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ABSTRACT. Several examples of community-based natural resource management in Latin American social-ecological systems exist
in which communities control the management of common-pool resources. Understanding community perceptions of the performance
of these systems is essential to involve communities in sustainable management strategies. In this analysis of three areas in Colombia,
Mexico, and Argentina, we analyzed the local perceptions of the social and environmental challenges faced by these social-ecological
systems and how these challenges and drivers affect their resilience. To do this, we combined prospective structural analysis to unravel
stakeholders’ perceptions of each system’s functioning along with network analysis to assess resilience. We identified external variables
as the most influential variables in the Colombian and Argentine cases. In the Mexican case, larger influence is exerted by internal
variables, particularly those linked to the governance system. The case study analysis revealed that the community-based natural resource
management approach needs external support and recognition to work effectively. In the Argentine and Colombian cases, megaprojects
were perceived as controllers with medium or strong influence but low dependence. The use of ancestral knowledge (Colombia), the
history of land use (Mexico), and the history of the artisanal fishery (Argentina) were all perceived as common challenges to community-
based natural resource management. In terms of social-ecological resilience, framed within the three-dimensional model of the adaptive
cycle, all three social-ecological systems were considered to be highly connected and resilient but with different degrees of capacity or
cumulative potential.
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INTRODUCTION
Current effects of human activities on the fundamental processes
that regulate the functions of Earth’s systems, namely, global
change (Steffen et al. 2004), have defined a new geological era
called the Anthropocene (Crutzen and Stoermer 2000, Ellis 2011).
The recognition of this era has fostered the development of
holistic and interdisciplinary approaches to understanding nature
conservation and sustainability. Coupled human-nature systems
are frequently treated as social-ecological systems (SESs), i.e.,
complex adaptive systems with key characteristics such as: (1)
integrated biogeophysical and socio-cultural processes, (2) self-
organization, (3) nonlinear and unpredictable dynamics, (4)
feedback between social and ecological processes, (5) changing
behavior in space (spatial thresholds) and time (time thresholds),
(6) legacy behavioral effects with outcomes at very different time
scales, (7) emergent properties, and (8) the impossibility to
extrapolate the information from one SES to another (Holland
1995, Berkes and Folke 1998, Liu et al. 2007, Du Plessis 2008).
Several theoretical and conceptual frameworks have been
proposed to guide the understanding of linked social and
ecological systems (e.g., Berkes and Folke 1998, Walker et al. 2002,
Anderies et al. 2004, Ostrom 2009, Díaz et al. 2011, Becker 2012).  

Among the aims for a better understanding of SESs is the
adoption of natural resource management systems that allow
their sustainable functioning and the integration of different levels
of governance. Community-based natural resources management
(CBNRM), as a conceptual approach, has evolved since the
mid-1980s as an alternative to top-down strategies in natural

resource management. There is no single definition of CBNRM,
but the core of the concept is the coexistence of people and nature,
as distinct from protectionism and the segregation of people and
nature (Western and Wright 1994). CBNRM is characterized by
local stakeholder involvement, public participation, and
interorganizational collaboration (Tang and Zhao 2011). It
assumes that communities and community-based organizations
closely connected to natural resources are most likely to foster
sustainable resource use and possess the knowledge required to
do so (Blaikie 2006). Accordingly, CBNRM has been often
considered as a suitable approach to govern the commons
(Ostrom 2007), given that it aims to ensure community
participation in decision-making and to integrate community
ideas, local institutions, customary practices, and knowledge
systems. The full incorporation of the community in
management, regulatory, and enforcement processes is likely to
prevent local resistance to conservation measures (Pomeroy 1995,
Borrini-Feyerabend 1996, Barrett et al. 2001, Armitage 2005).
However, even if  the CBRNM approach has attracted
considerable interest in the last few decades (Shackleton et al.
2010) because of its role in conservation strategies worldwide
(Dressler et al. 2010), it is not a panacea (Berkes 2007). For
instance, the institutions, endowments, and rights, as well as the
social actors involved, highly influence CBNRM performance
(Leach et al. 1999).  

To explore the CBNRM management within a SES, we addressed
the later as “a structure composed of a common-pool resource,
its users and an associated governance system” (Janssen and
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Anderies 2007:44). Given that the understanding of SES
functioning is still limited, fragmented, and uncertain (Kates et
al. 2001, Ives and Carpenter 2007, Bettencourt and Kaur 2011,
Cumming et al. 2013), we address this knowledge gap by eliciting
and analyzing the social perceptions of three SESs managed
under CBNRM and the social and environmental challenges they
face. Understanding the perceptions of natural resources
dynamics, challenges, and crises in SESs are often decisive factors
that influence the involvement of local communities in
management and the emergence of local rules for sustainable
resource use (Siar et al. 1992, Pomeroy et al. 2001, Ferse et al.
2010).  

