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Preface
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This report summarises the final results of the project.  Further information can
be obtained from the project’s website (www.rubicode.net) or by contacting the
Project Coordinator: Dr. Paula Harrison (paharriso@aol.com).

Key findings

The RUBICODE project has collated and reviewed information on ecosystem
services for the main terrestrial and freshwater ecosystems in Europe in order to
provide a framework to rationalise biodiversity conservation strategies. The
main findings from the project are listed below.

 The most recent European trends in human use of ecosystem services
showed increases in demand for crops, timber, water flow regulation, recre-
ation and ecotourism, but decreases in livestock production, freshwater cap-
ture fisheries, wild foods and virtually all services associated with ecosystems
which have considerably decreased in area (e.g. semi-natural grasslands).
The condition of most services showed either a degraded or mixed status
across Europe. Exceptions were recent enhancements in timber production
and climate regulation in forests, and a number of mountain services.

 The importance of quantifying the contribution of organisms to the provi-
sion of ecosystem services at all levels of organisation (e.g. population, func-
tional group, ecological community) was investigated by extending and unit-
ing the concepts of Service Providing Units with Ecosystem Service
Providers. This work highlighted the need to understand how quantitative
changes in service providers impact on service provision and human well-
being, and how these changes may interact with ecosystem dynamics,
resilience and the functional diversity of service-providing communities. 

 The value of assessing the impact of environmental or management changes
on ecosystem service provision in terms of species traits rather than taxo-
nomic identity was investigated. A framework was developed which
assumes impacts will be strongest if there are linkages between traits that
determine response to change and traits that provide the ecosystem serv-
ice. It covers ecosystem services dependent on multiple trophic levels, and
has been populated with examples from the literature. 

 The Framework for Ecosystem Service Provision (FESP) was developed to
assess the impacts of environmental change drivers on ecosystem services
and identify the mechanisms of either mitigation or adaptation that would
derive from policy and management responses. The framework enables
evaluation of conflicts and trade-offs between not only multiple ecosystem
services, but also multiple service beneficiaries. 

 A review of indicators of ecosystem services showed that most did not address
service provision directly and that the functional, structural and genetic com-
ponents of biodiversity were poorly covered despite their potential value for
ecosystem service assessment. In order to prevent further biodiversity loss, its
indication must take these aspects of biodiversity into account and assess-
ments should be based on scientifically developed and proven benchmarks.
As a prerequisite, therefore, standardised sampling schemes are required at
all relevant scales to generate high quality comparable data.

Management and protection of ecosystem services can provide a “value-
added” strategy to complement and support existing biodiversity conserva-
tion efforts. A framework was developed to highlight relationships between
present conservation approaches and the provision of services in dynamic
ecosystems. To incorporate an ecosystem services approach into conserva-
tion policy requires the adaptation of present strategies and policies, a focus
on governance and institutions and increased communication and integra-
tion across the different policy sectors.

 Improving the evidence base is essential to integrate effectively ecosystem
services into sectoral policies and conservation planning. Increased research
is therefore needed not only on ecosystem services provision and the factors
influencing it, but also on the valuation of ecosystem services and the gov-
ernance context in which it is embedded.
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What are ecosystem 
services?
Ecosystem services are the benefits that people obtain from ecosystems. They
support, directly or indirectly, our survival and quality of life.  Some ecosystem
services are well known, such as those which are essential for life (e.g. food and
clean air and water) or those which improve our quality of life (e.g. recreation
and beautiful landscapes).  Other services are often taken for granted, such as
natural processes (e.g. pollination and flood regulation).  The Millennium
Ecosystem Assessment (MA) conducted an extensive scientific review between
2001 and 2005 on global ecosystem services, involving 1300 researchers from 95
countries (www.millenniumassessment.org). The MA concluded that 60% of
ecosystem services are being degraded or used unsustainably, often resulting in
significant harm to human well-being.  The MA categorised ecosystem services
into four classes:

 Provisioning services, which are the products obtained from ecosystems,
such as food, water, fuel and materials for building.

 Regulating services, which are the benefits obtained from the regulation of
natural processes, such as air quality regulation, climate regulation,
water/flood regulation, disease and pest control, pollination and water
purification.

 Cultural services, which are the non-material benefits people obtain from
ecosystems and landscapes through spiritual enrichment, recreation and
aesthetic enjoyment.

 Supporting services, such as soil formation, photosynthesis and nutrient and
water cycling, which are necessary for the production of all other ecosystem
services.

The European Commission RUBICODE project (www.rubicode.net) has assessed
ecosystem services for the main terrestrial and freshwater ecosystems in
Europe.  Its main aim was to provide frameworks for aiding decision-making for
biodiversity conservation, taking account of the dynamic nature of ecosystems
and constraints due to limited land and other resources.  By identifying the
importance of biodiversity to the provision of ecosystem services, the project
sought to increase understanding of the value of biodiversity services and, con-
sequently, of the cost of losing them.  This will give decision-makers a more
rational base and will help the understanding of the need for adequate conser-
vation policies.

RUBICODE has collated and reviewed information on the current status and
trends in ecosystem services and how these may be monitored over time, how
biodiversity contributes to service provision, what might happen to services in
the future under various drivers of change, how services can be valued in deci-
sion-making, and policy and research needs for conserving and managing
ecosystem services.  The project also organised five workshops and an e-confer-
ence to discuss the results of the reviews with the wider scientific and stake-
holder communities.  The results obtained from all these sources are sum-
marised in this report.
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River side vegetation can help regulate water flow and quality. Photo: Rothamsted Research.

