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Ecosystem services research has become a major academic field, drawing in various academic disciplines, per-
spectives, and research approaches. Themultifaceted concept of “ecosystem services” includes a normative com-
ponent, which has strong implicit links to the notion of sustainability. Yet, how ecosystem services research
relates to sustainability has received little attention.We reviewed the current state of research on ecosystem ser-
vices, and examinedwhether the concept's original motivation has allowed it to act as an effective boundary ob-
ject for the integration of the diverse knowledge related to sustainability. A full-text, multivariate statistical
analysis of 1388 peer-reviewedpublications on ecosystemservices from1997 to 2011 revealed a rapidly growing
but fragmented body of research, which has emphasized the development of descriptive understandings of
human–nature interactions. Future challenges for the ecosystem services concept include greater integration
of currently fragmented knowledge domains and stronger engagement with the concept's normative
foundations.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Ecosystem services are directly or indirectly appropriated ecosystem
structures, functions or processes that contribute to human well-being
(MA, 2005). The notion of “nature's services” has been discussed in
the academic literature since at least the 1970s (Westman, 1977). The
introduction of the term “ecosystem services” in the early 1980s
(Ehrlich and Ehrlich, 1981; Ehrlich andMooney, 1983) subsequently in-
spired a rapidly growing body of peer-reviewed literature, as well as
major research undertakings such as theMillenniumEcosystemAssess-
ment (MA, 2005), The Economics of Ecosystems and Biodiversity
(TEEB) (Kumar, 2010) and the newly formed Intergovernmental Plat-
form on Biodiversity and Ecosystem Services (IPBES). Some 30 years
after the coining of the term, with the concept increasingly moving
from a heuristic model towards an explicit decision and policy tool
(Bateman et al., 2013; de Groot et al., 2010; Engel et al., 2008; Kinzig
et al., 2011; Maes et al., 2012), and with controversy on its utility rising
in parallel (Norgaard, 2010; Schröter et al., 2014), it is timely to reflect
on the development and future direction of this burgeoning field of
science.

As a scientific concept, “ecosystem services” has two dimensions.
First, it acts as a descriptive framework to characterize and explain the in-
terdependencies of humans and natural systems (Balmford et al., 2011;
Collins et al., 2011), typically without addressing the value-laden as-
sumptions thatmay shape such analyses (Peterson et al., 2010). Second,
ecosystem services is a normative concept (Callicott et al., 1999; Reyers
et al., 2010) used to explicitly ascribe values (or value judgements) to
different system states, usually to identify aspects of human–nature in-
teractions that ought to be improved.

Early formulations of the notion of ecosystem services—as typified
by the “rivet poppers” analogy (Ehrlich and Ehrlich, 1981)—related spe-
cies loss to the long-termpersistence of Earth's life support systems, and
subsequently used the notion as means of increasing public interest in
biodiversity conservation (Gómez-Baggethun et al., 2010).More recent-
ly, the notion of ecosystem services has been further popularized by
highlighting the likely implications of changes to ecosystem functioning
for human well-being (Costanza et al., 1997; Daily, 1997; de Groot,
1987; MA, 2005). These three normative concerns—system persistence,
biodiversity conservation and enhanced human well-being—can be
considered foundational in the formation and motivation of the ecosys-
tem services concept (Chan et al., 2006; Costanza, 2000; Wilson and
Howarth, 2002).

An explicit normative framework is required to consider and man-
age the relations and potential trade-offs amongst the multiple norma-
tive concerns associated with human interactions with ecosystems. We
suggest that the concept of sustainability provides a suitable framework
for such judgements (Gibson, 2006; Toman, 1994). Sustainability is an
explicitly normative concept that encompasses notions of system per-
sistence, as well as the just allocation of resources for the fulfilment of
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long-term human and non-human welfare (Dobson, 1998; Norton,
2005). The notion of sustainability can provide a framework for using
the ecosystem services concept as tool for considering and managing
societal obligations towards (i) the current generation of humans,
(ii) future generations of humans and (iii) the natural environment.

