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Abstract

The World Network of Biosphere Reserves promotes learning sites for sustainable development, designated under the
UNESCO Man and the Biosphere programme (MAB). The programme aims to strengthen biodiversity conservation, eco-
nomic development and capacity building. Scientific research in and about Biosphere Reserves is expected to support these
objectives. In response to a strong focus on natural sciences and conservation issues, calls for transdisciplinary approaches
emanated from science and the newest MAB Lima Action Plan. Yet, the extent and contributions of transdisciplinary
research in Biosphere Reserves remains unexplored. This study provides a comprehensive and systematic screening of
3304 scientific publications in and about Biosphere Reserves published since 1975. Research within Biosphere Reserves
spans a broad spectrum, encompassing social to political to ecological investigations, with a focus on natural sciences and
studies conducted mainly in Europe and Asia. We identified an emerging field of transdisciplinary science in research,
represented in 336 publications. Most transdisciplinary studies were conducted in Mexican and Indian Biosphere Reserves.
While transdisciplinary research provided insights about participation, management and governance in Biosphere Reserves,
its transformative potential could be enhanced, notably through stronger forms of participation of non-academic actors in
research processes. Our review suggests strengthening knowledge co-creation about transformative solutions and interven-
tions addressing deep leverage points. Scientific research could thereby enhance the role of Biosphere Reserves as model
regions for sustainability transformations.
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Introduction

Acknowledging the need for integrated approaches to
mainstream sustainable development, the UNESCO Man
and the Biosphere (MAB) Programme promotes Biosphere
Reserves as areas dedicated both to nature conservation
and sustainable human development (UNESCO 2017).
Biosphere Reserves have three core missions: (1) biodiver-
sity conservation, (2) economic development and (3) logis-
tic support and capacity building, in particular through
research (UNESCO 1996). Scientific research is expected
to contribute to the other missions, i.e. conservation and
development. However, recent reviews have shown that
research on Biosphere Reserves has been largely confined
to the natural sciences (Kratzer 2018; Pool-Stanvliet and
Coetzer 2020). Research conducted in Biosphere Reserves
merely used these study sites for a broad range of issues,
but hardly focussed on the factors influencing a successful
implementation of the MAB Programme (Ferreira et al.
2020; Pool-Stanvliet and Coetzer 2020).

Hence, there is a need for a better appraisal of research
contributions to the MAB Programme goals and to the
effective management of Biosphere Reserves worldwide.
To gain a solid overview of scientific contributions about
Biosphere Reserves, there is a need to elicit the evolution
of the research over time and its geographic distribution.
Furthermore, as the MAB Programme calls for co-produc-
tion of knowledge, notably with participation of local com-
munities, practitioners and researchers (UNESCO 2017),
there is a need to better understand the representativity
of scientific production about Biosphere Reserves. Here,
we record the relationship between geographic location of
study sites and location of author affiliations, as well as gen-
der representation in authorship as means to capture diver-
sity and representativity in scientific production. Indeed,
in sustainability science, recent studies have criticized the
discrepancy between the geographic location of researchers
and their study sites—where researchers from the Global
North study the Global South (Brandt et al. 2013; Ghosh
2020; Sultana 2022; Zonta et al. 2023). Furthermore, while
sustainability science calls for a better representation of
women and minorities, recent findings show that women
are still often underrepresented in scientific publications
(Hofstra et al. 2020; Zonta et al. 2023). Such an overview is
so far lacking for research in Biosphere Reserves. Although
other diversity-related aspects are relevant, we focus here
on available data on the geographic distribution of study
sites versus authors’ affiliations and on the gender balance
in authorship.

Research is expected to contribute to the MAB Pro-
gramme goals, yet it seems that most publications have
been related to the natural sciences (Kratzer 2018).
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Against this background, there has been an increasing call
to investigate pressing issues related to effective manage-
ment, governance and participation of relevant actors in
Biosphere Reserves (Ishwaran et al. 2008; Ferreira et al.
2020; Barraclough et al. 2023). There is a need for up-to-
date evidence about the topics addressed by research in
and about Biosphere Reserves.

Scholars have also increasingly called for more co-
productive, inter- and transdisciplinary approaches in Bio-
sphere Reserves research (van Cuong et al. 2017; Ferreira
et al. 2020; Barraclough et al. 2023). Alongside scholarly
voices for transdisciplinarity, the current MAB strategy and
its Lima Action Plan also highlight the potential role of Bio-
sphere Reserves in the operationalization of transdiscipli-
narity sustainability science. In particular, the Lima Action
Plan calls for involvement of local communities and relevant
actors in Biosphere Reserves, including Indigenous People,
women and the youth (UNESCO 2017). Yet, there is still a
lack of evidence about the deployment of transdisciplinarity
research in Biosphere Reserves worldwide.

Transdisciplinary sustainability research is increasingly
expected to promote solution-finding processes for real-
world sustainability issues (Kates et al. 2001; Lang et al.
2012; Norstrom et al. 2020). This field emerged rather
recently and encompasses a diverse array of approaches, e.g.
participatory research, transformative research or knowledge
co-production (Norstrom et al. 2020; Chambers et al. 2021).
In this article, we follow the definition proposed by Lang
et al. (2012), in that transdisciplinary sustainability science
is “a reflexive, integrative, method-driven scientific principle
aiming at the solution or transition of societal problems and
concurrently of related scientific problems by differentiat-
ing and integrating knowledge from various scientific and
societal bodies of knowledge”. The following two key fea-
tures of transdisciplinary research can be highlighted: (1)
the combination of different types of knowledge through
the participation of non-academic actors (Pohl and Hirsch
Hadorn 2008; Talwar et al. 2011; Jahn et al. 2021) and (2)
a focus on developing sustainability solutions to real-world
problems and thus producing transformative impacts (Lang
et al. 2012; Pereira et al. 2020; Chambers et al. 2021; Law-
rence et al. 2022).

