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Abstract 
 

The social-ecological systems framework (SESF) was proposed by Elinor Ostrom in 2007 as a 

diagnostic tool to examine what influences collective action in the commons by identifying the 

social and ecological variables which interact and shape sustainability outcomes. It has now been 

more than 10 years since the SESF was first published, providing an opportunity to reflect on its 

proclaimed usefulness. Ostrom stated that the framework could be a diagnostic tool for empirical 

research, facilitate cross-case comparisons with a common set of variables, and among other uses, 

act as a communication tool for interdisciplinary science. Many have since cited the framework 

as a useful conceptual tool. However, substantially less literature has applied the framework 

empirically or examined the methodological challenges for using the framework in the ways 

Ostrom envisioned above. Rigorous exploration and analysis of the different methods and 

challenges for applying the framework and its conceptual development are largely absent in the 

literature, but are very much needed to guide future progress. I argue that a primary barrier for 

future research using the framework is a lack of knowledge on different methods and challenges 

for applying it. This thesis is a compilation of eight research articles aimed at building this 

knowledge. In the articles I explore different concepts and methods to continue building a 

research program with the SESF. The thesis is split into four parts. In Part 1: Introduction, I 

provide an overview of Elinor Ostrom’s research and commons scholarship, and argue that the 

development of new interdisciplinary methodologies have been an essential feature of past 

progress and thus need to be an equally integral feature the SESF’s progress. In Part 2: Context 

and Concepts, I present a review article on the field of tropical marine science, to situate the 

empirical research context of this thesis. Two articles then explore conceptual development of the 

SESF, linking the framework to the closely associated concepts of ecosystem services and 

sustainability science. In Part 3: Empirical Research, the core of this thesis is presented in four 

articles. Each of the four applies the SESF in a different way in three small-scale fisheries cases 

and one pond aquaculture case. All cases are located in the coastal tropics. Finally, in Part 4: 

Synthesis and Conclusions, I provide an article which reviews all the existing literature applying 

the SESF to orient the contributions of this thesis. This then provides a platform to present and 

discuss the lessons learned from my empirical research and from the literature. This is followed 

by separate sections, outside the articles, discussing limitations and overall conclusions. The 

larger picture of this thesis, I argue, is that we have inherited the SESF, a research tool than can 

help us find the conditions, interactions and outcomes that better enable more effective 

cooperation and governance for sustainability. We can look to the history of commons 

scholarship to understand how the evolution of theory and methods that led to the development of 

the SESF can motivate the same curiosity and rigor for its continued use and development. I 

conclude that there are many potential parallel uses and development pathways for the SESF, and 

provide reflection on the current barriers and continuing challenges. 
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Introduction 
 

 

“The idea of a fixed method that contains firm, unchanging and absolutely binding principles for 

conducting the business of science meets considerable difficulty when confronted with the results 

of historical research.” 

Paul Feyerabend, 1975. 

Against Method (page 23) 

 

Methods are a central feature of science, the foundation for how we observe, measure and analyze 

the world. Methods provide the building blocks, they derive the inputs (i.e. data) and generate the 

outputs (i.e. analysis), to support the development of theory. Theory building is arguably the 

primary goal of normal scientific paradigms (Kuhn 1962), to find more robust and generalizable 

explanations of how the world works. However, it must be recognized that theoretical 

development is dependent on the building blocks of methods. Thus, the development of methods 

to improve data collection and analysis is a necessary foundation for the development of theory, 

and ultimately the progression of science as a whole. 

As Feyerabend  stated above, scientific methods are constantly evolving, and in fact need to 

evolve to progress science (Feyerabend 1975). The quote inspires reflection on the idea that 

scientific methods require constant critique, debate and evolution. Feyerabend argues that this has 

been a core tenet to scientific progress, especially with hindsight over the history of science. 

Much of what we now consider as the great leaps in scientific progress, were, with hindsight, 

initiated by challenging the well accepted and normalized dogmatisms of the time with new ideas. 

New ideas lead to new hypotheses, and often the necessity for new and combined methods to 

explore them empirically. Feyerabend argued adamantly for this point, supporting the notion of 

pluralism as a fundamental feature of scientific progress. He argued that multiple new ideas, 

methods and theories should co-exist to challenge those which are well accepted. From this 

perspective, he could be considered an epistemological anarchist (Preston 2016), as he largely 

provided antagonistic writings to challenge and engage with other influential science 

philosophers on the topics of falsification (Popper 1959), research programs (Lakatos 1978) and 

normal scientific progression (Kuhn 1962). 

Aside from revisiting the philosophy of science, the reason I recall these foundational debates is 

to motivate some reflection on what has been done before in science, how we got to where we are 

now and what the next steps forward may be. In particular, to reflect on the role of 

methodological evolution within specific fields. In section 1.1 below, ‘Inheriting the social-

ecological systems framework (SESF)’, I provide a detailed account of this evolution within one 

particular field, commons scholarship. This is the primary field this thesis is rooted in. The story 

above is linked to the story below. In both we can reflect on the role that challenging established 

ideas with new ones has had on the development of new hypotheses, and how this has inspired 
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new lines of inquiry leading to the development of new concepts and the necessity to integrate 

and develop new methods to progress theory. 

While only the story of commons scholarship is presented below, which is the most relevant story 

for this thesis; it represents a broader trend and story in the evolution of science occurring today. 

Scientific progress is now more than ever being motivated in large part by the external forces of a 

changing world. New questions are emerging about how and why the world is changing, and 

what we can do about it. The question of how science will evolve to answer these questions has 

become a central theme within current discourse. Worldwide trends in social and environmental 

change (Steffen et al. 2015a) are challenging science to develop new concepts and methods to 

support theory building that can help explain what is changing and why. This evolution is not 

only about developing new methods, but also about finding ways to integrate and combine 

existing methods (Poteete et al. 2010). 

Ultimately, many argue, current scientific progress should be founded on a normative goal, the 

goal that knowledge ought to inform a societal transition towards sustainability (Gibson 2006, 

Jerneck et al. 2010, Spangenberg 2011, Hicks et al. 2016). This task, and the evolution of 

methods to continue building theory in science, has manifested into discourse arguing for more 

integrated approaches (Miller et al. 2008, Poteete et al. 2010, Markus et al. 2017). This more 

proximate discourse argues for scientific progress through multi- and inter-disciplinarity, bridging 

historically separated fields and disciplines. Multi- and inter-disciplinarity are founded on the 

idea of integration and the co-evolution of methods for data collection and analysis, and 

ultimately joint theory building (Poteete et al. 2010, Cox et al. 2016). Combining previously 

separated concepts and methods can help better explain how and why our world is changing, 

since it is changing in an integrated way (Liu et al. 2015). Progress is needed that moves beyond 

the aggregation of separate disciplinary contributions, towards progress that manifests new and 

previously unforeseen scientific contributions through the integration of different knowledge 

across disciplines. Efforts to integrate science are seen, in part, as responses and attempts to 

reconcile and cope with understanding change, and what it means for humanity. It could be said 

that sustainability is something that many scientists are looking for, trying to observe successful 

cases and conditions in the world that can inform others to be more sustainable. For example, 

much of the social science research on sustainability is tasked with identifying the conditions 

which best enable society to cooperate and govern itself (Ostrom 1990, Bodin 2017), and the 

earth system, to create equitable opportunities for human development over time (Steffen et al. 

2015b). 

The evolution of commons scholarship provides an example of one research field that has begun 

this journey to find sustainability over the last few decades. It has done so by examining human 

behavior and cooperation related to natural resource use (Ostrom 1990, Meinzen-Dick et al. 2002, 

Wollenberg et al. 2007, Poteete et al. 2010). It has challenged rational choice theory, which 

suggests inevitable tragedy of the commons (Hardin 1968), and built collective action theory 

(Olson, 1965; Ostrom, 1990), which posits collaboration for sustainability. In doing so, the 

history of commons scholarship demonstrates how new ideas and hypotheses led to the evolution 

of new and integrated methodological approaches (Poteete et al., 2010). This has led to an 
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empirically supported theory of collective action, which is now a critical pillar of social theory 

related to sustainability due to its focus on cooperation and implications for governance (Ostrom 

2009, Bodin 2017). I argue below that this legacy is embedded into the social-ecological systems 

framework (SESF), the central object of examination in this thesis.  

The SESF is a tool that can help us find the appropriate conditions that facilitate cooperation for 

sustainability by guiding observations and analysis of the world in a more nuanced and diagnostic 

way (Ostrom 2007, 2009). We want to find the drivers of success, what works and what doesn’t 

across cases, and use that knowledge to inform places that struggle to achieve sustainability goals. 

However, the SESF is not a methodology itself, it is a conceptual framework. Using it requires a 

detailed and critical exploration into the methods for its application. However, only a few articles 

have done this so far in selected case studies. There has been no comprehensive examination into 

the challenges for applying the framework that has drawn from multiple methodologies applied in 

different ways across multiple case studies. As I show in a review article below, the number of 

articles applying the SESF is increasing, building on previous reviews (McGinnis and Ostrom 

2014, Thiel et al. 2015). This only reiterates the need for critically reflecting on the challenges for 

the framework’s continued application and its usefulness for advancing scientific progress in 

social-ecological systems and sustainability research. 

This thesis advances knowledge in commons scholarship and political science by developing, 

testing and critically examining concepts and methods to apply the social-ecological systems 

framework (SESF) (Ostrom 2007, 2009, McGinnis and Ostrom 2014). The various parts of this 

thesis build on gaps in the literature described above and support the development of my central 

argumentation. I argue that the primary barriers for advancing the proclaimed usefulness of the 

framework, and its continued development, are methodological. There is a lack of knowledge on 

how the SESF can be applied, and for its continued conceptual development. 

Thus, the starting point for this thesis is to develop conceptual, empirical and synthesis research 

that explores a variety of methods and methodological challenges for applying the SESF. All the 

research in this thesis contributes to this goal. Continued conceptual development of the SESF is 

needed to layout a vision for future progress. I explore the potential for integration and co-

evolution with closely associated concepts by building on the history of commons scholarship 

that has brought together traditionally separated ideas. On this foundation, I conduct empirical 

research to further explore how the SESF can actually be applied using different empirical data 

collection and analysis methods. Critical reflection on this research, and on the current literature, 

is provided in a final section of the thesis. I have been guided by the following research questions: 

Research questions (RQ) 

RQ1: How is the SESF situated within, and able to advance, concepts of social-ecological 

systems research and sustainability science? 

RQ2: What are the different types of research that can be done using the SESF? 

RQ3: What data collection and data analysis methods can be used to apply the SESF? 
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RQ4: What are the methodological challenges for applying the SESF? 

RQ5: What considerations and reflections are needed to continue developing the SESF as a useful 

tool for future research? 

To explore these research questions, this thesis is divided into four parts. Part 1 presents the 

history of commons scholarship, where I argue the necessity for its continuation through the 

SESF. This includes the framework’s theoretical foundations in collective action theory and 

social-ecological systems (SES) research. I then outline the need for research in tropical marine 

science with a focus on small-scale fisheries and pond aquaculture as case studies. I argue that 

this context is relevant for continued commons scholarship and provides a suitable context to 

apply the SESF in a way that generates knowledge with generalizable conclusions. At the end of 

Part 1 I explain the research design of the thesis as well as the reasoning behind each article. I use 

this section to explain the contributions of each to the overall goal of the thesis and how they 

relate to each other. 

Part 2 contains three articles, the first of which provides a review of the tropical marine science 

context. The second two articles explore potential conceptual development trajectories for the 

SESF. Part 3 presents four articles applying the SESF empirically, each manuscript applying the 

framework with a different methodology. In Part 4, the final section of the thesis, I present one 

article that provides a comprehensive review of the different methods for applying the SESF from 

the existing literature. The article provides a critical reflection on the methodological challenges 

and future development of the framework, acting in part as a conclusion and reflection article 

from the empirical research in Part 3. I conclude Part 4 with a brief chapter on the challenges and 

limitations of the thesis and a succinct conclusion related to each research question presented 

above. 

Inheriting the social-ecological systems framework (SESF) 
 

“If political scientists do not have an empirically grounded theory of collective action, then we 

are hand-waving at our central questions. I am afraid that we do a lot of hand-waving.” 

Elinor Ostrom, 1998.  

A Behavioral Approach to the Rational Choice Theory of Collective Action (page 1) 

 

Initiated in large part by her book Governing the Commons (1990), Elinor Ostrom and her many 

colleagues began accumulating empirical evidence on the variables and types of institutional 

arrangements which were most likely to influence the ability of actors to work together and solve 

social dilemmas (Box 1). Social dilemmas occur in many facets of society but are particularly 

problematic within common-pool resource (CPR) systems (e.g. fisheries, forestry, water 

management) and public goods (e.g. public infrastructure, environmental health). CPRs are the 

empirical focus of Governing the Commons and are characterized by high rivalry and difficulties 
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with excludability. High rivalry means that each resource extracted leaves less for others, and 

excludability refers to the ability to exclude other actors from extracting a resource (Ostrom et al. 

1994). Many environmental resources are CPRs, and many environmental governance challenges 

occur due to difficulties with resolving social dilemmas in CPR systems.  

The difficulties for governing CPR systems have been historically theorized assuming certain 

fundamental characteristics about individual and group behavior (Ostrom 1998). Individuals were 

assumed to be maximizing rational actors, where a ‘rational choice’ was to maximize the 

extraction of resources for individual gains (Ostrom et al. 1994). In contrast, the interest of the 

group would be to sustain the long term availability of resources. Under this theoretical scenario, 

a social dilemma manifests that can lead to the overexploitation of environmental resources, 

catalyzed by conditions of high rivalry and low excludability. CPR theory helps to unpack some 

foundational reasons leading to overexploitation and degradation. Using rational choice theory to 

examine the use of CPRs, it is predicted that actors are unable to solve social dilemmas. 

Individual rational interests to maximize personal gains (i.e. harvest as much as possible) will 

collectively undermine the overall group goals (Schlager 2004). Non-maximizing behavior, from 

an individual perspective, would be ‘irrational’. 

Box 1. Social dilemmas 

“Social dilemmas occur whenever individuals in interdependent situations face choices in which the 

maximization of short-term self-interest yields outcomes leaving all participants worse off than feasible 

alternatives” (Ostrom, 1998, p. 1). Social dilemmas are frequent in many aspects of life. In common-

pool resource (CPR) systems, a type of social dilemma called an ‘appropriation dilemma’ exemplifies 

the challenge of aligning individual and group interests. Appropriation generally refers to the 

distribution of resources (e.g. the number of fish) among actors who are extracting. For example, every 

fish extracted reduces the amount available to other fishers (high rivalry), and it is difficult to exclude 

other fishers from extracting (excludability problem). Solving appropriation dilemmas requires finding 

ways to distribute resources among actors who are extracting in a way that does not undermine the 

interest of all actors to maintain equitable and long-term resource availability. A second dilemma is 

referred to as a ‘provision dilemma’, where all actors benefit when a good is maintained or provided by 

the group, but the incentive of any individual to contribute is low or costly because they can otherwise 

receive the good for free from the contributions of others, without contributing themselves. For 

example, maintaining a healthy environment (e.g. mitigating pollution) or the maintenance of publicly 

used infrastructure are provision dilemmas. If all individuals follow their individual interest, then the 

good is not provided/ maintained or under-provided/ maintained, undermining the group interest 

(Ostrom, 1998). Ultimately both dilemmas can be referred to as collective action problems because 

people need to cooperate to solve them. The difference is that an ‘appropriation dilemma’ refers to who 

takes resources and a ‘provision dilemma’ refers to who contributes to providing a resource. 

 

In the mid-20th century, there was an impending urgency to advance knowledge on natural 

resource governance that was catalyzed by worldwide trends in the overexploitation and 

degradation of resources during the period of the Great Acceleration (Steffen et al. 2015a). 

Starting in the 1950’s, the Great Acceleration brought substantial gains for human development 

through large investments in industry, science and technology. However, it also brought 
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recognition that natural resources were not inexhaustible, and that few effective management 

solutions for environmental resources existed at the time (Meadows et al. 1972). 

Environmental governance theory, at the time, struggled to explain potential solutions to CPR 

management challenges. Environmental governance theory is founded on the central questions for 

political science which “encompass all efforts to understand the institutional foundation for 

governance, specifically involving efforts to relate philosophical principles and normative 

values...in real-world political institutions (McGinnis 2011b), p.170.” In 1968, Garrett Hardin 

wrote a seminal article theorizing potential policy solutions for CPR management to advance 

environmental governance theory. However, Hardin himself was not a political scientist, he was 

an ecologist focused largely on controversial overpopulation issues. However, in his most famous 

writing on environmental governance he made conclusions that CPR dilemmas could only be 

solved by either privatization or through top-down state regulation by imposing strict rules, 

monitoring and enforcement on how resources are used. Hardin concluded that if actors were left 

to use CPRs without any form of privatization or state control, it would lead to an inevitable 

Tragedy of the Commons, a term coined by the title of his article (Hardin 1968).  

Hardin assumed that actors could not overcome social dilemmas on their own, due to the rational 

tendency to maximize their own gains at the expense of the group. However, his conclusions 

were very simple. He asked readers to imagine a common pasture shared by herders whose 

rational self-interest would be to put additional cows on that pasture, especially if no controls for 

excluding users in a growing population existed. With high rivalry in the consumption of grass, 

and difficulties excluding other herders from accessing the common pasture, the ‘rationality’ of 

individuals in the group would lead to overexploitation of the common pasture, undermining the 

group interest of all herders. 

The theoretical conclusions outlined in the Tragedy of the Commons shaped the evolution of 

environmental governance theory and public natural resource management policies in favor of 

privatization and state regulation for the duration of the 20th century, leaving a global legacy of 

centralized command-and-control governance and property rights prescriptions to environmental 

problems in its wake (Ostrom et al. 1999). These were simple and broad spanning solutions, so 

called policy panaceas that could resolve widespread environmental problems. Many CPRs were 

given generic policy prescriptions irrespective of their differences in context, existing local 

institutions for management, or whether local actors were included in decision-making processes. 

Now, with 50 years of hindsight on Hardin’s theories, and in the aftermath of the Great 

Acceleration, it is not difficult to draw conclusions that generic policy prescriptions for 

privatization and state-controlled governance have largely failed to provide sustainable 

environmental governance solutions (Anderies et al. 2007, Ostrom 2007). 

Elinor Ostrom’s Governing the Commons and the subsequent research careers of many commons 

scholars directly challenged Garrett Hardin’s conclusions in the Tragedy of the Commons (1968). 

Numerous researchers (McCay and Acheson 1990, Ostrom 1990, Wade 1994, Baland and 

Platteau 1996) began unpacking Hardin’s underlying assumptions about human behavior in 

relation to resource use, the management of common property and the characteristics of the 

system that were influencing individual decision-making. This research built on early work to 
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theorize collective action solutions (Olson 1965), adding the needed empirical evidence to 

support theory and to move beyond a rational choice model for resource use decision-making. 

With the hindsight outlined above, and largely due to advances in commons scholarship, 

nowadays we view Hardin’s analysis as largely flawed. We see this both in its underlying 

assumptions about what drives human behavior and its failure to account for more complex 

system interactions. 

Ostrom and other commons scholars posited that individuals can work together to solve collective 

problems, and that their ability to do so is largely driven by their institutions (Box 2). Hardin 

assumed that actors using shared resources would not interact, or even communicate with each 

other, and that they would not be able to self-organize the management of resources due to 

assumptions of their ‘rationality’ to maximize or develop mechanisms for excluding people. 

Hardin failed to recognize the role of institutions in guiding resource use behavior. Ostrom’s 

research proposed a theoretical paradigm shift to this logic, setting forth a new direction for 

environmental governance and political theory. She hypothesized the opposite conclusion that 

actors could self-organize and develop community-based management institutions to solve 

collective action problems. 

This hypothesis has been well supported empirically and grown into a theory of collective action, 

which is now an entire research field exploring how societies can work together (Feeny et al. 

1990, Agrawal 2001, Poteete et al. 2010). The need for privatization or state control, neither of 

which were generically effective management solutions on their own, could be challenged with 

community-based governance approaches focused on institutional arrangements for collaboration. 

This research program argues that institutions (Box 2) in these societies evolved to reflect the 

social and ecological system conditions they were embedded in. The better institutions fit the 

system conditions, and are able adapt to them, the more likely they are to lead to sustainable 

human-nature relationships (Folke et al. 2007, Galaz et al. 2008, Epstein et al. 2015). 

Box 2. Institutions 

Institutions are the formal and informal rules that structure society. In the context of commons 

scholarship, institutions are most often referred to in relation to the use and management of 

environmental resources, typically CPRs or public goods (McGinnis 2011b). Formal institutions are 

typically written rules such as laws and regulations, often with formal monitoring and sanctioning 

mechanisms. Formal institutions may include the number of hours in a work week, rules for 

participation in governance processes (e.g. voting), or rules related to resource use (e.g., harvesting 

limits or licensing). Informal institutions are often unwritten but socially mainstreamed ‘rules’ within 

groups such as social and cultural norms. Informal institutions may include religious practices, meal 

times, greeting behavior (e.g. hand-shaking, hugging) and norms for personal expression. What is 

formal or informal may vary between groups (e.g. villages, countries, religious communities). For 

example, wearing specific clothing may be a formal institution in some religious communities, a rule 

that is written down and formally enforced. In other societies, clothing norms are informal parts of 

culture that are not formally enforced but culturally mainstreamed within the group, often due to strong 
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group pressures (Schlüter and Theesfeld 2010). ‘Institutional arrangements’ refers to the combination 

of different formal and informal rules structuring individual and group behavior. The so called ‘rules of 

the game’ (North, 1990). How and why institutions evolve and change within groups is of particular 

interest to environmental management because institutions influence behavior related to resource use, 

cooperation and governance. 

 

Commons scholarship began to examine how self-organized institutions to govern the commons 

evolved and changed, and how this affected the long-term availability of CPRs. Empirical 

research in small-scale CPR systems began to unpack the assumptions that actors were always 

rational in their resource use behavior, using multiple methods to do so. Field and lab 

experiments coupled with qualitative case study methods provided multi-faceted support for 

emerging theories of human behavior relating to how actors cooperate. For example, qualitative 

case studies would identify new variables influencing collective action (e.g. communication 

mechanisms or system predictability) with thick descriptions of their potential role in a complex 

system. Lab work could then design experiments to test the role of that variable in controlled 

settings to examine its influence and interaction effects with other variables. Using multiple 

methods between the lab (i.e. deductive hypothesis testing through controlled experimentation) 

and the field (i.e., inductive exploration of variables and outcomes) ultimately complemented one 

another in building theory. Observing human behavior in the field and then testing exactly what 

affected it in the lab proved to be a useful mixed methodological approach for unpacking the 

assumptions in rational choice theory. As a result, complimentary research began to show that 

actors were bounded in their rationality, acting with incomplete information about how a social or 

ecological system works, or about the implications of their own actions or the actions of others 

(Ostrom 1998). These new advancements in behavioral economic theory largely dispelled the 

notion of the ‘rational actor’. This added layers of complexity to understanding the actual reasons 

why actors made non-maximizing resource use decisions in diverse conditions and contexts. 

Resource use behavior was shown to be linked to institutional arrangements (Box 2), and it was 

demonstrated that institutions structured the behavior of actors in a group. Many actors made 

resource use decisions that did not undermine group interests (Ostrom et al. 1992), for reasons 

linked to culture, social norms, established rules and group enforcement mechanisms. New 

research questions emerged to examine the types of institutional arrangements that were most 

likely to guide actors towards making resource use decisions that did not undermine the group, 

and ultimately themselves, increasing the likelihood that social dilemmas are avoided and 

resource availability is maintained overtime in an equitable way. Subsequently, empirical analysis 

led to the recognition that CPR systems were much more complex than Hardin imagined (Ostrom 

2007, Cole et al. 2014). 

A large and continuing contribution of commons scholarship is the recognition for system 

complexity. As described above, the identification of new variables, i.e., diverse social and 

ecological conditions influencing collective action, began to grow substantially. It soon became 

apparent that many social and ecological conditions influence the formation of institutions, and 
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certain institutional arrangements strongly shaped the behavior of actors and the decisions they 

made about resource use, while others did less so. Furthermore, this process did not just recognize 

the role of individual variables, but that many variables interact with each other interdependently, 

jointly shaping outcomes due to their interactive effects. This included interactions between 

social and ecological variables, eventually suggesting new hypothesis on the interdependent links 

between social and environmental change. 

The webs of nuanced interlinkages between these social and ecological variables broadened the 

understanding of CPRs as complex systems, and suggested that a diverse set of methodological 

tools were needed to analyze the different variables and interactions of such complex systems. It 

was explicitly recognized “that scholars of commons have discovered far more variables that 

potentially affect resource management than is possible to analyze carefully,” (Agrawal 2003), p. 

244. New conceptual frameworks were needed to address the problem of complexity and help 

guide future analysis. New methods were also needed to apply these new frameworks.  

Influential works in early commons scholarship differed in their methods (Agrawal 2003) using 

mostly secondary data (Ostrom 1990), highly localized data (Wade 1994) and reviews of case 

study literature (Baland and Platteau 1996). All identified many variables influencing institutions 

for collective action, creating difficulties for comparing results between cases and assessing 

congruence with lab experiments (Agrawal 2003, Poteete et al. 2010). The use of multiple 

methods to examine new cases needed to be coupled with new methods for data integration and 

comparison. New conceptual and theoretical frameworks were needed to guide further research in 

a cohesive and complementary way. Ultimately new methods were and still are needed to better 

enable the cross-checking of results between different contexts as well as between the field and 

the lab (Agrawal 2003). 

At its core, the foundation of Ostrom’s research program on the commons resulted in substantial 

empirical evidence supporting an overarching interdisciplinary theory of collective action. To do 

this, the research program was using multiple methods and beginning to develop new conceptual 

frameworks to guide the analysis of what are now recognized as complex systems. Ostrom did 

not show that the Tragedy of the Commons was a false threat, it is very much a real one, but she 

showed that cooperative and community-based solutions have been and can continue to be a 

solution for sustainable governance. 

Collective action theory aims to understand the conditions that best enable self-organized 

cooperation. Collective action is now a broad theoretical framework. It brings together the many 

variables that have been shown to have some degree of explanatory power or influence on 

cooperation. Ultimately, “the theory of collective action is the central subject of political 

science,” (Ostrom 1998), p. 1. Ostrom showed that the development of institutions (Box1) is an 

essential condition for sustained cooperation, and that the development of institutions is shaped 

by both social and environmental conditions. In commons scholarship the focus of collective 

action has been primarily placed on cooperation related to natural resource use behavior.  

Collective action hypotheses shifted the paradigm of environmental governance theory away 

from the need for generic models of privatization and state-controlled governance, and placed 
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focus on local actors and context, identifying hindering and enabling conditions that allowed self-

organized institutions to emerge. This was in part in response to increasing observations and 

discussions of state and privatization failures (Acheson 2006, Carothers and Chambers 2012). 

Ostrom’s research and the emergence of collective action theory created a new direction for 

environmental political theory in general. Commons scholars merged the study of individual 

human behavior in behavioral economics with the analysis of group behavior and cooperation 

through the study of institutions, contributing to the field of (new) institutional economics (North 

1990, Klein 2009), an interdisciplinary research field. As a result, the relevant research questions 

began to shift away from improving generalized state regulations and private property 

arrangements, towards better understanding the place-based conditions that affected how local 

actors develop, adapt and change their institutions to govern the commons. This research program 

on collective action aimed to identify how effective institutional arrangements evolved, and how 

findings could help inform governance in other systems that face similar challenges. Under this 

direction, commons scholarship began its legacy as an interdisciplinary field in both political 

science and behavioral economics in the 1990’s (Ostrom 1998). The books Governing the 

Commons (Ostrom 1990) and Institutions, Institutional Change and Economic Performance 

(North 1990) catalyzed this process. 

Commons scholarship has since explored three core research questions: (1) to identify the 

different types of institutional arrangements that exist, (2) to identify the social and ecological 

conditions of a system that influence the formation and performance of institutional arrangements 

and (3) what types of institutional arrangements are sufficient to ensure sustainable governance. 

Governing the Commons presented an in-depth qualitative institutional analysis of how multiple 

commons have been governed historically, beginning to answer the three research questions. 

Ostrom drew on numerous case studies such as the groundwater basin in Los Angeles, California, 

Turkish in-shore fisheries, and Japanese irrigation systems. She argued that building institutions 

to govern common resources sustainably through collective action is not an exception, but a 

historical norm. Self-governance of the commons has occurred in many communities around the 

world, a path that was deviated from in the 20th century with the advent of globalization, 

privatization and strong state-controlled governance regimes dominant throughout Europe and 

North America. Ostrom argued that the self-organized institutional arrangements differ between 

contexts because they evolved to fit local conditions. However, that despite differences, it was 

possible to identify common features among successful institutions across cases. 

Governing the Commons as well as Rules, Games and Common-Pool Resources (Ostrom et al. 

1994) set the stage for future collective action research and institutional analysis by identifying 

numerous social conditions that enabled successful governance outcomes by identifying the 

common features of success across multiple cases. The eight Design Principles (Table 1) were the 

first set of theoretical features of institutions that supported hypotheses about which variables, 

and their conditions, influenced collective action outcomes. Over time the list of variables 

expanded beyond the eight Design Principles to include both social and ecological variables, as 

the initial Design Principles only included social dimensions. However, as recognition for the 

complexity of CPR systems increased with the analysis of more case studies, making 

generalizable causal claims about the relationship of any variable to a collective action outcome 
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became a substantial theoretical challenge. Developing a cohesive theoretical framework 

establishing robust causality was, and still remains, difficult with an increasing number of 

variables and system complexity. Overall, the loss of generalizability becomes a challenge for 

theory when recognition for systems complexity becomes a central feature of empirical analysis. 

Table 1. Design Principles (Ostrom and Cox 2010). 

1a. Clearly defined boundaries: Individuals or households who have rights to withdraw resource units from the 

common-pool resource (CPR) must be clearly defined. 

 

1b. Clearly defined boundaries: The boundaries of the CPR must be well defined. 

 

2a. Congruence between appropriation and provision rules and local conditions: Appropriation rules restricting 

time, place, technology, and/or quantity of resource units are related to local conditions. 

 

2b. Congruence between appropriation and provision rules and local conditions: The benefits obtained by users 

from a CPR, as determined by appropriation rules, are proportional to the amount of inputs required in the form of 

labor, material, or money, as determined by provision rules. 

 

3. Collective-choice arrangements: Most individuals affected by the operational rules can participate in modifying 

the operational rules. 

 

4a. Monitoring: Monitors are present and actively audit CPR conditions and appropriator behavior. 

 

4b. Monitoring: Monitors are accountable to or are the appropriators. 

 

5. Graduated sanctions: Appropriators who violate operational rules are likely to be assessed graduated sanctions 

(depending on the seriousness and context of the offense) by other appropriators, officials accountable to these 

appropriators, or both. 

 

6. Conflict-resolution mechanisms: Appropriators and their officials have rapid access to low-cost local arenas to 

resolve conflicts among appropriators or between appropriators and officials. 

 

7. Minimal recognition of rights to organize: The rights of appropriators to devise their own institutions are not 

challenged by external governmental authorities. 

 

8. Nested enterprises: Appropriation, provision, monitoring, enforcement, conflict resolution, and governance 

activities are organized in multiple layers of nested enterprises. 

 

With the continued recognition for system complexity, and the observation that many variables 

contribute to many different types of interactions among actors, this led to an iterative process of 

developing new frameworks to organize variable interactions and help guide further empirical 

analysis. The Institutional Analysis and Development (IAD) framework (Figure 1) evolved from 

this process. It was one of the first attempts to organize a logical relationship between variables 

influencing how institutions develop, operate and change over time (McGinnis 2011b). The IAD 

framework is one of the first frameworks to recognize the role of biophysical conditions and the 
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local (context dependent) attributes of a community on institutional development and change 

(Ostrom 2005, Ostrom and Cox 2010). The IAD framework focuses on ‘action situations’, the 

social interactions among groups of actors guided by sets of social rules. While the IAD 

framework provided a robust framework to analyze social action situations, there were increasing 

calls for “a more biophysically sophisticated approach” (Ostrom and Cox 2010), p. 6, to equally 

recognize the role of social and ecological variables to advance empirical analysis of institutions 

to improve political theory on environmental management (Agrawal 2003). 

 

 

Figure 1. The Institutional Analysis and Development (IAD) framework (Ostrom and Cox 2010). 

 

The IAD framework enabled some of the first systematized large comparative analysis studies 

using standardized coding forms to examine similarities and differences in institutional 

arrangements and their resulting effects on environmental outcomes (Tang 1992, Shivakoti and 

Ostrom 2002, Poteete and Ostrom 2004, Wollenberg et al. 2007). While the IAD framework was 

useful and provided standardization for comparative analysis, it lacked increasingly recognized 

biophysical dimensions and a broader conceptual framework for including social-ecological 

interactions. The only way to ensure continued comparability of diverse data was to rethink the 

IAD framework to include and conceptualize social-ecological system interactions. 