Given its increasing appeal to politicians, policymakers and the pub-
lic, the ecosystem services concept holds great promise to act as a
boundary object for sustainability—that is, it can link policy makers
and different scientific disciplines together via collaboration on a com-
mon task (Star and Griesemer, 1989). However, as ecosystem services
research has developed, it has drawn in multiple academic disciplines
with their own particular interests and approaches. Questions remain
regarding how this multitude of approaches has influenced the framing
and operationalization of the ecosystem services concept, and how this
has influenced its relation to sustainability.

We reviewed the peer-reviewed literature on ecosystem services to
assess (i) the extent to which the ecosystem services research is coa-
lescing into a cohesive research domain; and (ii) how ecosystem ser-
vices research contributes to different types of knowledge required for
sustainability.
2. Growth and Focus of Ecosystem Services Research

We considered 2535 publications in our review. These were chosen
based on the following criteria: (i) theywere English language “articles”
or “review publications” indexed in the Scopus database; (ii) they were
published between 1997 and 2011; (iii) they contained the term “eco-
system service(s)” in the title, abstract or keywords; and (iv) they
were cited on average at least once per year (hereafter termed “well
cited”). The year 1997 was set as the earliest date because this was
when the rapid growth in (self-identified) ecosystem services research
began—following the highly influential book Nature's Services (Daily,
1997) and R. Costanza's work on the global value of ecosystem services
(Costanza et al., 1997). We focused on well cited publications because
we deemed them likely to have had the most influence in the develop-
ment of the ecosystem services concept.

Of the 2535 publications initially identified, 819 were classified as
“secondary focus” via a subjective analysis of their titles, abstracts and
keywords. That is, they either used the ecosystem services concept as
Fig. 1.Ecosystemservices publications between1997 and 2011 found in the Scopus scientific da
on averagemore than once a year (defined as “well cited”)were included. Of these, Fig. 2a consi
on ecosystem services (i.e. excluding buzzword usage; N = 1716).
a buzzword (e.g. as a post hoc justification for the research), or ecosys-
tem services was only a minor focus of the publication. During this ini-
tial screening, we also categorized papers into broad publication types
based on a subjective reading of abstracts (Fig. 1).

To ascertain to what extent the growth in ecosystem services re-
search represented a real increase in research effort in this field, rather
than simply an artefact of the general increase in peer-reviewed publi-
cations altogether, the number of ecosystem services publications was
corrected for publication growth in research fields reasonably to be ex-
pected to engage in ecosystem services research (SupplementaryMate-
rials Table S3). Having corrected for inflation based on a baseline year of
1997, there was approximately a 27-fold increase in ecosystem services
research between 1997 and 2011.Well cited publicationswith a prima-
ry focus on ecosystem services grew at a slower rate, with a 15-fold
increase in publications between 1997 and 2011 (Supplementary
Materials Fig. S1). Through time, the ratio of empirical/modelling
publications to discussion/theory publications has remained relatively
constant. The proportion of interdisciplinary empirical publications rel-
ative to all ecosystem service publications has decreased through time
(Fig. 1a, b).
3. Clustering of Ecosystem Services Publications

To move beyond a description of the growth of ecosystem services
research and its categorization, we performed a bibliographic, full-
text, multivariate statistical analysis of the well cited peer-reviewed
publications with a primary focus on ecosystem services. Of a potential
1716well-cited papers with a primary focus on ecosystem services, 328
were excluded because of a lack of institutional access or because the
publication was not available in machine-readable portable document
format (PDF). This left 1388 publications for full-text analysis. All statis-
tical analyses were carried out in R 2.15 (R Core Team, 2012).

