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Abstract
Agro-forest frontiers are the dynamic borders between agricultural and forested social-ecological systems
(SES) where agriculture is the largest driver of deforestation. However, studies on sustainable
agriculture and forestry, and biocultural ecosystems indicate that people can also be drivers of positive
synergistic ecological changes. Synergistic ecological change is defined as the enhancement of social
components leading to enhancements in ecological components within SES i.e. People’s Contribution to
Nature (PCN). This review conceptualizes PCN to compliment the Intergovernmental Science-Policy
Platform for Biodiversity and Ecosystem Services framework for Nature’s Contribution to People (NCP) and
validate reciprocity in people-nature relationships. This review gathers documentation to evidence the
hypothesis that adopting a biocultural approach to conceptualize PCN captures synergistic ecological changes
in agro-forest frontiers. This systematic review of 27 scientific articles synthesizes anthropogenic drivers,
practices, and biocultural values of synergistic ecological changes in agro-forest frontiers. Anthropogenic
drivers were found to operate at multiple scales, both beyond the SES as indirect drivers and within the SES as
direct drivers. These drivers of synergistic ecological changes ranged from diverse institutional arrangements to
livelihood and management strategies and context specific practices, as well as, local knowledge and values of
actors in agro-forest frontiers. The adoption of the biocultural approach operationalized PCN by capturing
synergistic ecological change as the co-occurrence of social and ecological benefits in the reviewed SES.
Therefore, the biocultural approach allowed for the validation of reciprocal linkages between PCN and NCP.
Demonstrating the drivers and values of synergistic ecological changes in SES enables them to be targeted as
conciliated nature conservation and social development strategies.
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Introduction
Valuing Nature
People’s relation to nature is associated with the complex and multitudinous ways people interact with and
value nature, and specifically the cultural or societal and moral contexts of such relationships (Diaz et
al., 2018; Pascual et al., 2017). Dominant economic or instrumental valuation of Nature’s Contribution to
People (NCP) or Ecosystem Services (ES) has made it difficult to consider the plurality of values. Value framings
of people-nature relations are based on diverse knowledge systems and values of nature with cultural or
moral underpinnings. Such value framings are not necessarily market oriented or amenable to monetary
quantification (Turnhout, Waterton, Neves & Buizer, 2013; Mistry & Berardi, 2016). The International SciencePolicyPlatform for Biodiversity and Ecosystem Services (IPBES) has paved the way for mobilizing diversified
knowledge on people’s relation to nature to inform policy through pluralistic valuation in environmental
assessments (Pascual et al., 2017).
The IPBES approach, by incorporating diverse stakeholders, values and knowledge systems, aims to broaden
the valuation of nature in environmental assessments (Pascual et al., 2017); moving away from solely
instrumental value framings and encouraging a transition towards pluralistic valuation (Pascual et al., 2017).
This socio-cultural valuation approach (see Scholte, Teeffelen & Verburg, 2015) stresses the importance of values
with cultural and moral underpinnings in addition to instrumental values, and explicitly recognizes and
validates the knowledge and values held by indigenous peoples and local communities (IPBES, 2016).
Indigenous peoples have ancestral ties to those populations who inhabited a country prior to conquest and
colonization, and who to varying degrees uphold their own cultural, social, economic and political institutions
(International Labour Organisation, 1989). Indigenous peoples manage roughly 40% of all terrestrial
government-protected areas which hold 80% of estimated global biodiversity and sequester nearly 300 billion
metric tons of carbon (equal to 33 times 2017’s global energy emissions) (Garnett et al., 2018). Local
communities, while not necessarily indigenous are also important actors in rural and agricultural
landscapes, towns, extractive industries, indigenous lands and conservation areas, inhabiting the sparsely
populated landscapes of the world (Brondizio & Tourneau, 2016). Indigenous people (Mistry & Berardi, 2016)
and local communities (Brondizio & Tourneau, 2016) are important actors for combating
deforestation, ecosystem degradation and climate change. Therefore, it is important to elucidate how local
actors can be agents driving positive ecological changes, as often, but not exclusively, evidenced by
synergistic interactions in people-nature relations using case-studies of biocultural ecosystems (Comberti,
Thornton, de Echeverria, & Patterson, 2015).

Biocultural Ecosystems, Values and Approach
Conceptually, biocultural ecosystems are related to social-ecological systems (SES). SES theory frames the
social and ecological feedbacks as interactions within a systeminfluenced bythe settings and conditions within
which local actors exist and impact policy (Sterling et al., 2017). While all biocultural approaches by nature are
social-ecological, not all social-ecological approaches explicitly start with the practices, local knowledge and
cultural beliefs of local actors. Biocultural approaches frame the interactions between elements of a systems
from locally relevant cultural perspectives (Sterling et al., 2017). Biocultural ecosystems refer to people’s
relation to nature in terms of bi- directionalorreciprocalrelationsfoundeduponastateofco-evolutionandcodependence of people and nature across many cultures (Biedenweg et al., 2014; Comberti et al., 2015).
Biocultural values recognize and validate reciprocal relationships between local actors and nature with
underlying
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cultural and moral considerations in environmental assessments for just and sustainable policy making
(West et al., 2018). Inthisway, the values of nature related tocultural identity, spirituality or social cohesion are
made explicit. These values are often underrepresented in environmental assessments and decisionmaking (West et al., 2018). Biocultural approaches are founded upon philosophical bases for jointly
achieving human and ecological well-being (Caillon, Cullman, Verschuuren & Sterling, 2017; Maffi, 2007).
Therefore, biocultural approaches enable the equal consideration of culturally and ecologically defined
values of nature:
“biocultural approaches encompass both the biological and cultural aspects of a system, address
complex relationships and feedbacks within human and ecological well-being, and offer flexible
frameworks that facilitate synthesis across different metrics, knowledge systems, and ontologies”
(Caillon et al., 2017, p 1).
The IPBES’s recent socio-cultural valuation approach lends itself well to the adoption of the biocultural
lens (IPBES, 2018). Therefore, due to the inherent emphasis on reciprocal people-nature relations, this not only
infers Nature’s Contribution to People (NCP) (Diaz et al., 2018) but also infers the lesser explored interactions of
People’s Contribution to Nature (PCN). PCN framing, in congruence with NCP framing, enables the additional
conceptualization of local actors contributing positively to nature, acting as drivers of synergistic ecological
change. These mutually beneficial or synergistic people-nature relations are evidenced in case-studies on
biocultural ecosystems (Comberti et al., 2015), in modernized agroecology (Altieri & Toledo, 2011; Gosme, De
Villemandy, Bazot & Jeuffroy, 2012; Liere, Jha & Philpott, 2017; Murgueitio, Z. Calle, Uribe, Calle & Solorio,
2011; Silici, 2014; Weber, Günter, Aguirre,Stimm&Mosandl, 2008) and sustainable forest management
(Beese & Bryant, 1999; Bunnel, Kremsater & Boyland, 1998; Hunter, 1990; Jose, 2009; Putz, Blate,
Redford, Fimbel & Robinson, 2001; Putz et al., 2012). These studies are not limited to, but broadly cover agroforest frontiers – the dynamic border between forested and agricultural SES. 37.4% of terrestrial surface is
dedicated to agricultural activities (FAOSTAT, 2019) and more than two-thirds of global forest areas are managed
for multiple-uses (MacDicken et al., 2016). Agriculture is the largest direct driver of deforestation (Angelsen,
Duchelle, Larson & Pham, 2018). Across the worlds’ tropics the conversion of forested landscapes into
predominantly agricultural lands drives deforestation (Bongers and Tennigkeit, 2010; Diniz, Hoogstra-Klein,
Kok & Arts, 2013; Laurance et al., 2014). Such frontier SES are characterized by continuous land-use changes
where social-ecological interactions give rise to dynamic and transitional mosaics of different land-uses which
shape future landscapes (Diaz et al., 2015).

Conceptualizing People’s Contribution to Nature and Biocultural Approaches in Agro-Forest Frontiers
This review puts forward a novel conceptualisation of PCN - complimenting NCP - in terms of synergistic
ecological change which is afforded by the biocultural approach. Synergistic relations, are here defined as
relationships where the enhancement of the social components leads to enhancement of the ecological
and biophysical components within a SES i.e. PCN. Such synergistic relations from people to nature have
indeed been documented amongst the multiple anthropogenic drivers of ecological change in agro-forest
frontiers (IPBES, 2016). Conventionally, case-studies on biocultural ecosystems have been used to
understand the livelihood systems of traditional and indigenous groups and their roles in nature
conservation (Cocks & Wiersum, 2014; Comberti et al., 2015; Maffi & Woodley, 2010; Pretty et al., 2009),
considering people as agents of ecosystem change (Elands et al., 2015) through ecological stewardship (West et
al., 2018). Stewardship broadly refers
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to the active shaping of nature in SES, while acknowledging complexity and supporting the resilience and wellbeing of such systems (West et al., 2018). Failing to fully appreciate the reciprocity of interactions in SES
may lead to neglecting to acknowledge that many ecosystems in agro-forest frontiers benefit, or could
potentially benefit, from people’s agency (Comberti et al., 2015). PCN relates the role of local actors in the
active shaping of nature through ecological stewardship. Biocultural approaches emphasize the
importance of culture and diverse knowledge systems in how people relate to nature. Moreover, biocultural
approaches validate reciprocal people-nature relations within SES. Therefore, PCN from the biocultural
perspective used alongside NCP enables the exploration of synergistic ecological change; understanding the
reciprocal link between NCP (social benefits not solely limited to ES) with PCN (ecological benefits), and
how this unfolds in complex, real-world contexts.
In the IPBES report for the Americas (IPBES, 2016), case-studies in the Argentinian Chaco (Marinaro, Grau,
Macchi &Zelaya, 2015), Bolivian Andes (Hoffmann, Oetting, Arnillas & Ulloa, 2011) and Panama (Oestreicher et
al., 2009) report how indigenous peoples and community conserved territories and areas reconcile
biodiversity conservation with social development. Adaptive community-based management provide
further examples of SES that demonstrate the enhancement of biodiversity and ecosystem services
conservation in Latin America (IPBES, 2016). These include community forest concessions in Guatemala
(Radachowsky, Ramos, McNab, Baur & Kazakov, 2012), multiple-use forest management in Bolivia
(Cronkleton, Guariguata & Albornoz, 2012) and Brazil (Klimas, Kainer & de Oliviera Wadt, 2012; M. Soriano,
Kainer, Staudhammer & E. Soriano 2012) as well as citizen science by local communities (Luzar et al., 2011).
Additionally, recent studies on the effects of pre-Colombian plant domestication and the structure of tree
communities in the Amazon Forest have highlighted how previouslyconceived ‘pristine’ forests have actually
co-evolved with local communities and are to some degree managed by people (Balée, 2013; Levis et al., 2017;
Levis et al., 2018). Several authors advocate for the recognition of the role indigenous peoples and local
communities have played in the conservation of agrobiodiversity through the enhancement of crop
diversity and in-situ conservation of ecosystems and forest biodiversity (Carneiro da Cunha & Morim
de Lima, 2017; Emparaire, 2017).
The synergistic relations arising from PCN illustrate potential opportunities for success in biodiversity
conservation through ecological stewardship in agro-forest frontiers. Literature suggests that this can be
achieved by connecting rights-based approaches, such as biocultural, to conservation and sustainable
use of nature, while acknowledging the implications for quality of life (Diaz et al., 2018; Gavin et al., 2015; 2018;
West et al., 2018). Adopting a biocultural approach to conservation therefore offers a more holistic and
pluralistic approach to ecosystem valuation (IPBES, 2016; Gavin et al., 2015). Arguably, efforts to reconcile
nature conservation and social development have been successfulbyintegratingsocialscienceandhumanities
into conservation management (Agrawal and Ostrom, 2006; Barry & Born, 2013; Bennett et al., 2016; Brosius,
2006; Ives et al., 2017; Mascia et al., 2003; Peterson, Russell, West & Brosius 2010; Sandbrook, Adams,
Büscher & Vira, 2013). This is complimented by research regarding community-based management, in-situ
conservation of agrobiodiversity, and SES resilience studies. These approaches incorporate local actors such as
local communities and governments, and NGOs into such research and action (Alcorn, 1993; Altieri &
Merrick, 1987; Berkes, 2008; Ens, Scott, Rangers, Mortiz & Pirzl, 2016; Lui & Opdam, 2014; Pinedo- Vasquez &
Padoch, 1993). Biocultural approaches have been placed on the agenda for conservation strategies in global
forums (Gavin et al., 2015) due to the perceived potential for synergistic relationships which give rise
to positive ecological changes (e.g. West, 2005) or ecological
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stewardship (West et al., 2018). Thus, a biocultural lens is adopted for this review as it is deemed appropriate
for capturing the hypothesized PCN in terms of synergistic ecological change.
PCN in SES is conceptually associated with a variety of anthropogenic drivers (Diaz et al., 2015) situated in
geographical locations with ever-changing social-ecological contexts (Ostrom, 2007). Anthropogenicdrivers
refer to the indirect institutional (such as community-based management and other governance
arrangements) and direct socio-cultural contexts (such as knowledge systems, cultural and moral
underpinnings of nature’s value, livelihood and production strategies), as well as the practices (such as
agroecology and sustainable forest management) influencing the system. Several authors advocate that the
biocultural approach can be applied to social-ecological contexts beyond indigenous and traditional SES to
further include modernized rural and even urban settings (Agnoletti & Rotherham, 2015; Cocks & Wiersum,
2014; Elands & van Koppen, 2012; Elands et al., 2015). While some examples of synergies from people to
nature have been documented, there is a lack of quantitative conceptualizations of these relationships and
their anthropogenic drivers, particularly from the biocultural perspective (IPBES, 2018). Additionally,
such examples are evidenced across various knowledge systems including social, natural and humanistic
disciplinesand across various SES – particularly agro-forest frontiers (IPBES, 2018).
In relation to: (1) making use of multiple sources of knowledge, (2) the consideration of different value
systems, such as biocultural values, and (3) exploring synergies among drivers, IPBES emphasized the
need to focus efforts on systematic and complete reviews on available evidence and data (Cooke et al., 2016;
IPBES, 2018; Kremen, 2015). The aim of this review is to gather documentation to evidence the
hypothesis that adopting a biocultural approach to conceptualize PCN captures synergistic ecological
changes in agro-forest frontiers. This review therefore synthesizes documented synergistic relations
(i.e. PCN), within agro-forest frontiers from a biocultural perspective. This systemic review offers a
deeper understanding of people-nature relations by synthesizing existing knowledge of the numerous and
disciplinarily diverse examples of synergistic relations in agro-forest frontiers in a comprehensive
manner. This is achieved by consolidating examples of relations in which social systems provide benefits to
ecological systems in terms of synergistic ecological change. This is a prerequisite to promoting PCN both
academically, through the elaboration of biocultural approaches, and tangibly as an approach to conservation.
This systematic review of published, peer reviewed literature aims to answer the following research
questions:
1. What evidence is there to support the notion that anthropogenic drivers result in synergistic
ecological changes within agro-forest frontiers?
o Whatanthropogenicdriversareagentsofsynergisticecologicalchangesinagro-forest
frontiers?
o Atwhatleveldoanthropogenicdriversofsynergisticecologicalchangesoperate?
2. How can the biocultural value of PCN be operationalised to represent synergistic ecological changes
in nature valuation?

Theoretical Framework
This review adopts an interdisciplinary theoretical framework adapted from Diaz et al. (2011) (Figure 1 to illustrate
the relations in SES in terms of synergistic ecological change and their wider spatial and temporal contexts.
The framework emphasizes a multi-perspective approach to capture reciprocal people-nature interactions,
delineating SES at a landscape scale, and external influences
11

from indirect socio-economic and biophysical drivers operating at beyond-landscape scale. The additional
focus on synergistic relations from social to ecological components i.e. PCN in terms of synergistic ecological
change (green arrow) is a novel contribution to Diaz et al.’s framework for SES (2011). The adapted framework
for thepurposeof this review links indirect anddirect anthropogenic drivers of synergistic ecological changes
to biodiversity, ecosystem functioning, and land cover, amongst other parameters that emerge in the review.
Direct drivers are determined by actor values, needs, means, assets, and power-relations, which in turn are
influenced by the external indirect drivers (Diaz et al, 2011). The framework is thus a heuristic tool to
describe SES and guide the synthesis of anthropogenic drivers of synergistic ecological change.

Figure 1. Interdisciplinary theoretical framework for linking anthropogenic drivers, synergistic ecological change and biodiversity,
ecosystem functioning and land cover at both the social-ecological landscape level (dotted line) and wider spatial and temporal context
– beyond-landscape level (grey box). The solid boxes represent the social components (blue box) and the ecological components (green
box) in the social-ecological system. The thick arrows highlight the direction of relations between the components. Adapted from Diaz
et al., 2011.

ConceptualModelforPCNandSynergisticEcologicalChange
The operationalization of biocultural value in nature valuation involves: (1) determining and
synthesizing the anthropogenic drivers (both direct and indirect) as agents driving synergistic ecological
change, (2) determining the extent of synergistic ecological changes, and (3) the subsequentrecognition
of both socio-cultural and biophysical values emanating from the biocultural perspective. The conceptual
model depicted in Figure 2 is derived from the interdisciplinary theoretical framework in Figure 1 and
draws from Martín-López et al.’s valuation framework (2014) to illustrate the research questions and capture
synergistic ecological change, their anthropogenic drivers and associated practices, while operationalizing
biocultural valuation. This model represents currently unrecognized PCN framing afforded by a biocultural
perspective within nature valuation, intentionallyexcludinginstrumentalanthropocentricperspectives ofthe
valuation of SES in terms of NCP or ES. However, when coupled with the interdisciplinary theoretical
framework in Figure 1, reciprocal interactions between NCP and PCN are acknowledged.
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Figure 2. Conceptual model for the biocultural valuation of synergies representing synergistic ecological change within socialecological systems at landscape scale (dotted line). Adapted from Martin-Lopez et al., 2014; Diaz et al., 2011.

Principles of Biocultural Approaches to Conservation
The operationalisation of biocultural value in nature valuation entails the recognition of synergistic ecological
change – the recognition of both socio-cultural and biophysically or ecologically defined values of nature. Gavin
et al.’s principles for biocultural approaches to conservation are drawn from to represent the role of local
actors as agents driving synergistic ecological change in agro-forest frontiers (2015). Gavin et al. (2015) list
eight principles (see Table 1) for biocultural approaches to conservation based on extensive research within
the field. These principles represent the role of anthropogenic drivers and associated practices of synergistic
ecological change as strategies for nature conservation (Gavin et al., 2015) and arguably compatible
with strategies for social development.
Table 1. Principles for biocultural approach to conservation. Adapted from Gavin et al., 2015 principles of biocultural
approaches to conservation.

Principle
1. Acknowledge that conservation can have multiple objectives and stakeholders
2.

Recognize the importance of intergenerational planning and institutions for long-term adaptive governance

3.

Recognize that culture is dynamic, and this dynamism shapes resource use and conservation

4.

Tailor interventions to the social–ecological context

5.

Devise and draw upon novel, diverse, and nested institutional frameworks

6.

Prioritize the importance of partnership and relation building for conservation outcomes

7.

Incorporate the distinct rights and responsibilities of all parties

8.

Respect and incorporate different worldviews and knowledge frameworks
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Methods
Search Strategy
A systematic search was conducted for literature providing evidence of synergistic relations within agricultural
and forestry SES. The systematic review protocol is provided in Annex 1. Keywords and phrases for searches
within the bibliographic databases were based upon components of the research questions,
characterized as CIMOs (Context, Intervention, Mechanism, Outcome, Table 2) (CEE, 2019). Search terms used
to build the search string and define the inclusion boundaries of the literature retrieved were compiled and
combined into searchable strings using Boolean logic (CEE, 2019; Popay et al., 2006). The following databases
were selected to ensure that natural sciences, humanities, and social science-based literature was
included: SCOPUS, Web of Science, CAB Abstracts, Psychinfo, and SocIndex. This range captures diverse
knowledge and value systems pertaining to socio-culturally defined values of nature, and anthropogenic
drivers of synergistic ecological change operating both directly and indirectly (IPBES, 2016). Additionally,
ecological assessment studies serve to demonstrate ecological responses to anthropogenic activities thus
capturing biophysical values (Raffaeli & White, 2013). Filters were also applied to search results to show only
peer-reviewed publications from the past 10 years (2008). This ensured that all results could be considered
credible, having been subjected to a rigorous peer-review process. All search results were imported to
Mendeley to store and manage the database of search results (reviewed articles available at
https://data.mendeley.com/datasets/g8ccscn52y/draft?a=8cb2dd84-7170- 4012-b138-6c439de3d75b).
Table 2. CIMO characterization of research question components.

CIMO
Context

Intervention

Mechanism
Outcome

Description
Agro-forest frontiers considered tobe thedynamicborder between forested and
agricultural SES.
Any indirect and direct anthropogenic drivers of synergistic ecological change. Indirect
anthropogenic driverscompriseofsocio-economicfactorssuchas forexample, presentand
pastinstitutions, policies,technologies,marketandlifestyletrends, etc. (see Figure1).Direct
anthropogenic driversinclude actorvalues,needs,means, assets
and power-relations.
Synergistic ecological change in terms of enhancements to ecological aspects:
biodiversity, ecosystem functioning, land cover, resilience, etc.
Associated biophysical and socio-culturally defined values i.e. bio-cultural value.

Evidence Identification, Retrieval and Screening
The subsequent steps of evidence identification, retrieval and screening, with associated numbers of included or
excluded articles at each phase of the review process, are depicted in Figure 3.
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Figure 3. The flow diagram of mapping stages from searching, identification of relevant literature and coding.

The searches of academic databases conducted in November 2018 yielded 3,294 potentially relevant articles.
Following the removal of duplicates (=1,343), the remaining articles (=1,951) were screened at title and abstract
level; articles that did not pertain to agro-forest frontiers were excluded, retainingonlythosethatfocused
on agriculture and/or forestry contexts. At this stage, 1,843 articles were excluded, resulting in 108 relevant
titles and abstracts. Each article was then given a unique article ID ranging from A-1 to A-108. In the full-text
screening phase 81 articles were excluded for the following reasons: (a) irrelevant social-ecological system
(=13), (b) no reporting of anthropogenic drivers of ecological change (=5), (c) no qualitative or quantitative
evidence for synergistic ecological change (=68). In total, 27 articles were selected for reading in full, further
analysis and coding, and included in a searchable database (see Annex 2). A large number of initial search results
containing a small subset of relevant articles was anticipated due to the broad nature of the search terms used
but the relatively narrow focus of this review. This was compensated for by a thorough screening phase
based on strict inclusion/exclusion criteria (Annex 1).

Database
Data was extracted and entered into data extraction forms which contained criteria based on the CIMOs
(Annex 3) to ensure that all information required for addressing the research questions was extracted
consistently. Microsoft Excel was then used to code the extracted data into typologies of: reported SES type;
indirect and direct drivers of synergistic ecological change; practices related to the reported synergistic
ecological changes; and social benefits and ecological benefits as evidence of the reported relations being
synergistic(seeAnnex4).Thetypologies,alongwiththeevidencetype
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(quantitative/qualitative), geographical and biophysical context, methodology and level of analysis were
entered intoasearchable systematicdatabaseinMicrosoft Excel. The frequencyof occurrence of each typology
amongst the 27 articles was calculated. Co-occurrences of coded typologies in each publication were then
quantified through a process of cross-tabulation in IBM SPSS 23. The quantified links were then visually
represented with interactive Sankey diagrams using Flourish Studio. Sankey diagrams were selected as they
visually illustrate quantitative links between multiple classes of categories, represented as ribbons of varying
thickness that connect individual categories arranged by class into separate columns (Riehmann, Hanfler, &
Froehlich, 2005). Additionally, the content of each article was assessed against the principles for biocultural
approaches to conservation, as put forward by Gavin et al. (2015) and the results of this assessment were
entered into the systematic database.

Critical Appraisal and Validity of Causal Relationships
To determine what anthropogenic drivers are causally related to synergistic social and ecological outcomes,
the articles were critically appraised. The critical appraisal involved two steps. The first, evaluating (ranking:
low, medium, high) the study design, comparator appropriateness, methodological detail and the
extent of reporting of ecological and social outcomes. Second, the degree (ranking: low, medium, high) of
causality in the synergistic relationship between anthropogenic drivers, practices and outcomes reported.
Out of 27 articles, only three articles (A-1, A-23,A-80) scored low on the critical appraisal of which two (A-1, A-80)
were ranked with low validity of causal relationship. However, despite this low ranking the articles did report
evidence of drivers, practices and synergistic outcomes, and were thus included. The remaining articles scored
medium to high levels of critical appraisal and validity of causal relationships between drivers, practices and
benefits.
Excluded Articles
A minimal amount of data was extracted from the 81 excluded articles. The majority (n=68) were excluded
as they indicated or suggested synergistic outcomes, however they did not provide sufficient
quantitative or qualitative evidence to support that claim. In this regard, these articles do not contradict the
results of this study but also do not offer much support for the conclusions drawn.

Description of Reviewed Articles
Roughly one third of articles (n=8) were published in 2018, a significant increase as compared to previous
years (Figure 4). Due to the innate interdisciplinary nature of the SES concept the disciplinary approach
of each article was identified. Understandably, 81% (=22) of the articles are inter- or multi-disciplinary (n=17
social and ecological science; =5 humanities and ecological science). In terms of study-design, the majority of
articles (n=22) are case-studies, the remainder, reviews (=4) and one meta-analysis. Most articles presented a
mixofbothquantitativeandqualitative(=16),while six articles report solely quantitative data, and five solely
qualitative.
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Figure 4. Year of publication of reviewed articles.

The geographic distribution of the case-studies and literature sources for the reviews and meta- analysis are
shown by region and country in Figure 5. The chart shows that articles report on SES from all continents except
North America and Australia. Several articles also report on SES from small Island States (=5). Most of the
articles report on research conducted in a single country (=18), and nine base their analysis on multiple
countries.

Figure 5. Geographic distribution of articles. Blue bars represent counts for individual countries, orange bars represent counts grouped
by continent, island status, or global region.

Out of the 27 articles, 20 articles specifically reference SES, 7 explicitly adopt biocultural approaches and none
reference the IPBES which is understandable considering the IPBES conceptual framework was only put
forward in 2015. The 27 retained articles were subsequently allocated to one of the six following categories:
agricultural SES (=6), mixed agroforestry/forestry SES (n=8), agroforestry SES (n=4), pastoral SES (=3); the sixth
category, titled mixed SES (=4) contains articles that focus on multiple different relevant SES that constitute
agro-forest frontiers (see Appendix 4 for typology).
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Limitations
Limitations of this study were the search strategy restrictions, which limited results to peer-reviewed articles
published within the past 10 years in English. These limitations were deemed necessary to make the scope of
the study manageable. Further limiting the search results to only include research framed through an SES
perspective was also deemed necessary to ensure that the data extracted was in line withthe interdisciplinary
theoretical framework (Figure 1) of this review. To compensate for this, no disciplinary or data type restrictions
were put in place, resulting in articles from multiple disciplines and reporting quantitative and qualitative data
being included in the database. A further foreseen limitation of the study is that only articles that report positive
results in terms of social and ecological outcomes were included. This positive bias was intentional as the scope
of this review was to provide evidence for synergistic ecological change and synthesize them in terms of
their anthropogenic drivers and practices. This significant bias is considered justified given that this review seeks
to shed light on the too often neglected elements of reciprocity within SES. This approach was therefore
deemed to be the most effective way to present evidence of, and reinforce the argument for, the importance of
these relations in simultaneously achieving social and ecological benefits.
Unforeseen limitations include the disproportionate geographical distribution of data sources and the
relativelylow number of articles included in the final database. No geographical restrictions were put in place in
the search strategy and yet North America and Australia are unrepresented. As the 27 articles are a small
sample, the meticulous data extraction phase aimed to ensure that all relevant information from each article
was extracted and included in the synthesis of results (see Annex 5). Additionally, there were inconsistencies in
the articles’ reporting on the wider spatial and temporal influences of indirect biophysical drivers such as
climate, geography, disturbance history, etc. (see Figure 1 and 2). As a result, these indirect drivers were not
represented in the final synthesis of results and the inclusion of these indirect drivers may have made the
results more robust.

Results
The following section presents the results of the review and synthesis process. An overview of the social and
ecological benefits as well as their co-occurrence is given as evidence of synergistic ecological change
within agro-forest frontiers. This is followed by an elaboration of the anthropogenic drivers reported in
the reviewed articles. These drivers are categorised as indirect or direct, depending on the scale at which they
operate. The various practices employed by local actors and leading to synergistic ecological changes are also
presented. This section ends with a synthesis of biocultural values from data derived from the articles and a
note on the causality of the relations discussed.

Overview of Reported Social and Ecological Benefits
In the 27 articles, 42 different social benefits were identified and typologized into 10 groupings (Figure 6). A
total of 29 different ecological benefits were identified in the 27 articles, typologized into 10 groups, shown in
Figure 7. A quantification of the frequencies of typologized benefits is provided in Annex4.
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Figure 6. Reported social benefits. The grey bars represent frequencies of the major typologies identified while the blue bars
represent the frequencies of sub-typologies that make up the major typologies. For example, the social benefit of livelihood was
reported in 20 articles, either directly as general livelihood benefits or in the form of benefits to production, subsistence, food
security, alternative income or subsidies).

Themostfrequentlyreported socialbenefits amongstthe reviewedarticles weretoactor livelihoods (=20) such
as improvements in productivity, ensured subsistence and food security. Benefits with socio-cultural values
were also common (=10) such as maintenance of rural traditions and cultural heritage. Nine articles also
reported biocultural benefits in terms of value, identity, diversity, uses, andknowledge. Table3illustratessome
of these social benefits withexample quotes extracted from the articles, highlighting some of the evidence
for NCP.
Table 3. Quotes signifying examples of the social benefits. These quotes exemplify content that was taken to represent social benefits in
three of the articles reviewed. The first column references the unique ID assigned to each article (see Annex 2 for full list of reviewed
articles), the second column is the short reference for the article, the third column contains the social benefits reported in the article as
typologized in the systematic database, the final column is the quote.

ID
A-72

Short
reference
Seijo et al.,
2018

A-45

Surova, et
al., 2018

A-80

Lindborg et
al., 2008

Social Benefit

Example Quote

Traditional Ecological
Knowledge (TEK). Fire
protection/suppression.
Carbon sequestration ES.
Rural
tradition/heritage.
Livelihood & Sociocultural value

“If managers find it desirable to maximize carbon sequestration,
understory species richness and decrease large fire risk it may be
necessary to maintain the annual, non-vegetative season, low
intensity, surface fire regime that tradition- ally managed chestnut
forest stands have co-evolved with.”

