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Abstract

Inter- and transdisciplinary collaboration in environmental studies faces the challenge of communicating across disciplines to
reach a common understanding of scientific problems and solutions in a changing world. One way to address current press-
ing environmental challenges is to employ a boundary work approach that uses activities across borders of separated field
of research. But how can this look like in practice? In this research brief, we self-evaluated the boundary work approach in
a synthesis group on socio-ecological systems, based on an online survey with participants. Here, we discuss how boundary
work can be used to integrate the knowledge from natural and social scientists both working on social-ecological systems.
We found participants were selected to be acted as boundary spanners and were willing to cooperate for solving multidis-
ciplinary issues regarding the understanding, management, and maintenance of ecosystem services. A social-ecological
network analysis framework served as a boundary concept and object for communication and knowledge integration. Being
familiar with a joint boundary concept like ecosystem services prior to the working group event supported the communi-
cation of participants. These results indicate that synthesis initiatives could strategically leverage boundary work through
the careful selection of members, with the inclusion of boundary spanners, as well as prior joint identification of boundary
concepts and objects.

Keywords Social-ecological network analysis - Ecosystem services - Interdisciplinarity - Collaboration - Knowledge
coproduction
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They also possess different types of knowledge and, even
if they are interested in exchanging and discussing different
and new ideas, they somehow have to find each other and
physically or virtually come together. We call these tem-
porarily created and agreed differences boundaries, defined
as “barriers in cooperation and understanding as a result
of different forms of academic and non-academic expertise
as well as diverging facts and opinions, interests and val-
ues.” (Opdam et al. 2015). Boundaries can have a physical
(material, technological, or spatial arrangements), social
(social relations), or cognitive (ideas, interpretations, or
beliefs) dimension (van Broekhoven et al. 2015). Hence, to
make interdisciplinary knowledge generation possible, these
boundaries have to be crossed, and new spaces at the borders
of the disciplines need to be filled (Toomey et al. 2017).

There are several theoretical frameworks on boundary
work or boundary management. Clark et al. (2016) defined
three key attributes for effective boundary work: (1) mean-
ingful participation in agenda setting and knowledge produc-
tion, (2) governance arrangements that assure accountability,
and (3) the production of boundary objects. In comparison,
Cash et al. (2003) defined that boundary management should
enhance the salience, credibility, and legitimacy of the infor-
mation that is produced, as well as three functions—commu-
nication, translation, and mediation—that make such bound-
ary management possible. Also, Parker and Crona (2012)
depicted boundary management as a dynamic process in a
complex “landscape of tension.”

We understand boundary work here as the “active process
of ‘traffic’ across the borders (boundaries) of the separated
domains, wherein some of the boundaries may also become
temporarily blurred” (van der Steen and van Twist 2013:34).
It has been promoted to cross boundaries between science
and non-science (Gieryn 1983), between different sources
of knowledge (Clark et al. 2016), between knowledge and
action (Adem Esmail et al. 2017), and between experts and
decision-makers (Huitema und Turnhout 2009; Cash et al.
2003). Boundary work is composed of different boundary
elements. In this study, we follow the framework of Mollinga
(2010) who defines boundary work as composed of three dif-
ferent types of work: (1) the development of boundary con-
cepts, (2) the configuration of boundary objects, and (3) the
shaping of boundary settings. We amplify this framework
by adding boundary spanners and boundary organizations.
Boundary settings are the conditions in which people from
different disciplines can collaborate (Mollinga 2010). The
people that connect different knowledge pools or commu-
nities within these settings are called boundary spanners
(Matous and Wang 2019). The activity to work together
connecting different knowledge pools and communities
is called boundary spanning. This boundary work is then
facilitated by using boundary concepts—concepts that help
thinking and communicating complex issues across different

disciplines (Mollinga 2010)—and creating or using bound-
ary objects—devices or methods all involved people can
work with although potentially having a different view or
interpretation of it (Star and Griesemer 1989; Mollinga
2010). We defined boundary concepts here as fostering com-
munication while boundary objects are integrating knowl-
edge from the different boundaries. Lastly, boundary work
may take place within boundary organizations—organiza-
tions that intermediate between actors from different spheres
and involve the participation of actors from different sides
of a boundary (Guston 2001) (see Fig. 1).

Considerable work has already been done on the differ-
ent boundary elements. Boundary organizations that medi-
ate science and policy spheres have been analyzed, such as
“synthesis centers,” which have been pushed by the desire to
find interdisciplinary solutions to environmental challenges
such as the Synthesis Centre for Biodiversity Sciences of
the German Centre for Integrative Biodiversity Research
(sDiv/iDiv) at the Universities of Halle, Jena, and Leipzig
(Baron et al. 2017; Rodrigo et al. 2013). Boundary settings
such as the Intermountain West (IMW) Initiative (Mattor
et al. 2014), as well as the Intergovernmental Platform for
Biodiversity and Ecosystem Services (IPBES), have also
been identified (Scarano et al. 2019). Boundary spanning
activities of river basin management projects have been
addressed (Slob and Duijn 2014) and boundary spanners
have been identified, e.g., in watershed partnerships in Ari-
zona (Mufioz-Erickson et al. 2010) or among farmers in
Indonesia (Matous and Wang 2019). Boundary work has
been used to assess the design and assessment of watershed
investments (Adem Esmail and Geneletti 2017) or geodesign
processes (Gottwald et al. 2021). However, most literature so
far has focused on boundary objects: the resilience concept
(Baggio et al. 2015; Steger et al. 2018), simulation models
in water management (White et al. 2010), biodiversity and
green infrastructure (Garmendia et al. 2016), stewardship
(Pecanha Engqvist et al. 2018), network maps (Hauck et al.
2015), leverage points (Abson et al. 2017), simulation games
(van Pelt et al. 2015), and serious games (Jean et al. 2018).
Especially in ES research, ecosystem services indicators
(Saarela und Rinne 2016) have been identified as a bound-
ary object and landscape services as a boundary concept
(Westerink et al. 2017). Broadly, ES have been identified as
both boundary objects (Abson et al. 2014; Steger et al. 2018)
and boundary concepts (Alonso Roldan et al. 2019; Schleyer
et al. 2017), depending on the individual understanding of
the terms. Lundgren (2021) recently discussed whether and
how novel concepts in environmental studies can be usefully
understood as boundary objects.