First, we applied a stepwise, bottom-up filter to the complete list of
abundant words within the full text of the 1388 analysed publications.
Approximately 27,000 unique words appeared in more than 1% of the
papers. Of these, we removed all words that did not provide conceptual
information. First, all proper, collective and abstract nouns were re-
moved. Second, adjectives, pronouns, articles, numbers and abbrevia-
tions that could not be identified immediately were removed. The
tabase,with a subjective categorisation of papers based on their abstracts. Onlypapers cited
ders all publications (N= 2535),whereas Fig. 2b considers only thosewith a primary focus
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remaining list of words (approximately 4400) was further reduced,
based on the meaning that could be inferred from individual words.
For example, “valuation” was retained because it has a relatively clear
meaning, whereas “running” was removed because it can be used in
many completely different contexts. Words with potentially multiple
meanings, such as “goal”, which (for example) might relate to the goal
of a given publication or to a societal goal, were also removed. The ratio-
nale was that publications approaching ecosystem services in different
ways would use different conceptual vocabulary. We retained a “con-
ceptual vocabulary” of 482 words, which were subsequently used to
identify principle gradients in the “conceptual landscape” of ecosystem
services publications.Within themultivariatematrix of conceptual key-
words by publications, word abundance was scaled to text length of
each publication to reduce a potential bias due to the different lengths
of peer-reviewed articles within different disciplines.

We then used detrended correspondence analysis (DCA) of these
words—with downweighting of rare words (function “decorana”; li-
brary “vegan”)—to identify gradients in the vocabulary used in different
papers (thefirst two axes had Eigenvalues of 0.32 and 0.24 respectively;
Fig. 2a, b). The first ordination axis described a gradient from social-
science-driven research focusing on economic valuations and payments
for ecosystem services; through management, conservation and gover-
nance research (centre); to natural science research dealing with traits,
biodiversity and ecosystem functions and processes (Fig. 2a; x-axis).
The second ordination axis ranged from researchwith immediate policy
relevance (e.g. on payments for ecosystem services and pest manage-
ment) to research with less immediate policy relevance (e.g. on ecolog-
ical traits or biomass productivity).
Fig. 2. Full text analysis of well-cited publications on ecosystem services (N= 1388), published
significant conceptual keywords for each cluster, (b) the shape of the fullWard's clusters of pub
by year. Research clusters near one another shared a larger set of conceptual keywords.
We then performed an agglomerative hierarchical cluster analysis
based on Euclidian distances usingWard'smethod (function “agnes”; li-
brary “cluster”). This method, taking into account all variables (i.e. rela-
tive abundances of conceptual keywords), starts by clustering single
elements (i.e. publications) into aggregates of two elements based on
the “minimum variance criterion”. Next, it clusters the previous aggre-
gates and continues until one cluster remains. The premise is to mini-
mize within-group variance and maximize dissimilarities between
groups. Ward's clustering was selected because it is widely used (and
hence understood) and provided the most stable and informative clus-
tering, yielding a high agglomerative coefficient and a relatively even
distribution of cluster sizes.

An analysis similar in rationale to “indicator species analysis” in
community (plant) ecology (Dufrene and Legendre, 1997) was then
used to characterize each research cluster via significant indicator
words (function “indval”with 1000 iterations to calculate probabilities;
library “labdsv”). Themost significant indicator word for a given cluster
was used as the cluster label.

3.1. Research Cluster Descriptions

The cluster analysis identified nine distinct research clusters within
the publications, with an agglomerative coefficient of 0.95 (Fig. 2a, c).
Each cluster represented a group of publications with a strongly shared
conceptual vocabulary. For ease of interpretation, we plotted only the
most significant indicator words for each distinct research cluster in
an ordination plot (see Table S4 in Supplementary Materials for a com-
plete list of the significant indicator words for each research cluster).
between 1997 and 2011. Ordination and clustering of publications, showing: (a) themost
lications in ordination space, and (c) the proportion of publications in each research cluster

image of Fig.�2
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Valuation (606 publications): This research cluster has a strong the-
oretical and discursive element, with emphasis on the relationships
between ecosystems and human well-being. The publications often ad-
dress the theoretical and practical challenges of valuing and managing
ecosystem services and tend to favour general rather than context-
specific models and frameworks. Empirical studies are dominated by
social science and, to a lesser extent, interdisciplinary research, with rel-
atively little focus on ecological processes or functions.