Socio-cultural Value

“Our empirical evidence shows that silvo-pastoral landscapes in
Iberia are recognized as playing an important role in social-cultural,
economic, and environmental dimensions of societal well-being.”
“The value of cultural heritage and the cultural characteristics of a
landscape are better enhanced using a landscape perspective, as
heritage and people’s everyday lives concerns more than single
objects.”
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A-58

Singh et al.,
2010

Livelihood & Biocultural
value

“The community with their TK [traditional knowledge] and
indigenous institutions conserves this tree species at large scale since
it is the integral part of their life support system.”

Figure 7. Reported ecological benefits. The grey bars represent frequencies of the major typologies identified while the blue bars
represent the frequencies of sub-typologies that make up the major typologies. For example, ecological benefits to species were
reported in 13 articles, either directly as benefits to specific species or specified in the form of benefits to rare/endangered species,
native/endemic tree species, species population, increases in specific prey species densities, or benefits to protected species.

The most commonly reported ecological benefits were to individual species (=13), notably rare,
endangered, native and endemic species. Increases in biodiversity were commonly reported (=11), either in
the form of general increases in biodiversity or specific aspects of biodiversity such as species richness, or
specifically wild, spatial, or relative biodiversity. Ecologically beneficial changes inlandcoverwerealsofrequently
reported (=10). The extent of positive ecological changes reported in each article is detailed in Table 4,
highlighting the different metrics and parameters evidencing PCN in the reviewed articles.
Table 4. Reported evidence for positive ecological changes in the reviewed articles.
ID
A-1
A-5
A-6

A-7

A-8
A-17
A-23
A-24
A-25

Extent of Ecological Benefit
Edge density Index:
Vinales: 678.57EDI; Telouet: 939.67EDI; Itria: 891.77 EDI
15.8% in 1964 to 18.9% 2002 mean tree coverage in Agdal areas. Landscape heterogeneity contributes to systemic
biodiversity.Agdal patrimony buildsnatureresource-usesystemswhichcontributeto forestresourceresilience.
Traditional agricultural systems have increased heterogeneity. Fragmentation of land mosaic and parcelization enhances
the effective naturalness over objective naturalness. Traditional agricultural systems (low NEI Naturalness Evaluation Index) had
double the amount of maximum number of target taxa (27-85) than semi-natural systems.
The results of the generalized linear modelling show that the density of orangutan nests is greater in locations with both taboos or beliefs
and good habitat condition (over 50% percentage forest cover) (P=0.036). Bad habitat condition with no
taboos or beliefs had 1.5+/-3 nests, and good habitat condition with taboos or beliefs had 43+/-36.
36% increase in Sclater’s monkey Cercopithecus sclateri population (2005-2010); no loss of protected forest (2005-2016).
1000 years ago: 10-30% of pollen woody species, 400 years ago: 20-50% of pollen woody specie, currently: 80-90% of
pollen currently woody species and 5-20% non-woody species
Review evidencing increased conservation success in Forestry SES (e.g. 128 bird species in coffee plantations in Panama).
Nepal had greater densities of wild tiger prey due to increased habitat for tigers in buffer zones.
Tajos had an average of 26.8% perennial plant cover, with 72 different species (47 native, 25 exotic).
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A-27

A-28
A-29

A-34
A-42
A-45
A-53

A-58
A-61
A-65
A-70
A-72

A-74
A-80
A-84

A-93

A-95

A105

14agroforestrysystems and plantations: species reachedreproductivestage, enrichedseed bankandregeneration. In 2001
survival rate was 48% and in 2013 growth was successful. Current size of plants contributes to improve
physical/chemical soil characteristics: soil aggregate formation, cation exchange capacity and organic matter content.
Inagroforestrysystematotalof79speciesoftreesandshrubs,86arenativeandthisrepresents43%ofalltreeandshrub
species in natural forests. Making them reservoirs of biodiversity (keystones of conservation policies).
InMbellinglandscapescontributions tobiodiversityfromlocalspecies, naturalforest,ecologicalconnectivity reportedas the mean
number of connections for biodiversity nodes in the biodiversity to food security nexus. For food security nodes
the mean was 10.76 (SD = 4.05) and for biodiversity nodes it was 23.68 (SD = 5.67).
Secondary forests in Llancahue promote the creation of large trees and increase structure heterogeneity.
Agroforestryplotsin100siteshadatotalof149treespecies,including95nativeplantspecies(1/3endemicand58%of
farms had at least 1 species considered threaten at national or international level).
Traditional montado and dehesa ranked Medium – High for edapho-climatic adaption and biodiversity (species and spatial
diversity).
Weakpositivecorrelation(0.31) betweenfoodsecurityalleviationandbiodiversitycorrelationinfarminglandscapesof the global
south. Biodiversity included native biodiversity, agro-biodiversity, protected species, rare species, functional
groups and planned biodiversity.
In 6 villages of tribal agroforestry communities 33,026 trees (overall mean population) of Toko-Patta Livistona jenkinsiana
were conserved in 4 major habitats (Jhum: 24,161; Morang: 5,430; Home garden: 2035; Paddy field: 1,400).
In agroforestry systems Jhum lands supported higher tasat populations (approximately 700, +/-130) than home gardens
(approximately 340 +/-98). In morang, the mean population of tasat was approximately 1660 (+/-716).
Giant Panda population doubled; 47 pandas in 1974 and 110 pandas in 2010. Forest increase 69.9% to 87.1% (1978-2007).
46.6%ofcroplandconvertedtobroadleafforestand31.9%ofcroplandconvertedtoshrubandgrassland(1978-2007).
IntheSahel5millionhaofforestincreasedasaresultofregreeningandreforestation;treedensity(morethandouble
between 1980 and 2000), growth and rainfall (up to 30%) increased, and soil fertility improved.
Species richness (35) is greater in traditionally managed chestnut groves (compared to 8 in non-managed). In traditional managed
chestnut groves: open canopy is greater - 80.2 tree/ha (5,074 tree/ha in non-managed), DBH is higher - 16159cm (1-24cm in non-managed), tree height is greater - 19.9m height (15.3m height in non-managed).
30,000acres of restored forest/shrub land; recovery of threatened/endangered species (7 native birds & 25 native plants).
Positive effect on biodiversity (species richness and refuge and micro-habitats) associated with the management of seminature grasslands; stepping stones and dispersal corridors increase connectivity.
The biodiversity in Navazos coastal interdune agro-ecosystems is similar to that in the nearby Doñana National Park. Navazos support
endemic species (e.g. Aphanius baeticus), habitat provision (e.g. important winter wetlands for aquatic
bird species) and habitat connectivity and diversity.
Agroecological systems contribute to watershed restoration, reforestation, habitat protection, revegetation, tree planting and measures
against soil erosion. This is most prominent in coastal and small island agroecological systems (~35%), and
between 10 and 15% in tropical/sub-tropical, mountain, and arid/semi-arid, agroecological systems.
Forest Outcome Index: Principal Component Factor Analysis (PCA) of three categorical variables: relative vegetation
density of the forest for the ecological zone, relative biodiversity of the forest for the ecological zone and trend in the area coverage of
forest in the last five years (SM1). Sustainable SESs are those with an FOI greater than the sample mean value.
Environmentally beneficial outcomes reported in the PEGASUS H2020 case-studies include: species and habitats, soil
functionality, soil protection, water availability, water quality, and pollination.

Congruence of Social and Ecological Benefits
Each article reviewed reports on both social and ecological outcomes, which allowed for an analysis of the cooccurrence of reported benefits as outcomes of the same anthropogenic drivers and practices. This
demonstrates this review’s definition of synergistic ecological change and serves to validate the notion of
reciprocity between NCP (represented by social benefits) and PCN (represented by ecological benefits)
interactions in terms of synergistic ecological change. The congruence of social and ecological outcomes
reported in each of the 27 articles is illustrated in the Sankey diagram in Figure 8. A total of 72 different cooccurrences were identified, with a total frequency of 190. These links represent relationships between
social and ecological benefits co- occurring in the studied SES. From the articles reviewed, improved
livelihoods and benefits to particular species have the highest rate of co-occurrence (=10). Followed by
improved livelihood and increased biodiversity (=9), enhanced socio-cultural values and increased
biodiversity (=7), and enhanced biocultural values and benefits to particular species (=7). It is important to
note that co- occurrence does not necessarily mean the relationship is causal, but rather that both benefits
were documented within the same spatial SES and temporal context, in the same article. This process of
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biocultural valuation facilitated the simultaneous recognition of both socio-culturally defined values and
biophysical or ecological values. As shown by Nigmann, Dax and Hovorka (A-105, 2018) who report “the
analysis of agricultural and forestry systems reveals a wide range of factors that drive the provision of
‘ecologically and socially beneficial outcomes’”.

Figure 8. Synergistic relations between social and ecological benefits. Reported social benefits are represented in blue on the left and
reported ecological benefits are represented in green on the right (see Annex 4 for detailed description of typologies synthesised). The
thickness of the ribbons connecting the social and ecological benefits indicates the frequency of co-occurrences; thicker ribbons indicate
more frequent co-occurrences; thinner ribbons indicate less frequent co-occurrences. For scale, the thickest ribbon (between Livelihood
and Biodiversity) has a frequency of 10 co-occurrences.

Anthropogenic Drivers of Synergistic Ecological Change
Indirect Drivers
Six indirect driver typologies, with multiple specific constituent sub-typologies, were synthesised from the
reviewed articles, as illustrated in Figure 9. Indirect drivers were taken to be anthropogenic drivers operating
beyond the landscape scale. Informal institutions (=19) and formal institutions (=15) were the prevailing
indirect drivers reported. Table 5 presents quotes showing the importace of institutional arrangements in
two of the articles reviewed.
Table 5. Quotes signifying indirect drivers. These quotes exemplify content that was taken to represent informal and formal institutions
in two of the articles reviewed. The first column references the unique ID assigned to each article (see Annex 2 for full list of reviewed
articles), the second column is the short reference for the article, the third column contains the indirect driver reported in the article as
typologized in the systematic database, the final column is the quote.

ID
A-5

Short
Reference
Auclair et al.,
2011

Institutional
Arrangement
Informal

Quote
“Agdal offers a holistic conceptual framework integrating ecosystems
and resources, knowledge and practices, rules and institutions,
representations and beliefs, within a territory. This type of land and
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A-105

Nigmann et al.,
2018

Formal

resource management offers ecological responses to environmental
constraints.”
“This suggests that ESBOs [‘ecologically and socially beneficial
outcomes’] are more effectively delivered when the mechanisms
driving the provision are more strongly rooted in the respective
territories, landscapes and supply chains, allowing institutions and
governance regimes to work jointly towards desired out-comes.”

Figure 9. Reported indirect drivers. The grey bars represent frequencies of the major typologies identified while the blue bars represent
the frequencies of sub-typologies that make up the major typologies. For example, informal institutions were reported in 19 articles,
this was in the form of community-based management, TEK, ILK, local belief systems, customary law, indigenous institutions, NGO
mediated partnerships, framer level institutions, patrimonial institutions, autonomy, and LEK.

Informal Institutions
Informal institutions were not only the most prominent form of indirect driver reported but were also found
to be related to all synergistic outcomes extracted. The most frequent relations amongst these were positive
livelihood outcomes (=12), biocultural value (=9), and preservation of knowledge systems (=7) and
sociocultural values (=7) amongst the social benefits and, species (=11) and biodiversity conservation
(=7), together with increases in natural land cover (=8) amongst the ecological benefits.
Formal Institutions
Formal institutions, being the second most prominent indirect driver were also strongly linked to the majority of
synergistic outcomes. The strong relations with social benefits that emerged were with positive livelihood
outcomes (=12), biocultural (=6) and socio-cultural value (=5). The most frequent relations with ecological
outcomes on the other hand were with increased natural land cover (=7), conservation of species (=7),
biodiversity (=6), and habitats (=6). The formal institutions encountered were further subdivided into three
forms, those pertaining to legal and policy institutions, those pertaining to various forms of collaborative
management amongst official authorities and enforcement. In spite of this division however, the most
frequent relation to social outcomes was still that with positive livelihood outcomes (=8 and =3,
respectively). In the case of associated ecological outcomes however legal and policy institutions were
strongly related to land cover (=7),
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species (=7), biodiversity (=6) and habitat (=6), whereas collaborative management was most strongly related to
enhanced function and structure (=2).
Direct Drivers
Sevenmajordirectdriverswiththeirsub-typologieswerereportedinthearticles,illustratedinFigure
10. Direct drivers were any anthropogenic drivers operating at the SES landscape scale. Livelihood strategies
(=23), were significantly more prevalent than other direct drivers, however, management strategies (=12),
socio-cultural aspects (=12) and demography (=10) were also well represented. Table 6 present two quotes
as examples of some of the direct driver sub-typologies.
Table 6. Quotes signifying direct drivers. These quotes exemplify content that was taken to represent direct drivers in two of the articles
reviewed. The first column references the unique ID assigned to each article (see Annex 2 for full list of reviewed articles), the second
column is the short reference for the article, the third column contains the direct drivers reported in the article as typologized in the
systematic database, the final column is the quote.

ID
A-25

A-65

Short
Reference
Van Dijk et al.,
2017

Zhang et al.,
2013

Direct Driver

Quote

Traditional,
subsistence and
production
livelihood
strategy and
communitybased
management
Production
livelihood
strategy. Socioeconomic and
demographic
factors.

“The tajos of the Sierra Gorda of Guanajuato are traditional AFS that
withhold a great knowledge, techniques of management and use of
local natural resources [...] hosting large agro-biodiversity and a
great potential for in situ conservation of native perennial plant
species, as well as local varieties of annual crops. They are the main
source of economic livelihood of rural families and the backbone of
the cultural identity of the communities of the region.”
“the interaction between economic development and ecological
conservation is likely to be invoking a virtuous circle known as the
sustainability…”

Figure10.Reporteddirectdrivers.Thegreybarsrepresentfrequenciesofthemajortypologiesidentifiedwhilethebluebarsrepresent the frequencies
of sub-typologies that make up the major typologies. For example, Livelihood strategies were reported in 23 articles either directly, or as production
strategies, traditional livelihood strategies, livelihood diversification, subsistence, or indigenous subsistence.
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Livelihood and Management strategies
The most frequent links between direct drivers and synergistic ecological changes reported are those between
both livelihood and management strategies with the majority of social and ecological benefits. Three
articles in particular demonstrate the positive impact these direct drivers can have. A-29, A-34 and A-70
report on how the need for economic production and natural resource management, although in
three very different contexts, can drive synergistic outcomes. The implementation of agroecological and
agroforestry practices at the farm level (A-29, and A-70, respectively) and collaborative watershed
management at the landscape level (A-34) can contribute to meeting a community’s needs in terms of food
security (A-29), conservation of resources (A-34) and enhance social capital and SES resilience (A-70). The
ecological outcomes of these drivers on the other hand all pertain to increased natural land cover, either in the
form of increased ecological connectivity and regrowth areas (A-29), reforestation and increased forest land
cover (A-70), and increased habitat provision and improved forest structure, regeneration, and succession (A34).
Socio-cultural Values, Demographic and Equity
Socio-cultural values and demographic characteristics of actors also emerged as significant direct drivers of
synergistic ecological change. The ecological benefits associated with socio-cultural and demographic drivers
are highly varied and range from enhanced naturalness in land cover either in the form of forested land (A-17;
A-95) or habitat provision, and ecological connectivity (A-105). Alternatively, the benefits might be more
small-scale and species specific as in the case of A-53 or related to general increases in biodiversity
conservation (A-95). These drivers might not be causally linked to specific practices; however, they were
generally associated with social benefits pertaining to preservation and enhancement of cultural vitality and
traditional heritage (example; A-17; A-105), and improved human and social capital (example; A-53; A-105), in
some cases also contribution to SES resilience and adaptability (A-5) or social equitability in terms of land
tenure, food security (A-53) and ecosystem service provision (A-95).
Links between Indirect Drivers and Direct Drivers
Also worthy of note, are the intermediary linkages between informal institutions as indirect drivers and the
direct drivers reported; livelihood strategies (=17), management strategies (=10), socio- cultural drivers (=9),
demographics (=8), spiritual and religious drivers (=5) are all associated with informal institutions. Similarly,
formal institutions were linked to livelihood strategies (=15), managements strategies (=9), demographics
(=6), and socio-cultural values (=4). Spiritual and religious belief systems emerged as direct drivers in the form
of cultural taboos and spiritual values in five articles (A-58; A-17; A-8; A-72; A-7) and were associated with
indirect drivers. Three of these were associated with local belief systems as strong informal institutions
indirectly driving synergistic ecological change (A-17; A-8; A-7), while the other two were associated with
informal institutions related to ILK (A-58; A-72). All articles relating to the conservation and maintenance of trees,
typically were in the form of scared groves (A-17; A-8; A-72; A-7) or alternatively as part of traditional
agroforestry or plantation systems (A-58). The social benefits were predominately reported in terms of
biocultural value and biocultural diversity (A-58; A-8; A-72; A-7), other than A-17 reporting benefits in
terms of cultural revitalization which is closely linked to the concept of biocultural value. The ecological
benefits are expressed either in terms of increased forest cover and conservation (A-17; A-72; A-7) or in
relation to specific species of conservation value (A-58; A-8; A- 72).

25

Practices
Eight major practice typologies were extracted from the articles, illustrated in Figure 11. The numerous
sub-typologies of practices can be found in Annex 4, and Table 7 present two quotes as examples. The most
frequent reported practices ranged from cultivation strategies at the farming level (=14) to ecosystem
management at the landscape level (=10). The level of analysis adopted by the 27 articles ranged from larger
regional, landscape and territorial levels to SES, community, household and farm levels. Articles using the
former lens mostly reported large-scale practices such as ecosystem management and restoration in a wider
landscape level, whereas those with a smaller lens focused on small-scale practices such as cultivation strategies.
In some cases, the level of analysis influenced the detail of reporting or focus on direct drivers and social and
ecological benefits. For example, A-45 focused specifically on grazed oak woodland as a traditional practice in
silvo-pastoral SES in Spain and Portugal without referring to any indirect drivers. For the purposes of this
review however, this distinction was not emphasized because it was beyond the scope of the study. Rather, a
more generalized approach was adopted for the grouping of drivers, practices, and benefits while validating
their associated linkages within agro-forest frontiers.
Table 7. Quotes signifying practices. These quotes exemplify content that was taken to represent practices in two of the articles
reviewed. The first column references the unique ID assigned to each article (see Annex 2 for full list of reviewed articles), the second
column is the short reference for the article, the third column contains the practices reported in the article as typologized in the
systematic database, the final column is the quote.

ID
A-27

A-95

Short
Reference
Cervantes
Gutiérrez et al.,
2014

Direct Driver

Quote

Traditional
agroforestry systems
and plantations.

Mohammed et
al., 2017

Maintenance of
forest cover and
connectivity.
Monitoring. Forest
restoration.

“Our ongoing assessment indicates that after more than a
decade, the AFSs [agro-forestry systems] and PLs [plantations] are
maintained and managed by the people, as reflected in the
current size of plants whose inputs contribute to improve physical
and chemical soil characteristics, such as soil aggregate
formation, cation exchange capacity and organic matter
content.”
“Our result shows that Forester Department involvement in
planting, forest maintenance activities and forest benefit sharing
among forest users are associated with sustainable SESs…”

Figure 11. Reported practices. The grey bars show only the major typologies identified as the sub-typologies are too numerous
to display here. The sub-typologies can be found in Annex 4.
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Biocultural Value
From the reviewed literature, seven articles explicitly adopted a biocultural lens or discourse to achieve their
research aims. These articles are represented in Table 8 in bold. These articles explicitly considered biocultural
value as a social benefit (A-8, A-25, A-58, A-61, A-74) with some also reporting this benefit in terms of biocultural
identity (=3), biocultural uses (=2), biocultural diversity (=1), and biocultural well-being (=1). In addition, article
A-6 reported biocultural diversity and A-84 reported biocultural value in general, and specifically biocultural
diversity and knowledge, however, these two articles did not adopt a biocultural lens or discourse.
All of the 27 articles reviewed were assessed against Gavin et al.’s eight principles of biocultural approaches
to conservation, detailed in Table 8. The most commonly adhered to principles is the acknowledgement, by 26
articles, that conservation can have multiple objectives (Gavin et al.’s, 2015: Principle 1), followed by the idea that
interventions should be tailored to the social-ecological context (=22). Furthermore, 21 articles recognise the
importance of intergenerational planning and institutions for long-term adaptive governance. As a
general trend, roughly 85% of the articles adhered to at least 4 of Gavin et al.’s biocultural principles to
conservation, and around half of the articles adhered with seven or eight principles.
Table 3. Principles for biocultural approach to conservation. Adapted from Gavin et al., 2015 principles of biocultural approaches to
conservation. The first column is the principle, the second column contains article IDs for articles that comply with the relevant
principle, with the biocultural articles in bold, the final column is the sum of articles adhering to each principle.

Principle
Acknowledge that conservation can have
multiple objectives and stakeholders

Article IDs (A-)
1, 5, 6, 7, 8, 17, 23, 24, 25, 27, 28, 29, 34, 42,
45, 53, 58, 61, 65, 72, 74, 80, 84, 93, 95, 105

Total
26

2.

Recognize the importance of intergenerational
planning and institutions for long-term adaptive
governance

5,7,8,17,23,24, 25,27,29, 34, 42,45,53, 58,
61, 72, 74, 80, 84, 93, 105
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3.

Recognize that culture is dynamic, and this
dynamism shapes resource use and conservation

1, 5, 6, 7, 8, 17, 23, 25, 27, 28, 42, 45, 58, 61,
72, 74, 80, 84

18

4.

Tailor interventions to the social–ecological
context

1, 5, 6, 7, 8, 17, 23, 24, 25, 27, 29, 34, 42, 45,
53, 58, 61, 72, 74, 80, 93, 105
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5.

Devise and draw upon novel, diverse, and
nested institutional frameworks

5, 7, 8,17, 23,24, 25, 27,29, 34,42, 58, 61, 74,
80, 93, 95, 105

18

6.

Prioritize the importance of partnership and
relation building for conservation outcomes

5, 7, 8,17, 23,24, 25, 27,34, 42, 58, 61, 74, 93,
95, 105

16

7.

Incorporate the distinct rights and
responsibilities of all parties

5,7, 8,23,24, 25,27,28,29, 34,42,53, 58, 61,
74, 93, 95, 105

18

8.

Respect and incorporate different worldviews
and knowledge frameworks

5, 7, 8,17, 23, 25,27, 28,34, 42,45, 58, 61, 74,
84, 93

16

1.

Causal Relationships of Synergistic Ecological Change
To visually represent the causal relationships identified from the literature, the Sankey diagram in Figure 12
(refer to Table 9 for abbreviations for typologies) was generated (interactive version available at:
https://public.flourish.studio/visualisation/224156/). The diagram is organized in accordance with the
conceptual model in Figure 2; the casual influence of indirect drivers acting beyond-landscape scale on
direct drivers and associated practices at SES landscape scale and resultant casual relationships with their
associated co-occurring benefits. The influence of the type
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of SES on all components is also illustrated in this diagram. The results of the critical appraisal and validity of
causal relationships between drivers, practices and benefits enabled the synthesis of synergistic ecological
change with their associated drivers and practices.
Table 9. Abbreviations for typologies as used in the Sankey diagram in Figure 12.
SES (brown)
Indirect Drivers (grey)
Agriculture
AS
Demography
Agroforestry
Formal institution
AFS
Forestry
Informal institution
FS
Mixed Agroforestry/Forestry
MAFS/F Market Forces & Economic
incentives
S
Mixed systems
Mixed institutions
MS
Pastoral
Social network
PS
Practices (red)
Agroforestry
Farming level: Cultivation strategy
Landscape level: Ecosystem
management
Landscape level: Restoration
Sacred groves
Silvicultural
Silvo-pastoral
Water and soil management

DEM
FI
IFI
M&E
MI
SN

AF
CST
EM

Social Benefits (orange)
Adaptability
Biocultural value
Conservation of resources

AD
BCV
CoR

RST
SG
SLV
SLVP

Ecosystem services
Knowledge system
Livelihood
SES Resilience

ES
KS
LVL
SESR

W&S

Social capital
Socio-cultural values
Spiritual/Religious Local belief
system

SCAP
SCV
LBS
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Discussion
Synthesis of Evidence for Synergistic Ecological Change and their Biocultural Value
The synthesis of synergistic ecological change and their biocultural values in this review evidences the notion
that there are anthropogenic drivers which result in synergistic ecological change in agro- forest frontiers.
Synergistic ecological change is evidenced by the co-occurrence of social and ecological benefits (see
Figure 8) in the reviewed articles; thus representing the hypothesized reciprocallinkagesbetweenNCPand
PCN.Thesesystemsdemonstratehowsocialfactorsatmultiple scales, such as institutional arrangements and
local actors within SES drive synergistic ecological change in agro-forest frontiers. These drivers were
identified as operating at both the direct level within the SES landscape, and the indirect level beyond the SES
landscape. The Sankey diagram in Figure 12 depicts the complexity of SES by illustrating a suit of
interactions between SES, anthropogenic drivers, practices and synergistic ecological change. However, it was
not the intention of this study to develop approaches on how to capture the complexities of interactions
involved between social and ecological components within SES (see Lele, Springate-Baginski, Lakerveld, Deb &
Dash, 2013; Schröter et al., 2014; Comberti et al., 2015). Rather, the Sankey diagram allowed for the illustration
of the review’s results comprehensively in accordance with the conceptual model in Figure 2.
Synergistic ecological change was captured as reciprocal or bidirectional people-nature interactions in the SES
studied (Biedenweget al., 2014;Combertiet al., 2015). The sought after synergistic ecological change was
reported from the reviewed literature as co-occurring ecological and social benefits. The ecological benefits
ranged from enhancements of biodiversity, specific species and connectivity and ecological resilience,
improvedfunctionandstructureincludingsoilconservation,
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Figure 12. Sankey diagram illustrating causal relationships between indirect drivers (grey), direct drivers (blue), practices (red), and social (orange) and ecological (green) benefits as well as the links
of SES (brown) with all components. This diagram should be interpreted from left to right to follow the chain of causation starting with the SES involved and ending with the couple social and
ecological benefits. Each ribbon represents an identified link between one component and the other, the thicker the ribbon the greater the frequency of this link within the systematic database. For
scale the thickest ribbons are those between Informal Institutions and Livelihood Strategy and Formal Institutions and Livelihood strategy, both with a value of 12 co-occurrences. Each column in
the Sankey diagram corresponds to the elements of the conceptual model (top left) as intended in the study design, other than the lack of representation of biophysical indirect drivers due to data
limitations as not all studies had sufficient information to allow for any meaningful analysis.
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to restoration ofdegraded ecosystems. These ecological parameters of SESare often associated with the supply
and delivery of ES (Elmqvist et a., 2010). Five articles explicitly report ES as a social benefit or driver of ecosystem
management (A-45; A-65; A-72; A-95; A-105). Arguably, all articles report ES services if one considers
contributions to livelihood and production as provisional ES. However, synergistic ecological change is
associated with values of nature with cultural and moral underpinnings which instrumental nature
valuation has struggled to capture (Comberti et al., 2015; Mistry & Berardi, 2016; Turnhout, Waterton,Neves &
Buizer, 2013).These values include biocultural values based on reciprocity, kinship, and cultural identity (Gavin et
al., 2018; 2015; West et al., 2018). For instance, in Hawaii, Oiwi communities steward their forested landscapes
as they are sources of ancestral identity (A-74). The co-occurrence of social and ecological benefits reported in
thisreview infers the co-dependence of people and nature in agro-forest frontiers, illustrated by the finding that:
“traditional communities in which the integrity and diversity of language, social institutions, cultural
traditions and land use practices are maintained, very likely also contribute to the diversity and
resilience of their surrounding ecosystems” (A-23).
When consulting Figure 8 illustrating the synergistic relations between social and ecological benefits, it is clear
that co-occurrences of social and ecological benefits are characterized by myriad and multitudinous
relationships; 72 different associations were identified with a total frequency of
190. The most frequent co-occurrences reported, were those between livelihood benefits with benefits to
particular species and biodiversity or those between socio-cultural and biocultural values with benefits to
biodiversity and particular species, respectively. This co-dependence validates reciprocal relations between
people and nature associated with livelihood strategies, but also with underlying cultural and moral
considerations (West et al., 2018). Thus, the validation of synergistic ecological change is afforded by the
biocultural perspective which enabled the simultaneous consideration of socio-culturally and
ecologically defined values of nature, address complex relationships and feedbacks between social and
ecological components, while offering a flexible framework to facilitate the synthesis of different metrics,
knowledge systems and ontologies (Caillon et al., 2017). As a result, it is here posited that due to the validation of
synergistic ecological change through the co-occurrence of social and ecological benefits, all synergistic
people-nature relations can be captured through biocultural valuation. These synergistic social-ecological
interactions in agro-forest frontiers are associated with a range of different forms of institutional
arrangements, context-specific practices and local and situated knowledge, values and needs of actors that
drive synergistic ecological change.
Indirect Drivers
The results of this review show that synergistic ecological changes often manifest as a result of diverse
institutional arrangements and forms of governance, or local actors’ livelihood and management
strategies determining their on-the-ground practices. Data extracted and categorized as indirect drivers of
synergisticecologicalchangewasdominatedwithwhatcanbroadlybeclassified as institutional arrangements.
The institutional arrangements were allocated into two typologies, informal institutions governed to varying
degrees by social norms, customs and traditions and formal institutions governed by official authorities
(Leftwich&Sen,2010;Berman,2013).Theunitingfactor amongst these specific institutions is that they all aim
for multiple objectives, both societal and ecological. On the one hand, these informal institutions
founded upon community-based management, collaborative partnerships, or based on local belief
systems and customary law, centred stakeholders by respecting their knowledge, rights, practices and
responsibilities. These
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institutions reconciled multiple objectives in various ways, ranging from rights-based approaches, stakeholder
involvement and participation through community-based management approaches, and incorporatingvarious
knowledge systems – scientific, local, indigenous, and traditional. On the other hand, formal institutions are
governed by legal and policy institutions, collaborative management with government agencies and
enforcement. These formal institutions, for instance the Man and Biosphere Program (A-1) and Natura 2000
Network (A-1; A6) conciliate both social development and nature conservation targets in policy and adaptive
management arrangements. Both these adaptive institutional arrangements through horizontal and vertical
integration produce strong institutions which are able to adapt to dynamic social and ecological
conditions (Ostrom, 2010). Just and sustainable conservation strategies need to recognise the need for
diverse solutions with multiple objectives that are situated in geographical locations and ever-changing socialecological contexts.
Direct Drivers and Practices
Synergistic Ecological Change as a Social Development Strategy
Synergistic ecological change signifies social development strategies in congruence with local actors’ livelihood
and management systems. The most frequent links between direct drivers and synergistic ecological changes
reported are those between both livelihood and management strategies with the majority of social and
ecologicalbenefits.Thisfurther re-affirmstheco-dependencebetween social and ecological components of
any given SES (Biedenweget al., 2014;Combertiet al., 2015) by demonstratingthat inthe majorityof cases of
synergistic ecological change, actors interact with the natural environment to obtain a living either as
subsistence or economic production. In turn, these actors, through their various practices ranging, for
example from silvo-pastoralism (A-70) to agroforestry (A-17; A24; A-28; A-45), contribute to and
enhance their surrounding natural environment thus resulting in SES characterized by both the social
and ecological components benefiting from the interaction.
Livelihood strategies are considered to consist of the motivations, needs and values of actors in relation to
production and subsistence, whether that be through traditional, indigenous, diversified or modernized
means.This confirms what several authors are advocating for; the biocultural approach can be applied
to social-ecological contexts beyond indigenous and traditional SES to further include modernized rural
settings (Agnoletti & Rotherham, 2015; Cocks & Wiersum, 2014; Elands & van Koppen, 2012). Management
strategies are considered to consist of approaches such as natural resource management, communitybased management, traditional landscape management, common-pool resource management, the
demarcation of boundaries and management for ES. Additionally, one article refers to the need for climate
change adaptation and resilience as a direct driver of synergistic ecological change (A-93). These strategies
underlie the practices that shape landscapes and influence their associated ecosystems. While there are
multiple possible trajectories that this process can lead to, this review has been successful in identifying 27
cases withpositivetrajectories leadingto aforementioned synergistic ecological changes.