Regarding the participation of non-academic actors, a
stark contrast has been identified between ideal transdisci-
plinarity (i.e. methodologies committed to strong collabo-
ration and empowerment of non-academic actors) and the
widespread application of transdisciplinary approaches,
often limited to consultations in the forms of surveys or
interviews (Brandt et al. 2013; Zscheischler and Rogga
2015; Jahn et al. 2021). Hence, the level of participation,
from consultative to collaborative to empowering (Brandt
et al. 2013), as well as the inclusion of various actor groups,
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in particular underrepresented groups (Staffa et al. 2022;
Caniglia and Vogel 2023), remain common challenges in
sustainability transdisciplinary science to date. In Biosphere
Reserves research, the limited involvement of non-academic
actors has been pointed out as well (Stoll-Kleeman et al.
2010; Reed 2016; Barraclough et al. 2021). Hence, there is
a need to better assess which actor groups are involved in
transdisciplinary research in Biosphere Reserves—and how
deeply they are involved.

As to the transformative impacts of sustainability
transdisciplinary research, there is a need for empirical
evidence about the deployment and the impacts of trans-
disciplinarity in Biosphere Reserves. Indeed, it has been
suggested that transdisciplinary research may support the
successful implementation of the MAB Programme, for
example by improving management and enhancing partici-
pation (Reed 2016; UNESCO 2017; Ferreira et al. 2020;
Barraclough et al. 2023). Few studies examine these issues
to date. One example is a comparative study of four co-
productive projects in the area of Kristianstad Vattenrike
Biosphere Reserve, in Sweden (Malmborg et al. 2022).
Here, we follow recent reviews (Brandt et al. 2013; Riech-
ers et al. 2021b; Zimmermann et al. 2023) and examine
the transformative potential of transdisciplinary research
in Biosphere Reserves in terms of (1) the different types
of produced knowledge (systems, target, transformation
and process knowledge) (Brandt et al. 2013; Lawrence
et al. 2022) and (2) the leverage points addressed, i.e. the
potential interventions, policies, innovations or practices
and their more or less systemic impacts in focal situations
(Meadows 1999, 2012; Abson et al. 2017).

This article aims to provide a comprehensive review of
Biosphere Reserves research to date. We address the identi-
fied research needs on (1) geographic and temporal evolu-
tions of Biosphere Reserves research, (2) diversity and rep-
resentativity of research production in Biosphere Reserves,
in terms of geography and gender balance, (3) current
research topics. With a focus on transdisciplinary research,
we also aim to assess (4) the participation of non-academic
actors and (5) the transformative potential of transdiscipli-
nary research for Biosphere Reserves. In this article, we refer
to Biosphere Reserves research as the research conducted
in, with or about Biosphere Reserves. For this purpose, we
carried out a systematic literature review in two steps: (1)
we analysed 3,304 scientific publications conducted in Bio-
sphere Reserves through meta-data and word occurrence
analysis, and (2) we analysed in depth the contributions
of 336 publications from the latter, general dataset, which
applied transdisciplinary approaches. We aim to answer the
following questions:

1. How is (transdisciplinary) Biosphere Reserves research
globally distributed and how has it evolved over time?

2. Is Biosphere Reserves research representative in terms
of gender balance in authorship?

3. What topics has (transdisciplinary) Biosphere Reserves
research addressed so far?

4. Which actor groups participate in transdisciplinary
research in Biosphere Reserves and how strongly are
they involved?

5. What is the transformative potential of transdisciplinary
research in Biosphere Reserves?

Methods
Data extraction

We created a general dataset with publications from the two
databases, Web of Science and Scopus, searching for “bio-
sphere reserve*” OR “biosphere region*” OR “biosphere
area*” in the title, keywords, abstract and text. We built a
transdisciplinary dataset by identifying transdisciplinary
publications within the general dataset based on a broad
range of keywords (Table S2). The keywords selection fol-
lowed recent reviews or conceptualizations of transdisci-
plinary science (e.g. Lang et al. 2012; Brandt et al. 2013;
Knapp et al. 2019; Chambers et al. 2021; Schifer et al.
2021). The raw datasets were cleaned and only publications
written in English and including at least one study site in
a Biosphere Reserve were selected. The detailed selection
process can be found in the supplementary material.

The data extraction and organization were carried out
by C.G. The transdisciplinary keywords were selected by
C.H.D and approved by all authors. For transparency and
accountability purposes, we follow the MeRIT guidelines
proposed by Nakagawa et al. (2023) and report throughout
the methods section who has contributed to which steps of
the study.

Coding

We encoded the selected 3304 publications, including the
336 transdisciplinary publications as follows. First, we
identified the geographic location of the study sites and of
authors’ affiliations, and recorded authors’ gender. We then
encoded the 336 transdisciplinary publications through a
full-text analysis, including the identification of non-aca-
demic actors, their level of participation in the research pro-
cess, knowledge types and leverage points (Box 1).

We tagged the gender of the first and last authors, clas-
sified as female or male using genderize.io. Names with
a probability of less than 95% accuracy were tagged as
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unknown, as proposed by Fox et al. (2019). We acknowl-
edge the limitations and potential bias of this binary gender
approach.