 

The iterative process of framework development led to the social-ecological systems framework 

(SESF) (Figure 2). The SESF evolved from the research program that started with the Design 

Principles and led to the IAD framework (Ostrom and Cox 2010, Cole et al. 2014). The SESF 

was originally proposed by Ostrom (2007) in a PNAS article titled A diagnostic approach for 

going beyond panaceas and was later expanded in a 2009 Science article titled A General 

Framework for Analyzing the Sustainability of Social-Ecological Systems. These two articles 

presented the SESF as a list of variables that had been empirically identified as influencing the 

formation of institutions through collective action to govern the commons (Table 1). The SESF 

includes a more balanced list of social and ecological variables and a different conceptualization, 
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or ontological structure, than the IAD framework. However, the SESF does not make any 

theoretical claims about the influence of any single variable on outcomes. This bypassed 

difficulty with making a generalizable theoretical framework of collective action that would have 

explanatory power across many cases. However it still recognized that each variable could play a 

role in a complex system, but that that role would differ across contexts. Instead of a theoretical 

framework, the SESF was proposed as a diagnostic tool, a checklist of potentially influential 

variables to consider when examining complex CPR systems. A diagnostic checklist would allow 

researchers to check the variables most influential in a system to examine the role each variable 

plays to find contextually appropriate management solutions. The argument for the SESF was 

framed as an approach that could be used to avoid generic panacea-like governance policies by 

finding solutions tailored to context while also learning from successful cases to build theory 

using the framework’s variables as a template across cases (Ostrom 2007).  

 

 

Figure 2. The first-tier variables of the SESF, conceptualized as an interacting system (McGinnis and 

Ostrom 2014). 

 

 

 

 



Part 1: Thesis introduction 

15 

 

Table 2. The SESF first and second-tier variables from McGinnis and Ostrom (2014). 

Social, Economic, and Political Settings (S) 

S1- Economic development. S2- Demographic trends. S3- Political stability. 

S4- Other governance systems. S5- Markets. S6- Media organizations. S7- Technology. 

Resource Systems (RS) 

RS1- Sector (e.g., water, forests, pasture) 

RS2- Clarity of system boundaries 

RS3- Size of resource system 

RS4- Human-constructed facilities 

RS5- Productivity of system 

RS6- Equilibrium properties 

RS7- Predictability of system dynamics 

RS8- Storage characteristics 

RS9- Location 

Governance Systems (GS) 

GS1- Policy area 

GS2- Geographic scale of governance 

GS3- Population 

GS4- Regime type 

GS5- Rule-making organizations 

GS6- Rules-in-use 

GS7- Property-rights systems 

GS8- Repertoire of norms and strategies 

GS9- Network structure 

GS10- Historical continuity 

Resource Units (RU) 

RU1- Resource unit mobility 

RU2- Growth or replacement rate 

RU3- Interaction among resource units 

RU4- Economic value 

RU5- Number of units 

RU6- Distinctive characteristics 

RU7- Spatial and temporal distribution 

  

Actors (A) 

A1- Number of relevant actors 

A2- Socioeconomic attributes 

A3- History or past experiences 

A4- Location 

A5- Leadership/entrepreneurship 

A6- Norms (trust-reciprocity)/ social capital 

A7- Knowledge of SES/mental models 

A8- Importance of resource (dependence) 

A9- Technologies available 

Interactions (I) 

I1- Harvesting 

I2- Information sharing 

I3- Deliberation processes 

I4- Conflicts 

I5- Investment activities 

I6- Lobbying activities 

I7- Self-organizing activities 

I8- Networking activities 

I9- Monitoring activities 

I10- Evaluative activities 

Outcomes (O)  

O1- Social performance measures 

O2- Ecological performance measures 

O3- Externalities to other SESs 

  

  

  

  

  

  

Related Ecosystems (ECO) 

ECO1- Climate patterns ECO2- Pollution patterns ECO3- Flows into and out of SES 

 

The SESF conceptualizes a nested set of variables that interact with each other to shape 

outcomes, and whether those outcomes are sustainable has become a central question (Box 3). 

The link to sustainability and the development of place-based normative values extends research 

aims beyond understanding what influences how people cooperate, but why they cooperate, and 

the normative relating to sustainability they aim to achieve as a group. The processes of how 

goals are conceived, jointly decided upon and implemented are related to institutions. This 

progression towards understanding normative goals of cooperation, and their formation through 

institutions, links the SESF to sustainability research; understanding how institutions manifest 
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normative goals, and whether those goals align the desired outcomes of local people with general 

concepts of sustainability (e.g. sustained and equitable resource availability and social wellbeing).  

 

Box 3. Social-ecological systems (SES) and sustainability 

The SES concept is grounded in systems thinking and the idea that humans and nature interact through 

interdependent relationships. The SES concept gained mainstream recognition in the 1990’s with the 

advent of the ecosystem services concept (Daily 1997) and resilience theory (Berkes et al. 2000, 

Gunderson and Holling 2002). At its core, SES research aims to understand the interdependent linkages 

between social and environmental change, which necessarily encompasses multi- and interdisciplinary 

knowledge contributions. An underlying epistemology of SES research is that what we are trying to 

know about human-nature relationships is if, or how, they can be sustainable. Sustainability itself is a 

multifaceted and normative concept, but SES and sustainability research are closely related fields. 

Much of SES research aims to identify the concepts, pathways, definitions and/or manifestations of 

sustainability in localities around the world.  

 

The SESF, in many ways, is the manifestation of decades of empirical analysis that has shifted 

environmental governance discourse away from generic policy prescriptions and towards place-

based policy development that is tailored to context (Bodin 2017). The analogy of using 

diagnostic tools similar to medical practitioners is often used to describe the necessity of this 

paradigm shift in the social sciences, towards the diagnostic analysis of environmental problems 

(Cox 2011, McGinnis and Ostrom 2014). However, to advance such a research program, new 

research questions arise. These questions are primarily methodological, asking how a complex 

framework like the SESF can continue the legacy of interdisciplinary and mixed-methods 

research by continuing to broaden its analytical scope. The title of Ostrom’s 2009 Science article 

suggests this direction, but this is only foreshadowing, an ideal vision for a future research 

program outlined more than 10 years ago. Decades of commons scholarship led to these 

conclusions, suggesting a shift towards social-ecological systems analysis and sustainability using 

diagnostic tools. However, the current missing pieces are methodological.  

Despite the successes of commons scholarship and a promising vision for a future research 

program, environmental problems linked to human activities remain widespread (Halpern et al. 

2015, O’Neill et al. 2018). The ability of science to contribute knowledge that can inform 

practical solutions remains an ambiguous question. Continued efforts are still needed to continue 

past progress, to fill in the gaps, and to learn by observation and critical reflection. We can start 

by asking, what does successful governance in the 21st century look like? We have shifted from 

Hardin to Ostrom, but where do we go from here? 

The new directions outlined by Ostrom (2007, 2009) require fundamental shifts in research 

practice, but her articles are only a starting point. Directions forward include a shift towards 

broadening the scope of CPR systems analysis towards the analysis of SES. However, there is an 

assumption within this claim, that the variables and interactions identified by collective action 
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theories can be a supporting pillar for building further theories within the SES concept related to 

sustainability outcomes. Although the variables in the SESF have clear roots in collective action 

theory, there are no causal claims between variables and outcomes in the SESF itself. Thus, the 

SESF may be able to provide a template of known variables to build new theories that are partly 

removed from a collective action lens. This is an opportunity for future research. But perhaps 

more significantly, the SESF may be able to provide a bridge between multiple disciplines and 

methods in the field of SES research. The SESF was suggested to be a common language of 

variables and terminology for researchers studying the same systems to compare data from 

different disciplinary perspectives, with the potential to better enable interdisciplinary analysis.  

The extent to which the above claims will manifest remains to be answered. Nonetheless, all of 

the claims about the usefulness of the SESF have a commonality, they require the development 

and testing of the framework using data collection and analysis methods from multiple 

disciplines. However, the development of methodologies to operationalize the SESF has 

challenged scholars, and there is a general lack of methodological exploration in the literature for 

applying the framework which mirrors its widespread notoriety as a useful conceptual tool. As 

examined in review article below, many articles have cited the framework in the literature but far 

fewer have applied it for empirical analysis (Thiel et al. 2015). Of those articles that have applied 

it, even fewer have tested a diverse set of different methodological approaches or have reflected 

on the challenges for future research. 

Given the above reflection, it is important to recognize that the challenges for interdisciplinary 

research are not new to commons scholarship, or unique to the SESF itself. Multiple methods, 

multiple disciplines and multiple theories have historically contributed to the development of the 

SESF. In the 2010 book Working Together: Collective action, the commons and multiple methods 

in practice (Poteete et al. 2010), the authors outline the mixed-method research program which 

guided commons scholarship. The authors outline the necessity of an iterative and collaborative 

research process where researchers from multiple disciplines work together. Robust 

interdisciplinary scholarship in part motivated the decision to award Elinor Ostrom the Nobel 

Prize in Economics in 2009. Reflection on the need for interdisciplinarity is well stated in her 

autobiography on the Nobel Prize website, “The way we organize the modern American 

university fragments our knowledge badly. Not only are we divided by discipline, but we are 

divided by the methods that scholars use (Nobelprize.org).”  

We can draw from the history of commons scholarship e.g., (Ostrom 1990, 2005, Ostrom et al. 

1994, Agrawal 2003, Poteete et al. 2010). Applying the SESF will require the same iterative, 

interdisciplinary and mixed-methods approach going forward. Developing and testing methods 

for integrated social-ecological systems analysis is the next step for applying the framework. 

Overall, we need to explore how the SESF can be applied in new ways and operationalized in 

new contexts to continue the research program outlined in this introduction. Numerous efforts 

have already been made including an updated version of the SESF published posthumously by 

McGinnis and Ostrom in 2014 titled Social-ecological systems framework: initial changes and 

continuing challenges. They provide the framework’s most recent conceptual developments, a 

basis for much of the work presented below (Figure 2; Table 2).  
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The brief history of commons scholarship above leads to the starting point for this thesis. We 

have inherited the SESF. Those of us who are interested now have the opportunity to test, guide 

and experiment with its usefulness and development. I argue that there is no right or wrong way 

forward, only iterative learning and exploration supported by the same rigorous science that was 

demonstrated by those who came before us. This thesis presents a compilation of peer-reviewed 

articles and research manuscripts attempting to make a contribution to this aim. These articles 

explore many dimensions related to the SESF, with a primary focus on exploring its conceptual 

development and testing methods to apply it for empirical research. The context for the empirical 

research is situated within the field of tropical marine science, with case studies examining 

coastal small-scale fisheries and pond aquaculture in Indonesia, Brazil and Costa Rica. 

 

Coastal small-scale fisheries and pond aquaculture in the tropics 
 

Tropical coasts 

 

Tropical coasts contain the highest concentrations of people and biodiversity worldwide. At the 

same time they are some of the most socially and ecologically threatened areas from human-

induced global environmental change (Glaser et al. 2012, Bowen et al. 2013, McKinnon et al. 

2014). Ecologically, this includes terrestrial, coastal and marine ecosystems such as estuaries, 

beaches, seagrass meadows, rivers, coral reefs and mangroves. Socially, this includes numerous 

groups of actors, cultures, institutions and governance systems related to coastal resource use. 

Coastal systems contain a wide variety of resources that can be characterized as common-pool 

resources and public goods. In addition to rivalry and excludability characteristics, coastal 

commons have additional features that make governance difficult (Álvarez-Romero et al. 2011). 

They are situated at the land-sea interface (Pittman and Armitage 2016). Processes on land are 

interacting interdependently with processes in the sea (Glaser et al. 2012). These interdependent 

interactions are both social and ecological, making coastal commons unique and complex social-

ecological systems (Partelow et al. 2018a, Schlüter et al. 2018). Knowledge is needed on both 

systems, and the connections between them, to develop effective governance. 

Small-scale fisheries 
 

Small-scale fisheries provide 90% of the employment and account for 50% of the total fish 

capture in the global fisheries sector (FAO 2015). Small-scale fisheries do not have a universally 

applied definition, but in many tropical or developing countries they can be generally 

characterized by the use of low tech gear, low initial investment barriers, lower catch rates, use of 

non-industrial or artisanal methods, self-employment and all fisheries for subsistence needs. In 

many tropical countries, SSF are a central pillar of wellbeing for coastal communities, providing 

a primary source of food, shaping cultural identity and maintaining an artisanal way of life 

dependent on local natural resources (FAO 2014a). 

Fish are a common-pool resource, and fisheries typify the complex challenges for managing 

CPRs. Every fish caught reduces the amount of fish available to other fishers, and it is difficult to 
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know how many fish are available in the sea to appropriate among fishers in a sustainable and 

equitable way. In addition, it is very difficult to exclude people from fishing. The sea is large and 

difficult to monitor and enforce, even if rules exist. Self-organized institutions to govern fisheries 

face substantial challenges for success (Acheson 2006). Those fisheries which have been able to 

find successful institutional arrangements for governance have often found unique institutional 

solutions compared to other terrestrial commons (McCay and Acheson 1990, Jentoft 2004). Many 

different types of rules for fisheries management have been identified, but typical approaches 

include the assignment of property rights. Property rights can refer to the physical space where an 

individual or group can fish. This is useful for less mobile or non-mobile species like shellfish 

which can be managed territorially. In contrast, property rights can also refer to obtaining the 

right to catch a certain amount of fish within a given space and time frame. This is useful for 

more mobile species like tuna which are difficult to manage spatially, making the total allowable 

catch more important. Property rights can be assigned to individuals in a variety of allocation 

procedures such as creating markets for purchasing or trading them in the case of individual 

transferable quotas (ITQs) or through lineage based systems where they are passed on within 

families.  

Area-based management systems or territorial user rights to fish (TURFs), forms of property 

rights, are a common governance approach in many small-scale fisheries (Christy 1982). Local 

fishers are often assigned or they self-organize the access to physical space, where designated 

groups of fishers have exclusive rights to fish. Typically, additional regulations for fishing apply 

within these areas such as minimum catch size or gear restrictions, but boundaries and access 

rights remain the primary pillar for management. Often such areas are managed by local 

cooperatives or fishing associations, and sometimes in a co-management arrangement with state 

authorities. The small-scale fisheries case studies examined in this thesis, in Brazil and Costa 

Rica, both have area-based co-management arrangements. In both cases, the goal of these areas is 

to grant exclusive access and harvesting rights to a certain groups of fishers and the goals for the 

area include both ecological conservation and social wellbeing targets. However, despite their 

similarities, both have quite different institutional arrangements and face unique challenges for 

long term management success. 

This introduction to small-scale fisheries is continued in the relevant empirical articles below. 

However, it is important to recognize that the characteristics of small-scale fisheries introduced 

above only provide a brief and generalized overview. Small-scale fisheries are highly diverse and 

face myriad of other challenges including pressures from globalization (Kittinger et al. 2013). 

The integration of small-scale fisheries into global markets can be a blessing and a curse. 

Fisheries with well-established institutions for governance may be resilient to change, and may be 

able to benefit from increased market prices that can bring better wages. However, it can also be 

negative. For example, it can bring increased fishing pressure, or increased numbers of migrant 

fishers in an area seeking a livelihood. Unregulated fisheries or fisheries with weak institutions 

can face severe overexploitation in this scenario, under conditions with few alternative livelihood 

opportunities. Climate change is also challenging the resilience of fisheries to cope with both 

fishing pressure and the decreasing stability of environmental conditions. In many coastal areas 

traditionally dependent on wild-catch fishing, aquaculture is becoming a viable alternative. 
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Pond aquaculture 

 

Human use of marine resources has remained in a period of hunting and gathering into the 

modern era. Despite the transition towards agriculture on land more than 10,000 years ago, 

humans are still roving bandits at sea (Berkes et al. 2006). Humans have become so successful at 

hunting marine resources in the wild that a large majority of fisheries worldwide indicate 

substantial if not catastrophic decline (Worm et al. 2009, Pauly and Zeller 2016). Such trends beg 

the question as to when the transition towards controlled fish production through farming will 

replace the current unsustainable efforts to provide seafood to a growing global population.  

In response, aquaculture has been the fastest growing food production sector worldwide over the 

last 15 years (World Bank 2013, FAO 2016). This has led to approximately half of the world's 

seafood supply being currently produced through aquaculture (World Bank 2013, FAO 2014b). 

There are different types of coastal aquaculture, but two main types can be identified: terrestrial 

pond-based systems and ocean-based mariculture (Swann 1992, Huong and Berkes 2011). 

This thesis includes an empirical case study analyzing pond aquaculture as a social-ecological 

system on Lombok, Indonesia. Pond aquaculture can be characterized as a hybrid common-pool 

resource system. Historically, commons scholarship has focused on different types of unique 

systems such as fisheries, forestry and irrigation systems. CPR and collective action theory has 

evolved analyzing these systems independently and comparing them. Pond aquaculture can be 

characterized as a hybrid between fishery and irrigation systems, making them unique case 

studies of a hybrid commons with unique challenges. They have canal infrastructure for water 

distribution similar to irrigation systems but also coastal boundary fluidity and patron-client 

systems, among other features, similar to fisheries. In contrast to small-scale fisheries, which face 

mostly appropriation dilemmas for extraction management, pond aquaculture systems face 

provision dilemmas to maintain infrastructure and water quality. All pond aquaculture farmers 

rely on common water distribution infrastructure, but there are varying incentives to contribute to 

maintaining it depending on the location of a farmer as a head or tail-ender in the water 

distribution system. 

Despite the potential for aquaculture to be a renewable source of fish production that can replace 

wild-catch fishing, the sector faces substantial challenges for sustainability. Coastal aquaculture 

requires intense coastal development processes which often transform the coastal landscape 

physically. It also requires new knowledge to inform institutional change for effective 

governance. While it is evident that these changes are already occurring, not enough is known 

about exactly how aquaculture can lead a transition towards marine and coastal sustainability. 

Aquaculture is becoming a central pillar for the global food economy, but remains understudied 

in both the developed and developing world (Edwards 2015, FAO 2016, Osmundsen and Olsen 

2017). A lack of interdisciplinary literature on aquaculture, particularly on governance and 

institutional change, suggests that the ambiguity of aquaculture’s future is primarily due to 

insufficient knowledge on how these systems function as complex and interdependent social-

ecological systems (Eriksson et al. 2015, Partelow et al. 2018b). 
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Research design and specific contributions 
 

The project supporting this thesis is titled ‘RECODE: Diagnosing and comparing social-

ecological systems’. Empirically, RECODE aimed to apply the SESF within existing regions of 

strategic interest for the Leibniz Centre for Tropical Marine Research (ZMT) in Bremen, 

Germany with the overall goal to advance knowledge on the sustainable use of marine and coastal 

natural resources in tropical countries. ZMT has an interest to revisit its previous case study 

regions and to analyze data in those regions overtime. RECODE and this thesis sought to 

contribute to that aim as much as possible. Within these regions, the focus of research was 

specifically directed to small-scale fisheries and pond aquaculture, which are of high relevance in 

the case study countries: Indonesia, Brazil and Costa Rica. 

To support this research, five master’s (M.Sc.) thesis projects and three collaborative research 

partnerships with universities in the case study countries were established. One M.Sc. student 

each was a part of the case study research in Indonesia (Research 4) and Brazil (Research 5), and 

three students in Costa Rica (Research 6, 7). Each case study applied the SESF in a different way, 

co-designed with the M.Sc. students. 

The thesis is a compilation of eight research articles structured for peer-reviewed academic 

journals, with the addition of two concluding chapters discussing overall limitations and final 

conclusions. The articles and chapters are shown in Table 2. Further below, each article is 

explained in how it relates to addressing the overall research questions. The specific details of the 

research designs are not included in this introductory section, and can be found within each 

article. This section only aims to provide logic to the links between articles, briefly explaining 

how each research is related to the SESF. 

Table 2. Research articles contributing to this thesis, organized by type of contribution and section of the 

thesis. 

Thesis  

Section 

Type Link 

to RQs 

Articles, chapters and authors Status 

Part 2 Review of 

empirical 

context 

-- Research 1 

Stefan Partelow, Achim Schlüter, Henrik von Wehrden, 

Manuel Jänig, and Paula Senff. 2018. “A Sustainability 

Agenda for Tropical Marine Science.” Conservation Letters 

11 (1). doi:10.1111/conl.12351. 

Published 

article 

 

Conceptual 

development 

RQ1 Research 2 

Stefan Partelow. 2016. “Coevolving Ostrom’s Social–

ecological Systems (SES) Framework and Sustainability 

Science: Four Key Co-Benefits.” Sustainability Science 11 

Published 

article 
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(3). Springer Japan: 399–410. doi:10.1007/s11625-015-

0351-3. 

Conceptual 

development 

RQ1 Research 3 

Stefan Partelow and Klara J Winkler. 2016. “Interlinking 

Ecosystem Services and Ostrom’s Framework through 

Orientation in Sustainability Research.” Ecology and Society 

21 (3). doi:10.5751/ES-08524-210327. 

Published  

article  

Part 3 Case study in 

Indonesia 

RQ2 

RQ3 

Research 4 

Stefan Partelow, Paula Senff, Achim Schlüter, Nurliah 

Buhari. 2018. “Operationalizing the social-ecological 

systems framework in pond aquaculture.” International 

Journal of the Commons 12(1):485–518. 

Published 

article 

Case study in 

Brazil 

RQ2 

RQ3 

Research 5 

Stefan Partelow, Marion Glaser, Sofia Solano, Roberta 

Barboza, Achim Schlüter. 2018. “Mangroves, fishers and the 

struggle for adaptive co-management: Applying the social-

ecological systems framework to a Marine Extractive 

Reserve (RESEX) in Brazil.” Ecology and Society. 

Published 

Case study in 

Costa Rica 

RQ2 

RQ3 

Research 6 

Collective action, co-management and small-scale fisheries: 

Applying the social-ecological systems framework to 

compare three Responsible Fishing Areas (AMPRs) in Costa 

Rica 

Isis Chavez, Stefan Partelow 

Article 

draft 

 

Case study in 

Costa Rica 

RQ2 

RQ3 

Research 7 

Transforming a social-ecological systems framework into a 

participatory management and deliberation tool 

Stefan Partelow, Marie Fujitani, Vignesh Soundararajan, 

Achim Schlüter 

Article 

draft 
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Part 4 Review and 

outlook 

RQ4  Research 8 

A review of the social-ecological systems framework: 

Applications, modifications, methods and challenges 

Stefan Partelow 

Article 

draft 

 

 

 

A general point can be made about all of the articles contributing to this thesis; the central topic 

that links them all together is the SESF. I have specifically framed my research around concepts 

and methods for applying the SESF, which I view as the needed foundation for future progress. 

As foreshadowed above, the SESF can be used for different types of research. Research 8 

identifies six ways in which the SESF can be used for research (Table 3). This can be used as a 

template to orient the different ways in which the SESF has been applied and used in the other 

articles of the thesis. I explicitly explore five of the six ways to apply the SESF, with the 

exception of a purely quantitative diagnosis of a case study (Table 3). All other applications are 

explored in further detail below. 

Table 3. Types of research using the SESF (from Research 8) and the contributions from this thesis as a 

whole. 

Six types of research using the SESF Research contributions from this 

thesis 

(1) Mixed method diagnosis or characterization of a case study Research 4 

(2) Qualitative diagnosis or characterization of a case study Research 5 

(3) Quantitative diagnosis or characterization of a case study None (Parts of Research 4 and 6) 

(4) Meta-analysis of the literature Part of Research 1 

(5) Comparative analysis of case studies Research 6 

(6) As a deliberation tool Research 7 
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Research 1: A Sustainability Agenda for Tropical Marine Science  

 

This article provides a systematic review of the literature on tropical and coastal marine science 

research worldwide.  Research 1 uses the general social-ecological systems (SES) concept to 

identify the gaps and trends in the field, setting the stage to orient the empirical contributions in 

Indonesia, Brazil and Costa Rica, and the contextual focus within each case. Overall this research 

review article aims to provide an overview from which the context of this thesis can be evaluated 

in relation to other trends in the research field. 

The results of this review article supports the need for social science contributions in tropical 

marine science. The social sciences have contributed substantially less knowledge to the field 

compared to the natural sciences, despite recognition that environmental problems are driven by 

humans and can only be solved by better understanding governance solutions and human 

behavior. This review article shows that the empirical contributions in this thesis fill important 

social science research gaps in tropical marine science, showing the value of and continued 

necessity for social and social-ecological research in coastal systems to better inform their ability 

to transition towards sustainability. 

This review identifies gaps and trends in the research field and can be used to orient the 

knowledge contribution of the empirical research in this thesis. My case studies in Indonesia, 

Brazil and Costa Rica are located within close proximity to coastal mangrove areas. According to 

our review, social and ecological research within mangrove ecosystems receives far less attention 

than coral reefs, estuaries or lagoons, but mangrove ecosystems are no less vital for livelihoods 

and human welfare. In addition, the research in this thesis is situated in a coastal and near-shore 

context, with focus on near-shore small-scale fisheries and pond aquaculture. Aquaculture, 

despite being the fastest growing food production worldwide for the last decade (FAO, 2016), has 

received far less research focus than conservation or extractive marine activities like fishing. 

Lastly, all case studies are situated within a general development context and include fishers who 

rely heavily on local natural resources, and to some degree, for subsistence consumption. 

Development and subsistence research use has received proportionally less focus in comparison 

to pollution, conservation and commercial resource use. Nonetheless, these case studies also 

relate to commercial resource use substantially. 

 

Research 2: Coevolving Ostrom’s Social–ecological Systems (SES) Framework and 

Sustainability Science: Four Key Co-Benefits 

 

This article is a conceptual article and attempts to argue that the SESF can be a useful tool for 

sustainability science by identifying overlapping goals between the history of commons research 

that led to the SESF and the ambitions of sustainability science. This article presents a broad 

vision for the SESF, a vision that the empirical case studies can only make initial and preliminary 

contributions to. Nonetheless the article sets forth a conceptual development path to continue the 
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tradition of interdisciplinary and integrated research to bring different academic fields together to 

advance sustainability research. Ostrom brought together the fields of political science and 

economics to create a new body of theory examining a collective action hypothesis. Linking two 

fields was arguably a major decision criterion influencing her Nobel Prize in the economic 

sciences, although she was not a traditional economist herself. This article aims to propose the 

potential co-benefits of further linking the SESF and sustainability science as related but mostly 

separate fields, and to initiate some momentum in further conceptual development with the 

framework. Overall, this article is largely exploratory and conceptual. It provides a basis for 

exploring the development of new conceptual and empirical ideas in other parts of this thesis, 

particularly Research 7 which uses the SESF as deliberation tool.  

 

Research 3: Interlinking Ecosystem Services and Ostrom’s Framework through 

Orientation in Sustainability Research 

 

This article explores and attempts to clarify the different epistemological perspectives and types 

of knowledge that have the potential to be generated between conceptual frameworks, or even 

discourses, within the field of social-ecological systems research. To support this argument we 

analyze the similarities and differences between the SESF and the ecosystem services concept. 

While the article takes its own path in exploring these details, its contribution within this thesis 

can be viewed as situating the SESF epistemologically, to be critically reflective on its benefits 

and limitations for generating certain types of knowledge. The SESF is not a panacea conceptual 

framework. Arguably conceptual frameworks like ecosystems services and the SESF are useful 

for structuring entire research programs. However, they can also be restrictive in terms of limiting 

a field to a certain worldview by creating path dependencies in discourse and knowledge 

generation. This article provides critical reflection on how the knowledge generated by applying 

the SESF is situated within specific discourses within SES and sustainability research.. It should 

also inspire new directions for the framework, as exemplified in Research 2 and Research 7. 

Further exploration of the epistemology of the SESF is discussed in Research 8, continuing the 

discussion. 

Similarly to Research 2, this article attempts to explicitly develop a conceptual link and compare 

research fields with similar aims but through different means and histories. Bringing together 

traditionally separated ideas, concepts and conceptual frameworks should be a part of the SESF’s 

future, as much as it was part of its past. 

 

 

 



Part 1: Thesis introduction 

26 

 

Research 4: Operationalizing the social-ecological systems framework in pond 

aquaculture 

 

This article applies the SESF to a case study of pond aquaculture on the island of Lombok, 

Indonesia. The purpose of the article is to test methods for applying the SESF through a mixed-

method and interdisciplinary diagnosis of a case study, and to outline the challenges. We 

demonstrate a diagnostic research approach to identify the variables, develop contextual 

indicators and collect social and ecological data at multiple levels of the system. This study 

largely mirrors the approach taken by Leslie et al., (2015), but aims to apply these methods on a 

local level and in a new context. We use quantitative data collection methods to measure 

biophysical variables and use qualitative data collection methods to measure social variables. Due 

to the heterogeneity of data, we demonstrate how to transform the data into normalized 

quantitative social-ecological scores to compare data (i.e. outcomes) across individual 

aquaculture ponds as distinct units of analysis. Secondly, we use qualitative data to analyze the 

broader social drivers affecting collective action at the community level. Thus the study analyzes 

two units of analysis at different levels of the system. 

Within the methodological framing of this thesis, the overall contribution of Research 4 is a 

demonstration of potential methods and a reflection of the challenges for mixed-method diagnosis 

of a case study, which are applicable beyond the context of the case. The challenges include 

developing appropriate indicators to measure each variable, integrating heterogeneous data, and 

interpreting the results of a mixed-methods analysis across multiple levels of a system. In 

addition, the case study demonstrates how to operationalize the framework in a new context for 

coastal commons research, namely pond aquaculture, which is globally relevant within tropical 

coastal development, food security and mangrove research.  

 

Research 5: Mangroves, fishers, and the struggle for adaptive co-management: 

Applying the social-ecological systems framework to a Marine Extractive Reserve 

(RESEX) in Brazil 

 

This article applies the SESF using qualitative data collection and analysis methods to diagnose a 

case study considering temporal change. Brazil has an institutionally unique type of co-

management arrangement called Extractive Reserves (RESEX). The article focuses on a 

mangrove crab fishery with a RESEX area and analyzes numerous challenges related to its co-

management. The study uses the SESF as a diagnostic tool. A primary methodological 

contribution of the research is how the data is analyzed and presented using the SESF as a 

qualitative coding framework. In this sense, the article explores how the SESF can be used as an 

analytical framework, and not just a conceptual and diagnostic tool. Following from this, the first 

and second-tier variables can also be used to structure the presentation of analyzed data in an 

article, which we demonstrate. In addition, the article focuses on how interactions between 

variables of the SESF can be qualitatively analyzed in a complex system. Many of the variables 
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of the SESF are examined through rich description, with focus on how variables interact to shape 

overall co-management outcomes overtime. 

Research 6: Applying the social-ecological systems framework to compare collective 

action in three small-scale fisheries in Costa Rica 

 

This article conducts a comparative analysis of three case studies using the SESF. One of the 

main claims of the SESF is that it can provide a common set of variables that can be examined 

across cases, better enabling the comparability of data. This article attempts to do this by 

conducting a qualitative comparative analysis of three small-scale fisheries in the Gulf of Nicoya, 

Costa Rica. Each fishery is trying to establish Responsible Fishing Areas through community-

based co-management with state agencies. We use the SESF to show how the fisheries face 

unique challenges due to their local conditions and complexity, and, that despite perceived 

homogeneity in their characteristics and close spatial proximity to each other, they require 

contextualized solutions for management.  

This article demonstrates that the SESF framework can indeed be a useful tool for comparative 

analysis using common variables. However, many methodological challenges exist related to 

defining variables, indicators and the degree of influence each variable has in each case. This 

leaves many difficulties for data comparability. We compared three relatively similar small-scale 

fisheries, but comparing more diverse cases, particularly in different sectors or localities will be 

significantly more challenging and would require a high degree of standardization in definitions, 

data collection and analysis across cases. Many of the lessons learned are derived from this study, 

and from the thesis in general, in Research 8; where they are summarized as ‘methodological 

gaps’ to think about when applying the SESF. 

 

Research 7: Transforming a social-ecological systems framework into a deliberation 

tool 

 

This article develops a new potential use for the SESF. We develop a methodological process to 

transform the SESF into an image-based tool to help facilitate knowledge exchange and to 

support the structure of deliberative processes related to natural resource management. This 

articles presents why it may be useful to think outside-the-box in relation to how we view the 

usefulness of the SESF, and the potential role it could play in applied research, particularly from 

the perspective of sustainability science. This article is foreshadowed in Research 2. 

The SESF (Figure 2) conveys a systems thinking perspective, a checklist of key variables and 

social-ecological interactions in a way that is more understandable for actors in a local context. 

We argue that this method may be generalizable if explored in other settings. The article 

additionally explores field experimental methods to test how to measure the impact this tool has 

on individuals who use it in deliberative settings. Overall, the article shows how the SESF can be 
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a tool for transdisciplinarity and applied research beyond its normally perceived uses. The article 

presents a potential new direction for the SESF which should be further explored beyond this 

proof-of-concept study. 

Research 8: A review of the social-ecological systems framework: Applications, 

modifications, methods and challenges 

 

This article reviews the existing literature applying the SESF. It identifies the different ways in 

which the framework can be applied and then proceeds to discuss the methodological challenges 

related to variable definitions, indicators, data collection methods and analyses. As such, it acts as 

a core part of the methodological conclusions from the literature and the empirical research in this 

thesis. 