Most of this research focuses on boundary work at the
science-policy interface (e.g., Bednarek et al. 2018; Lei-
mona et al. 2015; Scarano et al. 2019). Boundary elements
are usually mentioned without empirically reflecting with
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Fig. 1 Application of the
boundary work approach to a
synthesis study, giving exam-
ples of boundary elements for a
synthesis group focused on the
integration of concepts from
landscape ecology, socio-eco-
logical systems, and ecosystem
services (sLandServ). Source:
own illustration with Icons from
the Noun Project. *sLandServ
(“Linking Landscape Structure
to Ecosystem Services”) is

a synthesis group developed
within the German Synthesis
Center for Biodiversity Science
(sDiv)
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the involved researchers or stakeholders if these elements
really served as boundary elements. This approach thus uses
boundary elements as a buzzword. Despite the recognition
that synthesis initiatives act (or may act) as boundary institu-
tions and despite some investigation of their experiences and
outcomes (Hampton und Parker 2011; Lynch et al. 2015), no
work has been done so far analyzing how the different ele-
ments of a boundary approach work in a synthesis initiative
and how successful synthesis initiatives can be in facilitating
boundary work.

To fill these gaps in this research brief, we aim to describe
the perception of the use of boundary work among different
scientific disciplines in a synthesis initiative. We define syn-
thesis initiative as an approach to creating new knowledge
through heterogeneous working groups that bring together
diverse views and insights on existing but disparate data,
methods, theories, and tools. We discuss the following
questions: What does boundary work look like in practice?
How can boundary work be used to integrate natural and
social scientists working on social-ecological systems?
What boundary elements (e.g., boundary objects, boundary
concepts, boundary settings) are used and needed? Using
the example of a synthesis group, the sLandServ (“Link-
ing Landscape Structure to Ecosystem Services”) developed
within the German Synthesis Centre for Biodiversity Sci-
ence (sDiv), we reflect on which boundary elements were
present and useful in this group. Particularly, we identify the
boundaries and boundary elements to shed light on how a
boundary approach can help to promote collaboration in an
interdisciplinary setting. We begin by describing the exist-
ing boundaries between the actors in our group, followed by
describing our methodology for self-evaluation. We then dis-
cuss the boundary elements used and if we considered them
as helpful for this kind of cooperation. To improve research
practice, we conclude with some general recommendations
in terms of boundary work for interdisciplinary or synthe-
sis groups that aim to bridge their knowledge systems and
engage in knowledge co-production.

The sLandServ synthesis group
on social-ecological system as a case study

The German Centre for Integrative Biodiversity Research
(iDiv) based in Halle, Jena, and Leipzig is a research
center focused on science for the sustainable management
of our planet’s biodiversity. sDiv is iDiv’s Synthesis Cen-
tre for Biodiversity Sciences, where the aim is to develop
new ideas and insights by integrating diverse knowledge,

data, methods, theories, and tools. One of sDiv’s central
instruments is international and multidisciplinary working
groups that aim to tackle major challenges in biodiversity
science. In 2017/2018, a working group focused on under-
standing how landscape structure influences the provi-
sion of ES (the sLandServ group) met twice for 1-week
summer and winter workshops in Leipzig to discuss and
develop new knowledge on how landscape structure
affects ES provision, by being explicit about the spatial
socio-ecological processes that generate ES benefits. The
group tried to understand how landscape structure drives
ES supply, i.e., the capacity of an ecosystem to provide
ES (Burkhard et al. 2012), ES demand, i.e., ES desired or
required by people (Villamagna et al. 2013), and ES flows
connecting supply and demand areas. The strong social-
ecological framing of this problem required a diverse
group that spanned multiple disciplines and perspectives.
The 16 invited researchers were from seven countries on
five different continents; they had been trained in differ-
ent scientific disciplines, including natural and social sci-
ences, and use different methods for their research. They
also were in different stages of their career. The identified
boundaries of the group, therefore, are spatial distance and
disciplinary, methodological, and experiential diversity.
Although English was the working language, it was not
the mother tongue of all participants.

The two workshop organizers acted initially as the bound-
ary spanners of the sDiv group as they invited researchers from
different disciplines and institutes for their participation, as
well as iDiv as the synthesis initiative that prescribed these
rules. If we think of boundary spanners as “people who con-
nect diverse knowledge pools,” then all of the participating
researchers can also be seen as potential boundary spanners as
all of them crossed their disciplinary boundaries and engaged
in combining and integrating existing and co-producing new
knowledge.

The reflection process

To support our reflection and to examine if there was in fact
effective and successful boundary work in our synthesis group,
we developed a short self-evaluation survey to assess whether
(a) besides country of origin and language, the main boundary
between the participants was their disciplinary background;
(b) the workshop setting served as a boundary setting; (c) the
ecosystem services (ES) concept served as a boundary con-
cept; and (d) the social-ecological network analysis (SENA,
see Box 1 and Fig. 2) served as both a boundary object and a
boundary concept.
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The survey (see Appendix 1) was conducted between
February 18 and March 8, 2019. Sixteen of the 17 invited
participants of the sDiv workshops filled in the complete
questionnaire. Ten of them participated in both workshops
in December 2017 and July 2018, and six participated in
just one of the workshops. Participants were asked about
(1) their disciplinary background, main research fields, and
methods; (2) new things they learned during the workshops;
(3) their use and opinion about SENA and the ES concept;
and (4) the usefulness of the ES concept, SENA, and the
sDiv Group as boundary concept, object, and setting. After

Box 1 Social-ecological network analysis

Network models consist of nodes and links (vertices and edges).
They can be used to represent basically any kind of system that
consists of components of various sorts, and different relation-
ships that connect the components to each other. The history of
describing and analyzing human actors and their social relation-
ships as social networks are long, with some of the key academic
literature published in early 1900 (e.g., Moreno and Jennings
1938). Similarly, network analysis has a long history in ecology,
where network-centric analyses of food webs have been published
since at least the early 1970s (e.g., May 1972). Fairly recently,
following in the wake of interdisciplinary studies of social-
ecological (or coupled human—nature) systems, network thinking
and modeling have been used to study human-nature relationships
(e.g., Janssen et al. 2006). An integrated social-ecological network
perspective comes with several potential benefits. It provides a
common model that can accommodate both social and biophysi-
cal entities seamlessly, although such modeling needs to be done
in a theoretically and methodologically informed way to be of
substantial value (Bodin et al. 2019). Several recent reviews have
identified several other benefits, e.g., diagnosing the conditions
that enhance environmental governance and management, but also
pinpointed challenges for the future, such as the better integration
of ecological research or the analysis of change over time, and
linking network structures to outcomes (Sayles et al. 2019; Kluger
et al. 2020)

Fig.2 A multilevel network
model. Adapted from Bodin
et al. (2020)

@ Springer

data collection, the results were analyzed using descrip-
tive frequency measures for the closed questions and doing
cross-tabulation to explore relations among different vari-
ables. The open questions were coded thematically deduc-
ing items that were mentioned and summarized into larger
categories (Bryman 2012). The overall results were further
discussed and reflected among the co-authors—all of whom
were workshop participants—in the writing process of this
research brief.