For the full text analysis of the transdisciplinary data-
set, we encoded non-academic actors involved as authors
or mentioned in the acknowledgements, type and level of
involvement of actors involved in the study (Ferreira et al
2020; Brandt et al. 2013; Fritz and Binder 2020; Jahn et al.
2021). We categorized produced knowledge types and
addressed leverage points of the transdisciplinary publica-
tions (Brandt et al. 2013; Lawrence et al. 2022; Dorninger
et al. 2020; Riechers et al. 2021a; Zimmermann et al. 2023)
(Box 1). See supplementary material for a detailed descrip-
tion and Table S2 for a summary of the review process. The
selection of the variables resulted from a test round of cod-
ing conducted by C.H.D, C.G., EW.,, C.M. and J.H. The final
selection of variables was decided by C.H.D, C.G., FEW.,
H.v.W. and A .F.F. The coding was conducted by: F.N., S.H.,
B.d.F.A., CH.D., C.G., FEW., C.M. and J.H. and the data
cleaning by C.H.D., C.G. and F.W.

Box 1. Assessing transformative impacts
of transdisciplinary publications
through knowledge types and leverage points

1. Knowledge types

Different knowledge types have been identified based
on the different objects of study in transdisciplinary
research (e.g. Hirsch Hadorn et al. 2006; Brandt et al.
2013; Lawrence et al. 2022). Systems knowledge explores
the history, root causes and functioning of specific sit-
uations and systems, e.g. exploring the root causes of
ecosystem degradation. Target knowledge contributes
insights into how a situation should or could be, for
example studying local actors’ preferences towards dif-
ferent land use and management systems. Transforma-
tion knowledge explores how to change a situation to the
desired outcomes, and how solutions could be imple-
mented, for instance studying how to foster value and
behaviour shifts. Finally, process knowledge addresses
how to carry out transdisciplinary research, e.g. sharing
insights on ethical requirements for transdisciplinary pro-
cesses or developing new methodologies for participa-
tion. In this review, we assumed that transdisciplinary
studies have stronger transformative impacts when they
produce target or transformation knowledge rather than
systems knowledge.

2. Leverage points

Leverage points refer to interventions’ shallow or deep
impacts on a targeted system, i.e. the capacity of interven-
tions to radically change a system (Meadows 1999, 2012;
Abson et al. 2017). For instance, the level of parameters
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targets very shallow leverage points, such as adapting the
level of resource use quota (Fischer and Riechers 2019).
These shallow leverage points are rather easy to imple-
ment, but have limited systemic impacts. Feedbacks refer
to systemic interactions and feedback loops between ele-
ments of a system, such as delays and time in which the
ozone hole can change after a stop on emissions (Fischer
and Riechers 2019). Design leverages are more radical
in that they affect information flows, the way systems are
structured and organized and the power to change the sys-
tems rules, such as changes in policies or self-regulation
of communities (Abson et al. 2017). Finally, leverages
on the intent level, such as value shifts and institutional
change, are more difficult to implement but are expected
to have strong systemic, radical outcomes (Abson et al.
2017; Riechers et al. 2022). We categorized transdisci-
plinary publications according to whether they produced
knowledge about interventions targeting parameters, feed-
backs, design and/or intent and assumed that transdisci-
plinary publications have stronger transformative impacts
when they address deep (design and intent), rather than
shallow (parameters and feedbacks) leverage points.

Data analysis

To identify clusters within the body of literature we examined,
we used a multivariate statistical approach first developed by
Abson et al. (2014). We created a corpus containing all words
within each individual publication and reduced this exhaustive
list to words included in at least 5% of the publications. This
list was then manually refined to contain only words that trans-
port a meaning, thereby excluding stopwords. Clusters were
then derived based on a cluster analysis using Wards method,
aiming to identify relatively equally sized groups. Based on an
indicator species analysis (Dufrene and Legendre 1997), we
identified significant indicator words for each group, which
were subsequently visualized in a detrended correspondence
analysis. This linguistic analysis was conducted for the whole
dataset as well as for the subset of papers containing a trans-
disciplinary approach. We used the R programming language
v.4.3.1 (R Core Team 2023) with RStudio v.2023.06.1+ 524
(Rstudio Team 2023) for all descriptive statistics and analyses.
C.G., FEW. and H.v.W. analysed and visualized the datasets.

Results
Research in Biosphere Reserves
Spatial distribution

Our analysis of 3,304 scientific publications showed a
research focus on Biosphere Reserves in North America
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with 27%, Asia with 25% and Europe with 22% of all pub-
lications (Fig. 1). Mexican and Indian Biosphere Reserves
were most represented with 825 and 390 publications,
respectively (see Box 2). As of 2023, 35% of the 748
Biosphere Reserves designated by UNESCO to date were
located in Europe, followed by Asia and North America.
The share of publications per continent for the general
dataset and the transdisciplinary dataset were relatively
indifferent compared to each other. Europe had the highest
number of general studies and, together with Mexico, the
highest number of transdisciplinary studies. Studies with a
transdisciplinary approach were predominantly conducted
in Europe, North America and particularly Mexico and
India (see Box 2). Having a high number of designated
Biosphere Reserves did not translate, however, into a high
number of publications in the same country, with Mexico
being a notable exception (Fig. S1).