Conservation (232 publications): This research cluster relates eco-
system services maintenance to biodiversity conservation agendas,
with many publications addressing payments for ecosystem services,
ecological restoration programmes or the potential trade-offs/
complementarities between conservation and human well-being. As
with the valuation research cluster, a strong focus is on discussion and
agenda setting and less focus on empirical research. Empirical research
in this cluster addresses many of the same issues as in the valuation re-
search cluster (management of human–nature interactions), but tends
to have a more context specific focus and lower reliance on economic
valuation.

Management (140 publications): This research cluster dealswith in-
vasive species, pests, biological control and landscape heterogeneity,
often in the context of agro-ecological and agricultural intensification.
The relations between biodiversity, resilience, and agricultural or fisher-
ies yields are explored with a strong conceptual bias towards ecological
functions and processes. There is a relatively strong bias towards natural
science approaches in the empirical research.

Carbon (102 publications): This research cluster is one of the most
diverse in terms of the balance between empirical and discussion pub-
lications and between natural and social science approaches. The focus
is largely on the mapping and evaluation of carbon sequestration (in
soils and biomass) and themodelling of carbon fluxes in various ecolog-
ical processes. Economic valuation of carbon fluxes tends not to engage
in the dynamic models developed in the biophysical analysis.

Diversity (98 publications): This research cluster is heavily biased
towards empirical natural sciences approaches. It deals with ecological
communities, and is interested in how functional traits relate to biodi-
versity, ecosystem functions and ecosystem processes. There is very lit-
tle focus on human well-being and a strong focus on fundamental
science.

Water (78 publications): This research cluster shares a focus on hy-
drological processes and is driven primarily by problems rather than
methods or theory. The domain is relatively evenly balanced between
discussion publications and empirical research, with a broad mixture
of different scientific disciplines contributing to the body of literature.

Pollination (55 publications): A clear focus on pollinator decline and
pollination services to agricultural production. This research cluster is
dominated by empirical natural science lead research. The tendency is
to focus on issues of agroecological management and conservation,
with relatively few explicit attempts to place ascribed values on the pol-
lination services that are investigated.

Forests (50 publications): This research cluster, much like the water
cluster, takes its focus based on the system under study (mainly tropical
forest ecosystems). This cluster is heavily biased towards the natural
sciences, including studies on seed dispersal and pollination (the con-
ceptual crossover between this focus and the pollination research
focus can be seen in Fig. 2b).

Biomass (27 publications): This is the smallest and a relatively new
research cluster, with a strong empirical and natural science bias. The
focus is on nutrient cycling, biomass, primary production and soils and
system dynamics. While some publications discuss the impacts of bio-
physical processes on human well-being such relations are rarely
quantified.

The strength of the clustering suggested that eachof the clusterswas
relatively self-contained, primarily engaging with its own conceptual
vocabulary. Exceptions occurred near the centre of the ordination
space. Clusters such as “carbon” and “water” were less focused on
specific disciplines, drew on concepts from both natural and social sci-
ence perspectives, and tended to be problem-oriented or systems-
focused (Fig. 2b). The research clusters at the centre of the ordination
were also those—based on a subjective reading of the abstracts—that
showed the highest diversity in the subjective classifications of the pub-
lication (i.e. a greater mixture of social sciences, natural sciences and in-
terdisciplinary approaches (Table 1).

An analysis of temporal trends showed that the domination of eco-
system services research by valuation studies has decreased through
time, and research on ecosystem services has become increasingly di-
verse (Fig. 2c). The 1388 publications analysed were published in a
total of 309 journals. However, only 12% of the journals (n = 39) pub-
lished well cited publications on ecosystem services representing four
ormore research clusters, whereas 60% of journals (n= 183) published
publications in only one research cluster.

3.2. Journal and Average Citation Analysis

The (well cited) publications analysed here appeared in 309 differ-
ent journals, with Ecological Economics publishing 12% of all publica-
tions; 50% of the publications were published in just 22 journals, and
75% in 68 journals (Table 2); 164 journals published only a single well
cited ecosystem services publication between 1997 and 2011.

Only 11% of journals published well cited, primary focus, ecosystem
service research in more than three of the research clusters. Sixty per
cent of journals published publications only in one research cluster
and a further 28% in only two research clusters. Twenty-nine journals
(8%) published studies that fell into five or more different knowledge
domains (Supplementary Materials Fig. S2). The median number of re-
search clusters in which a given journal publishes is 1. This suggests a
clear separation of the different research clusters, with a high level of
specialisation amongst journals publishing ecosystem services research.

