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ABSTRACT. The International Long-Term Ecological Research (ILTER) network comprises > 600 scientific groups conducting site-
based research within 40 countries. Its mission includes improving the understanding of global ecosystems and informs solutions to
current and future environmental problems at the global scales. The ILTER network covers a wide range of social-ecological conditions
and is aligned with the Programme on Ecosystem Change and Society (PECS) goals and approach. Our aim is to examine and develop
the conceptual basis for proposed collaboration between ILTER and PECS. We describe how a coordinated effort of several contrasting
LTER site-based research groups contributes to the understanding of how policies and technologies drive either toward or away from
the sustainable delivery of ecosystem services. This effort is based on three tenets: transdisciplinary research; cross-scale interactions
and subsequent dynamics; and an ecological stewardship orientation. The overarching goal is to design management practices taking
into account trade-offs between using and conserving ecosystems toward more sustainable solutions. To that end, we propose a
conceptual approach linking ecosystem integrity, ecosystem services, and stakeholder well-being, and as a way to analyze trade-offs
among ecosystem services inherent in diverse management options. We also outline our methodological approach that includes: (i)
monitoring and synthesis activities following spatial and temporal trends and changes on each site and by documenting cross-scale
interactions; (ii) developing analytical tools for integration; (iii) promoting trans-site comparison; and (iv) developing conceptual tools
to design adequate policies and management interventions to deal with trade-offs. Finally, we highlight the heterogeneity in the social-
ecological setting encountered in a subset of 15 ILTER sites. These study cases are diverse enough to provide a broad cross-section of
contrasting ecosystems with different policy and management drivers of ecosystem conversion; distinct trends of biodiversity change;
different stakeholders’ preferences for ecosystem services; and diverse components of well-being issues.
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INTRODUCTION
The recognition of the global dimensions of many socio-
environmental issues has prompted the development of
worldwide initiatives to address them. The endeavor is so far
reaching and complex that no single country or institution can
approach it alone, and these efforts soon have focused on
international and multi-institutional cooperative initiatives. The
International Long-Term Ecological Research (ILTER) network
was created 22 years ago as a way to expand the then already 10-
year-old US-LTER initiative. It is currently a growing global
network, with 40 country-level members, encompassing over 600
sites spread across 5 continents. Through research coordination
at local, regional, and global scales and by improving
comparability of long-term ecological data, ILTER aims to
generate scientific information at multiple scales useful to policy

making, decision makers, land managers, educators, local
communities, and the general public interested in environmental
issues. Its flexible research agenda and its commitment for long-
term and site-based research make ILTER a natural partner for
multiple global initiatives. In fact, many ILTER members have
already been active in many international programs and research
initiatives (e.g., Parr 2013, Maass and Equihua 2014).  

Important topics of research at most ILTER sites are the effects
of ecosystem transformation, biodiversity loss, and change in
ecosystem integrity. Both biodiversity and ecosystem functions
are affected by multifaceted and multiple scale socio-
environmental pressures such as climate change, land-use
changes, pollution, overexploitation of natural resources, and
invasive alien species, providing a major challenge for the
sustainable management of the key ecosystem services (ES;
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Schröter et al. 2005, Mooney et al. 2009, Aherne et al. 2012,
Forsius et al. 2013). The provision of sustainable level of
ecosystem services has become a major concern both at the
national level (e.g., UK NEA 2011) and at the continental scale
(Maes et al. 2012). Nonetheless, the losses of biodiversity and
ecosystem services continue more rapidly than ever (MA 2005,
Pereira et al. 2010, Ehrlich et al. 2012). Even when biodiversity
loss is not reported systematically, change in communities and
ecosystem degradation over time has been systematically
observed, as shown by Dornelas et al. (2014). This loss of
ecosystem integrity or degradation over time will have specific
consequences for ecosystem services delivery through changes in
the dominant traits of the community and other key ecosystem
components affected, e.g., soil moisture and nutrient content, that
will, in turn, change the pattern of ecosystem processes.  

Because of their multiple overlapping theoretical interests and
applied activities, we propose that the ILTER network and the
Programme on Ecosystem Change and Society (PECS) are
natural partners that can work synergistically toward their shared
objectives and goals. PECS is a new initiative fostered by the
International Council for Science (ICSU) within its Global
Change Framework aiming to integrate research on the
stewardship of socio-ecosystems by understanding the flux of
services and control factors that modulate their dynamics. This
leverages current attempts to understand the relationships among
natural and human capital, human well-being, livelihoods,
inequality, and poverty (Carpenter et al. 2012). The ILTER wide
range of ecological and social conditions makes a compelling case
for collaborating with PECS. The goals, objectives, and
approaches of these two efforts very well complement one
another.  

Our aim in this paper is to examine and develop the conceptual
basis for such collaboration. We explicitly explore the potential
for collaboration between the ILTER and PECS, initially
assessing how the ILTER vision, mission, and approach are
consistent with that of PECS, and then describing how a
coordinated effort of several contrasting ILTER sites, following
the network philosophy and approach, can contribute to a better
understanding of how policies and technologies that affect
sustainable delivery of ecosystem services change across sites. We
suggest doing this by using biodiversity (or ecosystem integrity
as its operative proxy) and human well-being as key response
variables in analyses of how these variables change under different
ecosystem management regimes and in diverse social-ecological
settings. We are particularly interested in the identification of
trade-offs in current and future ecosystem services provision
inherent in management and policy alternatives and as a function
of diverse stakeholders’ objectives and components of well-being.
We define well-being in a broad sense including economic
resources, but also noneconomic aspects of peoples’ life, such as
what they do, what they can do, how they feel, the social and
natural environment in which they live, and their everyday
activities, like their participation in the political process, and the
factors shaping their personal and economic security (Stiglitz et
al. 2009).  

This paper is an invited contribution to a Special Feature in
Ecology and Society on the “Programme on Ecosystem Change
and Society (PECS): Knowledge for Sustainable Stewardship of
Social-ecological Systems.” The emphasis here is on the

contribution of ILTER to PECS. Those readers interested in a
more detailed description on the program, please refer to other
contributions to this Special Feature (http://www.ecologyandsociety.
org/issues/view.php?sf=106), as well as to Carpenter et al. 2009,
2012, the web site of PECS in ICSU (http://www.icsu.org/what-
we-do/interdisciplinary-bodies/pecs), and PECS’s home page
(http://www.pecs-science.org).