Research in Biosphere Reserves was primarily con-
ducted in the continent of the first author’s affiliation
(Fig. 2A). The institutions of the first and last authors also
tended to be in the same continents. This regional research
focus applied to the transdisciplinary publications on Bio-
sphere Reserves as well (Fig. 2B). Nonetheless, a recurrent
pattern can be observed: if researchers from Europe and
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Fig.1 World map of the general dataset with 3304 publications of
research in UNESCO Biosphere Reserves. The colour coding illus-
trates the number of publications on Biosphere Reserves per country.
The two countries with the highest numbers of general studies are
India with 390 and Mexico with 825 studies. The countries with the
highest numbers of transdisciplinary studies are highlighted: Mexico

3304 general publications

India

North America study Biosphere Reserves outside of the
Global North, they focus on the Asian and African con-
tinents; while hardly any researchers from Asia or Africa
work in the Global North.

Temporal distribution

The annual number of publications about Biosphere
Reserves increased from a few publications during the late
1970s to more than 300 in 2020 (Fig. 3A). Generally, we
observed an increasing trend of annually published studies
compared to the number of designated Biosphere Reserves,
which is highlighted by numbers on the logarithmic scale
(Fig. 3B, supplementary material Fig. S4). UNESCO desig-
nated substantially more Biosphere Reserves per year start-
ing in the mid-1990s. Participating states can, and did in the
past, withdraw a Biosphere Reserve from the world network,
if the goals do not comply with the statutory framework or
for other reasons (UNESCO 2024).

We explored global trends at the continent level (Sup-
plementary Material, Fig. S2). There have been designated
Biosphere Reserves in all continents (excluding Antarctica)
since the late 1970s. The number of publications from North
America (including Mexico) increased from the mid-1990s,

Studies per Country [[] 0 [] 1-10 [[] 11-50 [l 51-150 [l 151-400 M 825

60°E 120°E

336 transdisciplinary publications

Other —__

Centr. Am. ™
N. Am.

73, India 23 and Ethiopia 13. The share of publications per continent
for 336 transdisciplinary publications and the general 3304 pub-
lications is depicted in the pie charts. Bar plot: Share of Biosphere
Reserves per continent considering all 748 designated Biosphere
Reserves as of 2023
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faster than in other continents, while the number of stud-
ies from Europe, Asia (including India) and South America
increased only after 2000. Annual publications from Afri-
can Biosphere Reserves saw only little growth until the
mid-2010s, after which they experienced a steep increase.
First publications from Central America and Oceania also
appeared during the late 1990s and early 2000s, but num-
bers remain relatively low until today. Overall, there is an
overproportional (compared to the share of designated Bio-
sphere Reserves) amount of publications originating from
Asian, North American, South American and lately African
Biosphere Reserves, while European, Oceanian and Central
American Biosphere Reserves tend to be underrepresented
in published research. Publications of transdisciplinary stud-
ies in Biosphere Reserves increased most notably after 2000
(Fig. 3A in red). The share of transdisciplinary publications
to all publications increased over time, but fluctuated over
the years (Fig. 3B and C).

Gender representation in authorship

We identified a higher percentage of male first authors (48%)
and last authors (55%), compared to female first authors
(31%) and last authors (24%) for publications studying Bio-
sphere Reserves (Fig. 4). Female first authors work with
male (51%) and female (41%) last authors, whereas male
first authors mostly work with male last authors (70%) (see
Supplementary Material, Fig. S3A). The pattern was similar
across continents, although South America and Asia had
higher numbers of female first authors. In South America
there were even more female first authors than male first

A) General
First author Study area
Africa 7 % Africa 9 %
Asia 25 %

Asia 22 %|I \

Central America 1 Y%=—

Europe 31 %‘I

North America 32 %

Europe 22 %

North America 28 %

— Oceania 0 %

. —— NN
Oceania 1 %m= = \ South America 10 %
South America 7 % I \\\\\“ m Transcontinental 2 %
n = 3304

~ M Central America 3 %

South America 4 %l

authors. There is likely a geographic bias in these results due
to a very high share of unknown gender for Asia, Africa and
Oceania. This originates from genderize.io generally show-
ing lower accuracies for non-Western names. With 43% male
and 47% female first authors, the ratio for publications with
a transdisciplinary approach was closer to parity, although
55% of the last authors were male and only 32% female.
Regardless of the continent, the transdisciplinary publica-
tions showed a more balanced ratio than the general dataset
(see Supplementary Material, Fig. S3B). It shifted not exclu-
sively from male to female author shares, but showed a lower
share of unknown gender in the transdisciplinary studies.
For additional percentages, see the interactive supplemen-
tary material of the online version of this article.

Research clusters

We identified seven clusters best suited to describe the
thematic foci of the publications on Biosphere Reserves
(Fig. 5A). Publications with a social focus, including words
such as participation, interviews or governance, covered
similar research areas than publications on perspectives of
people and cultural studies. Most of the transdisciplinary
publications belonged to the participation group (within the
general dataset). Spatial studies, using words such as maps
and pixel, were found close to the participation and culture
clusters. Publications focusing on the biological environ-
ment, including words such as water and sediment, grouped
close to microbiological publications, with words such as
acid, bacteria or microbial. Botanical studies, represented
by words such as vegetation and abundance, were grouped

B) Transdisciplinary

First author Study area

Africa 8 % Africa 13 %

Asia 17 % Asia 20 %

Central America 0 %-—

: Hl Central America 4 %

Europe 26 %

Europe 41 %||

North America 24 %

North America 27 %

- Oceania 1 %
I South America 7 %
B Transcontinental 4 %

N

Oceania 3 %.E

—

n =336

Fig.2 Geographic location of first authors’ institution at the time of publication, in relation to the location of the study areas for A the general

dataset and B the transdisciplinary dataset
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Fig.3 A Cumulative number of designated Biosphere Reserves
(BRs) in yellow, annual numbers of general publications in blue
n=3304 and transdisciplinary publications (TD) in red n=336 from

close to studies on genes. The share of publications with a
focus on people, using words such as rural, sustainable and
cultural (Fig. 5B, C, culture), decreased over time, while
the share of publications with words such as participation,
governance and actors increased (Fig. 5B, C, participation).