Average citations per year, by research cluster indicated higher cita-
tion rates in the more natural science focused clusters than in the more
social science or interdisciplinary clusters. The water and biomass clus-
ters had the lowest (in part probably a reflection on the size of their re-
lated research communities; Supplementary Materials Fig. S3). Despite
generating a relatively small body of research the pollinator research
cluster is particularly heavily cited, suggesting that the citations were
largely from outside the research cluster itself.

4. Ecosystem Services and Sustainability

Weused a typography of three knowledge types relevant to sustain-
ability (Fig. 3) (ProClim - Forum for Climate and Global Change, 1997).
Systems knowledge relates to a descriptive understanding of social and
ecological system functioning, including social–ecological interactions
and the current and potential future flows of ecosystem services from
those interactions. Systems knowledge needs to be interdisciplinary, in-
tegrating knowledge from multiple research strands that engage with
ecosystem services. Normative knowledge relates to judgements of
how a system ought to be. Normative knowledge encompasses both
knowledge on desired system states (normative goals or target knowl-
edge (ProClim - Forum for Climate and Global Change, 1997)) and
knowledge related to the rationalization of value judgements associated
with evaluating alternative potential states of theworld (as informed by
systems knowledge; Jax et al., 2013;Wiek et al., 2011). Finally, transfor-
mative knowledge is needed to develop tangible strategies to manage
ecosystems (based on systems knowledge) towards the societal goals
derived from normative knowledge (Dobson, 1998; Norton, 2005).
Transformative knowledge relates not only to specific policy interven-
tions, but also encompasses more general strategies such as participa-
tion, empowerment, education and communication.

To analyse the relation between ecosystem services and sustainabil-
ity, we used an “expert”, top-down, consensual process to identify vo-
cabulary related to different aspects of sustainability. An initial



Table 1
Relations between research clusters and subjective classification of publications.

Research cluster
(number of publications)

Discussion/theory/reviews % Natural science empirical/modelling % Social science empirical/modelling % Interdisciplinary empirical/modelling %

Biomass (27) 0.0 81.5 11.1 7.4
Carbon (102) 26.5 38.2 28.4 6.9
Conservation (232) 54.3 9.9 28.0 7.8
Diversity (98) 33.7 59.2 1.0 6.1
Forests (49) 14.3 69.4 12.2 4.1
Management (141) 39.7 40.4 9.9 9.9
Pollination (55) 23.6 61.8 7.3 7.3
Valuation (606) 55.1 8.4 26.7 9.7
Water (78) 47.4 34.6 10.3 7.7
Total (1388) 45.6 24.9 21.0 8.5
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vocabulary of 707 words potentially related to sustainability was pro-
duced by the lead author. Co-authors selected those words that they
deemed useful indicator words for some aspect of sustainability-
relevant knowledge, namely systems knowledge, normative knowledge
and transformative knowledge. Where four or more co-authors agreed
to the inclusion and categorisation of a given word it was included in
thefinal sustainability vocabulary,which left a sustainability vocabulary
of 265 words (Supplementary Materials, Table S2). We used the abun-
dance of sustainability vocabulary in individual publications to quantify
the relative emphasis within each research cluster on the three types of
sustainability-relevant knowledge. We note that the presence of sus-
tainability vocabulary in a given publication is no guarantee that it ex-
plicitly engages with the notion of sustainability. However, 85% of the
1388 publications analysed explicitly mentioned sustainability or sus-
tainable development. We therefore assumed that the presence of
sustainability-related vocabulary provided a reasonable (albeit imper-
fect) indication of engagement with key aspects of sustainability.