Photo: Richard Harrington

Ladybirds can help regulate aphid pests. Photo: Rothamsted Research.
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What is the current state 
of service provision?
To incorporate ecosystem services in management and conservation strategies
it is first necessary to identify the current state of service provision across
ecosystems.  RUBICODE collected evidence on the variety and relative magni-
tude of the services provided by the main terrestrial and freshwater ecosystems
in Europe, in addition to past trends in their status and human use 1. Results are
summarised here for agriculture, forests, semi-natural grasslands, heathlands,
shrublands, mountains, rivers and lakes. Evidence was limited for all ecosystems
and is based on a combination of literature reviews and expert interpretation of
proxies such as trends in ecosystem area or condition.

Agriculture

Crop and livestock production in agro-ecosystems increased dramatically
between 1950 and 1990 due to renewed demand for food security after the
Second World War and the introduction of the Common Agricultural Policy
(CAP). These changes are directly related to losses of non-productive landscape
elements and explain the degraded status of wild foods, genetic resources, pol-
lination and pest regulation services. From 1990 onwards, reforms of the CAP
and EU rural development policy resulted in a mixed trend for the status of crop
and livestock production across Europe. A mixed trend was also found for polli-
nation and pest regulation services due to renewed appreciation and concern for
these services which are showing an increase in extensified and restoration
areas, but are still decreasing in areas with intensive agriculture.

Trends in the status of agro-ecosystem services.  Data sourced from (1).

Forests

European timber production has increased since 1950. However, losses in forest
area in some regions resulted in a mixed status for the pre 1990 period. The last
decade in particular has shown an increasing re-growth of forests which, com-
bined with reforestation and afforestation programmes across Europe, has
resulted in an increased status of carbon sequestration (climate regulation).
Livestock production in forest ecosystems has decreased in both time periods
due to cessation of forest grazing except for small scale nature conservation pur-
poses. The provision of wild foods, fresh water, biochemicals and natural medi-
cines, in addition to pollination services, has become degraded since 1990 as
natural habitats are under increasing pressure and forest condition has general-
ly declined in Europe. The status of all other services showed a mixed trend relat-
ed to afforestation and deforestation patterns which vary between European
regions.

Trends in the status of forest ecosystem services. Data sourced from (1).

1 Harrison PA, Vandewalle M, Sykes MT, Berry PM, Bugter R, de Bello F, Feld CK, Grandin U,
Harrington R, Haslett JR, Jongman RHG, Luck GW, Martins da Silva P, Moora M, Settele J, Sousa JP,
Zobel M (in press). Identifying and prioritising services in European terrestrial and freshwater
ecosystems. Biodiversity and Conservation.

Native plants grown between vine
rows encourage natural pest control.
Photo: Steve Wratten.

Beetle banks can help to regulate agricultural pests.
Photo: Steve Wratten.

Forests are important for multiple ecosystem services, 
including timber production, genetic resources, climate regulation, recreation 
and aesthetic experiences. Photo: Rothamsted Research.
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Semi-natural grasslands

The number and size of semi-natural grasslands have dramatically declined in
Europe. This is related to the abandonment of traditional small-scale farming
during the last century and the intensification of agriculture, resulting in the
conversion of some semi-natural grasslands to either cultivated permanent pas-
tures or hayfields. Remaining grasslands often suffer due to intensive land use,
irregular management or eutrophication via air pollution. In southern, eastern
and mountainous parts of Europe, grassland abandonment or severe extensifi-
cation of traditional management practices also results in impoverishment of
species communities and disappearance of many typical grassland species. This
has resulted in the widespread degradation of ecosystem services. 

Trends in the status of semi-natural grassland ecosystem services. Data sourced from (1).

Heathlands and shrublands

Livestock production in heathlands and shrublands has declined because mod-
ernisation has led to declining use of extensive rangelands in the last few
decades and increases in agriculture and urbanisation have led to their transfor-
mation into croplands and urban areas. The status of other services, such as
wood fuel and erosion regulation, has also been degraded as Europe is estimat-
ed to have lost about 90% of its heathlands. Habitat restoration and re-creation
in the 1990s, partly to fulfil conservation objectives (e.g. EU Habitats Directive),
has meant that some, especially cultural, services are being enhanced in a few
regions of Europe.

Trends in the status of heathland and shrubland ecosystem services. Data sourced from (1).

Mountains

There are great variations in the status of different services between mountain
regions in Europe. However, there are also a few important services that exhibit
overall patterns. Forest area and timber production have increased significantly.
Mountains also remain central to the provision of fresh water, and water regula-
tion not only for human consumption but also to meet industrial needs and ener-
gy provision has generally been enhanced. Recreation has increased dramatically
over the last half century, which has been responsible, to varying extents, for nec-
essary increases in regulating services on mountains that deal with natural hazard
regulation (e.g. avalanches, land slides, floods) and general erosion regulation.
However, all of these positive trends are often at the expense of ecosystem integrity.
The only service which showed a degraded status was pollination, which is essen-
tial for the provision of many of the other services in mountain ecosystems.

Trends in the status of mountain ecosystem services. Data sourced from (1).

Rivers and lakes

Aquaculture in Europe increased between 1950 and 1990, but then slightly
decreased after 1990, along with freshwater capture fisheries, due to a declining
supply of natural and aquacultural freshwater fish. The status of virtually all
other services has become degraded over both time periods due to intensified
land use causing increased water abstraction, physical modification of river
courses, drainage and devastation of floodplains, and eutrophication. The loss of
extended floodplain forests has also had negative implications for regional cli-
mate regulation services. 

Trends in the status of river and lake ecosystem services. Data sourced from (1).
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How are ecosystem 
services provided?
The delivery of ecosystem services depends in many cases on the maintenance
of biodiversity, but specific information on the biological units that provide serv-
ices is limited.  Identifying the organisms and their characteristics that provide
services is crucial to developing policies which will protect them. It is likely that
key species or groups of species that perform particular ecological functions play
a major role in delivering ecosystem services.  The concept of “service providing
units” (SPU) was explored as a tool to link species populations, functional groups
and ecological communities to the quantification of the services provided to
humanity. An SPU is defined as “the collection of organisms and their character-
istics necessary to deliver a given ecosystem service at the level required by serv-
ice beneficiaries” 2.