ILTER’S VISION, MISSION, AND APPROACH
ILTER’s distinctive strength is the long-term research and
monitoring of key ecosystem patterns and processes in a large set
of sites across the planet. This approach allows assessment of
slow, unexpected, as well as abrupt changes in ecosystems. Also,
through the global network of sites, it can contribute to the
understanding of how local processes scale up to global and back
to local, and how contrasting ecosystems respond to similar
drivers (http://www.ilternet.edu; Vaughan et al. 2007, Parr 2013).
Therefore, the network is very well positioned to inform policy
and management decisions by addressing temporal (long-term)
and spatial (international network) scales seldom accounted for
in scientific research. Although historical emphasis of ILTER has
been on ecological patterns and processes often within reserves,
a long-term social-ecological research approach (LT“SE”R) is
been increasingly adopted worldwide (Shibata and Bourgeron
2011, Rozzi et al. 2012, Singh et al. 2013, Maass and Equihua
2014, 2015, Li et al. 2015). This new perspective holds societies
and their dynamics as key components of integrated socio-
ecosystems, and not necessarily threats to the natural world
(Grimm et al. 2000, Redman et al. 2004, Haberl et al. 2006, Maass
and Equihua 2015). As an example, a new strategic research
initiative within the US-LTER community has been launched
called Integrative Science for Society and the Environment
(ISSE), proposed to elevate environmental science to a new level
of integration, collaboration, and synthesis necessary for
addressing current and emerging environmental research
challenges (Collins et al. 2011).  

The long-term presence of ILTER allows for the development of
long-term links to local stakeholders over diverse social and
ecological ranges. Indeed, stakeholder integration is one of the
emphases of the burgeoning number of LTSER platforms within
the network. The site-based research character of ILTER “is one
of its most important assets, [allowing] not only capacity building
and the accumulation of knowledge through time, but also the
development of the necessary trust between the academic
community and the local stakeholders required for
transdisciplinary research approach” (Maass and Equihua
2015:227).

ILTER AND PECS
PECS and ILTER play key roles in helping to deliver the strategic
research agenda of “Future Earth” (2014). ILTER has a
particularly important role within Future Earth’s research
platform because it is a site-based program with a global emphasis
on measuring, understanding, and modeling changes in socio-
ecosystems on the ground. Although it is recognized that there is
no comprehensive system currently in place for global assessments
of ecosystem services (Tallis et al. 2012) work toward the
development of essential biodiversity variables (GEOSS 2005,
Pereira et al. 2013) and a better understanding of how to account
for socioeconomic drivers of change (Andrew 2014) are providing
the basis for more effective systems. As a global network of over
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600 sites providing long-term data on ecosystem change and an
increasing resource for social-ecological research, ILTER
provides one of the few data resources for the monitoring and
research needed to underpin Future Earth’s theme of “observing
and attributing change.” For example, ILTER when combined
with complementary data from remote sensing, participatory
monitoring involving citizens, and public sources recording
socioeconomic variables will contribute to answering Future
Earth questions such as the following: “What are the historic and
current status and trends of biodiversity, ecosystems, and their
services at different scales?” and “What models do we need to
integrate global environmental and socioeconomic data to
support progress toward global sustainable development,
particularly in less developed countries?” Answers to these
questions will not only contribute to scientific assessments such
as the Intergovernmental Panel on Climate Change (IPCC) and
the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES; Díaz et al. 2015), but the
permanent site infrastructure and observations maintained
within ILTER sites will also provide a long-term component of
the Global Earth Observation System of Systems (GEOSS), a
global public infrastructure aimed at achieving comprehensive,
coordinated, and sustained observations of the Earth system,
designed to improve monitoring of the state of the Earth, increase
understanding of Earth processes, and enhance prediction of the
behavior of the Earth system (GEOSS 2005).  

Carpenter et al. (2009) highlighted the need to assess the
management of ecosystem services flows and evaluate its effects
on human well-being when analyzing the type of science required
beyond the Millennium Ecosystem Assessment (MA). To tackle
these knowledge gaps, Carpenter et al. (2012), in a paper
describing the vision and goals of PECS, highlighted the need to
strengthen the support for place-based, long-term, social-
ecological research. Carpenter et al. (2009) also warned that some
policies and practices intended to improve ecosystem services and
human well-being were based on untested assumptions and sparse
information. Remedying this situation has proven to be a difficult
task not only because of the complexity of transdisciplinary
research required to understand the ecosystem service/well-being
relationship, but also because this relationship is locally specific.
As Rozzi (2012) pointed out, inhabitants of a particular place
develop particular socio-cultural habits that are highly correlated
with the particular habitat in which their culture has developed.
The diversity of ecosystems and concurrent diversity of cultural
settings in the world is enormous and dynamic. Therefore, it is
indispensable to “consider the full ensemble of processes and
feedbacks, for a range of biophysical and social systems, to better
understand and manage the dynamics of the relationship between
humans and the ecosystems on which they rely” (Carpenter et al.
2009:1305). It is precisely on these lines where the collaboration
between ILTER and PECS can contribute most productively.
Given the long-term and site-based characteristic of the ILTER
network, and particularly with regard to those sites with a social-
ecological research orientation, it would be possible to foster the
study of how ecosystem services are generated, as well as the
relationships among natural capital, human well-being,
livelihoods, inequality, and poverty under a diverse range of
social-ecological settings (type of ecosystem; land use cover,
current and historic technological and institutional management
practices; and cultural perspectives and worldviews).  

An ILTER/PECS collaboration should be built within the socio-
ecosystem conceptual framework, in which humans are not seen
just as a species taking advantage of ES, but as part of a complex
human-biological-physical entity that emerged from the
ecosystems themselves, and have coevolved via integrated
biophysical and cultural processes occurring at different scales of
time and space (Collins et al. 2011, Maass 2012). The socio-
ecosystem concept not only recognizes the inescapable
dependence of humans on ecosystem processes (because we
created from them), but also acknowledges the technological
ability of humans to deeply intervene in such processes. Levin
(1999) argues that the biosphere is a complex adaptive system and
by exploring how such systems work, we can determine how they
might fail: how resilient are the ecosystems or how much
degradation can they withstand before starting to collapse
(Costanza and Farber 2002). The sustainability challenge is how
to benefit from ecosystem services without altering the integrity
of ecosystems to a point that hinders those life support services
(Lambin and Meyfroidt 2011).  

