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Abstract: Biosphere reserves aim to reconciliate social and economic development with biodiversity
conservation through complex spatial and governance arrangements. However, there is a generalized
lack of information about how biosphere reserves are being managed and governed, and at what
point their goals are being achieved, which limits a better understanding of the factors influencing
biosphere reserve management effectiveness. Building on a systematic review of existing empirical
studies, we developed a framework that identifies the main features related to biosphere reserve
management effectiveness. We identified four main categories—context, inputs, process and
outcomes—and 53 sub-categories, which interact at different scales and shape biosphere reserve
effectiveness. We found that the capacity of biosphere reserves to achieve their goals is not only related
to the way they are managed /governed, or to the inputs invested, but to many social and ecological
contextual factors. We also identified benefits and impacts that were associated to biosphere reserves
around the world. Comparing to other social-ecological system frameworks, ours provides a more
inclusive approach, since it integrates the findings of studies with different research perspectives,
considers a plurality of values attributed to natural resources, and the social-ecological system’s
scales dynamics.

Keywords: biodiversity; biosphere reserve; conservation; framework; governance; management
effectiveness; protected area; social-ecological system; sustainable development; systematic review

1. Introduction

1.1. Biosphere Reserves and Social-Ecological Systems Management and Governance

Biosphere reserves are unique places to understand how to sustainably manage and govern
social-ecological systems, given their integrated approach to conserve biodiversity and promote
sustainable development, and their global scope. Along the manuscript we use the term
“management” to refer to procedures and activities that are pursued in order to achieve given
goals [1], and “governance” to address how and who make the decisions [2]. The designation of
biosphere reserves is the main instrument for the implementation of the United Nations Educational,
Scientific and Cultural Organization Man and Biosphere Programme (UNESCO-MAB) [3], which to
date contains 669 designated places, distributed over 120 countries [4]. The first biosphere reserves
were designated in 1976 to conserve natural areas and their genetic material [5]; however, in 1996,
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their goal and functions were altered in order to accommodate sustainable development along with
biodiversity conservation goals [6]. Biosphere reserves are now “sites of excellence to explore and
demonstrate conservation and sustainable development on a regional scale” [6]. Each biosphere
reserve is expected to fulfill three functions: biodiversity conservation, sustainable development, and a
logistic support function that is related to research, training and education [6]. In order to achieve these
functions, biosphere reserves have to meet the designation criteria, which includes the implementation
of a zoning scheme: a legally constituted core area of adequate size to meet the long-term conservation
objectives, surrounded or contiguous to a buffer zone, where activities consistent with the conservation
goals can be performed, and a transition zone, where sustainable resource management should take
place [6]. Besides the zonation and dimension requirements, biosphere reserves have to be relevant for
the conservation of biodiversity within its biogeographic region, and provide arrangements to promote
the participation of a range of stakeholders in the governance of the biosphere reserve, inter alia,
public authorities, local communities and private interests [6].

The UNESCO Man and Biosphere Programme integrates key concepts from the social-ecological
systems management and governance literature [7-9]. The goals of biosphere reserves are not only
related to the conservation of biological diversity, but also cultural diversity, ecosystem services,
and sustainable development [3]. Their logistic function places emphasis on the importance of
learning, a key property of adaptive management [10]. Governance of biosphere reserves requires the
inclusion of a diversity of actors, a property of co-management and polycentric governance. They can
provide the arena where a diversity of organizations and stakeholders, at different scales or within
the same level, interact. The role of bridging organizations is particularly important in this regard;
to foster collaboration, build trust and resolve conflicts between the different stakeholders [11].

A big gap between the biosphere reserves concept and practice has been reported [12,13].
According to a report of the International Co-ordinating Council of the MAB Programme [13], a big
majority of the designated biosphere reserves were not fulfilling the designation criteria, and only
six (out of a total of 621) were considered to fully meet the criteria. However, a comprehensive
understanding of biosphere reserve management effectiveness, i.e., if biosphere reserves achieve
the goals for which they were designated (as defined in protected areas’ management effectiveness
literature [14]), is not available; note we use the terms “biosphere reserves’ management effectiveness”
and “biosphere reserves’ effectiveness” interchangeably along the manuscript. The mechanism that
evaluates biosphere reserves—the periodic review process—is considered inadequate to monitor
management effectiveness, because it mainly focuses on evaluating the compliance with the
designation criteria, and not its management and governance performances [15]. Besides that,
the information available is scarce, not only because most biosphere reserves have not established
any reporting until very recently [13], but also because the periodic reviews are not accessible.
Assessment of biosphere reserve effectiveness (and of protected areas in general) is also hampered
by the general lack of available data for biodiversity and social monitoring [16]. This situation
limits the understanding of which factors may be related to success or failure of biosphere reserves
and also their contribution for a better understanding of pathways towards more sustainable
social-ecological systems.

Some large-scale studies have evaluated biosphere reserve management effectiveness and
the factors that can be associated with its success or failure. However, these studies are not
comprehensive because they analyze specific management/governance practices (e.g., Schultz and
her colleagues analyzed how stakeholder participation and adaptive co-management influence the
goals of biosphere reserves [17]), or their evaluations were only based on the perceptions of managers
and researchers [17-19]. There is, therefore, a need to integrate the available studies, in order to have a
more holistic understanding of the factors that influence biosphere reserve management effectiveness.
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1.2. Social-Ecological Systems Frameworks and Biodiversity Conservation

Calls for an increasing integration of social-ecological systems concepts in biodiversity
conservation have occurred in recent years [8,9,20,21]. Social-ecological systems (SES) are complex
systems, in which the interdependence and interactions between both social and ecological systems
across scales and time are recognized [22,23]. The study of SES has relied on the development
of frameworks, theories and models which help to make sense out of these complex systems [24].
A framework is the structure of a theory, in which concepts and their relationships are displayed
in a logical way [25]. Using a diagnostic perspective, frameworks are useful to understand the
source of the poor outcomes of social-ecological systems [26]. Because frameworks are not as general
as theories, or as precise as models, they are adequate to address the panacea problem in policy
design [26]. Social-ecological systems frameworks differ, e.g. in the weight given to the ecological and
social system, and in the conceptualization of the relationships between both systems [27]. Despite a
diversity of frameworks having been developed to better understand SES [27], there is not a single
framework that can be considered fully comprehensive, and different frameworks highlight different
components of the same problem [28].