We found more clusters with a focus on natural sciences
for publications in the general dataset than for transdiscipli-
nary publications. The transdisciplinary studies were clus-
tered in groups of social and political sciences within the
general dataset. Generally, clusters were more delineated and
separated in the general dataset than in the transdisciplinary
publications.

We identified five natural clusters best suited to describe
the topics of transdisciplinary publications on Biosphere
Reserves (Fig. 6A). Research clusters focusing on politics
were grouped, while studies on ethnobotany were most dis-
tant. Publications tackling deforestation and degradation
increased over time (Fig. 6B, C, degradation), as well as
those focussing on collaborations and stakeholder engage-
ment (Fig. 6B, C, collaboration).

Actor participation in transdisciplinary research

Land users, Indigenous People, government organizations and
Biosphere Reserves management bodies were most frequently
involved in transdisciplinary publications on Biosphere
Reserves. In comparison, youth and women groups were least
frequently involved (Fig. 7). Despite this general pattern, some
differences can be identified among clusters of publications.
Ethnobotany-related research largely involved Indigenous
People and land users, and also showed a higher involvement
of women groups compared to other research clusters. Publi-
cations included in the politics cluster showed, in general, a
higher diversity of actors.

Year

1975 to 2023 (note the different y-axis scales). B The same on the log
scale. C Share of transdisciplinary publications in the general dataset
from 1995 onwards

Regarding the extent of participation, actors were predomi-
nantly involved in a consultative role (98%). Many studies
(41%) built on collaboration with non-academic actors in the
study design and only few publications (7%) reported about
empowering actors. Fifty-three of the 336 transdisciplinary
publications (16%) were (co-)authored by participating actors.
Of all publications with a transdisciplinary approach, 51%
acknowledged the actors, regardless of the type of participation.

North America  Asia Europe  South America

RLY

Africa Oceania Central America

220

(3

N
5
Y a
- Trans-
General

disciplinary

<
5

North America  Asia Europe

@m0

South America  Africa

@9

2

Oceania Central America

Fig.4 Share of the gender (binary) of the first and last author for the
general dataset (top) and for the transdisciplinary dataset (bottom).
Each dataset is visualized with its overall shares (large circles) and
differentiated per continent of the study area (smaller circles). Abso-
lute numbers (general/transdisciplinary): overall (3,304/336), North
America (924/82), Asia (834/67), Europe (720/89), South America
(335/23), Africa (306/44), Oceania (12/3) and Central America
(111/14). Transcontinental studies were excluded from this figure
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Fig.5 Research clusters of 3304 publications of research in Bio-
sphere Reserves: A Detrended component analysis results of the clus-
ters. B Annual total numbers, C annual share and a D pie chart show-

Transformative potential of transdisciplinary
research

We identified the creation of systems knowledge for most of
the 336 transdisciplinary publications (Fig. 7). Few studies
produced transformative (28%) or process knowledge (28%).
This is reflected in the research clusters as well. Highest
shares of target knowledge were identified in the (environ-
mental) degradation, collaboration and politics research
clusters. Process knowledge was mainly discussed in the
collaboration and politics research clusters.

We found leverage points at a design level in 44% and at a
feedback level in 37% of the transdisciplinary publications.
Parameters and intent were least studied. A rather large
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ing the representation of these groups in the transdisciplinary dataset
(n=336) only (top right)

number of studies did not specifically explore any inter-
ventions (39%). Patterns were again similar in all research
clusters, although the highest shares of design and intent
leverage points were found in the collaboration and politics
research clusters.

Discussion

Temporal and spatial trends in Biosphere Reserves
research

Our results showed that scientific publications about Bio-
sphere Reserves have increased steadily in the last decades,
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in line with recent reviews (Kratzer 2018; Ferreira et al.
2020). However, the number of publications on Biosphere
Reserves can be expected to increase substantially, as the
number of scientific publications published annually is
generally increasing (Fire and Guestrin 2019). The share
of transdisciplinary studies in Biosphere Reserves has
increased slightly in comparison to all Biosphere Reserves
research, in accordance with a general uptake of transdis-
ciplinary research in sustainability science (Brandt et al.
2013; Ghodsvali et al. 2019). The Seville Strategy, in 1995,
recognized the need for more social sciences and humani-
ties in exploring good practices for the implementation of
the MAB programme, and the most recent MAB strategy
calls for biosphere reserves to operationalize sustainabil-
ity science using transdisciplinary approaches (UNESCO
2017). While these strategies have set agendas and proposed
relevant issues for governance and research, Biosphere
Reserves are still widely dedicated to nature conservation

(Reed 2016; Pool-Stanvliet and Coetzer 2020)—and Bio-
sphere Reserves research is still more broadly dedicated to
natural sciences, in which transdisciplinarity plays a limited
role so far.