It has been particularly difficult to properly acknowledge and
evaluate the ecological trade-offs inherent in human alteration of
ecosystems. In fact, as Carpenter et al. (2009) point out, making
trade-offs explicit is a core function of ecosystem assessments.
They also emphasize that understanding the true social value of
nonmarketed ecosystem services depends on the ways that
particular services are used by different stakeholders. Therefore,
for the identification of changes in biodiversity and trade-offs
among ecosystem services, defining and querying stakeholders
and components of well-being from the perspective of
stakeholders are of utmost importance. That is why our major
focus in our ILTER/PECS collaboration is placed on those
subjects.

General approach and focus
Biodiversity plays a key role in the structure and dynamics of
ecosystems and so it is essential for maintaining basic ecosystem
processes and supporting ecosystem functions (Cardinale et al.
2012, Naeem et al. 2012). Linking biodiversity, which is mostly a
structural characteristic of the ecosystem, with ecosystem
services, which is a more functional aspect, is a challenge.
Biodiversity changes through ecosystem management are linked
to ecosystem auto-organization process, which in turn define their
resilience, and thus is a basic dimension of ecosystem integrity
maintenance. Therefore, our approach is to use ecosystem
integrity as an operational proxy of biodiversity. In fact,
maintaining ecosystem integrity through the protection of
biodiversity (habitats and ecosystem functions) is key for assuring
a sustainable supply of goods and services to human societies.
Like Bridgewater et al. (2014) and Equihua et al. (2014), we believe
that ecosystem integrity defines an ecosystem in a condition where
its structure and functions are not impaired (auto-organization
dynamics alone are driving the system); but to be practical, it can
be assessed by comparing the current status of location against a
baseline of structure and processes established for the same type
of biome at a specified time. Clearly, changes in integrity take
place through ecosystem degradation, and so one is the
mathematical complement of the other. Trade-off  analysis of
ecosystem services requires the investigation of the complexities
of ecology so the economic assessment does not dominate the
valuation process. This, in turn, can further help in understanding
the effects of human policies and their impacts on both
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ecosystems and human welfare (Farber et al. 2006). In fact, this
valuation process is becoming part of the LTER approach as it
evolves from a strict ecological to a more social-ecological
research orientation (from LT“E”R to LT“SE”R).  

One of the difficulties in evaluating ecological trade-offs is the
current over-reliance on monetizing of ecosystem services.
Spangenberg et al. (2014) has pointed out that this is a two-headed
problem. On the one hand, economic values are measurements
of subjective usefulness of an output of an ecological process and
thus are a social construct. Therefore, the recognition and
valuation of any particular output of an ecological process as a
service will vary between different socio-cultural settings, and
even between stakeholders in the same geographical area. In this
respect, the comprehensive long-term ecological and social-
ecological data available from the ILTER sites provide an excellent
platform for analysis, as well as for site-scale application of the
different mapping and modeling tools. Several ILTER-based
studies have already been conducted along these lines (e.g.,
Vadineanu et al. 2003, Maass et al. 2005, Vadineanu 2007,
Ohtsuka et al. 2009, Forsius et al. 2013, Dick et al. 2014, Fu and
Forsius 2015, Holmberg et al. 2015). With this accumulated and
expanding experience, our goal is to contribute novel conceptual
and methodological approaches, simple (not simplistic) enough
to be implemented in highly heterogeneous and contrasting
social-ecological settings. By emphasizing the transdisciplinary
approach to assessing and valuing ecosystem services
(incorporating stakeholders and expert knowledge and using
multiple disciplinary approaches), we propose both a capacity
building effort, as well as a data gathering one. We propose to
incorporate into this effort not only as much worldwide variation
as possible, but also to integrate into the research program as
many LTER site/platforms as possible, despite the differences in
economic and human resources that exist between them. By
simplifying the methodologies, we hope to increase site
participation, and understand complexity through conceptual
integration and synthesis of the many, instead of through detailed
analysis of the few. For example, through an initial survey utilizing
the presence and absence approach, a comprehensive list of
ecosystem service indicators has been developed in the LTER-
Europe community (Dick et al. 2014).  

A second problem identified by Spangenberg et al. (2014) is the
fact that ecosystem functions are emergent properties of the
natural system, not artifacts or social constructs made and
controlled by humans. Therefore, it is essential to separate the
monetary valuation of individual services from the complex
ecological processes sustaining them, to avoid the mistake of
suggesting that services flow effortlessly and freely from
ecosystems to beneficiaries. Following Spangenberg et al. (2014),
we adopt a “cascade” process analysis where use of value
attribution turns biophysical ecosystem functions into ecosystem
services potential, which then require humans to mobilize,
appropriate, and (frequently although not always) commercialize
them. These authors extend the “cascade” analogy to suggest that
the reverse process analysis, called “stairways” planning process,
encompasses a full cycle of ecosystem services generation and
management (Spangenberg et al. 2014).  

Our approach aims at overcoming the difficulties of evaluating
trade-offs by conceptually distinguishing ecosystem services, i.e.,
the benefits people obtain from the ecosystem (MA 2005), from

ecosystem patterns and processes that deliver the former. We
consider herein that the latter are indicators of ecosystem integrity
(EI), itself  associated with the characteristics of nature’s
sustainability and resilience. Of course both are social-
ecologically relevant; however, some ecosystem processes do not
require transformation in order to be appropriated by society and,
therefore, there is no ecological trade-off  (ET) involved. However,
there could be a social trade-off  (ST) referring to the cost of
opportunity lost for not transforming the ecosystem. We call it
social trade-offs because it is not only an economic cost involved
but also a socio-cultural cost, e.g., political, scientific, legal,
religious, artistic, etc. (Gómez-Baggethun and de Groot 2007,
Peterson et al. 2010), as well as the cost of protecting its
ecosystem’s integrity (to maintain its original/natural or
unperturbed condition).  

Using the Millennium Assessment classification (MA 2005) as an
example, all “supporting” and many “regulating” and “cultural”
services do not require ecosystem transformation. Thus, the less
transformed ecosystem, i.e., with high ecological integrity,
provides the highest levels of services (green lines in Fig. 1).
However, most “provisioning” services and some “cultural”
services do require an ecosystem manipulation to be appropriated
by society (blue lines in Fig. 1). Therefore, there is an ecological
and socio-cultural trade-off. The more we manipulate the
ecosystem, the more provision services we may get from it, but
there is a cost in degrading its integrity and, therefore, in its
sustainable capacity, e.g., the cost of restoration, to provide these
and other services (see also de Groot et al. 2010). Under this
framework, ecological trade-off  (ET) becomes equivalent to 100
minus the proportion of ecosystem integrity (EI) lost during the
appropriation process (a working example appears in Fig. 2). In
the same way social trade-offs (ST) become equivalent to 100
minus the actual ecosystem services (ES; primarily provisioning,
but perhaps also cultural) obtained in the appropriation process.
In summary, a net service (NS) provided by the ecosystem should
be calculated as the result of two components: the added benefits
(both ES + EI) minus the trade-off  cost (both ST + ET), therefore
NS = (ES + EI) - (ST + ET).