This article can be seen as a guidepost for future research and a critical discussion on research 

with the SESF going forward. It provides reflection on the diverse ways in which the empirical 

research in this thesis has applied the SESF in relation to other studies. No other large research 

project, to my knowledge, has attempted to apply the SESF in multiple ways with the purpose to 

examine the more detailed methodological challenges for mixed-method and interdisciplinary 

research. While the discussion section of this article is framed, and of course, part of the review, 

it simultaneously acts as the summary conclusions to the methodological lessons learned from all 

of the empirical research in this thesis. In addition, some of the discussion relates to the broader 

discourse on SES and sustainability research, linking back to topics in Research 2 and 3, as many 

of the methodological challenges are not unique to the SESF. 
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Abstract 

 

Tropical coasts face unprecedented sustainability challenges for advancing human welfare and maintaining 

ecosystem functioning and diversity. These coupled social-ecological processes exist within interdependent 

relationships across multiple levels and scales. Reflection is needed on the knowledge tropical marine 

science generates to advance a research agenda for sustainability. In this article we systematically review 

753 social and natural science articles conducted within the tropical coastal marine sector. Our results are 

organized in five themes. (1) The spatial distribution and disciplinary composition of research is not 

homogeneous across regions. (2) A third of all research lacks a stated problem orientation and coral reefs 

dominate the ecosystem focus. (3) Research is primarily conducted on selected subgroups of levels and 

scales. (4) The social and natural sciences focus on a varying diversity of system processes that indicate 

different degrees of inter- and intra- disciplinary research. (5) Statistically clustered terminology usage 

across all articles indicates that distinct research communities exist across a social to natural science 

gradient. The social and natural sciences generate different types of knowledge associated with terminology 

at different scales. This analysis attempts to provide a guidepost for discussing the challenges and pathways 

forward to progress a sustainability agenda in tropical marine science. 
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Introduction 
 

Tropical coasts contain the highest concentrations of biodiversity and people worldwide (Glaser et al. 2012, 

Bowen et al. 2013, McKinnon et al. 2014). Human populations on tropical coasts experience a high degree 

of dependence on local natural resources, widespread poverty, and face immediate threats from climate 

change including rising seas and increased storm intensity (MEA 2005, Worm et al. 2006, IPCC 2007). 

Simultaneously, ecosystems face reciprocal pressures from increasing resource exploitation, pollution, 

ocean acidification and increasing sea surface temperatures (Halpern et al. 2015, Graham et al. 2015). This 

quagmire of interdependent relationships has shifted the paradigm through which we conceptualize 

sustainability in an interconnected world, to one where people and nature are coupled in social-ecological 

systems (SES)  (Ostrom 2009, Kittinger et al. 2012, Fischer et al. 2015), necessitating a cohesive response 

from both science and society. 

Tropical marine and coastal SES are confounded by contextual complexity at multiple levels and scales 

(Glaser and Glaeser 2014, Leslie et al. 2015). In ecological subsystems, coral reefs, mangroves, seagrasses, 

open seas and estuaries each contain contextually unique functional processes (McMahon et al. 2012, 

Yeakel et al. 2015). Biodiversity supports functional diversity and redundancy for maintaining baseline 

ecosystem functions (Bowen et al. 2013, Mouillot et al. 2014). The resulting ecosystem services sustain 

coupled social-ecological integrity (Arkema et al. 2015). In social subsystems, human behavior and 

institutions shape the provision and appropriation of goods and services (Ostrom 2009, Cinner et al. 2012). 

Institutional prescriptions or collective action typically govern society through formal and informal rules 

(Ostrom 2009, Horan et al. 2011). The coupled outcomes of coastal and marine systems thus result through 

an exchange of social-ecological interdependencies, with interactions occurring simultaneously within and 

across biophysical and socially constructed levels and scales (McGinnis and Ostrom 2014, Leslie et al. 

2015). 

Normative ambitions for tropical marine science propose that knowledge generation should collectively 

advance sustainability (Grorud-Colvert et al. 2010, Cinner et al. 2012, Glaser et al. 2012). The foundations 

of such a sustainability agenda need to recognize place-based challenges, but also commonalities (Ostrom 

2009, Wilcox et al. 2015). Linkages between livelihood security, global markets and rapid natural resource 

exploitation have been coined as pandemic (Berkes et al. 2006, Eriksson et al. 2015). Coastal communities 

and biophysical systems with low resilience thresholds can face sudden and irreversible changes from 

anthropogenic impacts (Graham et al. 2013, Troell et al. 2014). Such systems are often characterized by a 

new social-ecological condition, with rapid biodiversity loss and decreasing livelihood opportunities 

(Worm et al. 2006, Cardinale et al. 2012). In response, achieving sustainable development may require 

reconciling trade-offs between place-based needs and overarching goals (United Nations 2012), 

necessitating a well-informed scientific agenda with operational solutions. 

Towards an agenda for sustainability science 
 

Operationalizing a sustainability agenda for tropical marine science will require the generation and 

integration of diverse knowledge types (Glaser et al. 2012, Leslie et al. 2015), from both science and 

society. In particular, we recognize the role of non-western scientific knowledge in informing sustainability 

agendas such as local ecological and traditional knowledge (Berkes et al. 1995). However, this review 

solely focuses on the state of published scientific knowledge and how it shapes current agendas, but this 

nonetheless presents a challenge to comprehensively examine the diversity of literature across disciplines.  
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Here we aim to inform future agendas in tropical marine science by analyzing existing literature.  

Furthermore, we categorize the knowledge needed to inform sustainability into three types: system, target, 

and transformative (Hadorn et al. 2006, Jerneck et al. 2010, Brandt et al. 2013). System knowledge 

analyzes and describes system functioning. Target knowledge understands how system knowledge passes 

through the interpretations, visions, goals and normative directions of society. Transformative knowledge 

understands how to convey system and target knowledge into practical change mechanisms such as policy, 

education and communication. 

In practice, the need for science is escalated in times of increasing social and environmental change. 

However, the role of science in society is increasingly ambiguous. Without undermining the diversity and 

integrity of scientific practice, structuring an agenda for science to cumulatively advance sustainability 

requires reflection into how and why knowledge is generated (Spangenberg 2011). Communicating how 

knowledge can be oriented to real-world problems and inform practical solutions is recognized as a key 

step for advancing sustainability contributions within and beyond the scientific discourse (Perrings 2007). 

Moving towards a conscious research agenda for sustainability requires examining the agendas that are 

established, why they have evolved in this direction and to propose what is needed to inform a sustainable 

future.  

In this article we systematically examine tropical marine and coastal research from 753 peer-reviewed 

articles across the social and natural sciences. This review aims to provide a guidepost that can orient 

discussion and contribute to reflections on how and why marine and coastal research agendas can advance 

sustainability. To do this we examine knowledge contributions across disciplines and contexts. We outline 

our methods below and present our results quantitatively. Our discussion highlights key gaps and trends in 

the literature, and attempts to provide a starting point for critical discussion including trends in regional 

disparity, the role of problem orientation, multi-dimensional systems, the types of knowledge needed and 

differences between the social and natural sciences.   

Methods 
 

Our systematic literature review draws on established methods (Brandt et al. 2013, Luederitz et al. 2015). 

We assessed 1,995 peer-reviewed articles of potential relevance which were distilled down to 753 articles 

for full review within our scope. Our search string and scope related to peer-reviewed academic literature 

within social, ecological or social-ecological research in the marine and coastal tropics. However, we 

recognize that this review cannot be considered fully exhaustive. Our step-by-step protocol is shown in 

Table 3 (Supplementary material). We distinguish that a case study or the relevant context of the research 

must fall within the Tropical latitudes of 23.5 N and 23.5 S. Articles needed to have a direct connection to 

the marine or coastal environment but could relate to this context through a wide variety of research 

ranging from land-based social research to exclusively marine natural system processes or land-sea 

connectivity across any scientific discipline. 
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Review categories 
 

We defined 13 review categories for data collection (Table 1). Categories follow our research focus and 

draw on existing frameworks, including levels and scales (Cash et al. 2006), research processes (Glaser et 

al. 2012) and knowledge types (Hadorn et al. 2006, Jerneck et al. 2010, Brandt et al. 2013). However, 

classes within each category were defined through a combination of framework definitions and inductive 

assessment during the review process through consensus among coders. If a framework was used as a 

starting point for a category, classes remained inductively flexible to include the full spectrum of data from 

articles, with an open-text ‘Other’ option for each category. None of our review categories were mutually 

exclusive except year. This allowed the coding for each category to avoid forced classification. However, 

coding was conservative, only classifying an article if it was directly relevant to the primary research 

outcomes or argumentation.  

Table 1. Review categories and subclasses. 

Category Description of sub-classes used 

Year Year article was published 

Discipline/ 

perspective 

Biology, Ecology, Political science, Economics, Sociology/ Anthropology/ Ethnography, Geography, Chemistry/ 

Biogeochemistry, Sustainability science, Physics, Geology, History 

Location Physical location where research was conducted or relates to was classified by World Bank sub-regions . 

Ecosystem 

type 

Coral reef, Rocky reef, Mangrove, Soft bottoms, Open sea, Estuary/ Wetland/ Lagoon, Intertidal, Coastal, Sponges, 

Seagrass 

Problem 

orientation 

Subsistence/ Recreational resource use, Commercial resource use, Tourism, Conservation, Pollution/ Degradation, 

Aquaculture, Development, Climate change, Restoration, Mining 

Level focus Local, Regional, Global 

Scale focus Ecosystem, Jurisdictional, Knowledge, Temporal, Spatial, Institutional, Network, Management 

Social 

processes 

None, Demographic change, Distributive and procedural justice, Participation and decision making, Rules and 

rights transparency & implementation, Conflict resolution, Social learning, Knowledge generation and 

communication, Social networking, Historical societies, Community and cultural development, Socio-economics 

and livelihoods, Social perceptions and behavior, Rule-making & institutional change 

Ecological 

processes 

None, Habitat connectivity/ Migration/ Mobility, Recruitment, Litter processing, Carbon & nutrient cycling, 

Functional diversity, Functional redundancy, Biological or Ecological response to pollution, Oxygen consumption 

& production, Population connectivity, Sedimentation/ Erosion, Biomass prod./ Transfer/ Reproduction, Sediment 

oxygenation/ Nutrient mixing, Calcification, Species interactions, Hydro/ Oceanographic processes, Bio./ Eco. 

extreme events response, Ecosystem integrity and change, Climate change processes, Land-sea connectivity, 

Biophysical characteristics 

Social-

ecological 

processes 

None, ES provision, Self-organization, Resource use & degradation, Adaptation and coping, Knowledge 

integration, Scale development, Values & trade-offs, Local ecological knowledge, Management, Mapping, 

Research 

Knowledge 

types 

System, Target, Transformative 

 

Publication 

terminology 

All words from each article were individually extracted, filtered for relevant terminology and associated with 

knowledge types. 
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The disciplinary composition of the social and natural sciences used in this paper is shown in Figure 1. 

Regional groups are World Bank sub-regions (World Bank 2015) (Figure 2). Melanesia, Micronesia and 

Polynesia were grouped into the Pacific Islands. West Asia and South Asia were merged into Southwest 

Asia, and Hawaii as its own sub-group. Levels are defined as local, regional and global. Scales are defined 

from Cash et at., (2006) and Glaser et al., (2012). They are defined in short form as spatial “geographic 

space”, temporal “time frames”, institutional “hierarchies of rules”, jurisdictional “organized political 

units”, knowledge “generalized to context specific”, management “hierarchy of tasks and strategies”, 

networks “structures of [social or ecological] associations” and ecosystem “functions, services, benefits and 

their distribution”. Our starting point for system processes (Table 1) to include was derived from Glaser et 

al., (2012), but additional processes were added inductively to not limit the range that exist in the literature. 

Analytical procedures 
 

Nearly all articles focus on at least one system process, and they can be classified into a domain typology 

of either social, ecological or social-ecological (Glaser et al., 2012). Each article was classified into the 

domain typology shown in the Venn diagram (Figure 6) based on their process focus. Articles with a focus 

on multiple processes from different domains (e.g. one social and one social-ecological) are colored red in 

Figure 6 and further analyzed in Figure 7. Articles with a focus on one or multiple processes in the same 

category (e.g. one or two ecological) are colored black in Figure 6 and further analyzed in Figure 8. 

We analyzed two aspects of the articles that focused on multiple processes (Figure 7; Figure 8). First, how 

often two processes occur in the same article (connectivity in circle), and second, the total occurrence of 

each process in multiple process articles (proportion of circle edge). Multi-process articles from different 

domains were analyzed as inter-domain, representing a connection in Figure 7. A connection in Figure 8 

represents an article that examined two processes within the same domain. Process connectivity in both was 

derived through generating an adjacency matrix from the dataset. Two insights can be drawn from Figure 7 

and Figure 8. First, the relative occurrence of each process in the literature, and second, the total 

connectivity between processes represented by co-occurrence in an article (For further details see 

Supplementary Material). 

The terminology and knowledge type plot (Figure 9) was calculated by extracting all individual words 

(terminology) from each article into a data matrix. The presence and recurrence of words was statistically 

clustered based on their abundance across all articles, using an indicator species analysis to identify words 

that characterize groups into statistically distinct clusters (Dufrene and Legendre 1997). In order to 

visualize these words and the groups they characterize, we used a detrended correspondence analysis of the 

whole data matrix (Hill and Gauch 1980). Words (terminology) with a relevant knowledge context were 

manually classified as representative of system, target or transformative knowledge based on a word 

typology developed by Abson and colleagues (2014). Knowledge types were plotted in direct relation to the 

statistically clustered terminology distribution. 
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Results 
 

Our analysis presents results within five themes. (1) The spatial distribution and disciplinary composition 

of research across regions. (2) The current problem orientation, ecosystem focus and time-evolution of the 

literature. (3) The level and scale focus related to the units of analysis in each article. (4) The system 

process focus in the social and natural sciences. (5) The knowledge types generated and the communication 

of knowledge through examining terminology in the literature. 

Spatial distribution and disciplinary composition of research across 

regions 
 

The disciplinary composition of scientific effort is shown in Figure 1, dominated by ecology in the natural 

sciences. In addition, the spatial occurrence of research is not homogeneously distributed (Figure 2). Some 

regions receive far less research focus comparatively, including West Africa, Middle Africa, Southwest 

Asia and sub-regions of the Pacific Islands. In contrast, a third of all research occurs in two of twelve 

regions, Southeast Asia and Australia. Within Australia, a large majority of the research is conducted on the 

Great Barrier Reef. The Pacific Islands, Central America and the Caribbean receive relatively equal focus. 

However, our analysis does not consider effects of coastline length, population density, resource 

dependencies or differences in specific regional characteristics. It is not in the scope of the article to 

analyze the reasons for regional disparity. The scientific effort distribution shows a dominance of natural 

science across nearly all regions (Figure 2). Social sciences are more relatively abundant in Southwest 

Asia, East Africa and Southeast Asia. 

 

 

Figure 1. The total number of articles from each discipline. The disciplinary composition is shown in the 

Natural sciences, Social sciences and Other. This is used to aggregate disciplinary contributions when 

mentioned in the text and in Figure 2, Table 2, and Figure 4c. 
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Figure 2. Total percentage of research by tropical coastal marine region. Spatial extent of region 

boundaries is only for visual purposes. Scientific focus by region is presented in pie charts. Pie chart size is 

representative of total N. Natural sciences include: biology, ecology, chemistry, biogeochemistry and 

geology. Social sciences include: political science, economics, sociology, anthropology and history. Other 

includes: geography, physics, sustainability science and all others. 

 

Problem orientation, ecosystem focus and time-evolution 
 

A third of all research lacks a stated problem-orientation that links its purpose to a problem outside an 

academic discourse. The natural sciences have a very low proportion of articles with a stated problem 

orientation compared to the social sciences (Table 2). However, this is not a distinction between basic and 

applied research, only the stated purpose or motivation to conduct the research. The type of problem 

orientation is rather homogenous between the sciences, with the exception of pollution in the natural 

sciences. Conservation and tourism are emphasized in the social sciences (Table 2). Focus on conservation, 

commercial resource use and pollution is homogenous across regions (Figure 3a). Specific regions exhibit a 

proportionally higher focus in specific areas such as development in Southwest Asia, tourism in the 

Caribbean, subsistence resource use in East Africa, restoration in the Pacific Islands, and aquaculture in 

Southeast Asia (Figure 3a). 
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Figure 3. Percentage of problem-orientation and ecosystem focus by region. Total number of problem-

orientation and ecosystem type across all articles. Regional colors correspond to map colors in Figure 2. (a) 

Conservation, pollution/ degradation, and commercial resource use dominate total-N problem-orientation 

across regions. (b) Coral reefs dominate total-N ecosystem focus across regions. *Non-specific ecosystem 

focus comes from articles that did not directly indicate relevance to a specific ecosystem type. The total-N 

= 248 for articles with no problem-orientation. 

 

Considering the diversity and importance of all ecosystem types, 38% of all research is conducted on or in 

relation to coral reefs (Figure 3b). Estuaries, wetlands and lagoons combine for the second highest focus at 

10.7%, followed by mangroves at 9%. All other ecosystems account for only 6% or less of the total 

research, including sea grasses, open seas, rocky reefs, soft-bottoms, intertidal, and all other coastal zones. 

Research not explicitly linked to a specific ecosystem is classified as non-specific. 
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Figure 4. Publication trends over time. The number of publications in each year is divided proportionally 

by the number of articles in each theme. (a) Time-series of problem-orientation. (b) Time-series of 

ecosystem focus. (c) Time-series of total publications by broad scientific effort. 

 

Figure 4 shows a time-series analysis of problem focus (4a), ecosystem focus (4b) and the general 

publication trend of included articles from 1979 to 2014, which includes the proportion of articles in the 

social and natural sciences (4c). The natural sciences maintain a dominant proportion of the research focus. 

The proportion of social science research has increased slightly over time (Figure 4c). Coral reefs, 

conservation, commercial resource use and pollution/ degradation have maintained a dominant focus over 

time. Literature on climate change has increased since 2010. 

Table 2. Percentage of total articles sorted by their stated problem orientation. * indicates no stated 

problem orientation. Disciplinary composition is shown in Figure 1. 

Problem orientation category Natural sciences % Social sciences  % Other % 

Aquaculture 1.4 2.3 2.0 

Climate change 5.2 2.6 5.1 

Commercial resource use 9.1 19.7 10.6 

Development 3.9 7.2 7.6 

Mining 0.6 0.5 0.5 

Conservation 10.9 30.9 17.2 
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None* 37.0* 5.6* 21.7* 

Other 2.2 3.5 2.0 

Pollution/ Degradation 23.0 9.0 15.7 

Restoration 1.7 1.2 2.0 

Subsistence/ Rec. resource use 3.2 7.9 8.6 

Tourism 1.7 9.7 7.1 

 

 Level and scale focus 
 

This section of the analysis examines if empirical research reflects the conceptual understanding that 

social-ecological systems are multi-dimensional. We observe that the research focus at different levels and 

scales is uneven (Figure 5). The total level focus across all scales is 7% global, 36% regional and 57% 

local.  In combination, a large proportion of all research (30%) examines a unit of analysis on or related to 

an ecosystem or spatial scale at the local level. There is significantly less global level focus across nearly 

all scales. However, the proportion of regional level research is relatively similar across scales. The 

proportion of research examining explicit social system scales (i.e. institutional; jurisdictional) are 

comparatively even across levels, although their total N is disproportionately low. Articles focusing on 

knowledge, institutional, jurisdictional, or network scales cumulatively account for only 27% of all articles. 

 

Figure 5. The total number of articles is shown on top of the stacked bar for each scale. The bar for each 

scale is stacked by the percentage of focus at each level. Total focus at each level is displayed as a 

percentage on the right. 
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System process focus in the social and natural sciences 
 

The number of domain processes we examined in articles include ecological (n=20), social (n=13) and 

social-ecological (n=11) (Table 1; Figure 7). We analyzed process focus within articles and between 

domains. A focus on two or more processes from different domains could be interpreted as an indicator for 

multi- or inter-disciplinary research. Considering all inter-domain processes that occur in combination, the 

highest total-N link occurs between the ecological and social-ecological domains (Figure 7). Similarly, 

research within the ecological domain is more frequent than research in the social or social-ecological 

domains (Figure 6). However, despite lower total-N connectivity, articles focusing on social processes have 

a higher proportion of connectivity to social-ecological and ecological domain processes (Figure 6). We 

analyze the intra-domain connectivity (Figure 8), and indicate the dominant empirical connections between 

research processes (Supplementary material). More broadly, there is a larger proportion of knowledge 

being generated on natural systems compared to social systems (Figure 6; Figure 7; Figure 8). 

 

 

Figure 6. Total-N of singular articles broadly classified into domains by the singular or multiple processes 

focused on. Each article is only classified once, with a total-N=713. The articles with multiple processes 

outside of a single domain are highlighted in red, and further analyzed in Figure 7. Intra-domain 

connectivity is further analyzed in Figure 8 and matched with (a), (b), (c) labels represented by the different 

circular patterns of each domain in this figure. 
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Figure 7. This figure presents a visualization of current multi-disciplinary or inter-disciplinary research 

between the domains including social, ecological and social-ecological processes. Only articles that 

examine at least two different tropical marine system processes in different research domains are included, 

which are the highlighted red articles in Figure 6. The figure is grounded on the quantitative analysis of two 

aspects, indicating two broad themes: (1) The proportion of the research focus that each process receives 

within multi- or inter-disciplinary research is shown. This is visualized by the font size and the size of the 

colored segment of the circle. (2) Process connectivity is shown. A connection between processes in this 

graph means that both processes were examined in the same article. This visualization can be interpreted as 

a representation of how current research is examining interconnected social-ecological systems. The actual 

values of connectivity between specific processes are attached as a data matrix in the Supplementary 

Material. 
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Figure 8. Intra-domain connectivity of processes researched. Total-N of each process regardless of 

connectivity shown subsequently in the bar charts with number labeled references. Domains include social-

ecological, social and ecological processes. The figure is grounded on the quantitative analysis of two 

aspects, indicating two broad themes: (1) The proportion of the research focus that each process receives 

within intra-disciplinary research is shown. This is indicated by the size or proportion the process has in the 

circle segment. (2) Process connectivity is shown. A connection between processes in this graph means that 

both processes were examined in the same article. 

 

Knowledge types and terminology 
 

The statistical distribution of meaningful terminology across articles indicates a wide degree of terms 

associated with scale (i.e. spatial) heterogeneity in the natural sciences. This is indicated on the Y-axis 

(Figure 9). In addition, natural science terminology indicates a wider range of disciplinary heterogeneity 

compared to the social sciences. This is indicated on the X-axis. Distinctly separate article groups based on 

common terminology are indicated by colored word clusters (Figure 9). There is a higher diversity of 

terminology in the natural sciences compared to the social sciences. However, the natural sciences 

associate almost exclusively with system knowledge generation, although with more distinct disciplinary 

agendas (indicated by grey dots in Figure 9). The social sciences generate a more robust profile of all three 

knowledge types (as indicated by grey crosses and dark diamonds). However, the social sciences use more 

homogenous terminology to generate this knowledge. More generally, there are few similarities in the 

dominant terminology used between the social and natural sciences. This analysis shows the dominant role 

the social sciences play in conveying system knowledge through target and transformative knowledge. 
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Figure 9. Statistically clustered distribution of terminology and knowledge types in articles. Only words 

with the highest frequency in each cluster are shown. Colored clusters are distinguished statistically by the 

recurrence of common words in their articles, and interpreted as thematic groups of research articles. The 

distance between word clusters indicates the similarity (close together) or dissimilarity (far away) of the 

common terminology used in articles. The X-axis is interpreted as a gradient from the natural to the social 

sciences. The Y-axis is interpreted as a gradient from the local (individual) to regional (societal) level. The 

knowledge types generated within all articles are plotted against the clustered article groups with shaded 

symbols (circle = system knowledge; cross= target knowledge; diamond= transformative knowledge). The 

relationship between research clusters and the knowledge types they generate can be examined. Articles 

were corrected for length in the word usage analysis. Knowledge types were assessed by indicator words 

(Abson et al., 2014). 

Discussion 

Distribution of research across regions 
 

Our analysis shows that the regional focus of research is unevenly distributed. This can be partly explained 

by the recognition that each region contains different contexts of interest for different disciplines and 

research questions. There is a clear emphasis on specific ecosystem types, problems and system processes 

related to regions they occur in, which we discuss in the following sections. From an organizational 

perspective, deciding on a location to conduct empirical research can be potentially biased by travel 

logistics, language barriers, historical relations, funding parameters, infrastructure availability and 

relationships with partner institutions or path dependencies (Luks and Siebenhuner 2007, Pimm 2007, 

Fisher et al. 2010). Although these barriers exist, certain regions remain minimally researched despite 

substantial social and ecological importance. In particular, we draw attention to Western and Middle 

Africa. A similar pattern of regional disparity has been observed within coastal ecosystem services research 

(Liquete et al. 2013). In contrast, Australia and Southeast Asia demonstrate a large proportion of all tropical 

marine research and exhibit wide research agendas. In Australia, this may be explained by funding 
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availability and the number of research-based universities and organizations compared to other tropical 

regions (Costello and Zumla 2000). In Southeast Asia, we observe a relatively equal balance of research in 

the social and natural sciences compared to other regions dominated by the natural sciences. This may in 

part be explained by social science interest in societal connections and dependence on local marine and 

coastal resource use in the region (Pomeroy 2012, Richards and Friess 2015). For the natural sciences, 

Southeast Asia contains vast coral reef ecosystems with high measures of biodiversity and conservation 

priorities (Fisher et al. 2010). We discuss the emphasis on coral reefs compared to other ecosystems in the 

following section. 

Ecosystem focus 
 

Research on coral reefs dominates the research focus. Reflection is warranted on whether the biophysical, 

sociocultural and economic values of coral reefs are proportional to such a dominant focus when compared 

to the values of, and threats to, other ecosystems demonstrated by existing research (Moberg and Rönnbäck 

2003, Orth et al. 2006, Knowlton and Jackson 2008, Rocha et al. 2014). We do not suggest lessening the 

focus on coral reefs, but rather examining why other ecosystems have received less focus and how a future 

agenda would justify and improve a problem-driven ecosystem focus. Disproportionate ecosystem focus 

may be related to current debates on the relative emphasis of biodiversity in contrast to the societal 

importance such as livelihood dependence when justifying scientific effort on certain ecosystems such as 

coral reefs (Cinner 2014). In particular, debate continues on the trade-offs and potential synergies between 

ecocentric and anthropocentric justifications for research on conservation (Fisher et al. 2010, Mace 2014, 

Wolff 2015). This debate likely originates from differences in problem orientation and how research results 

are directed to inform potential solutions from different disciplinary or political agendas (Miller et al. 

2011). 

A stronger focus on mangroves, seagrasses, estuaries, wetlands and lagoons seems necessary as knowledge 

from these habitats is proportionally lower. Knowledge gaps on ecosystems provide considerable 

opportunity to better understand how social-ecological relationships evolve and diversify between them. In 

particular, how unique ecosystem functions and biophysical conditions respond to and shape resource use 

patterns as well as institutions and human behavior (Pollnac et al. 2010, Arkema et al. 2015, Richards and 

Friess 2015). In contrast, the impacts from anthropogenic activities such as pollution and climate change 

vary substantially between different ecosystems and the regions they are located in (Roff and Mumby 2012, 

Partelow et al. 2015). These distinctions often relate to their resilience, which may affect how societal 

adaptations such as conservation can be appropriately planned in response to change (Folke et al. 2010, 

Graham et al. 2013, Arkema et al. 2015). 

Problem-orientation 
 

A large proportion of all research lacks a stated problem orientation, and there are clear differences 

between the social and natural sciences. The natural sciences have a much lower proportion of articles with 

a stated problem orientation. This does not reflect on the relative importance of the social or natural 

sciences for a sustainability agenda. However, this may in some part reflect the differences in the need to 

orient scientific knowledge around particular discourses or epistemologies shaped by disciplinary-driven 

research agendas (Miller et al. 2008). Among other reasons, funding requirements and publishing norms 

likely play a considerable role in shaping how science is communicated and how the knowledge is 

conveyed in academic literature (Schoolman et al. 2012). While the orientation of research to disciplinary 
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agendas is essential, building momentum towards a sustainability agenda would aim to additionally orient 

results and their implications to relevant problems for humanity (Jerneck et al. 2010). Many different 

disciplines can, and need to contribute to this advancement (Spangenberg 2011). We expand on this 

proposition below, and attempt to clarify how this could be done considering the diversity of disciplinary 

contributions. We follow by discussing how gaps and trends in the current literature reflect the perspectives 

on and efforts to address current challenges. 

We propose that the primary purpose of a sustainability agenda be driven by understanding problems 

within their relevant context across all scientific domains. Statements of problem orientation should be 

transparently communicated within scholarly publications with clear linkages to how the research relates to 

or informs system, target or transformative knowledge (Brandt et al. 2013, Partelow and Winkler 2016). 

Considering this proposition, it should be stated that not all research needs to be, or should be situated 

within a discourse of how results can be practically applied or what the transformative contributions may 

be. In addition, not all research warrants an interdisciplinary research design. However, it is envisioned that 

a sustainability agenda should structure otherwise unconnected or isolated knowledge to a common 

purpose, through linking the type of knowledge generated to a problem orientation. 

Beyond the recognition that certain problems simply exist in certain regions, further examination is needed 

into the variation of drivers, impacts and responses related to them as they occur across diverse contexts 

(Schlüter et al. 2013). Stating a problem orientation may assist in linking all research to a common purpose 

and context, and attempt to make science more effective in practice by identifying such context specific 

variations.  Conservation is the dominant problem orientation in current agendas; it provides an example 

for further critical discussion below. 

Conservation is a dominant focus within current agendas. However, this does not indicate congruence 

between how different disciplinary agendas inform conservation practice. In particular, there remain 

contrasting perspectives on how to reconcile the support of livelihoods depending on marine and coastal 

resources with the need to maintain ecosystem functioning and diversity (Miller et al. 2011, Fox et al. 2012, 

Wolff 2015). From a sustainability perspective, the central purpose of conservation would be to benefit the 

continued well-being of humanity. The underlying question then becomes, who benefits from conservation 

(Mace 2014)? Then secondly, what are the different positions that current scientific agendas support (Chan 

et al. 2007)? It can be generally assumed that conservation practice should meet and be implemented in 

accordance with normative societal goals (Miller et al. 2011, Mace 2014). Discourses on inter- and intra-

generational equity as well as distributional and procedural justice provide useful conceptual frameworks to 

orient such discussions (Gibson 2006, Loos et al. 2014).  However, societal perspectives on how to 

implement conservation may differ substantially across contexts. They may conflict with scientific 

knowledge on what influences effective conservation more generally (Pollnac et al. 2010, Edgar et al. 2014, 

Partelow et al. 2015). 

Level and scales  
 

Within each scale, research occurs at multiple levels. However the proportion of research at each level is 

not equal between scales. Ecosystem and spatial scale research at the regional and global level is 

disproportionately low (Glaser and Glaeser 2014, Cavender-bares et al. 2015). This likely infers that 

research on the connectivity between regional and global ecosystem and spatial scales is also lacking. A 

~7.5% focus on global level processes indicates significantly less scientific effort on sustainability 

challenges that originate at and across multiple levels. Further research is needed to examine social-

ecological systems are interdependent across multiple levels and scales, and the existence of 



Part 2: Context and concepts 

46 

 

teleconnections (Scholes et al. 2013). In particular, further focus on institutions and governance should 

consider how social system scales influence or respond to change across levels (Ostrom 2005, Epstein et al. 

2015).  However, we recognize that regional and global level research often requires more capacity to 

conduct, including logistically intensive collaborative endeavors. We discuss the justification for level and 

scale focus in the Supplementary Material, and now discuss how the system process focus provides a more 

detailed look into gaps and trends in the research focus. 

System process focus in the social and natural sciences 
 

Our analysis shows clear distinctions in the heterogeneity of research between disciplines in the literature. 

The natural sciences focus on a wider variety of system processes, including how those processes are 

researched in combination. For comparison, the social sciences are more homogeneous in the system 

processes they examine. Three aspects can be discussed. First, the most evident commonality in the context 

of social science research is human beings, which all social sciences address some aspect of. Nearly all 

social settings are characterized by the same features such as culture, mental models, networks, economies, 

institutions, rules and decision-making processes, among many others (Ostrom 2005, Castree et al. 2014, 

Stojanovic et al. 2016). Second, the natural sciences analyze a wide range of different organisms, which 

suggests that they are characterized by a larger diversity of features. However, this does not reflect on the 

immense diversity in which these common features likely exist in diverse contexts and contain nested 

dynamic processes. 

Third, the understanding of social system diversity may be less advanced than for natural systems due to 

less scientific effort given to them over time. As a result, social conceptual frameworks may be less 

developed (Binder et al. 2013, McGinnis and Ostrom 2014, Stojanovic et al. 2016). There is simply a larger 

amount of published literature and scientific effort from the natural sciences. Although the social sciences 

have slightly increased their relative contributions over time, funding availability and publishing norms 

seem to have favored natural science outputs in this analysis. This does not infer advancing the social 

sciences over the natural sciences or aim to exacerbate a competitive atmosphere. We suggest a more 

general shift to rethink how research programs can become more inclusive and collaborative in order to 

develop problem driven research agendas that can generate the relevant knowledge needed to advance 

sustainability. 

Knowledge types and terminology 
 

Our analysis shows clear epistemological differences in the knowledge generation agendas in tropical 

marine science, reflecting what can and should be known to advance sustainability. The field has 

contributed most substantially to system knowledge, the objective descriptions and analysis of components 

and processes. Target knowledge, the understanding of more subjective preferences, values and opinions 

among relevant stakeholders, is less studied. A comprehensive sustainability agenda should aggregate and 

link together the full spectrum of knowledge around relevant problems within and between disciplines, 

including transformative knowledge on how to better apply scientific knowledge in decision-making, 

education and policy. We reflect on a few key points. System knowledge in the natural sciences needs to 

improve problem orientation. Target knowledge in the social sciences needs consideration for more diverse 

and non-western perspectives on tropical coasts (Drew 2005, Hornidge 2012, Poe et al. 2014). 