Boundary work in the sLandServ Group—
lessons learned

Disciplinary boundaries of the group

Our working group was clearly multidisciplinary, with sev-
eral boundaries among participants. Eleven researchers iden-
tified themselves as natural scientists, two as social scien-
tists and three as both social and natural scientists (cognitive
dimension). Within these broader categories, people were
trained in different scientific disciplines—ten were trained
in ecology while six were trained in other scientific disci-
plines (i.e., physics, agricultural science, biology, econom-
ics, geography, physics, and political science). In addition,
nine participants were trained in more than one discipline.
In their scientific work, participants used different
methods. These included Geographical Information Sys-
tem (GIS) analysis, statistical analysis, modeling, and, to
a lesser extent, social network analysis and comparative
content analysis. While the natural scientists used mainly
modeling, GIS, and statistical analysis, the social scientists
used social network analysis and comparative content anal-
ysis. The multidisciplinary participants used more diverse

Relationships

Actor-to-actor

Actor-to-ecological
component

Ecological component to
— component

Actors
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methods including modeling, choice experiments, qualita-
tive comparative analysis (QCA), social network analysis,
comparative content analysis, GIS, and statistical analysis.
Therefore, besides country of origin (physical dimension),
language, and different career stage (social dimension), the
disciplinary background (cognitive dimension) seemed to be
the “main” boundary between the participants.

Boundary concepts and objects: the ecosystem
services concept and social-ecological network
analysis

Despite the identified boundaries, the common starting point
for the participating researchers was that all of them were
already working with the ES concept (Millennium Ecosystem
Assessment (MEA) 2005). It turned out to be a boundary
concept, being recognized by most participants as relevant to
support communication between natural and social scientists.
The main reason for the ES concept to be seen as a bound-
ary concept was the integrative and bridging function across
social, economic, and ecological sciences of the concept that
helped to find common ground and structure thoughts.
SENA was assessed as both a boundary concept and a
boundary object. The participants saw it slightly more often
as a boundary concept used for communication than as a
boundary object to integrate knowledge. This may be due to
the fact that the final visualized networks, which could be
used for active discussion at this point, were not produced
during the workshop. Reasons for SENA being a bound-
ary concept were that it is understandable to everybody,
is amenable to visualization possibilities, and is not too
complicated to learn. Reasons for seeing SENA as a bound-
ary object that integrates social and natural sciences were
due to the attributes of the method which contains bridg-
ing elements and therefore facilitated communication due

to a common understanding. It became clear that the line
between boundary concept and object is thin and maybe go
along with each other, as the literature demonstrated for the
ES concept identified as both a boundary concept (Schleyer
et al. 2017)—just as in this case study—and as a boundary
object (Abson et al. 2014; Steger et al. 2018).

Both the ES concept and SENA have the potential to con-
nect different scientific backgrounds and cross the bounda-
ries between natural and social sciences (Fig. 3).

Natural scientists in the group were mainly familiar with
landscape modeling and simulations. For them, the ES con-
cept helped to represent and communicate the landscape struc-
ture via its effects on ES into networks. Social scientists in
the group perform governance research with social network
analysis. For them, the ES concept served to integrate a spa-
tial perspective of ES supply and demand into the network.
Therefore, ES as a boundary concept helped both groups
translate their work and make it understandable to the other
group. SENA then turned out to be a suitable methodology to
integrate both natural and social scientists. The method served
as both a boundary concept and a boundary object, relevant for
analysis and communication, providing a common language
all scientists were able to work with. The social-ecological net-
works created by the group may serve also as boundary objects
to facilitate further actions, such as supporting discussion with
local stakeholders or scientific colleagues. For this, it has to be
used continuously in practice in both worlds (Bechky 2003).

At least in our synthesis group, boundary work was useful
in bringing together social and natural scientists, and more
specifically that ES and SENA were crucial boundary con-
cepts and/or objects to link landscape structure, governance,
and network concepts, as well as qualitative and quantita-
tive research analyses. We saw that boundary concepts and
objects are important for communication between different
groups and for integrating different knowledge. That the ES

Fig.3 Social-ecological
networks connection between
natural and social sciences via
ES in the sLandServ workshops
modified from Metzger et al.
(2021) showing (a) forested
agricultural landscape, (b) ES
supply and demand network,
and (c) demand network

Natural Sciences
Landscape Structure

Translating

Ecosystem Services

Translating

Governance (actors + institutions) ’

Social Sciences
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concept helped communicating is similar to the findings of
Boeraeve et al. (2018) and Kull et al. (2015). As all partici-
pants were familiar with and had worked with the ES con-
cept before, it was easier for them to communicate and cross
boundaries. If this had not been the case, probably more time
would have been needed to find a common conceptualization
to understand each other.

The sDiv group as a boundary setting

The sDiv workshops were a useful boundary setting as they
helped to cross the physical dimension of the boundary and
promoted people from different continents to meet in person,
but the usefulness of this approach depended heavily on a
few factors. Particularly, it was a suitable setting due to the
interdisciplinary and intergenerational composition of the
group, as well as the format which gave enough time and
space for open discussions. The existence of boundary span-
ners from the beginning of the process (iDiv and the work-
shop organizers), bringing the participants to work together,
and the willingness of the other participants to eventually act
as boundary spanners in the discussion process enabled them
to cross their disciplinary and methodological boundaries.
We define boundary spanners not only as people who bring
both worlds together, but as people who really engage to
work in both worlds. This is in line with Crowston et al.
(2015) who see boundary spanners as translators of informa-
tion across disciplines and emphasize their participation in
inter and transdisciplinary working groups. Therefore, group
composition and meeting format, choosing boundary span-
ners strategically and allowing equal contribution from each
group member, are essential to foster a boundary approach
within scientific synthesis, making possible creative and
associative thinking (Scheffer 2014; Rodrigo et al. 2013).

Our findings also meet challenges for collaboration at
the science—policy interface mentioned by Balvanera et al.
(2020) such as addressing the interconnectedness of eco-
systems and people to tackle the planetary crisis and deal-
ing with complexity of the science—policy interface. Teams
diverse in career level, expertise, and sectors are needed
(Gustafsson et al. 2019; Washbourne et al. 2020) as much
as interdisciplinary engagement and the co-production of
understanding and knowledge.

Future directions

In this research brief, we reflected on the boundary work and
its elements in our working group. Given the limitations of
the methods which were based on self-assessment through
an online survey and the reflection of the authors during the
writing process of this manuscript, no general conclusion

@ Springer

for other synthesis working groups can be drawn. Further-
more, it was beyond the scope of our research to investigate
the possibility of iDiv/sDiv as a boundary organization, as
well as the power dynamics between early and established
researchers. With the disclosure of our reflection process, we
want to animate scientists to reflect on their interdisciplinary
working processes and to improve research practice.