Our analyses showed that there was a greater emphasis on systems
knowledge than on normative knowledge or transformative knowledge
(Figs. 4, 5). The percentage of sustainability vocabulary that were
Table 2
The 30 journals with the highest number of well cited ecosystem services publications publish

Research clusters

Journal Valuation Conservation Managemen

Ecological Economics 113 30 4
Ecological Applications 15 7 10
Ecology and Society 24 8 3
PNAS 9 12 4
Journal of Applied Ecology 4 6 9
Frontiers in Ecology and the Environment 16 4 2
Agriculture, Ecosystems and Environment 8 4 4
Conservation Biology 9 12 3
Biodiversity and Conservation 10 11 1
Biological Conservation 8 7 4
Forest Ecology and Management 1 4 1
Journal of Environmental Management 14 5 2
BioScience 11 5 3
Environmental Management 12 3 4
Ecological Modelling 14 0 2
Ecology Letters 7 2 4
Ecosystems 9 1 1
Environmental Conservation 8 11 0
Ecological Complexity 14 2 0
Environmental and Resource Economics 8 4 1
Environmental Science and Policy 7 2 0
Global Environmental Change 8 2 1
Landscape and Urban Planning 8 2 3
Science 7 3 0
Philosophical Transactions of the Royal Society B: 4 4 1
Trends in Ecology and Evolution 8 0 1
Ambio 9 1 1
Ecology 2 1 1
PLoS ONE 4 2 1
Environmental Science and Technology 9 0 0
related to the three sustainability knowledge types found in publica-
tions within each of the nine research clusters differed considerably
(Fig. 4). In general, the proportion of conceptual keywords used in the
publications was relatively low, with publications in the carbon, man-
agement and valuation clusters tending to use a broader range of
words than in the other clusters (particularly in terms of normative
and transformative knowledge).

The sustainability vocabulary was further subdivided into key con-
cerns within each of the three knowledge types (Fig. 5). Almost all pub-
lications within all research clusters used vocabulary related to systems
functioning and conservation. However, less than 50% of publications
within the forests, biomass, diversity and pollination clusters used any
vocabulary related to human well-being, and the diversity, pollination
and biomass clusters showed relatively little engagement with vocabu-
lary related to transformative knowledge. Vocabulary related to justice
and ethics—concepts essential for making normative judgements on
the management of ecosystem services—were found in relatively few
publications (Fig. 5). Despite a lack of explicit engagement with justice
and ethics, policy and governance vocabulary was prominent in many
research clusters. The clusters occupying the centre of the ordination—
ed from 1997 to 2011.

t Carbon Diversity Water Pollination Forests Biomass Total publications

8 1 6 2 0 2 166
2 3 1 2 4 2 46
0 0 4 0 1 0 40
5 5 0 3 1 0 39
2 4 0 7 3 1 36
3 1 2 0 0 0 28
1 8 0 2 1 0 28
0 1 0 0 2 0 27
0 1 0 1 1 0 25
0 0 0 4 1 0 24
7 0 0 0 11 0 24
3 0 0 0 0 0 24
1 1 2 0 0 0 23
1 0 3 0 0 0 23
2 0 1 1 1 1 22
0 2 0 6 0 0 21
1 3 2 0 1 1 19
0 0 0 0 0 0 19
0 0 1 0 0 1 18
1 0 0 0 0 1 15
5 0 0 0 0 0 14
2 0 1 0 0 0 14
1 0 0 0 0 0 14
1 1 0 2 0 0 14
1 1 1 0 0 1 13
0 2 0 2 0 0 13
0 0 1 0 0 0 12
0 7 0 1 0 0 12
0 1 1 3 0 0 12
1 0 1 0 0 0 11



Fig. 3. Relations between ecosystem services and three types of knowledge relevant to sustainability.
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conservation, water and management and the valuation research clus-
ter (Fig. 2)—engaged in themost balancedwaywith systems, normative
and transformative knowledge (Fig. 5).

In terms of temporal trends, transformative knowledge has become
more important over time relative to systems and normative knowl-
edge. Within normative knowledge, a small shift has occurred away
from “justice & ethics” towards “efficiency”. Within transformative
knowledge, a shift occurred away from “education” towards “transfor-
mation” (Supplementary Materials Fig. S4).