Transformative knowledge is lacking and is needed to inform social-ecological change at multiple levels 

and scales (Richmond et al. 2007, Knight et al. 2008). In combination, the social and natural sciences need 
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unified and urgent efforts to integrate their contributions as they currently exist across the knowledge 

spectrum, particularly in conservation (Chan et al. 2007, Gruby et al. 2015). 

Mechanisms to bridge communication and establish collaboration will play an integral role in structuring 

future agendas. Progression towards common languages through conceptual frameworks will assist data 

comparability and communication as well as the identification  of gaps (McGinnis and Ostrom 2014, 

Partelow 2016). However, although many conceptual frameworks exist, orientating and integrating the 

knowledge between them is a barrier (Binder et al. 2013, Partelow and Winkler 2016). Furthermore, the 

development of operational procedures to make conceptual frameworks useful for natural resource 

management or conservation practice is lacking (Leslie et al. 2015, Partelow 2015). 

Conclusion 
 

This analysis attempts to provide a guidepost for advancing a sustainability agenda for tropical marine 

science. A few key points can be mentioned. Research can better address sustainability challenges when 

clearly linked to a stated problem orientation in both the social and natural sciences. A comprehensive 

agenda would necessarily propose disciplinary diversity to address problems and knowledge gaps between 

ecosystems and contexts. Knowledge gaps remain at numerous levels and scales, including the interactions 

between them, particularly at the regional and global level. There is a distinct divide in how the social and 

natural sciences conduct and communicate their published research as connected to other research within 

and outside their own disciplines and agendas. As a result, a strong dissimilarity exists in the generation of 

knowledge and use of terminology across many disciplines. Common languages and conceptual 

frameworks can aid these challenges but need to be further developed to advance the synthesis and analysis 

of knowledge on interconnected social-ecological systems. Moving forward, progressing a sustainability 

agenda will involve further discussion and critical debate between all academic and non-academic 

stakeholders involved on how to integrate diverse types of knowledge to better inform societal problem 

solving in the appropriate contexts. 
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Abstract 

Research on social-ecological systems (SES) is scattered across many disciplines and 

perspectives. As a result, much of the knowledge generated between different communities is not 

comparable, mutually aggregate or easily communicated to non-specialists despite common goals 

to use academic knowledge for advancing sustainability.  This article proposes a conceptual 

pathway to address this challenge through outlining how the SES research contributions of 

sustainability science and researchers using Elinor Ostrom’s diagnostic SES framework (SESF) 

can integrate and co-benefit from explicitly interlinking their development. From a review of the 

literature, I outline four key co-benefits from their potential to interlink in the following themes: 

(1) Co-evolving SES knowledge types, (2) Guiding primary research and assessing sustainability, 

(3) Building a boundary object for transdisciplinary sustainability science, and (4) Facilitating 

comparative analysis. The origins of the SESF include seminal empirical work on common 

property theory, self-organization, and coupled SES interactions. The SESF now serves as a 

template for diagnosing sustainability challenges and theorizing explanatory relationships on SES 

components, interactions and outcomes within and across case studies.  Simultaneously, 

sustainability science has proposed transdisciplinary research agendas, sustainability knowledge 

types, knowledge co-production, and sustainability assessment tools to advance transformative 

change processes. Key challenges for achieving co-beneficial developments in both communities 

are discussed in relation to each of the four themes. Evident pathways for advancing SES research 

are also presented along with a guideline for designing SES research within this co-aligned 

vision.  

Keywords 

Sustainability science | Social-ecological systems | Boundary object | Knowledge types | 

Framework 
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Introduction 
 

The clear interlinkages between social and ecological challenges are shifting the paradigm for the 

type of research and societal change needed to achieve short and long-term sustainability (Kates 

and Parris 2003, Anderies et al. 2007, Domptail and Easdale 2013, Liu et al. 2015, Steffen et al. 

2015b). Research in social-ecological systems (SES) is evolving to reflect this recognition, 

proposing inter- and trans-disciplinary research agendas with distinct pursuits (Fischer et al. 2015, 

Schoon and van der Leeuw 2015). First, to integrate and evolve the functional understanding of 

SES, and second, to use that knowledge to find practical and effective sustainability solutions for 

real-world challenges. 

Academics are increasingly challenged to generate cohesive, multifaceted and actionable 

knowledge that is relevant across academic disciplines and for society. In particular knowledge 

should be collectively oriented to better understand academic contributions in aiding the 

transition towards sustainability (Hadorn et al. 2006, Jerneck et al. 2010, Brandt et al. 2013). 

However, much of the existing research on SES is generated in disciplinary or community 

isolation, lacking the appropriate tools for it to become mutually aggregate and co-beneficially 

useful. There is an urgency for SES research to further develop conceptual pathways that guide 

knowledge generation with consideration for integrable or decomposable characteristics. In 

particular, tools are needed to effectively support the  aggregation of knowledge contributions 

within the multifaceted academic understandings of sustainability to support the effective 

implementation of practical solutions (Wiek et al. 2012, Fischer et al. 2015).  

Boundary work, such as interdisciplinary frameworks, offers adaptable tools for facilitating the 

integration between diverging perspectives while remaining robust enough to maintain identity 

across them (Star and Griesemer 1989). For SES research to continue advancing,  boundary tools 

are needed to effectively collaborate and share knowledge despite a lack of consensus (with 

pluralisms) on a particular theory, epistemology or perspective (Bettencourt and Kaur 2011, 

MacGillivray and Franklin 2015). A boundary object for organizing SES research can facilitate 

primary data collection and comparability across disciplines, methodologies and case studies. 

This can additionally facilitate the development and testing of theory within and between place-

based research (Frey and Cox 2015, Hertz and Schlüter 2015). Along with such practical tools, 

there is a need for intrinsic willingness among academics and the proper incentives to bridge the 

disciplinary gaps.  

This article outlines how two distinct SES research communities, sustainability science and 

researchers using Elinor Ostrom’s diagnostic SES framework (SESF), can co-benefit from 

explicitly interlinking their development. Through review of the literature, I outline four key co-

benefits in the following themes: (1) Co-evolving SES knowledge types, (2) Guiding primary 

research and assessing sustainability, (3) Building a boundary object for transdisciplinary 

sustainability science, and (4) Facilitating comparative analysis. Within the four co-benefit 

themes I elaborate on how sustainability science can guide the knowledge development from the 

SESF to organize disciplinary contributions to SES research. Reciprocally, sustainability science 
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researchers can inherit the SESF’s novice proposition as a boundary object for structuring 

diagnostic sustainability research and interdisciplinary primary data collection. Cohesively 

structuring SES research through a common lens and language can benefit both pursuits and 

aggregate the knowledge within the two communities. While literature on the SESF has 

illustrated the potential for utilizing the framework as a tool in sustainability science, no direct 

links exist to further progress the co-evolution between the fundamental ambitions of both 

communities. This article’s structure, including the four themes mentioned above, is outlined 

below: 

 A review of key literature on the SESF and sustainability science (Section 1.1 & 1.2). 

 Four explicit co-benefits from interlinking the two research communities of the SESF and 

sustainability science (Section 2; Table 1). 

 Guiding questions and considerations for designing research with a co-aligned vision 

between the SESF and sustainability science (Section 3; Table 2). 

 Highlighting key challenges for the SESF, sustainability science and SES research 

(Section 4) 

Foundations of the diagnostic SES framework (SESF)  
 

The SESF was proposed for diagnosing the key interacting components and interactions that 

drive sustainability challenges in SES (Figure 1) (Ostrom 2007, 2009). Many of the framework’s 

components evolved out of research on the design principles, which proposed that certain system 

conditions would lead to self-organization in common-pool resource systems (Ostrom 1990). It 

was later recognized that generalized conditions often negate contextual differences within and 

between systems (Agrawal 2001). In response, the SESF was designed with a dual recognition to 

build generalizable statements for theory and policy, while also recognizing contextual nuances 

between cases (Ostrom 2007, Basurto and Ostrom 2009). Components of the framework are 

merely suggestive of relevance for sustainability, and do not propose outcomes based on any 

condition or state of components in the system. This provides a relatively theory neutral template 

of SES components, although no framework can remain entirely neutral (McGinnis and Ostrom 

2014). Overall, the SESF can facilitate the testing or generation of theory on SES functionality as 

well as provide a systematic checklist for analyzing system complexity or even characterize 

systems. This diagnostic process of linking system component interactions to undesired SES 

outcomes can be related to how medical practitioners treat patients (McGinnis and Ostrom 2014). 
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Figure 1. The diagnostic social-ecological system (SES) framework. Four multi-level first-tier variables 

are presented in each of the four corners and the template for assessing their interactions and outcomes is 

visualized. Adopted from (McGinnis and Ostrom 2014). 

The framework’s structure (Figures 1 & 2) is organized in multi-level tiers of nested sub-systems 

and components that expand under the first tiers of the Resource System, Resource Units, Actors 

and Governance. Further first tier components are suggested to include the broader exogenous 

context of Ecological Rules (Vogt et al. 2015), External Ecosystems and the surrounding Social, 

Economic and Political settings (McGinnis and Ostrom 2014). The structure of the Institutional 

Analysis and Development (IAD) framework (Ostrom 2011) provides the analytical structure to 

assess system interactions and outcomes with action situations (McGinnis and Ostrom 2014).  

Table 1. Nested components and sub-systems of the SESF. Including the four first tier variables: Resource 

System, Resource Unit, Governance and Actors as well as the proposed fifth tier of Ecological rules. 

Action situations and outcomes are also shown. The exogenous Related Ecosystems and Social, Economic, 

and Political Settings are shown on the bottom and top respectively. Adopted from Vogt et al., (2015). 

Social, Economic, and Political Settings (S) 

S1- Economic development. S2- Demographic trends. S3- Political stability. 

S4- Other governance systems. S5- Markets. S6- Media organizations. S7- Technology. 

Resource Systems (RS) 

RS1- Sector (e.g., water, forests, pasture) 

RS2- Clarity of system boundaries 

RS3- Size of resource system 

RS4- Human-constructed facilities 

RS5- Productivity of system 

RS6- Equilibrium properties 

RS7- Predictability of system dynamics 

RS8- Storage characteristics 

Governance Systems (GS) 

GS1- Government organizations  

GS2- Nongovernment organizations 

GS3- Network structure 

GS4- Property-rights systems 

GS5- Operational-choice rules 

GS6- Collective-choice rules 

GS7- Constitutional-choice rules 
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RS9- Location GS8- Monitoring and sanctioning rules 

Resource Units (RU) 

RU1- Resource unit mobility 

RU2- Growth or replacement rate 

RU3- Interaction among resource units 

RU4- Economic value 

RU5- Number of units 

RU6- Distinctive characteristics 

RU7- Spatial and temporal distribution 

  

Actors (A) 

A1- Number of relevant actors 

A2- Socioeconomic attributes 

A3- History or past experiences 

A4- Location 

A5- Leadership/entrepreneurship 

A6- Norms (trust-reciprocity)/ social capital 

A7- Knowledge of SES/mental models 

A8- Importance of resource (dependence) 

A9- Technologies available 

Interactions (I) 

I1- Harvesting 

I2- Information sharing 

I3- Deliberation processes 

I4- Conflicts 

I5- Investment activities 

I6- Lobbying activities 

I7- Self-organizing activities 

I8- Networking activities 

I9- Monitoring activities 

I10- Evaluative activities 

Outcomes (O)  

O1- Social performance measures 

O2- Ecological performance measures 

O3- Externalities to other SESs 

  

  

  

  

  

  

Ecological Rules 

ER1- Physical rules.     ER2- Chemical rules.     ER3- Biological rules. 

Related Ecosystems (ECO) 

ECO1- Climate patterns     ECO2- Pollution patterns     ECO3- Flows into and out of SES 

 

The second tier components of the SESF can guide primary and secondary data collection within 

a contextual SES case (Table 1). Not all second tier components may be relevant within a SES 

case, but it provides a checklist for understanding system complexity and potential driving 

components to consider when designing inductive SES research. The SESF is also used for 

deductive research to test theory on the role of certain system components, their interactions and 

system outcomes (see SESMAD 2014). Expanded and sub-sequent tiers will need to be added to 

further investigate SES complexity within certain sectors or systems, and numerous adaptations 

already exist for contextual use at the local level, in fisheries and food systems (Basurto et al. 

2013, Delgado-Serrano and Andres Ramos 2015, Marshall 2015, Partelow and Boda 2015). 
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Foundations of sustainability science 
 

Sustainability science is often defined as research in the context of SES (Clark 2007, Agrawal and 

Chhatre 2011, Lange et al. 2013). The number of researchers and practitioners pursuing inter- and 

trans-disciplinary collaborations have increased significantly since the foundations of 

sustainability science began in the early 2000’s (Kates 2011, Ness 2013). Within its’ core agenda, 

empirical research aims to be problem-driven and solution–oriented (Clark and Dickson 2003). 

To achieve this, sustainability science is envisioned as a multifaceted research process. This 

process can have diverse knowledge generation and practical phases such as the more normative 

study or assessment of sustainability. This research process framing includes conceptualizing the 

co-production of the research design and knowledge with stakeholders outside of academia to 

develop and implement solutions for contextual real-world challenges (Bettencourt and Kaur 

2011, Kerkhoff 2013, Wiek et al. 2014). 

Knowledge types are used in sustainability science for organizing knowledge generation and 

research outputs towards fostering sustainability transitions (Hadorn et al. 2006, Jerneck et al. 

2010, Brandt et al. 2013). Three knowledge types have been proposed to facilitate a holistic 

research process, including: (1) analyzing and describing SES functionality (system knowledge), 

(2) developing meaningful goals and pathways for transitioning towards sustainable human well-

being and ecological functionality (target knowledge), and (3) guiding and facilitating practical 

mechanisms to operationalize goals and pathways (transformative knowledge) (Hadorn et al. 

2006, Jerneck et al. 2010, Brandt et al. 2013). Theoretical developments and case-based empirical 

approaches have begun to test the generation of all three knowledge types as a holistic research 

process (e.g. Wiek et al. 2012). However, an accepted methodological procedure to guide the 

generation of different knowledge types has yet to be widely established. As a result, integrating 

the knowledge generated from different methodologies or perspectives remains a challenge for 

aggregating the contributions from SES research within the envisioned sustainability science 

research process. 

Co-benefits between the SESF and sustainability science 
 

Aligning the development of the SESF and sustainability science can work towards developing 

cohesive boundary work for structuring and operationalizing integrated SES research within the 

sustainability science research process. The SESF has an open and decomposable structure that is 

well situated for integration with other frameworks and concepts (Binder et al. 2013, McGinnis 

and Ostrom 2014, Nassl and Löffler 2015). Integrating the SESF with sustainability science can 

provide increased and diversified empirical applications of the SESF, expanding the scope of 

primary research beyond common-pool resources. Structuring primary data integrated into the 

SESF with knowledge types would strengthen the capacity of SESF databases to assess SES 

research contributions. Table 1 further expands on the core strengths of each pursuit and presents 

co-benefits from integrating their progress and visions. This argumentation is outlined in the text 

below within four consolidated themes: (1) Co-evolving SES knowledge types, (2) Guiding 
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primary research and assessing sustainability, (3) Building a boundary object for transdisciplinary 

sustainability science, and (4) Facilitating comparative analysis. 

 

Table 2. Four key co-benefits from integrating the SESF and sustainability science. 

Co-benefits SESF    Sustainability science Sustainability science      SESF References 

1) Co-evolving 

SES knowledge 

types 

 Structured ontology of SES 

components 

 Theoretical background/ 

support of the SES 

components and their 

interlinkages 

 Structured knowledge types 

(System/ Target/ 

Transformative)  that 

decompose academic 

contributions to  

transformational change 

processes 

(Jerneck et al. 2010, 

Brandt et al. 2013, 

Miller et al. 2013, 

Hinkel et al. 2014, 

Kumazawa et al. 

2014, Frey and Cox 

2015) 

2) Guiding 

primary research 

and assessing 

sustainability 

 

 Diagnostic framework with 

explicit components for 

guiding primary data 

collection 

 Analytical foundation for 

assessing component 

interactions through action 

situations 

 Agenda for stakeholder 

engagement, knowledge co-

production and bridging 

science-society gap 

 Defined sustainability 

assessment criteria (e.g. inter- 

& intra-generational equity, 

livelihood sufficiency & 

opportunity, resource 

maintenance & efficiency) 

and analytical tools (e.g. 

multi-criteria analysis, 

environmental impact 

assessment, life cycle 

assessment) 

(Gibson 2006, Ness 

et al. 2007, Ostrom 

2009, 2011, Ostrom 

and Cox 2010, 

Mauser et al. 2013, 

van Kerkhoff 2014, 

Sala et al. 2015) 

3) Developing a 

transdisciplinary 

boundary object 

 Framework with robust  

consideration for both social 

and ecological components; 

boundary tool to orient SES 

discussions and data 

 Initial structure and proposed 

ontological formalization for 

a common SES language for 

researchers, practitioners and 

stakeholders 

 Educational programs and 

established interdisciplinary 

engagement to enhance 

development and use 

 Communication and societal 

engagement as integral to the 

research process 

(Kates 2011, Binder 

et al. 2013, Brandt 

et al. 2013, Epstein 

et al. 2013, 

Kajikawa et al. 

2014, O’Byrne et 

al. 2014, Hertz and 

Schlüter 2015, Vogt 

et al. 2015) 

 

4) Facilitating 

comparative 

analysis 

 Platform for SES theory 

development and testing 

 Database development 

 Theoretical and practical 

approaches for transformative 

change processes and 

sustainability transitions (e.g. 

Mode 1 & 2 

transdisciplinarity) 

(Lang et al. 2012, 

Frey and Rusch 

2013, ASU CSID 

2014, SESMAD 

2014, Delgado-

Serrano and Andres 

Ramos 2015, 

Scholz and Steiner 

2015a) 
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Co-evolving SES knowledge types 
 

Orienting SES(F) research into knowledge types from sustainability science provides a 

conceptual lens for viewing academic contributions to sustainability through (1) system 

knowledge, (2) target knowledge, and (3) transformative knowledge (Hadorn et al. 2006, Jerneck 

et al. 2010, Brandt et al. 2013). The majority of disciplinary based research in SES is focused on 

understanding and describing case complexity (system knowledge), with a core challenge of 

sustainability science being to move beyond description towards engagement and transformation 

(normative and transformative knowledge) (Lang et al. 2012, Brandt et al. 2013). Sustainability 

science methodologies have provided the foundations for understanding how to structure SES 

research but have not fully engaged with a robust multi-disciplinary tool for guiding the 

comparable development of knowledge types (Wiek et al. 2012, Lang et al. 2012). The SESF can 

be used to facilitate the comparability of knowledge types in primary data collection across cases. 

Structuring knowledge generation through the sustainability science lens has not been 

conceptually explored with the SESF. However, structuring the knowledge generated on 

component data from the SESF can orient the empirical and comparative analytical contributions 

to understanding transformative change processes. For example, knowledge generated on the 

SESF component of ecological system productivity (Table 1; RS5) may be explicitly system 

knowledge, whereas actor leadership (Table 1; A5) may contribute to knowledge on community 

deliberation processes and identify transformative change pathways such as communication 

networks or educational gaps. Incorporating traditional ecological or local stakeholder knowledge 

(Table 1; A7) into understanding SES functionality may be explicitly system knowledge, whereas 

the deliberation between stakeholders (Table 1; I3) within the theoretical frame of an action 

situation could be target knowledge in sustainability science. For knowledge co-production and 

stakeholder engagement, target knowledge generated with the SESF may be dependent on the 

methodological approach and the active or passive role of the researcher. Action situations in the 

SESF are the analytical framework for assessing individual decision-making in interactive SES 

processes such as harvesting, investment, user conflicts and deliberation (McGinnis and Ostrom 

2014). Different knowledge types can emerge from analyzing actions situations, but the 

foundational origins of action situations that embody theoretical assumptions of interdependent 

individual decision-making should be recognized, which may limit the ability to integrate with 

other perspectives.  

Understanding how the SESF contributes knowledge within the knowledge spectrum of 

sustainability science can advance the frameworks’ use as an operational tool to explicitly address 

research gaps and generate problem-driven research agendas. Explicitly understanding the 

contributed value of academic knowledge through these combined analytical lenses exemplifies 

the joint potential for the SESF and sustainability science to co-generate a useful interdisciplinary 

boundary object. Reciprocally, where sustainability science lacks a multi-disciplinary tool for 

developing system knowledge through primary research, as well as structuring SES complexity, 

the SESF can structure interdisciplinary empirical work in sustainability science. 



Part 2: Context and concepts 

56 

 

Guiding primary research and assessing sustainability 
 

Guiding primary data collection is a core strength of the SESF, providing key components and 

interactions to direct empirical focus in a case study. The SESF does not present specific 

indicators or methodologies for collecting data, but rather a diagnostic checklist to assess specific 

system components and their interactions for relation to outcomes (Figure 1 & 2). Each SESF 

component can be seen as a potentially relevant aspect for data collection to analyze SES 

interactions and sustainability outcomes. Thus, the guiding approach of the SESF expands its’ 

ability to be a boundary object through allowing methodological pluralism. Data from the 

multiple assessment methods in sustainability science, both quantitative and qualitative, can be 

structured through the SESF. 

The SESF does not outline specific sustainability assessment criteria, leaving them to be 

contextually diagnosed. This reflects increasing consensus that SES differ substantially from one 

another, and although there are many similar systems, practical sustainability goals and 

assessment criteria are mostly likely non-transferable (Liu et al. 2007a). Despite this recognition, 

a lack of clear sustainability outcome criteria (Table 1; Outcomes (O)) or an operational 

procedure to generate them inductively could be considered a limitation of the framework and 

may lead to confusion about how the framework can be practically applied. Co-beneficially, 

many contextual sustainability assessment criteria and operational tools have been developed and 

used within the sustainability science research process (Gibson 2006, Ness et al. 2007, Sala et al. 

2015). Using sustainability science’s application of assessment criteria along with the SESF’s 

ability to test and validate the link between system conditions and outcomes collaboratively co-

evolves both pursuits. This would be through the deductive validation of existing criteria or the 

inductive generation of emergent criteria through the robust comparison of case-based empirical 

work. Sustainability science may be further able to provide ‘sustainability validation’ to 

knowledge produced with the SESF, to assess how certain knowledge types can be specifically 

utilized for transformational change (Tàbara and Chabay 2013). 

 

Developing a transdisciplinary boundary object 
 

The engagement of academics in sustainability science is continuing to expand across a multitude 

of research disciplines, from ecology to economics, human geography, engineering and many 

others (Bettencourt and Kaur 2011, Kajikawa et al. 2014, O’Byrne et al. 2014). Despite a wide 

reach, developing transdisciplinary boundary work that can cohesively interlink sustainability 

science perspectives is  conceptually and practically challenging (Polk 2014). Current boundary 

work has focused on communication channels (McGreavy et al. 2013), knowledge co-production 

(Lang et al. 2012) and place-based research (MacGillivray and Franklin 2015) as a harbor for 

understanding the contextual challenges and inherent trade-offs when deliberating sustainability 

pathways. With specific importance, knowledge co-production pursues boundary work through 
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interlinking the perspectives of academics, practitioners and society. There are many challenges 

in progressing this nexus including work on mode 1 and 2 transdisciplinarity to couple research 

processes and outcomes to society (Brandt et al. 2013, Polk 2014, Scholz and Steiner 2015b). 

Transdisciplinary sustainability science has yet to find its’ academic home and is lacking the 

capacity to integrate into existing institutional structures and decision-making processes (Polk 

2014). Broader engagement with the SESF would catalyze a formal academic structure for SES 

research to become a robust boundary object for creating a common language in SES research 

coupled with sustainability science. Academically, the SESF can be seen as an initial formal 

structure for developing an SES ontology for an interdisciplinary research community (Hinkel et 

al. 2014, Frey and Cox 2015). More practically, the SESF can act as a tool for facilitating 

communication on SES complexity and research design within transdisciplinary sustainability 

science projects.  

Facilitating comparative analysis 
 

Testing and developing theory through the comparative analysis of common-pool resource 

systems and SES case studies has been a core driver of the SESF’s development. Increased 

empirical applications of the framework within the sustainability science community will 

contribute more case data to support the theoretical insights that link component attributes to 

specific outcomes. Aggregating empirical work through a common ontological language will 

benefit the ability of SES research to make well-supported theoretical and policy statements. 

Within sustainability science, comparative outcome analyses has been done through post-hoc data 

assessments, but never through a systematically structured methodology designed for 

comparative purposes, contributing to theoretical development and contextual analysis. 

The proposed ontological structure of the SESF can provide guidance to sustainability scientists 

to design research and gather SES data that is relevant beyond individual cases. The SESF has 

been used for two types of comparative analysis, to assess the influence of particular components 

across a group of cases and to compare broader case interactions and outcomes within a group of 

cases. The following articles demonstrate both types. Gutiérrez et al., (2011) assess the common 

influential components in successfully co-managed fisheries, showing that leadership and social 

capital are common components across cases with successful outcomes. Fleischman et al., (2014) 

discuss the lessons learned from testing the theoretical assumptions of the Ostrom’s design 

principles across a group of diverse large spatial scale cases.  

Useful databases for comparing SES data have been constructed through the SESF’s proposed 

ontology with both primary and secondary data. Primary data is more reliable for comparative 

analysis, as it is methodologically generated to address specific research questions in relation to 

the analysis. Secondary data can also be comparatively useful, if structured with uniformed 

metrics such as the SESF. Using primary data eliminates uncertainty of data transformation, 

known methodological limitations, or the suitability of data to answer specific research questions 

(Hox and Boeije 2005). Primary data collected into the SESF can then later be used as 

transformed secondary data that is comparable between cases. The nested components of the 
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framework are designed to be adaptive for the inclusion of new contextual case-based or sector 

specific component additions. This is based on the ontology the SESF proposes of components 

and sub-systems structured through specific nested relationships (Frey and Cox 2015). To 

increase the integrity of comparability, guiding principles for developing a structured ontology 

with the SESF can be used to cohesively build its capacity between researchers (Hinkel et al. 

2014, Frey and Cox 2015).  

Numerous databases for comparing SES(F) data currently exist. The social-ecological systems 

meta-analysis database (SESMAD) is a collaborative effort, out of the Resilience Alliance Young 

Scholars and Dartmouth College (Cox 2014a), to accumulate coded secondary SES case data 

(SESMAD 2014). The SES Library at the Center for the Study Institutional Diversity (CSID) at 

Arizona State University (ASU) aims to aggregate SES attributes for modeling and comparative 

analysis of qualitative and quantitative data (ASU CSID 2014). The International Forestry and 

Institutions (IFRI) project and database collect primary data with standardized methods to allow 

comparability in SES (IFRI 2013). Additionally, there have been methodological approaches for 

quantitative analytical comparisons with the SESF, allowing for artificial neural network analysis 

(Frey and Rusch 2013). 

Guiding questions for co-evolved  SES research 
 

Designing SES research that achieves the presented co-benefits in Table 2 needs to consider the 

perspectives of both aspects and how they can feasibly be incorporated. In Table 3 guiding 

questions and considerations are outlined for framing the implementation of case study research 

with combined aspects of the SESF and sustainability science. Key overlaps between the two 

pursuits include their problem-driven and diagnostic nature, recognition for the integration of 

multiple disciplinary perspectives, and interlinking science and society through the inclusion of 

stakeholders within the research process.  

Table 3. Guiding questions and considerations for framing sustainability science research in conjunction 

with operationalizing the diagnostic SES framework. Adapted in part from Hinkel et al. (2015), Jerneck et 

al. (2010) and Wiek and Iwaniec (2013). 

(1) Framing research 

Steps SESF 

perspectives 

↔   Guiding questions and considerations  ↔ Sustainability science 

perspectives 

a) Explore multi-

disciplinary and multi-

scale SES data 

What is the problem and research question? 

What type of SES? 

Are there cross-case characteristics in relation 

to other SESs? 

What are the contextual case characteristics? 

Is the research problem-

driven? 

What is the 

interdisciplinary scope? 

What is the 

transdisciplinary scope? 
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b) Clearly define scope 

and scale (boundaries) 

of the SES. Define 

SES components. 

What are the focal (resource) system and the 

associated goods and services? 

Who are the actors/users? 

What are the institutions? 

What are the environmental bounding 

principles? 

Are common diagnostic metrics in the current 

SES framework available for the components in 

this SES? 

What are the sustainability 

goals within the SES? 

Is the research plausible, 

coherent, visionary? 

 

c) Test theory or analyze 

complexity 

What are potential action situations/ key drivers 

in the SES? 

How will you conduct your analysis?  

Methods and data types? 

How will data be transformed? 

Will you support or build a theory? 

What are potential 

pathways and strategies for 

practical solutions? 

Envisioning? 

Process or outcome 

oriented? 

(2) Diagnostic procedure and implementation 

d) Gather existing data 

on the SES 

 

 

What are the characteristic components of the 

Resource system (RS), Resource units (RU), 

Actors (A) and Governance (GS)? 

What are the social, economic and political 

settings? 

What are the component interactions and inter-

dependencies? 

Incorporation of multi-

disciplinary knowledge? 

How can social learning 

processes be incorporated? 

Stakeholder involvement 

in the research process? 

Ethical considerations for 

the active or passive role 

of the researcher? 

e) Gather new data and 

scope framework; 

construct or orient 

framework ontology 

to case context 

What data is missing or not well understood? 

What components in the framework may be 

missing in relation to explaining the SES case? 

How to move beyond anthropocentric 

ecological classification to adapt a holistic 

ecological understanding? 

How is the research 

adaptive? 

How does the research 

deal with uncertainties? 

How can the different 

knowledge/data gathered 

be used? 

f)  Interaction and 

action situation 

assessments 

How has the social-institutional landscape been 

shaped through SES interactions? 

How has the ecosystem (RS and RU 

components; broader ecological system) 

responded? 

What are the key processes that drive (action 

situations) system interactions? 

What are the dependent and independent 

variables? 

What are the relationships between SES 

components? 

What are the sustainability 

goals and desire outcomes? 

What are the implications 

for reaching sustainability 

goals? 

Opportunities for 

knowledge co-production? 

g) Outcomes, What are the SES outcomes? Why? What was achieved? 
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implementation and 

re-assessment 

What can be changed or made adaptive in the 

system? How? 

How is the research shared 

and communicated? 

What is the learning 

orientation? 

 

Highlighting the challenges 
 

Improving the SESF 
 

Since Elinor Ostrom introduced the SESF in 2007, there has been continuous work to test and 

improve its functionality. Much critique has surrounded its anthropocentric or actor-centric 

framing of the SESF (Binder et al. 2013, Thiel et al. 2015, Vogt et al. 2015). This emerged out of 

the framework’s relationship to the IAD framework, to expand the capacity to analyze institutions 

and user behavior. Consequently there is a need to further develop the framework’s ecological 

foundations to both understand ecological system complexity and to find potential interdependent 

explanatory links and interactions between ecological system components and SES outcomes. 

Ecological expansions have been proposed for the framework to include environmental bounding 

principles or ecological rules (Epstein et al. 2013, Vogt et al. 2015). Additionally, work that 

draws on the development of the more ecologically centric ecosystem services concept would be 

beneficial to enhance the framework’s capacity to understand ecological system functionality and 

the value-domains created from ecosystem services (McGinnis and Ostrom 2014). 

Further challenges include how differing methodologies for primary data collection and modified 

versions of the SESF for specific sectors may inhibit consistency of use and data comparability. 

There have been many applications of the framework using a variety of mixed-method data 

gathering and analytical tools (Schlüter and Madrigal 2012, Delgado-Serrano and Andres Ramos 

2015, Hinkel et al. 2015, Leslie et al. 2015, Partelow and Boda 2015). Methodological flexibility 

is a strong aspect of the SESF’s potential for boundary work, but research should continue on 

how to integrate mixed-method data and how to conduct data transformation for comparative 

purposes. Secondly, if there is potential to develop consistent indicators for primary data 

collection on the framework’s components. Additions to the SESF’s tiers or components should 

consider general principles for constructing a useful SES ontology with nested relationships 

between components (Frey and Cox 2015). Currently there are numerous modified versions of the 

SESF for specific purposes or sectors with sparse ontological consistency (Thiel et al. 2015).  
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Pluralisms, integrating perspectives and consistency 
 

Use of the SESF from sustainability scientists and other researchers should recognize the 

theoretical foundations of the framework and attempt to embrace the need for consistency in its 

use. Existing empirical applications of the framework have shown that consistent use through 

practical applications is lacking (Thiel et al. 2015). The framework’s success as a boundary object 

and comparative analytical tool for SES is largely dependent on consistency of use, largely 

through common metrics for coding primary data that is useful for secondary comparative 

analysis (Cox 2014a). Engagement from sustainability scientists should recognize the sets of 

theoretical developments that led to the inclusion of components that structure the framework 

within a nested system of defined and explanatory relationships (Hinkel et al. 2014). 

Reciprocally, the comparative and contextual benefits from expanding the framework’s broader 

engagement should be seen as a novel opportunity to orient theory across disciplines (Hertz and 

Schlüter 2015). Understanding how methodologies used in other disciplines can contribute data to 

the framework would be useful for the transparency of secondary data use. Beneficial future work 

could review and summarize all of the existing SESF procedures, including indicators, levels and 

scales focused on.  

There is a potential trade-off between establishing broader interdisciplinary engagement and 

developing consistent use of the framework in line with its foundation. This is generally to couple 

inductive empirical applications of the framework describing SES complexity with deductive 

motivations to further investigate more generalized explanatory relationships to certain outcomes. 

So far, practical implementation of the SESF has been varied, with a large focus on using the 

framework to descriptively analyze SES through inductive explanatory approaches (Thiel et al. 