In this respect, more similar and deeper work has to be
done to assess boundary work, e.g., by elaborating a more
extended survey and applying it to more interdisciplinary
research groups and different synthesis initiatives, or to test
and identify more boundary concepts, as the ES concept in
our case. Parker and Crona (2012), e.g., propose external
reviews of boundary organizations.

In particular, we understand there is still a need for
more knowledge on which boundary elements are used
and needed, as well as which boundary elements should be
considered already when designing inter- and transdisci-
plinary collaboration. When proposing synthesis groups or
selecting/financing groups, the following questions should
be addressed: Do we need to consider all presented bound-
ary elements (concept, object, spanners, setting) for hav-
ing a successful group? Are some elements more impor-
tant, e.g., having a useful boundary concept, or are they of
equal value? Is it sufficient to have boundary spanners and a
boundary concept or a boundary object for establishing an
effective boundary setting?

When discussing the question “who the boundary span-
ners were,” we noticed that the role of boundary spanning
seems to be dynamic over time. For some boundary span-
ners, this role is obvious right from the start (e.g., the sDiv
group “founders” bringing together researchers from differ-
ent disciplines on purpose) but for others, their role was
situation dependent and evolved during the process of group
work. So, the initial spanners may play an important role
in helping the other participants also engage as spanners
but inversely, the initial boundary spanners could also stop
playing this role, depending on how the workshop develops.

There is also a need for a deeper reflection on how bound-
ary work can be used for transdisciplinary work, which
means focusing research not only on interdisciplinary
research groups but also on groups where scientist cross the
boundary to stakeholders from different societal groups or
with policy decision-makers. This is especially important for
the use of the ES concept as a boundary element to motivate
its uptake in decision-making processes and to use not only
conceptually but also instrumentally (van Oudenhoven et al.
2018). Using ES indicators (Saarela and Rinne 2016) instead
of the more abstract ES concept could be one solution.

From the experience of our synthesis group and insights
from the survey, we provide the following advice for other
synthesis working groups:
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e Explicitly and purposefully incorporating boundary
elements—especially a “good” boundary setting which
purposefully plans the integration of boundary concepts
and objects into the workshop design in advance of the
research endeavor to improve its opportunities for suc-
cess (see also Mattor et al. 2014 for transdisciplinary
research).

e Have a “good” proportion of people who can function
as boundary spanners from different disciplines of ori-
gin, more or less balanced in numbers, to guarantee
the integration of ideas. Future research could have a
closer look at the dynamic nature of boundary span-
ners. Spanners may perform best when feeling secure
and confident that they are able to translate between
different boundaries and that their input is accepted and
understood by people on both sides of the boundary.
It would be interesting to find out if and how spanner
roles could be stimulated, or if they are merely intrin-
sically motivated. A big imbalance in the number of
participants between social and natural scientists may
make it more difficult to cross boundaries due to bias
toward the more represented area. This may be con-
sidered at the very beginning of the group formation
by paying careful attention to the invited participants’
skills and by specifically integrating social scientist
(Washbourne et al. 2020).

e Reflecting on the definition of boundary elements, espe-
cially the distinction between boundary concepts and
objects. There are a variety of interpretations and they
often are blurred. We solved this by defining bound-
ary concepts as fostering communication while bound-

ary objects are integrating knowledge from the different
boundaries.

e Being familiar with a joint boundary concept like ES
before starting working helps to start communication
among people and makes it easier to find a boundary
object for knowledge integration.

¢ Developing a boundary object together or thinking about
it before organizing an event may lower the risk of bring-
ing a boundary object that is specific to only a few dis-
ciplines. However, deciding about this aspect before the
event is an alternative that needs to be tested.

Our study case and analysis of boundary work in the
sLandServ synthesis initiative contributed to a better under-
standing of how a boundary approach can help to promote
knowledge co-production in an interdisciplinary setting.
For future work in research and practice, we identified two
important aspects to consider. First, there is a need for more
knowledge on which boundary elements are used and needed
in synthesis initiative, particularly for social-ecological
research, for what specific objectives, and how well they
perform in reaching these objectives. This involves investi-
gating possible methods to assess and document boundary
work, and for analyzing boundary work in the context of
transdisciplinarity. Second, we call for a more formal and
explicit consideration of boundary work in the development
of synthesis working groups since this approach has great
potential to improve the success of these groups. We hope
that our reflection of boundary work in the sLandServ syn-
thesis group will inspire further research on how to ensure
synthesis initiatives maximize the successful integration
across disciplines.
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Appendix 1

sDiv LandServ Questionnaire
Dear colleagues,

To evaluate the performance of the sDiv working group LandServ you are participating in we
would like you to fill in our short questionnaire.

The questionnaire is addressed to find out about boundary work and will hopefully result in a
joint journal article.

Responding to the survey takes approximately 5 minutes. The information you enter is
automatically saved. Your answers are anonymous and will be dealt with in a way that
respects your privacy.

For more information, please contact Barbara Schréter (barbara.schroeter@zalf.de).

Thanks a lot for your support!

Claudia, Jonathan and Barbara

1. What is your disciplinary training?
2. Do you consider yourself as a natural scientist or a social scientist?

a) [am a natural scientist
b) Iam a social scientist
¢) Iam both, a natural and a social scientist

3a. Do you think you are more an analytical thinker or a creative thinker?

d) Iam more an analytical thinker
e) I am more a creative thinker

3b. Look at the ballerina. In which direction does it rotate for you?

http://dieprojektmanager.com/linke-und-rechte-gehirnhaelfte-test/

a) It rotates clockwise
b) It rotates counter-clockwise

3c. Can you make the direction change if you look some time longer, or not?

a) Yes, I can make the rotation change
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b) No, I cannot make the rotation change
4. What is your main research field?
Sa. Which kind of data do you mainly work with in your research?

a) Qualitative data
b) Quantitative data
¢) A mix of qualitative and quantitative data

5b: Which methods do you currently use for data analysis?

a) Modelling

b) Impact Assessment

¢) Economic Experiments

d) Choice Experiments

e) Social Network Analysis

f) Comparative content analysis

g) GIS analysis

h) Qualitative Comparative Analysis
i) Statistical Analysis

j) Other methods

6. In which of the sDiv LandServ Group workshops did you participate in?

a) I participated in the winter workshop (December 11-15, 2017)
b) I participated in the summer Workshop (July 2-6, 2018)