Synergistic Ecological Change as a Nature Conservation Strategy
Synergistic ecological change signifies nature conservation strategies supportive of ecological
stewardship, and also compatible with broader notions of well-being (Gavin et al., 2018). It is therefore
posited that biocultural approaches capture the inextricable relations between biological aspects and social
aspects in SES, offering an alternative understanding of the reciprocal influences between people and nature.
Indeed, the rationale for adopting a biocultural lens was to ensure the recognition of different perspectives in
complex people-nature interactions grounded in local
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knowledge, practices and ontologies (A-17; A-23; A-25; A-27; A-28; A-42; A-45; A-58; A-61; A-72; A- 74; A-84), a
task that the ES framework is not well suited for (Comberti et al., 2015). Adopting this lens further enabled the
recognition of PCN; an insight into the livelihood and management systems of not just traditional and
indigenous groups, but also local communities, and their roles in nature conservation, compatible with NCP
(Diaz et al., 2018; IPBES, 2016) and social development strategies. From this review, it can be affirmed that
biocultural approaches to conservation move beyond a focus on reduction of anthropogenically induced
environmental pressures and highlight the potential for mutually beneficial relationships (e.g. West, 2005), with
specific focus on those relations from people to nature engendering synergistic ecological change. It was further
affirmed that those SES contexts within agro-forest frontiers that are not explicitly based on traditional or
indigenous knowledge systems also adhere to biocultural principles to conservation (Table 8). Therefore, the
findings of this review suggest that biocultural approaches can be applied more widely, to included nonindigenous or traditional SES (A-24;A-29;A-34; A-53; A-65; A;70; A;93;A-95; A-105)for the conciliation ofnature
conservation and social development in agro-forest frontiers. While a conscious decision was made in the
study design to only investigate synergistic ecological change within agro-forest frontiers, there is scope for
repeating similar studies for other SES such as urban and peri-urban landscapes investigating green
infrastructure and urban parks for example (Vierikko et al., 2016), or marine and freshwater SES investigating
fisheries and other coastal activities for example (Comberti et al., 2015).

Reflections and Recommendations
Biocultural Valuation of Synergistic Ecological Change
While the findings indicate the various social drivers of synergistic ecological change, it would be
inappropriate to generalize these results for two main reasons. First, this systematic review is preliminary
and conceptual in nature, and is limited by the sample size. As a result, no statistical significancebetweenthe
co-occurrence of social and ecological benefits could be demonstrated and while apparent causality between
drivers and synergistic ecological change was validated, the degree of causality was not evaluated against any
common metric. This is largely due to the diversity of methodologies adopted by the articles; as clearly
reflected in the variety of parameters used to evaluate social and ecological aspects and outcomes. Second,
while all articles adopted the SES framework as a rationale and each article investigated anthropogenic
drivers and social and ecological benefits, a unifying heuristic framework amongst the articles was lacking. This
bolsters the call to develop a heuristic framework for the evaluation of synergistic ecological change and more
broadly reciprocal NCP and PCN interactions to conciliate social development and nature
conservation. The value herein lies in ensuring that social development interests do not overshadow the
conservation of nature in human-dominated or transformed SES landscapes, reducing conflicts andtrade-offs
inagro-forestfrontiers.Toincreasetheutilityofsuchaframework, itisrecommended that it is developed to be
complementary to the NCP frameworks, thus building on the progress already being made within scientific
spheres and ecological assessment that already employ this framework.
The work done during the inclusion/exclusion phase and the data extraction phase of the study also allowed for
a reflection on the various academic approaches to studying, demonstrating, and reporting beneficial
outcomes of people-nature interactions. While only 27 articles were retained for the synthesis, the full-text of 81
excluded articles was also read and the reason for exclusion noted. In many cases this was due to the focus of the
article being solely on social, or on ecological benefits. While it is unrealistic to expect independent
research endeavours to conform to this review’s requirements it does indicate that few studies pay
equal attention to both the social
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and ecological components of the SES they investigate. A merit of the SES framework is that it embraces
both the social and ecological components of a system, however it would seem that unless a deliberate
approach, ideally deontological, is taken, one of these factors may be neglected. This was the case in 68 out of
the 81 articles excluded due to a lack of quantitative or qualitative evidence of synergistic ecological change,
even though SES theory, to varying degrees, was adopted in each article. While all biocultural approaches by
nature are social-ecological, not all social-ecological approaches frame the reciprocal interactions between
elements of a system from locally relevant cultural perspectives (Sterling et al., 2017).
Nine articles adopted a biocultural lens (A-1; A-6; A-7; A-8; A-25; A-58; A61; A-74; A-84). Eight out of these nine
articles were published after 2015 which may indicate that biocultural approaches to SES are an emerging field.
All of the 27 articles were highly compatible with biocultural principles for conservation (Gavin et al., 2015)
even when not explicitly framed in that way. This is indicative of how biocultural framing allows for the
incorporation and synthesis of diverse metrics, knowledge systems, and ontologies through frameworks
adaptabletothecontextualspecificities ofthesystem, in order to derive a common understanding of synergistic
ecological change within SES. Therefore, a further recommendation is posed, that biocultural framing, as an
overarching concept has the potential to bridge disciplinary differences and align research agendas in
furthering the pursuit of both social and ecological well-being synergistically.Bioculturalapproaches to
conservation epistemologically link diverse theories, concepts, participatory approaches and peoplecentred approaches to conservation reaffirming the need for interdisciplinary collaboration, as well as, the
active inclusion of indigenous and local communities within research efforts. Biocultural approaches have the
“potential for pluralistic, partnership-based, and dynamic approaches to guide conservation processes past the
trap of divisive debates” (pg. 5, Gavin et al., 2018).
PCN used alongside NCP provides an understanding of how synergistic ecological change unfolds in complex,
real-world contexts. This is affirmed by the extent of ecological benefits (Table 3) co- occurring with
numerous social benefits not solely limited to instrumental ES. It is therefore recommended that future
research should be inter- and transdisciplinary when studying PCN and synergistic ecological change. This
allows for pluralistic methodologies to nature valuation to ensure an adequate representation of
deontological, ecological and social approaches, thereby offering legitimate insights into both social and
ecological metrics. In addition, demonstrating the value of synergisticrelationsenablesthemtobe targeted as
conservation strategies in dynamic SEStoensure conciliated decision-making that serves multiples objectives of
sustainable development and nature conservation (Gavin et al., 2015; 2018).
Indicators for Synergistic Ecological Change
A degree of transdisciplinarity was required in the interpretation of what constituted quantitative or qualitative
evidence of synergistic ecological change due to the aforementioned diversity in study designs,
methodologies and metrics in the articles reviewed. This was anticipated in the design phase of this study,
however in order to advance research and promotion of synergistic ecological change and PCN this diversity
needs to be addressed. Several issues arise upon consideration of what methodologies and indicators
or measures of success are conducive to this type of research; deontological aspects, social
parameters, ecological parameters, and underlying as well as overarching drivers, interactions, and
processes all need to be adequately captured in the study of synergistic SES interactions.
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An interesting contribution to this debate is the contrast in measures of success between NCP and biocultural
approaches and the implications for measures of success for PCN. While NCP framing is output based, with the
focus on measurable outcomes derived from nature expressed in economic terms (Kenter, 2018), biocultural
approaches to nature conservation focus on the relationships and interactions between the social and
ecological systems rather than the final states of ecosystem goods and services (Caillon et al., 2017). The
synthesis of synergistic ecological change in the SES studied by the 27 articles of this review highlight an
alternative interaction in agro-forest frontiers from people to nature which warrants consideration in peoplenature framing. The challenge lies in determining measures of success for PCN in terms of synergistic
ecological change while acknowledging the reciprocity and co-dependencies highlighted by the
biocultural approach. However, the additional consideration of PCN alongside NCP stands out as a more
holistic means to jointly achieve human and ecological well-being (Caillon et al., 2017; Maffi, 2007). Based on
the results of this review it is evident that the processes leading to desirable synergistic outcomes are just as
important as the outcome itself; as demonstrated by the array of anthropogenic drivers and practices
associated with synergistic ecological change. While attempts to develop biocultural indicators are
currently underway (see McCarter et al., 2018) none have been published or tested as of yet. Beyond this,
standardized indicators compatible with both NCP and biocultural framings for the investigation of PCN and
synergistic ecological change, are yet to be conceptualized. However, a preliminary guide for this
developmentisproposedfromthefindingsofthissystematicreview.
Discussing what standardized measures of success or indicators would look like is not within the scope
of this review but has emerged clearly as something that is lacking and an important next step,not just for the
study of synergistic ecological change and PCN, but within this branch of academia in general (Lundquist
et al., 2017). Several preliminary contributions to a tool kit for indicator development for synergistic
ecologicalchangeandPCNmaybederivedfromthetypologies synthesised in Table 10.
Table 10. Preliminary guide for the development of indicators of synergistic ecological change and PCN in agro-forest frontiers.

Indirect Drivers
• Informal
institution
• Formal
institution
• Market Forces
& Economic
incentives
• Demography
• Mixed
institutions
• Social network

Direct Drivers
• Livelihood strategy
• Management
strategy
• Socio-cultural
• Demography
• Spiritual/Religious
• Equity
• Climate adaptation

Practices
• Farming level:
Cultivation strategy
• Landscape level:
Ecosystem
management
• Agroforestry
• Landscape level:
Restoration
• Silvo-pastoral
• Water and soil
management
• Sacred groves
• Silvicultural

Social Benefits
• Livelihood

Ecological Benefits
• Species

• Socio-cultural
values
• Biocultural value
• Knowledge system

• Biodiversity

• Social capital
• SES Resilience
• Conservation of
resources
• Ecosystem services
• Spiritual/Religious
Local belief system
• Adaptability

• Land cover
• Function and
structure
• Habitat
• Ecological
connectivity
• Restoration
• Landscape
heterogeneity
• Soil
• Ecological
resilience
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Conclusion
The synthesis of synergistic ecological changes and their biocultural values from the systematic review of
27 articles evidences anthropogenic drivers and associated practices of synergistic ecological change in
agro-forest frontiers. The adoption of the biocultural approach enabled the operationalization of PCN by
capturing synergistic ecological change as the co-occurrence of social and ecological benefits in the reviewed
SES. Therefore, the biocultural approach allowed for the validation of reciprocal linkages between PCN and
NCP, facilitating the synthesis of different metrics for socio-culturally defined values and ecological values of
nature. Furthermore, this approach also offered insights into the livelihood and management systems of not
just traditional and indigenous groups, but also local communities with modernized practices, providing
a more holistic and pluralistic understanding of theirroles in PCN. Synergistic ecological change in terms of NCP
and PCN stands out as a means to jointly achieve human and ecological well-being in human-dominated and
transformed SES landscapes. Based on the results of this review it is evident that the processes leading to
desirable synergistic outcomes are just as important as the synergistic outcomes themselves; as
demonstrated by the array of anthropogenic drivers and practices associated with synergistic ecological
change.
Social factors operating at multiple scales ranging from diverse institutional arrangements to livelihood
and management strategies and context specific practices as well as, local knowledge and values of actors drive
synergistic ecological change in agro-forest frontier SES. Just and sustainable conservation strategies must
recognise the need for diverse solutions with multiple objectives that are situated in geographical locations and
ever-changing social-ecological contexts. The findings of this review suggest that pluralistic
methodologies ensure an adequate representation of deontological, ecological and social approaches,
thereby offering legitimate insights into both social andecologicalmetrics. Demonstratingthedriversandvalues
of synergistic ecological changes in SES enables them to be targeted as conciliated nature conservation and
social development strategies; serving multiples objectives, supportive of ecological stewardship, and
compatible with broader notions of well-being based on a plurality of values, knowledge systems and sociocultural contexts.

List of Recommendations
-

-

-

Repeating similar studies for other SES such as urban and peri-urban landscapes investigating green
infrastructure and urban parks (e.g. Vierikko et al., 2016), or marine and freshwater SES investigating
fisheries and other coastal activities (e.g. Comberti et al., 2015) is recommended for future research.
Continue the development of a heuristic inter- and transdisciplinary framework for the
evaluation of synergistic ecological change and more broadly reciprocal NCP and PCN
interactions in nature valuation across various SES, is a further recommendation for future research.
Future research should also focus on the development of indicators for assessing synergistic ecological
change and PCN through pluralistic valuation; synthesising deontological, social and ecological
perspectives.
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Abstract
Synergistic ecological change is defined as the enhancement of social components leading to
enhancements in ecological components within SES i.e. People’s Contribution to Nature (PCN),
compatible with Nature’s Contribution to People (NCP). This case-study analysis of four articles from
the INREF FOREFRONT research project in Zona da Mata sites verifies the hypothesised
conceptualisation of PCN elements and synergistic ecological change in agro-forest frontiers from a
biocultural perspective – put forward by the concomitant systematic review. Reviewed and extracted
data was synthesised as anthropogenic drivers, practices and biocultural values of synergistic
ecological change. These were typologized in congruence with the systematic review and biocultural
indicators for each PCN element were developed for Zona da Mata. The biocultural approach allowed
for the validation of reciprocal linkages between PCN and NCP. Demonstrating the drivers and values
of synergistic ecological changes in SES enables them to be targeted as conciliated nature
conservation and social development strategies. Additionally, a research project evaluation was
conducted and revealed that interdisciplinarity, integration and capacity enhancement are crucial for
the successful implementation of the INREF FOREFRONT research project design. The lack of
structural mechanisms to support and facilitate integration and collaboration as well as the lack of
institutional structures for the socialisation of results and associated capacity enhancements were
the major shortcomings of the research project. The interdisciplinary design of the project is
commendable however, and should the goals and objectives be realised the research project will
addresses the conservation of biodiversity and ecosystem function. This is justified as biocultural
framing enabled the synthesis of diverse metrics, knowledge systems and ontologies represented
within the four INREF FOREFRONT articles reviewed, in order to derive a common understanding of
synergistic ecological change and verify reciprocal linkages between NCP and PCN elements in the
Zona da Mata.
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Introduction
This thesis follows a systematic review on the role of People’s Contribution to Nature (PCN) in terms
of synergistic ecological change within agro-forest frontiers (Pace Ricci & Merten, unpublished).
Synergistic ecological change is defined as reciprocal interactions in which the enhancement of the
social component of a social-ecological systems (SES) leads to the enhancement of the ecological and
biophysical component within the SES (Pace Ricci & Merten, unpublished). The concept of PCN was
developed to be aligned with the International Science-Policy Platform for Biodiversity and Ecosystem
Services’ (IPBES) recent socio-cultural valuation approach (IPBES, 2018). This approach emphasises
the reciprocal nature of people-nature relations (IPBES, 2018). When examined through a biocultural
lens, this not only infers Nature’s Contribution to People (NCP), but also the lesser explored
interactions of PCN to capture the positive impacts of local actors on nature in instances of synergistic
ecological change (Pace Ricci
& Merten, unpublished). Synergistic ecological change, i.e. the benefits arising from reciprocal
people-nature interactions have been documented amongst the multiple anthropogenic drivers
of ecological change in agro-forest frontiers (IPBES, 2016). For this reason, the systematic review
brought together 27 studies that demonstrated synergistic ecological change within these
frontier SES and the results of the synthesis are here applied to the INREF FOREFRONT research
project which will serve as a dedicated case-study to verify the findings of the systematic review
(Pace Ricci & Merten, unpublished).

While some examples of synergies have been documented, there is still a lack of quantitative
conceptualizations of synergistic relationships and their anthropogenic drivers (IPBES, 2018). The
synergistic relations arising from people to nature are opportunities which could be
conceptualised and integrated into a more holistic and pluralistic ecosystem valuation approach,
thus show-casing their value. Synergistic relations can then be targeted as positive ecological
management and intervention strategies in dynamic SES (Pace Ricci & Merten, unpublished). In
response, this study also employs a biocultural lens to analyse synergistic relations by verifying
the presence, extent and the influence of anthropogenic drivers on actors as agents of synergistic
ecological change in-situ through a case-study of the INREF FOREFRONT program encompassing
dynamic agro-forest frontiers in Latin America. This study also draws from Bartlett’s guide for
evaluating collaborative research projects (2016) to offer an evaluation of the relative successes
and short comings of the INREF FOREFRONT program.
Agro-forest frontiers
This study offers a biocultural analysis, and an evaluation of the INREF FOREFRONT research project
as a case-study to contribute to the growing body of literature on synergistic ecological change within
agro-forest frontier SES (see IPBES, 2016). The project surrounds the environmental and social issues
associated with the conversion of tropical forested landscapes into agricultural land within contested
agro-forest frontier landscapes in research sites in Mexico and Brazil. INREF FOREFRONT defines agroforest frontier landscapes as dynamic social-ecological systems delineated by the actors, and their
institutional and social contexts, that induce land-use changes (INREF FOREFRONT proposal, 2014).
These landscapes are of particular relevance for both social development and nature conservation;
agriculture is the largest direct driver of deforestation (Angelsen, Duchelle, Larson & Pham, 2018).
Across the worlds’ tropics the conversion of forested landscapes into predominantly agricultural
lands drives deforestation (Bongers and Tennigkeit, 2010; Diniz, Hoogstra-Klein, Kok & Arts, 2013;
Laurance et al., 2014). 37.4% of terrestrial surface is dedicated to agricultural activities (FAOSTAT,
2019) and more than two-thirds of global forest areas are managed for multiple-uses (MacDicken
et al., 2016). Such frontier SES are characterized by continuous land-use changes where socialecological interactions give rise to dynamic and transitional mosaics of different land-uses which
shape future landscapes (Diaz et al., 2015).
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As indicated in IPBES’ report (2016) and confirmed in the systematic review (Pace Ricci & Merten,
unpublished), these frontier SES are also sometimes characterized by reciprocal and synergistic
relations between people and nature. This, in combination with the compatibility of frameworks
and conceptual models between the systematic review and the INREF FOREFRONT program,
made the program an ideal case-study to verify findings on PCN elements of synergistic ecological
change (Pace Ricci & Merten, unpublished). A further advantage is the multidisciplinary and
multi-scalar approach adopted by INREF FOREFRONT, offering multiple perspectives on the same
sites, social processes, and biomes. These multiple perspectives make the program amenable to
a biocultural analysis as data has been collected on both the social and ecological aspects, as well
as the various relations between these two elements of the SES (Gavin et al., 2018; Pace Ricci &
Merten, unpublished).

The INREF FOREFRONT Program - Nature’s benefits in agro-forest frontiers:
linking actor strategies, functional biodiversity and ecosystem services
The INREF FOREFRONT program is an interdisciplinary research project that was launched in 2015
and is scheduled to end by January 2021. The program consists of 11 PhD research projects, five
post-doctoral (PD) research projects, and several MSc theses and internships, altogether
engaging a team of over 25 researchers from four institutions: Wageningen University and
Research (WUR, Netherlands), Universidade Federal de Viçosa (UFV, Brazil), Instituto de
Investigaciones en Ecosistemas y Sustentabilidad (IIES, Mexico), and El Colegio de la Frontera Sur
(ECOSUR, Mexico). All the partner institutions were collaboratively involved in the project design
and proposal stage; while no members of the target communities were directly consulted, their
interests were seen to be represented by partners who had previously worked in the area and
were familiar with the social and ecological contexts of the study sites. The interdisciplinary team
includes specialists on soils, vegetation (forests, pastures, croplands), remote sensing, sociology,
policy, and participatory methods, amongst other specializations. The research agendas of the
program are spread across three rural landscapes in Latin America; Zona da Mata, Minas Gerais
in Brazil; Marqués de Comillas, Chiapas; and the Sepultura, Sierra Madre, both in Mexico. The
overall aim of the program is to understand landscape dynamics and ecosystem services (ES)
provision by linking the landscape-transforming strategies of various actors with associated
landscape changes and the provision of bundles of ES through a landscape approach. This is
illustrated in the program’s interdisciplinary framework in Figure 1.
Considering the interdisciplinary framework, it is clear that the INREF FOREFRONT program could
serve as an ideal case-study for verifying PCN through a biocultural analysis, at the time of writing,
the program was still on-going and the amount of data available for the analysis was less than
anticipated. As will be discussed later, only four PhD papers (three peer-reviewed and published, one
under review), all from the Zona da Mata site, were utilised in the analysis as these were the only
research projects that were both advanced enough and compatible to contribute to the analysis. In
addition to this, it is important to note that the synergistic ecological changes analysed below are not
a result of the research program, but a result of pre-existing and on-going socio-economic and sociocultural processes and practices in the Zona da Mata research sites.
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The studies serve to bring these synergistic relations to light, but they are not a result of the
researchers’ in-situ interventions. The fact that the programme is still on-going was also an
obstacle that prevent a more in-depth project evaluation. However, drawing from Bartlett’s
evaluation guide offers an evaluation that is indicative of the progress made within the program
thus far.

Figure 1. Framework for the interdisciplinary analysis of relationships between functional diversity, ecosystem services, and human
actions within a dynamic social-ecological system at the landscape scale (dotted line). The system of interest is subject to external
drivers at regional and global scales and, in turn, impacts on social and biophysical factors at larger spatial scales. The solid boxes
represent the social (purple) and ecological (green) components within the system. Different layers within the ecological system
(green) indicate different land use types of configurations with different (functional) biodiversity and associated ecological process,
leading to different bundles of ecosystem services. Layers within the social system (purple) represent heterogeneity of (groups of)
actors with different values and needs, means and assets, resulting in different actor strategies and landscape management
decisions. The orange arrows connect both components of the social-ecological system and represent the interdisciplinary nature
of the framework. Bundles of ecosystem services (multi-coloured flower diagrams) are subject to synergies and trade-offs that can
take the form of different relationships (INREF FOREFRONT, 2014).

INREF FOREFRONT Objectives
The objectives in relation to the interdisciplinary framework (Figure 1) are illustrated in Figure 2.
Figure 2 illustrates the cross-fertilization of disciplinary themes along the vertical axis from social
to natural sciences corresponding to INREF FOREFRONT’s objectives and in relation to the
specified social-ecological processes and interactions of the research areas of focus. These
elements clearly illustrate the cross-theme and cross-site interdisciplinarity and pathways for
integration. Furthermore, these figures represent the main components of the INREF
FOREFRONT research project including the research topic areas and focus and the research
perspectives from a disciplinary stand-point.
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Figure 2. Distribution of INREF FOREFRONT objectives across disciplines and in relation to the interdisciplinary framework (Figure
1) adopted in the INREF FOREFRONT research project. (INREF FOREFRONT Proposal, 2014).

The program has three objectives and associated research questions relating to the present (1),
the past (2), and the future (3):
1) to identify and understand the ecological and social drivers that shape agro-forest
frontier landscapes and their ecosystem services;
How do provisioning, regulating, and cultural ecosystem services (sensu MEA 2005) and the
ecosystem properties and processes that underpin them depend on the biodiversity in landscapes (i.e.
the functional diversity and spatial configuration of land use types)? How do trade-offs and synergies
between (bundles of) ecosystem services vary across land uses and across different actors involved?

2) to explain temporal changes in the social-ecological system and their consequences for
landscape configurations;
How have social and environmental drivers co-determined actor strategies, and led to alternative
pathways in the development of agro-forest landscapes? How has this been affected by different
spatial (local, regional, global) and temporal scales (i.e. biophysical and cultural legacies)?

3) to design adaptive strategies to balance and optimize the supply of ecosystem
services in changing landscapes.
From these objectives it is clear that the analysis of PCN elements of synergistic ecological change
is not explicit within the program objectives. However, objective 2 captures the essence of this
by relating to “consequences for landscape configurations”. This notion is compatible with both
the INREF FOREFRONT and systematic review theoretical frameworks and conceptual models
(Pace Ricci & Merten, unpublished), acknowledging that social drivers and environmental drivers
are linked through reciprocal relations (see Figure 1). While INREF FOREFRONT maintains a
neutral stance towards the nature of these relations, both this study and the systematic review
are focussed specifically on positive aspects i.e. synergistic relations.
INREF FOREFRONT Anticipated Outcomes
The anticipated outcomes of the program are “tools that support the evaluation and
operationalization of the dynamic relationship between people and nature and enhance
development-oriented capacity, both in partner countries and in Wageningen” (INREF
FOREFRONT, 2014). The tools range from: landscape models for the prediction of ES provision
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changes based on land-use changes across varying spatial and temporal scales to tools for
participatory design and land-use planning such as social-environmental board games and agentbased models. Beyond this, the program anticipates the completion of 11 PhD theses with
associated publications, (both individual and joint) as well as multiple other outputs in the form
of fact sheets, guidelines, news articles etc. The ultimate goal however, remains to contribute to
improved quality of life in the research sites and learn lessons that may be applicable to other
rural settings.

Synergistic Ecological Change: conciliated social development and
nature conservation
Within the context of agro-forest frontier landscapes, improving quality of life is linked to
synergies between sustainable social development and effective nature conservation, as
demonstrated in the systematic review (Pace Ricci & Merten, unpublished). The framework
adopted by INREF FOREFRONT is also aligned with this notion (Figure 1). The systematic review
of 27 articles that demonstrate such synergistic interactions and their social drivers is based on
the interdisciplinary theoretical framework in Figure 3 and conceptual model in Figure 4. The
review (Pace Ricci & Merten, unpublished) was conducted just prior to the writing of this thesis
and served to inform and guide this analysis and research project evaluation. The review
synthesised the anthropogenic drivers and associated practices of synergistic ecological change
in terms of co-occurrence of social and ecological benefits within agro-forest frontiers. The
results clearly demonstrate that it is realistic to strive for social development that not only
reduces negative environmental impacts but has demonstrably positive impacts on the ecology
of the area being developed; a theme which is also central to the INREF FOREFRONT program.

Figure 3. Interdisciplinary theoretical framework for linking anthropogenic drivers, synergistic ecological change and biodiversity
,ecosystem functioning and land cover at both the social-ecological landscape level (dotted line) and wider spatial and temporal
context– beyond-landscape level (grey box). The solid boxes represent the social components (blue box) and the ecological
components (green box) in the social-ecological system. The thick arrows highlight the direction of relations between the
components. (Adapted from Diaz et al., 2011).
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Figure 4. Conceptual model for the biocultural valuation of synergies representing synergistic ecological change within socialecological systems at landscape scale (dotted line). Adapted from Martin-Lopez et al., 2014; Diaz et al., 2011.

The adoption of the biocultural approach shown in Figure 4 enables the operationalization of
PCN by capturing synergistic ecological change as the co-occurrence of social and ecological
benefits in the reviewed SES. Therefore, the biocultural approach allows for the validation of
reciprocal linkages between PCN and NCP, facilitating the synthesis of different metrics for socioculturally defined values and ecological values of nature (Pace Ricci & Merten, unpublished).
Furthermore, this approach also offers insights into the livelihood and management systems of
not just traditional and indigenous groups, but also local communities with modernized practices,
providing a more holistic and pluralistic understanding of their roles in PCN (Diaz et al., 2018;
IPBES, 2016). Synergistic ecological change in terms of NCP and PCN stands out as a means to
jointly achieve human and ecological well-being in human-dominated and transformed SES
landscapes.
Based on the results of the review it is evident that the processes leading to desirable synergistic
outcomes are just as important as the synergistic outcomes themselves; as demonstrated by the
array of anthropogenic drivers and practices associated with synergistic ecological change (Pace
Ricci & Merten, unpublished). Social factors operating at multiple scales, ranging from diverse
institutional arrangements to livelihood and management strategies, context specific practices,
and local knowledge and values of actors, drive synergistic ecological change in agro-forest
frontier SES (Pace Ricci & Merten, unpublished). “Just and sustainable conservation strategies
must recognise the need for diverse solutions with multiple objectives that are situated in
geographical locations and ever-changing social-ecological contexts” (Pace Ricci & Merten,
unpublished, p. 31). The findings of this review suggest that pluralistic methodologies ensure an
adequate representation of deontological, ecological and social approaches, thereby offering
legitimate insights into both social and ecological metrics. “Demonstrating the drivers and values
of synergistic ecological changes in SES enables them to be targeted as conciliated nature
conservation and social development strategies; serving multiples objectives, supportive of
ecological stewardship, and compatible with broader notions of well-being based on a plurality
of values, knowledge systems and socio-cultural contexts” (Pace Ricci & Merten, unpublished,
p.31).
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Biocultural Analysis, and Evaluation of INREF FOREFRONT
The aim of this study is therefore to examine synergistic ecological change in INREF FOREFRONT
agro-forest frontiers projects. This entails examining the influence of anthropogenic drivers on
actors, and their landscape transforming strategies on biodiversity and ecosystem functioning
within the program. Subsequently, these results are used in a cross-examination of results with
the concurrently undertaken systematic review thesis. Ultimately, all of this is consolidated to
offer a critical evaluation of the INREF FOREFRONT program from a biocultural perspective. The
research questions this study addresses are:
RQ1: To what extent do NCP and PCN elements drive synergistic ecological change in the
INREF FOREFRONT agro-forest frontiers sites?
a. Identify, quantify and qualify the co-occurrence of social and ecological
benefits i.e. synergistic relations on biodiversity and ecosystem functioning.
b. Determine what anthropogenic drivers and associated landscape transforming
strategies drive synergistic ecological change in agro-forest frontiers.
c. Distinguish between drivers operating beyond-landscape level (institutional
and social contexts), and drivers at the landscape level (actors).
d. Evaluate the biocultural value of synergistic ecological change in INREF
FOREFRONT’s agro-forest frontiers.
RQ2: Are the elements of NCP and PCN that drive synergistic ecological change
acknowledged in scientific literature?
e. Cross-examination of the results of the systematic review and the case-study.
RQ3: Does the INREF FOREFRONT research project address the conservation of biodiversity and
ecosystem functioning through the interdisciplinary approach?
f. Do the research projects reflect and achieve the INREF FOREFRONT goals
and objectives?
g. Do the research projects evidence the synergistic relation or co-occurrence
of social development and nature conservation objectives?