Three stages of analysis need to be undertaken to quantify how ecosystem serv-
ices are provided: (i) identify the human beneficiaries of the service and the bio-
logical organisms that provide it; (ii) quantify the demand for the service and
compare this with the supply of the service; and (iii) determine the value of the
service, identify alternatives to ecosystem service provision (e.g. human-based
actions), and assess the implications for management and policy.  Information is
needed on which sections of the human community use the service (known as
the Ecosystem Service Beneficiaries; ESB) and at what level is it required, what
components of the ecosystem provide the service (known as the Ecosystem
Service Providers; ESP), and what characteristics and quantities of these compo-
nents are required to provide the service at the desired level (the SPU). The rel-
evant SPU characteristics which need quantifying depend on the service in ques-
tion and the organism(s) that supply it. These may include population size, dis-
tribution, diversity, and/or a range of behavioural, physiological and morpholog-
ical traits.

Guidelines for the identification and quantification of an ecosystem service.

2 Luck GW, Harrington R, Harrison PA, Kremen C, Berry PM, Bugter R, Dawson TP, de Bello F, Díaz S,
Feld CK, Haslett JR, Hering D, Kontogianni A, Lavorel S, Rounsevell M, Samways MJ, Sandin L, Settele
J, Sykes MT, van de Hove S, Vandewalle M, Zobel M (2009) Quantifying the contribution of organ-
isms to the provision of ecosystem services. Bioscience 59(3): 223-235. Pollination service provided by native bee species. Photo: Rothamsted Research.

Oak seed dispersal service provided by the Eurasian jay. Photo: Ran Schols.

Photo: Daniel Hering
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A literature review gathered information on each of these steps for 64 case stud-
ies. Studies covered a range of scales from local to regional to global, though
local examples were more common as it is easier to recognise service provision
and usage at this scale. Examples, which quantify (at least in part) how services
are provided, included:

 Fodder production – Fodder quantity in subalpine grasslands in the central
French Alps was related to plant stature and abundance of two key species
(Festuca paniculata and Dactylis glomerata). Fodder quality was related to
the community’s average leaf nitrogen content 3. 

 Hydroelectricity production – The ability of a power plant to provide elec-
tricity to people in eastern and central China was related to the effects of 90
different combinations of soil, slope and vegetation on water regulation.
Maximum water conservation capacity was obtained by a combination of
mixed evergreen-deciduous broadleaf forests, yellow brown soil and a slope
angle of less than 15 degrees 4. 

 Pest regulation – At least one breeding pair of Great tits (Parus major) every
2 ha was found to reduce pest damage in apple orchards in the Netherlands
by up to 50% 5. 

 Pollination – Maintaining the diversity of the native pollinator guild (consist-
ing of up to 30 native bee species) proved to be the most important charac-
teristic for delivering a pollination service to watermelon plants in California 6.

Water purification – The appropriate composition and zonation of riparian
vegetation buffers (different trees, shrubs, herbs and grasses), and the den-
sity and width of the buffer was found to be most effective at controlling the
influx of nutrients and soil into a river. For example, 30 m of mixed riparian
buffer removes 92-100 % of ground water nitrate and 5–20 m grass strips
retain 40-100 % of sediments 7.

 Climate regulation – The area and biomass of each species (Korean pine,
broad-leaved species and spruce) in the Changbaishan Reserve, China was
calculated and related to the amount of pure carbon stored per year 8.

 Erosion regulation – The protective ability of the plant communities of a
shrub-steppe habitat in south-central Washington State, USA was related to
their canopy cover, root growth, abundance and distribution 9. 

 Recreation and ecotourism – The oak forest of the Stockholm National
Urban Park provides a direct recreational service to humanity. The Eurasian
Jay (Garrulus glandarius) provides a seed dispersal service for the oaks
whereby 12 resident jay pairs present each year for 14 years are required for
forest maintenance10.

Traits-based approaches to ecosystem service assessment

Most ecosystem services are usually provided by more than one type of organ-
ism and the identity of suitable organisms (ESPs) varies in time and space.
Therefore it is useful to consider ESPs in terms of their traits, rather than taxon-
omy per se. For example, in the case of biocontrol of aphids, insects such as hov-
erflies, ladybirds and lacewings can be useful. Quantification of the traits pres-
ent such as voracity, prey handling time and intrinsic rate of population increase
is therefore more informative than quantification of the species themselves.
Certain traits will determine the ability of organisms to provide a given ecosys-
tem service (effect traits). Certain traits will determine the response of organ-
isms to environmental change (response traits). It is likely that, if traits in these
two groups are the same or are linked in some way, then environmental change
will have an impact on the provision of the service. Trophic interactions are
almost always important in service provision and thus traits affecting relation-
ships between organisms in different trophic levels must be considered when
linking environmental change to service provision. 

RUBICODE developed a framework for determining the impacts of environmen-
tal change on ecosystem services provided by more than one trophic level.
Quantitative evidence of links between traits and service provision was reviewed
resulting in more than 500 examples 11. Three detailed case studies were then
constructed to show how the framework can contribute to our understanding of
the complex dynamics underlying ecosystem service provision and inform strate-
gies aimed at maintaining ecosystem services under threat from environmental
pressures 12. This work highlighted that in order to maintain ecosystem services,
conservation should be directed at the whole range of species that possess the
traits necessary to provide the services. 

Framework for determining impacts of change on services dependent on more than one
trophic level.