Spatial trends in Biosphere Reserves research revealed
that Europe, North America (mostly Mexico) and Asia
(mostly India) contributed most publications, in both the
general and transdisciplinary datasets. The particularly
high number of publications from Mexico and India has
been pointed out in recent reviews (Kratzer 2018; Ferreira
et al. 2020). These numerous publications are likely due to
funding opportunities from dedicated governmental agen-
cies and specific research institutions with long-standing
research history in those areas (Box 2). Although most
researchers studied areas on the same continent as their
professional affiliation, researchers located in the Global
North worked in Biosphere Reserves in the Global South
more often than the other way around, as was identified
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Fig.7 Shares of actor groups, their involvement type, generated
knowledge types and leverage points in transdisciplinary publications,
overall (far left) and for the five assigned research clusters. Shares for

in recent reviews in Biosphere Reserves research (Ferreira
et al. 2020), and in transdisciplinary research (Brandt et al.
2013). In Africa, this pattern was even more pronounced
for transdisciplinary research, with an even higher pro-
portion of publications than in the general dataset being
produced by researchers affiliated to Europe. These results
may concur with what has been identified as a neocolonial
pattern in scientific publications across many disciplines
(Dahdouh-Guebas et al. 2003), in particular in climate and
sustainability science (Sultana 2022, 2023), as well as trans-
disciplinary sustainability research (Zonta et al. 2023). To
address power imbalances and neocolonialism in sustain-
ability science, scholars have, for example, proposed strat-
egies to centre knowledge, philosophies and people from
the Global South (Chilisa 2017; Sultana 2023)—or meth-
odologies and practices to foster reflexivity, safe spaces,
respect and meaningful benefits for communities (Pereira
et al. 2020; Thambinathan and Kinsella 2021; Reed et al.
2023). In this regard, we acknowledge that the authors’ team
is international and interdisciplinary, mostly affiliated in
Europe, and that we thus proposed a perspective from the
Global North.
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the categories of the individual variables do not add up to 100% as
more than one or none of the categories could be valid for a single
study. * Five studies were not assigned to any actor group

Box 2. Focus on Biosphere Reserves research
in Mexico and India

With 25% (825 publications) and 22% (73 publica-
tions), respectively, scientists from Mexico published
the most general and transdisciplinary studies on Bio-
sphere Reserves as compared to all other countries.
Of the 41 designated Mexican Biosphere Reserves,
Calakmul, La Sepultura, El Viscaino, Sian Kaan and
Mariposa Monarca were mostly studied with a transdis-
ciplinary research design with six to ten studies each.
There seems to be several catalysts for transdisciplinary
research in Mexico: The National Council for Science
and Technology in Mexico (CONACYT) subsidized
22 of the 73 transdisciplinary studies with grants and
scholarships. 12 transdisciplinary papers were written
by scientists of the National Autonomous University of
Mexico. Additionally, “El Colegio de la Frontera Sur,
Unidad Campeche (ECOSUR)” subsidized 10 of the
transdisciplinary papers with knowledge, financial and
logistical support.

India has 12 designated Biosphere Reserves and

represented 12% of the general publications related
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to Biosphere Reserves. Remarkably, the MAB pro-
gramme in India was only launched in 1986 and the
first Biosphere Reserve was established in 2000. All 23
transdisciplinary papers on Indian Biosphere Reserves
were conducted in five Biosphere Reserves, namely
Nanda Devi (11), Khangchendzonga (5), Nilgiri (3),
Sunderban (3) and Nokrek (1). The GB Pant Institute
of Himalayan Environment and Development alone
supported one-third of the transdisciplinary research
papers and may therefore act as a catalyst for transdis-
ciplinary research.

Publications on Biosphere Reserves in Mexico and
India increased considerably in the last 10 years (Fig.
Box 2). In Mexico, UNESCO designated 18 new Bio-
sphere Reserves only in 2006. Both countries are char-
acterized by distinct and highly vulnerable biodiversity,

comprising priority regions for global conservation
(Olson and Dinerstein 2002). Conservational efforts in
both countries are high and research is supported. In
Mexico, the National Commission of Natural Protected
Areas (CONANP) manages and supports the Network of
Biosphere Reserves, protecting in total more than 12% of
Mexican land. In India government agencies, such as the
Ministry of Environment, Forest and Climate Change and
the National Biodiversity Authority provide support for
scientific studies and conservation initiatives. The high
research output in Mexico and India could be related to
external funding as well. Mexico and India are amongst
the highest recipients of biodiversity aid. From 1980 to
2008, India was first and Mexico fourth place with 9%
and 3%, respectively, of worldwide biodiversity funding
(Miller et al. 2013).
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Fig. Box 2 Number of annually published studies in
blue and cumulative number of designated Biosphere
Reserves in yellow from 1975 to 2023 for Mexico (A)
and India (C). Share of annual publications and desig-
nated Biosphere Reserves after 2000 for Mexico (B) and
India (D)

Gender representation in Biosphere Reserves
research

Biosphere Reserves research involved significantly fewer
female than male authors across all continents. There were
significantly fewer female last authors, often considered
as principal investigators (PIs). These results are in line
with recent reviews showing that women are still under-
represented in science, especially when it comes to senior
positions (Huang et al. 2020; Hofstra et al. 2020; Ross et al.
2022). In transdisciplinary research in Biosphere Reserves,
the share of female authors increased remarkably in com-
parison to the general dataset, although it remained well
below parity. Why women proportionally authored more
transdisciplinary publications remains unclear. Global
reviews have shown that women are better represented in
specific disciplines, e.g. political science and psychology
(Huang et al. 2020), or brain science and jurisprudence
(Holman et al. 2018). However, there is no clear evidence
so far, and to our knowledge, about the representation of
women in sustainability science, or in transdisciplinary
research. Our results call for a stronger commitment to
gender equality in (transdisciplinary) Biosphere Reserves
research. Many guidelines have been provided to address
gender inequalities in science. Examples include feminist
and slow scholarship (Mountz et al. 2015), mother-friendly
measures within research laboratories (Leventon et al.
2019), policies against early-career dropout (Cardel et al.
2020) and a feminist ethos of care in transdisciplinary sus-
tainability science (Staffa et al. 2022). We acknowledge that
gender is only one aspect of diversity and representativity
in science and that there is a need to better understand other
relevant aspects beyond gender.