Methodology
The methodology of this study had two distinct phases; phase 1 relates to RQ1 and RQ2 and phase 2
to RQ3. Phase 1 first involved an analysis of data derived from studies undertaken by various INREF
FOREFRONT researchers in Zona da Mata, Brazil in order to determine the extent to which NCP and
PCN elements drive synergistic ecological change in the INREF FOREFRONT agro-forest frontier sites
(RQ1). Here, the methodology for evidencing synergistic relations from the systematic review was
adapted (Pace Ricci & Merten, unpublished) based on the theory of change of context, intervention,
mechanism and outcome devised for the systematic review (see Annex 1 for protocol). This allowed
for the cross-examination of the drivers of synergistic ecological change in Zona da Mata to the results
derived from the concomitant systematic review (Pace Ricci & Merten, unpublished) on synergistic
ecological change. This was undertaken in order to determine whether elements of NCP and PCN that
drive synergistic ecological change in INREF FOREFRONT agro-forest frontier sites are acknowledged
in scientific literature (RQ2).
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Furthermore, as part of the cross-examination of the results of the systematic review and the INREF
FOREFRONT case-study, indicators of the drivers of synergistic ecological change and PCN specifically
in Zona da Mata were developed. This was based on the theoretical framework (Figure 3) and
conceptual model (Figure 4) developed in the systematic review, upon which typologies and a
preliminary guide for indicator development were developed for the drivers of synergistic ecological
change and PCN in agro-forest frontiers (Pace Ricci & Merten, unpublished).

Phase 2 involved an evaluation of the INREF FOREFRONT research project as a whole in order to
determine whether the INREF FOREFRONT research project addresses the conservation of
biodiversity and ecosystem function through an interdisciplinary approach (RQ3). This was
determined based on: (1) a comparison of the research project’s intended outcomes against its
realised outcomes to evaluate whether the research project as a whole reflects and achieves its
objectives and goals (RQ3a) and (2), an evaluation of the synergistic relation or co-occurrence
between social development and nature conservation objectives in the Zona da Mata research
site (RQ3b). This methodology section first presents an overview of the INREF FOREFRONT study
area in the Zona da Mata region in Brazil, followed by descriptions of the approaches taken in
phase 1 and 2.

Phase 1: Analysis of Zona da Mata studies
The intended approach to this analysis was to collate the data and findings from as many studies as
possible in the Brazilian site - Zona da Mata, Minas Gerais region - and the Mexican sites - Marqués
de Comillas, Chiapas and the Sepultura, Sierra Madre - and re-analyse this information from a multiscale perspective focusing on elements of PCN, in accordance with the conceptual model in Figure 4.
This was attempted by contacting each PhD and PD researcher involved in the research project and
inviting them to collaborate by sharing their data and findings. Throughout this process however, it
was realised that few of the researchers involved were advanced enough in their individual research
projects to be able to contribute to this analysis at the time of writing. Considering this significant
limitation, the analysis was conducted on a subset of INREF FOREFRONT research being conducted in
the Zona da Mata region of Brazil consisting of three peer-reviewed publications, and one currently
under review (Table 1).
Table 1. Articles included in analysis - Zona da Mata research site Brazil.

Short reference
Teixeira et al., 2018a
Teixeira et al., 2018b
Goris et al., 2019
Gomes et al.,
unpublished

Title
Understanding farm diversity to promote agroecological transitions.
Farmers show complex and contrasting perceptions on ecosystem
services and their management.
Resignification practices of youth in Zona da Mata, Brazil in the transition
toward agroecology.
Land use and land cover scenarios: an interdisciplinary approach
integrating local conditions and the global shared socioeconomic
pathways

Zona da Mata, Brazil
All data analysed for the analysis was derived from research conducted in the Zona da Mata
region in the state of Minas Gerais, south-eastern Brazil. The following is a summary of the
context of Zona da Mata based on the information in both Teixeira et al. (2018a & 2018b) and
Gomes et al.’s (unpublished) articles. This area forms part of the Brazilian Atlantic Rainforest
biome containing the protected conservation areas Caparaó National Park and the Serra do
Brigadeiro State Park and covers roughly 11,119km2 (Alvares et al., 2013). The topography of the
area is hilly and mountainous which favours small-scale farming and limits agricultural
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mechanisation options (Alvares et al., 2013). Climatic conditions can be described as humid
subtropical with well-defined wet and dry seasons (CWA, Köppen climate classification) (Alvares
et al., 2013). The dominant LULC are pasture land, forest, and coffee plantations (Gomes et al.,
unpublished).
The coffee plantations have a long history dating back to the mid-19th century. Mismanagement
and degradation of these early coffee plantations over time paved the way for pastoralism due
to the establishment and domination of grass species (e.g. Brachiaria spp. and Melinis
minutiflora) on degraded land. Land tenure has a dynamic history in Zona da Mata, the region
was originally inhabited by native indigenous communities whose population sharply declined
after colonisation by the Portuguese in the 18th century. Post-independence, the land was
divided amongst the aristocracy who brought in slave labour to work the land. Post-emancipation
(c. 1888), these landlords resorted to hired labour and sharecroppers, altering the social
dynamics of the area (Teixeira, 2018b).
The societal shifts in the region are reflected in how land ownership has changed. Currently, just
over half of the land is still owned by medium to large-scale farmers but the remainder is owned
by family farmers which represent 82% of total farm holdings in the area. Family farms are
defined in Brazilian law as farms smaller than 96ha, with predominantly family-based labour and
management, the family’s income must also be derived predominantly from rural activities. A
significant component of the social dynamics of the region is long-term local participation in
agroecological transition since the 1970s (Gomes et al., unpublished; Teixeira et al., 2018b).
Identification of Drivers, Practices and Benefits
Once received, the articles were read to provide a thorough understanding of the aims, objectives,
methods, results, and overall message. The articles were then read a second time for data extraction.
Data was extracted from the articles in accordance to the protocol (see Annex 1) developed for the
accompanying systematic review on the drivers and practices of synergistic ecological change,
and using the same data extraction forms (Pace Ricci & Merten, unpublished). Data pertaining to
indirect and direct anthropogenic drivers, actor practices, and both social and ecological benefits
were systematically extracted as NCP and PCN elements of synergistic ecological change. The
extracted data was then entered into a searchable systematic database in Microsoft Excel. In
Excel, the data was coded according to the typologies developed in the systematic review and
thus made compatible with the conceptual framework that is common to both these studies.
Multi-scale Linkages and Causality
Once data was typologized as indirect or direct drivers, practices, and social or ecological
benefits, causal relationships were determined. Additionally, qualitative and, where possible,
quantitative data describing the typologies and associated relationships was included in the
searchable database to inform the development of indicators (Annex 7). This process was not
feasible in the systematic review due to the volume and diversity of data synthesized.
Relationships between each typology were identified as being causal only when the article in
question explicitly stated that they were. Co-occurrences of causal relationships between coded
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typologies in the articles were then quantified through a process of cross-tabulation in IBM SPSS
23. The quantified links were then visually represented with an interactive Sankey diagram using
Flourish Studio. Sankey diagrams were selected as they visually illustrate quantitative links
between multiple classes of categories, represented as ribbons of varying thickness that connect
individual categories arranged by class into separate columns (Riehmann, Hanfler, & Froehlich,
2005). In this case, each column represents a different element in PCN (indirect drivers, direct
drivers, practices, social benefits, and ecological benefits) and the ribbons between these
represented the frequency of co-occurrence of causal relationships between each typology
within the database.

Indicator Development for synergistic ecological change
The development of indicators for PCN in terms of synergistic ecological change in Zona da Mata is
based upon the preliminary guide for the development of indicators of synergistic ecological change
and PCN in agro-forest frontiers, proposed in the systematic review and presented in Table 2 (Pace
Ricci & Merten, unpublished). This guide serves as a preliminary tool kit for indicator development
for synergistic ecological change and PCN in agro-forest frontiers and is derived from the typologies
synthesised in the systematic review (see Table 10 in Pace Ricci & Merten, unpublished). This guide is
preliminary in nature as the systematic review serves as the first attempt to conceptualise
standardized indicators compatible with both biocultural framings and NCP for the investigation of
PCN and synergistic ecological change. Indicators were developed for the casual relationships
identified, as well as for the social and ecological benefits identified in the research sites in Zona da
Mata. This process ensures the representation of multi-scale interactions and feedbacks between
social and ecological components of the SES, while capturing the emergent synergistic outcomes
(McCarter et al., 2018).
Table 2. Preliminary guide for the development of indicators of synergistic ecological change and PCN in agro-forest frontiers (Pace
Ricci & Merten, unpublished).

Indirect Drivers
● Informal
institution
● Formal
institution
● Market Forces
& Economic
incentives
● Demography
● Mixed
institutions
● Social
network

Direct Drivers
● Livelihood strategy
● Management
strategy
● Socio-cultural
● Demography
● Spiritual/Religious
● Equity
● Climate adaptation

Practices
● Farming level:
Cultivation
strategy
● Landscape level:
Ecosystem
management
● Agroforestry
● Landscape level:
Restoration
● Silvo-pastoral
● Water and soil
management
● Sacred groves
● Silvicultural

Social Benefits
● Livelihood
● Socio-cultural
values
● Biocultural value
● Knowledge
system
● Social capital
● SES Resilience
● Conservation of
resources
● Ecosystem
services
● Spiritual/Religious
Local belief
system
● Adaptability

Ecological Benefits
● Species
● Biodiversity
● Land cover
● Function and
structure
● Habitat
● Ecological
connectivity
● Restoration
● Landscape
heterogeneity
● Soil
● Ecological
resilience
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Phase 2: Research Project Evaluation
This research project evaluation is founded upon Bartlett’s evaluation criteria (2016) however
bolstered with outputs from a workshop and interviews with PhD researchers and coordinators,
data extracted from INREF FOREFRONT research (Phase 1), an analysis of the proposal, poster
presentations as well as Gavin et al.,’s principles for biocultural approaches to conservation
(2015) in order to answer RQ3.
The evaluation of INREF FOREFRONT is based upon an evaluation methodology developed to: (1)
assess the achievements of the research projects and (2) the impacts that arise from the research
(Bartlett, 2016). For each of these two components, four assessment criteria have been
developed by Bartlett (2016); scoring and evaluation questions as well as evidence requirements,
are assigned in the form of a scoring matrix. Assessing the developmental impacts of the INREF
FOREFRONT research project in terms of the societal, economic and political impacts that arise
from the research is beyond the scope of this evaluation. As a result, Bartlett’s 5th (Capacitybuilding), 6th (Scientific outcomes), 7th (Economic outcomes) and 8th (Social and/or policy
outcomes) criteria for project evaluation were omitted. The assessment criteria, rationale and
maximum score for assessing the achievements of the research project is detailed in Table 3. The
rationale for this independent scoring methodology is that the cumulative scores derived from
the evaluators are: (1) based on at least two evaluators to minimise bias, (2) the evaluation
questions and evidence selected to determine scores for each criterion are flexible for the
evaluators so that they can be adapted to the context specificity of the research project and (3)
the scores are designed to give an indication of the relative success of the research project in the
sense of guiding the consideration of what aspects of the research project contribute to the
identified level of success (Bartlett, 2016). The latter point is emphasised to ensure that the
overall success of a research project is not solely evaluated on the basis of a cumulative
evaluation score with associated evaluators bias, because Bartlett acknowledges that the
emphasis to some of the proposed criteria differs amongst the design of different research
projects (Bartlett, 2016).
Table 3. Criteria for project evaluation based on the rational and maximum scores for 4 evaluation criteria. Adapted from Bartlett,
2016.

Criteria
C1

C2

C3

C4

Project
design

Rationale

Good project design is fundamental to success. A well-designed
research project includes agreed research questions with clear
and achievable objectives, logically sequenced and welltargeted activities, appropriately skilled leader and project
team, and an adequate budget.
Results
The degree of completion of planned research activities and
achieved
delivery of agreed outputs is a major determinant of project
success.
Collaboration As the projects involve scientists from international and local
partners the degree and effectiveness of collaboration and
capacity-building is likely to influence project achievements.
Publications Publications, including journal articles, the project’s final
report, and other reports, provide the legacy of the project and
opportunities for others to benefit from the research
knowledge produced.

Maximum
Score
2

4

2

2
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The evaluation questions and evidence guidance for the four evaluation criteria (C1 project
design, C2 results achieved, C3 collaboration, and C4 publications) used for the evaluation are
elaborated in Table 4. These have been adapted from Bartlett’s (2016) evaluation criteria to
reflect the research questions of this study and are detailed with the specific methodologies for
each criterion.
Table 4. Criteria for research project evaluation detailing the evaluation questions, evidence sought and methodology for
evaluation. Adapted from Bartlett, 2016.

Evaluation
questions

C4

Results achieved

C3

What has been
achieved in terms
of completed
activities and
specified outputs?

Collaboration

C2

How well was the
project designed
in terms of specific
activities to
address objectives
and to facilitate
adoption?

How well did the
project team
collaborate in
conducting the
research and what
new skills did the
scientists gain?

Publications

C1

Project design

Criteria

What is the
relative magnitude
and quality of
publications
produced?

Evidence sought

Consideration of research
strategy and nature of research
and findings from any mid-term
review.

Identification of the quality of
actual achievements compared
with planned outputs.

Information about collaboration
in correspondence and reports;
effectiveness of in-country
coordination; joint authorship of
reports; and level of networking
developed and extent of withinproject capacity-building
activities.
Quality of information in final
report; and amount and quality
of project reports, including
consideration of local language
publications; number of
published journal articles; and
quality of website information.

Methodology
Analysis of INREF FOREFRONT
project proposal, poster
presentations given at INREF
FOREFRONT mid-term
workshop, the proposals and
resulting papers of the PhD
research projects in Phase 1.
The evaluation of synergistic
ecological change in Zona da
Mata.
Gavin et al.’s principles for
biocultural approaches to
conservation (2015).
Analysis of INREF FOREFRONT
research project proposal,
poster presentations given at
INREF FOREFRONT mid-term
workshop, the proposals and
resulting papers of the PhD
research projects in Phase 1.
Participatory workshop and
interviews.
Number of collaborative
papers published by July 2019
(4 years into the 6 year INREF
FOREFRONT research project)
Participatory components:
workshop and interviews.

Number of published papers
by July 2019 (4 years into the
6 year INREF FOREFRONT
research project).
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Analysis of proposals and poster presentations
A content analysis was conducted on the INREF FOREFRONT research project proposal to identify the
rationale, aims, objectives and overall goals of the project relating to the project design (C1) as well
as being used as a benchmark to assesses whether the research project has been successful in
achieving its own goals (C2). Further to this, the individual research proposals submitted by the
researchers listed in Phase 1, as well as poster presentations of several other researchers across
both sites, given at an INREF FOREFRONT workshop in Morelia in November 2018, were also
analysed to assesses whether their goals were aligned with the project’s (C2).
The evaluation of synergistic ecological change in Zona da Mata
The collated data from Phase 1 on the NCP and PCN elements of synergistic ecological change
was used to verify that the research projects design (C1) captures the anthropogenic drivers,
associated practices and the co-occurrence of synergistic ecological change in Zona da Mata.
Therefore, contributing to determining whether the conservation of biodiversity and ecosystem
function was addressed through an interdisciplinary approach (RQ3).
Gavin et al.’s principles for biocultural approaches to conservation (2015)
The project design (C1) was further evaluated from a biocultural perspective adopted in the
concomitant systematic review (Pace Ricci & Merten, unpublished), based on Gavin et al.’s eight
principles for biocultural approaches to conservation (2015):
1. Acknowledge that conservation can have multiple objectives and stakeholders;
2. Recognize the importance of intergenerational planning and institutions for long-term
adaptive governance;
3. Recognize that culture is dynamic, and this dynamism shapes resources use and
conservation;
4. Tailor interventions to the socio-ecological context;
5. Devise and draw upon novel, diverse, and nested institutional frameworks;
6. Prioritize the importance of partnership and relation building for conservation
outcomes;
7. Incorporate the distinct rights and responsibilities of all parties;
8. Respect and incorporate different worldviews and knowledge frameworks.
Participatory workshop and interviews
A participatory workshop was held with seven INREF FOREFRONT researchers in June 2019. This
workshop was organised with two objectives in mind. First, to allow the researchers (four from the
Mexican sites, three from the Brazilian site) to reflect on the INREF FOREFRONT research project and
offer their perspectives on the positive and negative aspects of the research project as well as put
forward any recommendations for future interdisciplinary projects of this kind (C2 and C3). Second,
to elicit the researchers’ expert view on the result of Phase 1 – the analysis of NCP and PCN elements
driving synergistic ecological change in agro-forest frontiers in Zona da Mata - the limitations of which
are discussed below. The workshop was structured as follows; an ice-breaker; a structured exercise
to reflect on the research project followed by a short open discussion; a short presentation of the
objectives, process, and outcomes of the systematic review; a structured exercise for the researchers
to place their own work within this study’s conceptual model; a comparison of the researcher’s
placement with this study’s initial results from phase 1; an open discussion to summarise the
workshop and allow for further reflections and feedback. A document was then prepared based on
the outcomes of this workshop and can be found in Annex 6. This document was sent to the
participants for their approval and to give them an opportunity to amend or revise its content.
Once approved, this document was then distributed to the researchers who could not attend the
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workshop in order to give them an opportunity to contribute to the research project evaluation.
All additional input received was subsequently incorporated into the final version of the
workshop outcome document which represents a major component of the stakeholder
consultations used in the research project evaluation. More in-depth interviews were also held
with a number of the program researchers and with two of the program coordinators: Frans
Bongers (Wageningen University coordinator) and Thom Kuyper (Wageningen University
coordinator). The content of these interviews also forms part of the participatory component of
the program evaluation.
Number of collaborative and published papers
The number of collaborative papers was used to assess the degree of collaboration within the
research project (C3). However, this also relates to the degree of interdisciplinarity of the
research being conducted in the project as a whole. For C4 the number of publications at the
time of writing were counted.

Limitations
While it was intended for this study to be as comprehensive as possible, several limitations were
encountered. The most significant of which was the lack of analysable data for Phase 1 at the time of
writing, resulting in only four publications (three peer-reviewed and published and one under review)
by three researchers working in the Zona da Mata site being analysed (see Table 1). This drawback
was largely due to the timing of evaluation, taking place before the end of the research project, and
while the majority of research projects being undertaken were still ongoing. A multi-scalar analysis
was still possible however as the Gomes et al. study (unpublished) adopted a landscape perspective,
the Teixeira et al. studies (2018a & 2018b) adopted a farm scale perspective and the Goris et al. study
(2019) adopted an actor level perspective. Furthermore, in this case, the issue associated with multiscale analysis are compounded with the issues of integrating different metrics – a direct result of
distinctive methodologies. Fortunately, the three research projects are within the same wider
interdisciplinary project of INREF FOREFRONT and were theoretically guided by a singular framework
(see Figure 1). The idea of the framework was to ensure the comparability of results as the third
objective was to develop strategies once consolidating the research from all the projects within the
INREF FOREFRONT research project. The analysis of research proposals and actualized/executed
research serves to demonstrate whether this was effectively carried out. The low quantity of
published material was also a limitation during the research project evaluation phase of this study.
Few papers could be considered in the evaluation however this is not necessarily indicative of the
work that has been done through the program. It was also challenging to evaluate the impact of the
research project after only four years considering the long-term nature of social development and
nature conservation. Hence, this aspect of Bartlett’s (2016) evaluation was omitted.
The participatory element of this study also had limitations. First being, that only seven of the
researchers were able to attend the workshop; other researchers were also invited to collaborate by
contributing to the workshop output document however only two contributed in this way.
Additionally, no consultations were held with non-academic stakeholders, failing to consider the
perspectives of local actors in the study and considering the research and coordinators to be experts
presents a bias in the results of this study. This was anticipated however as the methodology for the
analysis in this paper was based in large part on the concomitant systematic
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review which also had a strong focus on peer-reviewed publications (Pace Ricci & Merten,
unpublished). Consultations with local actors could however offer an important contribution in
deepening our understanding of PCN elements of synergistic ecological change, and in evaluating
the success of the research program and this is strongly recommended for any subsequent
evaluations. No inputs from MSc. Students were received and interns who participated in the
research program were not included in this study. While their input could have been valuable, it
was difficult to determine who these individuals were and to reach out to them for their input,
and the time frames across which MSc studies and internships are realized is short and spread
out over the duration of the INREF FOREFRONT program.

Results
The following results section puts forward the results of phase 1 (RQ1 and RQ2), and is followed
by the results of phase 2 (RQ3). The results of phase 1 first details the co-occurrence of social and
ecological benefits i.e. synergistic relations in Zona da Mata (RQ1a). This is followed by the
determination of the anthropogenic drivers and practices or landscape transforming strategies
associated with synergistic ecological change in Zona da Mata (RQ1b). This is structured according
to the landscape, farm and actor scale perspectives employed by the various research projects.
Therefore, capturing a multi-scale perspective of synergistic ecological change in order to elicit
the scale at which drivers operate (RQ1c). Herewith, the causal relationships of synergistic
ecological change is represented in Sankey diagrams to illustrate the link between anthropogenic
drivers and practices with the co-occurring social and ecological benefits i.e. biocultural
evaluation (RQ1d). The last section of the results of phase 1 puts forward the indicators
developed for the drivers of synergistic ecological change and PCN for Zona da Mata. These were
derived from the cross-examination of the case-study results with the concomitant systematic
review (Pace Ricci & Merten, unpublished) (RQ2) and further underpins the biocultural evaluation
of synergistic ecological change in Zona da Mata. The results section finalises with the results of
phase 2 and collates the outputs from the various methodological approaches employed for the
research project evaluation (RQ3).

RQ1a: Identified synergistic relations in Zona da Mata
Synergistic relations in Zona da Mata were reported as the co-occurrence of social and ecological
benefits, in congruence with the typologies of the systematic review (Pace Ricci & Merten,
unpublished). The Sankey diagram in Figure 5 is adapted from the systematic review to highlight
the synergistic relations reported in Zona da Mata; these relations are represented in purple. The
blue (social benefits) and green (ecological benefits) relations pertain to those reviewed in agroforest frontiers by the systematic review, but which were not reported in Zona da Mata. There
were no social and ecological benefits reported in Zona da Mata which were not already
typologized in the preceding systematic review (Pace Ricci & Merten, unpublished). The
interactive version of
the
Sankey diagram
in
Figure
5
is available:
https://public.flourish.studio/visualisation/489816/
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Figure 5. Sankey diagram adapted from the systematic review (Pace Ricci & Merten, unpublished) to represent synergistic
ecological change in Zona da Mata however, in relation to the synergistic relations between social and ecological benefits
typologized in the systematic review. Reported social benefits in the left column and reported ecological benefits in the right
column. The purple ribbons highlight those synergistic relations reported in Zona da Mata.

RQ1b and RQ1c: Anthropogenic Drivers and Practices of Synergistic
Ecological Change in Zona da Mata from a multi-scale perspective
The anthropogenic drivers – indirect and direct – and associated practices were subsequently
identified and typologized in accordance with the typologies derived from the concomitant
systematic review (Pace Ricci & Merten, unpublished). In order to capture the various scales at
which drivers operate the data extracted was synthesised according to the scale the research
adopted and colour coding (see Table 5) was used to highlight the different or over-lapping
typologies amongst the three scales.
The synthesis of Goris et al.’s (2019) research operating at the actor scale, Teixeira et al.’s (2018a;
2018b) research operating at the farm scale and Gomes et al.’s research operating at the landscape
scale is synthesised in Table 6 to offer a multi-scale perspective of synergistic ecological change
amongst the INREF FOREFRONT research projects in Zona da Mata. The use of typologies aids in the
synthesis and comparison of drivers of synergistic ecological change across scales, disciplines, and
metrics in the research projects in Zona da Mata. The results indicate that there is partial overlap in
the drivers and practices of synergistic ecological change, these commonalities served as the basis
for the synthesis. This is explicitly evidenced by the typologies that emerged at all (green) or at least
two scales (purple and red). For example, contributions to people’s livelihood (green) were reported
as social benefits at all scales whereas, increased forest land cover was reported at both the farm and
landscape scale (purple).
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Table 5. Colour coding used to distinguish the scale adopted by the reviewed literature.

Colour
Orange
Black
Blue
Purple
Red
Green

Scale
Actor scale
Farm scale
Landscape scale
Farm and Landscape scale
Actor and Farm scale
Actor, Farm and Landscape scale

Table 6. Multi-scale anthropogenic drivers and practices of synergistic ecological change in Zona da Mata. The typologies in orange
represent drivers, practices and benefits which are only evidenced at the actor scale, those in black represent those only evidenced
at the farm scale and in blue represent those only evidenced at the landscape scale. Those in purple only evidenced at the farm
and landscape scale, those in red only at actor and farm scale, and those in green are evidenced at all three scales.

Indirect Drivers
Informal Institutions
Community-based management
Autonomy
Formal Institutions
Legal and Policy Institutions
Regional Legislation and Policy
(Environmental forest
protection)
Enforcement
Mixed institutions
Collaborative partnerships
(social movements, NGOs,
researchers and the state
government)

Market forces

Direct Drivers

Practices

Livelihood strategy
Transition towards agroecology
Commodity farming

Management strategy
Community management
Participatory processes
Socio-cultural
Awareness and Education
(agroecological knowledge and
awareness)
(critical place-based education)
TAeK
Perception
(complex perception of ES)
(importance of water)
Equity

Landscape level: Ecosystem
management
Forest conservation
Monitoring and surveillance
Farming level: Cultivation
Strategy
Small-scale agriculture
Low-intensity
Agroecology
Increased diversity of crops
Low external inputs
Agroforestry
Home garden

Demography
Urban migration

Demographic factors
Rights and access to land

Social network
Social organization
Social Benefits
Livelihood
Knowledge system
Food security
Co-creation of agroecological
Agroecological transition
knowledge
Production
Enhanced TAeK
Enhanced autonomy
Socio-cultural values
Ecosystem services
Rural tradition/heritage
Intermediate, Cultural, Direct &
(revaluing traditional practices)
Health ES
Cultural vitalization
Carbon sequestration
(local culture valorisation)
Social Capital

Ecological Benefits
Biodiversity
Agro-biodiversity

Land cover
Forest
Function and Structure
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Ecological capital

RQ1d: Relationships in Synergistic Ecological Change
The analysis of relationships between elements of synergistic ecological change are illustrated in
the Sankey diagrams below according to the level of analysis. The diagrams are structured in
accordance with the conceptual model in Figure 4; the causal influence of indirect drivers, direct
drivers, practices and resulting social and ecological benefits. Each column in the Sankey diagram
corresponds to the elements of the conceptual model (Figure 4). The farm scale and actor scale
typologies were grouped together, and a separate Sankey diagram was created for the landscape
scale.
PCN in Zona da Mata
Landscape scale
The Sankey diagram in Figure 6 visually represents the various relationships in Zona da Mata at
a landscape scale in terms of casual relationships associated with synergistic ecological change
(interactive version available at:
https://preview.flourish.studio/404787/47xvFjrFBAU28OsWz2dJ5MbehTjLJKxY90RmMN3UoQY
zcdOhWLCfb9uNrtGd9gYX/)

Figure 6. Sankey diagram illustrating PCN in Zona da Mata operating at the landscape scale (brown) in terms of the casual
relationships between indirect drivers (grey), direct drivers (blue), practices (red) and social (orange) and ecological (green)
benefits. This diagram should be interpreted from left to right to follow the chain of causation starting with the scale the research
adopted and ending with the social and ecological benefits. Each ribbon represents an identified link between one component and
the other, the thicker the ribbon the greater the frequency of this link within the systematic database; this can be explored in the
interactive versions. Each column in the Sankey diagram corresponds to the elements of the conceptual model as intended in the
study design (see Figure 12 in Pace Ricci & Merten, unpublished).

Actor and Farm scale
The Sankey diagram in Figure 7 visually represents the various relationships in Zona da Mata at
the actor and farm scale in terms of causal relationships associated with synergistic ecological
change (interactive version available at:
https://preview.flourish.studio/459317/f0YkDZ2YK7_h0qC2qeH7eQ479YqBXnxRdzNv5SkzylRlARP1CUaswMIkHvEXtkr/)
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Figure 7. Sankey diagram illustrating PCN in Zona da Mata operating at the farm scale and actor (brown) – AE family farmers,
conventional family farmers and Tradition family farmers operate at farm scale and Agroecological (AE) youth at actor scale - in
terms of the casual relationships between indirect drivers (grey), direct drivers (blue), practices (red) and social (orange) and
ecological (green) benefits. This diagram should be interpreted from left to right to follow the chain of causation starting with the
scale the research adopted and ending with the social and ecological benefits. Each ribbon represents an identified link between
one component and the other, the thicker the ribbon the greater the frequency of this link within the systematic database; this
can be explored in the interactive versions. Each column in the Sankey diagram corresponds to the elements of the conceptual
model as intended in the study design (see Figure 12 in Pace Ricci & Merten, unpublished).