Fig. 1. Relationship between ecosystem services, ecosystem
transformation, and ecosystem integrity. See the text for an
explanation and discussion of scenarios A, B, C, and D.
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Fig. 2. Calculation of net service under four idealized
scenarios presented in Figure 1. See the text for an explanation
and discussion of scenarios A, B, C, and D. (All units are in
%).

How can this framework be applied to particular cases? We
hypothesized four scenarios (ecosystem states) as illustrated in
Figure 1 (red dotted lines). The calculation of the net service
(NS) provided by the ecosystem is shown in Figure 2. All units
are presented as a percentage of the “ideal” condition (well
preserved, with high integrity, resistant and resilient sustainable
ecosystem):  

. Scenario A corresponds with a well-preserved ecosystem,
e.g., a natural reserve, a sanctuary, a relict area, etc., in
which the net ecosystem services will be high because we
not only get a full suite of support and regulation processes
that are the products derived from high ecosystem integrity
(EI), but we also receive provisioning and cultural
ecosystem services (ES) with a very low ecological trade-
off  cost (ET). Under this conservation scenario, social
trade-offs could vary depending on the local socio-cultural
conditions (nature vs. technology prone cultures). On this
exercise we calculated 60% trade-off, but it could be much
lower if  the local community values conservation as an
important asset. 

. In scenario B, in a well-managed ecosystem, e.g., a well-
kept rangeland, a diverse forest plantation with a multilayer
canopy, an agro-silvo pastoral system, a coastal lagoon,
etc., added services come at little cost, because with
transformation we get an increase of ecosystem services
with relatively small loss of ecosystem integrity (low
ecological trade-off). Under such a system, the social trade-
off  is low because the opportunity cost is also reduced (part
of the opportunity has been taken). 

. In scenario C, in an intensive managed system, e.g., induced
pastures, extended fish farms, large-scale monoculture
crops, large cities, etc., although the ecosystem services
benefits are very high, because of the large increase in
provisioning services, the ecosystem integrity is
significantly reduced; therefore, ecological trade-off  (ET)
is high. In this case, the social trade-off  (ST) is low because
there is very low opportunity cost (almost all the
opportunity was utilized). However, the benefits of
transforming the system are negated by an equal or larger
ecological cost. 

. The fourth and least desirable scenario (D), is a highly
disturbed ecosystem, e.g., a eutrophicated lake, a mine pit,
an abandoned eroded crop field, etc., in which the
ecosystem integrity (EI), as well as ecosystem services

benefits are very low because of a highly degraded condition
with high social and ecological costs (ST and ET). There is
not only a lack of support and regulation processes provided
by these highly transformed ecosystems, but also, as the
negative net service clearly shows, the system is a source of
ecological degradation. 

In a human-dominated environment, social factors, such as skills,
management regimes, and the type of technology used to
transform the ecosystem, are also factors in ecosystem services
production (Spangenberg et al. 2014). Therefore, different
arrangement (and technological) approaches will produce
variations of ecosystem response in terms of services provided
and ecosystem integrity reduction (green dashed lines and big
green arrow in Fig. 1). Also, depending on the variety of
stakeholders and the type and distribution of the benefits,
differences in ecosystem service bundles will be provided and well-
being will vary (blue dashed lines and big blue arrow in Fig. 1).
This last point is particularly important because, as Reyers and
colleagues (2013) point out, the complex, interconnected,
dynamic nature of ecosystem services has thus far prevented
researchers from understanding how changes in human well-
being feed back to ecosystem integrity and affect the provision of
ecosystem services. This has impeded our understanding of the
complex trade-offs associated with sustainability-related policy
and management decision. Reyers and colleagues (2013)
convincingly argue for the importance of using a socio-ecosystem
approach to tackle the problem.  

We suggest using this conceptual model of a hypothesized
relationship between transformation, integrity, delivery of
various ecosystem services, and well-being (Fig. 1) as a heuristic
tool to foster the proposed ILTER/PECS collaboration. It will
certainly require fine-tuning and clear definitions, e.g.,
operational definition of axis variables and ways of measuring
them, but it is simple enough to be applied to any type of land
cover, productive system, or stakeholder participation.
Evaluating the same variables in diverse sites and social-ecological
settings will elucidate the complexities of the trade-off  problem.
Also, when applying the framework to real-life cases, some case-
specific issues may arise, thus requiring fine-tuning of trade-offs
calculations. For example, in cases when social trade-off  (ST)
involves consideration of priorities other than ecosystem services,
e.g., cutting down a forest to build a city, here the ecosystems are
not being transformed for a provisioning ecosystem service, but
for a nonecosystem services-related land use. Thus the calculated
opportunity costs would be more than only the loss of a
provisioning ecosystem services.  

By analyzing the same variables in different sites we can also
understand spatial scale issues, and by continuing the analysis in
the framework of a long-term research program will further reveal
temporal dynamics of the trade-offs, e.g., panarchy dynamics
(Kinzig et al. 2006, Dick et al. 2011). Comparing and synthesizing
results originating from a high variety of stakeholder’s desires and
transformation possibilities under different socioeconomic
settings, will help us to understand the complex reality in which
humans are embedded. It will also help us to recognize the
complexity of natural systems, the ecological knowledge available
to work with that complexity, and the amount of effort, or
transaction costs, necessary to seriously and effectively engage
with ecosystem management by conducting an exhaustive social-
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ecological assessment (Norgaad 2010). With an ecological
stewardship orientation, we will be able to inform the design of
management interventions to deal with the trade-offs toward
more sustainable solutions; not only will research results assist in
suggesting technical manipulations but they can also inform
potential institutional interventions required to significantly
enhance human well-being by maintaining ecosystem services
along with reducing human pressure on them. Finally, it is
important to recognize the predictive value and management
capabilities of the conceptual framework (Fig. 1) once it is tested
and fine-tuned for the particular conditions of various study sites.
The quantitative calculations of ecosystem services (ES) and
ecosystem integrity (EI) along with the different ecological and
social trade-off  (ET and ST) analysis under different land-use
scenarios will allow, for example, to make decisions (cost/benefit
related) regarding movement from one scenario to another.