5. Future Priorities for Ecosystem Services Research

Ecosystem services research is a rapidly diversifying field published
across a broad range of different journals and engaging multiple scien-
tific disciplines. The term “ecosystem services” is increasingly used in
publications not primarily interested in the concept itself, suggesting
that it is becoming an increasinglymainstream and accepted idea with-
in the broader scientific community.Within a sustainability context, our
analysis points to three critical challenges for the future development of
the ecosystem services concept as it moves from being primarily a heu-
ristic model towards becoming an explicit management tool: better in-
terdisciplinary knowledge integration, greater focus on normative
knowledge, and improved recognition of the ecosystem services con-
cept as a potential transformative tool.

5.1. Better Interdisciplinary Knowledge Integration

The growth in ecosystem services research between 1997 and 2011
drew in a growing diversity of disciplinary expertise. However, we
found considerable compartmentalisation of research. Within publica-
tions primarily focusing on ecosystem services, there were distinct
research clusters with their own conceptual vocabularies. The consider-
able conceptual distance between some of these research clusters
(Fig. 2) suggests a lack of shared focus, terminology and systems repre-
sentations within this broad research field. Given the inherently inter-
disciplinary nature of the ecosystem services concept (Collins et al.,
2011), such fragmentation of knowledge is potentially problematic—
particularly because systems knowledge related to ecosystem services
must integrate a wide range of complex relations and feedbacks be-
tween social and ecological functions (Chee, 2004; Nicholson et al.,
2009).

A common understanding derived from, and expressed through,
shared vocabularies plays a vital role in facilitating interdisciplinary
knowledge integration (Bracken and Oughton, 2006; Lang et al.,
2012). A complete turnover of conceptual keywords along both axes
of the ordination (Fig. 2) suggested that therewas little shared focus be-
tween natural science and social science research, and between ecosys-
tem services research with immediate policy relevance versus more
fundamental research. The biomass and pollinator research clusters
were particularly interesting—despite both clusters being largely driven
by the natural sciences, they appear to have “stretched” themselves and
engage with concepts and ideas outside their core disciplines. Despite
such exceptions, overall, our findings suggest that a shared conceptual
vocabulary has not yet emerged within the field of ecosystem services
research. Norgaard (2010) has suggested that the ecosystem services
concept is a “complexity blinder”. In contrast our findings suggest that
the breadth of self-identified ecosystem services research is not blind
to the complexities of human–environmental interactions, but rather,
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Fig. 4. Box plot of the percentage of key conceptual vocabulary relating to systems knowledge (a), normative knowledge (b), transformative knowledge (c) and all sustainability related
concepts (d) for each ecosystem services research cluster. Boxes show first and third quartiles, thick lines show themean values and whiskers show theminimum and maximum values
(circles represent outliers).
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the complexities discussed in the different ecosystem services research
foci have not yet been integrated into a shared understanding or
operationalization of the concept.

5.2. Greater Focus on Normative Knowledge

Through its focus on the link between biodiversity conservation and
human well-being, a large amount of literature on ecosystem services
has inescapably normative dimensions. The linkage between the con-
cept of ecosystem services and sustainability is relatively well
established in the ecosystem services literature (albeit implicitly and
vaguely at times). However, our findings suggest that few publications
on ecosystem services engage deeply with normative issues. This rela-
tive lack of explicit discussion of justice and ethics within ecosystem
service research is a cause of potential concern. Several researchers
have identified the importance of ethical concerns within the framing
of the ecosystems services debate (Ghazoul, 2007; Glotzbach and
Baumgärtner, 2012; Gomiero et al., 2010; Jax et al., 2013; Reyers et al.,
2010), and in the context of managing trade-offs between human
well-being and biodiversity conservation (Chan et al., 2006; McShane
et al., 2011). While descriptive, systems knowledge is undoubtedly im-
portant, an increasingly detailed understanding of systems dynamics
does not provide the necessary tools for societal judgements regarding
whether specific changes can be deemed “good”. A danger therefore
remains that judgements regarding the “good”management of ecosys-
tems are based on implicit normative assumptions built into particular
research approaches used in ecosystem services research (e.g. choice
of study system,monetary valuation) (McShane et al., 2011). Normative
knowledge can help ensure that systems descriptions are meaningful in
the context of achieving the societal goals and to avoid the pitfall of the
ecosystem services concept becoming a technocratic discourse (Abson
and Hanspach, 2013; Turnhout et al., 2013). On this basis, we argue
that, in the future, judgements regarding themanagement of ecosystem
services and potential trade-offs between services should be based on
explicitly defined normative frameworks.