Ostrom’s social-ecological systems framework [29] is particularly relevant in the context of
natural resource management and governance. The framework integrates the findings of a number
of case studies around the world where communities self-organize to manage natural resources of
which excludability is not possible, e.g., forests, fisheries and groundwater systems [29]. Ostrom’s
framework has, however, some limitations that make its adaptation to conservation policies limited [9].
The main focus of Ostrom’s framework in common-pool resources has raised questions about at what
point the framework can also be used with public goods and services, such as many ecosystem
services [30]. Besides that, biodiversity conservation frequently imposes restrictions on natural
resource use, and therefore, there is no process of extraction, which is a cornerstone in Ostrom’s
framework [30]. Its emphasis on single focal situations, that develop mainly at one scale, fails to
account for the linkages and dynamics of SES across scales [9]. Although some of Ostrom’s rules may
be useful at larger scales [31,32], its application faces many challenges [32] due to the increased level of
complexity associated with such large-scale systems [33]. Ostrom’s framework has also been criticized
for its focus on institutional theory, failing to account for other perspectives on SES [9].

In order to overcome the limitations regarding biodiversity conservation issues,
Ostrom’s framework has been combined with other frameworks, such as resilience theory
and systematic conservation planning [9,21]. These frameworks are, however, not fully comprehensive,
and build mainly on conceptual instead of empirical analysis. Therefore, a social-ecological systems
framework that considers the existing empirical knowledge about integrated strategies for biodiversity
conservation and sustainable development remains to be developed. We argue that biosphere reserves
represent unique opportunities to develop such a framework.

1.3. Study Goals

In this study, we reviewed existing empirical literature about management and governance
of biosphere reserves in order to develop a holistic framework which represents its main features.
By doing this, we aim to:

(i) Provide a more comprehensive understanding of factors related to biosphere reserve management
effectiveness and;

(i) Contribute to a better understanding of factors, which are important for the integrated
management of social-ecological systems and the conservation of biodiversity.

2. Materials and Methods

The literature used to identify the main factors associated with biosphere reserve management
effectiveness was selected using existing approaches for systematic reviews [34,35]. The review
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process followed other systematic literature reviews [34,36,37], and included a systematic procedure
for paper selection (steps 1 to 5), and the development of a category scheme (step 6) through a stepwise
deductive-inductive coding procedure (Table 1). A schematic representation of the methods is also
given in Appendix A.

Table 1. Review procedure adapted from other systematic literature reviews [34-36].

Review Step Procedure Results

Database search on Scopus using the defined Bibliographical information of

1. Data gathering search string. 2499 potentially relevant papers

Screening of the data to define the inclusion criteria. ~Data set reduced to 2286

2. Data screening Papers published before 1996 were excluded. potentially relevant papers

Screening the title, abstracts and keywords guided
by the questions: (i) Is the study engaged with the
biosphere reserve concept? (ii) Is the study about
management or governance of biosphere reserves?

3. Data cleaning Is the study useful to understand the factors
influencing management and governance of
biosphere reserves? (iii) Is it an empirical study?
10% of the papers were evaluated by two reviewers
and the different decisions discussed.

Data set reduced to 186 potentially
relevant papers

Download of 177 papers (9 papers

4. Data scoping Download of the potentially relevant papers. with no full-text access)

Definition of the scale of analysis resulted in the
exclusion of those studies with more than one case
study. Further papers were excluded because they
were not developed in UNESCO biosphere reserves
or they didn’t comply with the criteria defined in
step 3.

5. Paper classification 66 case studies

“Thought units” were selected as the units of
coding. The category scheme was developed
6. Categorization through a backward and forward
inductive-deductive approach, based on
preliminary and recursive coding.

Category scheme with 4 categories
and 53 sub-categories

2.1. Paper Selection

Existing literature was screened in the Scopus database on 10 March 2017. Different combinations
of key-words along with “biosphere reserve”, such as “management” or “governance”,
were initially used. However, the inclusion of these terms in the research string was excluding
potentially relevant papers, and therefore, only “biosphere reserve” was used. We also limited the
search to peer-reviewed papers published in English (research string in the Appendix B). We further
excluded the papers published before 1996 because their empirical work was developed before the
Seville strategy [6], when the goals of biosphere reserves were mostly focused on the conservation
of biodiversity than on a more integrated social-ecological approach. The resulting subset of papers
(n = 2286) was screened for the definition of the inclusion criteria (Table 2).

Table 2. Description of the criteria used to decide the inclusion/exclusion of a paper.

Criteria Description

Studies performed in biosphere reserves, or that engage with them in
some way, e.g., studies realized in adjacent areas, but which report
implications for the biosphere reserve.

Engagement of the study with
the biosphere reserve concept
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Table 2. Cont.

Criteria Description

A paper was considered to be about management or governance of
biosphere reserves if it reported on specific actions that were associated
with the biosphere reserve’s decision-making body. Defining
effectiveness against some pre-determined goals was not possible

Link with management or because the goals of the program are very broad (e.g., sustainable
governance of development) and different biosphere reserves have different,
biosphere reserves more tangible goals. Papers about why management or governance is

performed in a specific way were also included. Besides that, we only
selected papers about biosphere reserve management or governance,
and not its designation, in order to exclude “paper biosphere reserves”,
i.e., those where active management is not in place.

An empirical study includes primary or secondary data but not
“analysis of analysis”, i.e., reviews or research synthesis [37]. A critical
appraisal of the methods and results of the papers resulted in the
elimination of those that do not present enough information for
meaningful interpretation [38] and opinion papers. Studies using very
Empirical study different strategies (e.g., experiments, surveys, ethnographies) were
included, in order to cover a diversity of inquiry belief systems or
worldviews [39]. We acknowledge, however, our limitations in doing so,
since reviewers bring with them their own research philosophies,
which will influence not only their strategies and methods, but their
perceptions on what is important or useful to consider [39].