¢) Iparticipated in both workshops

d) I participated remotedly in the summer workshop

e) I participated remotedly in the winter workshop

f) Iparticipated remotedly in both workshops

7. What was the most important new thing you learned during the workshops?

8. How familiar were you with Social-Ecological Network Analysis (SENA) before coming to
the first workshop?

a) not at all familiar
b) slightly familiar

¢) somewhat familiar
d) moderately familiar
e) very familiar

9. How often did you use Social-Ecological Network Analysis (SENA) in your research
before coming to the first workshop?

a) never used it

b) rarely used it

c) occasionally used it

d) used it frequently

e) used it very frequently

10. How familiar were you with the Ecosystem Services (ES) Concept before coming to the
first workshop?

a) not at all familiar
b) slightly familiar
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¢) somewhat familiar
d) moderately familiar
e) very familiar

11. How often did you use the Ecosystem Services (ES) Concept in your research before
coming to the first workshop?

a) never used it

b) rarely used it

c) occasionally used it

d) used it frequently

e) used it very frequently

12a. How useful do you consider Social- Ecological Network Analysis (SENA) as a method
for integrating natural and social sciences during the sDiv Landserv workshops?

a) not at all useful
b) slightly useful

¢) somewhat useful
d) useful

e) very useful

12b. Why was SENA a useful method for integrating natural and social sciences? /Why was
SENA not a useful method for integrating natural and social sciences?

13a. How useful, do you think, was Social- Ecological Network Analysis (SENA) as a
communication tool in the workshop?

a) not at all useful
b) slightly useful
¢) somewhat useful
d) useful

e) very useful

13b. Why was SENA a useful communication tool?/ Why was SENA not a useful
communication tool?

14a. How much, do you think, the Ecosystem Services (ES) Concept supported
communication between natural and social sciences during the sDiv Landserv workshops?

a) notat all
b) slightly
¢) moderately
d) very

e) extremely

14b. Why did the Ecosystem Services (ES) Concept support communication between natural
and social sciences/ Why did the Ecosystem Services (ES) Concept not support
communication between natural and social sciences?

15a. How useful, do you think, was the sDiv Landserv group as a setting for collaborative
work of natural and social scientists?

a) not useful at all
b) slightly useful

¢) somewhat useful
d) useful

e) very useful

15b. Why was the sDiv Landserv group a suitable setting for collaborative work of natural
and social scientists?/ Why was the sDiv Landserv group not a suitable setting for
collaborative work of natural and social scientists?

16. For capturing our network in the last two questions, please enter your name.

17 a. Whom of the participants of the sDiv Landserv group had you been working with before
the first workshop? (Please tag everyone and indicate yourself)

17b. Whom of the participants of the sDiv Landserv group have you will likely cooperate
with more closely from now on? (Please tag everyone and indicate yourself)



Journal of Environmental Studies and Sciences (2023) 13:330-343

341

Acknowledgements This article is the result of a working group (sLan-
dServ—Linking Landscape Structure to Ecosystem Services) that met
between 2017 and 2018 at the German Synthesis Centre for Biodiver-
sity Sciences (sDiv). We thank sDiv for the opportunity, funding, and
all the infrastructure put in place for the work of our group, as well as
for the participation in the discussion of other team members who are
not co-authors. We thank Dr. Marten Winter for comments of an earlier
version of this paper. We also like to thank the two anonymous review-
ers for their valuable feedback, time and input that helped to improve
the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. B.S. was supported by the German Federal Ministry for Edu-
cation and Research — Bundesministerium fiir Bildung und Forschung
(BMBF) through a grant for the PlanSmart research group (grant no:
01UU1601B). C.S. is supported by the cp® project funded through
BiodivERsA/FACCE-JPI with the national funder BMBF (FKZ:
01LC1408A). J.P.M. was supported by a CNPq productivity research
fellowship 305484/2017-6. M.J.F. received financial support from
NSERC-Discovery grant program and Canada Research Chair pro-
gram. C.H. was financed by the “Coordination of Superior Level
Staff Improvement — Brazil” (CAPES) (88882.327885/2019-01 and
88887.309513/2018-00). J.R.R. was supported by an Australian
Research Council Future Fellowship (FT200100096).

Data Availability The dataset generated and analysed during the current
study is not publicly available due to sensible information protected
by law but are available from the corresponding author on reasonable
request.

Declarations

Ethics approval This work was approved by the University of Queens-
land under Human Research Ethics Approval number 2019000012.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abson DJ, Fischer J, Leventon J, Newig J, Schomerus T, Vilsmaier
U et al (2017) Leverage points for sustainability transformation.
Ambio 46(1):30-39. https://doi.org/10.1007/s13280-016-0800-y

Abson DJ, von Wehrden H, Baumgirtner S, Fischer J, Hanspach J,
Hirdtle W et al (2014) Ecosystem services as a boundary object
for sustainability. Ecol Econ 103:29-37. https://doi.org/10.1016/].
ecolecon.2014.04.012

Adem Esmail B, Geneletti D (2017) Design and impact assessment of
watershed investments: an approach based on ecosystem services
and boundary work. Environ Impact Assess Rev 62:1-13. https://
doi.org/10.1016/j.eiar.2016.08.001

Adem-Esmail B, Geneletti D, Albert C (2017) Boundary work for
implementing adaptive management: a water sector application.
Sci Total Environ 593-594:274-285. https://doi.org/10.1016/j.
scitotenv.2017.03.121

Alonso Roldéan V, Galvan DE, Lopes PFM, Lépez J, Sanderson Bel-
lamy A, Gallego F et al (2019) Are we seeing the whole picture in
land-sea systems? Opportunities and challenges for operational-
izing the ES concept. Ecosyst Serv 38:100966. https://doi.org/10.
1016/j.ecoser.2019.100966

Baggio JA, Brown K, Hellebrandt D (2015) Boundary object or bridg-
ing concept? A citation network analysis of resilience. E&S 20(2).
https://doi.org/10.5751/ES-07484-200202

Balvanera P, Jacobs S, Nagendra H, O’Farrell P, Bridgewater P, Crou-
zat E et al (2020) The science-policy interface on ecosystems and
people: challenges and opportunities. Ecosyst People 16(1):345—
353. https://doi.org/10.1080/26395916.2020.1819426

Baron JS, Specht A, Garnier E, Bishop P, Campbell CA, Davis FW
et al (2017) Synthesis centers as critical research infrastructure.
BioScience 67(8):750-759. https://doi.org/10.1093/biosci/bix053

Bechky BA (2003) Sharing meaning across occupational communities:
the transformation of understanding on a production floor. Organ
Sci 14(3):312-330. https://doi.org/10.1287/orsc.14.3.312.15162

Bednarek AT, Wyborn C, Cvitanovic C, Meyer R, Colvin RM, Addison
PFE et al (2018) Boundary spanning at the science-policy inter-
face: the practitioners’ perspectives. Sustain Sci 13(4):1175-1183.
https://doi.org/10.1007/s11625-018-0550-9