Site comparison and cross-scale interactions
Cross-site research is a key component of ILTER work because
it allows case study comparisons, the integrative testing of ideas/
hypotheses using data from a cluster of sites, and long-term or
longitudinal assessments. Integration is not simply produced by
assembling a data set, but also by ensuring that the focus and
design of cross-site activities are jointly defined by both social
and natural scientists. As we have been arguing here, the network
of ILTER sites offers an ideal platform for assessing cross-site
comparison including investigating cross-scale interactions
among services, stakeholders, and components of well-being
closely paralleling the PECS approach. We intend to assess the
relative influence of human and biophysical drivers of change
across a wide spectrum of social-ecological conditions, to
generate and test new theories and approaches to study and deal
with human-environment linkages, such as the Integrative Science
for Society and Environmental (ISSE) conceptual framework
(Collins et al. 2011) and heuristic approaches for transdisciplinary
sustainability studies (Huutoniemi and Tapio 2014). There is
always tension between broad generalities and context-specific
considerations, and comparative cross-site research will require
data reduction and control of variation (Preissle and LeCompte
1981, Bollen et al. 1993). Case studies create informative and
detailed local narratives that, when analyzed across sites, serve to
identify commonalities as well as contrasts. With long-term data
on socio-ecosystem conditions at a number of sites, it becomes
possible to address place-to-place development trajectory
differences. Using information from multiple ILTER sites is a way
to examine land-use and cover change over time as well as the
relative impact of ecosystem constraints on historical and current
public decisions.  

Our approach will also enable cross-scale interactions among
services, stakeholders, and components of well-being. Within
each ILTER site, management actions can be designed to include
key ecosystems and compare management regimes of local
relevance. Changes in biodiversity, ecosystem integrity, and
ecosystem services will occur under such a mosaic of conditions.
The variables to be monitored can include the different
components of biodiversity (for the key types of organisms, e.g.,
soil organisms, plants, etc.), and a set of ecosystem services found
within each condition of the mosaic (Balvanera et al. 2014). Both
the potential supply as well as the delivery of the services to people
should be assessed (Tallis et al. 2012). Also, the economic and

societal value of these services to different stakeholders, as well
their contributions to the different components of their well-
being, e.g., food security, protection, social relations, can be
assessed (Daw et al. 2011, Chan et al. 2012, Martín-López et al.
2012). This information will help identify the relationship between
ecosystem services, ecosystem transformation, and ecosystem
integrity suggested in Figure 1. Bundles and trade-offs between
services for contrasting conditions across the mosaic can then be
explicitly linked to particular biodiversity and management
conditions (Raudsepp-Hearne et al. 2010, Balvanera et al. 2014).
Individual services and bundles of services can then be associated
to differential preferences of services by different stakeholders
and how they contribute to different components of their well-
being (Martín-López et al. 2012, Mouchet et al. 2014).  

It is particularly relevant to understand who loses and who wins
under each management regime and ecosystem service bundle
configuration (Leach 2013). The different scales (spatial and
temporal) at which different services operate and how these
services are delivered to different stakeholders, will be critical
when assessing private/public winners/losers, short-term winners,
and long-term losers. In this respect, the “cascade model” of
ecosystem service generation and valuation (Haines-Young and
Potschin 2010) proves useful, as does its extended version of the
“stairways planning processes” (Spangenberg et al. 2014). ILTER
sites are well positioned to provide the following information
necessary to apply this approach: (1) the understanding of
particular ecosystem processes, as a result of the long-term
research on the structure and functional dynamics of the local
ecosystem; (2) the particular use of value attribution process, as
a result of the study of the living conditions, life perspectives, and
economic preferences of local stakeholders who influence the
recognition of the potential benefits or usefulness of a certain
local ecosystem function; (3) the particular mobilization process,
as a result of the identification of needs, societal demands, and
actual utilization of natural resources by different local
stakeholders; (4) the particular appropriation process, as a result
of the analysis of human investment in the ecosystem
transformation and/or processing services to generate benefits;
and (5) the particular commercialization process, as a result of
evaluating users keeping the ecosystem service for themselves or
selling it as a market good. By implementing this cascade model
it becomes easier to understand the scale effect associated to the
management of ecosystem services. As documented by
Spangenberg et al. (2014), using a bioenergy generation example,
there is a large difference in social, economic, and environmental
impact of the management of ecosystem services if  it is conducted
on a small-scale farm, on a large-scale farm, or on an industrial-
scale multinational operation:  

[A]s benefits expected from one scale type cannot be
expected from another one, not due to the different
characteristics of use and exchange values, scaling up an
operation can result in a fundamentally different kind and
distribution of benefits and local impacts. Redefining
ecosystem function and attributing different use values
cause different definitions of ecosystem potential, trigger
different mobilization and appropriation processes and
provide different ecosystem services and ecosystem
benefits for different beneficiaries (Spangenberg et al.
2014:29). 
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With this approach and the possibility of engaging multiple study
sites from different geographical regions all over the world, it will
be possible to make comparisons across ILTER study sites for the
identification of teleconnections (environmental interactions),
globalization (socioeconomic interactions), and telecoupling
(social-ecological interactions) among other phenomena
(Lambin and Meyfroidt 2011, Liu et al. 2013). The relative
impacts of biophysical linkages through nutrient/energy flows,
invasive species, or climate change on each of the sites can be
assessed on local biodiversity and service supply. The relative
contribution of socioeconomic linkages through global markets,
global policies, or flows of people, information, and resources on
service delivery, value, and impacts of the different stakeholders
can also be assessed.  

Also, because monitoring is one of the main activities within
ILTER sites, the engagement in social-ecological research with
this proposed framework would promote, at individual sites, the
monitoring of the ecological transformation process, the
ecosystem services delivery, and the changes in local human well-
being conditions. By monitoring how these variables evolve on
individual sites over time within this context, e.g., plotting a large
number of sites on Figure 1, we will provide information for better
understanding the causal mechanisms and relationships between
theses variables.