The conformity of the papers with the inclusion criteria was made by screening the title,
abstract and keywords of each paper. The full-texts were screened by the first author, and a
precautionary approach was taken—if a paper was perceived to potentially present relevant
information, it was included. A portion (10%) of the papers were randomly selected to be evaluated by
a second reviewer (the second author), and disagreements were discussed and resolved. This helped
with building a common understanding and minimizing bias during the process of paper selection [34].
The application of this criteria resulted in the selection of 186 potentially relevant papers. This subset
was downloaded, and when the full-text was not available, emails were sent to the authors. The analysis
of the 177 available full-texts resulted in the further exclusion of those papers that: (i) were developed
in biosphere reserves that are not included in UNESCO available databases [4,40]; or (ii) included
more than one biosphere reserve, or biosphere reserves and other instruments, in multiple case-studies.
We acknowledge that by including papers that developed studies in only one biosphere reserve,
potentially relevant literature of the field may be excluded from our analysis (e.g., [15,17,19,41]).
Many of these papers were, however, included in the discussion of the framework that resulted from
our analysis in Section 4.1. Further papers were iteratively eliminated because they did not comply
with the inclusion criteria previously defined. The final number of papers which were used in the next
step of the review was 66.

2.2. Development of the Categories

The categorization procedure followed the one proposed by Srnka and Koeszegi [36], which is
broadly represented in Appendix A. Only the results section of each paper was coded, using NVivo
(QSR International, Doncaster, Australia; version 11.4.1.1064). In order to identify general
themes, we analyzed the results sections of the papers, looking for repetitions, similarities and
differences, and causal relations in the text [42]. Three main subjects emerged: factors influencing
management/governance, management/governance processes, and outcomes. The coding started
with an inductive analysis, where codes were assigned to thought units, i.e., text chunks without a
pre-defined length but in which a main idea is expressed [36]. The codes were organized in the general
topics previously identified; however, along the coding procedure, the main categories changed to
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reflect the topics that were emerging from the data. The codes were developed in hierarchies in order to
obtain a detailed and precise category scheme [36]. The coding was performed in a stepwise procedure,
in which the data of an increasing number of random papers was assigned to codes. At each step,
the coding scheme was reviewed in order to incorporate the new data from the group of papers just
coded, but at the same time keeping it at a manageable size. In parallel, existing literature was used
to help make sense of the data (deductive approach). When about half of the papers were coded,
the scheme had four categories and 113 sub-categories. The scheme continued to be interactively
changed and simplified, a process that was supported by the discussion of the coding process between
the authors of this paper, including comparing different coding solutions, and by checking with
existing literature. A second round of coding was performed in which the first papers coded were
coded again. The coding scheme continued to be interactively changed in a similar way as in the
previous steps, until it was perceived to capture most of the information in the papers. About 20%
of the papers were coded a second time (recursive step). The final scheme, with four categories and
53 sub-categories, was found to be the most relevant and plausible solution; however, other criteria
could have been conceptualized out of the available data. Clear definitions were provided to categories
and sub-categories.

3. Results

The systematic selection of the papers resulted in the inclusion of 66 case-studies for further
analysis, i.e., less than 3% of the peer-reviewed English literature with the term “biosphere reserve”
present in the title, abstract or keywords. Reviewed papers are listed in Appendix C. As a result of
the categorization procedure, four categories and 53 sub-categories, which represent factors related to
biosphere reserve management effectiveness, were defined. The interactions between these factors

across scales result in a dynamic system, which is generally depicted in Figure 1.

Main -~ - ¢ -

cause-effect 4 Feedbacks International Nationall =~ 5cal
se-efle 1 between \ | | JRegional oo

relationships ¥ factors scale - * scale S

Figure 1. A framework to understand biosphere reserve management effectiveness. The figure
represents the four core categories that emerged from the empirical literature about the management
and governance of biosphere reserves, and highlights the interactive nature of factors influencing
management effectiveness across different scales. Core category size is representative of the number of
sub-categories included: 18 in the process, 17 in the context, 13 in the outcomes and five in the inputs.
Different factors are represented by the different intensity of color of each category and distributed
across different scales. The lack of clear boundaries between factors in different categories and scales is
represented by the dashed circles. The area of the circles is only illustrative, since information about
the number of factors that are important at each scale have not been systematically accessed.
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Four core categories were developed: context, inputs, process and outcomes. In the context
category, we include place-based and multiscale features, which their presence or absence shape
the settings where biosphere reserves are implemented. The inputs category embraces material and
immaterial investments in the process. The process category includes factors related to management
and governance per se, i.e., those actions and mechanisms which are associated with biosphere reserve
decision-making. Finally, in the outcomes category, we included the impacts and benefits in social and
ecological systems that followed the implementation of the process. These factors were associated
with sub-categories, as depicted in Table 3 and defined in Appendix D.

Table 3. Categories (context (C), process (P), inputs (I), outcomes (O)) and sub-categories (C1, C2, etc.)
that emerged from the literature about the management and governance of biosphere reserves.
Sub-categories are organized in thematic groups (in quotation marks) for better understanding.