RQ2: Indicators for PCN and synergistic ecological change in Zona da Mata
The typologized elements of synergistic ecological change from this analysis of the research
conducted in Zona da Mata were all congruent with the typologies derived in the systematic review
on agro-forest frontiers (Pace Ricci & Merten, unpublished). This congruence enabled the
development of indicators for PCN in terms of synergistic ecological change and infers a degree of
compatibility with biocultural framings and NCP. Indicators were developed for the casual
relationships identified, as well as for the social and ecological benefits identified in the research sites
in Zona da Mata. The indicators for ecological benefits are listed in Table 7, those for social benefits
in Table 8, those for indirect drivers in Table 9, for direct drivers in Table 10 and for practices in Table
11. The extracted data for the development of indicators for Zona da Mata, contextualising the
identified typologies, is detailed in the searchable database in Annex 7.
Table 7. Indicators for ecological well-being of PCN and synergistic ecological change in Zona da Mata.
Typology
Biodiversity

Land Cover

Indicator
1. Traditional family farmers engaged in agroecological transitions
2. Traditional family farmers who hold peasant characteristics of high agro-biodiversity
3. Environmental laws that acknowledge farmers needs and perceptions on native trees
4. The perception of water is related to natural regeneration of forest patches
1. Forest conservation: presence and conservation of forest patches on farm
2. Agroecological and traditional family farmers adopt practices of forest conservation.
3. Farmers acquiring land already with forest patches are more likely to conserve forest patches
4. Environmental laws with efficient incentives to encourage conservation of forest patches
5. Family farmer perception of intermediate services provide by forest land cover
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Function
Structure

and

6.
7.
1.
2.
3.

Strong environmental policies
Rural credit policies to increase agricultural production
Peasant farming conserve nature as a long-term investment in the ecological capital of the farm
Agroecological practices
Land tenure arrangements that incentives the long-term investment in ecological capital

Table 8. Indicators for social well-being of PCN and synergistic ecological change in Zona da Mata.
Typology
Knowledge
Systems

Socio-cultural
values

Social capital

Food security

Agroecological
transition

Production

Autonomy

Direct ES

Intermediate ES

Indicator
1. Farmers participate in farmers social organisations and movements
2. Farmers participate in the development of extension services
3. Farmers participate in on-farm experiments
4. Farmers participate in peasant-to-peasant learning exchanges
5. Social organisations recognise local culture and peasant identity
6. The development of extension strategies recognise local culture and peasant identity
7. Young farmers have access to critical place-based education
8. Young farmers have access to social movement organisations
9. Young farmers are engaged in on-farm experiments
10. Farmers have the agency to self-organise
11. Farmers have the ability to claim rights
12. Farmers have access to knowledge and information
13. Gender equity, racial diversity and LGTBQ rights are recognized
14. Farmers use landrace seeds
15. Farmers cultivate diversified home gardens for self-consumption
16. Farmers rely on family labour
17. Farmers hold indigenous local knowledge
18. Farmers have strong community networks
19. Farmers have diversified crops
20. Farmers are autonomous
21. Farmers own land
22. Farmers have a complex perception of ES
23. Farmers value the importance of local and traditional knowledge to conserve ecological capital
24. Farmers engage in social movement organisations and the development of extension
strategies.
25. Farmers have diversified crops
26. Farmers have higher number of crops for self-consumption
27. Farmers produce coffee
28. Farmers use landrace seeds
29. Farmers adopt innovative farming practices
30. Farmers have low reliance of external inputs (pesticides and chemical fertilizers)
31. Farmers have diversified production systems
32. Farmers consider the benefits of trees on production for consumption
33. Farmers recognise the importance of social networks to acquire labour
34. Farmers consider water as the most important aspect for production (consumption and market)
35. Farmers recognise that soil quality influences production
36. Farmers own their land
37. Farmers have a stronger connection with nature
38. Farmers hold local and traditional knowledge
39. Farmers are at an advanced stage of agroecological transition
40. Farmers have access to external knowledge and global markets
41. Farmers use local and natural resources in their productive activities
42. Farmers have the peasantry affinity, knowledge and skills to produce items
43. Youth are involved in critical place-based educational initiatives
44. Youth are involved in social movements
45. Farmers produce food for self-consumption
46. Farmers produce food for the market
47. Farmers have diversified products
48. Farmers perceive water as the most important ES
49. Farmers have a complex perception of ES.
50. Farmers have a complex perception of ES.
51. Farmers recognise that intermediate ES can be managed
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Cultural ES
Health ES
Carbon
sequestration

52. Farmers recognise that intermediate ES influence direct ES
53. Farmers recognise soil as an intermediate ES
54. Farmers recognise soil cover, pollination and natural pest control as intermediate ES
55. Farmers value autonomy
56. Farmers value their lifestyle
57. Farmers value peacefulness
58. Farmers value aesthetics
59. Farmer recognise direct ES and intermediate ES that benefit farmers themselves
60. Main drivers of forest dynamics

Table 9. Indicators for indirect drivers of PCN and synergistic ecological change in Zona da Mata.
Typology

Informal
institutions

Formal
institutions

Mixed
institutions
Market
forces
Urban
migration

Social
network

Indicator
1. Community-based management at community, regional and/or international levels
2. Strong reliance on community of labour
3. Peasant farming at community level
4. Community engagement in agroecological, religious, and political organisations
5. Farmers own land
6. Farmers have access to a social network for acquiring labour
7. Farmers embody peasant and traditional family farming characteristics
8. Participation and representation of farmers in legal and policy institutions
9. Legal and policy institutions support farmers in gaining access and security to land
10. Legal and policy institutions support agroecological research and the participatory development of
agroecological practices i.e. extension services
11. Public policies are co-constructed with farmers
12. Enforcement of environmental laws to promote agrobiodiversity and generate funds
13. Policies that incentivize farmers to conserve flora and conserve ecosystem services, in combination
with extension programs and social activities (including landless farmers movements)
14. Alignment of Land Credit Policy and social movements to allow farmers to purchase land
collectively and obtain access to legal land rights
15. Protect policies supporting the agroecological movement from unstable governmental contexts by
securing public policies nationally and internationally
16. Degree of environmental protection through intensive monitoring surveillance, rural patrols and
high fines by national environmental agencies.
17. Degree of government credit measures for investments in coffee production and livestock
18. Collaborative partnerships (e.g. Serra do Brigadeiro State Park) between social movements, NGOs,
researchers, and the state government
19. International commodity chains drive local land use changes
20. Large-scale migration of family farmers from rural areas to urban centres
21. Farmers’ engagement with social organizations (church-based organisations, local NGO (CTA), the
Federal University of Viçosa)
22. Farmers participation in public policies
23. Farmers access to credit and ecologically-based extension services
24. Farmers local markets
25. Young farmers engagement in Educação do Campo
26. Young farmers engagement in Landless Worker’s Movement (MST)
27. Young farmers engagement in Nation Conference of Bishops in Brazil (CNBB)
28. Farmers access to political platforms
29. Inclusion of women, black, indigenous, urban dwellers and LGBTs in social movement and social
learning
30. Farmers engage in agroecological religious and political organisations
31. Farmers participatory processes with policy making and NGO projects
32. Farmers participation in 3 to 4 public polices
33. Farmers participation in at least 1 NGO project; number of NGO extension service projects
34. Social capital
35. Ability to claim rights, access to knowledge and information
36. Farmers participation and engagement in networks of movements
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Table 10. Indicators of direct drivers of PCN and synergistic ecological change in Zona da Mata.
Typology

Livelihood
strategy

Management
strategy

Socio-cultural

Equity

Demography

Indicator
1. Engagement in social networks promoting a transition toward agroecology
2. Higher crop diversity
3. Higher number of crops for self-consumption
4. Wide range of ecosystem service management
5. Recognition of peasant knowledge
6. Participatory and quantitative methodologies for the assessment of agroecological transitions
7. Strengthening of peasant livelihood
8. Commodity farming
9. Community management with strong community networks (community, regional and/or
international level) around agroecology
10. Strong reliance on community of labour
11. Degree of farmers’ awareness, and education of young farmers in agroecological movement
12. Degree of farmers’ awareness, and education of young farmers in agroecological practices
13. Degree of farmers local and traditional knowledge (including indigenous knowledge systems)
related to peasant farming, ecological processes, conditions and cultural knowledge
14. Degree of farmers knowledge and access to traditional agroecological knowledge
15. Farmers perceptions, values and aspirations
16. Young farmers involvement in critical place-based education
17. Farmers traditional relationships with nature
18. Farmers engage in collective labour
19. Farmers traditional knowledge on medicinal plants, farming practices without pesticides
20. Farmers complex and interconnected perception of ecosystem services
21. Farmers acknowledge the importance of water as an ecosystem services serving society as whole
22. High farmer (group level) and gender equitable participation in social movement and public
policies
23. Farmers rights and access to land
24. Farmers’ social capital
25. Farmers’ ability to collectively purchase land (Land Credit Policy)
26. Farmers involvement in landless movements
27. Farmers access to knowledge and information regarding land rights and access to land

Table 11. Indicators of associated practices of PCN and synergistic ecological change in Zona da Mata.
Typology
Ecosystem
management

Farming level:
Cultivation
strategy

Agroforestry

Indicator
1. Reforestation of new forest areas
2. Farmers ability to acquire land that already contain forests
3. Conservation of remnant forest patches
4. Intensive monitoring programs by national environmental agencies
5. Surveillance in rural areas, real-time monitoring, high fines and rural patrols
6. Agroecological small-scale agriculture, self-sufficient, efficient and resilient farming systems
7. Diversified agroecosystems
8. Women, youth and indigenous rights are recognised and supported
9. Agroecological practices rooted in context specific ecological and cultural or traditional
knowledge that resignify traditional relationship with nature
10. Agroecological practices based on co-production and interconnectedness of human and nature
11. Increased crop diversity
12. Provision of multiple ecosystem services
13. Low-intensity farming with low dependence on external agrochemical inputs
14. On-farm agroecological practices based on biodiversity/ecologically-based processed and multifunctionality
15. Utility of land race seeds, use and cultivation of medicinal plants and intercropping
16. Home gardens managed by women based on ancestral traditional knowledge
17. Home gardens used for farmers consumption without external agrochemical inputs.
18. Ecological treatment of water and water conservation practices (fencing water springs, planting
trees on the farm, natural regeneration of forest patches, reducing pesticide use and improving
soil quality)
19. Agroecological practices are supported and promoted by programs and extension service
projects
1. Integration of agroforestry systems in farming systems
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RQ3: Research Project Evaluation
The results of the research project evaluation are laid out in Table 12, and the workshop report
can be found in Annex 6. This procedure was performed in accordance with the evaluation
framework laid out in Bartlett (2016) and adapted to suit the specific circumstance of this
evaluation. For each criteria a mixed-method of evaluation was selected and scores were
assigned by the two authors, based on Bartlett’s (2016) scoring procedure.
Table 12. Results of research project evaluation, categorised per criteria, methodology employed, evidence sought and scoring
ascribed.

Criteria

Methodology

C1 Project design

Analysis of INREF
FOREFRONT research
project proposal, poster
presentations given at
INREF FOREFRONT midterm workshop, the
proposals and resulting
papers of the PhD
research projects in
Phase 1.

The evaluation of
synergistic ecological
change in Zona da Mata.

Evidence
SES theory (reflected in INREF FOREFRONT interdisciplinary
framework): (1) enables flexibility, (2) recognizes dynamism
in SES, (3) considers both social and ecological components of
SES, and SES interactions and feedbacks.

Score

The INREF FOREFRONT interdisciplinary framework captures:
(1) socio-culturally defined values of nature as bundles of
ecosystem services influencing values, needs, practices,
means, assets and power-relations in the social system and
(2) ecologically defined values of nature as the livelihood and
management strategies influencing (functional)(bio)diversity
and ecological processes in the ecological system. Therefore,
emphasizing interactions between processes and outputs.
Interdisciplinary rationale and methodologies amongst the
research in each research site indicate the recognition of a
spectrum of disciplines and methodologies, including social
and humanistic sciences able to capture local specific and
relevant conditions. Collectively enabling the synthesis of
generated knowledge for pluralistic valuation.

1.5/2

Anthropogenic indirect and direct drivers, associated
practices and the co-occurrence of social and ecological
benefits were identified in Zona da Mata as drivers of
synergistic ecological change.
1. SES interdisciplinary framework, INREF FOREFRONT
objectives, agro-forest frontier framing

Gavin et al.’s principles1
for biocultural
approaches to
conservation (2015).

2. SES interdisciplinary framework, INREF FOREFRONT
objectives, agro-forest frontier framing, social science
representation
3. SES interdisciplinary framework, INREF FOREFRONT
objectives
4. SES interdisciplinary framework, INREF FOREFRONT
objectives, agro-forest frontiers framing, all PhD/PD
research
5. SES interdisciplinary framework, INREF FOREFRONT
objectives
6. /

1 Gavin et al.’s principles for biocultural approaches to conservation (2015): (1) Acknowledge that conservation can have multiple objectives

and stakeholders – (2) Recognize the importance of intergenerational planning and institutions for long-term adaptive governance – (3)
Recognize that culture is dynamic, and this dynamism shapes resources use and conservation – (4) Tailor interventions to the socio-ecological
context – (5) Devise and draw upon novel, diverse, and nested institutional frameworks – (6) Prioritize the importance of partnership and
relation building for conservation outcomes – (7) Incorporate the distinct rights and responsibilities of all parties – (8) Respect and
incorporate different worldviews and knowledge frameworks.
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Criteria

Methodology

Evidence
7. /
8. SES interdisciplinary framework
Expectations in relation to interdisciplinarity were quite low:

Score

Thom Kuyper – PhD candidates need to focus on become
credible scientists in their field and not on interdisciplinary
collaboration, that is for PD level. The PhD thesis is proof of
academic credibility and disciplinary studies are more likely to
be published in high impact journals.
Frans Bongers – a degree of interdisciplinarity should be
attempted, for example working in interdisciplinary team and
acknowledging both the social and ecological components of
the system being studied.
Interview with INREF
FOREFRONT
coordinators, Frans
Bongers and Thom
Kuyper.

Both – A PD is needed to bring together multidisciplinary
results and integrate them into an interdisciplinary synthesis.
There are trade-offs between accomplishing a high impact
PhD, achieving the objectives of the research project, and
contributing back to society and the local communities
involved.
Brazil team is succeeding in interdisciplinary action research
Mexico team is succeeding in disciplinary research

Results

achieved

There is a difference between the aims of INREF FOREFRONT
and the aims of the PhD program – the aims of the PhD
program are for the PhD candidates to graduate, and that
often takes precedence

C2

INREF FOREFRONT framing encouraged researchers to go out
of their disciplinary comfort zone, enabling interdisciplinary
research.

2/4

Research tends to diverge from the core rationale and
objectives of the INREF FOREFRONT program to pursue
personal agendas.

Participatory workshop.

“Post-docs should be hired to get all the thesis that result from
this INREF FOREFRONT program, analyse them and use the
obtained information to implement or create some kind of
material that is useful for the communities that were part of
the projects, so that the objectives of the INREF FOREFRONT
program get fully accomplished.”
Long-standing relations among scientist and farmers
facilitated cooperation essential for long-term participatory
action research in some research sites. These relations,
amongst relation between researchers, between researchers
and local actors, between local actors and their environment
and between disciplines enable transdisciplinary research.
INREF FOREFRONT’s intention was to enact action research
through a socialization of results and through PhD
collaboration. The socialization of results via social actor
interaction was inhibited as there was no explicit resource
(money, time, people) allocation for this, as a core part of the
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Criteria

Methodology

Number of collaborative
papers published by July
2019 (4 years into the 6
year INREF FOREFRONT
research project).

Interview with INREF
FOREFRONT
coordinators, Frans
Bongers and Thom
Kuyper.

Evidence
program. Additionally, the postdoc position (La Sepultura)
that was going to carry out this work was not carried out due
to funding issues.

Score

2 published articles in the Brazil research site (Teixeira et al.,
2018b; Goris et al., 2019).
There are issues with the supervision and recognition of
interdisciplinary collaboration within academia, this is
discouraging to PhD students. The impact of collaborative
papers like position papers is quite low and may compromise
the credibility of PhD graduate.
Interdisciplinarity seems to be linked with politicized science
in Brazil but this should not be the only way to achieve
interdisciplinary collaboration
[overlap with C2, participatory components]

Collaboration

Solidarity among the efforts of different scientists, countries
and political ideas to work together towards common goals.
through the sharing of resources – which was essential in
In most cases where researchers had study-site partners,
researchers supported each other both emotionally and

1/2

C3

some cases.
The link to ensure collaboration among research sites and
research was lacking.
Participatory workshop
and interviews with
researchers.

Benefit-sharing and communicating generated knowledge
with farmers was (and is) difficult in both sites and lacking in
Mexico.
Dominant power relations and imbalances: colonial
relationships between Brazil and Netherlands and power
imbalances between staff and students (poor mobility for
researchers hindering collaboration).

C4Publications

“Also, I think that it would be great if we could write
collaborative papers but based on my experience this is not
possible while trying to get our own thesis written. There’s not
enough time in 4 years to do your thesis plus collaborative
papers, unfortunately.”
Number of published
papers by July 2019 (4
years into the 6 year
research project).

3 published articles in the Brazil research site. However, many
of the PhD candidates are working on publishing within the
next year, with some articles already under peer-review
(Teixeira et al., 2018a; 2018b; Goris et al., 2019).

1/2

C1, project design, was evaluated in three ways, first based on the INREF FOREFRONT framework
which was judged to adequately represent and facilitate interdisciplinary research that considers
both social and ecological components of the SES while allowing for flexibility and
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a plurality of values. Based on the proposals analysed, including the INREF FOREFRONT research
project proposal itself, the project design captured most necessary elements for offering an
understand of both the ecological and social components of the SES investigated. This was further
reaffirmed through the evaluation of synergistic ecological change in Zona da Mata, the fact that
these changes were captured attests to the degree of interdisciplinary and integrative quality of
the project design. A final comparison of the individual research proposals against Gavin et al.’s
criteria for biocultural approaches to conservation (2015) revealed a degree of compatibility of
this project’s design with this approach; principles one through five, and eight are represented,
while six and seven were lacking. Criteria C1 was therefore scored 1.5/2 due to its innovative,
integrated, and interdisciplinary design albeit the poor representation of: partnerships and
relation building (principle six); rights and responsibilities of all parties (principle seven).
C2, results achieved, was evaluated through participatory processes; both the interviews with
the research project coordinators, and the workshop held with the researchers. The results of
the interviews suggest that a distinction must be made between the aims of the programme and
the aims of individual PhD and PD research projects, as these are not necessarily the same.
However, upon reflection, the coordinators agreed that high-quality interdisciplinary research is
being achieved in the Brazil sites and high-quality disciplinary research is being achieved in the
Mexican sites. The results from the workshop also suggested mixed opinions about whether the
intended results are being achieved or not. The researchers raised issues such as the lack of a PD
candidate to consolidate their research, and struggles with the socialization of results achieved,
thus inhibiting the ‘action’ element of ‘action research’. It is important to bear in mind however
that this research project evaluation of the INREF FOREFRONT programme is being conducted
while the research project is still running. However much of the information gathered is indicative
of the progress made so far. Criteria C2 was therefore scored 2/4; a subsequent evaluation of the
programme at a later stage will likely warrant a much higher score if all planned results are
achieved.
C3, collaboration, was evaluated in three ways, based on published articles, interviews with
coordinators, and the workshop and interviews with the researchers. To-date, four years into the sixyear programme, only two collaborative scientific articles have been published from the Brazil site.
The coordinators of the research project highlighted the issues with interdisciplinarity at PhD level,
indicating that their expectations were quite low and that they perceive it to be a role best suited for
a dedicated PD position, a role which has not been assigned as of yet. The researchers discussed
efforts towards collaborative papers such as a position paper in the Mexican sites, and signalled the
difficulties and challenges associated with such collaborative efforts while trying to complete their
own work. In general, collaboration at PhD level, and across the programme was seen as overly
challenging and beyond the scope of individual PhD research projects. Criteria C3 was therefore
scored 1/2, but again, this score is not definitive and evaluation at a later stage my warrant a higher
score. Recruiting a PD researcher to consolidate the results of the programme could be an effective
way of achieving this.
C4, publications, was evaluated based on the number of peer-reviewed articles published at the time
of writing; three published articles in the Brazil research site. However, many of the PhD candidates
are working on publishing within the next year, with some articles already under peer-review.
Criteria C4 was therefore tentatively scored 1/2, this is based on the quantity of publications
available at the time of writing.
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The overall result of the scoring exercise is 5.5/10 however this score should not be taken to mean
that the programme is of poor design or that the performance of the researchers is lacking. The
relatively low score is primarily a result of timing of the evaluation, and as mentioned, evaluation at
a later stage in the programme or at its conclusion is highly likely to yield a higher score. Higher
scores are confidently anticipated in areas C2 (results achieved) and C4 (publications) as the
researchers require more time to demonstrate their results and publish their papers. Improving the
score in C3 (collaboration) may be more challenging as it is unlikely that further collaboration
between the researchers will happen at this stage, however this can be remedied by recruiting a PD
researcher employed with the task of consolidating results.

Discussion
Synthesis of Evidence for Synergistic Ecological Change and their Biocultural
Value
The synthesis of synergistic ecological change and their biocultural values based on the reviewed
publications evidence the notion that there are anthropogenic drivers in operation which result in
synergistic ecological change in the Zona da Mata sites. Synergistic ecological change is evidenced by
the co-occurrence of social and ecological benefits (see Figure 5) evidenced in the articles, across the
various scales of analysis. It is important to note that these reported drivers were all pre-existing and
not a direct result of INREF FOREFRONT. This does however validate the hypothesized reciprocal
linkages between NCP and PCN conceptualised in the systematic review; all typologies reported in
Zona da Mata were documented in the systematic review (Pace Ricci & Merten, unpublished). The
articles from Zona da Mata, when analysed collectively, demonstrate how social factors at multiple
scales, such as regional legislation and policy, social organizations, as well as, peasantry and
agroecological practices within SES drive synergistic ecological change. These drivers were identified
as operating at both the direct level within the SES landscape, and the indirect level beyond the SES
landscape. The biocultural valuation of synergistic ecological change in Zona da Mata was afforded
by the synthesis of diverse metrics, knowledge systems and ontologies represented within the
different research projects reviewed.

Synergistic ecological change within the Zona da Mata region is manifested as a Forest Transition
phenomenon in the Atlantic Forest Biome; 7% increase of forest area between 1986 and 2015
signalling a recovery of the forest and a reduction in deforestation rates. Gomes et al.’s
(unpublished) article is thus the first scientific article to quantify this recovery through satellite
imaging. Findings from the systematic review suggest that anthropogenic drivers of synergistic
ecological change in agro-forest frontiers operate at multiple scales and capturing them
necessitates the synthesis of different metrics for socio-cultural defined, and ecologically
defined, values of nature (Pace Ricci & Merten, unpublished). This study reflects this, as, while
Gomes et al. (unpublished) offers quantified evidence of the major drivers of synergistic forest
recovery from the singular perspective of socio-economic pathways, the interdisciplinary and
multi-scalar research design of the INREF FOREFRONT programme enabled a more holistic and
pluralistic understanding of its drivers. This was captured by the other three articles operating at
the farm and actor scale analysed in this study.
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Multi-scale analysis of synergistic ecological change in Zona da Mata
The synthesis of typologies was the first step towards determining cross-scale linkages across the
different NCP and PCN elements and relationships. One element that was categorically defined
as a typology was reported amongst all three scales - the social benefit associated with people’s
livelihood in the region of Zona da Mata. Gomes et al. report the dominant land-use in the region
of Zona da Mata as pastoralism, followed by forest land cover and coffee production
(unpublished). This is congruent with Teixeira et al.’s research on farm diversity; the most
important livelihood strategies are associated with coffee and livestock production (2018a;
2018b). Goris et al. argues that young agroecologists frame agroecology in terms of
“the ecology of the system of natural products […] processing of food, wood, popular art,
medicinal plants, clothes, biodegradable cleaning and body products among other natural
products without the use of chemicals and other external inputs” (2019, p. 19).
Worthy of note, is the progressive increase in the level of detail, revealing more facets of the
same SES, as one moves from landscape to farm to actor scale perspectives. This is inherently
due to the different epistemologies and methodologies adopted by each research project.
However, there are some partial overlaps between landscape and farm scale and between farm
scale and actor scale in the NCP and PCN elements identified (see Table 6). For instance, regional
legislation and policy, and contributions to forest land cover were reported at both farm and
landscape scale (Gomes et al., 2019; Teixeira et al., 2018b). From the landscape scale perspective,
regional legislation and policy, and more specifically strong environmental forest protection was
found to be a statistically significant driver of LULC (Gomes et a., unpublished). At the farm scale,
more importance was given to regional legislation and policy pertaining to food systems - the
Land Credit Policy, the Food Acquisition Programme and the National School Feeding Program
(Teixeira et al., 2018b). Additionally, both farm and landscape scale report ecological responses
in terms of contributions to forest land cover. However, Gomes et al. (unpublished) sought to
quantify the extent of drivers of LULC changes, while Teixeira et al (2018b) describes the
association of forest conservation and forest land cover. Also worthy of note, are the eight
different typologies identified at both the actor and farm scale. These highlight the relevance of
social organisations and networks in the transition towards agroecology due to the engagement
of traditional agroecological knowledge (TAeK) and the promotion of equity signified in
agroecological practices (including agroforestry). At both the farm and actor scale these aspects
are related to cultural revitalization through a process of local culture valorisation and to the
autonomy of their livelihood systems.
Landscape scale
The methodological design adopted by Gomes et al. (unpublished) corresponds to the
conceptualisation of PCN in terms of synergistic ecological change. This is depicted by the direct
relationships between indirect and direct drivers, practices and social benefits being causally
related to synergistic ecological change at landscape scale in terms of increased forest land cover
in relation to socio-economic pathways (Figure 6). The aim of Gomes et al.’s study was to
“develop a methodological approach to project plausible spatially explicit LULC scenarios at
relevant spatial scales to support land use policy making and future environmental assessments”
(unpublished). The presented methodological approach is complimentary to the
conceptualisation of PCN because it enables the development of spatially explicit scenarios of
LULC at a high resolution. This enabled eucalyptus and coffee plantations to be distinguished
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from forest land cover. The authors argue that this is critical for research pertaining to ecological
processes and provision of ecosystem services such as water cycles (Gomes et al., unpublished). This
methodology provides an interdisciplinary framework to consider local socio-economic drivers and
variables through the integration of LULC classifications at local scale, scenarios development, and
spatially explicit allocation modelling. Gomes et al. report that “environmental protection legislation,
rural credit for smallholder farmers, and global demand for agricultural and raw products were
identified as main drivers of LULC changes” (unpublished). Environmental forest protection legislation
reduced deforestation in the Atlantic Rainforest biome by roughly 90% due to intensive monitoring
and surveillance programs. The LULC maps indicate an increase in forest area from 18 to 24% (19862015), attributed to the conversion of pasture to forest land cover (Gomes et al., unpublished). This
represents an extent of synergistic ecological change in the region of Zona da Mata. In addition,
commodity value chains (market forces) associated with commodity farming, as well as urban
migration and the creation of Serra do Brigadeiro State Park (mixed institutions – collaborative
partnership) were also found to be drivers of changes in LULC between 1986 and 2015 (Gomes et al.,
unpublished).