3 Quétier F, Lavorel S, Thuiller W, Davies ID (2007). Plant trait-based assessment of ecosystem serv-
ice sensitivity to land-use change in mountain grasslands. Ecological Applications 17: 2377-2386.
4 Guo Z, Xiangming X, Dianmo L (2000). An assessment of ecosystem services: water flow regulation
and hydroelectric power production. Ecological Applications 10: 925-936.
5 Mols CMM, Visser ME (2007). Great tits (Parus major) reduce caterpillar damage in commercial
apple orchards. PLoS One 2(2): e202.
6 Kremen C, Williams NM, Thorp RW (2002). Crop pollination from native bees at risk from agricul-
tural intensification. PNAS 99: 16812-16816.
7 Dosskey MG (2001). Toward quantifying water pollution abatement in response to installing
buffers on crop land. Environmental Management 28: 577-598.
8 Xue D, Tisdell C (2001). Valuing ecological functions of biodiversity in Changbaishan Mountain
Biosphere Reserve in Northeast China. Biodiversity and Conservation 10(3): 467-481.
9 Scott MJ, Bilyard GR, Link SO, Ulibarri CA, Westerdahl HE, Ricci PF, Seely HE (1998). Valuation of
ecological resources and functions. Environmental Management 22(1): 49-68.
10 Hougner C, Colding J, Söderqvist T (2006). Economic valuation of a seed dispersal service in the
Stockholm National Urban Park, Sweden. Ecological Economics 59: 364-374.

11 de Bello F, Lavorel S, Díaz S, Harrington R, Cornelissen JHC, Bardgett RD, Berg MP, Cipriotti P, Feld
CK, Hering D, Martins da Silva P, Potts SG, Sandin L, Sousa JP, Storkey J, Wardle DA, Harrison PA (in
review). Towards an assessment of multiple ecosystem processes and services via functional traits.
Ecosystems.
12 Lavorel S, Storkey J, Harrington R, Bardgett RD, Díaz S, de Bello F, Feld CK, Dolédec S, Le Roux X,
Berg MP, Cornelissen JH, Hance T, Hodgson JG, Lep J, Moretti M, Mulder C, Osborne J, Pakeman RJ
(in review). How trait linkages within and across trophic levels underlie ecosystem service respons-
es to environmental change. Functional Ecology.
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What will happen to 
ecosystem services 
in the future?
The provision of ecosystem services in the future will be influenced by multiple
and interacting environmental change drivers. Change on Earth has been occur-
ring for billions of years. Yet the scale, magnitude and speed of change in recent
years have become a concern. Human activity has led to the widespread degra-
dation of ecosystems and greatly increased risks of crossing critical thresholds
that could result in abrupt changes to social and ecological systems. To reduce
or prevent further environmental degradation, and to reverse it where possible,
it is important to understand how and why change is occurring. 

However, predicting environmental change and its impacts on ecosystems and
human well-being at local to global scales remains a significant challenge for the
international scientific community. This is because the Earth is made up of com-
plex, interactive and non-linear dynamic systems that are often unpredictable.
Thus, assessing the complex effects of environmental change drivers is not a triv-
ial task, made all the more difficult by the lack of consistent conceptual frame-
works that integrate across multiple ecosystem services. 

RUBICODE developed a new conceptual framework for the assessment of the
impacts of environmental change drivers on ecosystem service provision and
societal responses to manage and protect them better 13. The value of a common
framework lies in making the comparison across competing services accessible
and clear as well as highlighting the conflicts and trade-offs between not only
multiple ecosystem services, but also multiple service beneficiaries.

The framework, known as FESP (Framework for Ecosystem Service Provision), is
based on an interpretation of the widely-used DPSIR framework (Drivers-
Pressures-State-Impact-Response). The term Driver is used to describe the
underlying causes of environmental change that are exogenous to the system or
region in question. Drivers are embedded in the way humans live their lives and
include characteristics of economic activity, social behaviour and preferences,
technological development, policy, politics and governance. Pressures are the
endogenous variables that quantify the effect of drivers within a system or
region, e.g. temperature, precipitation, land cover, regional population, per capi-
ta water demand, crop prices or gross margins. Drivers and Pressures reflect
either the past, present or future conditions that cause indirect or direct changes
to ecosystems, respectively.

Framework for Ecosystem Service Provision (FESP) to structure thinking about the impacts
of environmental change drivers on ecosystem services and the policy and management
responses that would derive from the valuation of these impacts.

13 Rounsevell MDA, Dawson TP, Harrison PA (in press). A conceptual framework to assess the effects
of environmental change on ecosystem services. Biodiversity and Conservation.

Pollination service by a hoverfly. Photo: Rothamsted Research.

Photo: Adam Vanbergen

Physical modification of 
river courses acts as a 
pressure on the provision of 
river ecosystem services. 
Photo: Areti Kontogianni.
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State variables represent the sensitivity of the system to the pressure variables.
They include all those elements relevant to the supply of the ecosystem service
by biological organisms and the demand for ecosystem services from people.
Thus, states are made up of variables that describe the whole of the social-eco-
logical system, including the attributes of the Ecosystem Service Beneficiaries
(ESBs) and the Ecosystem Service Providers (ESPs). Formal recognition of ESBs is
a departure from the traditional use of the DPSIR framework, but an important
part of ecosystem assessments that integrate the role of people in shaping and
benefiting from the natural world. Different ESBs may have very different attrib-
utes and demand very different ecosystem services. For example, wealthy indi-
viduals may have the luxury of demanding recreational and aesthetic services
from ecosystems whereas poor individuals are more likely to demand the supply
of food and fibre services. Thus, as the attributes of the ESBs change then so do
the ecosystem services being demanded and consequently the attributes of the
ESPs supplying those services. Supporting systems do not have a direct influence
on the service being provided, but are important in supporting the ESPs supply-
ing that service. An example of this might be a particular habitat type that is
needed by an organism in part of its life cycle.