Context (C) Process (P)

“Institutions and organizations”

C1 Regulations—formal rules

C2 Informal institutions and culture
C3 Power issues

“Project and spatial dimension”
P1 Process scale

P2 Spatial design

“Decision making”

C4 Organizations

“Time related”

C5 Historical factors

C6 Time

“Socio-economic attributes”

C7 Economy and politics

C8 Socio-economic attributes

C9 Information related

“Purpose of natural resources use”

C10 Use of natural resources for livelihoods
C11 Use of natural resources for cultural purposes
“Human-nature relationship”

C12 Impacts on natural resources

C13 Human-wildlife conflicts

C14 Cultural landscape

C15 Conservationist value

“Ecological context”

C16 Bio-physical attributes

C17 Resource mobility

P3 Process initiation

P4 Public participation

P5 Participatory processes

P6 Management body

P7 Coordination and leadership

P8 Institutions for management
“Instruments”

P9 Material investments and infrastructure
P10 Human resources related

P11 Conservation and habitat management
P12 Restrictions

P13 Enforcement and control

P14 Incentives

P15 Economic development

P16 Research and monitoring

P17 Information and capacity building

P18 Planning

Inputs (I)

Outcomes (O)

“Attitudes and beliefs”

I1 Attitudes

12 Beliefs

“Investments”

I3 Funding and material support/opposition
14 Non-material support/opposition

15 Type of knowledge

“Benefits” “Impacts”

O1 Economic 08 Economic

02 Social 09 Social

O3 Empowerment 010 Inequality

04 Health 011 Health

O5 Learning 012 Cultural

06 Cultural 013 Environmental

07 Environmental

A total of 53 sub-categories were identified: 17 in the context category, 5 in the inputs category,
18 in the process category and 13 in the outcomes category. “Context” includes features related with
social systems, such as the organizations and institutions in place; human-nature interactions, such as
human-wildlife conflicts; and ecological features, such as the presence of species with high mobility
(e.g., migratory species). “Inputs” includes the attitudes and beliefs actors express in relation to the
process; material and immaterial support/opposition; and the type of knowledge (scientific and/or
experiential knowledge) that was used as an input for the management/governance. “Process” relates
mainly with decision making procedures and the instruments used for management, but also with
its scale (project vs biosphere reserve management/governance), and process spatial design (features
related with, for example, spatial zoning, area and location). “Outcomes” reports economic benefits
and impacts, such as the increase/decrease of jobs; positive or negative changes linked with social and
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cultural features, such as empowerment and creation/deepening of inequalities; and environmental
benefits and impacts, such as the increase/decrease of endangered species populations.

The factors that influence biosphere reserve management effectiveness occur at different scales.
At an international scale, a financial crisis, included in the sub-category economy and politics (C7),
was reported in the study of Trillo-Santamaria and Paiil [43]. National government material and
non-material support (included in the sub-categories I3 and 14) was important in the study of Devine [44].
The same study reported on the local degradation of natural assets inside the reserve (sub-category
Cl2—impacts on natural resources). Factors also occur at different time scales—impacts of colonialism
(sub-category historical factors; C5) were identified to still be important today in the study of Lyon and
his colleagues [45]. A diversity of actors was also covered, of which relevance varies between different
factors. Examples of relevant actors in different sub-categories include: beliefs of managers of biosphere
reserves (sub-category 12, [46]); material support of the national government (sub-category I3, [43]);
and economic impacts in local communities (sub-category O8, [47]). In Appendix E, a scheme
demonstrating how the different components of the framework can interact is given.

4. Discussion

4.1. Factors Influencing Biosphere Reserve Management Effectiveness

In the proposed framework, we identified 53 sub-categories which represent different factors that
influenced biosphere reserve management effectiveness around the world. We included outcomes
as influencing factors, because of the feedback between them and the other sub-categories. The high
number of factors in the proposed framework combines aspects of different global and regional studies,
which highlight the importance of factors related to the management/governance process [18,19],
the inputs, and the socio-economic and institutional context [48,49]. In addition, our framework
considers the importance of contextual variables related to the existing ecological characteristics,
and to the interaction and interdependence between the ecological and social systems. The reviewed
literature report conflicts that emerged because of restrictions to natural resource use were applied in
contexts where communities are highly dependent on them for their livelihoods (e.g., [50]). In other
studies analyzed, existing conflicts between humans and wildlife (for instance, the depredation of
livestock by predators [47]) required some interference by managers, such as compensation for the
economic losses. In both situations, managers face challenges that may not exist in other biosphere
reserves and therefore have to correspondingly adapt the management/governance process.

Many factors related to the way that biosphere reserves are managed and governed were identified
in the reviewed literature. The implementation of biosphere reserves is taking place by using a
variety of instruments related to the MAB programme goals [3,6]. Biodiversity conservation and
the sustainable use of natural resources is promoted through conservation and habitat management
initiatives (P11), restrictions (P12), enforcement and control (P13) and incentives (P14). Incentives (P14)
and economic development (P15) are related to the biosphere reserve’s sustainable development goals.
The logistic function of biosphere reserves is being implemented through research and monitoring
(P16) and information and capacity building (P17). Although we have not accessed if all biosphere
reserves are working towards the three goals, the identification of factors related to instruments to
achieve the sustainable development and logistic support goals is indicative that there are already
biosphere reserves moving from their previous conservation focus [9].

According to the MAB programme [3], community participation should take place at many
stages of biosphere reserve implementation. Many studies have highlighted the importance of public
participation for the success of biosphere reserves [17-19], and ours is no exception (sub-category P4).
However, the way participatory processes are developed (P5), including who participates, in which
moments and the available information, was also found to be important (e.g., [51]). Other relevant
factors related to the decision making include the way the process was initiated (top-down,
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bottom-up or mixed; P3), the degree of centralization of the management body (P6), coordination and
leadership (P7), and which institutions (P8)—formal or informal—are mainly used for management.

In the Section 1.1, we discussed how the assessment of biosphere reserve management
effectiveness is hampered by the lack of an adequate evaluation mechanism and indicators.
We overcame this by inductively identifying the changes resulting from the implementation of
the process instead of evaluating effectiveness against some predetermined goals. We identified
remarkable achievements following biosphere reserve implementation, such as empowerment (O3) and
learning (O5). We followed existing definitions of empowerment [52] to include in this sub-category
those situations in which local communities are given the responsibility and decision making of
managing their own resources. This was reported in the Sian Ka’an Biosphere Reserve in Mexico,
where fishermen participated in the definition of new no-take marine zones [53]. Evidence of social
and transformative learning (as defined by Armitage and his colleagues [54]) were reported in the
Kristianstads Vattenrike Biosphere Reserve in Sweden. In this biosphere reserve, politicians have
changed their perceptions about the importance of informal gatherings, and developed new processes
accordingly, such as the “environmental breakfasts”, to discuss the environment with farmers [55].