Research clusters

The research clusters in the general dataset revealed a
disciplinary gradient, from social sciences dedicated to
participation and culture, to natural sciences dedicated to
species-related studies. However, most clusters included
publications investigating topics related to microorganisms,
water, species, vegetation and spatial analysis. It is likely
that this part of the research mostly contributes knowledge
to the conservation mission of the MAB programme, while
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broadly generating interest and attention about Biosphere
Reserves. Note, however, a slight increase in the number of
publications dedicated to participation—which in turn might
contribute to a better understanding of how to implement
the human development mission of the MAB programme.
While these results confirm recent findings showing that
most research in Biosphere Reserves is still restricted to
natural sciences (Kratzer 2018; Pool-Stanvliet and Coetzer
2020), the clusters also pinpointed a potential developing
trend towards issues of participation and governance.

Within the general dataset, transdisciplinary publications
were located mostly in the clusters related to participation
and spatial studies, i.e. closer to clusters related to social sci-
ences. This seems unsurprising, as the call for more transdis-
ciplinarity in Biosphere Reserves is closely related to a need
for effective management, acceptance by local communities
or participatory governance (Ishwaran et al. 2008; Ferreira
et al. 2020; Barraclough et al. 2023).

Transdisciplinary research in Biosphere Reserves also
revealed a gradient from publications with a governance
focus (politics and discourses) to social-ecological and
ecological studies (ethnobotany, domestication, medicinal).
Topic-wise, current transdisciplinary research in Biosphere
Reserves could be classified into five clusters: ethnobotany,
degradation, ecotourism, politics and collaboration. These
transdisciplinary clusters were less differentiated than
those in the general dataset, suggesting that there are no
clear schools within transdisciplinary research in Biosphere
Reserves. The politics and collaboration clusters accounted
for most publications, with a shared focus on governance.

Therefore, Biosphere Reserves seem to be used merely
as interesting and logistically attractive sites to carry out
research, rather than as objects of research per se. The anal-
yses also highlighted a coherent, albeit developing, litera-
ture bundle aiming to address issues related to Biosphere
Reserves governance and management, and to the successful
implementation of the MAB Programme and Agenda 2030
for Sustainable Development. There is still much room to
explore conditions for successful Biosphere Reserves gov-
ernance—and to highlight the contributions of the World
Network of Biosphere Reserves to support place-based
knowledge co-production in sustainability science (Barra-
clough et al. 2023).

Actor participation in transdisciplinary research

To better understand the participation of non-academic
actors in transdisciplinary Biosphere Reserve research, we
also analysed which actor groups were involved in trans-
disciplinary publications and to what extent. Our analy-
sis revealed that land users, governmental and Biosphere
Reserve representatives, but also Indigenous People were
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involved in many studies, regardless of research clusters.
It has been shown that transdisciplinary research too often
relied on elite participants, e.g. government or large NGOs,
while underrepresented groups are often least involved
(Turnhout et al. 2020). While this holds true in our study for
women and youth, it is remarkable that Indigenous People
were involved in more than half of the transdisciplinary stud-
ies. Note that Indigenous People, women, the youth and local
communities are mentioned as target groups for effective and
equitable participatory planning in the most recent MAB
strategy (UNESCO 2017). Nonetheless, participation was
very limited, usually to extracting information through e.g.
interviews, questionnaires or surveys. This transdisciplinary
theory—practice gap has been identified in former reviews
(Brandt et al. 2013; Jahn et al. 2021). Barriers to collabora-
tive and empowering practices include funding contexts that
e.g. require short-term results (Jahn et al. 2021), difficul-
ties in ensuring participation of various actors (Lang et al.
2012; Lawrence et al. 2022) or underlying power relations
and conflicts that fail to be addressed (Turnhout et al. 2020;
Pereira et al. 2020). The aspirational character of transdis-
ciplinarity has been criticized as an extractive, power-laden
and often neocolonial pattern that should be addressed more
stringently in research (Zonta et al. 2023). To address this
theory—practice gap, guidelines and recommendations have
been provided—notably calling for a radical engagement
with power relations and conflicts (Ghosh 2020; Turnhout
et al. 2020; Pereira et al. 2020; Fritz and Binder 2020; Barra-
clough et al. 2023). An exemplary study reporting about
empowering processes was found in Rivera-Arriaga et al.
(2021), who reported about participatory governance pro-
cesses in collaboration with governmental, scientific and
Mayan community representatives, to prevent ecological
degradation and address local socio-political issues in Los
Petenes Biosphere Reserve (Mexico).