Bodin O, Alexander SM, Baggio J, Barnes ML, Berardo R, Cum-
ming GS et al (2019) Improving network approaches to the study
of complex social-ecological interdependencies. Nat Sustain
2(7):551-559. https://doi.org/10.1038/s41893-019-0308-0

Bodin O, Mancilla Garcia M, Robins G (2020) Reconciling conflict
and cooperation in environmental governance: a social network
perspective. Annu Rev Environ Resour 45(1):471-495. https://
doi.org/10.1146/annurev-environ-011020-064352

Boeraeve F, Dufrene M, de Vreese R, Jacobs S, Pipart N, Turkelboom F
et al (2018) Participatory identification and selection of ecosystem
services: building on field experiences. E&S 23(2). https://doi.org/
10.5751/ES-10087-230227

Bryman A (2012) Social research methods, 4th edn. Oxford University
Press, Oxford, New York

Burkhard B, Kroll F, Nedkov S, Miiller F (2012) Mapping ecosystem
service supply, demand and budgets. Ecol Ind 21:17-29. https://
doi.org/10.1016/j.ecolind.2011.06.019

Cash DW, Clark WC, Alcock F, Dickson NM, Eckley N, Guston DH
et al (2003) Knowledge systems for sustainable development. Proc
Natl Acad Sci USA 100(14):8086-8091. https://doi.org/10.1073/
pnas.1231332100

Clark WC, Tomich TP, van Noordwijk M, Guston D, Catacutan D,
Dickson NM, McNie E (2016): Boundary work for sustainable
development: natural resource management at the Consultative
Group on International Agricultural Research (CGIAR). In:
Proceedings of the National Academy of Sciences of the United
States of America 113(17):4615-4622. https://doi.org/10.1073/
pnas.0900231108

Crowston K, Specht A, Hoover C, Chudoba KM, Watson-Manheim MB
(2015) Perceived discontinuities and continuities in transdiscipli-
nary scientific working groups. Sci Total Environ 534:159-172.
https://doi.org/10.1016/j.scitotenv.2015.04.121

Garmendia E, Apostolopoulou E, Adams WM, Bormpoudakis D
(2016) Biodiversity and green infrastructure in Europe: boundary
object or ecological trap? Land Use Policy 56:315-319. https://
doi.org/10.1016/j.1andusepol.2016.04.003

Gieryn TF (1983) Boundary-work and the demarcation of science
from non-science: strains and interests in professional ideologies
of scientists. Am Sociol Rev 48(6):781. https://doi.org/10.2307/
2095325

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13280-016-0800-y
https://doi.org/10.1016/j.ecolecon.2014.04.012
https://doi.org/10.1016/j.ecolecon.2014.04.012
https://doi.org/10.1016/j.eiar.2016.08.001
https://doi.org/10.1016/j.eiar.2016.08.001
https://doi.org/10.1016/j.scitotenv.2017.03.121
https://doi.org/10.1016/j.scitotenv.2017.03.121
https://doi.org/10.1016/j.ecoser.2019.100966
https://doi.org/10.1016/j.ecoser.2019.100966
https://doi.org/10.5751/ES-07484-200202
https://doi.org/10.1080/26395916.2020.1819426
https://doi.org/10.1093/biosci/bix053
https://doi.org/10.1287/orsc.14.3.312.15162
https://doi.org/10.1007/s11625-018-0550-9
https://doi.org/10.1038/s41893-019-0308-0
https://doi.org/10.1146/annurev-environ-011020-064352
https://doi.org/10.1146/annurev-environ-011020-064352
https://doi.org/10.5751/ES-10087-230227
https://doi.org/10.5751/ES-10087-230227
https://doi.org/10.1016/j.ecolind.2011.06.019
https://doi.org/10.1016/j.ecolind.2011.06.019
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1073/pnas.0900231108
https://doi.org/10.1073/pnas.0900231108
https://doi.org/10.1016/j.scitotenv.2015.04.121
https://doi.org/10.1016/j.landusepol.2016.04.003
https://doi.org/10.1016/j.landusepol.2016.04.003
https://doi.org/10.2307/2095325
https://doi.org/10.2307/2095325

342

Journal of Environmental Studies and Sciences (2023) 13:330-343

Gottwald S, Brenner J, Janssen R, Albert C (2021) Using Geodesign as
a boundary management process for planning nature-based solu-
tions in river landscapes. Ambio 50(8):1477-1496. https://doi.org/
10.1007/s13280-020-01435-4

Gustafsson KM, Berg M, Lidskog R, Lofmarck E (2019) Intersectional
boundary work in socializing new experts. The case of IPBES.
Ecosyst People 15(1):181-191. https://doi.org/10.1080/26395916.
2019.1628105

Gustafsson KM, Lidskog R (2018) Boundary organizations and envi-
ronmental governance: performance, institutional design, and
conceptual development. Clim Risk Manag 19:1-11. https://doi.
org/10.1016/j.crm.2017.11.001

Guston DH (2001) Boundary organizations in environmental pol-
icy and science: an introduction. Sci Technol Human Values
26(4):399-408. https://doi.org/10.1177/016224390102600401

Hampton SE, Parker JN (2011) Collaboration and productivity in sci-
entific synthesis. Bioscience 61(11):900-910. https://doi.org/10.
1525/bi0.2011.61.11.9

Hauck J, Stein C, Schiffer E, Vandewalle M (2015) Seeing the forest
and the trees: facilitating participatory network planning in envi-
ronmental governance. Glob Environ Chang 35:400-410. https://
doi.org/10.1016/j.gloenvcha.2015.09.022

Huitema D, Turnhout E (2009) Working at the science—policy inter-
face: a discursive analysis of boundary work at the Netherlands
Environmental Assessment Agency. Environ Polit 18(4):576-594.
https://doi.org/10.1080/09644010903007427

Janssen MA, Bodin O, Anderies JM, Elmgqvist T, Ernstson H, McAl-
lister RRJ et al (2006) Toward a network perspective of the study
of resilience in social-ecological systems. E&S 11(1). https://doi.
org/10.5751/ES-01462-110115

Jean S, Medema W, Adamowski J, Chew C, Delaney P, Wals A (2018)
Serious games as a catalyst for boundary crossing, collaboration
and knowledge co-creation in a watershed governance context. J
Environ Manage 223:1010-1022. https://doi.org/10.1016/j.jenvm
an.2018.05.021

Kluger LC, Gorris P, Kochalski S, Mueller MS, Romagnoni G (2020)
Studying human—nature relationships through a network lens: a
systematic review. In: People and Nature 2(4): 1100-1116. https://
doi.org/10.1002/pan3.10136