The implementation of biosphere reserves is also associated with negative social and
environmental changes. In the Waterberg Biosphere Reserve (South Africa), up-scale tourism, based on
the creation of luxury spaces where “ordinary man” can’t afford to visit, is being developed [45].
We included this unequal access to the cultural benefits arising from ecotourism development in the
inequality subcategory (O10). The same study reports environmental impacts (O13) deriving from
the development of this kind of tourism; in particular, the unsustainable use of water. We believe
this example is demonstrative of the need for more clear guidelines regarding what “sustainable
development” means in a biosphere reserve: at what environmental expense can development take
place? Is equality a less important goal than providing environmental and economic benefits?

During the framework development, the importance of three main scales emerged: local,
regional-national and international. We identified factors related to natural and social processes
which are relevant at regional or global scales, e.g., migratory species life cycles and aspects related
to globalization. The importance of scale and cross-scale dynamics are increasingly recognized
in environmental management, in particular the mismatch between biophysical systems and their
management and governance structures [56,57]. Biosphere reserves are in a privileged position to
address scale mismatches, given their global network and their role as arenas where a diversity
of stakeholders at different scales interact. Studies on collaboration networks may provide useful
insights in this regard by analyzing cooperation and communication strategies between the different
actors [58,59].

A social-ecological system understanding of biosphere reserve management effectiveness,
as displayed in our framework, revealed many factors that were overlooked in previous studies.
We acknowledge that our framework is not fully comprehensive, and that different criteria could have
been conceptualized out of the available data. The integration of more studies, including from grey
literature or potentially sub-represented regions, would be important. A better conceptualization of
some sub-categories e.g., attitudes (I1) and beliefs (I2), is also needed to avoid confusion between
them. Despite that, we consider that the framework brought a higher tangibility to some factors,
in particular those related to how biosphere reserves are being managed and governed, and which
contextual factors could be important, which are frequently referred to at a high abstract level
(e.g., [48]). Furthermore, this framework shows that social and ecological benefits and impacts
have been associated with the management and governance of biosphere reserves, which, to our
knowledge, has never been systematized. We acknowledge that a better understanding of the factors
that consistently led to benefits or impacts of biosphere reserve management and governance is
necessary; however, at this point, these cause—effect relationships were not possible to systematize.
Future work is needed in order to better understand the system dynamics. Also, the spatial distribution
of the sub-categories identified would lead to a better understanding of the main patterns related
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to the context, inputs, process and outcomes of biosphere reserve management and governance.
The framework is, therefore, a first step towards a more holistic systems analysis of biosphere reserve
management effectiveness. It can further inspire management and governance of biosphere reserves
at different scales, e.g., through the definition of specific third-level variables, the framework may
provide a structure for the development of criteria for the establishment and evaluation of biosphere
reserves, as Pool-Stanvliet and her colleagues [60] have developed for biosphere reserves in South
Africa. It may also be useful to systematically report experiences with management and governance,
as Plummer and his colleagues [61] have proposed in relation to adaptive co-management processes.
Such systematization can provide a better understanding of factors associated with positive and less
positive outcomes and, eventually, the identification of the factors in the system that may leverage
biosphere reserves success. The framework also provides a structure to comprehensively analyze
literature about management and governance of biosphere reserves, and identify major trends and
research gaps. Considering its operationalization, the framework should be regarded as a flexible tool
in which sub-categories may be added or eliminated, or some may even change between the four main
categories, in order to better address the challenge at hand.

4.2. Biosphere Reserve Framework and Social-Ecological System Frameworks

Our framework connects different fields of knowledge and provides a comprehensive
understanding of the factors related to sustainable management and governance of social-ecological
systems. It is a social-ecological framework in which dynamics of social, ecological or
social-ecological aspects are linked across different scales and time. It has empirical support
since our categories emerged from the results section of previously selected peer-reviewed
empirical papers. The mixed inductive-deductive coding process allowed the incorporation of
previously developed ideas from social-ecological systems literature (the Ostrom social-ecological
systems framework [29]), social-ecological systems and protected areas [9,20], biosphere reserve
effectiveness [48], and environmental management [62]. Other references used are identified in the
sub-categories description (Appendix D). Because our framework included studies from a diversity of
researchers, it embraces their different world views, research strategies and methods, making it more
comprehensive than a single-study analysis. This diversity is required in the study of complex systems
because it allows the incorporation of different perspectives in the management and governance of
systems that are highly uncertain and poorly understood [10]. We do not claim, however, that our
framework is value-free, and this is particularly relevant considering that the categorization process
was primarily developed in an inductive way. In order to increase the reliability of the review procedure
without compromising its validity, we included multiple reviewers in both the selection of the papers
and categorization process and we carefully disclosed the coding procedure, as recommended by
Srnka and Koeszegi [36]. Our framework follows, therefore, the major criteria Cumming [63] has
proposed for the development of theory-driven social-ecological system frameworks. Despite being
accomplished through the analysis of biosphere reserve management and governance, the proposed
framework may also contribute to the advancement of theory in social-ecological systems.

Compared to other SES frameworks, we identified the same number of sub-categories as Ostrom’s
second-level variables [29]. We found many variables in common with Ostrom, e.g., the mobility of
resources, monitoring and sanctioning processes, socio-economic attributes of users, norms/social
capital and the importance of the resource. Ostrom’s framework places more emphasis on the ecological
variables and variables related to the process of extraction (e.g., harvesting levels and the number
of users). We found that existing conservationist values are also important because it triggers the
interest and actions of actors at different scales, which will change the local social settings. We also
identify many variables related to existing power relations, which are absent in Ostrom’s framework
(e.g., historical factors, power issues and inequality). These differences can be related to the broader
scientific perspectives we have embraced in the literature included, comparing to Ostrom’s roots in an
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institutional analysis. In Table 4, we provide a comparison between some aspects that may explain the
differences between both frameworks.