2015). Increasing use of the SESF among sustainability scientists or interdisciplinary researchers 

should recognize and work to solve the challenge of consistent use, although inconsistency has 

shown to be more likely in diverse cases (Thiel et al. 2015). 

Embracing methodological and epistemological pluralism benefits the interdisciplinary pursuit of 

SES research through collecting robust data from differing perspectives (Miller et al. 2008, 

Fischer et al. 2015, Olsson et al. 2015). Sustainability science utilizes a large variety of methods 

for primary research and sustainability assessments. Co-beneficially, the SESF can structure SES 

data from multiple methodologies for comparative analysis. The SESF can manage pluralisms by 

providing a common structure to communicate and compare research across perspectives through 

its defined components, such as between the natural and social sciences. Further organizing 

diverse comparable data into knowledge types, that are useful for sustainability transitions, will 

benefit both pursuits.   

Structuring research and data for comparability 
 

In reflection on Section 2.4, designing primary research to gather data into the SESF’s 

components is most suitable for effective comparisons, leading to useful secondary data. 
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However secondary data can also be reclassified into the framework. Although transforming 

secondary data for comparability with the SESF needs to consider the possibility of losing 

contextual relevance and integrity. Methodological pluralism is not a limitation for data 

comparability, but transparency and purpose should be clearly stated. If indicators are used to 

gather data on certain components, providing them would help advance the development of field 

methods for the SESF. Indicators for boundary work may be difficult to agree upon in an 

interdisciplinary setting, but new methods should be encouraged to further integrate and analyze 

different types of data together (e.g. quantitative and qualitative). Currently, there have been 

numerous applications of the framework using a variety of mixed-methods and indicators for 

empirical and analytical purposes (Schlüter and Madrigal 2012, Frey and Rusch 2013, Delgado-

Serrano and Andres Ramos 2015, Hinkel et al. 2015, Leslie et al. 2015, Partelow 2015).  

 

Co-evolving the SES research community 
 

The SES research community continues to make substantial progress, but much of the literature 

and developments between them remains separated. There is considerable potential to further 

interlink sustainability science and the SESF due to their complimentary pursuits, leading to 

mutual benefits. Key challenges for moving forward include: (1) further closing the gap between 

research outcomes and the practical implementation of sustainability solutions, (2) finding 

pathways that embrace pluralisms and facilitating contextually relevant case-based research with 

data comparability, and (3) up-scaling and mainstreaming inter- and transdisciplinary SES 

research agendas. Communicating and effectively disseminating the knowledge gained from 

addressing these challenges needs to further interlink SES research with society. There are many 

sub-communities in SES research, and along with the SESF and sustainability science, 

constructive interdisciplinary discussion needs to unify SES research rather than solidify 

differences that isolate co-beneficial progress towards sustainability transitions. 

Conclusion 
 

This article has presented an overview of the co-benefits to SES research from the potential to 

further interlink Ostrom’s diagnostic SES framework (SESF) and sustainability science. Four key 

co-benefits were highlighted (Table 2) including: (1) Co-evolving SES knowledge types, (2) 

Guiding primary research and assessing sustainability, (3) Building a boundary object for 

transdisciplinary sustainability science, and (4) Facilitating comparative analysis. Achieving these 

co-benefits will advance the ability for SES research to pursue inter- and trans-disciplinary 

collaborations. Co-developing the SESF and sustainability science community can build a robust 

boundary object for SES research that progresses comparable empirical research, structuring 

knowledge development and incorporates methodological pluralism. Guiding considerations for 

designing SES research within this co-aligned vision were presented in Table 3. From a broader 
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perspective, research in SES and sustainability science is advancing considerably but remains 

ambiguous in its ability to create positive transformational change in the real world. Boundary 

work that allows SES research to cohesively aggregate and become co-beneficially useful will 

make considerable progress towards advancing our functional understanding of SES and the 

practical solutions that can be developed from this knowledge.  
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Abstract 

Structuring integrated social-ecological systems (SES) research remains a core challenge for 

achieving sustainability. Numerous concepts and frameworks exist but there is a lack of mutual 

learning and orientation of knowledge between them. In this article, we focus on two approaches 

in particular: the ecosystem services (ES) concept and Elinor Ostrom's diagnostic SES framework 

(SESF). We analyze the strengths and weaknesses of each as well as discuss their potential for 

mutual learning. We use knowledge types in sustainability research as a boundary object to 

compare the contributions of each approach. Sustainability research is conceptualized as a multi-

step knowledge generation process that includes system, target and transformative knowledge. A 

case study of the Southern California Spiny Lobster Fishery is used to comparatively demonstrate 

how each approach contributes a different lens and knowledge when applied to the same case. We 

draw on this case example in our discussion to highlight potential interlinkages and areas for 

mutual learning. We intend for this analysis to facilitate a broader discussion that can further 

integrate SES research across its diverse communities. 
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Introduction 
 

Social-ecological systems (SES) thinking represents the coupled interactions and outcomes 

between human and natural systems (Walker and Salt 2006, Liu et al. 2007, Ostrom 2009). 

Researchers have developed a variety of concepts and frameworks to help analyze, describe, and 

communicate SES components and processes (Newell et al. 2005, Binder et al. 2013). Notable 

developments include the ecosystem services (ES) concept and the diagnostic social-ecological 

systems framework (SESF). Although both are used in SES research, they lack common 

structures to orient and compare knowledge between them (Ostrom 2009, Mollinga 2010, Hinkel 

et al. 2014). 

Integrating knowledge between multiple concepts and frameworks is a challenge for building 

academic consensus that can inform sustainability (Spangenberg 2011, Fischer et al. 2015, 

Ruppert-Winkel et al. 2015). However, much of the SES literature continues to generate 

knowledge that is uncoupled from other research efforts. Orienting the contributions within SES 

research is difficult when knowledge cannot be compared or integrated (Newell et al. 2005, 

Ostrom 2009, Bohensky and Maru 2011). Without structures for knowledge orientation 

opportunities to co-benefit between SES research efforts are missed (Scholz 2011). 

For comparative purposes, we categorize the knowledge SES research can generate into three 

types that can inform sustainability: (1) System knowledge analyzing and describing SES 

functionality and subsystem processes, (2) Target knowledge assessing meaningful goals, visions 

and pathways for sustainable human well-being and ecosystem functioning, and (3) 

Transformative knowledge for implementing practical solutions (Hadorn et al. 2006, Jerneck et al. 

2010, Brandt et al. 2013).  
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Figure 1.  Conceptual interpretation of a circular multi-step knowledge development process for SES 

research. SES research can generate three knowledge types: (1) System knowledge in order to analyze and 

describe the functionality SES and their subsystem processes, (2) Target knowledge to develop meaningful 

goals, targets and pathways for sustainable human well-being and ecosystem functioning, and (3) 

Transformative knowledge for implementing those goals into practical solutions (Hadorn et al. 2006, 

Jerneck et al. 2010, Brandt et al. 2013). 

 

The goals of SES research are better achieved when knowledge from different research efforts 

can inform and advance each other (Fischer et al. 2015, Bull et al. 2016). We use the three 

knowledge types as a boundary object to orient different SES research contributions (Figure 1). 

Different combinations of knowledge types will be generated depending on the concept, theory, 

model, or framework used. However, conducting research that can generate or orient all three 

knowledge types remains elusive.   
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Box  

System knowledge: Objective knowledge of social-ecological subsystems and components as well as their 

interactions, functions, processes, and inter-related dynamics. Including aspects in relation to risk, uncertainty, 

and resilience. 

Target knowledge: Subjective perspectives, deliberative and/or experienced knowledge relating to the 

implications, targets, visions, desired directions, and outcomes for SES. This can include the concepts of human 

well-being, conservation, justice, ethics, efficiency, and sustainability goals. 

Transformative knowledge: Actionable pathways for implementing SES change and/or target knowledge 

through normative mechanisms such as policy, decision-making, education, communication, participation, and 

motivation. 

SES thinking: Recognition for linked and interdependent natural and social system dynamics, particularly 

human dependence on ecosystems and the need to facilitate multi-domain research that engages with non-

academic society to achieve sustainability (Fischer et al. 2015). 

Boundary object: “Objects which are both plastic enough to adapt to local needs and the constraints of the 

several parties employing them, yet robust enough to maintain a common identity across sites.” (Star and 

Griesemer 1989, p.393). See also, (Hertz and Schlüter 2015, p.15). 

Ecocentric: Consideration of an “ecological system based on its internal functioning” and diverse values 

(Binder et al. 2013), where human life is dependent on existing and intact ecosystem functioning and 

biodiversity (Mace 2014). 

Anthropocentric: Consideration of an ecological system based on its utility for humans (Binder et al. 2013), 

focused on maintaining the ecological functioning that provides human value. 

  

In this article, we focus our analysis on comparing and facilitating mutual learning between the 

ecosystem services (ES) concept (Millennium Ecosystem Assessment 2005, Haines-Young and 

Potschin 2012, Díaz et al. 2015) and Elinor Ostrom’s diagnostic SES framework (SESF) (Ostrom 

2007, 2009, McGinnis and Ostrom 2014). After an overview of the ES concept and the SESF, we 

orient the contributions of ES and the SESF in facilitating system, target, and transformative 

knowledge. Next, we compare the two approaches in a case study of the Southern California 

Spiny Lobster Fishery. Last, we provide a synthesis of both approaches and analyze the potential 

for mutual learning and compatibilities between them. Definitions are provided above for 

reference to terminology used in this article. 
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Overview 
 

Researchers have begun to explore linkages between ES and the SESF in recent studies. Ban et al. 

(2015) demonstrate how the co-consideration of multiple ES in an analysis structured with the 

SESF can help to better understand complexities in a large-scale marine system. Grêt-Regamey et 

al. (2014) suggest incorporating Ostrom’s tiered structure of multi-level interactions to map ES 

assessments. In addition, others have used the SESF to diagnose Payment for Ecosystem Services 

(PES) schemes (e.g. Addison and Greiner 2015, Bennett and Gosnell 2015). Despite preliminary 

efforts, considerable gaps exist for exploring how the ES concept and the SESF can be used in an 

integrated analysis. As separate entities, they have been considered as potential boundary objects 

within SES research (Abson et al. 2014, Hertz and Schlüter 2015, Schleyer et al. 2015). 

Ecosystem services 

 

Since the publication of the Millennium Ecosystem Assessment in 2005, ES research has 

exponentially expanded through broad usage in ecology and economics (Seppelt et al. 2011, 

Orenstein 2013, Chaudhary et al. 2015, Luederitz et al. 2015). The concept embodies an 

ecocentric framing in the sense that humans depend on the services nature provides (Mace 2014). 

One of the latest conceptualizations, the ES cascade (Figure 2), shows a multi-step process 

describing the supply of ES to humans and the reciprocal effects of humans on ecosystems 

through a governance feedback loop (Haines-Young and Potschin 2010, 2012). The ES cascade is 

widely discussed (e.g. Spangenberg et al. 2014) and has been further developed (e.g. Martín-

López et al. 2014). However, current research largely focuses on the directional flow of ES 

provided to humans, while human actions affecting ecosystems have received less attention 

(Davies et al. 2015, Comberti et al. 2015). Additionally, governance mechanisms and institutions 

influencing the provision and appropriation of ES is sparse (Nassl and Löffler 2015, Primmer et 

al. 2015). 

Numerous ways of utilizing the ES concept have evolved in the literature. The economic 

approach is the most widely-recognized, including e.g. the TEEB report (2010) and Payment for 

ES (PES) schemes, which mostly try to internalize external effects. However, ES research is 

manifold and thus it is shortsighted to limit the potential of the concept to a purely economic 

perspective (Schröter and van Oudenhoven 2016). The ES concept can serve as a communication 

tool to engage the science-policy-society interface (Everard 2015, Díaz et al. 2015, Bull et al. 

2016). 
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Figure 2. Side by side comparison of the ecosystem services (ES) cascade (left; Martín-López et al. 2014) 

and diagnostic SES framework (SESF) (right; McGinnis and Ostrom 2014). Both conceptual frameworks 

focus on the interactive processes between social (blue) and ecological (green) subsystems. There are more 

specific components that are nested within the categories of each, but they are not shown here. 

 

Ostrom’s diagnostic SES framework 

 

The SESF is a diagnostic checklist of potential interacting SES components with multi-tiered 

nested relationships to each other (Ostrom 2007, 2009, Frey and Cox 2015, Hinkel et al. 2015). 

The framework is tailored for, but not limited to, understanding collective action in a shared 

common-pool resource system. The framework’s ontology is organized into four subsystems: the 

Resource System, Resource Units, Governance and Actors (Figure 2). Externally, these four 

subsystems interact with the Social, Economic and Political settings, and Related Ecosystems. 

Action situations occur when components in the SES create Interactions that shape Outcomes 

(Ostrom 2007, 2009). Action situations originate from the Institutional Analysis & Development 

(IAD) framework, where sets of criteria and rules theoretically frame social-institutional 

processes to distill individual and group decision making (Ostrom 2005, McGinnis and Ostrom 

2014). SES can have polycentric interactions, with multiple action situations occurring 

simultaneously (McGinnis 2011a). 

The SESF is envisioned to serve two reinforcing purposes. First, to contextually diagnose 

complex SES cases through a common and structured language. Second, to generate comparable 

data that can use large-N case comparisons to explore commonalities across case studies for 

theory generation and policy. The framework does not provide a methodology for empirical data 

collection, but rather a common structure to orient collected data into a comparable SES 

language. Guidelines for operationalizing research with the SESF and further developing the 

framework for use in specific sectors has been suggested (e.g. Delgado-Serrano and Andres 

Ramos 2015, Leslie et al. 2015, Marshall 2015, Partelow 2015). 
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Orienting knowledge in sustainability research 

 

System knowledge 

 

System knowledge is the “classic” knowledge produced by science. This is objective research for 

understanding system components, functional processes, and inter-related dynamics as a 

foundational base. The development of system knowledge is often a descriptive methodological 

and analytical process that does not require the development of normative direction, 

communication or practical engagement beyond the discourse of science. 

There is a vast body of literature that has generated system knowledge in ES research. Although 

the ES concept has always stressed the human-nature relationship, so far, most research focuses 

on single or small set of ES. The majority of used methods originate from the fields of ecology 

and economics to identify and describe the ES (Seppelt et al. 2011). Such technocratic approaches 

privilege easily quantifiable ES such as crop provisions or flood protection (Turnhout et al. 2013, 

Reyers et al. 2013). When limited by easily quantifiable ES, the approach produces primarily 

system knowledge. In contrast, less tangible ES are often neglected due to difficulties in 

interpreting data through measureable indicators (Milcu et al. 2013, Fagerholm et al. 2016). 

Nevertheless, scientific-technical research plays a crucial role for the governance of ecosystems 

and their ES (Primmer et al. 2015). For example, system knowledge that identifies trade-offs 

between different ES and their effects on ecosystems are important for practitioners to make 

informed decisions (de Groot et al. 2010). 

The primary strength of the SESF is generating system knowledge through a diagnostic approach. 

This can be compared to medical practice. For example, when a physician diagnoses the ill-health 

of a patient by identifying the components and processes of the body that may be causing the 

problem, typically through indicators such as body temperature and blood pressure. The SESF 

currently has more than 50 components and interactions, that act as a checklist, to diagnose 

sustainability problems in a SES (McGinnis and Ostrom 2014). Using the framework involves 

gathering data that can describe the characteristics of each component, if present, and how they 

interact and shape system processes. For some components, indicators may need to be developed 

that contextually represent the component in a system. The SESF suggests components that might 

be important for system outcomes e.g. property rights. However, it does not claim that a 

particular state or status of a component leads to certain outcomes. Thus, the framework does not 

incorporate theory to link system conditions to outcomes, but provides a common structure of 

components that can be used to generate theory when system conditions and outcomes are 

identified (Ostrom and Cox 2010). The usefulness of the framework will vary depending on the 

depth of data gathered to describe the system conditions through its suggested components and 

processes. Adding components and processes to the SESF is likely necessary through further 

empirical investigations that can identify the relationships between new and existing components 



Part 2: Context and concepts 

71 

 

in different contexts (Frey and Cox 2015). Overall, facilitating structured system knowledge with 

consideration for broad social and ecological components is a strength of the framework. 

Target knowledge 

 

SES research is suitably positioned to move beyond the generation of system knowledge and to 

transition research into a more active role in society (Fischer et al. 2015). This transition will 

generate target knowledge. Building on system knowledge, target knowledge captures the 

subjective perceptions, goals, and visions that shape a normative direction. This can include the 

concepts of ethics, morality, and justice. Without this knowledge, there is the possibility that 

decision-makers hold a great amount of system knowledge, but lack the ability to translate that 

knowledge into socially relevant and accepted decisions. Informing decision-making and 

planning processes with target knowledge aids the inclusion of stakeholder perspectives and 

increases the acceptance of (sometimes unpopular) measures (Scholz and Steiner 2015a). Robust 

and contextually relevant target knowledge is important for successful adaptive governance 

approaches (Gadgil et al. 1993) and for long-lasting solutions (Millennium Ecosystem 

Assessment 2005). 

The generation of knowledge on diverse societal perspectives on ES is less developed compared 

to ecological aspects (Davies et al. 2015). However, ES researchers have realized that sustainable 

solutions cannot be solely based on system knowledge, but that there is high relevance for the 

inclusion of norms, values and subject perspectives relating to ES demand (Jordan and Russel 

2014, Görg et al. 2014, Primmer et al. 2015). Specifically the ES concept attributes values to 

biophysical, socio-cultural and monetary value domains (Figure 2). Cultural ES recognize the 

social and relational values gained from ecosystems, e.g. sense of place or recreation, allowing 

subjectivity to enter ES assessments and valuations (Chan et al. 2012b, 2016, Daniel et al. 2012). 

In addition, social-cultural valuation is often conducted through participatory methods (Scholte et 

al. 2015, Winkler and Nicholas 2016) (Figure 3). Local level research projects are well situated 

for assessing target knowledge due to the more iterative nature of the process between the 

producers and users of ES knowledge (Haines-Young and Potschin 2014, Förster et al. 2015). 

The SESF has numerous components, including action situations, that facilitate target knowledge 

generation. However the SESF is more diagnostic and analytical than value oriented (Figure 3). 

The diagnosis of action situations identifies social-ecological processes, almost entirely driven 

from the social system side in the SESF such as deliberation, investments, self-organization, 

lobbying and information sharing (McGinnis and Ostrom 2014). Understanding action situations 

is in part dependent on target knowledge, why stakeholders make decisions based on their goals 

and values. There are two types of action situations: 1) an appropriation action situation, where 

actors face a collective action challenge to avoid overuse of a resource, good or service; and 2) a 

provisioning action situation, where actors face a collective action challenge to provide, maintain 

or create a resource, good or service (Hinkel et al. 2015). Either situation could be influenced by 

numerous actor characteristics that should be acknowledged in a diagnosis. Many diagnostic 

components of the SESF nested in the 1st tier Actor subsystem facilitate target knowledge. These 

include social norms/ capital, mental models/ knowledge of SES and leadership, among others. 
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Individual and community values as well as perceptions towards society and the environment will 

be understood through conducting descriptive research on such components. 

  

 

Figure 3.  Conceptual orientation of both approaches showing their generalized contributions to 

generating each type of knowledge. Each approach is crudely placed on the scale of each 

knowledge type as an interpretation of their relationship. 

 

Transformative knowledge 

 

Transformative knowledge informs contextually relevant change pathways towards a desired 

(target) SES state (Jerneck et al. 2010, Brandt et al. 2013, Abson et al. 2014). It is often generated 

in a transdisciplinary setting, incorporating multiple academic domains and societal perspectives 

in the research process (Scholz and Steiner 2015). Transformative knowledge results from the 

coupled analysis of system and target knowledge. In sustainability science, this aims to transition 

academic contributions towards implementing practical solutions for society. A vision for SES 

research is to progress the ambitions of sustainability science (Bodin and Crona 2009, Scholz and 

Steiner 2015, Schoon and van der Leeuw 2015). However, research on transformational change 

remains primarily conceptual, particularly regarding political and socio-cultural engagement. 

So far, little research is published on transformative knowledge production within ES. Often it is 

assumed that existing system knowledge will lead to policy or management decisions that change 

the unfavorable status of ES, but this has not proven effective (Primmer et al. 2015). However, 

the ES concept can serve as an approach to motivate innovations (Haines-Young and Potschin 

2014). It engages different disciplines and non-academic stakeholders through a neutral language 

that is not yet “captured” from any interest group (Abson et al. 2014, Davies et al. 2015, Everard 

2015). Studies using the concept in real world situations show the usefulness of the approach 

when working with practitioners and individuals. In the landscape planning context, it helps 
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various stakeholders to understand different perspectives and demonstrate their own needs 

(Hauck et al. 2013, Karrasch et al. 2014). 

 

The SESF can facilitate the diagnosis of SES components that can inform transformative 

knowledge. However, the SESF has not been discussed in the literature or used empirically as a 

tool for facilitating practical change processes. The primary potential exists to analyze the 

linkages between system and target knowledge through empirical investigation of the 

framework’s components in a case study. This flow of knowledge towards transformative change 

(Figure 1) can only be achieved through in-depth knowledge of the case study context. 

Additionally, there is potential for the SESF to act as a common language or medium for 

information exchange between researchers, stakeholders and practitioners or policymakers. Also, 

as a framework for actualizing the ambitions of sustainability science (Partelow 2016). Delgado-

Serrano and Ramos (2015) show that the SESF was useful for communicating co-designed SES 

research and identifying shortcomings of the process at the local level with stakeholders. 

However, these ambitions remain largely conceptual within the broader literature.  

Comparing approaches in a cases study: The Southern 

California Spiny Lobster Fishery 
 

In this section, we use the Southern California Spiny Lobster Fishery to compare the differences 

between ES and the SESF (Figure 2) when applied to the same case. We demonstrate how each 

can facilitate the generation of different knowledge types (Table 1; Table 2). Through using both 

approaches, the analysis of the lobster fishery is shown through two lenses. Similarities, 

differences and potential for mutual learning are highlighted below and in the following section. 

The Southern California Spiny Lobster Fishery is located in the Pacific Ocean along the 

southwest United States. The broader area is part of the Southern California coastal marine zone, 

which extends south across the Mexican border into Baja California. The fishery can be referred 

to as small-scale and has six stakeholder groups: Commercial (C), Recreational (R), Non-

consumptive (N), Environmental (E), Marine science (M) and the Federal Government (G). There 

are approximately 150 commercial fishing licenses and more than 30,000 recreational (Partelow 

and Boda 2015). The Spiny lobster (Panulirus interruptus) habitat is embedded into a diverse 

coastal zone, including intertidal, sandy beach, rocky reef and seagrass habitat. The coastal zone 

includes extensive conservation and habitat restoration efforts, generates revenue from tourism 

and is an embedded feature of the Southern California cultural identity. A co-management 

committee was formed between the stakeholder groups, mandated and facilitated by the 

California Department of Fish and Wildlife to generate sustainable policy recommendations for 

the state legislature. 
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The ES approach provides an ecocentric understanding of the fishery. The ecosystem provides a 

diverse range of goods and services, including lobster and many others. Lobsters are a part of the 

larger ecological system, playing a role in the maintenance of the ecosystem functions and the 

biodiversity (Table 1). Lobsters are of central focus for management, but there is a diverse range 

of other ES also provided to different stakeholders and opportunities for human well-being. 

Among the different stakeholders, socio-cultural and relational values from the ecosystem and the 

lobsters are derived both directly and indirectly. 

Currently, the ES cascade does not provide a standardized analysis of the functional components 

of governance. This is the feedback loop connection from the social system to the ecological 

system (Figure 2). Other ES approaches are needed to allow for a useful social system analysis as 

its own entity (e.g. Diaz et al. 2015, Chan et al. 2012a). As a result, ecological system knowledge 

can be primarily facilitated as well as target knowledge on the values and potential trade-offs that 

exist between stakeholder groups (Table 1). The basic facilitation of identifying social system 

components beyond values is absent. Transformative knowledge on reconciling trade-offs in 

policy can be facilitated, but is limited to conceptual interpretation due to a lack of concrete social 

system components to analyze within the ES cascade. 

Table 1. A demonstrative assessment of the Southern California Spiny Lobster Fishery using the ecosystem 

services concept. Steps of the ES cascade are matched with case study data from the fishery and the 

knowledge types generated. *Stakeholder groups: commercial (C), recreational (R), non-consumptive (N), 

environmental (E), marine science (M) and government (G). 

Cascade step 

(Figure 2) 

Southern California Spiny Lobster Fishery Knowledge types 

Biodiversity/ 

ecosystem functions 

Species diversity & functional role 

Carrying capacity 

Habitat 

Biomass production 

Reproduction dynamics 

System - understanding of 

the ecological functioning 

of the system. 

 

Ecosystem services 

(based on CICES) 

Provisioning 

Lobsters and fish (food); Kelp (materials); Cooling water for 

energy production (energy) 

Regulating & Maintenance 

Coastal upwelling (Hydrological Cycle); Salinity and 

temperature fluctuations (Biophysical conditions); Pollution 

from urban runoff; Micro and regional climate regulation ; 

Maintaining habitats 

Cultural 

Sense of place (Physical and experiential interactions); 

Recreation; Intellectual and representative interactions 

Symbolic 

System - assessment of 

existence and status of 

ecosystem services 

Human well-being 

(based on (Chan et 

+/- Material & Employment: Economic opportunity (C)* 

+/- Activity & identity: Socio-cultural opportunity (R,N) 

Target - identification of 

perceived ES benefits for 
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al. 2012a) +/- Existence/ bequest:  Environmental health (E) 

+/- Knowledge: Scientific scrutiny & impact (M) 

+/-  Social capital & cohesion: Public interest & legality (G) 

well-being 

Governance 

(based on Díaz et al. 

2015) 

Decision-making 

Power  

Responsibilities  

Formal (e.g. property rights, treaties, legislation) 

& informal (social norms & rules) institutions 

Scale (local to global) 

Degree of legitimacy, fairness, rights 

Target - improvement of 

deliberation and policy 

process through 

recognition of stakeholder 

values 

  

Transformative - policy 

pathways, communication 

paths between actors 

 

 

The SESF diagnosis highlights many components that are influential and interacting in the 

fishery. The fishery has characteristics of a common-pool resource system, with high rivalry and 

non-excludability (Partelow and Boda, 2015). The resource has a high economic value and a co-

management committee was identified with diverse actors groups to deliberate sustainable policy 

recommendations (Table 2). The ecological system is described in its basic elements as highly 

productive and large in size with multiple levels of unclear system boundaries in the social and 

ecological system. The primary action situations affecting fishery outcomes are deliberation and 

information sharing in the co-management committee (Table 2). Target knowledge on actor 

perspectives and goals is combined with system knowledge on the functional structure of the co-

management committee to aid in an analysis of transformative pathways through the action 

situations affecting the SES outcomes.  

  

Table 2. A demonstrative diagnosis of the Southern California Spiny Lobster Fishery using the social-

ecological systems framework. First tier subsystems from the SESF are shown (Figure 2). Data from the 

fishery and the knowledge types developed are indicated. This table represents a subset of data taken from 

the full diagnosis of the fishery from Partelow and Boda (2015). *Stakeholder groups: commercial (C), 

recreational (R), non-consumptive (N), environmental (E), marine science (M) and government (G). 

SESF 1st tier 

(Figure 2) 

Southern California Spiny Lobster fishery 

  

Knowledge types 

Resource 

system 

Southern California coastal marine zone 

Unclear system boundaries 

High productivity 

Large ecosystem 

Predictable seasonality 

 

System - description of the resource system 

and functional processes as related to the 

resource unit. 
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Resource units Lobsters   

High economic value 

Identifiable reproductive females 

High mobility during recruitment 

Low adult mobility 

Slow growth rate 

System – description of lobsters as a resource 

unit. 

  

Governance Facilitated co-management between 

stakeholders 

Operational rules to be deliberated for fishing 

Constitutional choice rules exist for policy 

making 

Marine protected areas exist 

System – describing the governance system 

characteristics and functional processes. 

Actors Six relevant actor groups (C, R, E, N, M ,G)* 

Varied knowledge of SES between groups 

Established social capital in groups 

High actor group leadership 

History of conflict in policy planning for 

MPAs 

 

  

System - identification of actor 

representatives and characteristics on the co-

management committee and their larger actor 

groups. 

  

Target – actor perspectives, goals and values. 

Consensus on the pursuit of normative 

sustainability goals. 

Action 

situations  

Information sharing: Stakeholders share 

knowledge about SES during co-management 

meetings 

 

Deliberation: Stakeholders deliberate policy 

pathways to achieve group and collective 

goals 

System- description of interactive processes 

as well as deliberative and knowledge sharing 

procedures 

  

Transformative – Reconciling trade-offs 

between different actor goals and values 

through deliberation and information sharing. 

Effective governance pathways can be 

identified. Education occurs through 

information sharing. 

 

Interlinkages and mutual learning 
  

In this section, we discuss the strengths and weaknesses for facilitating mutual learning and 

interlinkages in both approaches. The application of the case study in the Southern California 

Spiny Lobster Fishery is used to provide examples for our analysis. We frame five key points 

where interlinkages or mutual learning can be facilitated: (1) Broadening the range of value 

domains in the SESF, (2) Expanding the diagnosis of ecosystem functioning in the SESF, (3) 

Describing and analyzing social systems in ES, (4) Structuring a common language and 

framework in ES, and (5) Mutual challenges and improvements needed in both approaches. 
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Broadening the range of value domains in the SESF 
 

A weakness of the SESF is a lack of recognition for more diverse value domains attributed to 

resource units, the resource system, and actors. Currently, economic value of the resource unit is 

the only explicitly recognized value that is diagnosed as influential. Thus, the SESF does not 

consider broader values of the resource system or resource unit, such as the biophysical, socio-

cultural, or relational values recognized in the ES concept (Martín-López et al. 2014, Chan et al. 

2016). Learning from how the ES concept recognizes multiple value domains can enhance the 

diagnostic capacity of the SESF. Socio-cultural values relating to the resource system can play a 

large role in decision-making processes for resource management as well contribute to the 

development of stakeholder perspectives (Ban et al. 2013). Reciprocally, neglecting biophysical 

values in natural resource management can degrade the functional integrity of ecosystems 

through lack of recognition. Adding new components to the framework requires consideration for 

the nested relationships within the frameworks structure (Frey and Cox 2015). We suggest that 

the second tier component ‘economic value’ in the SESF could be replaced with ‘values’. 

Subsequent third tier components could include biophysical, socio-cultural and economic values. 

Market and strategic values have been suggested at the third tier level (Delgado-Serrano and 

Andres Ramos 2015). As values can likely be attributed to the resource system and actor 

subsystems as well (Figure 2), there is a need to consider how and where the inclusion of value 

components can enhance the framework beyond the recognition of dynamics that are centered on 

the resource units. The facilitation of more target knowledge would likely result. 

It is evident that the SESF diagnosis is missing key value domains that play an integral role in 

shaping stakeholder perspectives on the co-management committee of the lobster fishery. Socio-

cultural and relational values influence the main action situations affecting system outcomes, 

deliberation, and information sharing. For commercial fisherman, decision-making may be 

influenced primarily by the economic value of the resource. However, the recreational, non-

consumptive and environmental groups may endorse biophysical or socio-cultural values gained 

through benefits such as sense of place, recreational opportunity, intrinsic value and community 

identity. If these values are not identified in a diagnosis of the system, their inclusion in an 

analysis for transformative knowledge generation in the policy recommendation process will be 

missed.  

Expanding the diagnosis of ecosystem functioning in the SESF 
 

In addition to recognizing further values, use of the SESF from natural scientists is needed to 

expand diagnostic components for the resource system. Ecological drivers are not as well 

empirically investigated compared to social dynamics through existing applications and literature. 

This can be attributed to a lack of contributions from the natural sciences in development and use 

of the framework (Vogt et al. 2015). Ecosystem characteristics (resource systems and resource 

units) have underlying supporting and regulating processes that may be influential in shaping 

system outcomes, particularly the provisioning of resources. These components should be 
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included in the diagnosis and generation of knowledge that can inform sustainability. This 

enhances the potential to develop theory that includes ecological system drivers in SES 

interactions and outcomes. Learning from the ES concept, recognition for ecosystem functioning 

is pivotal among the common classification schemes (e.g. Millennium Ecosystem Assessment 

2005, Haines-Young and Potschin 2012). In particular, the first and second operational stages of 

the ES cascade focus on biodiversity and ecological functions as important underlying 

foundations leading to ES and human well-being. Enhancing the diagnostic capacity of the SESF 

can be achieved by learning from how the ES concept recognizes ecosystem functioning as a core 

driver of SES outcomes. 

The SESF diagnosis of the fishery places the resource unit (lobsters) as the focus of analyzing the 

ecological system. However, the ecological system consists of many species and ecological 

relationships that allow the system to function and lobsters to exist. Many of these ecological 

functions provide diverse benefits to the different stakeholder groups (Table 2). More specificity 

is needed for describing the resource system components beyond the 2nd tier level of the 

framework. In addition, recognition for physical, chemical, and biological rules in ecosystem 

functioning may play a key role in diagnosing a system (Epstein et al. 2013, Vogt et al. 2015). 

Developing theory and analytical methods that integrate social and ecological system components 

can only be done with in-depth component development on both sides of the SESF. Fully 

understanding the lobster fishery with existing theories requires this for an accurate assessment. 

Overall, managing natural resources will be more effective when influential social-ecological 

linkages can be diagnosed with a robust framework of components and can inform decision-

making. 