The Impact is a measure of whether the changes in the state variables have a
negative or positive effect on the capacity to provide a given service. An impor-
tant part of this assessment is the notion of the SPU, which in this framework
defines the minimum (threshold) quantity of biodiversity required to supply a
service at the required level. The state variables of the ESPs change through time
in response to the changing pressure variables. This in itself is not a problem
until the quantity of available ESPs drops below its threshold value and an
impact ensues. The magnitude of the impact is assessed using valuation tech-
niques, including for example, consideration of the costs of alternative (non-bio-
logical) approaches to service provision. 

Responses include planned (societal level) adaptation that aims to minimise
negative impacts (or maximise positive benefits). There are two routes to min-
imising impacts. The first through the pressure variables is based on ‘mitigation’
or reducing the severity of the problem. Examples of this include policy meas-
ures to change water consumption, optimise urban development and other land
use planning regulations where land use change is a pressure. The consequences
of different mitigation options can be tested using models by perturbing the
pressure variables and assessing the consequences of this for the impacts.
Iteration of this approach may be needed to explore the effects of multiple
response options and to optimise management strategies. Such policy measures
cannot act on the drivers in any meaningful way as these are exogenous to the
system and, therefore, are beyond the influence of the human actors operating
within that system. It could be argued that, for example, carbon sequestration at
a regional scale feeds back to the (global) climate system as a climate change
mitigation strategy, but at the scale of an individual ecosystem this feedback
would be trivial.

The second route to minimising impacts through the state variables is based on
‘adaptation’ or enhancing the capacity of the system to cope with pressures.
Conservation management may, for example, be used to change the intrinsic
properties of ecosystems and so enhance the capacity of ESPs to cope. Specific
management examples include the improved mobility of species through corri-
dors or their physical translocation from one location to another. Likewise, the
capacity of people (ESBs) to cope can be enhanced by raising awareness by pro-
viding information, education and training. Autonomous adaptation processes,
which occur “naturally” without interventions by public agencies, may also
change the attributes of ESBs and ESPs. Examples of this include changes in the
physiology or morphology of ESPs in response to environmental conditions, such
as leaf stomatal changes that occur when plants grow in elevated atmospheric
CO2 concentrations, or the capacity of ESBs to learn new ways of behaving in
order to manage better their environment as that environment changes.

Wild flower field margins enhance enjoyment of the countryside and attract 
beneficial insects. Photo: Rothamsted Research.

Photo: Areti Kontogianni

Butterflies and other 
colourful species can contribute 
to cultural services. 
Photo: Richard Harrington.
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How can we monitor
changes in ecosystem 
services?
There are several ways in which ecosystem services can be measured and mon-
itored. Provisioning services, such as food or drinking water production, are usu-
ally monitored in a very straightforward way through their produced quantities.
For some of the more abstract, but economically important, services, like the
aesthetic or touristic value of a landscape, proxy measurements such as the
amount of money people would be willing to pay for their preservation have
been devised. However, the task of monitoring services that, at first glance, have
no direct beneficial value for human well-being is more complicated due to a
lack of validated indicators (for example for regulating and supporting services
such as water purification, nutrient cycling, erosion, water and air regulation). 

RUBICODE examined over 500 existing indicators to evaluate their ability to
monitor adequately trends in ecosystem services 14. Most of the indicators exam-
ined assessed trends in biodiversity and habitat quality for monitoring local or
sectoral conservation strategies and did not address ecosystem services directly.
Further, the functional, structural and genetic components of biodiversity were
poorly covered despite their potential value for ecosystem service assessment.
Rather, changes in ecosystem services were frequently inferred from changes in
species diversity. However, several indicators were identified which are of poten-
tial use for monitoring ecosystem services. Particularly promising are biological
traits as indicators of regulating and supporting services.

It is critical that indicators that are suitable for their intended purpose are used
in monitoring programmes. Indicator selection should be undertaken using an
appropriate framework to test adequacy against well established criteria. RUBI-
CODE designed such a framework and tested it with 24 widely used indicators
within and across terrestrial and aquatic ecosystems 15. Our results highlight the
following specific needs for improvement:

 the development of suitable biological indicators that directly refer to the
component of biodiversity or to the functions and processes behind a cer-
tain ecosystem service, 

 the development and application of reference conditions and benchmark
values with which to compare the observed condition, 

 the development and application of standardised protocols to sample and
gather high quality comparable data at all relevant scales, and 

 the need for spatial scaling and scalability of indicators and validation of abi-
otic metrics derived from remote sensing. In particular, there is a need for a
consistent indicator framework linking small scale biotic indicators to land-
scape scale abiotic indicators.

Framework to test adequacy of indicators against selection criteria. Note that the criteria do
not represent a hierarchical order from the top to the bottom.  For many indicators the
spatial scale refers to the scale of application of the indicator, which might be different from
the scale of measurement. Upscaling of fine-scale indicators (e.g. local/regional richness
measures) is often easily possible by aggregation, in particular if expressed as a relative
measure. In contrast, downscaling of broad-scale indicators (e.g. area of organic farming at
national/sub-continental scale) is often difficult or even impossible if targeting fine scales
(local, a single patch or farm).  Indicators derived from remote sensing (e.g. ecosystem
area and fragmentation using CORINE data) are easily upscaled, whereas downscaling is
limited to the spatial resolution of the data source.  The definition of threshold or refe-
rence values for biodiversity or ecosystem service rates provide the opportunity to derive
relative measures, such as the ratio of observed to expected values (O/E).  O/E ratio and
other relative measures – in contrast to trend monitoring – provide a means for assessment,
even of a single field measure, and  could be easily aggregated to larger spatial scales
(e.g. relative number of endangered species per ecosystem at regional, national and sub-
global scales).  The application of indicators in routine monitoring requires the availabi-
lity of both data and protocols to sample or otherwise derive such data. This is likely to 
differ considerably between countries. Remote sensing offers both data and the procedures
to derive and interpret suitable measures (indicators), which are largely comparable up to
the global scale.