Transdisciplinary research
Liu et al. (2010) insist that we should recognize that ecosystem
services research must transcend disciplinary boundaries and
synthesize tools, skills, and methodologies from various
disciplines if  it is to fulfill its objectives. Also, they suggest that
ecosystem services research has to become more problem-driven
rather than tool-driven because ultimately its success will be
judged on how well it facilitates real-world decision making and
the conservation of natural capital. Therefore, a transdisciplinary
approach is a prerequisite for our proposed ILTER/PECS
collaboration. We must internalize that the knowledge driving our
understanding of the world comes not only from the scientific
sector, but also from other sectors of society directly involved in
the particular problem that is collectively chosen as the object of
study. These stakeholders hold the “expertise in pertinence” and
their insight is vital in the research program (Spangenberg 2011).
Research tools and approaches like “social learning” (Pahl-Wostl
and Hare 2004), “participatory monitoring” (Burgos et al. 2013),
“co-design” (Stappers and Sleeswijk-Visser 2007), and “citizen
science” (Irwin 1995) have been developed to incorporate local
and traditional knowledge into the research process. However,
Maass and Equihua (2015:229) have pointed out the following:  

There is an important difference between a transversal
approach (working with different sectors of society) and
a transdisciplinary approach (working with different
sources of knowledge). The former is a development tool;
the latter is an epistemological stance. We need both.
However, scientists do not necessarily need to become
producers, policy makers, business people or developers
but, in order to conduct research in a truly
transdisciplinary fashion, they have to participate in real
development situations, as another stakeholder
embedded in the collective. [Therefore,] participating in
transversal work is the only way to learn about this “other

knowledge” requirement in real transdisciplinary
research... and that is why site-based research is so important. 

There are several research groups within the ILTER network who
have already incorporated this transdisciplinary approach, and
their experience will be a key component for the success of this
potential ILTER/PECS collaboration (Haberl et al. 2006).

ILTER CASE STUDIES AND HETEROGENEITY OF THE
RESEARCH SITES
As we have pointed out, changes in biodiversity and trade-offs
among ecosystem services, stakeholders, and components of well-
being are highly sensitive to local social-ecological conditions.
Also, Stiglitz et al. (2009) emphasized that there is a diversity of
experience among the people within each study case locality.
Therefore, we should not just measure average levels of well-being
within a given community, and how they change over time, but
also document the diversity of people’s experiences and linkages
across various dimensions of people’s lives. Understanding such
complex relationships requires an appropriate set of case studies
with highly contrasting conditions. Our proposed framework
(Figs. 1 and 2) has to be formally tested on multiple cases, and
the more diverse those cases can be, the stronger the test. In this
respect, ILTER has much to offer to PECS. As an initial exercise,
a subset of 15 ILTER sites were identified in 13 different countries
on 4 continents, each currently engaged with social-ecological
research (see Table 1). The lead researchers of these ILTER sites
where contacted by a steering group to develop the conceptual
framework and to establish the initial advocacy group for this
ILTER/PECS collaboration. To characterize the social-ecological
setting of this initial subset of ILTER sites, researchers from the
sites answered a survey, based on their “expert judgment”
following specified criteria and their definitions. The results of
the survey were summarized in Table 2 and Figures 3 and 4.
Although this is a small initial group, with a strong European
bias, the 15 identified study cases are diverse enough to provide
a broad cross-section with different policy and management
drivers of ecosystem conversion; distinct trends of biodiversity
change; different stakeholders’ preferences for ecosystem services;
and diverse components of well-being issues.  

This subset of long-term research sites has a range of contrasting
biomes and environmental conditions (Fig. 3), from sea level up
to more than 3000 m above sea level. The sites include temperate
(broadleaf, mixed, and coniferous forest) as well as tropical
(savanna and dry deciduous forest) and Mediterranean woodland
ecosystems. Mountain and low elevation ecosystems, including a
sub-Antarctic peat forest, are represented. Also, there is a desert,
a wetland, and different types of aquatic environments (large
rivers and lakes) including a coastal ecosystem (with a rocky shore,
tidal flat saltmarsh, and kelp forest and seagrass communities).  

With such diversity of ecosystems, the main ecosystem services
found at the different ILTER sites are also highly variable, as
illustrated in Table 2. With this initial subset of 15 sites we can
identify services falling in all four categories of the Millennium
Ecosystem Assessment (MA 2005): support services (e.g., carbon
sequestration, soil fertility, creation of green infrastructure, and
maintenance of biodiversity), regulation services (e.g., climate
regulation, bioregulation, flood and erosion control, fire
prevention, pollination, landscape stabilization, and water
quality), provision services (e.g., freshwater provision, food
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Table 1. International Long-Term Ecological Research network (ILTER) potential participant sites in an ILTER/Programme on
Ecosystem Change and Society (PECS) project.
 

Name of Site Main Biome Main Land Use

Welverdiend Welverdiend (SAEON), Mpumalanga,
South Africa.

Semiarid, subtropical savanna Small-scale agriculture and communal
rangelands.

Niwot Colorado Front Range (US LTER),
Niwot, Colorado, USA.

Alpine, subalpine, mountainous, low
elevation forests

Conservation and urban areas

Phoenix Central Arizona-Phoenix (US LTER),
Arizona, USA.

Desert on alluvial valleys Irrigation agriculture, urban areas

Chamela Chamela (Mex-LTER), Jalisco, Mexico. Tropical dry deciduous forest on costal
hills

Agriculture and pasture lands, conservation
land

Omora Omora Ethnobotanical Park (LTSER
Chile), Puerto Williams, Chile.

Temperate forest, sub-Antarctic moorland
and coastal ecosystems

Conservation, glaciers, fjords, and forest
lands

Akkeshi Akkeshi (JaLTER), Hokkaido, Japan. Sea grass, tidal flat, rocky shore, kelp
forest, saltmarsh

Fisheries and aquaculture

Negev The Northern Negev (Israel LTSER
Platform), Israel.

Mediterranean, semiarid desert mountain,
and hills

Shrub land, planted dry land forests,
transition Mediterranean/arid ecosystems,
agriculture, urban.

Armorique Zone Atelier Armorique (French LTER),
Brittany, France.

Temperate forest on gently rolling plains Agriculture lands

Cairngorms Cairngorms National Park (UK LTSER
Platform), Scotland, UK.

Mountain temperate forest Conservation, forest, and farm lands

Danube Coastal and Inland Danube deltas
(Romanian LTSER), Romania.

Aquatic, large rivers, wetlands (deltas) Conservation and sustainable use,
agricultural polders, built infrastructure

Lammi Lammi (Finnish LTER), Southern
Finland.

Coniferous forest and boreal lakes on
uplands

Forest and agriculture lands

Lodz The City of Lodz (Poland LTSER
Platform), Central Poland.

Temperate broadleaf and mixed forest on
lowlands

Agriculture lands, urbanized areas

Montado LTsER Montado (LTER Portugal),
Alentejo, Portugal.

Mediterranean forests, woodlands, and
scrub on plains

Multiuse, savannah-like woodlands
dominated by cork and/or holm oaks

Pilica The Pilica River (Poland LTSER
Platform), Radomszczanski, Poland.