Table 4. Aspects of the Ostrom’s [29,64] and biosphere reserve frameworks which may explain the
differences between them. The comparation is performed with Ostrom’s initial work and excludes
more recent updates to the framework, e.g., [30].

Aspect/Framework Ostrom Biosphere Reserves

Understand factors that affect the
Goal likelihood of self-organization for
natural resource management

Understand factors that affect biosphere
reserve management effectiveness

Local to international scales—some case

Small-scale, usually a common-pool studies focused on the management of a
Scale resource (e.g., forest, fisheries, specific task, while others focused on the
groundwater) management of a transboundary

biosphere reserve

Mainly common-pool resources; public
goods and socio-technical systems to a
smaller extent

Public/private nature
of the resources

Diverse: private, common or public goods
and services

Economic and non-economic values
Biodiversity values . (e.g., fundamental and eudemonistic
. Economic values - . .
included values [65], associated with the core and
buffer zones)

Diverse: governments, communities,
non-governmental organizations, and/or
multiple ways of collaboration

between them

Governance actors Local communities

The framework was developed to reflect the
theoretical perspectives of the authors of
the included studies (e.g., political ecology).
The influence of the reviewer’s disciplinary
background (ecology) cannot, of course,

be discarded

Based in blueprint Yes, to some extent (e.g., strict protected
solutions? core area)

Institutional theory, collective action
Roots theory, rational choice theory and
institutional change

Our framework is also consistent with other social-ecological frameworks. We agree with
Cumming and his colleagues [24], who emphasize the relevance of scales for the effectiveness
of conservation strategies. It is also consistent with the framework developed by Plummer and
his colleagues [61], concerning adaptive co-management initiatives. Using a similar structure,
based in settings, antecedents, process and outcomes, the authors developed a set of sub-categories,
which are particular important regarding the processes of learning and collaboration. Both frameworks
differ in respect to many of the sub-categories identified and how are they arranged in the four
main categories. We also provided a more exhaustive identification of most of the sub-categories,
and a clear recognition of the importance of the context, feedback and scales across all categories.
Therefore, besides being consistent with the frameworks discussed [9,29,61], our framework adds
new information, and provides a more holistic perspective on social-ecological systems management
and governance.

5. Conclusions

Current and predicted high rates of biodiversity loss [66,67], along with high variability,
uncertainties and ignorance about the ecological systems [68] constitute a large challenge for the
sustainable management and governance of social-ecological systems. Biodiversity conservation
strategies are required because of the role biodiversity plays in the provision of ecosystem functions
and structure, from which human well-being ultimately depends [68], but also because of the value
that biotic resources have on their own. Our framework reveals that the cross-scale interlinkages
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between those social and ecological systems where conservation strategies are implemented cannot be
overlooked, contributing a better understanding of management and governance of social-ecological
systems along with the conservation of biodiversity. Through the integration of a diversity of empirical
studies about biosphere reserve management and governance, we were able to develop a framework
which integrates multiple world views, research strategies and methods, providing a more holistic
perspective of social-ecological systems. Our framework reveals that a big diversity of factors
potentially influence the capacity of biosphere reserves to achieve their goals. Biosphere reserves
are not islands—they are influenced by the interlinkages of social and ecological contextual factors
at different spatial and temporal scales. They are dependent on a set of inputs to be managed and
governed, which are also associated with a diversity of scales and actors. The varied strategies used to
manage and govern social-ecological systems in biosphere reserves are also important, because they
trigger social and ecological changes, and not only in a positive way. The framework we propose
may provide a structure to further analyze such complex system dynamics, and potentially reveal
the sources of poor and successful outcomes in biosphere reserves and social-ecological system
management and governance.

Biosphere reserves may offer a unique opportunity to understand pathways for more sustainable
social-ecological systems. Their ambitious goals match the huge challenges we currently face,
including halting biodiversity loss and ending poverty. We hope the proposed framework contributes
a more holistic, systems understanding of biosphere reserve management and governance, and to
its effectiveness, i.e., “a world where people are conscious of their common future and interaction
with our planet, and act collectively and responsibly to build thriving societies in harmony within the
biosphere” [3].
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Appendix A

Depiction of the major steps of the two stages of data analysis: the selection of the papers and the
categorization process (adapted from the study of Srnka and Koeszegi [36]).
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Figure A1. Main steps of data analysis.
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Appendix D

Category and sub-category definitions

Table A2. Definition of the main categories related to the management and governance of biosphere

reserves (BRs).

Category Definition
Place-based and multiscale features of which the presence or absence shape the
settings where BRs are implemented. They can have a direct or indirect influence
Context (C) in the process, the inputs or the outcomes. The context is not about the BR
implementation (process) but about the characteristics of the settings,
independently of the BR.
What was invested in the process? Material and immaterial support or
Inputs (I) L .
opposition at different scales.
How is management/governance being conducted? The actions and mechanisms
Process (P)

by which management and governance takes place.

Outcomes (O)

Impacts and benefits in social and ecological systems, that followed the
implementation of the process.
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Table A3. Definition of the sub-categories included in the “Context” category. BR—biosphere reserve.

Sub-Category

Definition

C1 Regulations—formal rules

The written rules, i.e., legislation, regulatory structure, land tenure. This does
not mean that they are the rules in use, since actors can ignore them and use
informal rules. Legislatures, regulatory agencies and courts usually
determine the formal rules in place [69].

C2 Informal institutions and
culture

Rules that are self-organized by informal gatherings, appropriation teams or
private associations [69]. It also includes norms, i.e., shared
perceptions/beliefs among a social group which define the proper or
improper behaviors. They are closely related to cultural prescriptions and,
therefore, issues related to culture are also included here [30].
Trust-reciprocity /social capital is also associated with existing social norms.
Here only the social context is observed—if the use of natural resources is
considered to be part of the culture, this is included in the sub-category
“Use of natural resources cultural purposes” (C11).