14 Feld CK, Martins da Silva P, Sousa JP, de Bello F, Bugter R, Grandin U, Hering D, Lavorel S,
Mountford O, Pardo I, Pärtel M, Römbke J, Sandin L, Jones KB, Harrison PA (2009). Biodiversity and
biodiversity-related ecosystem services: a cross-comparison and synthesis of seven ecosystem-
types. Oikos doi: 10.1111/j.1600-0706.2009.17860.x
15 Feld CK, Sousa JP, Martins da Silva P, Dawson TP (in review). A framework for improved biodiver-
sity and ecosystem services’ assessment in future ecosystems indication. Biodiversity and
Conservation.
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The Intermediate bush
cricket has a distinctive
song which has been
used to monitor changes in
Mediterranean landscapes.
Photo: Michael Samways.
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How can we value 
ecosystem services?
Valuation of ecosystem services aims to better inform decision-making, ensuring
that policy appraisals more comprehensively take into account costs and benefits
related to the natural environment. However, valuing ecosystem services in mon-
etary terms is often difficult and controversial, particularly for many regulating
and supporting services for which the benefits to people are not direct and eas-
ily recognised. Some argue that a monetary framework helps to shift context from
“nature free” to “nature valuable”, and can enhance the efficiency of policy. Others
feel that it is inappropriate, unethical or dangerous, shifting focus from real eco-
logical changes to monetary changes, and from sustainability constraints to trade-
offs. It is important to bear in mind that these methods are merely tools for aiding
thinking and decision-making, and that the ecosystem services approach does not
necessarily or logically entail the monetary approach. However, the ways we iden-
tify and categorise ecosystem services are not value free, nor are they indepen-
dent of the social and economic organisation of societies.

The reason we have to value is scarcity. In a world of finite (natural) resources
we have to choose among competing uses of these resources, thus setting pri-
orities. The criteria for choice can be manifold: economic, moral, cultural, aes-
thetic, ecological, etc. By the act of choosing we inevitably produce rankings,
that is, (relative) values. Such values are always instrumental. On the contrary,
we define as inherent all those values which accrue to unique, irreplaceable
objects and as intrinsic the values of conscious beings – both are disassociated
from the concept of choice: items or beings possessing inherent and intrinsic
value are to be preserved on their own right, irrespective of them serving any
user-specified goals, objectives or conditions.

Economic values for ecosystem services are characterised as subjective values
because they are based on human preferences and quantified on the basis of the
intensity of these preferences. The intensity of preferences is expressed in the
amount of money an individual is willing to pay in order to enjoy a certain level
of service provision or the amount of money an individual is willing to accept as
compensation in order to tolerate a certain level of loss in the provision of ecosys-
tem services. In valuing an ecosystem, the total economic value (the aggregated
hypothetical price of all services provided by the ecosystem) can be broken down
into use value and non-use value. Use value involves some interaction with the
resource, either directly or indirectly. Indirect use value derives from services
provided by the ecosystem. This might, for example, include the removal of nutri-
ents, providing cleaner water to those downstream, or the prevention of down-
stream flooding. Direct use value, on the other hand, involves interaction with
the ecosystem itself rather than via the services it provides. It may be consump-
tive use such as the harvesting of reeds or fish, or it may be non-consumptive
such as with some recreational and educational activities. Non-use value is asso-
ciated with benefits derived simply from the knowledge that a resource, such as
an individual species or an entire ecosystem, is maintained. Non-use value is
closely linked to ethical concerns and can be split into three basic components,
although these may overlap depending upon exact definitions:

 Existence value can be derived simply from the satisfaction of knowing that
some feature of the environment continues to exist, whether or not this
might also benefit others. 

 Bequest value is associated with the knowledge that a resource will be passed
on to descendants to maintain the opportunity for them to enjoy it in the future.

 Philanthropic value is associated with the satisfaction from ensuring
resources are available to contemporaries of the current generation.  

Non-economic approaches to valuing ecosystem services involve the use of
deliberative techniques to explore public opinion or make decisions, such as cit-
izens juries and citizens panels, deliberation processes, consensus groups and
multi-criteria decision processes. Here, participants consider different argu-
ments, possibly listen to evidence and, after group discussion, may come to a
reasoned conclusion about the best way forward. Deliberative techniques are
often used where the issue is more complex, facts are uncertain, stakes are high
(requiring high legitimacy through participative processes), and where values are
disputed and competing interests have to be balanced.

Dynamics of economic values and preferences for ecosystem services

RUBICODE undertook a review on the dynamics of economic values and prefer-
ences for ecosystem services 16. Two key questions were considered:

 How do human preferences and values for ecosystem services change
through time?

 Do we have the methods and data necessary to assess these changes accu-
rately?

The review examined empirical evidence of both demand-driven and supply-
driven changes in values. Demand-driven changes arise when human prefer-
ences change in the short to medium term and thereby alter the value people
put on ecosystem services. The evidence revealed considerable differences in
time spans examined ranging from 2 weeks to 20 years. Values appeared to be
stable for time periods of less than a year and certainly changed for time periods
of twenty years. For periods of four to five years the evidence was mixed. 

Over longer periods, changes in cultural parameters can play a key role. This
makes the task of modelling the dynamics of preferences very complex.
Integrated ecology-economy models and dynamic bioeconomic models were
examined as representative approaches to modelling supply-driven dynamics.
These models determine how the state of a social-ecological system changes
over time. They are influenced by control variables, representing management
interventions. Optimal control seeks to maximise the welfare or value of the sys-
tem outputs, generally expressed in terms of net present value. Maximisation is
achieved by changes in the control variables, subject to various constraints, such
as the long-term sustainability of the system. The results describe the optimal
evolution of the system state over time indicating how much social welfare is
increased if the state variables are increased or the constraints are relaxed by a
marginal unit. These approaches have advanced our understanding of complex
systems, while also alerting both researchers and policy-makers to the dangers
of oversimplification. Further improvements in understanding will require the
integration of insights, methods and data drawn from both the natural and social
sciences to create a firm ecological – economic foundation for valuation.
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16 Skourtos M, Kontogianni A, Harrison PA (in press). Reviewing the dynamics of economic values
and preferences for ecosystem goods and services. Biodiversity and Conservation.