To examine the complexity of the elements and interactions
present in a system and identify which key variables could
determine the system’s current and future conditions, we applied
a participatory prospective technique that helps embracing
complexity and analyzing current and future factors in a
systematic way (Godet 1994, European Commission 2014).
Prospective structural analysis (PSA) is a methodological tool
included in the group of scenario-building methods, “la
prospective” (Godet 1986), that contributes to strategic
management, helps coping with uncertainty, and provides
alternative perspectives in the face of challenges. Strategic
foresight methods were initially designed to support public
institutions in regional development, i.e., regional foresight (Kelly
et al. 2004, Stratigea and Papadopoulou 2013), but have also been
extensively used by the private sector, i.e., corporate foresight
(Lafourcade and Chapuy 2000, Benassouli and Monti 2005,
Chapuy and Gros 2010).  

Given the complexity of SESs and of the human and natural
discrete and heterogeneous elements that are connected by
different types of interactions, links (e.g., causality or
dependence), and flows (e.g., information, energy, or materials),
SESs have been conceptualized as social-ecological networks
(Janssen et al. 2006, Bodin and Tengö 2012). The universality of
the network topography has allowed researchers from different
disciplines to embrace network theory as a common paradigm
(Barabási 2009), including social-ecological networks, of which
properties can be analyzed quantitatively through network theory
(Gonzalès and Parrott 2012). Increasing numbers of scientists are
devoting efforts toward assessing the sustainability of SESs using
network analysis (NA), i.e., metrics from network theory
(Gonzalès and Parrot 2012). Networks were first studied by social
scientists to understand the structure of communities (Borgatti
et al. 2009), but have also been used by natural scientists interested,
for example, in food webs (Tylianakis et al. 2007). NA also has
been applied to the study of CBNRM. For instance, Bodin and
Crona (2009) and Marín and Gelcich (2012) applied NA in SESs
to study the role played by social capital in the management of
fisheries at a community level in Kenya and Chile, respectively.
Cumming et al. (2010) argued for the potential and challenges of
NA in conservation biogeography. However, to our knowledge,
no study has yet applied NA to a social-ecological network, within
a CBRNM context, with different types of nodes (e.g., social,
environmental, institutional), which has been pointed to as a
challenge: “Can node attributes be used to link social and
ecological aspects of the same system?” (Cumming et al.
2010:417).  

Understanding the variables and links that constitute a social-
ecological network is therefore critical to analyze the network’s
social-ecological sustainability and resilience, i.e., the degree of
disturbance the system can absorb before changing to another
stable regime that is controlled by a different set of variables
organized in a different structure (Holling 1973). Social-
ecological networks change and adapt over time according to their
resilience, so a SES’s sustainability depends on its capacity to
assume different degrees of uncertainty and to face disturbances
without losing its self-organizing capacity and the regulating
mechanisms that determine its structure and functioning (e.g.,
Carpenter and Gunderson 2001, Folke et al. 2002, Gunderson
and Holling 2002, Folke 2006). However, given that resilience is
difficult to assess and the concept is difficult to translate into clear
and measurable system variables, “in cases where a SES can be
represented as a network, NA may provide tools to measure
certain structural characteristics relevant to the system’s
resilience” (Gonzalès and Parrot 2012:79). Ostrom (2009) states
that the application of a network approach to ecosystems provides
a conceptual framework for assessing the consequences of
perturbations at the community level. The study of networks can
enable anticipation of change, provide early warning, and enable
faster response to change (McCulloh and Carley 2008). In this
sense, NA might be a useful heuristic framework, given that it
requires few data but allows critical parts of the network to be
identified (Bunn et al. 2000, Urban and Keitt 2001, Zetterberg et
al. 2010). We integrated PSA with NA of the three social-
ecological networks, integrated by social and ecological nodes, to
explore the relation of the network metrics with the SESs’
resilience.  

Our main objective was to explore the local perceptions of the
social-ecological dynamics in three SESs with different types of
CBNRM in Latin America using PSA and NA. In particular, we:
(1) identify the key variables influencing the dynamics of the SESs,
(2) explore the influence and dependence of these key variables,
(3) compare the three systems under Ostrom’s (2009) framework
by examining different and similar patterns, (4) zoom into the
social-ecological networks and describe the roles played by the
key variables as well as the feedback loops that occur among them,
and (5) reflect on the resilience of the SESs (Appendix 1). The
three case studies are based in Colombia, Mexico, and Argentina.

CASE STUDIES
The outcomes presented here are part of broader research aiming
to identify sustainable community-based governance models in
the management of environmental challenges. The case studies
were selected because they present a gradient of interesting
strategies of CBNRM in the face of environmental challenges
considered representative of the region. The case studies examine
water and biodiversity management for a Council of Black
Communities in the Colombian Pacific, forest management for a
community in the Mexican Sierra of Oaxaca, and marine and
coastal area management for the Argentine Bahia Blanca Estuary
and its adjacent coast (see http://www.comet-la.eu for more
information).

Colombia case study
The selected SES corresponds to the collective territory of the
Bajo Calima Community Council (Fig. 1, Table 1), located in the
biogeographic region of Chocó, a biodiversity hot-spot
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