There is not a single accepted normative framework through which
such ecosystem services trade-offs should be addressed, nor dowe sug-
gest that there should be one. Rather we argue that explicit regard for
normative issues (which may be framed in multiple ways, drawing on
different philosophical perspectives) would both broaden and deepen
our understanding of the role of the ecosystem services concept in rela-
tion to the broader societal goal of sustainability.

5.3. Ecosystem Services as a Transformative Tool

Daily et al. (Daily et al., 2009) called for an improved development of
the scientific basis and of necessary policy mechanisms to facilitate the
large-scale application of the ecosystem services concept in decision
making. Consistent with this, our analysis suggests that there has been
considerable effort to develop systems knowledge relating to ecosystem
services.Moreover, calls for the use of the ecosystem services concept as
a policy and decision tool (Bateman et al., 2013; Daily et al., 2009;
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Fig. 5. The percentage of individual publicationswithin each ecosystem services research cluster that used sustainability vocabulary related to systems knowledge, normative knowledge,
and transformative knowledge. Darker shades indicate publicationswithmore commonuse of a particular subset of the vocabulary (see SupplementaryMaterials Table S2 for details of the
sustainability vocabulary considered).
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Wainger et al., 2010) are reflected in the literature by a substantial num-
ber of publications in different research clusters that use language relat-
ed to policy and decision making (Fig. 5).

However, our analysis also suggests that, in a sustainability context,
knowledge on systems dynamics and policy mechanisms is not suffi-
cient. Rather, the current emphasis on systems understanding and pol-
icy (Figs. 4, 5) needs to be matched by transformative knowledge that
relates explicitly stated normative goals (which may vary across
space, time and institutional scales) to the processes required to achieve
those goals. The ecosystem services concept has the potential to act as a
transdisciplinary boundary object, engaging different disciplines and
non-scientists in shaping and achieving societal goals (Reyers et al.,
2010). In this context, the ecosystem services concept could be instru-
mental in facilitating transformative processes in society that help
create more sustainable human–nature relations. While the ecosystem
services concept undoubtedly has the potential to act as a boundary ob-
ject for sustainability, we argue that at this stage, literature on ecosys-
tem services does not yet encompass the breadth of issues it will
ultimately need to cover. As a transformative concept, ecosystem
services will need to engage not only with literature on governance,
but also with work on engagement, motivation, communication and
education—themes that, to date, remainmarginal within the ecosystem
services literature.
6. Conclusion

The three challenges outlined above are tightly interlinked, and ad-
vances in one challenge are likely to be, at least partially, contingent
on advances in the other two. Our research suggests that problem-
oriented and systems-based approaches to ecosystem services research
(e.g. the water, conservation and management clusters; Fig. 2) as op-
posed tomore traditional disciplinary approaches havemost successful-
ly created spaces where the knowledge and understandings from
multiple disciplines are being integrated. The problem-oriented and
systems-based research clusters also engaged in a more balanced way
with the normative, systems and transformative knowledge types
than the other research clusters (Fig. 5). A problem-oriented and
systems-based focus also could provide opportunities to engage more
actively in transdisciplinary research (Baumgärtner et al., 2008;
Sherren et al., 2010), where the ecosystem services concept can become
a transformative tool for sustainability.

For better or worse, the ecosystem services concept has deeply root-
ed normative foundations. As ecosystem services research moves into
its fourth decade, and is increasingly being promoted as a management
tool, there is a need to more fully and carefully consider the role of nor-
mative knowledge, in both the conceptualization of ecosystem services
as a scientific concept, and as a means of guiding the enhancement of
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both systems knowledge and transformative knowledge. In doing so,
we believe that ecosystem services can further consolidate its place as
a key concept in the service of creating a more sustainable world.
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