Photo: Sandra Lavorel



A precautionary approach

As the world is made up of often unpredictable, complex, interactive and non-
linear dynamic systems, conservation and ecosystem service provision must
build in contingency plans.  Such a precautionary approach means that ecosys-
tems are maintained intact, as far as possible, to ensure continued service pro-
vision in the face of changing environmental conditions and biotic interactions,
even if there is currently insufficient supporting scientific evidence. This
approach also caters for many possible services that have not yet been identi-
fied. A precautionary approach to biodiversity conservation is advisable too in
the case of a lack of future projections of ecosystem services needs and supplies,
in order to safeguard supply best.

Future conservation policy options and needs

RUBICODE research and discussion with policy-related stakeholders has shown
that many present European strategies and policies for biodiversity conservation
need changing and adapting to include the elements of ecosystem dynamics and
service provision. Some existing legislation can be interpreted as implying
ecosystem service protection, but it is not explicit (e.g. the EU Birds Directive and
European Plant Conservation Strategy). We need strategies and policies that
have “on the ground” flexibility to deal with such dynamic systems, which are
closely interlinked with service provision. A more flexible interpretation of exist-
ing legislation and instruments in order to allow for ecosystem dynamics may be
part of the answer. For example, the current 6-yearly review process in the EU
Birds and Habitats Directives allows for some consideration of dynamics and is
certainly a step in the right direction. However, the problem is also in achieving
full implementation of the strategies, not the strategies themselves.

To incorporate an ecosystem services approach into conservation policy requires
a focus on governance and institutions and increased communication and inte-
gration across the different sectors. Some integration is starting, as in the case
of the integration of biodiversity in the Water Framework Directive and the draft
Soil Directive, but not necessarily in an ecosystem service context. In addition to
the adaptation of existing policies, new policy, perhaps in the form of a new EU
Directive that focuses on the conservation and management of important
ecosystem services in Europe, may be another option.
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How can we integrate
ecosystem services, 
ecosystem dynamics and
biodiversity conservation?
The need to consider conservation and ecosystem services

Previously, most nature conservation was undertaken solely for moral, ethical, or
aesthetic reasons – the “cultural services” of the Millennium Ecosystem
Assessment (MA), but now, there is a strong interplay between conservation and
economics in all of the other MA service groups (i.e. provisioning, regulating and
supporting services). So, managing habitats to protect service provision, while at
the same time meeting the needs of biodiversity conservation, may offer a
potentially highly effective means of improving present habitat management
strategies for biodiversity maintenance.

Perhaps the greatest difference between the above and more conventional
approaches to conservation arises from the definitions of the target units to be
conserved. Whereas conventional conservation strategies tend to involve pro-
tecting single species, populations or entire habitats, strategies to conserve
ecosystem service provision involve a range of types and sizes of target units,
from single populations to functional groups to entire species assemblages and
habitat complexes at the landscape level, and how they change in space and time.
Thus the approach is intrinsically dynamic, particularly as the target units are not
always spatially fixed – service provision must follow environmental change.
While it is clear that the ecosystem service provision approach could never
replace present conservation management strategies, it does provide a “value-
added” strategy to complement and support existing biodiversity conservation.

Taking account of the dynamic nature of ecosystems

Ecosystems are naturally dynamic and management needs to ensure that this
dynamism is maintained, but increasingly humans are modifying or regulating
the types and rates of ecosystem change. Habitat management, therefore, must
take into account the effects of these environmental pressures to protect
against, or otherwise mitigate, adverse effects, facilitate adaptation, or restore
habitats after adverse impacts. This is particularly the case when considering
interactions between land use change and climate change. The EU Birds and
Habitats Directives both require Member States to avoid deterioration of, main-
tain or restore, natural habitats. This gives some flexibility, but there is debate
about whether it is sufficient. Also it means that we will need to acquire new
abilities to deal with projected changes. This will be particularly true for Europe’s
mountains as species and ecosystems run out of suitable climate space in the
future. Recognition of the dynamic nature of ecosystems also helps tackle driv-
ers of environmental change, in particular climate, where habitats such as
forests and wetlands are important in climate regulation.

Natural grassland ecological networks within plantation forests are important for biodiversity
conservation and the provision of multiple ecosystem services. Photo: Michael Samways.
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An Integrating framework

A framework has been developed to bring together the relationships between
present conservation approaches (inner yellow boxes) and wider societal needs,
the provision of ecosystem services and dynamic ecosystems (outer blue boxes).
Thus in the conventional approach, it is our aesthetic/cultural values that pro-
vide the stimulus for conserving nature. Policies and management strategies
arising from this during the last century have led to the present system of pro-
tected areas (PAs).

But societal needs from nature are broader and require the supply of provision-
ing, regulating and supporting services at levels relevant for human beneficiar-
ies, as shown in the outer loop. This involves appropriate management and pol-
icy for service provision in the different sectors being integrated with ecosystem
sustainability, integrity and health to provide conservation within the framework
of a social-ecological system. Such conservation strategies must also encompass
management for sustainable ecosystem services, whilst still maintaining ecosys-
tem integrity. This then reflects, and may influence, changing societal needs.
Thus the loop represents a continuous, iterative process with dynamic and adap-
tive properties. 