Describing and analyzing social systems in ES 
 

There is no standardized approach to analyze the social system in ES research. The ES cascade 

stages are clear in the ecological system, but the social system and the governance feedback stage 

are less developed. There is no common set of social system components similar to the list of 

identified services and values. The identification of governance structures and their outcomes 

remain vague (Jacobs et al. 2013, Görg et al. 2015, Primmer et al. 2015). Social system analysis 

using ES is left to interpretation, which minimizes the benefits of using a common conceptual 

framework across cases, for comparisons and theory generation. Thus, research of ES governance 

needs to be enhanced, with thought for developing common components for analysis (Bennett et 

al. 2015). A review of the different social system and governance analyses using ES would be 

useful to consolidate efforts. With intention for mutual learning, ES researchers can draw on the 

development of the SESF for social system analysis. The SESF has identified many components 

to diagnose social systems, particularly relating to how institutions affect behavior and decision-

making through empirically studied components.  

Using ES, knowledge on the governance and institutional structures of the fishery remain vague, 

and rely on the use of other frameworks or knowledge to identify them. The main reason is the 

lack of explicit components for an assessment. This makes it difficult to produce system 
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knowledge on the underlying structural social components influencing the Southern California 

Spiny Lobster Fishery. There are no explicit linkages or components between governance and 

ecosystem functioning that can be used to identify specifics in our case. In contrast, target 

knowledge is more clearly facilitated through the identification of explicit values that can be 

associated to different stakeholders. The missing facilitation of system knowledge relating to the 

fishery’s governance hinders an effective analysis of the management plan with the ES concept. 

A common language and standardized framework for ES 
  

Various ES classification schemes exist and are used with (e.g. MEA, TEEB, CICES) (Bull et al. 

2016). For example, the MEA differentiates four ES categories (supporting, provisioning, 

regulating, cultural), while the CICES classification differentiates only three categories 

(provisioning, regulating, cultural). Regarding the ES cascade, there is no cohesive approach for 

how to apply the cascade as a step-by-step process. For each step, different literature builds the 

basis for the assessment (Table 1) because different groups of researchers (often with specific 

disciplines focusing on one step) focus on the specific steps with no standardization. An analysis 

using ES is typically not applied as a holistic conceptual framework to explain the whole SES. 

Consequently, findings are compartmentalized to specific steps and are hard to combine or 

compare. In contrast, the SESF has been suggested as a formalized structure that can build an 

ontology and common language for SES research including guiding literature aimed at structuring 

comparable data (Frey and Cox 2015, Hinkel et al. 2015). Standardizing use of the concept 

should not limit the ES approach, but generate knowledge that can be clearly communicated and 

compared across case studies (Haines-Young and Potschin 2014). Formalizing a guideline to add 

and interpret the relationships between nested components in the ES conceptual framework may 

be useful in this regard. 

The general steps of the ES cascade are clear when implemented in our case study. There is a 

procedural flow from the Southern California coastal ecosystem and functions such as upwelling 

and biophysical parameters. This leads to the social system with the identification of ES, 

economic and socio-cultural benefits gained by each stakeholder group as well as the derived 

well-being. Finally, closing the feedback loop with governance through policy recommendations 

for the SES. However, the procedural steps or components for a more detailed analysis are not 

clear. As seen in Table 1, there is no clear way to compare specific components of governance in 

the analysis of the lobster co-management committee or governance structure as done by the 

SESF. As a result, conclusions or transformative knowledge cannot be generated easily, 

transferred or compared to other similar SES. 

Challenges and improvements in both approaches 
 

Common challenges exist in all SES research to generate knowledge for sustainability. For ES, 

manifold usage of the concept has led to a lack of cohesion between its multiple classification 

schemes, definitions and aims. Since the publication of the MEA (2005), hundreds of yearly 
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publications now include wide ranging interpretations of the concept for different research and 

policy agendas (Chaudhary et al. 2015). Larger-scale endeavors such as the Intergovernmental 

Panel on Biodiversity and Ecosystem Services (IPBES) also try to conceptualize the ES concept 

to bring on a common international policy agenda (Díaz et al. 2015). The ES concept has found 

its way to some national policy- and decision-makers such as the Obama administration who 

announced that ES must be considered in all federal decision-making (The White House 2015). 

Such broad usage has led ES to be considered a boundary object for sustainability (Abson et al. 

2014). However, the different perspectives contest the possible uses of the ES concept, including 

monetary valuation and the role of the concept in supporting conservation initiatives (see 

discussion between Silvertown (2015), Schröter and van Oudenhoven (2016) and Wilson and 

Law (2016). 

The SESF has yet to gain roots within a broader community of researchers. Most of its usage 

comes from researchers directly connected to its foundations. Literature on the framework has 

suggested many expansions to broaden its diagnostic scope, including ecologically (Vogt et al. 

2015), in recognition of external political settings (Guevara et al. 2016), for application in diverse 

cases (Hinkel et al. 2015, Marshall 2015)and as a tool in sustainability science (Partelow 2016). 

While the framework is being pushed as a potential common SES language and formal SES 

ontology (Cox and Frey 2015, Hinkel et al. 2015), ontological consistency in current empirical 

applications is lacking (Thiel et al. 2015). While the framework continues to expand its use in 

contextual case diagnoses, it needs to reconcile broader and diverse engagement with maintaining 

the ontological consistency required to facilitate useful comparative analysis across cases. 

Lastly, both approaches lack empirical applications that demonstrate how they can be used to 

generate transformative knowledge. This aspect concludes the flow of knowledge as part of a 

holistic research process (Figure 1). Although neither approach may have been intended for such 

ambitions, this has been considered an integral aspect of SES research. Nearly all SES approaches 

face difficulties to find appropriate methodologies that use conceptual frameworks to interlink 

different types of data, engage society as well as highlight and implement practical solutions. 

Large gaps exist between theory and practice in such research efforts, which often aim to be 

transdisciplinary but lack applied solutions beyond the scientific discourse (Zscheischler and 

Rogga 2015). Knowledge integration and mutual learning between existing scientific efforts can 

be a major step towards bridging the science-society gap. 

Conclusion 
  

In this article, we have analyzed and compared the ecosystem services concept (ES) and Ostrom’s 

diagnostic social-ecological systems framework (SESF). We identified how each can generate 

system, target and transformative knowledge to compare their contributions and ability to 

mutually learn from each other in SES research. Use of the ES concept facilitates ecocentric 

system knowledge, this is contrasted with how the SESF is primarily used to facilitate 

anthropocentric system knowledge. Concerning target knowledge, the ES concept is often used as 
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a tool to facilitate co-production and value trade-offs with stakeholders, whereas applying the 

SESF is descriptive and analytical in the diagnosis of actor behavior and decision making 

processes. Lastly, both perspectives lack empirical applications that demonstrate how they can be 

used as academic tools to both generate and implement transformative knowledge in real world 

cases. To address these gaps, we highlight compatibilities and mutual learning possibilities 

between them through understanding their strengths and weaknesses as well as their history and 

how they are used in research. It is increasingly necessary that the SES research community 

further unifies through boundary work if academic contributions are to match the pace at which 

informed solutions are needed for real-world sustainability challenges. 
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Abstract 

This study develops and applies an interdisciplinary and mixed method approach to 

operationalize the social-ecological systems (SES) framework in the context of aquaculture, the 

fastest growing food production sector worldwide. We apply this methodology to conduct a case 

study of community-based pond aquaculture on the island of Lombok, West Nusa Tenggara, 

Indonesia. This diagnostic approach demonstrates how sustainability challenges are interrelated at 

multiple levels through an analysis applying common-pool resource (CPR) and collective action 

theories. At the community level, qualitative data show how pond aquaculture systems can have 

CPR dilemmas, requiring communities to work together to solve them. We show how a provision 

dilemma manifests from the need to maintain common canal infrastructure to distribute water to 

private ponds. Asymmetric incentives to contribute exist because there are up and downstream 

users in the pond network, similar to some irrigation systems. Second, at the level of individual 

ponds, we developed indicators for the Resource System, Resource Unit, Governance and Actor 

tiers of the SES framework. Indicator data for each pond was measured and transformed into 

normalized quantitative scores to examine the relationships between social and ecological 

outcomes within and between ponds. We combine the results of our multi-level analysis to 

discuss the broader social-ecological relationships which link collective action challenges in 

managing common canal infrastructure with pond level outcomes and current government 

policies for advancing community development. We emphasize the need for increased knowledge 

and training on effective aquaculture practice as an underlying driver of current system 

conditions. This study raises many methodological challenges associated with designing 

empirically based SES research and building SES theory. We discuss challenges with integrating 

diverse data types, indicator selection and making normative assumptions about sustainability. 

 

Key words 
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Introduction 
 

The social-ecological systems (SES) framework has been proposed and is widely cited as a tool 

for advancing empirical SES research, developing SES theory and progressing sustainability 

science (Ostrom 2009, McGinnis and Ostrom 2014, Cox et al. 2016). However, there are few 

studies which demonstrate its potential for facilitating interdisciplinary and mixed-method 

empirical examinations to advance SES theory (Thiel et al. 2015, Partelow 2016). This is in large 

part due to ambiguities in understanding the relationships between the many nested concepts and 

variables in the framework, which have different disciplinary origins. In addition, there are few 

attempts demonstrating how mixed-method data collection and analytical methods can be 

facilitated in practice. This includes defining SES concepts, developing indicators, testing field 

methods and integrating diverse data between multiple disciplines. 

In this article, we attempt to advance interdisciplinary methods within SES research by 

operationalizing the SES framework in the context of pond aquaculture systems (Hinkel et al. 

2015, Leslie et al. 2015, Partelow 2015). We apply our approach to a community-based pond 

aquaculture system located in a deforested mangrove estuary on the island of Lombok, West 

Nusa Tenggara, Indonesia. We focus on the communities of Bertong, Madak and Empol in the 

district of Sekotong on the island’s southwest peninsula (Figure 1). Our research design builds on 

the approach demonstrated by Leslie et al., (2015) and draws on existing literature applying the 

framework e.g. (Schlüter & Madrigal 2012; Macneil & Cinner 2013; Cox 2014; Partelow & Boda 

2015). We examine our case study at two levels, the whole community and the individual ponds 

as distinct units of analysis. 

 

 

Figure 1. (a) Indonesia and location of Lombok. (b) Lombok and location of study site near the Sekotong 

Peninsula. (c) Satellite image over our three study sites Madak, Empol and Bertong. Top of the image is the 

mouth of the estuary into open water. Aquaculture ponds can be seen as square farming plots (Map data: 

Google, DigitalGlobe). 
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Aquaculture in Southeast Asia and Indonesia 
 

Aquaculture is the fastest growing food production sector worldwide, bringing both potential 

solutions and new challenges for marine and coastal sustainability (Troell et al. 2014, FAO 2016). 

Pond aquaculture is by far the most common type of fish production in the world, accounting for 

65% of global fish production between 2005-2014, having the largest implications for food 

security in the sector (FAO 2016). However, the sustainability of pond aquaculture remains 

largely unexamined compared to other food production systems and wild-catch fisheries 

(Partelow et al. 2018a). In Southeast Asia, aquaculture provides an additional or alternative 

livelihood for communities traditionally dependent on harvesting marine resources which have 

become severely exploited throughout the region (Halim 2001, White et al. 2005, Rimmer et al. 

2013, Von Essen et al. 2013, Williams et al. 2014). Aquaculture has been considered a sector that 

can enhance the resilience of food systems compared to wild catch fisheries which are the last 

large-scale food source to make the transition from hunting and gathering to controlled 

production through farming (Neori et al. 2007, Klinger and Naylor 2012, FAO 2016). 

In Indonesia, country level policies are driving research and development in search for new 

economic opportunities that can balance sustainable development trade-offs (Ferrol-Schulte et al. 

2014). Securing nutrient rich food for a country of 250 million people scattered across more than 

900 inhabited islands necessarily requires utilizing the vast abundance of coastal and marine 

resources in a sustainable way (White et al. 2005, Gurney et al. 2014). However, little is known 

about the challenges and impacts of transitioning livelihoods towards aquaculture, or the types of 

governance approaches or institutions which will be needed to secure a sustainable future for the 

sector (Eriksson et al. 2012, Von Essen et al. 2013).  

Pond aquaculture systems 
 

There are different types of coastal aquaculture, such as terrestrial pond-based systems and ocean-

based mariculture (Swann 1992, Huong and Berkes 2011). In this study, we focus on a pond-

based system which requires the maintenance of pond and canal infrastructure, typically 

constructed through networks of dikes and levees with earthen walls (Figure 2). Pond aquaculture 

systems are hybrid common-pool resource systems, with similar characteristics to irrigation 

systems in terrestrial farming.  The production within private and ecologically semi- enclosed 

ponds is dependent on the sea water provided by a commonly owned and maintained system of 

canals. Regular seawater exchange through the common canals is essential to stabilize water 

levels, balance nutrients and expel waste generated by aquacultural practice in ponds. Water 

exchanged through the canal network is a point source to the ocean, which concentrates the waste 

water outflow from all ponds within a large area to a single location, which can lead to acute 

pollution. The mechanism of seawater transport is dependent on daily tidal fluctuations and on 

infrastructure maintenance. Ponds furthest away from the ocean are tail-enders when it comes to 

the quantity and regularity of water obtained. Sea water must travel through the network to reach 

each pond, and the further inland the more likely that canal infrastructure becomes a hindering 
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factor. In contrast to mariculture systems, terrestrial ponds have physical boundaries between 

them, substantially isolating ecosystem conditions such as nutrient levels and pollution within 

each pond. This can create variability in production between ponds related to differing social and 

ecological conditions (Azim et al. 2002, Islam et al. 2005). 

Pond aquaculture has considerable potential to be a reliable and secure mechanism for food and 

livelihood security when the biophysical conditions of the ponds can be controlled through 

knowledge of the conditions and mechanisms needed for different species to grow i.e. through 

water exchange (Sumagaysay, 1998; Sumagaysay-Chavoso & San Diego-McGlone, 2003; Laapo 

& Howara, 2016). The conditions of the water will play a role in the rate and amount of 

production that is possible for different target species. The water conditions including salinity, 

pH, temperature, dissolved oxygen, nutrient levels (i.e. phosphorus and different forms of 

nitrogen) and any pollutant (i.e. heavy metals, pesticides) will affect the health and growth of the 

cultivated organisms (Lapointe & Ryther, 1979; Garg & Bhatnagar, 2000; Jana et al., 2006). 

External conditions affect pond water parameters, and seasonal changes such as rainfall can lead 

to changes in salinity and water depth (Braaten & Flaherty, 2000). Knowledge of these dynamics 

is critical for making pond aquaculture a viable mechanism for food and livelihood security 

(Edwards, 2000). However, this knowledge can be highly specialized, and capacity building and 

education to disseminate this knowledge for practical use in many remote tropical coastal 

communities often does not exist or is costly to accumulate and disseminate. 

Analytical framework 
 

The literature on common-pool resource (CPR) systems has become closely associated with that 

of social-ecological systems (SES) (Ostrom 2007, Cox 2014b). In both streams of literature, 

resource use dilemmas have been shown to create difficulties in managing them sustainably due 

to combined social and ecological conditions and their multidimensional characteristics (Hardin 

1968, Berkes 2008, Poteete et al. 2010). Individual use interests, often overharvesting or free 

riding, can conflict with the common interests of the group. Cooperation or collective action, 

either self-organized or externally motivated, has proven to be a key component for solving 

common-pool resource dilemmas (Poteete et al. 2010). However, collective action  theories have 

not been frequently used to analyze tropical pond aquaculture systems despite the evident role 

they play in influencing changes in coastal commons (Huong and Berkes 2011, Bayazid 2016, 

Partelow et al. 2018a). Research on collective action continues to examine why some groups can 

solve CPR dilemmas effectively through building institutions and changing them, while others do 

not (Dietz et al. 2003; Heinmiller 2009; Poteete et al. 2010; Agrawal 2014). Common 

frameworks have played a considerable role in providing a structure to define and compare 

system components, interactions and outcomes across systems (Ostrom 2009; Binder et al. 2013; 

Cox et al. 2016). 

Frameworks “provide the basic vocabulary of concepts and terms that may be used to construct 

the kinds of causal explanations expected of a theory,” (McGinnis and Ostrom 2014). To advance 

SES theory, the use of conceptual frameworks can help guide the examination of social and 
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ecological system components and their interactions in case study research (Partelow and Winkler 

2016). The SES framework is a synthesis of concepts and variables from multiple disciplines. The 

framework is envisioned to be a common language of basic concepts for SES research and a 

diagnostic tool to help guide the identification of variables and interactions affecting system 

outcomes. The framework is conceptually constructed in a nested and decomposable way 

(Ostrom 2009, McGinnis and Ostrom 2014). The framework has multiple tiers of nested 

concepts, the first tiers include the Resource System (RS), Resource Units (RU), Governance 

System (Gov), Actors (A), Social, Economic and Political Settings (S), Interactions (I), External 

Ecosystems (Eco) and Outcomes (O). Second tier concepts are nested within each first tier (Table 

1).  

Table 1. The social-ecological systems (SES) framework (McGinnis and Ostrom 2014). 

Social, Economic, and Political Settings (S) 

S1- Economic development. S2- Demographic trends. S3- Political stability.  

S4- Other governance systems. S5- Markets. S6- Media organizations. S7- Technology. 

Resource Systems (RS) 

 

RS1- Sector (e.g., water, forests, pasture) 

RS2- Clarity of system boundaries  

RS3- Size of resource system 

RS4- Human-constructed facilities 

RS5- Productivity of system 

RS6- Equilibrium properties 

RS7- Predictability of system dynamics 

RS8- Storage characteristics 

RS9- Location 

Governance Systems (GS) 

 

GS1- Government organizations  

GS2- Nongovernment organizations 

GS3- Network structure 

GS4- Property-rights systems 

GS5- Operational-choice rules 

GS6- Collective-choice rules 

GS7- Constitutional-choice rules 

GS8- Monitoring and sanctioning rules 

Resource Units (RU) 

RU1- Resource unit mobility 

RU2- Growth or replacement rate 

RU3- Interaction among resource units 

RU4- Economic value 

RU5- Number of units 

RU6- Distinctive characteristics 

RU7- Spatial and temporal distribution 

Actors (A) 

A1- Number of relevant actors 

A2- Socioeconomic attributes 

A3- History or past experiences 

A4- Location 

A5- Leadership/entrepreneurship 

A6- Norms (trust-reciprocity)/ social capital 

A7- Knowledge of SES/mental models 

A8- Importance of resource (dependence) 

A9- Technologies available 
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Interactions (I) 

I1- Harvesting 

I2- Information sharing 

I3- Deliberation processes 

I4- Conflicts 

I5- Investment activities 

I6- Lobbying activities 

I7- Self-organizing activities 

I8- Networking activities 

I9- Monitoring activities 

I10- Evaluative activities 

Outcomes (O) 

O1- Social performance measures 

O2- Ecological performance measures 

O3- Externalities to other SESs 

 

 

 

 

Related Ecosystems (ECO) 

ECO1- Climate patterns ECO2- Pollution patterns ECO3- Flows into and out of SES 

 

Research design 

 

This study examines how social-ecological system variables interact at and between multiple 

levels in pond aquaculture systems. We do this through a mixed methods analysis applying 

common-pool resource (CPR) and collective action theories. Two levels of the system are 

analyzed with separate but interrelated approaches. 

(1) At the community level we collect and analyze qualitative data to argue that certain social and 

ecological conditions are manifested from ineffective knowledge on how to maintain desirable 

pond conditions for aquaculture through improving water distribution infrastructure (i.e., canals). 

We draw on common-pool resource theory to hypothesize that the current social-ecological 

conditions present a supply-side provision dilemma to maintain canal infrastructure, which is 

related to creating, maintaining and improving the canals which the whole community depends on 

to regulate seawater exchange in their ponds (Ostrom 1990, Ostrom et al. 1994). 

(2) At the pond level, social and ecological indicators were developed and measured for each 

pond unit we sampled. All pond level data was transformed and combined into quantitative 

normalized scores to analyze and compare social-ecological relationships. We hypothesize that 

the ecological conditions will vary between the ponds and will become less desirable the further 

into the network (away from the coast). This would be due to continuously less effective water 

exchange, reducing productivity and income accordingly. Additionally, we build on the research 

from Leslie et al., (2015) to hypothesize that there will be positive relationships between scores of 

the first tier variables of the SES framework, social (Governance and Actors) and ecological 

(Resource system and Resource units). We further hypothesize that there will be positive 

relationships between the Interactions tier with the Actors and Resource units tier scores. In our 

discussion, we qualitatively analyze the link between pond and community levels of our analysis 
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through examining multi-level social-ecological relationships. In addition, we attempt to discuss 

distinctions between proximate and underlying causes of the current conditions, combining our 

analysis across levels. We highlight the role of problem recognition, government investments and 

knowledge of the SES as key drivers. 

Methods 
 

The research design of this study is a multi-step procedure combining a community level 

qualitative diagnosis with the quantitative research design from Leslie et al., (2015). We expand 

on this approach to demonstrate how it can be applied at the local level and to conduct an intra-

case comparative analysis of aquaculture pond conditions. Data collection was conducted 

between November - April 2016. Initial exploratory and observational phases focused on 

establishing contacts, meeting with local pond farmers, village leaders and community residents. 

Our exploratory observations and interviews were designed to gather data related to the concepts 

of the SES framework as well as to identify contextually relevant indicators to measure specific 

concepts at the pond level. Following our initial observations, we refined our focus to examine 

two units of analysis, recognizing two distinct levels in the SES: (1) the community level, and (2) 

the nested level of individual ponds, where each pond is considered its own social-ecological unit. 

Once we defined our two units of analysis, the next step was to identify appropriate indicators 

and the further methods needed to measure and analyze them at each level. 

Community level 
 

A total of 74 interviews were conducted with the help of a translator. Interviews were conducted 

in Indonesian (Bahasa) or the local language Sasak, depending on the interviewee. We conducted 

three rounds of interviews. After each round, the interview questions were revised following a 

diagnostic approach by asking nested sets of increasingly refined questions (Cox 2011). 

Snowball-sampling guided our selection of interviewees with multiple points of entry into the 

three communities. However, availability of individuals during field visits and working schedules 

mandated occasional convenience sampling after observing additional individuals to be included 

(n=16). The first round of interviews (n= 13) thus focused on the structure and activities of the 

farming group in Bertong, the Actor (A) and Governance (Gov) characteristics in the community 

as a whole. Bertong was targeted first, due to the location of our contacts and leaders in the area. 

Subsequent interviews, within the first few days, led to individual contacts in the other 

communities. Upon completion of the first round, interview questions were further refined to 

generate structured interview data on the individual farmers of specific aquaculture ponds (n=35), 

who provided additional data on the community. Our aim was to link the social data of farmers 

with the ecological data from each pond. Interviews were conducted with pond farmers from all 

three communities. The indicators developed for the social data collection were linked to the SES 

framework concepts (Appendix 1). 
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Ten key informant interviews were conducted with members of the three communities and 

government actors in the regional district, who had been selected based on their leadership 

positions. Questions were designed to examine the broader role of local, regional and national 

government, including subsidy programs and historical development in the area such as the 

evolution and distribution of property rights. Interview data was organized by coding with the 

SES framework using the software MaxQDA. Statistical analysis was conducted in Microsoft 

Excel, OpenOffice and R (R Core Team 2016).      

Pond level 
 

At the pond level we hypothesized that individual ponds would have spatially variable social-

ecological outcomes due to their location in the pond-canal network and due to the individual 

characteristics of the pond farmers. This was done to offer a more in-depth examination of pond 

aquaculture and marine SES case studies which often generalize characteristics at the community 

or regional level (Leslie et al. 2015, Partelow et al. 2018a). Our approach draws on similar studies 

in irrigation systems, where the literature attempts to investigate the role of single individuals 

with distinct farming plots in a network (Janssen et al. 2011; Cox 2014). Thus we attempt to 

demonstrate that aquaculture ponds and social (individual) characteristics and outcomes may vary 

substantially within an otherwise perceived rather homogenous SES. 

A sample of 62 ponds (Madak 14, Empol 11, Bertong 37) were analyzed as distinct social-

ecological units, all ponds are biophysically separated by constructed mud walls (RS3) (Figure 1) 

and farmed by individuals (some farmers use more than one pond) (A1). We developed indicators 

to measure the social-ecological conditions of our sample ponds. The concepts, indicators and 

type of data collected are shown in Appendix 1 below. All data for the individual pond indicators 

were transformed and analyzed as normalized quantitative scores (Appendix 1). A higher score is 

associated with a more desired environmental, social or economic condition. Categorical data 

were expressed as either 0 or 1.  Continuous data were ranked according to the 0, 10, 25, 50 and 

75, 90 and 100 percentiles, which were assigned the values 0, 0.1, 0.25, 0.5 and 0.75, 0.90 and 1 

respectively. The indicator values were matched to the closest percentile from the resulting 

ranking. In case a high value represents a less desirable condition, the inverse of the value was 

taken. The resulting scores are presented in Appendix 1. For the individual pond scores, data was 

attributed to multiple ponds if they were owned by the same user, with the exception of “pond 

size” and “distance along canals” which are unique to each pond. Pond area was determined using 

the QGIS field calculator. The distance of each pond upstream within the canal upstream was 

measured manually using the QGIS ruler tool (details below).  

19 ponds in the community of Bertong were selected to represent a cross-section of distance from 

shore, spanning from the edge of the water to the most inland point near a main road. Data on 

physical parameters of these ponds were collected in two-week intervals from December - March 

2016. Measured parameters included salinity, temperature, pH and oxygen content, which were 

measured using a WTW Multi 3430 multimeter (Xylem Analytics, Weilheim). Water depth was 

measured on two locations per pond, one in the opening of the main gate as a reference point and 
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another at a random location, where the pond bottom was perceived to level off. This data was 

used to assess temporal changes due to seasonality and to test the hypothesis that pond location 

(distance into the network) negatively influences the variation in pond conditions and can be used 

as an indicator for equilibrium properties (RS6) and location (RS9) in our analysis (Appendix 1). 

Spatial analysis and representation of pond parameters and indicators for each pond was done 

using the mapping software QGIS (projection EPSG:102029, Asia_South_Equidistant_Conic). 

Pond polygons were manually digitized using satellite imagery sourced through Google Earth and 

projected into QGIS. 

Results 
 

Community level 

 

Resource system (RS) 

 

Pond-based aquaculture (RS1) in Bertong, Madak and Empol is situated in a coastal mangrove 

estuary near the Sekotong bay (RS9). Due to the natural landscape, the ecological boundaries are 

clearly defined (RS2).The low lying estuary is separated from the sea by a thin strip of beach with 

canal and river outlets, and otherwise surrounded by hills. The estuary is dominated by human 

constructed canals and aquaculture ponds built from mud (RS4; Figure 2). Local mangrove 

habitat has been deforested due to farming and the use of mangrove wood for distilling salt from 

seawater is an alternative income. Most ponds contain no mangrove trees or a low density of 

naturally occurring trees. Seasonality plays a significant role in the production of food and 

perceptions of environmental change. The island experiences two main seasons, the wet season 

dominated by consistent rainfall from November to April and a dry season from May to 

September (RS6). During the wet season, freshwater creates brackish conditions with higher 

water levels, providing the most suitable conditions for aquaculture. During the dry season, ponds 

either contain water with high salinity content or no water. Tidal fluctuations bring sea water into 

the pond-canal network. Due to uneven water distribution in the canals, the pond conditions 

fluctuate based on the location. We further discuss details of the Resource units (RU) and 

Resource system at the pond level below. 

Resource units (RU) 

 

Pond-based aquaculture is focused on the production of milkfish (Chanos chanos) and seaweed 

(genus: Gracilaria) (RU4), following region wide trends. The species are typically grown 

together as a co-culture (RU3). Resource unit mobility (RU1) does not play a role as the ponds 

have clear physical boundaries between them, controlled by manual floodgates. However, it is 

more difficult to harvest mobile resources such as fish compared to seaweed, as many of the 
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ponds are large (Appendix 1). Salt is produced during the dry season, in smaller ponds, through 

evaporation. Naturally occurring species, including tiger prawns, wild shrimp, crabs and various 

other fish species are harvested periodically in small quantities as they enter the canals and ponds 

with the seawater (Figure 2). We further present characteristics of the Resource units (RU) below; 

as they differ at the individual pond level, including the economic value (RU4), number of units 

(RU5) and growth and replacement rate (RU2). 

  

 

Figure 2. (a) Seaweed harvested with a float. (b) Prawns and crabs naturally occurring in pond-canal 

network. (c) Milkfish. (d) Shrimp, naturally occurring. (e) Pond (green), canal (red) with manual water 

exchange gate (orange). (f) Salt production in dry ponds. (All photos taken by authors) 

 

Governance system (GS) 

 

Three organizations provide funding and help to manage the area in different ways (GS1; GS2). 

The regional government through the Department of Fisheries and Aquaculture instituted a five 

year program in 2013 to support aquaculture activities in rural communities through subsidies and 

training. The Indonesian Institute of Sciences (Lembaga Ilmu Pengetahuan Indonesia - LIPI) 

currently conducts a pilot project to cultivate juvenile sea cucumbers (Holothuria scabra) in the 
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area with ambitions to advance the prospects for more valuable species. The Coastal Community 

Development program of the International Fund for Agriculture Development (IFAD) consults on 

the advancement of aquaculture activities. In order to receive government aid, community 

members need to form farming groups (I7). Groups can apply for specific projects related to 

group activities such as salt production, producing fish fry or receiving pumps for inland ponds. 

Support is never given as direct financing, but in the form of seaweed seed, fish fry, and 

equipment or as payment for labor to develop infrastructure (I5). The regional government 

officially monitors and enforces aquaculture activities in the region (GS8). They monitor the 

success of aquaculture groups who receive funding to assess future development aid. Farmers and 

community members provided mixed statements regarding the existence of formal rules for 

aquaculture or mangrove use. Few mentioned rules that cutting mangroves should come with a 

fine of 1,000,000 IDR (~75 USD) and the need to plant 100 mangroves, but cutting mangroves 

was interpreted more as norm that is socially stigmatized. Our observations and interviews 

suggest this has never been observed by locals or enforced by the regional government (GS8). It 

was clear through observation in the communities that the use of mangrove wood for distillation 

fires and construction is regular. However, small patches of mangrove restoration areas are 

organized by the government and IFAD (I5). The use of poison to harvest fish from ponds is 

understood to be prohibited (GS5), but we received mixed statements that this may only be an 

informal rule. Gaining access to written community or regional government documents 

containing written rules was not possible, as written rules likely do not exist. In addition, there is 

a high presence of illegal gold mining in the local hills, which is common among the 

communities, suggesting a general lack of enforcement of any formal rules. 

The self-organization (I7) of aquaculture groups is required by the government to apply for and 

receive subsidies, equipment and training (I5). Groups are required to have a leader, secretary and 

treasurer (GS3; GS7; see Actors below), which may or may not work together in shared ponds. 

Groups are typically family members or friends (A6). The relevance of collective choice 

arrangements within groups are unclear but likely negligible. Most members farm individually, 

with their group playing a minimal role except to receive aid, such as a pump (GS6). Pond 

ownership is regulated in a number of different ways (GS4) due to the historical continuity of 

land ownership and shifts in use over time (GS10). In 1989, the establishment of a shrimp farm 

changed the property rights system of parts of the area. An investor bought ponds, but has not 

used them since 1994, and abandoned a plan for a shopping mall in 2015 (I5). While this investor 

is the proprietor of many of the ponds, they are used by local farmers who now have a mixed 

system of self-owned, rented, and borrowed or profit sharing arrangements. The financial security 

of the tenure agreements was not examined in detail, but the general lack in financial planning 

suggests that foreshadowing financial security plays a minimal role in daily decisions on farming 

practice and spending. 

Actors (A) 

 

Aquaculture groups are supposed to have a maximum membership of 10 people (A1), who select 

a leader, secretary and a treasurer (GS3). The leader has an organizational role, distributing tasks 
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among the group members (A5). In this study we interviewed members of 9 government 

supported groups, including most groups in the communities we were aware of, but others may 

exist. The average annual income per person from aquaculture, typically the main source of 

income, is 10,375,000 IDR (~740 USD), which averages less than two USD per day (A2), far 

below the Indonesian national average (World Bank 2016). However, the vast majority of 

respondents stated that they feel financially secure. Culturally, the community is highly 

homogeneous, identifying as Muslim and/ or Sasak, the local ethnic group. We observed apparent 

socioeconomic divides among older community members. Those who live slightly removed from 

the main pond areas have comparatively less desirable living conditions. These individuals also 

complained about inequalities of access to government resources through the group program. 

Overall, all three communities are remotely located in a rural setting with minimal access to 

public services and infrastructure (A4). This is relative to the rural development context within 

Indonesia as there is a basic school and hospital with a decent road to the area. 

Aquaculture has been practiced for more than three generations, although largely unsuccessfully 

and with limited or no government support under different property rights arrangements. Many 

respondents consider it a part of their family history (A3). Much of the farming used to be for 

subsistence, however, prices for fish, seaweed and shrimp have increased and can now be sold on 

the market or to middlemen (A8). Illegal gold mining, roadside shops and agriculture supplement 

the income from aquaculture for many families. Farmers often assist each other, sharing seed and 

pond maintenance efforts (A6). This cooperation existed long before the aquaculture groups were 

formed. These groups have been formed from existing community networks among family and 

close friends. Theft from ponds is a problem, mostly from outside the community, as it is difficult 

to continuously monitor the ponds. Most individuals want to avoid conflict and police 

enforcement is lacking (I9). 

