 
value in terms of other types of services, such as water regulation, erosion control, habitat provision, 
fire regulation and so on. Conversion of natural forest to rice paddies and mangrove forest to shrimp 
ponds in many parts of South East Asia has led to a reduction in a range of regulatory functions, from 
storm buffering to silt entrapment (Barbier 2007). In the Mekong Delta, for example, acidification of 
potential acid sulphate soil materials, resulting from lowering of the water table and oxidation of the 
marine sediments, reduces the crop yield and harvest after just a few years, and often results in 
abandonment (Maltby et al. 1996). Such ecosystem alteration yields no obvious compensating gains. 
In such cases, the cost of reduced water quality, storm and flood protection, wildlife habitat and 
shrimp or fish recruitment from wild populations have still not been factored in to the decisions that 
lead to ecosystem change (Barbier 2007). Understanding and valuing the changes in the regulating 
ecosystem services involved is probably the biggest challenge to the economics of biodiversity at the 
moment.  

 

The valuation of the contribution of biodiversity to regulating services poses particular challenges. 
The regulating services provide value through their role in assuring the reliability of service supply 
over space or time; sometimes expressed in terms of the resilience of the system to environmental 
shocks. That is, they moderate the variability or uncertainty of the supply of provisioning and cultural 
services. Estimation of the contribution of individual species to this service is, however, problematic. 
A small subset of species and their accompanying symbionts, mutualists, or commensalists supply the 
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Figure 8: Deriving the value of biodiversity and the regulating services. 
Source: Kinzig et al. (2009). 

 

 

The general point here is that the value of ecosystem components, including the diversity of the biota, 
derives from the value of the goods and services they produce. For each of the ecosystem services 
described in this chapter we have identified its sensitivity to changes in biodiversity. If greater 
diversity enhances mean yields of valued services it is transparent that diversity will have value. 
However, it is also true that if greater diversity reduces the variance in the yield of valued services 
that will also be a source of value. Since people prefer reliability over unreliability, certainty over 
uncertainty, and stability over variability, they typically choose wider rather than narrower portfolios 
of assets. Biodiversity can be thought of as a portfolio of biotic resources, the value of which depends 
on its impact on both mean yields and the variance in yields. 

 

It follows that there is a close connection between the value of biodiversity in securing the regulating 
services, and its value in securing the resilience of ecosystems. Since resilience is a measure of the 
capacity of ecosystems to function over a range of environmental conditions, a system that is more 
resilient is also likely to deliver more effective regulating services. The economics of resilience are 
considered in more detail in Chapter 5. 
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which may be enhanced or impeded by interactions. Equally we need urgently to develop evidence-
based management practices that maximize the delivery of a broad range of services from individual 
ecosystems, especially where these are managed intensively for food or fuel production. 

 

Existing knowledge is also sufficient to develop more effective instruments for ecosystem service-
based biodiversity conservation, including the payments for ecosystem service (PES) systems 
discussed elsewhere in this report (TEEB 2009). These instruments offer a mechanism to translate 
external, non-market values of ecosystem services into real financial incentives for local actors to 
provide such services (Ferraro and Kiss 2002; Engel et al. 2008). Similarly, existing knowledge is 
sufficient to develop more effective governance institutions, including property rights regimes and 
regulatory structures. Once such mechanisms are established, their effectiveness can be increased by 
improving the quality of available information on the effect of conservation on ecosystem service 
provision.  








































