Kull CA, Arnauld de Sartre X, Castro-Larrafiaga M (2015) The politi-
cal ecology of ecosystem services. Geoforum 61:122—-134. https://
doi.org/10.1016/j.geoforum.2015.03.004

Lang DJ, Wiek A, Bergmann M, Stauffacher M, Martens P, Moll P et al
(2012) Transdisciplinary research in sustainability science: prac-
tice, principles, and challenges. Sustain Sci 7(S1):25-43. https://
doi.org/10.1007/s11625-011-0149-x

Leimona B, Lusiana B, van Noordwijk M, Mulyoutami E, Ekadinata A,
Amaruzaman S (2015) Boundary work: knowledge co-production
for negotiating payment for watershed services in Indonesia. Eco-
syst Serv 15:45-62. https://doi.org/10.1016/j.ecoser.2015.07.002

Lundgren J (2021) The grand concepts of environmental studies bound-
ary objects between disciplines and policymakers. J Environ Stud
Sci 11(1):93-100. https://doi.org/10.1007/s13412-020-00585-x

Lynch AJJ, Thackway R, Specht A, Beggs PJ, Brisbane S, Burns EL
et al (2015) Transdisciplinary synthesis for ecosystem science,
policy and management: the Australian experience. Sci Total
Environ 534:173-184. https://doi.org/10.1016/j.scitotenv.2015.
04.100

Matous P, Wang P (2019) External exposure, boundary-spanning, and
opinion leadership in remote communities: a network experiment.
Soc Networks 56:10-22. https://doi.org/10.1016/j.socnet.2018.08.
002

Mattor K, Betsill M, Huayhuaca C, Huber-Stearns H, Jedd T, Sternlieb
F et al (2014) Transdisciplinary research on environmental gov-
ernance: a view from the inside. Environ Sci Policy 42:90-100.
https://doi.org/10.1016/j.envsci.2014.06.002

@ Springer

May RM (1972) Will a large complex system be stable? Nature
238(5364):413-414. https://doi.org/10.1038/238413a0

Metzger JP, Fidelman P, Sattler C, Schréter B, Maron M, Eigenbrod
F et al (2021) Connecting governance interventions to ecosys-
tem services provision: a social-ecological network approach.
People and Nature 3(2):266-280. https://doi.org/10.1002/pan3.
10172

Millennium Ecosystem Assessment (MEA) (2005) Ecosystems and
Human Well-being: Synthesis. Island Press, Washington, DC.

Mollinga PP (2010) Boundary work and the complexity of natural
resources management. Crop Sci 50:S-1-S—9. https://doi.org/10.
2135/cropsci2009.10.0570

Moreno JL, Jennings HH (1938) Statistics of social configurations.
Sociometry 1(3/4):342-374

Muiioz-Erickson TA, Cutts BB, Larson EK, Darby KJ, Neft M, Wutich
A, Bolin B (2010) Spanning boundaries in an Arizona watershed
partnership: information networks as tools for entrenchment
or ties for collaboration? E&S 15(3). https://doi.org/10.5751/
ES-03390-150322

Opdam P, Westerink J, Vos C, de Vries B (2015) The role and evolu-
tion of boundary concepts in transdisciplinary landscape planning.
Plan Theory Pract 16(1):63-78. https://doi.org/10.1080/14649
357.2014.997786

Parker J, Crona B (2012) On being all things to all people: boundary
organizations and the contemporary research university. Soc Stud
Sci 42(2):262-289. https://doi.org/10.1177/0306312711435833

Pecanha Enqyvist J, West S, Masterson VA, Haider LJ, Svedin U, Tengo
M (2018) Stewardship as a boundary object for sustainability
research: linking care, knowledge and agency. Landsc Urban Plan
179:17-37. https://doi.org/10.1016/j.1andurbplan.2018.07.005

Robinson J (2008) Being undisciplined: transgressions and intersec-
tions in academia and beyond. Futures 40(1):70-86. https://doi.
org/10.1016/j.futures.2007.06.007

Rodrigo A, Alberts S, Cranston K, Kingsolver J, Lapp H, McClain C
et al (2013) Science incubators: synthesis centers and their role in
the research ecosystem. PLoS Biol 11(1):e1001468. https://doi.
org/10.1371/journal.pbio.1001468

Saarela S-R, Rinne J (2016) Knowledge brokering and boundary work
for ecosystem service indicators. An urban case study in Finland.
Ecol Ind 61:49-62. https://doi.org/10.1016/j.ecolind.2015.07.016

Sayles JS, Mancilla Garcia M, Hamilton M, Alexander SM, Baggio
JA, Fischer AP et al (2019) Social-ecological network analysis
for sustainability sciences: a systematic review and innovative
research agenda for the future. Environ Res Lett: ERL [Web site]
14(9):1-18. https://doi.org/10.1088/1748-9326/ab2619

Scarano FR, Padgurschi MCG, Pires APF, Castro PFD, Farinaci JS,
Bustamante M et al (2019) Increasing effectiveness of the science-
policy interface in the socioecological arena in Brazil. Biol Con-
serv 240:108227. https://doi.org/10.1016/j.biocon.2019.108227

Scheffer M (2014) The forgotten half of scientific thinking. In: Pro-
ceedings of the National Academy of Sciences of the United
States of America 111(17): 6119. https://doi.org/10.1073/pnas.
1404649111

Schleyer C, Lux A, Mehring M, Gorg C (2017) Ecosystem services as
a boundary concept: arguments from social ecology. Sustainability
9(7):1107. https://doi.org/10.3390/su9071107

Slob A, Duijn M (2014) Improving the connection between science and
policy for river basin management. In: Jos Brils, Werner Brack,
Dietmar Miiller-Grabherr, Philippe Négrel and Jan E. Vermaat
(Eds.): risk-informed management of European river basins,
Bd. 29. Berlin, Heidelberg: Springer Berlin Heidelberg (The
Handbook of Environmental Chemistry), S. 347-364