Aquaculture is practiced in an artisanal way, using basic traditional tools and gill nets for 

harvesting fish, or floats to collect seaweed (A9) (Figure 2). One aquaculture group was given a 

motorized pump through the government support program to regulate water levels for salt 

production through evaporation. However, most individuals regulate pond water levels with tidal 

flows and manual floodgates (A9) (Figure 2). The need for pumps to clean the ponds or to keep 

the water levels high in the dry season was frequently stated and observed as necessary (A9). 

Tidal knowledge plays an important role in regulating the water levels and pond conditions, but 

the knowledge of farmers on how this relates to effective aquaculture practice and environmental 

stewardship is generally low (A7). The quality of ocean water coming into the ponds is assumed 

to affect all ponds similarly, and the ‘external’ ocean conditions were assumed to be consistent, 

the same across all ponds, and therefore not a determining factor. It only becomes an important 

variable in this analysis relative to the variance it creates between ponds in the network, which 

would be minimal. Environmental perceptions are largely shaped by seasonal changes, with the 

majority stating that the natural environment has not changed in their lifetime, but some said that 

they used to be able to collect more shrimp, fish and crab from the wild in the past (A7). 

Statements of seasonal predictability were varied along with the importance of mangrove in the 

estuary (A7). Individual variability is further examined at the pond level below.  
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Pond level  

 

To test the hypothesis that pond conditions vary in relation to location in the network, we 

analyzed the standard deviations of salinity, pH and temperature in relation to distance into the 

canal network (from the coast) (Figure 3). The distributions of pond condition values, averaged 

over time, are shown in Figure 4. We observe positive relationships between pond conditions, 

salinity in particular, and distance into the network. This confirms our hypothesis. Salinity is the 

most relevant indicator of seawater infiltration. This suggests that pond conditions may become 

less stable and thus less desirable for aquaculture the further into the network due to continuously 

less effective and stable seawater distribution and exchange. As a result, the distance from the 

coast was used as an indicator for location (RS9) in the calculation of the social-ecological pond 

scores. 

 

 

Figure 3. The standard deviation of the water parameters measured in the sampled ponds. Ponds are 

represented as dots. Variation is generally shown to be dependent on the distance from the coast, up the 

canal network. Distance was measured from the center of the pond to the coast.  
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Figure 4. Histograms of the frequency distribution of the average water parameter measurements for the 

ponds.   

 

Indicator values were calculated into five scores for each pond, one aggregate score for each of 

the measured first tier variables (RS, RU, G, A, I) of the SES framework. The indicators, data 

ranges and weighting system for the calculation are shown in Appendix 1. First tier pond scores 

were plotted in a correlation matrix to analyze their relationships (Figure 5). As hypothesized, we 

observe a likely positive relationship between RS and RU, suggesting ecological pond conditions 

may influence aquaculture production and the income derived from it. In addition we observe a 

likely relationship between RU and GS as well as RS and GS, suggesting that pond ownership 

and group membership may relate to increased production. There was no significant relationship 

between A and GS or between I and RU. A total social-ecological score was calculated for each 

pond from the first tier scores, which are mapped and plotted in Figure 6. Despite spatially 

dependent ecological conditions, we observe that combined scores are spatially variable due to 

heterogeneity in the social conditions. Despite ponds which exhibited high individual 1st tier 

scores or high single indicator scores, few ponds have high combined scores or high scores across 

multiple tiers of the SES framework (Figure 6). Scores suggest that spatial heterogeneity may be 

influenced by governance and actor sub-scores (Figure 6). This seems to occur despite indications 

that ecological conditions may be influenced by location in the pond-canal network. In general, 

total scores are influenced by coupled social-ecological conditions. 
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Figure 5. Correlation matrices between cumulative pond scores at the first tier level of the SES framework 

(every first-tier variable given the same weight). Axis labels refer to the 1st tier concepts GS (Governance 

System), A (Actors), RU (Resource Units), RS (Resource System) and I (Interactions). Trend lines are 

fitted with linear regression and the shaded area refers to the 95% confidence intervals. Models marked 

with an asterisk are statistically significant at p ≤ 0.05. 
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Figure 6. (a) Spatial distribution of cumulative pond scores. (b) Number of ponds in each score category. 

Discussion 
 

Pond aquaculture presents a new and largely unexplored context for defining the conditions in 

which CPR dilemmas can manifest and for examining how community-based institutions and 

governance have evolved in response. In this section we sort through our case analysis to discuss 

how linked social-ecological conditions present challenges for improving the desired 

development goals for pond aquaculture in the area. Improving aquaculture production is the 

primary goal for LIPI and communities as revealed by our community level and key informant 

interviews. 

Our diagnostic approach has asked nested sets of questions, starting with more general inquiries 

related to concepts of the SES framework, to more nuanced and specific sets of reevaluated 

research questions (Cox 2011). In doing so, we have demonstrated how a mixed method approach 

for applying the SES framework can be done. However, this has not come without difficulties in 

understanding how to appropriately characterize and diagnose pond aquaculture systems, as there 

is sparse literature to guide indicator selection and context appropriate methods within the sector. 

This has allowed room for developing a new methodological application of the SES framework 

and testing the fit of CPR and collective action theories in a new context, and the ability to 

differentiate their relevance at different levels of analysis (Faysse and Mustapha 2017). 
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Proximate causes and collective action 
 

This analysis suggests that variable pond conditions are likely due to poor canal infrastructure and 

its management. This hinders effective water distribution and exchange. Canals are a shared 

resource between all pond farmers, and finding ways to collectively manage them is a central 

factor of achieving successful social-ecological outcomes. We can interpret this canal 

maintenance as the proximate cause of the variable and uneven distribution of pond conditions. 

Canal infrastructure is the common good provided in the system and it would deserve a lot more 

attention in a follow up study to understand how CPR problems manifest in pond aquaculture. 

However, the main focus of this paper is on applying the SESF. We observe a social-ecological 

link that is reinforced by this dilemma. Poor pond conditions hinder production capacity and 

stability. This instability is then transferred to the social conditions such as income generated. 

This is reflected above in the significant positive correlation between the ecological tiers (RU; 

RS) and the governance system (GS), as well as between the resource unit (RU) and the resource 

system (RS) scores. This supports similar observations by Leslie et al., (2015). It is of 

considerable interest to understand which specific social and ecological conditions are driving 

these relationships, and how these may affect the ability of the community to cooperate and build 

institutions which can effectively respond (Ostrom 1990, Poteete et al. 2010). We explore this in 

detail below with CPR and collective action theories. However, the main focus of this paper is on 

applying the SESF, but we reiterate the importance of the detailed analysis of canal infrastructure 

for a follow up study. 

Minimal cooperative efforts exist in Bertong, Madak and Empol to address community and 

government desires to improve aquaculture development. We can briefly relate the conditions we 

observe to existing CPR literature for potential explanations. Farming groups have been 

externally motivated to self-organize in order to be eligible for government subsidies, which 

leaves an ambiguous answer to the idea that they are able to self-organize effectively through 

intrinsic motivations (without external incentives) with their existing capacity or knowledge of 

how the system functions (Poteete and Ostrom 2004). Leaders are mandatory to establish each 

group (Gutiérrez et al. 2011), but otherwise play a minimal role in further organizing group 

activities which may be similarly explained by the fact that they are not self-actualized in their 

role. However, there is likely some reason why these individuals were selected as leaders which 

may be related to social status, age or experience. 

Organized farming groups are largely composed of extended family members with close relations 

and frequent communication, which suggests a certain degree of trust or social capital as a barrier 

for entry to the group (Poteete et al. 2010). However, the communities are relatively 

homogeneous in regards to culture, dependence on the resource and socioeconomic attributes, 

which may suggest a higher potential to cooperate collectively, and group sizes are relatively 

small, less than 10 people (Vedeld 2000, Poteete and Ostrom 2004). The ponds, community 

boundaries and canal network are clearly defined, and ponds are easily assigned a system of 

property rights (Ostrom 1990, Schlager and Ostrom 1992). However, while ponds are easily 

distinguished with property rights, the canals exist as the jointly owned common infrastructure, 
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and there is a lack of formal or informal institutional mechanisms to deal with its provision. 

Similarly, there is a lack of formal and informal rules-in-use for aquaculture and the mangrove 

forests in general, as well as for monitoring pond or social conditions which have been shown to 

be important determinants of whether institutions are likely to achieve desired outcomes (Ostrom 

et al. 1994; Cox et al. 2010; Rahman et al. 2017). Some informal rules were mentioned but no 

enforcement or sanctioning has been observed or reported. 

In summary, with the characteristics we observe, it is not surprising to see that the current 

conditions for collective action are fairly unfavorable. The prospects for improving aquaculture 

development will require institution building such as rules and procedures for canal maintenance 

as well as addressing the underlying challenges which are stagnating current conditions, which 

we explore below. In addition, it is important to recognize that this study cannot be considered 

fully exhaustive. As mentioned above, it is evident that social capital, mental models, trust and 

reciprocity very likely play a role, but we cannot support strong conclusions about their influence. 

Underlying causes and the need for knowledge 
 

A more underlying cause of inaction to improve pond aquaculture development is the lack of 

knowledge and problem recognition within government programs and among farmers. There is 

little awareness of pond conditions, how they fluctuate over time and how this affects ecological 

performance via water exchange from canals, and how this is ultimately coupled to social 

outcomes. Stabilizing temperature, salinity and pH levels in the appropriate combination is 

necessary and will differ between target species. Suitable equipment and training would be 

needed to monitor these parameters, but this requires targeted investments from the government 

or NGOs (GS8; I2; I9). Existing training programs have been well received and further requested, 

but these have focused on supporting current aquaculture procedures with subsidies rather than 

investigating what challenges exist and how to best address them. It is evident that government 

programs could better prioritize improving the canal network through monitoring, either 

themselves or by partnering with external researchers. Providing training on how and why the 

stabilization of pond conditions can improve aquaculture production may better incentivize 

collective maintenance efforts. Improved canal infrastructure could also help stabilize pond water 

levels during the dry season, and overall water quality throughout the year, potentially allowing 

year-round aquaculture or at least a prolonged growing season.  

Salt production is a current solution for ponds during the dry season through a government 

sponsored pilot program. Salt can be stored year round and be sold when needed or when prices 

on the market are higher (RU6; RS8). However, income generated from salt production is 

considerably lower than for fish or sea cucumbers. Improved farming techniques will need to be 

informed through government or NGO programs. Milkfish are currently farmed due to their 

adaptability to high salinity ranges. If co-culture with more valuable commodities such as sea 

cucumbers is to be established, fluctuating pond conditions need to be considered. Sea cucumbers 

(H. scabra) are considered a robust species for pond aquaculture, but our results indicate that 

current pond conditions do not have suitable temperature and salinity ranges for them (Battaglene 
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et al. 1999), despite active government research programs to pilot the development of sea 

cucumber aquaculture in the area. 

Under the current intensity of use, seawater in-take is not a subtractable resource in this context. 

However, it may be in the future due to pollution or overcrowding such as in confined space 

mariculture systems. At the moment there is no competition between farmers over sea water 

appropriation, leaving the main challenge to improving the canal network which simply allows 

for the sufficient delivery of water. However this requires further problem recognition to motivate 

a collective effort among farmers to solve it, a task which government aid and NGO support has 

not been able to successfully achieve so far (Fujiie et al. 2005). If problem recognition increases, 

we can draw on common-pool resource theory to still foresee and view the case as a provision 

dilemma between farmers, depending on their location within the network (A4; RS9). In the 

ponds located closer to the coast, we measured more stable water parameters than in ponds 

further into the network (away from the coast), some of which even receive a high influx of 

freshwater during flooding and rainfall in the wet season. Thus there are different degrees of 

dependence on collective action to improve the network among farmers, and there are inherent 

asymmetric or heterogeneous preferences about the kind of joint investment needed, with 

incentives to free ride (Poteete and Ostrom 2004). There is greater variability of pond conditions 

further into the network. Even though seasonal temperature and salinity fluctuations will always 

occur to some degree, high variability could likely be mitigated for more predictable and stable 

production and income. In addition, selecting the appropriate species that can cope with 

fluctuating pond conditions and using seasonal species rotations may aid in maintaining 

productivity across seasonal changes  (Wang and Lu 2015). 

Here we reflect more broadly on the nature of pond aquaculture dilemmas, and how we can 

situate the type of dilemma we observe into the existing understanding of CPR dilemmas. The 

conditions for a provision dilemma exist, but the subtractability of seawater does not create a 

problem with appropriation. We are not aware of any literature which assesses whether cases 

faced with the dual dilemma of infrastructure provision and subtractable water appropriation such 

as irrigation systems, which is presumed to be a more difficult situation to solve institutionally, 

actually facilitates a more dire scenario where the joint problem is more easily recognized than 

cases with a single dilemma. Facing a dual dilemma increases the necessity of collective action 

due to more drastic consequences of inaction. However evidence that the severity of a dilemma 

leads to higher or lower cooperation is mixed (Osés-Eraso and Viladrich-Grau 2007, Cox et al. 

2012, Blanco et al. 2015). In our case it is apparent that the single provision problem is not 

recognized or too subtle and indirect to generate sufficient collective efforts. It is worth 

considering the role of problem severity and persistence over temporal and spatial scales, such as 

the role of seasonality across aquaculture farming plots, when framing the conditions under which 

CPR dilemmas (particularly in diverse cases like aquaculture) effectively motivate collective 

action or effective institutional responses. 
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Assessing sustainability 
 

Assessing the drivers of outcomes between multiple levels of a social-ecological system is a 

complex task. We have attempted an empirical analysis which may suggest that we are assessing 

the sustainability of Bertong, Madak and Empol, which we caution as being abstracted. We 

suggest a more nuanced discussion on the methodological process of attempting to understand 

how complex and context dependent systems function. This analysis evaluates the current pond 

level conditions with normalized indicator values, calculated to provide a pond score for each 

first tier variable of the SES framework (i.e. RS, RU, Gov, A, I). Justification for what constitutes 

a higher or lower value for any indicator was contextually grounded at the community level. 

However it is difficult to directly associate higher or lower pond scores to conditions which are 

sustainable for any given pond. The preferential condition for any individual may vary, or not 

align practically, with what we interpret as the more desirable conditions at the community level, 

or theoretically with normative values of sustainability in the literature or with the global agenda 

for sustainable development. Heterogeneous preferences for sustainable development likely exist 

within communities and across multi-level governance systems, and this has methodological 

implications for how we can measure and draw conclusions about sustainable outcomes in our 

research design. 

For example, we assume in the community level analysis that a farmer who rents a pond would 

rather own his pond, and thus receives a lower score for the indicator of property rights because 

renting is less desirable due to the risks associated with decreased autonomy, regular costs and 

less economic certainty due to dependence on another owner (Feder and Onchan 1987, Acheson 

2006). However, there may be other reasons that may explain why a farmer is renting a pond, 

which are more desirable for his particular situation, and this may change over time. 

Simultaneously, government subsidy programs may incentivize lending programs which favor the 

transfer of private property to state control to better enforce regulations. Many scales on which 

indicators are measured can be associated with normative value preferences which may differ 

from what is generalized as more desirable when creating the measurement scale at the group or 

community level. The variability in what contributes to a sustainable outcome for specific ponds 

is not reflected when preferential values are assumed to be homogenous and weighted equally in 

the calculation between all ponds. This is a methodological problem associated with comparing 

quantitative values on a fixed and generalized scale, and implicates the need for further research 

to understand dynamic value preferences and decision-making processes relative to normative 

goals at multiple levels, and how this may differ between individuals, groups and communities. 

Methodology and theory for diagnosing aquaculture systems 
 

The SES framework has been frequently applied in coastal and marine settings (Schlüter and 

Madrigal 2012, Basurto et al. 2013, Partelow 2015, Guevara et al. 2016). However, we are not 

aware of existing literature applying the framework to pond based aquaculture systems. We have 

found the framework well suited for examining aquaculture systems, in contrast to literature 
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suggesting the need for adaptations to improve the detailed analysis of other sectors e.g. (Epstein 

et al. 2013, Basurto et al. 2013, Marshall 2015, Partelow and Boda 2015, Vogt et al. 2015, 

Guevara et al. 2016). In addition we are unaware of existing studies which apply this 

methodology (Leslie et al. 2015) in a community-based setting, or to compare units of analysis 

within a single case. This has revealed numerous methodological challenges, some of which 

confirm existing literature, and some being more nuanced in relation to our methodology and 

specifically to aquaculture systems. 

A brief discussion is warranted on the implications of indicator selection and the use of mixed 

methods for comparative research. Indicators are often selected to measure the 2nd tier variables 

and concepts of the SES framework, and these selections as well as the methods to measure them 

are typically driven by a combination of the research questions and context. Our variable 

indicators may be suitable for application to other cases within this sector, but unlikely for cases 

with different settings (McGinnis and Ostrom 2014, Guevara et al. 2016, Partelow 2016) or 

different research questions. Comparing results with other applications of the framework outside 

the sector must proceed with caution. Identifying system conditions linked to outcomes becomes 

abstracted without considering the indicators used or context relevant definition of the concept it 

measures. Further meta-analysis work using the SES framework and within commons scholarship 

will need to find ways to address concept-indicator gaps to enhance the accuracy and 

transparency of synthesis work which contributes to theory building. 

More specifically, this analysis provides numerous examples of the role that indicator selection 

and measurement play in determining results. For example, individual pond scores are influenced 

by the weight that each indicator is attributed. Multiple indicators may represent a single 2nd tier 

variable, and many second tier variables contribute to the aggregate score of each first tier. The 

relative influence that any indicator has on system conditions is difficult to assess empirically 

which makes it difficult to justify specific weighting calculations. In this case study, we gave all 

second-tier variables equal weights within the first tier. The influence that each indicator has on 

the final score or the first tier variable score thus depends on the number of indicators used. This 

raises the possibility of over- or under-representation. A possible way to address this issue would 

be to statistically investigate the influence of variables on fixed and measurable outcomes such as 

known ecological pond conditions which are viable for selected aquaculture species or income 

levels relative to meeting basic needs. However, as we discussed above in relation to 

sustainability, fixed scales for measuring outcomes or the more desirable conditions for any 

indicator will likely vary between pond units and individuals. Modelling may be a viable method 

to explore how changes in weighting affect outcomes across pond units. Modelling different 

scenarios based on different weightings of the importance of each variable in the system, or 

scenarios based on different normative assumptions (i.e. the preferences guiding the scale of each 

measured indicator such as preference for pond ownership vs renting, or preferences for being 

highly dependent on aquaculture as the only income source vs having multiple employments and 

income sources) is a viable direction for future work. 

It is difficult to theoretically position or empirically analyze the influence of any single 

independent variable without considering interactive effects with others. This remains a challenge 
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for interdisciplinary research on complex systems, and this analysis. This can be addressed by 

using mixed method approaches. At the community level we attempt to do so by qualitatively 

discussing distinctions between proximate and underlying causes. At the pond level, quantitative 

relationships can be examined between single indicators or aggregate second and first tier scores. 

However, there are many shortcomings in making claims about causal links in complex systems, 

particularly when relying on theory which is not fully developed to assess complex system 

dynamics or within the context of study, such as pond aquaculture. There are many potentially 

important interactive effects between variables in our analysis, between the first tier levels the 

framework (i.e. RS, RU, GS, A, I) and the two levels of the system we analyze (i.e. pond and 

community), which are not accounted for directly in this analysis. This study has aimed to 

provide a methodological guide post for SES research in pond aquaculture systems by using the 

best available knowledge and theory, which has made evident new potential hypotheses to guide 

future research. 

For example, the relationship between resource unit production and resource system conditions 

may be oversimplified without considering how knowledge sharing among group members takes 

place or the role of theft on trust and reciprocity. Appropriate definitions of these variables are 

needed in the context to accurately assess them. This would require more extensive qualitative, 

observational and/ or behavioral economics data. Both aspects are very difficult to empirically 

measure. In addition, property rights allocations and group leader selection is likely influenced by 

historically evolved social networks or community relationships which have developed power 

asymmetries between individuals in group decision making processes (Dasgupta and Beard 

2007). Similarly, interest and cultural homogeneity may not play a significant role in influencing 

community level cooperation when we observe high dependence on government subsidy 

programs which prioritize group membership and group competition in the same communities for 

subsidy aid. This occurs despite apparent collective interests in developing the whole area and 

common canal network. This may change at the individual or family unit level, where working 

together to maximize income can only be done by distributing labor and time efficiently between 

the few family members involved. ‘Dependence on the resource’ is an important factor stressed 

by collective action theory, which needs to and can be very well explored in the pond aquaculture 

context. High dependence can be presumed to be an enabling condition for collective action that 

motives users, however, it also increases vulnerability due to changing ecological conditions 

which may limit fish production or economic conditions, e.g. fluctuating prices. Pond farmers 

repeatedly stated that they would prefer to only do aquaculture if it were possible, selecting to 

increase their dependence and vulnerability for specialization. The interactive mechanisms which 

influence the role of ‘dependence on a resource’ in collective action may be many, including the 

legality of other income sources, preferences for habit formation, predictability of labor and self-

identity, as well as the role of specialization on fish production and general farmer well-being. 

There are not yet many studies examining pond aquaculture from a collective action theory 

perspective. However, it becomes clear that canal infrastructure has clear commons 

characteristics. It is evident through this study that there is a crucial need to understand the 

ecological and social peculiarities of the system to effectively develop commons theory in the 

pond aquaculture context. 



Part 3: Empirical research 

105 

 

Policy outlook 
 

This analysis suggests that numerous policy changes may assist in better achieving desired 

outcomes in Bertong, Empol and Madak. Participatory adaptive management to provide retentive 

capacity building and education efforts (Fujitani et al. 2017) to assist farmers in understanding 

how and why infrastructure improvements may improve pond conditions for production would 

likely be a fruitful step forward. Raising awareness among farmers that they face a collective 

action problem in the provision of common canal infrastructure would create additional 

knowledge to address maintenance problems. Capacity building and training programs will likely 

add more value to the current direct aid programs, which provide materials and seed. 

Communities will likely remain dependent on these programs until the overall social-ecological 

conditions improve through increased production and income. Farmers will likely be more 

motivated to work collectively on improving their common canal infrastructure when they have 

knowledge on how it helps their pond conditions, their production and ultimately their income. 

Recognizing the enabling conditions for collective action and mitigating the occurrence of a 

provision dilemma between head and tail-enders in the canal network will likely be necessary to 

improve the outcomes in all the communities. Leadership training, increasing knowledge of the 

system and subsidizing the appropriate species to be grown in the current pond conditions are 

evident improvements which could be made.  

Conclusion 

 

This study has built on previous research attempting to operationalize the SES framework 

through a mixed method research approach that integrates quantitative and qualitative data at 

multiple levels of analysis. We have adapted the methodology from Leslie et al., (2015) for 

application to community-based pond aquaculture systems. We have shown that pond aquaculture 

systems have potential to be effectively analyzed with common-pool resource theory, to be 

characterized as SES and diagnosed with the SES framework. This has allowed us to better 

understand the system dynamics which facilitate the current conditions, showing that 

relationships are suggested to exist between social and ecological variables on outcomes. We 

have shown that ecological pond conditions are likely to fluctuate based on location within the 

canal network, and argued that this is likely due to a lack of problem recognition to motivate 

collective efforts to improve infrastructure maintenance. Drawing on common-pool resource 

theory, we observe the conditions of a provision dilemma which may hinder efforts for farmers to 

cooperate and address existing challenges. In addition we have shown that relationships between 

first tier SES framework scores (conditions) of individual ponds can be tested with our 

methodology when indicators and measurement techniques are justified within the context. We 

observe relationships between the following pond scores: RS - RU, RU - GS and RS - GS, 

building the empirical understanding that finding sustainable pathways for aquaculture requires 

examining them as social-ecological systems. However, the approach we present can be critiqued 

and improved as a methodological foundation for further research. We highlight the role of 
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context in indicator selection and measurement for data comparability. We have discussed the 

challenges with drawing conclusions on system sustainability when value preferences are likely 

to vary between individuals, groups, communities and the researchers involved. 
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Appendix 1. Indicators, normalized data ranges and weights used to calculate pond level scores. 

Each indicator is categorized by its relationship to the 1st and 2nd tier concepts of the SES 

framework. Theoretical importance of each indicator in the case context is shown. 

First 

Tier 

Second Tier Indicator Theoretical importance Normalized data (transformed) 

* Original data 

Weight 

Second 

tier 

RS Size (RS3) Pond size Pond size reflects production 

capacity. 

 

1.00 – 54876 m2 

0.90 – 10696.8 m2 

0.75 – 6970.5 m2 

0.50 – 4073.5 m2 

0.25 – 3072 m2 

0.10 – 1822.5 m2 

0.99 - 667 m2 

1/4 

RS Productivity 

(RS5) 

Kg of 

milkfish 

Higher productivity indicates 

suitable pond conditions and leads 

to higher income. 

1.00 – 1125 kg year-1 

0.90 – 785 kg year-1 

0.75 – 450 kg year-1 

0.50 – 258 kg year-1 

0.25 – 136.5 kg year-1 

0.10 – 100 kg year-1 

0.00 - 0 kg year-1 

1/4 

RS Predictability 

of system 

dynamics 

(RS7) 

Flooding Floods damage ponds and 

growing conditions. Economic 

and labor losses incurred. 

1.00 – Never floods. 

0.00 – Floods at least once a year. 

1/8 

Drying out Drying out prevents aquaculture. 1.00 –Never dry. 

0.00 – Dry at least once a year. 

1/8 

RS Location 

(RS9) 

Distance 

from coast 

Shorter distance along the canals 

leads to better water supply and 

more stable water parameters 

1.00 - 25 m 

0.90 - 259 m 

0.75 - 1000 m 

0.50 - 1489 m  

0.25 - 1835 m  

0.10 - 2027 m  

0.00 - 2164 m 

1/4 

GS Network 

structure 

(GS3) 

Group 

member 

Membership provides 

access to subsidies and training. 

1.00 – Member of a group. 

0.00 –  Not a group member 

1/2 
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GS Property rights 

(GS4) 

Ownership Investment and conservation is 

more likely with owners 

(Acheson, 2006). Greater 

autonomy and are more likely 

pass it to future generations. 

1.00 – Owner of pond property 

0.00 – Does not own. 

1/4 

 

Cost Rent or profit sharing is an 

economic cost and implies a lack 

of autonomy. 

1.00 – Does not have to pay for 

pond use. 

0.00 – Has to pay to use the pond. 

1/4 

 

RU Resource units 

(RU) 

Species 

grown 

 

Multiple commodities increases 

earnings and resilience to prices 

and pond conditions. 

1.00 – milkfish, seaweed, salt and 

shrimp/crab. 

0.50 – milkfish + 0.17 for each 

additional. 

1/3 

RU Growth/ 

replacement 

rate (RU2) 

 

Number of 

harvests 

Indicates productivity and the 

potential earnings. 

 

1.00 – 4.5 harvests year-1 

0.90 – 3 harvests year-1 

0.75 – 2.5 harvests year-1 

0.50 – 2 harvests year-1 

0.25 – 2 harvests  year-1 

0.10 – 1.6 harvests year-1 

0.00 - 0 harvests year-1 

1/3 

RU Economic 

value (RU4) 

Income 

 

Higher earnings indicate higher 

economic security. Higher 

earnings from aquaculture also 

make the 

continued use of this livelihood 

more likely. 

1.00 – 72,000,000 IDR year-1 

0.90 – 19,600,000 IDR year-1 

0.75 – 10,000,000 IDR year-1 

0.50 – 6,250,000 IDR year-1 

0.25 – 3,000,000 IDR year-1 

0.10 – 1,000,000 IDR year-1 

0.00 - 0 IDR year-1 

1/3 

A Leadership/En

trepreneurship 

(A5) 

Leader Group leadership indicates a 

certain level of social standing 

competence, influence or 

motivation. 

1.00 – Individual is a group leader. 

0.00 – Individual is not a leader. 

1/10 

 

Entrepreneu

rship  

The openness to sea cucumber 

cultivation indicates an interest in 

new aquaculture activities 

1.00 - Interest in sea cucumber 

cultivation 

0.00 - No interest in sea cucumber 

cultivation  

1/10 

A Social capital 

(A6) 

 

Theft 

 

Theft reduces harvest potential, 

predictability and trust (Agrawal, 

2003). 

1.00 – Theft does not occur. 

0.00 – Theft does occur. 

1/5 

A Knowledge of 

SES (A7) 

Perception 

of mangrove 

The perception indicates 

knowledge of condition and 

importance for flood and erosion 

mitigation. 

1.00 – Mangroves are important. 

0.50 – Important elsewhere. 

0.00 – Not important. 

1/5 

 

A Dependence 

(A8) 

Number of 

livelihoods 

High dependence on a livelihood  

higher likelihood to invest and 

cooperate with others. 

1.00 – High dependence, only 

livelihood. 

0.50 – Medium, multiple 

livelihoods. 

0.00 – Low, less important for 

livelihood. 

1/5 
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A Technologies 

available (A9) 

Access to a 

pump 

A pump can be used to regulate 

water levels in the pond in order 

to avoid drought or flood and the 

associated harvests losses and 

infrastructure damages 

1.00 - Access to a pump 

0.00 - No access to a pump 

1/5 

I Information 

sharing (I2) 

Teaching 

aquaculture 

to next 

generation 

in the family 

Teaching aquaculture to the next 

generation increases the likelihood 

that it will be practiced in the 

future 

1.00 - Teaches aquaculture as 

livelihood  to children 

0.00 - Does not teach aquaculture to 

children  

1/2 

 Investment 

activities (I5) 

Investment 

activities (I5) 

Hours spent 

working at 

pond per 

day 

The more hours can be spent 

working at the pond, the better it 

can be maintained. More time 

investment also shows a 

willingness to invest in the 

livelihood 

1.00 - 7 hour day-1 

0.90 - 6 hours day -1 

0.75 - 5 hours day -1 

0.5 - 3 hours day -1 

0.25 - 1.5 hours day-1 

0.10 - 0.75 hours day-1 

0.00 - 0 hours day-1 

1/12 

I Purchasing 

of fertilizer 

Purchasing of fish feed, fish fry 

and seaweed seed show ability 

and willingness to invest in 

aquaculture practices aimed at 

increasing production  

1.00 - does purchase fertilizer 

0.00 - does not purchase fertilizer 

1/12 

I Purchasing 

of fish feed 

1.00 - does purchase fish feed 

0.00 - does not purchase fish feed 

1/12 

I Purchasing 

of fish fry 

1.00 - does purchase fish fry 

0.00 - does not purchase fish fry 

1/12 

I Purchasing 

of seaweed 

seed 

1.00 - does purchase seaweed seed 

0.00 - does not purchase seaweed 

seed 

1/12 

I Receives 

government 

subsidies 

Reception of government 

subsidies (mostly in the form of 

fish fry or seaweed seed) means 

that less personal investment 

needs to be made 

1.00 - does receive subsidies 

0.00 - does not receive subsidies  

1/12 
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Abstract 

Brazil has a network of Marine Extractive Reserves (RESEX), a form of Marine Protected Area 

(MPA) using co-management. The RESEX program aims to bring traditionally marginalized 

populations with natural resource dependent livelihoods into national development processes by 

empowering them to participate in governance and steward biodiversity conservation. In this 

article we apply the social-ecological systems framework (SESF) and collective action theories to 

diagnose challenges for co-management in the Caete-Teperacu marine RESEX near Bragança, 

Brazil; a multi-use mangrove estuary supporting a small-scale crab fishery. We conducted key 

informant interviews and build on over 20 years of research in the region to provide an 

overarching analysis of the challenges facing co-management. We describe the variables from the 

SESF in the case context and find that many social and ecological variables interact in clusters 

over time, and these clusters can be identified as themes, including (1) social and political 

momentum supporting the RESEX, (2) shifting perceptions of local residents and fishers, (3) 

patron-client relationships and social-ecological traps, (4) challenges with institutional fit and (5) 

the interactions between harvesting closures, compensation and dependence on local natural 

resources. Furthermore, we use collective action theories to help explain the role that each 

variable plays in either hindering or enabling successful governance. Our findings suggest that 

institutional resilience is needed to make RESEX adaptive to shifting social and political 

momentum. It could do this by providing more platforms for communication, deliberation and 

knowledge exchange among the relevant actors. We believe our findings reflect broader 

challenges facing RESEX implementation throughout Brazil and lessons can be learned for 

MPAs facing difficulties with the implementation of co-management worldwide. 

 

Key words 

Social-ecological system | adaptive co-management | collective action | coastal | collaborative 

governance | marine protected area | small-scale fisheries | conservation | crabs 
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Introduction 
 

Up until quite recently, social and political momentum continued to build in Brazil for the 

establishment of Marine Extractive Reserves (RESEX), a form of Marine Protected Area (MPA) 

aimed at democratizing access to natural resources through participatory co-management with 

both social and environmental goals (ICMBio 2012, Santos and Brannstrom 2015). The RESEX 

program aims to bring marginalized traditional populations who depend on local natural resources 

into national development processes by empowering them to participate in governance. RESEX 

goals include the sustainable management of resources to maintain local livelihoods while 

simultaneously stewarding biodiversity conservation (e.g. Simonian and Glaser 2002). 

In Brazil, RESEX co-management is a major advance since it legitimizes nature-dependent and 

largely marginalized natural resource users in a formal legal framework to replace widespread 

illegality in harvesting practice and to motivate collective action for sustainable resource use 

(Glaser et al. 2003, Di Ciommo 2007). RESEX and other types of conservation units are 

facilitated by the Chico Mendes Institute for Biodiversity Conservation (ICMBio) throughout 

Brazil. Founded in 2009, ICMBio is part of the Federal Ministry of the Environment (MMA), 

and, in collaboration with the Institute of the Environment & Renewable Natural Resources 

(IBAMA), also tasked with monitoring environmental laws. 