Transformative potential of transdisciplinary
research

Our analysis showed that most transdisciplinary studies were
limited in their transformative potential. Most studies were
restricted to producing systems knowledge, i.e. to understand
the current state and root causes of a specific system or issue.
This held true for all research clusters. The Ethnobotany
cluster produced even less target, transformation or process
knowledge than all other clusters. This cluster seemed to
build on citizen science to collect e.g. botanical data and to
provide insights based on local people’s knowledge, such
as Indigenous People and land users. On the contrary, the
collaboration and politics clusters featured a stronger trans-
formative potential, with more studies producing target and
transformation knowledge. Yet, these results confirm the
aspirational character of transdisciplinary research (Brandt

et al. 2013; Zscheischler and Rogga 2015; Turnhout et al.
2020) and call for a stronger engagement to produce trans-
formative and solution-oriented knowledge, notably to sup-
port Biosphere Reserves management and the successful
implementation of the MAB programme (Barraclough et al.
2023). An example of a study producing knowledge about
potential solutions for a Biosphere Reserve (target knowl-
edge) can be found in Choudhary et al. (2021), in which
strategies are developed for community-based tourism, with
the goal to ensure conservation and rural development in the
Majang Forest Biosphere Reserve (Ethiopia).

This review showed that transdisciplinary studies had
mixed results in addressing concrete interventions for trans-
formative change at different leverage points. For instance, a
large part of the publications (regardless of research clusters)
did not address any particular intervention, and only a quar-
ter of all studies addressed interventions at intent level or
the deepest leverage. These mixed results mirror recent lit-
erature reviews on leverage points in research about various
social-ecological systems (Dorninger et al. 2020; Riechers
et al. 2021a; Zimmermann et al. 2023). The collaboration
and politics clusters seemed more impactful than all others,
with many studies addressing deep leverage points at design
and intent level. While the Lima Action Plan (UNESCO
2017) calls for inter- and transdisciplinary research to better
understand how to improve the management and governance
of Biosphere Reserves, there is much room to address poten-
tial interventions in this regard. Strengthening research that
addresses issues of collaboration, politics and governance
could enhance this transformative potential and help bridge
the gap between the concept of Biosphere Reserves and its
implementation. An example of a study addressing deep lev-
erage points can be found in Sharip et al. (2018). The study
involves local actors to identify management challenges and
formulate recommendations for improved local communica-
tion and coordination for environmental protection and gov-
ernance in the Tasik Chini Biosphere Reserve (Malaysia).

Methodological challenges

Systematic literature reviews face common methodologi-
cal challenges. Following recent reviews about Biosphere
Reserves research (Kratzer 2018; Ferreira et al. 2020) and
transdisciplinary research (Brandt et al. 2013; Zscheischler
and Rogga 2015; Ghodsvali et al. 2019), we concentrated on
publications available to a broad international readership,
i.e. written in English in peer-reviewed scientific journals.
We acknowledge that publications in other languages might
be relevant for a complete overview of global literature to
date, notably for transdisciplinary research.

To study diversity in authorship, we followed recent
reviews (Fox et al. 2019; Hofstra et al. 2020; Ross et al.
2022) in categorizing authors as female, male or unknown
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gender based on their first names, using the genderize.io
algorithm. Further empirical data would be necessary for
a better understanding of authorship diversity and intersec-
tionality. We acknowledge that this algorithm was based on a
binary understanding of gender and did not account for other
gender identities. This algorithm also revealed a geographic
bias, as first names of authors affiliated in Asia and Africa
were significantly more often categorized as unknown than
in Europe or North America. These results call for more
precise and gender-sensitive tools. Furthermore, information
about all co-authors would give a more accurate overview,
for example for fields where the second author is usually
the PI.

Finally, we followed a common procedure in reviewing
transdisciplinary research through peer-reviewed publica-
tions only (Brandt et al. 2013; Ghodsvali et al. 2019). How-
ever, transdisciplinary research still rarely monitors societal
impacts in scientific publications (Newig et al. 2019; Jahn
et al. 2021; Schifer et al. 2021) and impacts may become
visible only in the long term (Pereira et al. 2020; Cham-
bers et al. 2021). Thus, we acknowledge that gray literature
could support a more precise evaluation of the transforma-
tive potential of transdisciplinary research (Jahn et al. 2021;
Schifer et al. 2021; Chambers et al. 2021). Our review ana-
lysed the research landscape related to Biosphere Reserves
and consequently the results are restricted to this branch of
science.

Conclusion

The World Network of Biosphere Reserves provides ample
opportunities for knowledge co-production about a wide
array of sustainability issues and for contributing to global
scientific debates with place-based insights. Yet, this review
showed that a large portion of Biosphere Reserves research
is located on few continents with a focus on natural sci-
ences. Definitely, transdisciplinary research has contrib-
uted to exploring the conditions for successful Biosphere
Reserves governance. However, there is room for enhancing
the transformative potential of Biosphere Reserves research.
In this regard, a stronger commitment to gender equality,
decolonial practices, empowering forms of participation and
knowledge integration about a broader range of topics is
necessary. Further procedures and resources are required to
promote transdisciplinarity research by easing data sharing,
funding, publication management and supporting collabora-
tions with different Biosphere Reserves’ actors (Eberswalde
Declaration; Aschenbrand et al. 2023). The formulation of
the new roadmap for the MAB Programme for the period of
2025-2035 can constitute a unique opportunity to integrate
such principles for transdisciplinary sustainability research
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in the MAB Programme and in the work of Biosphere
Reserves worldwide. This would be essential to transform
research in Biosphere Reserves towards research about and
with Biosphere Reserves and thereby to highlight them as
model regions for sustainability transformations.
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