C3 Power issues

Power is related to the “ability to force people to do things they would not
independently choose to do” [70]. Power issues are referred to by the term
“power” and/or linked with the identification of some group with power

(e.g., men) and a group without power (e.g., women), in a defined context.

C4 Organizations

An organization refer to a group of people which are bounded to achieve
some common objective, including political bodies, economic bodies, social
bodies and education bodies [71]. All aspects related to the organizations in
place—organizations structure, inter-organizations relationships,
organizations goals, and other organization features, such as if organizations
are corrupt, are included here. This includes also factors related to the ability,
or lack of ability, of organizations to meet their goals, e.g., lack of funding,
human resources or human resources without skills.

C5 Historical factors

Historical factors are events that occurred in the past which still impact how
things happen today, e.g., previous communist regime, colonization. If the
event is very recent or is still happening, it is included in one of the other
context sub-categories (possibly “Socio-economic attributes”—CS8).

C6 Time

Do time restrictions influence management? E.g., the need to do something
fast; time restrictions influenced the participatory processes.

C7 Economy and politics

The economic and political systems in place—markets, financial crises,
regimes (democratic vs. autocratic), political philosophies (liberalism vs.
non-liberalism).

C8 Socio-economic attributes

Includes social and economic phenomena such as: (1) social phenomena, i.e.
migrations, conflicts; political phenomena, i.e. the fall of a president; illegal
activities, i.e. the illegal exploitation of natural resources, human trafficking,
drugs, etc.; (2) general attributes of the society: unemployment, poverty,
population size, etc.; (3) infrastructure in place—access to water or electricity
services (not information infrastructure); (4) specific characteristics of the
communities, e.g., level of education, skills, resources.

C9 Information related

Existing communication infrastructure and the quality of information sources,
such as media; e.g., if there is access to internet or telephone, or if local media
report news about a BR.

C10 Use of natural resources
for livelihoods

The exploitation of natural resources is reported to be important for
livelihoods; i.e., fishing, logging or subsistence agriculture is fundamental to
provide food, shelter or medicinal plants. This requires the extraction of the
natural resource.

C11 Use of natural resources
for cultural purposes

Natural resources are reported to be important for cultural purposes, e.g.,
recreation and religion. Includes both extractive and non-extractive use of
natural resources for cultural purposes. Therefore, if it is reported that the
extractive use of natural resources (e.g., fishing) is part of a community
culture, it is also included here.
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Sub-Category

Definition

C12 Impacts on natural
resources

Includes references of impacts on natural resources, e.g., less fish, pollution,
etc.

C13 Human-wildlife
conflicts

Conflicts between people and wildlife, e.g., wildlife attacks on livestock
or humans.

C14 Cultural landscape

The historical/traditional use of the landscape makes it dependent on these
human-nature interactions. This dependency is reported.

C15 Conservationist value

The species or ecosystems in place are reported to have conservationist value,
e.g., species are highly endangered or the presence of a unique habitat.

C16 Bio-physical attributes

Bio-physical attributes, such as altitude or climate, including the occurrence
of extreme weather events, or ecological disasters such as pests.

C17 Resource mobility

The presence of resources with high mobility which influence
management/governance/outcomes, e.g., migratory species.

Table A4. Definition of the sub-categories included in the “Inputs” category. BR—biosphere reserve.

Sub-Category

Definition

I1 Attitudes

According to Ajzen and Fishbei [72] “An attitude can be defined as a positive or
negative evaluation of an object or quality”. We included manifested attitudes,
i.e., the negative or positive evaluations people express about the process,

and not behaviors (e.g. because people don’t like the management body
(attitude), they do not go to the meetings (behavior, in this case, is a lack of
non-material support)).

12 Beliefs

Beliefs underlie “a person’s attitudes and subjective norms, and they ultimately
determine intentions and behavior” [72]. We are coding beliefs,

including perceived benefits or impacts, values and worldviews, which explain
why people have a determined attitude or behavior.

I3 Funding and material
support/opposition

Includes concrete assistance, such as funding and performing assigned work for
others. Opposition do not require active opposition, i.e., when lack of
support/funding was reported to have some important effect, it was also
included as “passive opposition”.

14 Non-material
support/opposition

Includes all forms of support/opposition that are not tangible goods and services,
including emotional (caring, empathy, love and trust), informational support
(provision of information for problem-solving) and appraisal/affirmational
support [73]. We relate the appraisal/affirmational support/opposition with
lobbying for or against someone else’s cause. Actors can influence process
policies in many different ways, including attending and organizing protests or
other social movements, participating or not in public meetings on the subject,
influencing the media, etc. [74], by facilitating connections between different
governmental organizations and influencing decisions. Opposition do not require
active opposition, i.e., when lack of support was reported to have some important
effect it was also included as “passive opposition”.

I5 Type of knowledge

This includes scientific knowledge but also experiential knowledge, i.e., local
ecological knowledge, indigenous knowledge and traditional knowledge [7].

Table A5. Definition of the sub-categories included in the “Process” category. BR—biosphere reserve.

Sub-Category

Definition

P1 Process scale

Is the paper about the management/governance of the BR
(management/governance body), task/project management/governance,
or both?
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Sub-Category

Definition

P3 Process initiation

Includes aspects related to how the process was initiated: top-down—the
initiative came from the “top” and was imposed in the local settings;
participatory—the initiative came from the “top” but its implementation was
discussed with local communities since the beginning;
bottom-up—self-mobilization of the local communities.

P4 Public participation

Is civil society participating in the BR management/implementation? Includes
whether civil society is consulted for BR management and/or projects; participate
in BR activities (e.g., as staff) or participate in BR management (e.g., through
access to the discussions, dialogue, or influencing BR decisions (adapted from
[75,76]).