Farm Scale: Agroecological, Conventional and Traditional Family Farms
The reported evidence at the farm scale was synthesised from two separate studies within the
same research project. The first entailed assessing “how agroecological practices and principles
are associated with different farm types within a process of agroecological transition” (Teixeira
et al., 2018b, p. 2). The authors use a combination of participatory processes to generate
hypotheses on family farm diversity with quantitative farm characteristics. Household
characteristics, production strategies, participation in public policies and extension services, and
land-use were used to assess the variations between farms types and associated farm diversity
with the transition to agroecology (Teixeira et al., 2018b). The second studied farmers’
perception on ES, and how this is related to management decisions and practices. Here, again, a
combination of participatory processes and interviews was used to construct quantitative fuzzy
cognitive maps (FCM) of farmers’ perception on ES (Teixeira et al., 2018a).
At the farm scale, regional legislation and policy such as the Land Credit Policy, the Food
Acquisition Programme and the National School Feeding Program “enabled farmers to access
land and to create local markets that gave more value to agroecological products” (Teixeira et
al., 2018b, p. 14). In addition, community-based management associated with autonomy was
typologized as an indirect driver pertaining to agroecological, traditional and conventional family
farmers in Zona da Mata. The “engagement with social organisations, NGO’s, local culture, and
public policies were distinctive features of agroecological farms” (Teixeira et al., 2018b, p. 12-13).
The transition towards agroecology as a livelihood strategy for family farmers is therefore linked
to participatory processes that embrace agroecological knowledge and awareness, TAeK (e.g.
home gardens) (Teixeira et al., 2018b) and considers farmers’ complex perceptions of ES (e.g.
importance of water and interconnectedness with nature) (Teixeira et al., 2018a). Agroecology is
associated with sustainable and equitable food systems with several social benefits such as food
security. Cultural aspects, such as local culture valorisation or the co-creation of agroecological
knowledge are social benefits also associated with the transition towards agroecology (Teixeira
et al., 2018a; 2018b). Furthermore, while no quantitative analysis of ecological processes and
responses was conducted here, the studies reported increased ecological capital in agrobiodiverse farm types, with contributions to forest land cover among predominantly
agroecological family farmers in Zona da Mata.
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Actor Scale: Agroecological Youth
At the actor scale, action research and ethno-videography with young agroecologists in Zona da
Mata was conducted to highlight the important role youth play in the transition toward
agroecology through a process of resignification (Goris et al., 2019). Resignification here means
“the ability to articulate meanings in new ways that are often counter hegemony, i.e., that
challenge existing interpretations of concepts both in a social and political way” (Goris et al.,
2019, p.1). The research found “that young people who engage with agroecology contribute to
processes of repeasantization that rework local culture to be more inclusive of different
populations, generations and genders, and that they foster an appreciation of the
interconnectedness of humans and nature” (Goris et al., 2019, p. 1). Social movements play a
prominent role in initiating youth engagement in place-based education in Zona da Mata. For
instance, social movements such as the Landless Workers’ Movement as well as unions including
the Federation of Workers in Family Farming (FETRAF) organise vocational training for teachers
to promote agroecology (Goris et al., 2019). This study shows that the transition towards
agroecology is more than the adoption of agroecological practices through a process of
resignifying agroecological practices. This transition is closely tied to social organizations which
are closely linked to the agroecological movement and critical place-based education in
agroecology that engages with TAeK and local culture. In addition, young agroecologists are
conscious of the politics of resignifying agroecological practices and principles and are thus
conscious of social struggles including patriarchal and racist values in their communities (Goris et
al., 2019). Young agroecologists value financial autonomy and equity by resignifying
agroecological practices within the social realm of social-ecological systems. Considering this,
youth therefore play an important role in social-ecological sustainability with a sense of peasant
identity, and diversification, while valuing the co-production and interconnectedness of humans
and nature (Goris et al., 2019).
Biocultural value of synergistic ecological change in Zona da Mata
Biocultural approaches to conservation are interdisciplinary by nature and allow for the linking
of diverse theories, concept, participatory approaches, and people-centred approaches to
conservation (Pace Ricci & Merten, unpublished; Gavin et al., 2018). This is congruent with the
framing and approach adopted by the INREF FOREFRONT programme; an interdisciplinary
research project incorporating both natural and social science perspectives through a SES
approach. This approach facilitated the capturing of reciprocal interactions between elements of
the system. However, not all socio-ecological approaches frame these reciprocal interactions
between elements of a system from locally relevant cultural perspectives (Sterling et al., 2017).
The biocultural framing enabled the synthesis of diverse metrics, knowledge systems and
ontologies represented within the four INREF FOREFRONT articles reviewed, in order to derive a
common understanding of synergistic ecological change between NCP and PCN elements in Zona
da Mata. This therefore reaffirms the findings from the systematic review whereby a biocultural
approach bridges disciplinary differences and aligns research agendas to capture social, and
ecological well-being synergistically (Pace Ricci & Merten, unpublished).
Gavin et al.’s principles for biocultural approaches to conservation (2015) coupled with the proposed
interdisciplinary theoretical framework (Figures 3) and conceptual model (Figure 4) were used as a
heuristic framework to capture the drivers of PCN as wells as synergistic ecological change through
biocultural valuation, compatible with NCP (Pace Ricci & Merten, unpublished). INREF FOREFRONT’s
project design, represented by the SES interdisciplinary framework, INREF
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FOREFRONT objectives, the framing of agro-forest frontiers, representation of social science and
the reviewed PhD research, was assessed against Gavin et al.’s eight principles for biocultural
approaches to conservation (2015) (see Table 12). This assessment revealed the compatibility of
the INREF FOREFRONT approach with biocultural approaches to conservation due to its
integrated and interdisciplinary design. However, this solely reflects the project design and not
its implementation, the degree of integration was contested during the workshop and interviews
held with the INREF FOREFRONT researchers.
Critical reflection of biocultural evaluation of PCN and synergistic ecological change
The biocultural evaluation of synergistic ecological change thus far presented support grounds to
epistemologically determine the extent which NCP and PCN elements drive synergistic ecological
change in the INREF FOREFRONT agro-forest frontier sites in Zona da Mata. For instance, the 7%
increase in forest land cover in Zona da Mata reinforced and contextualised with the synthesis of
various indirect and direct drivers such as strong environmental protection, rural credit policies and
rights and access to land, derived from both the farm and actor scale serves to qualify and quantify
the extent of synergistic ecological change and its synergistic relations. These relationships are
visually represented in the Sankey diagrams (Figure 5, 6 and 7) and detailed through the indicators
discussed below. However, even if the evidence base, albeit limited to four articles, infers the
presence and extent of synergistic ecological change this is not necessarily a true representation of
the situation on the ground. This also holds true for the systematic review, a major limitation being
that the conceptualisation of PCN and its compatibility with NCP is based on the systematic review of
27 case-studies (Pace Ricci & Merten, unpublished). More research in this emerging field is still
needed to concretely conceptualise the reciprocal relationship between NCP and PCN, especially in
terms of the novel conceptualisation of synergistic ecological change proposed for the purpose of
this joint study. Considering all of this however the concepts developed and hereby verified,
surrounding PCN elements and synergistic ecological change, warrant further research.

Indicators for PCN and synergistic ecological change
The systematic review identified the need for the development of indicators to provide the
standard measures of success for synergistic ecological change and PCN (Pace Ricci & Merten,
unpublished), and within the wider context of NCP and academia in general (Lundquist et al.,
2017). These indicators should focus on the relationships, interactions and processes in addition
to the final states or outcomes of ecosystem goods and services within SES (Caillon et al., 2017).
Furthermore, they should acknowledge the reciprocity and co-dependence of people-nature
relations emphasised in biocultural framing (Caillon et al., 2017; Maffi, 2007). The indicators
developed here are the first to have been proposed in compatibility with both NCP and
biocultural framing. Developing biocultural indicators is being attempted (see McCarter et al.,
2018), but none have been published or tested as of yet.
The indicators developed were based on the typologies synthesised in the concomitant
systematic review (Pace Ricci & Merten, unpublished), and applied to the specific context of Zona
da Mata for PCN, compatible with NCP elements (Tables 7, 8, 9, 10, & 11). The drivers of PCN and
synergistic ecological change in Zona da Mata are acknowledged in the scientific literature
reviewed in the systematic review because all typologies for the drivers of synergistic ecological
change in the Zona da Mata case-study were present in agro-forest frontiers (Pace Ricci &
Merten, unpublished), and no new typologies needed to be developed in this study.
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These indicators were developed for each of the typologies that emerged from the review of the
PhD articles. A significant degree of overlap was encountered between the farm scale and actor
scale as compared to the landscape scale. This overlap may be due to the prominence of grassroots and bottom-up approaches, congruent with the notion of building up on local knowledge
at the farm and actor scales, which contrasts strongly with the top-down governance focus on
socio-economic pathways adopted by Gomes et al. (unpublished). The lack of overlap between
the landscape scale and both the non-landscape scales is despite Gomes et al.’s efforts to locally
contextualize the socio-economic pathways utilized in the article. This highlights the critical role
of integration within interdisciplinary research projects to bridge disciplinary divides, synthesize
different metrics, and allow for the generalization of results, thus offering a more holistic and
pluralistic picture of the SES.
In the context of Zona da Mata, the validated theoretical framework and conceptual model for
PCN and synergistic ecological change (validated also in terms of its compatibility with NCP) serve
to delineate the PCN and NCP elements for a heuristic framework. A framework based on a
biocultural approach to conservation able to conciliate social development and nature
conservation strategies (Gavin et al., 2015; Pace Ricci & Merten, unpublished). The indicators
developed are therefore a toolkit for the biocultural evaluation of the drivers of synergistic
ecological change in Zona da Mata and potentially other similar SES.

Research Project Evaluation
The research strategy of the INREF FOREFRONT project is defined by three core principles interdisciplinary, integration and capacity enhancement - across all research themes and across all
INREF FOREFRONT research sites. These aspects of the project are deemed critical to its success;
relating specifically to realizing INREF FOREFRONTs objectives (C1) and collaboration. The research
project is guided by an interdisciplinary framework and the integration of disciplinary themes is
represented by the over-lapping objectives (illustrated in Figure 2), while highlight the potential for
capacity enhancement within the INREF FOREFRONT research project.
The INREF FOREFRONT framework reflects the reciprocal relationships in social-ecological systems.
However, it can be argued that the program innately emphasizes the perspective of social
development as landscape consequences are evaluated in terms of ecosystem services. By framing
the relationships in terms of ecosystem service provision theoretically the program does not equally
address the perspective of nature conservation. This is further indicated by INREF FOREFRONT’S first
objective: “identifying and understanding ecological and social [anthropogenic] drivers that shape
agro-forest frontier landscapes and their ecosystem services”. The Ecosystem Service approach is
often seen as a means to concurrently achieve ecosystem conservation through the conservation of
ecosystem services. The intention of employing the Ecosystem Service approach often being to place
ecosystem conservation on par with social interests, particularly commercial interests (see Polasky &
Segerson, 2009 for examples of biodiversity, habitat protection and restoration). These intentions
however often translate to an assumption; ecosystem services are a proxy for healthy and functional
ecosystems (Polasky & Segerson, 2009). This underlying assumption is explored through INREF
FOREFRONT’s second objective by explaining the past “temporal changes in the social-ecological
system and their consequences for landscape configurations” in terms of biophysical and cultural
legacies. The third objective involves “designing adaptive strategies to balance and optimize
ecosystem services in changing landscapes”. The third objective again insinuates that the measure of
success
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is based on the social development perspective, primarily in terms of ecosystem services (NCP).
This, in turn, may lead to shortcomings in pluralistic valuation from diverse perspectives.
The most significant short fall of the INREF FOREFRONT research project encountered during the
research project evaluation was the lack of research integration, across sites and within both the
Mexican sites, primarily due to the lack of structural mechanisms to support and facilitate it.
Collaborative research would be needed to fulfil the third research objective to collectively design
adaptive strategies. Collaboration is a key stone of inter and trans- disciplinary research, and is still
an emerging trend (Mattor et al., 2014). The challenges are predominantly associated with the
systemic restructuring of research in general and of the role of the researcher. Several PhD and PD
candidates expressed a desire to collaborate through for instance a position paper, however these
efforts were abandoned in favour of completing their own research agendas. The Brazil PhD
candidates took it upon themselves to support each other, as well as proceeding with the socialization
of results i.e. sharing the research with the communities they worked with. Nevertheless, this
depended on beyond what was allocated in terms of time and resources within the PhD. The
researchers in the Mexican sites were less successful with socializing their results. Within the INREF
FOREFRONT research project, the two countries differed in the existing networks with research sites
and communities, including different research agendas and academic culture. This is compounded by
institutional structures that do not have the mechanisms in place to incorporate the allocation of
time and resources for collaboration in the research design phase. It can be argued that INREF
FOREFRONT program anticipated this issue through the intention to recruit a PD for consolidating
and integrating the various researches in fulfilment of objective 3. Unfortunately, the PD position
anticipated has not yet been filled.

The core principles of interdisciplinarity, integration and capacity enhancement reflect the nature
of research in terms of the research methodologies adopted, such as for instance case-studies,
qualitative and/or quantitative studies and action-oriented research. The nature of research is
collectively described in relation to the criteria developed (methods section) for research
approaches targeting conciliated social development and nature conservation objectives
simultaneously. Furthermore, the synthesis of the drivers of synergistic ecological change in Zona
da Mata and Gavin et al.’s principles for biocultural approaches to conservation (2015) are used
to substantiate the nature of actualized research agendas.
A flexible, dynamic and interdisciplinary framework ensures that research captures the
complexity and ever-changing social and ecological conditions in human dominated landscapes
(Gavin et al., 2018). SES theory upon which INREF FOREFRONT’s interdisciplinary framework is
fundamentally based on recognizes that social and ecological feedbacks and interactions within
a system are influenced by the settings and conditions within which local actors exist and impact
policy (Sterling et al., 2017).

Conclusion
In Zona da Mata anthropogenic drivers and associated practices at various scales were casually
related to the co-occurrence of social and ecological benefits; evidencing synergistic ecological
change i.e. reciprocal linkages between NCP and PCN and their biocultural value. The Forest
Transition phenomenon in the Atlantic Forest Biome when analyzed collectively from also the farm
and actor scale demonstrate cross-scale linkages across the different PCN and NCP elements and
relationships driving synergistic ecological change within Zona da Mata’s SES. Biocultural
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valuation afforded a more holistic and pluralistic synthesis of the drivers of PCN and synergistic
ecological change, as it hinges upon an interdisciplinary and multi-scalar research design;
integrating diverse metrics, knowledge systems and ontologies.
The approach of the systematic review has been verified; the adoption of biocultural framing
captured social and ecological well-being synergistically within the reviewed articles in Zona da Mata
by bridging disciplinary differences. Fortunately, the articles reviewed, albeit only four, offered a
comprehensive enough picture of Zona da Mata because all PCN elements were represented,
afforded by the different scales and research agendas of these articles. Furthermore, the findings of
the systematic review are also verified as all the typologies derived from Zona da Mata matched with
the typologies synthesized in the review. The subsequent development of indicators was based upon
the systematic review’s preliminary guide for indicator development (Pace Ricci & Merten,
unpublished). These indicators serve as a toolkit for the biocultural evaluation of anthropogenic
drivers of PCN and synergistic ecological change for Zona da Mata, and potentially for other similar
SES. These indicators are the first of their kind; biocultural indicators for PCN and synergistic
ecological change compatible with NCP framing.

The research project evaluation revealed that interdisciplinarity, integration and capacity
enhancement are crucial to the success of the INREF FOREFRONT research project.
Interdisciplinarity is represented in the project design and is reflected predominantly within the
individual research projects themselves. This is more evident in the Brazilian site, however is
lacking in the Mexican sites. This lack of integration, across sites and within the Mexican sites is
largely due to the lack of structural mechanisms to support and facilitate this form of capacity
enhancement. As a result, the socialization of results is more prominent in the Brazilian site and
is associated with pre-existing networks within the site but also with the researchers own
initiative and resourcefulness. This highlights the need for institutional structures to allocate time
and resources for integration and capacity enhancement to foster collaboration.
The congruence of results between the review and this study evidences the notion of reciprocity
between PCN and NCP elements in terms of the synergistic relations between anthropogenic
drivers and associated practices of synergistic ecological change in agro-forest frontiers.
Demonstrating the drivers and values of synergistic ecological change is facilitated by a
biocultural framing of SES which simultaneously considers locally specific and relevant socioculturally and ecologically defined values and well-being. Coupled with an emphasis of both
substantive and procedural aspects of SES interactions and feedbacks a SES approach captures
processes as well as outcomes. A flexible, dynamic and interdisciplinary framework based on
pluralistic evaluation is therefore required.
“Demonstrating the drivers and values of synergistic ecological changes in SES enables them to be
targeted as conciliated nature conservation and social development strategies; serving multiples
objectives, supportive of ecological stewardship, and compatible with broader notions of well-being
based on a plurality of values, knowledge systems and socio-cultural contexts”
(Pace Ricci & Merten, unpublished).

Reviewing and verifying PCN in terms of synergistic ecological change and biocultural values has
therefore elucidated that SES within agro-forest frontier landscapes are able to conciliate social
development and nature conservation synergistically.
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ANNEX 1: Systematic Review Protocol
Summary
The preliminary step in this study was to prepare the Systematic Review Protocol consisting of a concise
description of the background to the review, its objectives and the review questions, the search strategy, and
critical appraisal and synthesis techniques utilized (CEE, 2018). The search strategy includes the search terms
and strings used to find relevant studies, the databases and data sources drawn from, as well as the inclusion
and exclusion criteria applied to filter through the studies. Critical appraisal involves evaluating the rigor,
validity, and quality of the studies and their results based on specific appraisal criteria.
The synthesis (Figure 13) involved extracting, consolidating, filtering, and grouping studies on identified
synergistic ecological change from social systems to ecological systems within agro-forest frontiers.
Furthermore, the anthropogenic drivers acting as agents of ecological change were grouped as
operating at indirect (beyond-landscape) or direct (within-landscape) levels.

Figure 13. Schematic representation of work flow for the systematic review.

The initial search results were filtered by title and/or abstract (as necessary) according to the system studied;
including agricultural and forestry systems, whileexcluding other socio-ecological systems (for example, urban
ecosystems, fresh water or marine, etc.). It was however also anticipated that some systems encountered will
overlap or fall between these two broad categories (for example agroforestry, overlapping both agriculture
and forestry), these were grouped separately or with the most relevant broader category, depending on the
number of cases. The studies retrieved were
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subject to further filtering at the abstract and full-text level, including only those reporting on synergistic
relationships. The synthesis was then conducted on the selected studies after they had been critically
appraised.
Three types of data were extracted from the full texts for the review synthesis; the type of valuation inthestudy
(socio-cultural or biophysical), the anthropogenic driver/s acting as agents of synergistic ecological change and
the ecological aspect benefiting from the synergistic relationship. Supporting data which detail the social and
ecological systems involved and the influencing wider spatial and temporal context were also extracted for
context (see Figure 1 and 2). Once extracted, the data was analysed to determine the socio-cultural and
biophysical values which will be integrated to conceptualize the synergistic relationships in terms of
biocultural values. Direct and indirect anthropogenic drivers identified were categorized as operating at
the landscape and/or beyond- landscape level. Results tables were produced from this narrative synthesis to
summarize all sets of results and were subsequently applied to the FOREFRONT case study. The intention is
for these results to serve as a basis for a biocultural approach to evaluating synergistic ecological change within
the program and the studies it encompasses. Upon completion of the review the final product was the
synthesis of documented synergistic ecological changes and their anthropogenic drivers, and
operationalization of biocultural valuation within agro-forest frontiers. This systematic review thus offers a
comprehensive insight, from the biocultural perspective, on people’s contributions to nature (PCN).
Introduction
The systematic review consists of an extensive search of reports and peer-reviewed literature to consolidate
examples of synergistic ecological change in which social systems provide benefits to natural systems within
agricultural and forestry social-ecological systems. The concept of biocultural value is also operationalized in an
attempt to represent the biocultural perspective within these systems. Synergistic ecological changes are
defined as relationships where the enhancement of social components leads to enhancement of ecological
components in social-ecological systems. Therefore, synergisticrelationsaresynthesisedintermsofsynergistic
ecological change. Data was extracted for a synthesis that links synergistic ecological change with its direct and
indirect anthropogenic drivers, and associated valuation to answer the research questions. Findings are
intended to help inform policy and promote evidence-based management guidelines of synergistic strategies
that still meet the needs of the social system while enhancing the ecological, in agricultural and forestry
social- ecological systems.
Search Strategy
The scope of this systematic review is relatively narrow, focusing solely on synergistic ecological changes in
the defined social-ecological systems, meaning it can be difficult to identify relevant studies from title and
abstracts alone and necessitating full-text screening. This search strategy considers the need for a balance
between comprehensiveness and specificity in the searches. An initial scoping exercise indicated that, for
example, “ecological benefits” is too broad as a concept and “benefits to nature” contrastingly is too narrow
for the focus of this review. A number of benchmarkstudies,representativeofthetargetedliterature,were
used to refine the search through the use of key words and phrases. Keywords and phrases for searches
within the bibliographic databases were based upon the CIMOs listed below.
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Due to resource constraints, only studies published in English were included. The interdisciplinary nature of
the review objectives necessitates selection criteria that not only evaluate the quality of data but also its
source. The search strategy is designed to retrieve studies from multiple disciples and fields to provide the
natural science, social science, and humanities data required for the synthesis. Critical appraisal of the
studies also considered therepeatability, accuracyandreliability of studies’ methods and results.
CIMOs: components of the primary question
Context
Agro-forestfrontiers considered to consist of agricultural and forestry social-ecological systems.
Interventions
Any indirect and direct anthropogenic drivers that generate synergistic ecological change. Indirect
anthropogenic drivers comprise of socio-economic factors such as for example, present and past
institutions, policies, technologies, market and lifestyle trends, etc. (see Figure 2). Direct
anthropogenic drivers include actor values, needs, means, assets and power-relations, as well as, associated
practices.
Mechanism
Synergistic ecological change in terms of enhancements to ecological aspects: biodiversity, ecosystem
functioning, land cover, resilience, etc.
Outcome
Associated biophysical and socio-cultural value I.e. bio-cultural value.
Relationships between CIMOs are shown in the conceptual model (Figure 2) which presents a program
theory elucidating how and why types of interventions (anthropogenic drivers) and mechanisms
(synergistic ecological change) can be considered effective in generating the outcome of interest (bio-cultural
value). Effectiveness and relevance of the synergistic relationships was tested using relevant evidence
(qualitative, quantitative, comparative, etc.) from primary literature surrounding this program theory
(Wong, Greenhalfh, Westhorp, Buckingham & Pawson, 2013).
Search Terms and Boolean Logic
Search terms used to build the search string and define the inclusion boundaries of the literature retrieved
are presented in Table 11. The following databases were selected to ensure that natural sciences,
humanities, and social sciences were included:
- Scopus
- Web of Science
- CAB Abstracts
- Psychinfo
- SocIndex
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Table 11: Search terms utilised in search strategy, as prepared for use in the SCOPUS database (using ? and * as wildcards). The search
terms are spread across four concepts: A. Theoretical Perspective - to constrain the search results to only pick up studies adopting a
social-ecological perspective or based on IPBES’s theoretical framework; B. Social-ecological System – to constrain search results to
include only studies relating to agricultural or forestry social-ecological systems; C. Synergistic – a relatively broad concept to capture
as many forms of positive ecological changes as possible; D. Ecological Aspect – a concept designed to be as broad as possible to ensure
that searches do not exclude any form of ecological changes. The concepts were put together in a search string (A AND B AND C AND
D).

A. Theoretical Perspective
“Social-ecological systems*” OR “social ecological systems” OR SES OR “Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services” OR IPBES
B. Social-ecological
C. Synergistic
system
*agri* OR *agro* OR *farm* OR Synerg* OR “ecological benefit” OR “ecological relationship” OR
cultivat* OR *crop* OR arable OR “ecological stewardship” OR “ecological change” OR “ecological
subsistence OR polyculture OR engineering” OR “ecological service” OR benefi* OR positive OR valu* OR
poly-culture OR horticulture OR enhance OR encourag* OR promote OR enrich OR increase OR improve
“food production” OR husbandry OR facilitate OR help OR stimulate OR contribute OR advan* OR advance OR
OR herding OR poultry OR dairy OR progress OR aid OR assist OR gain OR improve* OR expand OR develop*
beef OR sheep OR livestock OR OR grow* OR foster OR recuperate OR regain OR conserv* OR preserv* OR
cattle OR pasture OR plantation OR protect* OR mutual* OR reciproc* OR commensali* OR congruen*
silvo* OR sylvo* OR sylvi* OR silvi* OR compatible OR compliment* OR harmon* OR edge-effect OR
OR forest* OR timber OR orchard* neighbourhood-effect OR “neighbourhood effect” OR spill-over OR “spill
OR reforest* OR restor* OR over” OR “service* to ecosystem*” OR opportune*
regenerat* ORafforest*
D. Ecological Aspects
*biodiversity OR *diversi* OR species OR richness OR evenness OR abundance OR function* OR ecolog* OR biolog*
OR natur* OR status OR composition OR configuration OR structure OR pattern OR mosaic OR heterogeneity OR
connectivity OR landscape OR ecosystem OR habitat OR niche OR population OR communit* OR plant OR
animal OR group OR migration OR climate OR range OR distribution OR dispersal OR densit* OR nesting OR
competitionORformationORevolutionORadaptationORco-dependenc*OR rare OR endemic OR endangered
OR indigenous OR native OR unique* OR complete* OR health OR performance OR resistance OR resilience OR
self-regulation OR “self-regulation” OR regeneration OR establish* OR coloniz* OR success* OR strateg* OR
disturbance OR surviv* OR suitab* OR vulnerab* OR sapling OR growth OR productivity OR “net primary
production” OR NPP OR height OR DBH OR “diameter at breast height” OR availability OR quality OR water OR soil
OR process* OR regulat* OR *cycling OR nutrient ORfertility OR pollinat* OR decompos*OR“gene pool protectors”
OR“anthropo-dependent-taxa”
OR “food chain” OR food-chain OR “food web” OR food-web

Searches in Scopus, Web of Science, CAB abstracts, Pyscinfo and SocIndex were based on the logic “A AND B
AND C AND D”, where A-D are the combination of concepts in Table 11, and “OR” was used between concepts
within the A-D search string. The accuracy of the searches was assessed by checking the number of
relevant search results compared to the total number of search results.
Screening
Inclusion Criteria
Studies were included if they fall within the social-ecological systems and/or IPBES theoretical
perspectives, and include information on an agricultural and forestry SES, reporting on synergistic ecological
change as set out in the CIMOs above. Only reports and peer-reviewed studies and reviews in English published
within thepast 10 years were included and relevantdisciplineswere set as filters
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to limit the search to relevant fields (Table 12). The first stage of screening involved removing duplicates
and filtering through the emerging literature through a set of inclusion/exclusion criteria; screened first by title,
then title and abstract together and finally based on reading the full text. Studies were retained if there was
a possibility that they may contain evidence of synergistic ecological change within the social-ecological
system. This approach reduced the risk of being overly- restrictive early in the screening process. The inclusion of
studies was dependent on the presence of a positive or beneficial link from social components to ecological
components. Consistency between researcher’s screening judgement was tested through a preliminary
inclusion/exclusion assessment. A randomly selected set of studies representing 10% of the total retrieved
studies was screened by each researcher and disagreements between articles were discussed and
evaluated.
Table 12: Database-specific limits applied to make searches more accurate. SCOPUS allows for the selection of specific study areas,
Web of Science provides various disciples and fields of study as categories, CAB Abstracts makes use of CABICODES to increase search
accuracy, PsychINFO has specific class codes and SocINDEX has a “subject term thesaurus” to facilitate searches.

Bibliograp
hic
Database

Scopus

Web
of
Science

Search will be made more accurate through the use of:

Subject area:
Environmental Science
Social Sciences
Agricultural and Biological Sciences
Categories:
Ecology
Planning development
Anthropology
Agriculture dairy animal science
Environmental sciences or
Entomology
Sociology
Forestry or
Chemistry multidisciplinary
Plant sciences
Agronomy or
Engineering environmental
Agriculture multidisciplinary
Biodiversity conservation
Area studies

CAB
Abstracts

CABI CODES

PyscInfo

Class Codes

SocIndex

Subject Term Thesaurus

Earth and Planetary Sciences
Multidisciplinary
Arts andHumanities
Decision Sciences
Undefined
Green sustainable science technology
Agricultural engineering
Multidisciplinary sciences
Soil science
Environnemental studies
Political science
Horticulture
Microbiology
Evolutionary biology
Biology
Geography
Parasitology
Geographyphysical
Water resources
Computer science interdisciplinary applications
Zoology
Remote sensing
Agricultural economics policy
Archaeology
Biophysics
Geosciences multidisciplinary
https://docs.google.com/spreadsheets/d/1KpRgo3hBs
GcdnBHVDIx4ko3WRHqudIi6InPZAh8ZhYg/edit?usp=sh aring
https://www.apa.org/pubs/databases/training/classcodes.aspx
http://guides.stetson.edu/c.php?g=431311&p=294287
7
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Exclusion Criteria
Studies were excluded if the relationships between social and ecological components did not meet the
following definition of a synergy. Synergistic relations are defined as relationships where the enhancement
of social components leads to enhancement of ecological components in social- ecological systems. The
study must also present evidence of the synergistic ecological change described, thus theoretical or
experimental studies were excluded. Studies that could not be considered tohave agricultural or forestry
SES as their area of interest were also excluded. Screening results were documented together with the reasons
for exclusion of studies and will be presented as supplementary material to the systematic review paper.
Effect Modifiers
The following parameters were documented, where possible, as potential sources of heterogeneity between
studies and effect modifiers in terms of results:
Type of study:
o Natural Science
o Social Science
o Humanities
o Multidisciplinary
Geophysical Parameters:
o Geographical location
o Altitude
o Climate
Study Parameters
o Spatial and temporal scale
o Social parameters
o Ecological parameters
Critical appraisal and Data Extraction
After full text screening the retained studies were critically appraised for study design and robustness,
aswellasdegreeofbiaslimitation.Studieswereclassified intohighorlowsusceptibility- to-bias categories based
on: (1) presence/absence of replication (including pseudo-replication), (2) measures of variance, and (3)
potential effect modifiers. Meta-data extraction for coding of studies as well as data extraction for the synthesis
was conducted according to the data extraction forms in Annex7.Theextracteddatawastabulatedinformsand
datasheetsandcategorizedintoquantitative or qualitative study findings. It was anticipated that studies may
not account for all CIMOs and this shall form the basis for confirming missing or unclear information or data,
and in some cases led to the exclusion of the article.
Data synthesis and presentation: Narrative Synthesis
The synthesis of results is the process through which findings from the search strategy are
consolidated and interpreted, allowing for the drawing of conclusions and presentation of research- based
evidence (Popay et al., 2006). A narrative synthesis was conducted following critical appraisal and data
extraction. This form of synthesis entails the tabulation and visualization of data extracted from the retained
studies, together with a textual explanation of these findings. Descriptive statistics were also presented, as far as
the data allowed for this. While the statistical power of a narrative synthesis is relatively low compared to a
quantitative synthesis (but relatively high compared to vote- counting), it has been selected as the most
appropriate approach to this preliminaryand exploratory
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study. As highlighted by Popay et al., a narrative synthesis is ideal when synthesizing research-based evidence
on: (1) the effects of interventions, and (2) the factors shaping the implementation of interventions (2006).
A narrative synthesis also allows for the incorporation of highly heterogenous studies, in terms of disciplinary
approach (social or natural science), context, methods (qualitative or quantitative), and other sources of
heterogeneity (Popay et al., 2006), making it an ideal approach for the exploration of synergistic ecological
change within agro-forest frontiers. The synthesis process thus adhered to the guidelines set out in Popay et
al. (2006) and the Reporting Standards for Systematic Evidence Synthesis (ROSES) framework for
structuring and tabulation of findings (Haddaway, Macura, Whaley & Pullin, 2017).
Narrative synthesis strategy
The extracted and tabulated data laid the foundation for summarizing the evidence base for synergistic
ecological change within agro-forest frontiers. The data was explored to identify any trends or relationships
that emerged. This process was necessarily iterative and was heavily based on the nature of the studies
reviewed. Two types of relationships were tested for: (1) relationships between characteristics of individual
studies and their reported findings, (2) relationships between the findings of different studies (Popay et al.,
2006). The effect modifiers and sources of heterogeneitybetweenstudieswereconsidered atthisstage.
Exploration of the data also facilitated the process of constructing an understanding of synergistic ecological
change, its drivers, practices, and associated valuation. This process also resulted in the sub-grouping of
studies per SES as sufficient commonalities were identified.
The final step in the synthesis entailed interpreting and translating data and emergent relationships to provide
coherent and meaningful answers to the review questions. There are several approaches to this, however a
form of concept mapping as described by Marlow, Langhorne and Grimshaw (1998) was employed.
Concept mapping involves linking the diverse pieces of evidence extracted from the reviewed studies. This is
done through the construction of a model that both: (1) highlights key concepts and issues directly related to
the review questions, (2) represents the relationships between them. Diagrams and flow charts are typically
usedasvisualrepresentationsoftheidentified relationships. This approach is strongly related to conceptual
triangulation, in which schematic presentationallowsforthecombinationofbothquantitativeandqualitative
data (Foster, 1997). The final output of this synthesis was thus typologies, searchable data table, and Sankey
diagrams with textual descriptions that provide a deeper understanding of synergistic ecological change based
on the synthesized sources of evidence.
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Annex 3: Data Extraction Form
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Mechanism: Synergistic ecological change in terms of enhancements to ecological aspects: biodiversity, ecosystem functioning, land cover,
resilience, etc.
Outcome: Associated biophysical and socio-cultural intrinsic value I.e. bio-cultural value.
Type of study: studies providing empirical data, qualitative and/or quantitative evidence of synergistic relationships. Studies
must have the following three characteristics: (1) theoretical framework: agricultural, restorative, and/or forestry socialecological system, (2) indirect and/or direct anthropogenic drivers of synergistic ecological change, (3) evidenced synergistic ecological
change. Studies may have associated biophysical and/or socio-cultural intrinsic value.
Case studies, literature reviews, systematic reviews and meta-analyses will be included.
Language: English

Study Eligibility
The study is within relevant social-ecological system.