Star SL, Griesemer JR (1989) Institutional ecology, ‘translations’
and boundary objects: amateurs and professionals in Berkeley’s
Museum of Vertebrate Zoology, 1907-39. In: Soc Stud Sci 19 (3):
387-420. https://doi.org/10.1177/030631289019003001


https://doi.org/10.1007/s13280-020-01435-4
https://doi.org/10.1007/s13280-020-01435-4
https://doi.org/10.1080/26395916.2019.1628105
https://doi.org/10.1080/26395916.2019.1628105
https://doi.org/10.1016/j.crm.2017.11.001
https://doi.org/10.1016/j.crm.2017.11.001
https://doi.org/10.1177/016224390102600401
https://doi.org/10.1525/bio.2011.61.11.9
https://doi.org/10.1525/bio.2011.61.11.9
https://doi.org/10.1016/j.gloenvcha.2015.09.022
https://doi.org/10.1016/j.gloenvcha.2015.09.022
https://doi.org/10.1080/09644010903007427
https://doi.org/10.5751/ES-01462-110115
https://doi.org/10.5751/ES-01462-110115
https://doi.org/10.1016/j.jenvman.2018.05.021
https://doi.org/10.1016/j.jenvman.2018.05.021
https://doi.org/10.1002/pan3.10136
https://doi.org/10.1002/pan3.10136
https://doi.org/10.1016/j.geoforum.2015.03.004
https://doi.org/10.1016/j.geoforum.2015.03.004
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1016/j.ecoser.2015.07.002
https://doi.org/10.1007/s13412-020-00585-x
https://doi.org/10.1016/j.scitotenv.2015.04.100
https://doi.org/10.1016/j.scitotenv.2015.04.100
https://doi.org/10.1016/j.socnet.2018.08.002
https://doi.org/10.1016/j.socnet.2018.08.002
https://doi.org/10.1016/j.envsci.2014.06.002
https://doi.org/10.1038/238413a0
https://doi.org/10.1002/pan3.10172
https://doi.org/10.1002/pan3.10172
https://doi.org/10.2135/cropsci2009.10.0570
https://doi.org/10.2135/cropsci2009.10.0570
https://doi.org/10.5751/ES-03390-150322
https://doi.org/10.5751/ES-03390-150322
https://doi.org/10.1080/14649357.2014.997786
https://doi.org/10.1080/14649357.2014.997786
https://doi.org/10.1177/0306312711435833
https://doi.org/10.1016/j.landurbplan.2018.07.005
https://doi.org/10.1016/j.futures.2007.06.007
https://doi.org/10.1016/j.futures.2007.06.007
https://doi.org/10.1371/journal.pbio.1001468
https://doi.org/10.1371/journal.pbio.1001468
https://doi.org/10.1016/j.ecolind.2015.07.016
https://doi.org/10.1088/1748-9326/ab2619
https://doi.org/10.1016/j.biocon.2019.108227
https://doi.org/10.1073/pnas.1404649111
https://doi.org/10.1073/pnas.1404649111
https://doi.org/10.3390/su9071107
https://doi.org/10.1177/030631289019003001

Journal of Environmental Studies and Sciences (2023) 13:330-343

343

Steger C, Hirsch S, Evers C, Branoff B, Petrova M, Nielsen-Pincus M
et al (2018) Ecosystem services as boundary objects for transdis-
ciplinary collaboration. Ecol Econ 143:153-160. https://doi.org/
10.1016/j.ecolecon.2017.07.016

Toomey AH, Knight AT, Barlow J (2017) Navigating the space
between research and implementation in conservation. Conserv
Lett 10(5):619-625. https://doi.org/10.1111/conl.12315

van Broekhoven S, Boons F, van Buuren A, Teisman G (2015) Bounda-
ries in action: a framework to analyse boundary actions in multi-
functional land-use developments. Environ Plann C 0(0):0. https://
doi.org/10.1068/c1398

van der Steen MA, van Twist MJIW (2013) Foresight and long-term
policy-making: an analysis of anticipatory boundary work in pol-
icy organizations in The Netherlands. Futures 54:33—42. https://
doi.org/10.1016/j.futures.2013.09.009

van Oudenhoven APE, Aukes E, Bontje LE, Vikolainen V, van Bode-
gom PM, Slinger JH (2018) ‘Mind the Gap’ between ecosystem
services classification and strategic decision making. Ecosyst Serv
33:77-88. https://doi.org/10.1016/j.ecoser.2018.09.003

van Pelt SC, Haasnoot M, Arts B, Ludwig F, Swart R, Biesbroek R
(2015) Communicating climate (change) uncertainties: simulation
games as boundary objects. Environ Sci Policy 45:41-52. https://
doi.org/10.1016/j.envsci.2014.09.004

Villamagna AM, Angermeier PL, Bennett EM (2013) Capacity, pres-
sure, demand, and flow: a conceptual framework for analyzing
ecosystem service provision and delivery. Ecol Complex 15:114—
121. https://doi.org/10.1016/j.ecocom.2013.07.004

Washbourne C-L, Dendoncker N, Jacobs S, Mascarenhas A, de
Longueville F, van Oudenhoven APE et al (2020) Improving col-
laboration between ecosystem service communities and the IPBES
science-policy platform. Ecosyst People 16(1):165-174. https://
doi.org/10.1080/26395916.2020.1766573

Westerink J, Opdam P, van Rooij S, Steingrover E (2017) Landscape
services as boundary concept in landscape governance: building
social capital in collaboration and adapting the landscape. Land
Use Policy 60:408-418. https://doi.org/10.1016/j.1andusepol.
2016.11.006

White DD, Wutich A, Larson KL, Gober P, Lant T, Senneville C (2010)
Credibility, salience, and legitimacy of boundary objects: water
managers’ assessment of a simulation model in an immersive
decision theater. Sci and Pub Pol 37(3):219-232. https://doi.org/
10.3152/030234210X497726

Zscheischler J, Rogga S, Busse M (2017) The adoption and imple-
mentation of transdisciplinary research in the field of land-use
science—a comparative case study. Sustainability 9(11):1926.
https://doi.org/10.3390/su9111926

@ Springer


https://doi.org/10.1016/j.ecolecon.2017.07.016
https://doi.org/10.1016/j.ecolecon.2017.07.016
https://doi.org/10.1111/conl.12315
https://doi.org/10.1068/c1398
https://doi.org/10.1068/c1398
https://doi.org/10.1016/j.futures.2013.09.009
https://doi.org/10.1016/j.futures.2013.09.009
https://doi.org/10.1016/j.ecoser.2018.09.003
https://doi.org/10.1016/j.envsci.2014.09.004
https://doi.org/10.1016/j.envsci.2014.09.004
https://doi.org/10.1016/j.ecocom.2013.07.004
https://doi.org/10.1080/26395916.2020.1766573
https://doi.org/10.1080/26395916.2020.1766573
https://doi.org/10.1016/j.landusepol.2016.11.006
https://doi.org/10.1016/j.landusepol.2016.11.006
https://doi.org/10.3152/030234210X497726
https://doi.org/10.3152/030234210X497726
https://doi.org/10.3390/su9111926

	Exploring the role of boundary work in a social-ecological synthesis initiative
	Abstract
	Introduction
	The sLandServ synthesis group on social-ecological system as a case study
	The reflection process
	Boundary work in the sLandServ Group—lessons learned
	Disciplinary boundaries of the group
	Boundary concepts and objects: the ecosystem services concept and social-ecological network analysis
	The sDiv group as a boundary setting

	Future directions
	Appendix 1
	Acknowledgements 
	References