P5 Participatory
processes

Design and organization of participatory meetings, including pre-, during,

and post-meeting settings; who is included, balance of power and participatory
exclusions [75]. Pre-meeting settings include who participates in the agenda
setting, if the information is available to everyone before the meeting and how
are invitations to the meeting disseminated; during the meeting settings include
how are decisions made, if the information was provided in an adequate format,
if there are mechanisms to ensure that everyone has time to speak; post-meeting
settings include if there are mechanisms to monitor the implementation of the
decisions [51].

P6 Management body

Is there a proper (formal) BR management body in place? What is its degree of
centralization? References about the centralization of decision making (e.g., the
managers offices are very far away from the BR). What is the structure of the
management body—who is included /excluded? How many actors?

Power balance.

P7 Coordination and
leadership

This includes features related to the quality of the management—bad
management is characterized by a lack of functionality, mismanagement and lack
of coordination of the activities inside the BR. Its related with lack of
collaboration, cooperation, communication and clear mandates for BR
management. Characteristics of the decision-makers, such as leadership, are also
included.

P8 Institutions for
management

This includes the use of formal and/or informal institutions. Formal rules are the
written rules, i.e., legislation, regulatory structure, etc. Informal institutions
include traditions, customs, beliefs and social networks.

P9 Material investments
and infrastructure

This includes the development of infrastructure and acquisition of other tangible
materials, such as vehicles.

P10 Human resources
related

This includes hiring human resources as staff or managers, and their working
conditions—i.e., references to wages, full-time vs. part-time work, seasonality, etc.

P11 Conservation and
habitat management

Includes active management of habitats and species in order to achieve
conservation goals: habitat restauration through e.g., revegetation, species
reintroduction, invasive species control, etc.

P12 Restrictions

Decrease environmental harms through restrictions: prohibitions, restrictions,
taxes, fees (e.g., park entry), charges, quotas, compensations for environmental
damages (e.g., biodiversity offsets), etc.

P13 Enforcement and
control

Enforcement and control of natural resource use and development. Monitoring of
activities which harm the environment and sanctioning (e.g., park patrols).

P14 Incentives

Incentives refer to the reduction of environmental harms through the promotion
of more environmentally friendly behaviors, e.g., payments for ecosystems
services, tax breaks, compensation for wildlife damage, subsidies,

forest concessions; promotion of markets for green goods and services by
stimulating producers adopting environmentally friendly methods,

and consumers buying green goods and services (e.g., certification). It includes
all the activities related to sustainable development, such as such as ecotourism,
sustainable agriculture, etc.
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Sub-Category

Definition

P15 Economic

This includes the development of initiatives which are mainly related to
economic goals, e.g., mining. Fishing and grazing are only considered if some

development action was made in order to promote these kinds of activities, e.g., revert
previous restrictions on natural resource use.
P16 Research and o .
o Research and monitoring of natural or social resources.
monitoring

P17 Information and

This includes: (i) provision of training or consultancy; (ii) development of BR
image and platforms with information about the BR or BR policies (website, radio
programs, etc.); (iii) information materials, such as flyers and signage;

capacity building (iv) provision of platforms for dialogue through the organization of participatory
meetings and other networking opportunities (such as barbecues,
cultural festivals); (v) collaboration, partnerships.

P18 Planning Planning of processes at different levels (e.g., project or BR; BR management

plan). Plans establish the vision, goals and strategies of the process.

Table A6. Definition of the sub-categories included in the “Outcomes” category. BR—biosphere reserve.

Sub-Category

Definition

O1 Economic benefits

Reported increase of monetary wealth or employment; increase of business and
industries productivity [77] as a result of management actions.

02 Social benefits

Improvement of social infrastructure (schools, etc.); increase social capital by an
increase of trust, cooperation and better communication; decrease in conflicts.

O3 Empowerment

Less powerful actors gain (or are given) increase control over their “lives and
livelihoods”; if local communities are given the responsibility and decision
making of management of their own resources [52].

04 Health benefits

Includes emotional (motivation, feeling of happiness, satisfaction, sense of
live security) and other health related benefits.

O5 Learning

If, after some management/governance action (e.g., participatory processes,
training, networking), some of the following occur: (i) there is a change in the
strategies/actions, goals or governance mechanisms resulting from social
interaction—social learning; (ii) there is a change in people’s and/or group
perceptions or values—transformative communicative learning; (iii) acquisition
of knowledge that is task-orientated / problem solving and aim to improve the
performance of the current activity—transformative instrumental learning;

(iv) knowledge that results from experience/learning-by-doing—experiential
learning; (v) if the paper’s author report “learning” (adapted from [54]).

06 Cultural benefits

Enhancement of cultural identity (cultural revitalization), preservation of
traditional knowledge, access to livelihoods and recreation opportunities and
promotion of traditional practices or customs [77].

O7 Environmental
benefits

Environmental benefits including an increase in species populations,
recruitment of plants, resilience, decrease in overharvesting natural resources.

08 Economic impacts

Reported decrease in monetary wealth or increase of unemployment; decrease of
business and industry productivity [77] as a result of
management/governance actions.

09 Social impacts

Displacement; decreased social capital—lack of trust, communication and
cooperation; occurrence of conflicts as a result of
management/governance actions.

010 Inequality

Uneven distribution of the benefits and costs of BR management/governance
actions.

O11 Health impacts

Includes emotional (stress, frustration, dissatisfaction, insecurity) and other
health-related impacts resulting from management/governance actions.
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Sub-Category Definition

Impacts of cultural identity, e.g., by separating people from their traditional

012 Cultural impacts livelihoods or culturally important sites and resources, erosion of traditional

knowledge and other traditional practices or customs [77].

013 Environmental
impacts

Environmental impacts including decreases in species population or distribution,
overharvesting natural resources or decreases in resilience as a result of
management/governance actions.

Appendix E

Demonstration of how the components of the proposed framework can interact with each other.

The figure is illustrative of some relationships between factors found in the study of Lyon and his
collegues [45]. Feedback between factors within the same category were omitted for better visualization
of interactions between the different categories.
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Figure A2. Demonstration of how the components of the framework interact with each other through
the presentation of some features of the study of Lyon and his collegues [45].
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