Yes 0

Study includes any indirect and/or direct
anthropogenic drivers of social activities that generate
beneficial ecological change.

Indirect

No

Unclear

O

Yes O
No D
Direct

Unclear

Yes
Unclear

No

Study reports synergistic ecological change in terms of
enhancements to ecological aspects.

Study reports aassociated biophysical and/or sociocultural intrinsic value I.e. bio-cultural value.

Biophysical
Yes
No
Socio-cultural
Yes
No

Unclear

Unclear

Biophysical
Yes O
No
Socio-cultural
Yes
No

Unclear

Unclear

Biocultural
Yes
No

Yes M

FINAL DECISION

Unclear

No M

Unclear M

Reasons for Exclusion of Study
Irrelevant social-ecological system
No mention of indirect and/or direct anthropogenic drivers

ecological change
Other

Do not proceed if study has been excludedfrom review!
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PART 1: GENERAL STUDY DETAILS
Study Aims

Describes socio-cultural / economic benefits Impacts
on livelihoods and subsistence Impacts on sociocultural value
Measures beneficial ecological change in terms of:
Impacts on nature conservation
Impacts on biodiversity
Impacts on land cover
Impacts on landscape heterogeneity Other:

Research Questions /
Aim

Hypothesis

SES social system

Livelihood and subsistence
Traditional/Indigenous
Agricultural
Forestry
Restorative
Community-based

SES ecological system

Other
Forest
Pasturelands Agricultural
landscapes Agroforestry
Other

Level of Analysis

Community
Social-ecological system Regional
National
Global
Landscape

Farm level
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PART 2: STUDY METHODOLOGY
Unclear

Time scale
Discipline

Social sciences
Multi-

Research design

Ecological Science

nr

Humanities

Unclear

Randomized control trial
Non-randomized intervention Case
control
Case-study
Meta-analysis
Systematic review
Literature review
Longitudinal

Type of data

Cross sectional
Qualitative
Quantitative
Mixed
Unclear

Data collection

Interviews
Surveys/questionnaires
In-situ measurements
Secondary data
Focus groups

Sampling strategy

Other
Random
Systematic
Stratified
Other
Unclear
Not reported

Number of replications
Sample size
Measuring change

Relevantbaseline

Y

No

Timeframe
Relevant Comparison

Y

Unclear

No

Unclear

No

Unclear
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Comparison Group(s)
Confounding factors7

Y

No

BIAS

Information bias

Unclear

Discipline bias
Confounding Unclear
Not reported
Other:

PART 3: STUDY CONTEXT
Country
SES social context

Agriculture:
Unclear:

Forest:

SES ecological
context

Restorative
Biome:
Landscape:

Biophysical context
detail

PART4:

DATA

Indigenous

Both
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Indirect drivers (policy level)

Forms of Governance:
Private ownership
Community-based management Government
NGO

Mixed:
Institutional:
Policies

Infrastructure:

Market

Demographic:

Other:

Direct drivers

Livelihood strategies: Actor
values:
Needs:
Means:
Assets:
Power relations:
Management strategies: 0

Actor values:
Needs:
Means:
Assets:
Power relations:
Practices &Interventions

Social indicators

Extent of social benefit
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ECOLOGICAL SYSTEM beneficial ecological change
Indirect Biophysical

Ecological change

Biodiversity
Population
Function
Heterogeneity
Land cover
Connectivity
Habitat
Species
Rare/endangered
Endemic/native Ecological
resilience
Regeneration/Succession
Disturbance
Growth/Productivity
Soil
Pollination
Gene-pool protectors
Other:

Ecological indicator

Extent of ecological ’change’

Low O Moderate O High0
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PART 5: SYNERGY
PART 6: VALUATION KNOWLEDGE SYSTEM
Knowledge system

Traditional
Indigenous
Scientific Other:
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Valuation

Foci of value:

Biophysical

Nature’s benefit to people

Cultural & Social

Nature

Health

Good quality of life

Economic

Objectives:

Values:

Environmental

Identity

Economic

Ecosystem integrity

Social

Fairness perceptions

Valuation:

Health environmental hazards

Holistic and ILK

Cost/benefit

Gavin et al 2015: Principles of biocultural approaches to conservation
0 1. Acknowledge that conservation can have multiple objectives and
stakeholders
0

2. Recognize the importance of intergenerational planning and
institutions for long-term adaptive governance
3. Recognize that culture is dynamic, and this dynamism shapes resource
use and conservation

& 4. Tailor interventions to the social—ecological context
0

S. Devise and draw upon novel, diverse, and nested institutional
frameworks

0

6. Prioritize the importance of partnership and relation building for
conservation outcomes
7. Incorporate the distinct rights and responsibilities of all parties
8. Respect and incorporate different worldviews and knowledge
frameworks

PART 7: CRITICAL APPRAISAL
Study Design
Comparator Appropriateness
Methodological Detail
Measurements of Ecological Outcomes

Low

Moderate

High

Measurements of Social Outcomes

Low

Moderate

High
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Annex 4: Typologies for SES, Indirect and Direct Drivers, Practices, Social and Ecological benefits
Interpretation of typologies: the text in bold are major typologies, while the text in the column to their right are the constituent sub- typologies. The numbers
associated with each typology and sub-typology refer to the article IDs.

Table 13. Typologies and sub-typologies of synergistic ecological change in terms of social and ecological benefits, with reference to the articles that report them.

Social Benefits
Livelihood
95

Socio-cultural values
23, 45

Biocultural value 8, 25, 58,
61, 74, 84

Knowledge system

Social Capital 7, 70, 105

Ecological Benefits
Subsistence 24, 25, 27, 28, 58, 61
Production 6, 24, 25, 27, 34, 45, 58, 80, 84, 93, 105
Subsidies 24,105
Alternative income 70, 24, 34, 42, 65
Food security 23, 29, 42, 45, 53, 61
Rural tradition/heritage 1, 6, 80, 45, 72, 84, 105
Identity 45
Aesthetic 45, 80, 105
Cultural vitality 80, 105
Community cohesion 45
Cultural vitalization 17
Social equity 53
Access to land 53
Cultural identity 1, 25, 74
Diversity 6, 7, 84
Uses 58, 61
Well-being 74
Knowledge 84
TEK 23, 72, 84
ILK 58, 61, 74
LEK 42, 45
Language 23
Infrastructure 34
Training/education 34
Network connectivity 42
Human capital 53

Species

Biodiversity 5, 53, 84

Native/Endemic trees 28, 42, 53, 58, 61, 84
Rare/Endangered 6, 42, 53, 58, 61, 74
Population 7, 8, 23, 65
Increased prey densities 24
Protected 53
Species richness 6, 28, 45, 72, 80
Wild 23, 25
Spatial 45
Relative 95

Land cover

Forest 5, 7, 17, 24, 65, 70, 74, 95
Shrub and grasslands 65, 74
High Nature Value Farmland 6
Perennial plant cover 25

Function and Structure

Regeneration/Succession 17, 27, 34
Forest structure 34, 72, 95
Ecosystem function 45, 105
Functional groups 53
Provision 24, 34, 84, 105
Refuge and micro-habitat 6, 80
Condition 7

Habitat
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SES Resilience 5, 23, 42, 70,
93
Conservation of resources
7, 23, 34, 74

Ecosystem services
65, 95

Spiritual/Religious
Belief Systems
7, 8, 74
Adaptability 5, 93

Ecological connectivity 1,
6, 29, 80, 84, 105
Restoration 93

Water 34, 93

Regulatory 45
Carbon sequestration 72
Pest and disease 105
Fire protection/suppression 72, 105
GHG 105
Local

Landscape
1, 5, 6, 84

Reforestation 24, 70
Forest 24, 74
Regrowth areas 29
Shrublands 74

heterogeneity

Soil 27

Edapho-climatic 45
Soil fertility 70

Ecological resilience 5, 93

Table 14. Typologies and sub-typologies of SES evidencing synergistic ecological change, with reference to the articles that report them.

SES Typology
Agricultural system
Agroforestry
Forestry system
Mixed Agroforestry/Forestry

Mixed system

Pastoral system

Agricultural, Forestry, Restorative Systems
Agriculture 5, 25, 61, 74, 84, 93
Agroforestry 17, 24, 28, 45
Forestry 6, 7, 105
Agroforestry and Forestry 53, 23, 29, 34
Agriculture, Forestry and Restoration 42, 65
Agroforestry and Restoration 27
Forestry and Restoration 8
Forestry, Agriculture, Pasture and Restoration 58
Forestry, Agriculture, Pasture, Restoration, and
Agroforestry 95
Forestry, Pasture and Agriculture 80
Agro-pasture 1, 72
Silvo-pastoral 70
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Table 15. Typologies and sub-typologies of indirect drivers of synergistic ecological change, with reference to the articles that report them.

Indirect Drivers
Community-based management
17, 24, 25, 27
Local belief system 7, 8, 17
Informal Institutions

Farmer level 70
Patrimonial 5

Autonomy 23
Indigenous 58, 61

ILK 23, 28, 58, 61, 74
TEK 17, 23, 25, 27, 72, 84
NGO mediated 70, 105

LEK 42

Customary law 7, 23, 24
Socio-cultural values 1, 5, 23, 8, 6
Collaborative management

Regional and National Legislation and Policy
• Natura 2000 sites (EU Habitats Directive and Birds
Directive 1, 6
• National Park/Reserve 1, 7, 24, 65
• Species Legal Protection 7
• Biosphere Reserve 28, 25
• Action Plan 84
Legal and Policy Institutions
95, 105

•
•
•

Legally protected national heritage 1
Grain-to-Green Program 24, 65
Natural Forest Conservation Program 24, 65

International Legislation and Policy
• UNESCO World Heritage List for Cultural Landscapes 1
• FAO Globally Important Agricultural Heritage Systems
1
• Man and Biosphere Program 1

Formal Institutions

Market forces and Economic incentives

Collaborative
management
Government and Locals
95

105

p
t
i
Enforcement
v
e
Subsidies c
o•
m
a
n
a
g
e
m
e
n
t
2
9
,
3
4

•

GO partnership 29
Local government, University, NGO and locals 34

Ineffective70, 72
Effective 24, 58, 95
Conservation
NFCP 24, 65
Agri-environmental
scheme
• CAP 80, 105
• GTGP 24, 65

•

G
o
v
e
r
n
m
e
n
t
a
n
d
N
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Market Forces

Branding and labelling 105
Consumer concern 105

Demography 23, 24, 27

Mixed Institutions

Formal private ownership with state wide
consortiums and alliances based on informal
institutions 74

Social network 42

Table 16. Typologies and sub-typologies of direct drivers of synergistic ecological change, with reference to the articles that report them.

Direct Drivers
Livelihood strategy

Management strategy

Socio-cultural

Spiritual/Religious
Equity 53, 93
Demography
Climate adaptation

Traditional 1, 5, 6, 17, 23, 25, 45, 72, 84
Subsistence 7, 23, 25, 34
Indigenous Subsistence 28, 58, 61
Common Pool Resource Management 5
Traditional landscape mosaic 1, 6
Demarcation of boundaries 17
Social norms 5, 8, 74, 105
Cultural values 5, 7, 23, 58, 61, 74, 80
Awareness and Education 17, 105, 29, 61
Cultural taboos 7, 8, 17, 74
Socio-economic 24, 65
Demographic factors 24, 58, 65, 72, 84
Resilience 93

Production 1, 6, 24, 25, 27, 29, 34, 45, 58, 65, 70, 80,
84, 95, 105
Livelihood diversification 6, 24, 29, 34, 42
Natural Resource Management
29, 34, 70, 74, 84
Ecosystem services 24
Community management 7, 24, 25
Aesthetic 80
Intentions 105
Social and human capital 53
Spiritual values 7, 8, 59, 74
Rights and access to land 5, 17, 27, 53, 58, 105

Table 17. Typologies and sub-typologies of practices of synergistic ecological change, with reference to the articles that report them.

Practices
Farming level: Cultivation Strategy 7

Species protection and tolerance 25, 28
Diversification 1, 93
Multiple use of land, animals and plants 23

A
l
t
e
r
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native production 29
Small-scale agriculture 1, 6, 42
Low-intensity 1, 6, 42, 84

Introduction and propagation of plants 25
• Intercropping 93
• Native tree nurseries 27
• Artificial regeneration 58
• Seed treatment 58
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Agroecology 70, 84
Increase diversity of crop 93
• Resistant species/varieties 93
Disturbance regime 84
Fertilization 84

Landscape level: Ecosystem management
93

Watershed management 34, 93, 74
Habitat protection 93
Maintenanceofforestcoverand connectivity 29, 95
• Native 24

Agroforestry 29, 93

Traditional 27, 58, 61, 72, 84
Native trees 42
Understorey burning 72
Tree clustering 28
Regeneration 74
Reforestation 24, 93
Buffer zone 24
Forest 17, 74, 95

Landscape level: Restoration

Silvo-pastoral
6

Water and soil management
23, 93
Sacred groves
23, 74
Silvicultural
28

Zootechnical 6
Traditional 23
Single trees 6
Hedgerows 6
Grazed oak woodland 45
Water harvesting and irrigation 25, 84, 93
Revegetation 93
Restorative 17
Crown and restoration thinning 34
Pruning 70

•

Transplanting 28

Crop calendar adjustment 93
Fallows 80
Cultivated grasslands 80
Living fences 27
Fodder production on leys 80
Hedgerows 84
Terracing 25
Buffer strips 105
Zoning 24
Monitoring 23, 27, 34, 95
Small and marginal land 80
Home garden 61
Plantation 27, 58, 61
Orchards 84
Pasture conversion to management for ecosystem
health 74
Cropland to forest 65
Cropland to pasture 80
Grasslands 80
Uncultivated areas and remnant patches 6
Managed grazing 24, 25, 27
Quota system for leaf fodder 5

Soil conservation 24, 84, 93
Geoengineering 84
Protection 7, 8, 17
Planting trees 70
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Annex 5: Searchable Database
Table 18. Searchable database of the 27 articles reviewed with data extracted according to data extraction form and categorized according to derived typologies.

Auclair,
Baudot, Genin,
5

Romagny, &
Simenel, 2011

Baiamonte,
Domina,
6

Raimondo, &
Bazan, 2015

Itria,Italy;
Viñuales,
Cuba;
Telouet,
Morocco

Morocco

Madonie
Mountains,
Sicily, Italy

SES

Agro-pasture

Agnoletti,
Tredici, &
Santoro, 2015

Geographic

Agro-pasture

1

Short
Reference

Agriculture

ID

Level of
Analysis

Landscape

Territory

Regional,
Landscape
and Farm
level

Indirect Drivers

Direct Drivers

Practices

Social Benefit

Ecological Benefit

Natura 2000 sites (EU Habitats
Directives and
Birds Directive). National
Park/Reserve. Legally
protected National
Heritage. UNESCO World
HeritageListforCultural
Landscapes, FAO Globally
Important Agricultural
Heritage Systems. Man and
Biosphere Program. Sociocultural values.

Traditional and
production
livelihood
strategy.
Traditional
landscape mosaic
management
strategy.

Diversification,
small-scale
agriculture and
low-intensity.

Biocultural cultural
identity. Rural
tradition/heritage

Landscape heterogeneity.
Ecological connectivity

Quota systemfor
leaf fodder

SES Resilience.
Adaptability.

Landscape heterogeneity.
Biodiversity. Ecological
resilience. Forest land
cover.

Biocultural diversity.
Rural
tradition/heritage.
Production livelihood.

Landscape heterogeneity.
Ecological connectivity.
Species richness. High
nature value farmland
land cover. Refuge and
micro-habitat.
Rare/Endangered.

Patrimonial communitybasedmanagement. Sociocultural values.

Natura 2000 sites (EU
Habitats Directives and
Birds Directive). Sociocultural values.

Traditional
livelihood
strategy.
Common-pool
resource
management.
Social norms.
Cultural values.
Rights and access
to lands.
Traditional,
production and
livelihood
diversification
livelihood
strategy.
Traditional
landscape mosaic
management
strategy.

Small-scale
agriculture and
low-intensity.
Silvo-pastoral
zootechnical,
single trees,
hedgerows,
uncultivated
areas and
remnant patches.
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Yuliani et al.,
2018

8

Baker,
Tanimola, &
Olubode, 2018

Enugu State,
Nigeria

17

23

Bhagwat,
Nogué, &
Willis, 2014

Western
Ghats, India

van

Turkana,

Oudenhoven,
Mijatović,&
Eyzaguirre,
2011

Kenya;
Tibet;
Mongolia;
Ethiopia

Forestry

7

Danau
Sentarum,
West
Kalimantan,
Indonesia

SES

Forestry

Geographic

Forestry and Restoration

Short
Reference

Agriculture, Forestry
and Restoration

ID

Level of
Analysis

Practices

Social Benefit

Ecological Benefit

Community

National Park/Reserve.
Species Legal Protection.
Customary law. Local Belief
System.

Subsistence
livelihood
strategy.
Community
management
strategy. Cultural
values. Cultural
taboos.Spiritual
values.

Cultivation
strategy. Sacred
grove protection

Biocultural diversity.
Conservation of
resources.
Spiritual/Religious Local
belief system. Social
capital.

Forest Land cover.
Habitat condition.
Species population.

Community

Local belief system.Sociocultural values.

Social norms.
Cultural taboos.
Spiritual values

Sacred groves
protection

Biocultural value.
Spiritual/Religious Local
belief system.

Species population

Community-based
management. Local belief
system. TEK.

Traditional
livelihood
strategy.
Demarcation of
boundaries.
Awareness and
education.
Cultural taboos.
Rights and access
to lands.

Forest
restoration.
Sacred groves
protection and
restoration.

Cultural revitalization.

SES and
landscape

Global

Indirect Drivers

Direct Drivers

Autonomous community-

Traditional and

based management.
Customary law. ILK. TEK.
Demography

subsistence
livelihood
strategy. Cultural
values.

Monitoring.
Water and soil
management.
Multiple uses of
land, animals and
plants.
Traditional silvopastoralism.
Sacred groves.

Forest landcover.
Regeneration/Succession.

SES Resilience. Socio- cultural
values.
Conservation of
resources. TEK.
Language. Food
security.

Species population. Wild
biodiversity.
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25

vanDijketal.,
2017

Sierra
Gorda,
Mexico

27

Cervantes
Gutiérrez,
Castro,
Aragón, &
Hernández
Cárdenas,
2014

San Nicolas
Zoyatlan,
Mexico

28

Vallejo et al.,
2014

Oaxaca,
Mexico

Agriculture, Forestry and
Restoration

China; Nepal

SES

Agroforestry

Carteretal.,
2014

Geographic

Agroforestry and
Restoration

24

Short
Reference

Agroforestry

ID

Level of
Analysis

Indirect Drivers

Direct Drivers

National Park/Reserve.
GTGP. NFCP. Effective
enforcement. Communitybased management.
Customary law. Agrienvironmental schemes
GTGP. Conservation
subsidies NFCP.
Demography

Production and
livelihood
diversification
strategy.
Ecosystem
services and
community
management.
Socio-economic.

Farm

Biosphere Reserve.
Community-based
management. TEK.

Traditional,
subsistence and
production
livelihood
strategy.
Community
management.

Community

Community-based
management. TEK.
Demography

Production
livelihood
strategy. Rights
and access to
land.

Landscape

Indigenous
SES and
Farm

Biosphere Reserve. ILK.

subsistence
livelihood
strategy.

Practices

Social Benefit

Native
maintenance of
forest cover and
connectivity.
Zoning.
Subsistence.
Reforestation
Production. Subsidies.
and buffer zone Alternative income.
restoration. Soil
conservation.
Managed grazing
silvo-pastoralism.
Water harvesting
and irrigation.
Species
protection and
tolerance.
Introduction and
propagation of
plants. Terracing.
Managed grazing
silvo-pastoralism.
Monitoring.
Native tree
nurseries. Living
fences.
Traditional
agroforestry
systems and
plantations.
Managed grazing
silvo-pastoralism.
Species
protection and
tolerance.
Transplanting.
Tree clustering.
Silvicultural.

Biocultural value.
Biocultural cultural
identity. Subsistence.
Production.

Subsistence.
Production.

Subsistence.

Ecological Benefit

Forest restoration. Forest
land cover. Habitat
provision. Species
increased prey densities.
Reforestation.

Wild biodiversity.
Perennial plant cover.

Regeneration/Succession. Soil.

Species richness.
Native/Endemic trees.
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llancahue
34

Donoso et al.,
2014

42

Ticktin et al.,
2018

45

Surova,
Ravera,
Guiomar,
Martinez
Sastre, &
Pinto-Correia,
2018

53

watershed,
Chile

Fiji

Spain and
Portugal

Hanspach et

al., 2017

Global South

Agriculture
Forestry

Mbeliling,
Flores,
Indonesia,

SES

Agrofore
stry

Collier et al.,
2018

Geographic

Silvo-pastoral

29

Short
Reference

Agriculture

ID

Level of
Analysis

Landscape

Indirect Drivers

Adaptive co-management.
Government and NGO
Partnership.

Adaptive co-management.

Direct Drivers
Production and
livelihood
diversification
strategy. Natural
resource
management.
Awareness and
education.
Production,
subsistence,
livelihood

Territorial

Local government,
University,NGOandlocals.

diversification
strategy. Natural
resource
management.

Household
and Farm

LEK. Social network
centrality.

Livelihood
diversification.

SES

Traditional and
production
livelihood
strategy.
Traditional
landscape mosaic
management
strategy.
Social and human
capital.

Landscape

Rights and access
to land. Equity.

Practices

Social Benefit

Ecological Benefit

Maintenance of
forest cover and
connectivity.
Alternative
production.
Agroforestry.

Foodsecurity.

Ecological connectivity.
Regrowth areas.

Watershed
management.

Conservation of
resources.Water.

Monitoring.
Crown and
restoration
thinning.

Infrastructure.
Training/Education.
Production. Alternative
income.

Small-scale
agriculture.
Native trees
agroforestry.

SES Resilience. LEK.
Network connectivity.
Alternative income.
Food security.
Rural
tradition/heritage.
Socio-cultural identity.
Aesthetic. Community
cohesion. Regulatory
ecosystem services.
LEK. Production. Food
security.

Grazed oak
woodland.

Social equity. Access to
land. Human capital.
Foodsecurity.

Regeneration/Succession.
Forest structure. Habitat
provision.

Native/Endemic trees.
Rare/Endangered species.

Ecosystem function.
Edapho-climatic. Species
richness. Spatial diversity.

Functional groups.
Native/Endemic
trees.
Rare/Endangered

species. Protected species.
Biodiversity.
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Singh,
Srivastava,

Arunachal
Pradesh,
Eastern
Himalaya,
India

Pandey, &
Singh, 2015

65

Zhang et al.,
2013

70

Sendzimir,
Reij, &
Magnuszewski,
2011

72

Seijo,
Cespedes,&
Zavala, 2018

Foping
Nature
Reserve,
Jinshui
China,
Qinling
mountains
Maraki and
Zinder, Niger

Gredos
Mountains,
Spain

Indirect Drivers

Agroforestry and Forestry

Arunachal
Pradesh,
Eastern
Himalaya,
India

Level of
Analysis

SES and
Community

Effective enforcement.
Indigenous communitybased management. ILK.

Agroforestry and
Forestry

Singh,
Srivastava,
Community, &
Mukherjee,
2010

SES

SES and
Community

Indigenous communitybased management. ILK.

Landscape

National Park/Reserve.
GTGP. NFCP. Agrienvironmental schemes
GTGP. Conservation
subsidies NFCP

SES,
Community
and
Regional

Ineffective enforcement.
Farmerlevelcommunitybased management. NGO
mediated collaborative
management.

Agriculture,
Forestry and

61

Geographic

Agroforestry

58

Short
Reference

Agroforestr
y and

ID

SES and
Landscape

Ineffective enforcement.
TEK.

Direct Drivers

Practices

Indigenous subsistence
and
production
Artificial
livelihood
regeneration.
strategy. Cultural
Seed treatment.
values. spiritual
Traditional
values.
agroforestry and
Demographic
plantations
factors. Rights
and access to
lands.
Indigenous
subsistence
Traditional, home
livelihood
gardenand
strategy. Cultural
plantation
values.
agroforestry
Awareness and
education.
Production
livelihood
strategy. Socioeconomic.
Demographic
factors.
Production
livelihood
strategy. Natural
resource
management.
Traditional
livelihood
strategy.
Demographic
factors.

Cropland to
forest conversion.

Agroecology.
Pruning and
planting trees.
Traditional and
understorey
burning
agroforestry.

Social Benefit

Ecological Benefit

Biocultural value.
Biocultural uses. ILK.
Subsistence.
Production.

Native/Endemic trees.
Rare/Endangered
species.

Biocultural value.
Biocultural uses. ILK.
Subsistence. Food
security.

Native/Endemic trees.
Rare/Endangered
species.

Ecosystem services.
Alternative income.

Species population.
Shrub and grasslands
landcover. Forestland
cover.

SES Resilience. Social
capital. Alternative
income.

Soil fertility. Forest land
cover. Reforestation.

TEK. Fire
protection/suppression.
Carbon sequestration.
Rural
tradition/heritage.

Species richness. Forest
structure.
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74

Short
Reference

Kurashima et
al., 2018

Geographic

Hawaii

SES

Forestry, Agriculture, Pasture
and Restoration

ID

Level of
Analysis

Regional

Indirect Drivers

Formalprivateownership
with state wide
consortiums and alliances
based on informal
institutions. ILK.

Direct Drivers

Natural resource
management.
Social norms.
Cultural values.
Cultural taboos.
Spiritual values.

84

Lindborg etal.,
2008

Sanchez &
Cuellar,2016

Europe

Coastal
dunes,
Andalucía,
Spain

Agriculture

80

Agriculture

Production
Landscape

Landscape

Agri-evironmental schemes
CAP

Action Plan.TEK.

livelihood
strategy. Cultural
values. Aesthetic.

Traditional and
production
livelihood
strategy. Natural
resource
management.
Demographic
factors.

Practices
Watershed
management.
Regeneration.
Forest
restoration.
Pasture
conversion to
management for
ecosystem
health. Sacred
groves.
Small and
marginal land
ecosystem
management.
Grassland
restoration.
Conversion of
cropland to
pasture. Fallows.
Cultivated
grasslands.
Fodder
production on
leys.
Water harvesting
and irrigation.
Soil
conservation.
Geoengineering.
Low-intensity.
Agroecology.
Disturbance
regime.
Hedgerows.
Fertilization.
Traditional and
orchard

Social Benefit

Ecological Benefit

Biocultural value.
Biocultural identity.
Biocultural well-being.
Conservation of
resources.
Spiritual/Religious Local
belief system. ILK.

Shrubland restoration.
Forest restoration. Shrub
and grassland land cover.
Forest land cover.
Rare/Endangered
species.

Rural

Ecological connectivity.

agroforestry.

tradition/heritage.
Aesthetic. Cultural vitality.
Production.

TEK. Biocultural value.
Biocultural diversity.
Biocultural knowledge. Rural
tradition/heritage.
Production.
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93

Short
Reference

Mijatovic´et
al., 2013

Geographic

Global

SES

Agriculture

ID

Level of
Analysis

SES and
Landscape

Tropical
Forest
Landscapes
in India;
Nepal;
Tanzania;
Kenya;
Uganda;
Guatemala;
Bolivia

Direct Drivers

Practices

Social Benefit

Ecological Benefit

Climate
adaptation
resilience.

Ecosystem
management.
Watershed
management.
Habitat
protection.
Reforestation.
Revegetation.
Water harvesting
and irrigation.
Soil
conservation.
Diversification.
Increase diversity
of crop and
resistant
species/varieties.
Intercropping.
Crop calendar
adjustments.
Agroforestry.

SES Resilience.
Adaptability.
Conservationofwater.
Production.

Ecological resilience.
Restoration.

Ecosystem services.
Livelihood.

Relative biodiversity.
Forestlandcover.Forest
structure.

Maintenance of

Legal andPolicy

Forestry

95

Mohammed,
Inoue, &
Shivakoti,
2017

Indirect Drivers

SES

Institutions. Government
and Local collaborative
management. Effective
enforcement.

Production
livelihood
strategy. Equity

forest cover and
connectivity.
Monitoring.
Forest
restoration.
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ID

Short
Reference

Geographic

SES

Level of
Analysis

Indirect Drivers

Direct Drivers

Legal and Policy

Production
livelihood

105
2018

Estonia;
France; the
United
Kingdom;
Germany;
Czech
Republic

Forestry, Pasture and
Agriculture

Portugal;

norms.
Agri-environmental
education.
labelling. Consumer
concern.

Practices

Social Benefit

Ecological Benefit

GHG. Pest and disease.
Fire
Buffer strip

Rural
Aesthetic. Social

Habitat provision.

and access to
lands.
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ANNEX 6: Report on the workshop with INREF FOREFRONT
researchers
REPORT ON THE WORKSHOP:
1.
Research project evaluation of the INREF FOREFRONT program – the
researcher perspective
2.
Verifying People’s Contribution to Nature: synergistic ecological
change in the INREF FOREFRONT program
Meeting of the INREF FOREFRONT researchers
June 2019, Wageningen University and Research, the Netherlands

Introduction
The workshop took place on June 6th 2019 in the Wageningen University and Research, the
Netherlands, organized by Kimberly Merten and Jean Marc Pace Ricci for a MSc. thesis project under
the supervision of Frans Bongers at Forest Ecology and Forest Management (FEM) and Verina Ingram
at Forest and Nature Policy (FNP) chair groups. In total, 7 researchers participated in the workshop.
The workshop offered researchers reflection on the research project (part 1) and general reflections
on the preliminary results of the MSc. thesis titled Verifying People’s Contribution to Nature:
synergistic ecological change in the INREF FOREFRONT program (part 2).