However, it is of utmost importance that both loops are maintained and that the
loops are not considered in isolation, but are closely linked in all appropriate
places and at all scales of organisation.  This ensures that services which will be
antagonistic to conservation interests or to other services do not have severe
detrimental effects on biodiversity. 

The challenges facing biodiversity conservation management strategies and pol-
icy remain considerable. There is an urgent need to accept, and deal with, the
requirements of protecting species, their habitats and ecosystems and their
services that are all continuously changing in space as well as time and a sys-
tematic approach encompassing all this would appear to be the challenge for the
near future.
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A framework for conservation in Europe integrating ecosystem services 17.

17 Haslett JR, Berry PM, Bela G, Jongman RHG, Pataki G, Samways MJ, Zobel M (in press). Changing
conservation strategies in Europe: A framework integrating ecosystem services and dynamics.
Biodiversity and Conservation.

Lakes are important for tourism and recreation in addition to many provisioning 
and regulating services. Photo: freefoto.com.

High nature value farmland supports biodiversity conservation and the provision 
of multiple services within agro-ecosystems. Photo: Rob Jongman.
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How can we improve 
the evidence base?
Scientific and public interest in ecosystem services has increased greatly since
the Millennium Ecosystem Assessment (MA) demonstrated the importance of
ecosystem services for human well-being and the threats facing biodiversity and
the services it provides. However, despite the popularity of the ecosystem serv-
ice approach in the academic world, it has rarely been implemented in decision
support systems for biodiversity conservation and needs to be developed into a
more practical and transparent framework in order to be useful for decision-
makers. One key step in achieving this knowledge transfer between the scientif-
ic and policy communities, and the development of effective conservation poli-
cies, is improvement of the evidence base. 

Following discussions with a wide range of scientists and stakeholders during
workshops and conferences, a roadmap for future research was developed during
the RUBICODE project 18. Areas for future research identified in the roadmap are
listed below:

 Although it is now widely recognised that ecosystems services play a key
role in the conservation and sustainable use of natural resources, much
remains to be understood in terms of how ecosystem services are provided
and the factors influencing the provision of ecosystem services. Research is
particularly needed regarding the quantification of the role of biodiversity,
including uncharismatic and speciose groups of organisms such as inverte-
brates, lower plants and fungi, in ecosystem function and service provision.
In addition, research is needed to develop methodologies and tools for
ecosystem service assessment, such as the development of trait-based
approaches to ecosystem service assessment and the development of
improved methods for the integrated assessment of multiple ecosystem
services at different spatial and temporal scales.

 Biodiversity is increasingly being threatened by fast-paced global change,
mostly due to anthropogenic drivers such as land use change, pollution, and
climate change. Future research should therefore focus on identifying and
quantifying the impact of socio-economic and environmental drivers on
ecosystem services, and developing tools to design and evaluate policy
options for ecosystem service management under uncertain futures. In par-
ticular, it is essential to develop an “early warning system” for biodiversity
and identify thresholds in the relationships between biodiversity, ecosystem
functioning, ecosystem services and human well-being to identify points
beyond which the level of ecosystem service delivery changes dramatically
and perhaps irreversibly.

 The valuation of ecosystem services is essential in terms of communicating
the importance of these services and developing effective policy tools.
Although methodologies for the valuation of ecosystem services exist, there
is a real need for more research to develop an improved classification for
ecosystem services and values, which includes values of flows of ecosystem
services and stocks of ecosystem assets and allows for the distinction
between final and intermediate services. There is also a clear need to
enhance the usefulness of value, price and cost estimates for ecosystem
services by: (i) improving database coverage, quality, depth and access; (ii)
filling key gaps in valuation evidence; (iii) investigating replication, validity
and transfer of functional assumptions and values estimates; and (iv) devel-
oping agreed protocols for comparing and transferring value estimates. 

 To incorporate effectively an ecosystem services approach into policy, it is
essential that any research on ecosystem services be closely linked with the
context in which it is embedded. To achieve this, it is essential to carry out
research on the links between governance, public perceptions and attitudes,
planning and communication. Research should in particular focus on under-
standing the role of the cultural, economic and policy contexts in ecosystem
service assessment, particularly in the choice of: (i) metrics, valuation and
appraisal methods; (ii) stakeholder involvement; (iii) required levels of pre-
cision; and (iv) policy instruments and decision support systems to assist the
multi-level governance of ecosystem services.

 Generally, a more holistic and integrated approach needs to be developed to
integrate conservation into sectoral policy (e.g. agriculture, transport, indus-
try, etc) and rural development outside existing protected area networks. To
achieve this will require taking account of different scales of perception (e.g.
human versus other organisms) in maintaining quality landscape hetero-
geneity and in monitoring and reacting to changes in service provision lev-
els and ecosystem dynamics. Businesses also have an increasing interest in
ecosystem service management. Tools and methods are needed to help
engage business stakeholders, appraise business opportunities, analyse
trade-offs between different management options, evaluate incentives for
ecosystem service management, and explore externalities.

The roadmap developed within the RUBICODE project aims to identify the
research requirements needed for the integration of an ecosystem services
approach into policy and is intended to help research funding organisations,
donors and research planning institutions to focus future research. Building this
evidence base will require the development and continuation of institutional
and trans-disciplinary cooperation and will lead to greater knowledge transfer
between the scientific and policy communities, with the aim of developing and
implementing effective conservation policy across Europe.
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Mountains provide 
recreation services 
for walkers. 
Photo: Paula Harrison.
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Water purification 
service in rivers. 
Photo: Daniel Hering.

18 Anton C, Young J, Harrison PA, Musche M, Feld CK, Harrington R, Haslett JR, Pataki G, Rounsevell
MDA, Sousa JP, Sykes MT, Vandewalle M, Watt A, Settele J (in review). Future research for incorpo-
rating the ecosystem service approach into biodiversity conservation. Biodiversity and
Conservation.
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