Temperate broadleaf and mixed forest on
lowlands

Agriculture, forest, and urban areas,
reservoir

Trnava Trnava region (Slovak LTER), Slovakia. Temperate deciduous oak forest on
lowlands

Agricultural land

production, agricultural and pastoral goods, seafood provisioning,
renewable energy, biofuel production, forage for livestock, and fuel
wood), and cultural services (e.g., spiritual values, scenic
landscapes, recreation, and tourism).  

The level of land-use transformation is also highly variable between
sites, spanning from a pristine ecosystem all the way to deeply
transformed urbanized environments. Also, as is detailed in Table
2, the sites have different policy and management drivers for
ecosystem intervention. Some of them are not planned (they result
from changes induced by agriculture and fishery practices, for
instance), but many of them are consequences of governmental
policies or induced management programs (e.g., bioenergy policies,
hydropower production activities, food security programs, city
development strategies, and land-use plans). Some of the drivers
are slow- and long-term pressures (e.g., intensification of land use,
privatization of public land, fire suppression), and others are fast
land-transforming pulses (e.g., refugees from civil war, rapid
urbanization processes, resettlement policies, shifts from central
planning to market economy). Also, there are some policies for
ecosystem protection or restoration (e.g., pay per ecosystem service
programs, flood prevention act, local conservation policies).  

The economic conditions, expressed in median annual income of
the local population, vary more than one order of magnitude
among sites (from less than US$2000 to more than US$50,000 y-1).
With this diversity of social-ecological conditions, we can find all
types of stakeholders within the identified ILTER sites (Table 2).

They include indigenous communities and low-income producers
(i.e., peasants and subsistence farmers), as well as fishermen,
aquiculturists, and more affluent producers (i.e., intensive farmers
and cattle ranchers), and business people (i.e., real estate
developers). Some are nongovernmental organizations and
several are governmental entities (e.g., city authorities, navy
officers, and forest service personal). Some sites mentioned
tourists and hunters as important stakeholders, and scientists and
conservationists were also cited.  

With this variety of stakeholders and social-ecological settings,
the main well-being issues also vary on each ILTER site (Table
2). Among the issues mentioned, there were economic aspects
such as employment, sustainable tourism, low income, as well as
resource limitation problems such as water availability or soil
erosion. Several security issues were also identified, e.g., domestic
violence and abuse of woman and children, theft, and ineffective
local police, including natural hazards such as flood and drought
security and fire hazards. Health problems were cited, e.g., HIV,
malaria, infant mortality, as well as related drivers (urban heat
island). Also cultural and general development issues were
included, e.g., low education, social inclusion, place ownership,
livelihoods, and aesthetics.  

Finally, with regard to the capacities for social-ecological
research, not all ILTER groups work at the same scale, nor do
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Table 2. Ecosystem services and socioeconomic characteristics of the International Long-Term Ecological Research network (ILTER)
potential participant sites in an ILTER/Programme on Ecosystem Change and Society (PECS) collaboration project (for other sites’
characteristics, please refer to Table 1 and Figures 3 and 4).
 

Ecosystem
Service

Stakeholders Policy/Management
Drivers

Well-being
Issues

Welverdiend Fuel wood, water for domestic
consumption, forage for
livestock, and soil fertility.

Peasants. Lack of environmental policy
implementation, legacy of apartheid, and
resettlement policies, and refugees from civil
war in Mozambique. Fuel wood harvesting,
grazing, clearing rangelands for cash crops,
and urbanization.

Health (HIV, malaria, infant
mortality), economic
productivity (low education,
unemployment), security
(domestic violence and abuse of
woman and children, theft) and
ineffective local police.

Niwot Water, recreation, and
ecotourism.

Residents, U.S. Forest Service,
and developers.

Fire suppression, ecosystem management,
and energy development. Exurbanization and
recreation.

Fire hazards.

Phoenix Water, cooling, and soil fertility. City dwellers, real estate
developers, and university.

Rapid urbanization. Urban heat island, health, and
economic prosperity.

Chamela Freshwater, agropastoral goods,
soil fertility, climate and flood
regulation, bioregulation, and
scenic beauty.

Peasants, intensive farmers,
cattle rangers, authorities,
scientist, tourist developers, and
NGOs.

Food security programs, pay per service
programs, land repartition, and emigration.
Pasture conversion, conservation, and
intensive agriculture in the upper basin.

Security, productivity loss, and
water availability.

Omora Water, bryophyte diversity
hotspot, and scenic landscapes.

Chilean navy officers,
fishermen, tourism operators,
Yahgan indigenous community,
and conservationists.

Privatization of public land and access
opened after being a navy reserve. Growth
and development, unplanned tourism,
aquaculture and exotic invasive mammals,
UNESCO Cape Horn Biosphere Reserve.

Education, innovative
ecotourism integrating ecology
and ethics, and income potential.

Akkeshi Seafood provisioning and water
quality regulation.

Fishermen and aquiculturists,
local town (Akkeshi) and
prefecture (Hokkaido), farmers
in upper river basins.

Changes in agriculture and fisheries practices
and water quality control program. Water
temperature rise (climate change) and
eutrophication.

Productivity (increasing income)
and health.

Negev Water retention, recreational
activities, primary productivity,
agriculture, grazing.

Farmers, land management
agencies, shepherds,
recreational users, and
environmental NGOs.

Political-demographic policies, population
growth, land conversion (open space to
agriculture, urban/infrastructure, forestry),
grazing.

Land rights, moderation of
climate extremes, security, and
economic development.

Armorique Soil fertility, water quality,
landscape amenities, biological
control, carbon sequestration,
and climate regulation.

Residents, landowners,
extensive farmers, tourists,
foresters, and conservationists.

EU agricultural policy with environmental
issues (cross compliance on one hand and
intensification in the other). Agriculture
(nutrient leakages, pesticides, and removal of
seminatural elements).

Health and economic
productivity.

Cairngorms Cultural and regulating services
and provisioning of food and
timber.

Residents, landowners, land
managers, extensive farmers,
foresters, conservationists,
recreationalists, and tourists.

EU directives (habitat, water, and bird), EU
Policies (agriculture, forest, and tourist), and
local interpretation of policies.

Employment, health, education,
and economic productivity.

Danube Water, food, renewable energy,
flood and nutrient control, and
recreation and tourism.

Fishermen, farmers, foresters,
tourists, tourist operators, park
managers, NGOs.

Biodiversity conservation, sustainable
development, land ownership, flood
protection, water transport, water quality,
renewable energy, wetland restoration.