Aim
The expected outcomes of the workshop were:
-

A research project evaluation of the INREF FOREFRRONT program, considering positive
and negative aspects as well as recommendations for interdisciplinary projects of its kind.
- An analysis of the preliminary results regarding the anthropogenic drivers of People’s
Contribution to Nature in terms of synergistic ecological change in the region of Zona da Mata (INREF
FOREFRONT research site)

Structure
The workshop consisted of
I.
Internal weather ice breaker, where one uses weather as a metaphor to explain how you are
feeling today
II.
Constellation exercise whereby the participants physically placed themselves along a
spectrum to answer the following questions
a. Do you consider yourself a social scientist or a natural scientist? (social or natural
along constellation)
b. Do you think that you research within INREF FOREFRONT has a greater impact for
nature or for society? (nature or society along constellation)
c. Are ecosystem services a proxy for healthy and functional ecosystems? (agree or
disagree along constellation)
III.
Circle ‘evaluation of INREF FOREFRONT’
a. Round 1: what was really good about INREF FOREFRONT?
b. Round 2: what was really bad about INREF FOREFRONT?
c. Round 3: suggestions and recommendations for future research projects?
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IV.
V.

VI.

d.
Brief open discussion and clustering exercise of emerging theme.
MSc student presentations elaborating on the theory and results of PCN and synergistic
ecological change
Breakout group sessions to reflect upon the MSc findings
Open discussion moderated with outcomes from constellations and clusters from circle exercise

Report
Part 1: INREF FOREFRONT research project – the researcher perspective
What was ‘good’ about the INREF FOREFRONT research project?
1. Interdisciplinarity
a. INREF FOREFRONT framing fostered researchers to go out of their disciplinary comfort
zone.
2. Transdisciplinarity
a. Long-standing relations among scientist and farmers facilitated cooperation essential for
long-term participatory action research in some research sites. This relates to building on
existing data, relations with positive vibes.

i.e. the importance of ‘relations’:
a. Between researchers;
b. Between researchers and local actors;

“those of use who work with local actors, it’s indispensable to have good relations with them in
order to pursue the research, interviews, farms visits, etc.”
c. Between local actors and their environment;
d. Between disciplines.
b. Solidarity among the efforts of different scientists, countries and political ideas to work
together towards common goals.
3. Support and encouragement to choose topics, shows trust from supervisors and gives freedom
to researcher
4. In most cases where researchers had study-site partners, researchers supported each other
both emotionally and through the sharing of resources – which was essential in some cases.
a. “For me the INREF FOREFRONT project has been great because it has tried to deal with a
real-life problem which is the transformation of the forest to other uses, which is a problem
that is faced in many parts of the world and it’s of outmost importance. More projects like
this one should be undertaken to tackle with social-ecological problems that affect both
communities as well as the environment.”

What was ‘bad’ about the INREF FOREFRONT project?
1. The link to ensure collaboration among research sites and research was lacking.
a. No long-term/institutional plan for collaboration among sites and researchers:
i. A lack of explicit resource and time allocation for collaboration between researchers
throughout and within the sites;
1. Core to the INREF FOREFRONT program and required for the funding
b. Researchers lacked the overview of the research project

i. Supervisors were given resources to travel among sites, researchers were not
granted such funds when they asked
ii. Supervisors who knew the overview did not guide collaboration between
researchers sufficiently
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“In the Lacandona case I believe we were not able to reach the objective of doing truly socialecological work between the PhD students. The idea was that at least the two students hired by
Wageningen (first with Eduardo and then with Rocio and myself) would work together to produce
research about land-use/land-cover change and soils degradation in the Lacandona. To this end,
the initial idea was that Eduardo/Rocio would do the ecological studies and I would do the social
part, but work together with the same communities and farmers, so that we could get the social
and ecological information necessary to link the data and produce a truly interdisciplinary and
social-ecological research. Unfortunately, this couldn’t be achieved.”
2. Benefit-sharing and communicating generated knowledge with farmers was (and is) difficult in both
sites and lacking in Mexico.
a. Communication has generally been an individual effort and was not sufficiently
institutionally supported by the program;
b. On-going process rooted in lasting interactions is necessary but lacking. Dependent on
relationships between local institutions and (action) research agenda in the sites (UFV, Ecosur,
IIES). Mexico research sites would have benefited from learning the Brazilian approach to
action research, enabling sites to establish a strong trajectory in action research. This may be
due to supervisors not realizing the fundamental differences in approaches between Brazil
and Mexico. A workshop after collecting data is not enough.
c. INREF FOREFRONT’s intention was to enact action research through a socialization of results
and through PhD collaboration. The socialization of results via social actor interaction was
inhibited as there was no explicit resource (money, time, people) allocation for this, as a core
part of the program. Additionally, the postdoc position (La Sepultura) that was going to carry
out this work was not carried out due to funding issues.
d. Core to the INREF FOREFRONT program and required for the funding;
e. On-going process and total overview in the end was lacking.
f. Research communication and farmer interactions is an ongoing process, not just at the endthis is not sufficiently taken care of
3. Dominant power relations and imbalances
a. Colonial relationships between Brazil and the Netherlands clearly reflected in program
i. On the one hand, MSc students are paying Wageningen tuition fees when they are
in Brazil (not paying in Brazil)
ii. On the other, Brazilian students, who do a project in WUR have to be enrolled in
university which involves costs, or else pay bench fees if they come as a researcher
iii. Institutional imbalance
1. All researchers have to defend in Wageningen even while being partly fully
funded by Brazil.
2. INREF: Need to re-calibrate the distribution and availability of funding
a. 4000eur for field work per year is not enough
b. Non-WUR researchers have less money to do the same work
demanded by the INREF FOREFRONT research project
b. Power imbalances between staff and students (poor mobility for researchers hindering
collaboration)
4. Research tends to diverge from the core rationale and objectives of the INREF FOREFRONT program
to pursue personal agendas
5. Narrowing pool of farmers.
a. Too much focus on existing relationships with farmers, not enough on building new ones.
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6. Scientists are not made accountable for their negative societal impacts or a lack of social impacts.
a. Publication bias; we should be documenting our mistakes and failures, there are lessons to
be learnt.

Suggestions?
“Post-docs should be hired to get all the thesis that result from this INREF FOREFRONT program,
analyze them and use the obtained information to implement or create some kind of material
that is useful for the communities that were part of the projects, so that the objectives of the
INREF FOREFRONT program get fully accomplished.”
“For me overall the INREF FOREFRONT project has been great, specially the project proposal.
Perhaps it was a bit ambitious because executing the objectives of the projects, I don’t think it has
been easy to achieve. I still think that there’s potential to continue working on this project for the
longer term to really achieve something more effectively with the communities we worked with.
I believe the master’s phd theses that will come out of this project are just a starting point for
something great.”
“Also, I think that it would be great if we could write collaborative papers but based on my
experience this is not possible while trying to get our own thesis written. There’s not enough time
in 4 years to do your thesis plus collaborative papers, unfortunately.”
“MSc students (that PhD students are supposed to supervise) benefited better from being sent at
later stages during PhD research, because relations with local actors were already established
and supervisors during fieldwork (PhD students) knew already the landscape characteristics as
well as research needs and could better perform supervision tasks.”
“If a program is aiming to action research or looking for local impact (beyond stakeholders´
interactions (which is a beginning but does not include everything) in the sites, there should be a
plan/system that can support it beyond PhD/Postdoc research periods.”
“When planning an interdisciplinary-transdisciplinary program, its objectives and goals would
benefit better from an early feedback from the communities in the research sites (this could be
carried out by supervisors from host institutions). People would talk about their needs and early
match with PhD/postdoc research could be envisioned.”
Final reflections
Moving beyond interdisciplinarity to transdisciplinarity through collaboration and
participatory processes
“Research program to allow collaborations and interdisciplinarity”
“Interdisciplinarity? Transdisciplinary? Compromise what got left out / at what cost / sacrifice”
“Interdisciplinarity and transdisciplinarity (beyond science and work towards personal relations”
“Interdisciplinarity and collaboration were crucial for the program”
“Relations are more important than arrows”
-

Can be positive / negative, direction is not important

“What is necessary to support researchers to go back to farmers?”
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“Feedback is continuous for effective co-learning – communication with farmers and building
relationships”
“Constantly-periodically socializing results”
“Ongoing development of conceptual approach by PhDs / researchers”
“Difference in historical involvement of society among research sites. Strong in Brazil, weaker in
Mexico. We should not expect that we can bridge all these gaps within a few years. There is a
gradient and norms (moral) of involvement, and in some case it is not yet the norm to give back
to the community”
“More time should be allocated to meet among researchers (at an early stage, during and after)
à should be institutionalized … finds ways to facilitate the allocation of time and money”
The trade-offs
“We think and we aim at interdisciplinarity but it’s hard to achieve, strong conceptual
convergences in individual projects.”
“Interdisciplinarity is easy when we are similar but not when we are different”
“INREF FOREFRONT is a young interdisciplinary project”
“Trade-offs and tensions between disciplinary innovation for scientific impact and
interdisciplinary innovation for local impact. This should be considered when evaluating PhDs”
“The researchers feel that there is a compromise that has to be made between the number of
publications a PhD researcher can finish and the time, energy and resources needed to the
relations with local actors, in order to carry out action research. If the intention is to co-develop
and co-change local realities (as stipulated in the proposals) then this may have to come at the
expense of publishing. This should be considered when institutions such as INREF embark on
interdisciplinary action research as in the end they will be evaluated by the resulting publications
and not the socialisation of results.”
“Synergies; interdisciplinary project depends on collaboration affected by (power) relations across
scales. Important to ensure a safe space attitude and consider hierarchy (supervisors’ role and
more workshops with only students)”
“Let it go, let it go, just let it go”
“Let it go, your ideas”
“Let go of disciplinary differences”
“Remember me by my friendship. Not by my results. Check ego”
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ANNEX 7: Extracted data for the development of indicators
contextualising the identified typologies
Table 15. Ecological benefits and context from research projects in Zona da Mata

Biodiversity

Outcome
SubTypology
Agrobiodiversity

Forest

Context

Scale

Traditional family farmers as they are likely to be involved in
agroecological transitions hold many peasant characteristics
supportive of agroecology, including high agro-biodiversity.

Farm

Reform of environmental laws may be needed to increase agrobiodiversity in agroecosystems. Policies need to acknowledge
farmers needs and perceptions on native trees. The natural
regeneration of forest patches is related to the importance of the
perception on water conservation.
Forest conservation (presence and conservation of forest patches on
farm) as practices associated with agroecological family farmers and
traditional family farmers

Farm

Landcover

Conventional family farmers are more likely to conserve forest
patches on their farms (than agroecological and traditional farmers)
because they would have acquired land which already had forest
patches on it. Reforestation is difficult for family farmers because of
limited knowledge on restoration strategies and associated benefits
as well as reduced land availability. Environmental laws need to
provide efficient incentives to encourage conservation of forest

andStructure

Function

patches.

Ecological
capital

For all the community of farmers forest was central and perceived to
provide intermediate services.
Forest Transition Phenomena: Forest recovery of the Atlantic Forest
Biome, LULC changes from 1986 to 2015 of forest area increase of
7% from 18 to 24%.
Reforestation can go hand in hand with increase of agricultural
production depending on the socioeconomic pathway.
Peasant farmers are likely to conserve nature as a long-term
investment in the ecological capital of the farm; enabled by the
adoption of agroecological practices (safe-guarding ecological capital
for future generations. This is dependent on the land tenure
arrangement.

Landscape

Farm

Knowledge system

Table 16. Social benefits and context from research projects in Zona da Mata.

Outcome Subtypology

Context

Scale

Co-creation of
agroecological
knowledge

Led by farmers organisations (social unions and NGOs), supported
by a participatory approach and extension services (scientific and
empirical knowledge was combined and extended), and is based
on peasant culture, understanding of ecological processes, species
interactions and relationships between ecosystem structure and
function. Contributes to the development of diversified
agroecosystems, associated ES and food sovereignty.

Farm

Enhanced TAeK

Farm
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-cultural values

Cultural
vitalization
(local culture
valorisation)

Socialcapital

Socio

Being part of a Social movement and a network that brought
together farmers, church-based organisations, local NGOs (CTA),
the Federal University of Vicosa and others. Revaluing traditional
practices and farmers’ own knowledge and resources through onfarm experiments, participatory and peasant-to-peasant learning
exchanges. This is associated with farmers engagement in
agroecology.
Family farmers involved in the agroecology movement resignify
peasant identity and local culture. Reinforced by participation and
organisation in events to celebrate and reinforce local culture.
More prominent in agroecological family farmers.
Critical place-based education and social movements valorize
local peasant culture interwoven with local nature, and traditional
knowledge on sustainable farming practices. Young agroecologists
recognize the importance of traditional knowledge, culture and
social struggles.

Rural
tradition/heritage
(revaluing
traditional
practices)

Livelihoo
d

Food security

Agroecological
transition

Stronger amongst agroecological farmers, reflected higher group
participation and gender equity. May contribute to farmers’
ability to self-organise, claim rights and access to knowledge and
information.
Related to autonomy, associated with peasant characteristics
(landrace seeds, cultivation of diversified home gardens for selfconsumption and rely of family labour) and supportive of
agroecology (indigenous local knowledge, strong community
networks, high agro-biodiversity, conservation of landrace seeds
and food self-sufficiency). Agroecological farmers have higher
food-security, higher agro-biodiversity and social engagement.
Agroecological transition is associated with farmers which differ in
their management strategies, practices and principles, own land
giving farmers more autonomy to manage their farms and are
more interested in conserving ecological capital based on local
and traditional knowledge. A participatory process which started
in the 1970s, which typically has stronger engagements in a social
movement network composed of farmers’ organisations,
universities and NGO, able to generate support from public
policies and funds that recognise and build upon peasant tradition
and knowledge as well as, supporting young farmers. This
transition allowed for the co-creation of knowledge based on
peasant characteristics and contributions from researchers and

Farm

Actor

Farm

Farm

Farm

extension services. Greater potential to provide a wide range of

Production

ES due to higher crop diversity and higher numbers of crops for
self-consumption. Agroecological family farms are at an advanced
stage of agroecological transition associated with high agrobiodiversity, food security and social engagement.
Municipalities which have a strong tradition with coffee
production since the 1970s when the participatory process of
agroecological transition started. Agroecological farmers use
landrace seeds, adopt innovative farming practices, have low
reliance on external inputs (pesticides and chemical fertilizers),
have diversified production systems and consider the benefits of
tress on production for consumption. Additionally, production for
consumption through home gardens (food sovereignty) is more
important for agroecological farmers. Traditional family farmers
have moderate reliance on external inputs in coffee systems.
Conventional family farmers have a strong focus on coffee
production with ‘green revolution technologies’ and as a result

Farm
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Enhanced
autonomy

ES

Direct ES

Intermediate ES

Cultural ES

Health ES

are less diversified with a high reliance on external inputs.
Younger farmers may be more inclined to follow market-oriented
production. All family farmers recognise the importance of: (1)
their social network to acquire larbour, which is a means to
maintain agricultural production, (2) consider water as the most
important aspect for production for both consumption and for the
market and (3) recognise that soil quality influences production.
Coffee and livestock production. Sustainable agricultural
production considers the socio-economic and environmental
developments focused in nature preservation, sustainable
agricultural production, etc. Government credits for investment in
coffee and livestock production by family farmers increased
steadily, amounting to almost 1 billion reais per year in 2015. The
export of coffee increased by approximately 380%.
Agroecological farmers have a high level of autonomy able to
manage their land due to land ownership, a stronger connection
with nature and due to their advanced stage in the agroecological
transition are more interested to conserve the ecological capital
based on local and traditional knowledge. Traditional family
farmers also hold peasant characteristics including the use of
landrace seeds, cultivation of diversified home gardens for selfconsumption and rely on family labour which contributes to their
autonomy and food sovereignty.
Farmers who have access to external knowledge and global
markets, while using local and natural resources in their
productive activities are able to increase their autonomy and
more specifically ‘peasant autonomy’ associated with an affinity,
knowledge and skills to produce items pertaining to peasantry.
Youth achieved financial autonomy when supported by critical
place-based educational initiatives and social movements.
Final services from which humans can directly benefit.
Agroecological and conventional family farmers recognised
significantly more direct ES, and produced more food for home
consumption. Agroecological family farmers had a significantly
higher number of crops than conventional and also more
products.
Regulating and supporting ES which have a mediating function to
generate direct ES. Farmers recognise that intermediate ES can be
influenced (managed) by other factors, and that they exert an
influence on other factors (mostly direct ES) in the system. Soil
quality has the highest centrality score of all intermediate ES
mentioned by all farmer types and is most strongly influence by
pesticides, limestone, manure, plant residues – including tree’s
residues – and water. In turn, soil quality influences both
production for consumption and market. Agroecological farmers
recognised 20 different factors influencing soil quality
(conventional 9). Only agroecological farmers recognize soil cover
and pollination as an intermediate ES. Agroecological farmers and
conventional farmers recognize natural pest control as an
intermediate ES
A type of direct ES. Agroecological and conventional farmers
identified significantly more cultural ES. Most important cultural
ES for the all farmers was autonomy, freedom, lifestyle,
peacefulness, and aesthetics. For agroecological farmers
autonomy was the most central factor of all cultural ES.
Direct ES and intermediate ES that benefit farmers themselves.

Regional

Farm

Actor

Farm

Farm

Farm

Farm
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Carbon
sequestration

Mitigating climate change through the identification of the main
drivers of forest dynamics at local scale and the analysis of future
scenarios can orient local, regional and global decisions aiming to
increase carbon sequestration.

Regional

Table 17. Indirect drivers and context from research projects in Zona da Mata.

Informal institution

Indirect Driver
sub-typology
Communitybased
management

Autonomy

Formal

institution

Legal and Policy
Institutions

Regional
Legislation and
Policy

Context

Scale

Strong reliance on the community of labor represented in all farmers:
conventional, traditional and agroecological. Community-based
farmers is associated with the traditional aspects of peasant farmers.
Community-based management is strengthened by the action of
Grassroots Ecclesial Communities; religious and political organizations
that engage reflection groups. The transition towards agroecology is
strengthened by a strong community network and can manifest at the
community, regional and/or international levels.
Recognized by farmers – particularly by agroecological family farmers
- as the most important cultural ecosystem services for the
community and is perceived as a direct ecosystem service. Intrinsic to
being a farmer and dependent on: (1) owning land and (2) a social
network to acquire labour to maintain agricultural production.
Farming associated with high external inputs such as entrepreneurial
farming is associated with a loss of autonomy, whereas peasant
characteristics held by traditional family farmers contribute to
farmers’ autonomy and food sovereignty.
Institutional changes amongst technological and organizational
changes in food systems are needed for an agroecological transition;
adapting and moving from more conventional to agroecological
practices. Once access to land is ensured, policies which support
agroecological research and the participatory development of
agroecological practices (i.e. extension services to exchange and
acquire knowledge on agroecological farming, while building upon
existing agroecological practices), as well as supporting farmers in
gaining security over land and access to markets in turn advance
agroecology. This requires bottom-up processes to ensure farmers’
participation and representation (including the peasant way of
farming and farmers perceptions) as well as socially accepted policies.
Public policies co-constructed with farmers and environmental laws
are needed to promote agrobiodiversity in agroecosystems and
generate funds. Policies need to incentivize farmers to conserve
native flora and ensure the conservation of ecosystem services; in
combination with extension programs and social activities (including
the landless farmers movements) from the agroecological movement.
The Land Credit Policy and the social movements allowed farmers to
purchase land collectively and gave them access to legal land rights.
These policies need to be secured nationally and internationally to
ensure that the current political context does not infringe on farmers
land rights.
The degree of environmental protection and government measures,
as well as migration from rural landscapes to urban areas and the
creation of Serra do Brigadeiro State Park were the main drivers of
LULC changes. Government measures include credit for farmers as
investments in coffee production and livestock by family farmers
which increased steadily in Zona da Mata.

Farm

Farm

Farm

Farm

Regional
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Environmental
forest protection

Collaborative
partnerships
Social
movements,
NGOs,
researchers and
the state
government

Urban

migration

forces

Market

Mixed institutions

Enforcement

Social network

Social
organisation

Government measures supported by strong environmental protection
through intensive monitoring and surveillance, rural patrols and high
fines (by national environmental agencies) reduced deforestation
rates of the Atlantic Forest Biome by 90% (quantitative indicator for
the effectiveness of forest protection laws). Furthermore, a declining
rural population and public policies for investment in coffee
production and livestock promoted forest recovery in the region.
Intensive monitoring and surveillance, rural patrols and high fines
reduced deforestation rates and is a driver of forest recovery in
Atlantic Forest biome in Zona da Mata.
The establishment of Serra do Brigadeiro State Park is a unique case of
collaboration between social movements, non-governmental
organizations (NGO), researchers and the state government.
Social movements, NGOs, researchers and the state government

Regional

International commodity chains that are aligned with global
consumption drive local land use changes and highlight the complexity
of multi-scale interactions between local and global drivers of LULC.

Regional

Large-scale migration of family farmers from rural areas to urban
centers in the 1980’ and 1990’ across Brazil.

Regional

Engagement with social organizations (church-based organisations,
local NGOs (CTA), the Federal University of Viçosa) allows farmers to
share and access knowledge and supports the agroecological
transition. This movement enables farmers to participate and codesign public policies (Land Credit Policy, the Food Acquisition
Programme and the National School Feeding Program). Participation
(with emphasis on supporting youth farmers) in public policies, access
to credit and ecologically-based extension services enables famers to
access land, while creating local markets and valorising agroecological
products.
The Educação do Campo gave young people the opportunity to
engage with social movements such as the Landless Worker’s
Movement (MST) and the Nation Conference of Bishops in Brazil
(CNBB) (who demanded the establishment of Educação do Campo),
while providing access to critical place-based education on
agroecological practices. The combination of solidarity networks and
social learning brought together NGOs and other institutional and
political actors, which created political platforms for a by youth at
both local and national levels. The emphasis on youth engagement in
the agroecological movement highlights the important role youth play
in resignifying agroecology. Youth engagement has promoted the
inclusion of women, black, indigenous, urban and LGBTs in the
agroecological movement.

Farm

Regional

Regional

Farm

Actor
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Table 18. Direct drivers and context from research projects in Zona da Mata.

Livelihood strategy

Direct Driver subtypology
Transition
toward
agroecology

Context

Scale

Management strategies, practices and principles differ amongst family
farmers. Engagement in social networks made up of farmers’
organisations, universities and NGOs. Higher crop diversity and higher
number of crops for self-consumption is associated with the provision
of a wide range of ecosystem services. Recognise peasant knowledge.
Social movement activities change the dominant discourse on
agriculture and generate support from public policies and funds. The
combination of participatory and quantitative methodologies are
effective in assessing agroecological transitions.
Resignifying agroecology is associated with the repeasantization
represented by youth starting to farm and strengthening peasant
livelihood through the co-production of humans and nature

Farm

Commodity
farming

The production of internationally driven agricultural products.

Regional

Community
management

Strong community networks is an important element needed for the
transition towards agroecology.
Strong reliance on the community of labour represented in all
farmers: conventional, traditional and agroecological. Communitybased farmers is associated with the traditional aspects of peasant
farmers. Community-based management is strengthened by the
action of Grassroots Ecclesial Communities; religious and political
organisations that engage reflection groups. The transition towards
agroecology is strengthened by a strong community network and can
manifest at the community, regional and/or international levels.
Participation in public policies, projects from NGOs (CTA).
Agroecological family farmers were involved in at least one NGO (CTA)
project and between three to four public policies. Most conventional
and traditional family farmers did not participate in NGO projects and
benefited less from public policies. Agroecological farmers have
higher group participation and gender equity in social organizations
(farmers unions, associations and cooperatives). Resulting in greater
social capital which may increase farmers ability to organise
themselves, claim land rights and access knowledge and information;
contributing to the agroecological transition. Participatory processes
increased farmers’ understanding of their future management
choices. Participation indicators for engagement in networks or a
movement (quantitative indicators): number of CTA extension
projects households are engaged in.
Local and traditional knowledge (including indigenous knowledge
systems) related to local ecological processes, conditions and cultural
knowledge, including farmers’ own knowledge (perceptions), values
(intent) and aspirations. Influenced by the social capital (resulting
from engagement with social organisations), contributes to farmers’
access to knowledge and information. Agroecological knowledge is
associated with peasantry, and building upon this knowledge is a
viable strategy for public policies and extension services to support
agroecological transition.

Farm

Critical place-based education enable young farmers to build upon
peasantry knowledge and through the transformation of such
knowledge contribute to agroecological transitions.

Actor

Management strategy

Participatory
processes

Socio -

cultural

Agroecological
knowledge
and
awareness

Critical placebased
education

Actor

Farm

Farm

58
128

TAeK

Perception

Complex
perception of
ES

hy

Demograp

Equity

Importance of
water

Demographic
factors

Related to farmers traditional culture rooted in peasant farming;
traditional knowledge about plants and animals is preserved and put
into practice by home gardens. This is associated with ancestral
knowledge and maintained by women. Social movement revalued
traditional practices and constructed new agroecological practices
through experiments on the farm, participatory research and learning
exchanges from peasantry.
Traditional knowledge is associated with traditional relationships with
nature and local values related to living with nature which are based
on collective labour (exchanging working days without monetary
renumeration). Traditional knowledge on medicinal plants, farming
practices without pesticides. Young agroecologists value traditional
knowledge and associated cultures. Social movements valorise
traditional knowledge, local values and ecologically-based farming
practices through transformative learning processes.
Ecosystem service perception should be considered in strategies
promoting multiple ecosystem services to ensure they are socially
acceptable and transformative. Perceptions include aspirations,
values, beliefs, and functional and structural aspects of the farm
(production and farm size). Supporting, regulating and cultural
ecosystem services are associated with socio-cultural valuing which is
more strongly influenced by the perception of social actors. Peasant
farming and capitalistic farming are associated with contrasting
perceptions of ecosystem services. Public policies need to recognise
the needs and perceptions of farmers in order to be socially accepted
and successful.
Agroecoligical, conventional and traditional family farmers have
different perceptions of agroecosystems and ecosystem services.
Agroecological farmers have a more complex and interconnected
perception of their farm system and is associated with
agroecosystems that are more diversified (crops grown and products
sold) and autonomous. Most cultural ecosystem services including
autonomy, lifestyle and learning from nature are considered intrinsic
to being a farmer.
Water is the most important factor and thus primary ecosystem
services for agroecological and conventional family farmers;
considered to serve society as a whole. Ecological treatment of water
and water conservation practices (fencing water springs, planting
trees on the farm, natural regeneration of forest patches, reducing
pesticide use and improving soil quality) need to be enshrined in
programs and projects.
Agroecological family farmers had higher group participation and
gender equity which leads to greater social capital.
Social movement organizations and activities (including youth
engagement) lead to a broader consideration of social and
environmental justice.
Demographic factors

Farm

Actor

Farm

Farm

Farm

Farm
Actor

Farm
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Rights and
access to land

Agroecology supports social capital which enables farmers to claim
rights, which is needed for farmers to advance the agroecological
transition. Land rights are acquired by farmers through social
arrangements where land is purchased collectively or through the
Land Credit Policy (requiring the participation of farmers, particularly
young farmers) and is supported by the landless movement. The
constant re-affirmation of such policies both nationally and
internationally is needed to ensure that the current governmental
contexts does not infringe upon those rights. Once land rights are
recognized programs should focus on farmers’ access to knowledge
and information regarding agroecological farming.

Farm

Ecosystem management

Table 19. Practices and context from research projects in Zona da Mata.

Practices subtypologies
Forest
conservation

Monitoring and
surveillance

Small-scale
agriculture
Low-intensity

Farming level: Cultivation strategy

Agroecology

Increased
diversity of crops

Low external
inputs

Context

Scale

Family farmers are in most cases not motivated to restore new forest
areas and there are no laws that penalise farmers who undergo
deforestation. This is a matter of reduced land availability and a lack of
knowledge regarding reforestation and its benefits. However,
conventional family farmers who acquire land that already contains
forest are more likely to conserve forest patches on their farms.
Intensive monitoring programs by national environmental agencies
lead to a 90% reduction in the deforestation rate of the Atlantic Forest
biome (1986 – 2015). This is associated with increased surveillance in
rural landscapes, real-time monitoring, high fines and rural patrols.
Hectares

Farm

Low dependency on external agrochemical inputs due to
agroecological practices based on biodiversity and multi-functionality.
Prevalent in agroecological family farmers. Home gardens, mostly
managed by women are mostly managed without external inputs and
supported by ecologically-based processes and resources produced
on-farm.
Food system based on ecologically-based processes that reconcile the
conservation of natural resources and ecosystem services with
improving human well-being. Small-scale, self-sufficient, efficient and
resilient farming systems that surround multi-functionality and
biodiversity-driven processes which reduces the need for external
chemical inputs. Value women, youth and indigenous people’s rights
amongst human rights. Valorise local cultures and traditions and
promote social participation, while agroecological practices can be
technical and are often rooted in context specific ecological and
cultural or traditional knowledge.
Alternative agriculture or low-input farming based on diversified and
ecologically-based farming system. Farming based on care for the land
and people, which resignified the traditional relationship with nature
based on co-production and interconnectedness of human and nature.
Crop diversity. Agroecological farmers had greater crop diversity
which is associated with the provision of multiple ecosystem services.
Land race seeds, use and cultivation of medicinal plants and
intercropping were used by all family farmers to varying degrees and is
rooted in peasantry farming.
Low dependency on external agrochemical inputs due to
agroecological practices based on biodiversity and multi-functionality.
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Agroforestry

Agroforestry

Home garden

Prevalent in agroecological family farmers. Home gardens, mostly
managed by women are mostly managed without external inputs and
supported by ecologically-based processes and resources produced
on-farm.
Associated most closely with agroecological family farmers and
indicative of a more advanced stage of agroecological transition.
Adopted as a practice, among the use of compost and biofertilizers, to
maintain soil fertility.
Agroforestry
Traditional family farmers due to their peasant characteristics
cultivate diversified home gardens for their own consumption;
autonomy and lifestyle. Often managed by women based on ancestral
traditional knowledge and without external chemical inputs.
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