Employment, health, education,
social security, and economic
productivity.

Lammi Carbon sequestration, water
purification, and recreation.

Farmers, forestry district, and
water management district.

National and EU forestry and bioenergy
policies. EU agricultural policy and
eutrophication protection. Municipal land-
use planning and management.

Economic productivity,
livelihoods, and health.
Education of children and
students (college and university).

Lodz Water, tourism, leisure,
aesthetics, food production,
and maintenance of
biodiversity.

Authorities, SMEs, media,
schools, governmental
organizations, NGOs, scientists,
and developers.

City development strategies and spatial
planning, environmental and municipal
regulations. Urbanization, demography, and
land development, road development, climate
change.

Water security, heat island,
health, aesthetics, social
inclusion, and place ownership,
economic growth.

Montado Cork and food production,
water, soil fertility, carbon
sequestration, tourism,
biodiversity.

Farmers, cork industry, hunters,
rural residents, nature
conservationists, and tourists.

Wheat campaign (1930s), agrarian reform
(after 1974 revolution), desertification, EU
accession and CAP and its several reforms
(since 1980). Pastoral /agriculture pressures
and land abandonment.

Economic productivity, health,
water availability, social
inclusion (e.g., employment),
and place ownership.

Pilica Agricultural production vs.
water and soil quality, nutrient
and water cycling, tourism and
spiritual values.

Authorities, NGOs, scientists,
regional water management
authority, anglers, and farmers.

City development and land-use plans,
environment protection programs, EU
directives (habitat, water, N) and flood
prevention act. Urbanization, agriculture
intensification, flood prevention, and
tourism.

Health, productivity, flood and
drought prevention, and
sustainable tourism.

Trnava Soil fertility, energy crops,
landscape stabilization and
creation of green infrastructure.

Intensive and small-scale
farmers and cooperatives.

Collectivization, land repartition program,
and society transformation (from central
planning to market economy). Monoculture,
intensive use of chemical and mechanization,
and land abandonment.

Health, economic productivity,
quality of environment,
recreation areas.
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Fig. 3. Social-ecological heterogeneity of the 15 International
Long-Term Ecological Research networks (ILTER) identified
as potential participants in a ILTER/Programme on Ecosystem
Change and Society (PECS) project. For more information of
the sites, please refer to Tables 1 and 2. Marker’s shape refers to
site’s continent (star is Africa, squares are Americas, triangle is
Asia, and circles are Europe).

they have the same epistemological approach or level of
involvement with the management process. However, within the
15 ILTER sites identified as potential participants in a PECS
initiative, most groups participate at national and regional
(several countries) cross-scales analysis (see Fig. 4). Also, multi-
and interdisciplinary approaches are common among the groups,
and several of them already are engaged in transdisciplinary
research. It should be emphasized that all groups are committed
to conduct applied research activities and most of them already
are involved in outreach programs and actively participate in
local/regional planning and policy development of ecosystem
stewardship. Finally, all participants are committed to working
toward coordination and harmonization of research goals and
data collection protocol. Recently, 22 European ILTER members
were awarded a European Union Horizon 2020 grant to develop
their infrastructures toward these goals.

Fig. 4. Research activity of the 15 ILTER case-studies
identified as potential participants in a ILTER/PECS project.
For more information of the sites, please refer to Tables 1 and
2, and Figure 3. Marker’s shape refers to site’s continent (star is
Africa, squares are Americas, triangle is Asia and circles are
Europe).

Bridging with the rest of the network
In the effort to build the capacity of ILTER sites to engage in
cross-site socio-ecosystem research, it is important to recognize
that sites and member networks are at different stages of
development. To engage in network-level socio-ecosystem
research, it would be helpful to explore how those sites with more
experience can help those just exploring the integration of a social
dimension in their program. This could include an
institutionalized set of incentives that encourage and develop the
capacity of sites to engage in socio-ecosystem research and to
participate in cross-site studies. The 15 ILTER sites identified to
participating in this initiative represent no more than 2% of the
current LTER members’ sites (currently of more than 600). Also,
a new “affiliated site” status has been established within ILTER
membership to enable the collaboration with research groups not
formally belonging to an ILTER national network. Therefore, we
are only scratching the “tip of the iceberg” of potential
participating sites. All of these 15 sites were selected because they
have previously collaborated on broad scale comparisons of
ecosystem services (Vihervaara et al. 2013), which provided a solid
basis for the presented work. Also, because all these sites have
strong links to their national networks, they will be able to
disseminate the PECS philosophy within each country. This is
important because linkage to the broader ILTER network is
where the real potential contribution of this initiative can be
utilized. Of course not all ILTER sites currently conduct social-
ecological research, however, most of them are convinced of its
importance and with this pilot research program, the already
identified sites will bridge the idea to the rest of the ILTER
network, fostering the LT“E”R to the LT“SE”R transition
(Haberl et al. 2006, Singh et al. 2013, Maass and Equihua 2015).  
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Although economic resources are always the central element of
concern among research groups, our experiences have shown that
organizational issues and human resources are, by far, stronger
limiting factors for long-term research. By fostering networking
collaboration and with a strong interest in capacity building,
LTER groups should improve their chances of gaining funding
for socio-ecosystem research. By avoiding centralizing the
economic resources, we maintain independence and allow for an
easy involvement of new groups.

FINAL REMARKS
Concerning the current scientific knowledge of the links between
ecosystem services and human well-being, one of the critical gaps
identified by PECS include “the need for understanding how
social-ecological systems evolve over time and respond to policy
interventions” (Carpenter et al. 2012:2). The large-scale scope,
site-based approach, and long-term commitment of the
ecosystem-level research of ILTER network, make it an excellent
platform to tackle this problem, particularly by identifying and
monitoring the changes in biodiversity and trade-offs among
ecosystem services, stakeholders, and components of well-being,
which is our major focus in this potential ILTER/PECS
collaboration. The synergy of colleagues working together across
sites will facilitate cross-fertilization of existing ideas, leading to
the development of new questions, the generation of new theories,
and the testing and refinement of existing ones. The value of this
comparative research in the context of an ILTER/PECS
collaboration will further promote the, already in progress,
transition from LT“E”R to LT“SE”R in which socio-ecosystem
and transdisciplinary approaches are being implemented as an
essential step in the natural evolution of the scientific agenda
toward sustainability. With more than 600 sites spread all over
the world representing a high variety of social-ecological settings,
ILTER network becomes an excellent tool to disseminate the
PECS philosophy. The lines presented here draw a route to
crystallize this important long-term scientific collaboration.

Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/8587
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