Of Brazil’s currently 88 RESEX, 24 are marine and 12 of these are located on the coast of the 

state of Para, including our case study. Marine RESEX programs have struggled for success (da 

Silva 2004, Santos and Schiavetti 2014), facing a variety of challenges including social conflicts 

between fishers and other actors (Santos and Schiavetti 2014), low social and cultural 

preparedness for formal governance (da Silva 2004, Di Ciommo 2007), low socioeconomic 

welfare and few alternative livelihood opportunities (Glaser and da Silva Oliveira 2004, Santos 

and Brannstrom 2015) and deficient monitoring and compliance with rules (Erler et al. 2015, 

Nobre et al. 2017). Recognition for the historical dynamics of local management and adjusting 

co-management to local norms has shown to be difficult, and failure can hinder progress (Tebet et 

al. 2018). Most studies see the RESEX program as a move in the right direction, but argue that 

implementation is afflicted by a multitude of institutional challenges.  

The Brazilian RESEX program expresses a shift in the political discourse on environmental 

management towards a collaborative “people and nature” conservation model (Mace 2014, 

Bennett et al. 2017), reflecting a worldwide conceptual move towards collaborative governance 

through co-management (Armitage et al. 2009, Bodin 2017). Co-management brings multiple 

state and non-state actors together to cooperate, typically including local resource users (e.g. 

fishers) and other civil society groups (e.g. NGOs, private sector) (Carlsson and Berkes 2005). 

All marine RESEX apply a generic co-management model. However, this is not a panacea for 

success. In order to improve the likelihood of sustainable human-nature relations, co-management 

requires adaptation to changing social-ecological system (SES) conditions and other contextual 

factors (Jentoft 2000, Bene 2004, Folke et al. 2005, Ostrom and Cox 2010, Basurto and 
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Nenadovic 2012). Adaptive co-management has been reported as more successful when the 

involved actors can create institutions for collaboration that facilitate mutual learning and 

knowledge integration. Recognizing the unique social-ecological conditions of rural coastal 

Brazil, and making policies like RESEX adaptive to them, is critical for success (Borges et al. 

2017, da Rocha et al. 2017). 

Collective action is a necessary part of co-management (Noble 2000, Folke et al. 2005, Bodin 

2017). Actors need to cooperate to develop mutually agreed rules, institutions and goals. 

Collective action theories provide a useful lens to unpack the reasons why establishing 

institutions for cooperation is difficult. Many social and ecological characteristics have been 

shown to hinder or enable collective action over time (Ostrom 2009, Poteete et al. 2010, Bodin 

2017). Much of the literature on MPA governance emphasizes the need to recognize how 

complex social-ecological interactions influence governance. Synergies between commons, 

collective action and SES research are improving our understanding of the enabling conditions 

for successful collaborative governance (Ostrom 2009, Bodin 2017). 

At the land-sea interface, coastal SES research has helped unpack the complexity of spatially 

overlapping characteristics and interactions between marine and terrestrial systems, and how 

these influence sustainability (Alexander et al. 2016, Pittman and Armitage 2016, Partelow et al. 

2018a). Coastal zones often have multiple spatially proximate ecosystem types, resource uses and 

actors, often with divergent interests, creating challenges for collective management (Schlüter et 

al. forthcoming, Glaser and Glaeser 2012, Glaser et al. 2012). They face a double squeeze from 

both terrestrial and marine drivers of change. This emphasizes the need for knowledge integration 

across those systems and between those actors who use them to increase the adaptive capacity of 

governance (Álvarez-Romero et al. 2011, Whitney et al. 2017). Mangrove and estuarine systems 

demonstrate this complexity, as they are often subject to polices designed for land management 

and conservation which do not take account of the fluid dynamics of aquatic species or the 

specific resource use behavior in small-scale fisheries. 

In this article we apply the social-ecological systems framework (SESF) using qualitative data 

(Ostrom 2009, McGinnis and Ostrom 2014) to diagnose the challenges facing co-management in 

response to social-ecological change in the Caeté-Taperaçu (CT) RESEX. The CT RESEX is 

located near the city of Bragança, State of Para, Brazil, 215 kilometers southeast along the coast 

from its state capital Belem, on the mouth of the Amazon River delta (Figure 1) (Saint-Paul and 

Schneider 2010). Bragança supports 113,000 inhabitants, with more than 40,000 living in rural 

and largely undeveloped areas. The CT RESEX is a large coastal estuary forming a peninsula 

with numerous rivers and tributaries, and it is embedded in the world’s second largest continuous 

mangrove ecosystem spanning ~23,000 square kilometers. 
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Figure 1. (A) Location of the Caeté-Taperaçú RESEX in Brazil. (B) Bragança area and the 

RESEX boundaries and zones within the RESEX according to the management plan. Source: 

(ICMBio 2012). 

A number of studies have analyzed RESEX areas using Ostrom’s (1990) design principles (da 

Silva 2004, Le Tourneau and Beaufort 2017, Nobre et al. 2017, Tebet et al. 2018), but to our 

knowledge this study is the first to apply the SESF. The framework is well suited for the study of 

small-scale fisheries (Basurto et al. 2013, Partelow 2015) with numerous case study applications 

in the literature (Schlüter and Madrigal 2012, Ernst et al. 2013, Leslie et al. 2015, Partelow and 

Boda 2015, Guevara et al. 2016). Few studies have demonstrated the value of the SESF as a tool 

for qualitative research as a coding framework for the organization and analysis of qualitative 

data e.g. (Ban et al. 2015, Hoogesteger 2015), particularly in small-scale fisheries e.g. (Lozano 
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and Heinen 2015, Partelow and Boda 2015, London et al. 2017). Qualitative data analysis is an 

integral part of environmental social science research as it allows for thick descriptions of 

complex variables and the evolution of narratives and interactions over time (Bryman 2012, Cox 

2015). This study uses the SESF in two novel ways. We examine groups of interacting second-

tier variables and their interactive effects as ‘key interactions’ influencing overall outcomes. We 

also consider these interactions over time (two decades) in our analysis, which has only been 

explored by a few articles (Epstein et al. 2014a, Ban et al. 2015). 

Methods 
 

This study conducts qualitative research (Silverman 2005, Flick 2014) using a diagnostic 

approach guided by the SESF  (Ostrom 2007, Cox 2011, Hinkel et al. 2015, Partelow 2016). The 

SESF is a diagnostic tool structured into tiers of nested and related concepts (Appendix 1). The 

unit of analysis in this study, the focal SES, is the biophysical area within the political borders of 

the CT RESEX (Figure 1) and the associated actors and registered residents, with focus on fishers 

harvesting mangrove crab (Ucides cordatus) the most economically important natural resource in 

the area (Glaser et al. 2010b). This study is guided by the following research questions (RQ): 

 

 What SESF variables are present and potentially influence outcomes in the CT RESEX? 

 What are the key interactions between variables in the CT RESEX? 

 With many separate research projects in the CT RESEX, how can an analysis of the 

SESF provide a synthesis and overview to inform more effective co-management? 

Primary data 
 

Semi-structured key informant interviews (n=31) were conducted between March and July 2016 

(Table 1). Recorded interviews lasted between 45 minutes and 2 hours. Individuals were selected 

for their direct experience with the formation and/ or implementation of the RESEX. Snowball 

sampling allowed for finding other relevant individuals to interview. Multiple ‘entry points’ into 

the social network of key informants were employed. Most interviewees had been involved with 

the RESEX for more than 10 years including researchers, board directors of the community 

associations, RESEX deliberative council members, ICMBio employees, Bragança municipality 

employees, community leaders, associated NGOs and actors from the private sector. Interviews 

were conducted and recorded in Portuguese, then translated, transcribed and analyzed by the 

authors. 
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Table 1. List of interviewees by stakeholder group, the specific actor within that group and  

number of interviews. 

Actor group Who Number of 

interviews 

Government ICMBio local manager 

ICMBio local employees 

Mayor of Bragança  

Municipal environmental office  

Municipal fisheries department 

2 

3 

1 

2 

1 

RESEX Deliberative Council  Deliberative council members 6 

RESEX community members Current RESEX president 

Ex-RESEX president 

Community leaders (also representatives) 

Community representatives (only) 

1 

1 

6 

3 

Association of RESEX Users  Board of directors (ASSUREMACATA) 6 

Academic Federal University of Para 

Federal Institute of Para 

4 

1 

NGO Pastoral Council of Fishermen (CPP) 4 

Private sector Crab processing businesses 2 

 

Secondary data 
 

Most of the data that supports this article comes from primary sources, but academic literature 

provided useful secondary data. This included local research that had resulted in Portuguese 

language publications from the Federal University of Para (UFPA) in Bragança. Bragança  was 

the location of a ten year international research cooperation (the MADAM project) from 1995-

2005 co-funded by the Brazilian and German research ministries, with a comprehensive book 

published on the many social and biophysical dimensions of the area pre-RESEX (Saint-Paul and 

Schneider 2010). Many chapters of this book provided data for this article as well as six 

published theses from UFPA, four post-RESEX evaluation reports and the official RESEX 

management plan documents. Additional background literature was included as cited.  

Data analysis  
 

Interviews followed a diagnostic process, first developing and asking general questions related to 

the first-tier variables of the SESF. Based on the answers to these, and after each interview, the 
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two authors of this article who did the fieldwork (SP and SS) discussed and briefly analyzed 

responses. This allowed for refining and developing more nuanced questions related to specific 

second-tier variables for following interviews. The length of the interviews varied substantially, 

as some informants had extensive knowledge on specific topics, provided detailed information in 

relation to only a few or a series of related questions. Others provided general information on 

many questions. A structure of starting questions was tailored to each individual based on who 

they were and what they were likely to know about. Interview data was cross-checked with 

multiple interviewees. Once a point of saturation in responses to a question occurred (similar 

responses to a question from numerous individuals) the data on that variable was considered 

validated (Fusch and Ness 2015). Varied responses prompted further questions and cross-

checking. Answers in the early stages of the research typically allowed for a descriptive 

understanding of variables, supporting RQ1. Later in the diagnostic process, responses to further 

refined questions provided data on interactions between variables and more complex system 

dynamics, supporting RQ2. The final synthesized description of each relevant SESF variable and 

its interactions in the SES are presented below. 

Primary qualitative data from interviews were transcribed and secondary data (i.e. articles, book 

chapters, theses) were entered into the qualitative data analysis software MaxQDA (MaxQDA 

2016). In a first step, all data were coded using the SESF variables as a coding framework (i.e. 

qualitative text segments were linked to the second-tier variables they provide data on). Next, one 

of three actions was taken. Either the data represented a consensus on the description and role of 

that variable, or conflicting accounts were identified or further third-tier variables were developed 

to make a more nuanced description and analysis, following an ontological logic (Frey and Cox 

2015). The two authors who conducted the fieldwork agreed on how the data was coded through 

consensus coding. After final coding, each second-tier variable was described in the context of 

the CT RESEX and analyzed with MaxQDA for its relation to other variables through jointly 

coded segments and interpretive analysis. Using the description of each second-tier variable in the 

case, collective action theories were used to analyze the role of each variable. This provided an 

addition explanatory lens to view the role each variable plays in relation to current outcomes 

related to cooperation and co-management. 

Results 
 

Social, economic and political settings (S) 
 

With the end of the military era and the new Brazilian constitution in 1988, an era of political 

stability ensued from 1998 to 2015 with continuous investments into social and economic sectors, 

eradicating extreme poverty and expanding Brazil’s lower middle class (S1). Recently, increasing 

political instability saw the impeachment of the last elected president while cuts in educational, 

environmental and public service expenses have had negative implications for the incomes and 

livelihood chances of the poor (Pinheiro et al. 2015) (S3). Exclusionary and often elitist 
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transformations in agrarian, environmental and indigenous policies have been shaping the current 

sociopolitical scenario, threatening the integrity of conservation initiatives and the people 

dependent on local natural resources. 

North Brazilian economic development has been consistently well below national averages for 

many decades. Regional inequalities between North and South Brazil persist despite some recent 

successes in poverty eradication. A particular problem is the lack of access to higher education 

and to income options that are not based on traditional natural resource extraction such as fishing 

(S2). Expanding seafood markets in Brazil have turned the Bragança  region into a national 

seafood supply center (S5) and even on international markets for certain species (Lutjanus 

purpureus – red snapper; Cynoscion acoupa1 - acoupa weakfish)) (Bentes et al. 2012). This is in 

part due to changes in technology (S7) for the processing of crabs (Ucides cordatus). However, 

this has led to the first signs of crab overexploitation, a key species of the ecosystem and regional 

economy (Glaser and Diele 2004, Koch and Nordhaus 2010). Global market processes are thus 

threatening the ability of local natural resource dependent communities to achieve conservation 

and sustainability goals (Sant’ana-Júnior 2014). 

Resource system (RS) 
 

The CT RESEX coastal mangrove estuary has clear biophysical boundaries surrounding the 

small-scale mangrove crab fishery (RS1) between the Caeté and Taperaçú rivers on the Bragança  

Peninsula (RS2) covering over 420 km2 (RS3). Accessing the mangrove is challenging; it requires 

taking a public bus or bicycle along a public road or a boat into small estuarine canals which are 

only accessible at high tide. However, actual crab collection is always done on foot, walking and 

wading through the mangrove area to find crab burrows located around tree roots. The mangrove 

forest is a swamp with entangled roots in deep thick mud, and requires considerable physical 

endurance and local knowledge to navigate for fishing (Figure 2) (RS4). Due to the difficulties 

with carrying large sacks of crabs, fishers don’t go far into the forest or stray off known routes 

(RS9) (Thies-Albrecht 2016). Seasonality affects cycles of ecosystem functioning (RS7). The 

rainy season, from January to May, is more difficult and dangerous for fishing activities than the 

dry season from June to December. 

                                                      

1
 The swim bladder is sun dried and sold to emulsifier industries and has a high  value in export 

markets (Bentes et al. 2012). 
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Figure 2. (A) A fisher harvesting mangrove crabs (U. Cordatus) by hand. (B) Women processing 

cooked crabs in a privately owned facility. (C) Live mangrove crabs for sale in Bragança city 

market. (D) Fishing boats during low tide in the mangrove estuary. (All photos by authors). 

Resource units (RU) 
 

Multiple resource units are harvested in the CT RESEX, more than 20 have been identified 

including mixed finfish species, crabs and mangrove wood (Glaser et al. 2010b). This study 

focuses on the small-scale mangrove crab fishery for Ucides cordatus, the economically most 

important species. Second-tier variables can be applied to each resource unit (McGinnis and 

Ostrom 2014), but this reaches beyond the scope of this study. 

Mangrove crabs (Ucides cordatus) are hardly mobile in their adult lives, typically foraging within 

a 1 meter radius of their burrow (RU1) (Diele and Koch 2010). Crabs seem to only venture 

further out during the annual 3-4 days of the “andança” reproduction period. Mangrove crabs 

have a slow growth rate and reproduce during the rainy season peaking in January and February 

(RU2). Females carry eggs for 3-4 weeks before releasing them during spring tides after which 

they spread across the estuary as juveniles (RU1; RU7) (Diele and Koch 2010). Fishers 
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distinguish male and female crabs by differences in body shape, reproductive organs, “hairiness” 

and distinct tracks in the burrow (RU6). There is a positive feedback loop between mangrove 

production, beneficial soil bacteria and crab foraging, where increases in one create direct or 

indirect increases in the other two (RU3; RS6) (Koch and Nordhaus 2010). Crab density in 

Northern Brazil is high, estimated at 1,650,000 individual crabs per square kilometer in a healthy 

forest (RU5; RS5) (Diele and Koch 2010). The number of crabs caught per fisher per day may be 

up to 300, with average catch per person per day (CPUE) around 150 crabs (RU5) (Nascimento et 

al. 2015). Mangrove crabs are sold live or as cooked and processed meat. Live crabs are sold to 

patrons for 2-5.00 Reals per crab (~0.6-1.60 USD); processed meat is sold for 7-25.00 Reals 

(~2.25-8.00 USD) per kilo locally depending on the season and quality (RU4), and 60-80 Reals in 

the state capital Belém.  

Actors (A) 
 

Multiple actor groups exist in the CT RESEX (Glaser and da Silva Oliveira 2004) and the second-

tier variables could be applied to each separately (McGinnis and Ostrom 2014). We focus on 

fishers and RESEX residents as a combined actor group whose livelihoods are directly affected 

by the RESEX program. 

There are ~4200 families distributed across 50 communities (A1) who are considered residents 

with the rights to use the CT RESEX.  Communities are connected to each other and Bragança 

town by a main asphalt road and secondary dirt roads; the latter are difficult to access during the 

rainy season (A4). A majority of fishers and residents are highly livelihood dependent on 

extracting local natural resources, are either self-employed or contracted to extract crabs or wood 

for processing companies. Financial hardships can be directly related to seasonal and other 

changes in the local availability of crabs, and seasonal fishing closures during crab reproduction 

periods (A8). The socioeconomic conditions of rural dwellers in the CT RESEX are low-income 

and subsistence-based, with little access to many public services and infrastructure for many, but 

not all communities (A2). 

Due to the scattered nature of village locations and difficulties in accessing the mangrove, many 

fishers harvest in the areas surrounding their places of residence or close to the coastline with 

boat access (A3) (Thies-Albrecht 2016). Accessing mangrove crab resources requires local 

knowledge on tidal flows, estuary navigation and the ability to identify crab burrows, size and the 

sex of the animals (A7). Fishers with boats have greater access to distant mangrove areas, but also 

incur higher time and monetary costs. Collecting crabs is only legal by hand, but poles with large 

fixed hooks are increasingly used to get crabs out of burrows deeper than an arm's length (A9). 

Hooks can injure undersized or female crabs, which should not be harvested. After about 2005, 

some fishers in the region have started to use plastic snare-like traps (redinhas) positioned at the 

top of a crab burrow. Snares are picked up on return trips, but some are forgotten, leaving plastic 

and dead crabs behind. Crabs are sold live to patrons (middlemen) or cooked and processed by 

women in the household for sale, or most recently processed by employees in a nascent artisanal 

processing industry. Entrepreneurship and leadership in the CT RESEX are weak (A5). In a few 
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villages, private businesses for crab collection and processing are being established, but this is 

being initiated by outsiders (non-residents of RESEX). Most fishers are beholden to patron-client 

systems which are often exploitative, but their only market access option (A4; A6; I4). Much in 

contrast to the period between 1996-2005 (Glaser and da Silva Oliveira 2004, Glaser et al. 

2010b), today there is a general lack of capable individuals willing to invest time and effort to 

participate in RESEX politics or to take community leadership roles. This can be related to the 

fact that no compensation for lost income is paid to small-scale producers who engage with the 

RESEX, disagreements between leaders due to disputes over institutional power in management, 

a lack of leadership continuity, along with the minimal participation of young people. Many 

community leaders are older and no longer fish, many of our interviewees reported initial 

participation but dropped out over time due to a lack of financial incentives or perceived benefits. 

Fishing is perceived as a better use of time, resulting in direct income (A6). Recent programs to 

build leadership capacity organized by UNESCO and Rare (NGO) have attempted to address this 

challenge. 

Governance systems (GS)  
 

The Caeté-Taperaçú RESEX was created in 2005 as a co-managed Marine Extractive Reserve; 

where the rights to extract resources are given to an association of users to collectively develop 

rules (GS1; GS4). A timeline of key political events from 1990 to 2017 are shown in Appendix 2. 

The co-management rights apply exclusively within the RESEX boundaries (GS2) (Figure 1). In 

order to address identified user conflicts relating to the local mangroves, local village residents 

were offered co-management rights to address conflicts under the RESEX legal framework, then 

administered by the Conselho Nacional de Populacoes Tradicionais (CNPT), the predecessor of 

ICMBio. Since 1998, extensive diagnostic assessments were conducted in the area by the local 

university, the rural farmers union and CNPT/IBAMA. These contributed to the initiation of the 

RESEX in 2005. Despite these earlier efforts, the initial ‘diagnostic phase’ to assess the status of 

the area or the current management plan is stated in the official document as not having begun 

until 2009 (GS10). The final management plan was only published in 2012, stating the goal of 

“...conservation, preservation and sustainable use of natural resources...to improve the living 

conditions and enhancement of traditional culture for people...residing in and/ or around [the 

RESEX], (ICMBio 2012).”  

The core co-management board of the CT RESEX is the Deliberative Council (DC). The DC is 

facilitated by ICMBio and comprised of local, regional and national actors. The DC contributes to 

“actions aimed at the implementation of the Management Plan,” (ICMBio 2012), deciding on 

rules or changes to rules (GS6). DC member organizations are considered as the rule-makers of 

the RESEX (GS5). The 50 communities are divided into 8 representative groups (polos). Table 2 

shows member organizations of the DC. The management plan was generated and approved by 

ICMBio and the DC. Appendix 3 shows its current rules-in-use (GS6). The operational rules for 

crab fishing focus on user rights, similar to those in other benthic and crustacean fisheries 

(Basurto et al. 2013, Partelow and Boda 2015).  A Monitoring Program (Program of Voluntary 

Environmental Agents) was created by IBAMA in which some residents received training in 
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environmental education, protection, preservation and conservation of natural resources in the 

RESEX area (Brazil 2005). However, the program was largely unsuccessful due to conflicts with 

monitoring and rule compliance involving relatives and friends of volunteer agents (Amaral et al. 

2008) and was thus discontinued in 2013 (Brazil 2013a). Therefore, although graduated sanctions 

exist, they are no longer enforced by registered users themselves or by external authorities 

(Ostrom 1990). However, registered users are obliged to pay a tax to the DC for monitoring and 

enforcement. A 50 year concession is given to the association of users (ASSUREMACATA) with 

rights to grant access, resource extraction, management and exclude others, but the alienation 

rights and the actual land title are held by the Brazilian state (GS7) (Schlager and Ostrom 1992). 

Table 2 shows the multi-level network structure for co-management (GS9). 

Table 2. Stakeholder groups with one seat on the Deliberative Council each.  

Organization 

type (GS5) 

Stakeholder group Role/ mission Level of 

jurisdiction 

Public sector 

GS5.1 

Chico Mendes Institute for 

Biodiversity Conservation (ICMBio) 

Direct management, implementation and 

oversight of RESEX areas 

Local 

Regional 

National 

Camara Municipal of Vereadores   Legislative body of the municipal administration 

promulgates organic law and legislative 

inspection. 

Local 

City Council of Bragança  Seat of executive power, enforces laws. Local 

National Institute of Colonization & 

Agrarian Reform (INCRA) 

Advanced agrarian reform through formalizing 

land tenure for economic development. 

National 

The Port Authority of Eastern 

Amazonia (CPAOR) 

Maritime authority responsible for compliance 

with maritime and port laws and regulations. 

Regional 

Secretary of State for the Environment 

of Pará (SEMA) 

Regional office of national environment 

secretary. 

Regional 

Institute of the Environment & 

Renewable Natural Resources 

(IBAMA)* 

Oversees ICMBio, provides social and 

environmental research and research permits for 

resource management and manages constitutional 

framework for the RESEX areas (e.g. licensing, 

user registration, law) 

National 

Private sector 

GS5.2 

Enterprise Technical Assistance & 

Rural Extension Pará (EMATER) 

Official organization that promotes Technical 

Assistance and Rural Extension 

Local 

Regional 

NGO 

GS5.3 

Federal University of Pará (UFPA) University, provides scientific support and 

consultation. 

Local 

Regional 

Women Movement Paraense 

Northeast 

Social feminist movement that has been 

implementing a network to avoid violations of 

women's human rights. 

Regional 



Part 3: Empirical research 

121 

 

Community-

based  

GS5.4 

 

Polo Tamatateua  

Polo Center  

Polo Caratateua 

Polo Acarajó  

Polo Treme  

Polo Bacuriteua 

Polo Ajuruteua 

Polo Campos 

Represent communities (in separate groups) in 

the CT RESEX. 

Local 

Association of Users CT RESEX 

(ASSUREMACATA) 

Represents registered users of the CT RESEX as 

a whole. Holds land title to CT RESEX. 

Responsible for implementing rules of the 

management plan. 

Local 

Union of Artisanal Fishers of 

Bragança PA 

Represents the rights of artisanal fishers in a local 

context. 

Local 

Breeders and Bragança Beekeepers 

Association  

Local NGO Local 

Hybrid 

GS5.5 

National Council of Extractive 

Populations (CNS) 

Represents the rights of agro-extractivist workers 

in a national context. 

National 

*IBAMA is not on the Deliberative Council, but oversees RESEX and protected areas throughout Brazil, and is tasked with the formal 

approval and implementation of legislation proposed by the Deliberative Council, through ICMBio. 

 

The RESEX program was subsidized with development aid through the Bolsa Verde program, 

targeting households directly dependent on resource harvesting. To qualify for Bolsa Verde, 

families must be registered residents of the RESEX with the ICMBio office and earn less than 70 

Brazilian Reals (~22 USD) per family member per month. The program provides 300 Brazilian 

Reals (~95 USD) every two months with the aim to reduce over harvesting due to financial needs. 

Approximately 3,700 families are part of the program increasing their income significantly. 

However, criticism for the Bolsa Verde program is that it only focuses on terrestrial resources, 

which may result in greater pressure on marine resources, due to the displacement of terrestrial 

harvesting (Kasanoski 2016). 

Related ecosystems (ECO) 
 

Low lying mangrove estuaries are vulnerable to sea-level rise (ECO1). Landward shifts of the 

mangrove/marsh in the Bragança region to higher ground have been observed since 1972 and 

have been linked to increases in mean sea level (Lara et al. 2010). Mangroves are moderately 

resilient to sea level rise, but this can be compromised by human activities which disturb 

sedimentation processes (Krauss et al. 2014, Woodroffe et al. 2016). In Bragança, disturbances 

include the removal of crabs, altering river flows around settlements, forest degradation due to 

wood harvesting (Glaser et al. 2003) and infrastructure development such as the road construction 

through the middle of the Caeté peninsula causing considerable erosion. 
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 Interactions (I) 

 

Key interactions 1: Altered social and political momentum  

 

In 2005, co-management was new for coastal populations who were keen to assume some control 

over decision-making on the natural environment their livelihoods depended on (Glaser and da 

Silva Oliveira 2004, Diele et al. 2010). The CT RESEX was officially declared in 2005 (A3) after 

four years of preparatory meetings, networking, collaborative analyses and capacitation work 

with local residents, NGOs, unions and a further two years of legislative processing by the 

responsible agencies at the national level (IBAMA/CNPT). In the first decade, the incentive to 

influence and implement the rules most central for local livelihoods was a key driver behind local 

participation to support the RESEX (GS10) (Glaser and da Silva Oliveira 2004). However, this 

momentum changed. Administrative delays, altered livelihood options and political favoritism all 

played a role. Previous leadership and momentum dissipated as numerous key individuals from 

the earlier period were no longer involved, while leadership of political movements without much 

local knowledge took over. This hindered local participation and representation for continued 

action. When the RESEX was finally created with a formal management plan, nearly 10 years 

after its inception, changing leadership and shifting perceptions of its purpose had reduced local 

motivations for continued effort and involvement. 

Key interactions 2: Shifting perceptions, communication and location  

 

In the late 1990s and early 2000s, there was a high level of social energy that initiated and 

sustained collective efforts to establish co-management. However, local perceptions of the 

purpose and benefits RESEX co-management would bring began to change. In its initial period, 

the RESEX rationale focused on empowering local communities to be semi-autonomous in how 

they regulate the use, management and conservation of local natural resources. As the program 

took shape however, the significant social benefits such as free houses, “green” scholarships and 

a range of durable consumer goods (e.g. fridges and stoves) led the local residents to start 

perceiving the RESEX as a government social aid program. This was in full accord with the 

RESEX objective “to include traditional populations into the national development process” 

(Allegretti 1987, 1994). During this social development process, achieved in a period of socialist 

government, RESEX was associated with multiple social development forces (Movimento sem 

Terra; Bolsa Verde). The impressive range of material benefits associated with this shifted local 

perceptions and expectations away from the collective efforts for natural resource co-

management. With material gains, livelihoods depended less on the mangroves. Outside families 

were also motivated to move into the RESEX area where help with their substantial development 

needs such as housing, education and consumer goods, was available. Fishers also migrated to the 

region as it became a commercial hub. As a result, the number of registered RESEX users 

increased substantially and before long subsidized housing was no longer available for everyone 

who needed it. 
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Skepticism of the social development programs came to relate to the whole RESEX, grounded on 

the newly emerged idea that the RESEX purpose was to distribute subsidized social development 

aid. These developments undermined the local incentives to work together through co-

management, in order to take and implement collective decisions for the area and its future. 

Success in establishing sustainable human-nature relations through collective action was thus 

displaced by falling dependence on local mangrove resources, by dysfunctional leadership and by 

multiple social subsidies, which were perceived as failing to deliver evenly distributed benefits. 

This social and political momentum for RESEX thus stagnated along with the trust and 

confidence of those working to achieve its original goals. 

Unclear communication about the purpose of RESEX and other development programs 

contributed substantially to why perceptions shifted. Information flow between all actors was 

minimal and influenced by competitions for political influence. Many residents tried to capitalize 

on development programs for short-term gains. For the average mangrove user, it became easier 

to improve their socioeconomic situation through development aid then by investing in the co-

management of resource harvesting. Those in leadership positions are reported to have competed 

for power and influence rather than investing in long-term efforts to establish collective 

governance through co-management.  

Three information flow bottlenecks can be identified as influential. First, only a few key 

individuals were well informed about the purpose and motivations for the RESEX, and the 

number of actively engaged individuals has decreased over time.  Second, ICMBio lacked 

monetary and human resources to develop communication channels, disseminate official 

information and train community leaders, leaving information about RESEX to be overshadowed 

by rumors, discontent, and politically motivated misinformation. Third, with 50 geographically 

isolated communities, official information did not reach many actual mangrove resource users. 

Communities have been historically separated, in part due to the characteristics (RS9) of the 

resource system (mangrove) and resource units (mangrove crabs). Mangrove crabs live rather 

stationary and non-migratory adult lives, and fishing areas seem to have emerged according to the 

local ecological knowledge about crab distributions, with certain productive fishing areas being 

more easily accessible than others. Communities have likely been established around these areas 

due to patterns in resource harvesting, benefiting from known routes through the difficult-to-

navigate mangroves (Thies-Albrecht 2016). Although there is no formal property rights system 

for fishing, informal fishing areas are recognized and implemented by local fishers. Rights to 

access fishing areas are often temporally delimited, relating more to when you fish than where 

(Oliveira and Maneschy 2014). Difficulties in communication and market access can be seen as a 

geographical consequence of how local communities have co-developed informal fishing areas 

with local ecological knowledge of the mangrove and crab populations. The still very close link 

between mangrove-adjacent villages and their surrounding resources still suggests a great need 

for a sustainable local extractivism that resolves difficult and spatially reinforced social-

ecological linkages. 
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Key interactions 3: Patron-client relationships and social-ecological traps  

 

The price of mangrove crabs has increased over time, driven by increasing demand from markets 

for seafood throughout Brazil. The State of Para is a top provider of seafood nationally. However, 

prices received by local fishers remain low due to exploitative patron-client relationships. Patrons 

control market access for most fishers who reside remotely and cannot transport crabs to market 

independently. Profits do not trickle down to local fishers beholden to patrons who offer low 

prices, increasing their own gains. Fishers often cannot select alternative patrons, as there are few 

to choose from. 

Exploitative patron-client systems can lead to overharvesting since increased extraction is the 

only way to make a better living when receiving low prices. Overharvesting is also motivated by 

high crab mortality during transportation (25-55%) (Legat et al. 2006). A ventilated plastic box 

with a water-soaked lining is mandated but unlikely to be used by many or enforced (Brazil 

2013b). Similar situations have been described in the literature as social-ecological traps 

(Boonstra et al. 2016). Overharvesting pressures in combination with difficulties in accessing new 

mangrove areas due to informal fishing areas, have forced fishers to begin harvesting smaller 

(illegal) crabs locally, which have lower market value. Harvesting greater quantities of smaller 

crabs is necessary to earn a stable income. Fishers often become indebted to patrons, and loans 

are difficult to pay back due to limited crab availability and tidally limited fishing time, and by 

the lack of alternative livelihood opportunities. This self-reinforcing negative feedback loop, 

where low prices lead to overharvesting in order to maintain a stable income, slowly degrading 

ecological productivity and economic value of the resource over time, termed “a vicious circle” 

(Glaser et al. 2010, p.329) which undermines the integrity of the mangrove forests as a 

mechanism of social insurance for the poor who rely on local natural resources when other 

economic and food options are not available. 

Key interactions 4: Institutional fit and equitable participation in co-management  

 

Transitioning from no formal governance to co-management is an institutional novelty for most 

residents. Traditional populations are being challenged to reconfigure their institutional space, the 

social structures within which they interact, engage with the concept of governance and use local 

knowledge to make beneficial changes to their own resource use behavior  (Esterci 2002, 

Teisserenc 2014, DiPaolo 2017). While the informal institutions of the early 1990s are now 

formalized in the RESEX rules, informal institutions have continued to change. Formal RESEX 

rules are not conceptualized to follow but such adaptiveness is needed to make the RESEX work. 

Many fishers find participation in RESEX-related meetings confusing and ineffective, despite the 

goal of creating a more equitable deliberative environment. Equitable participation is a practical 

challenge, as some actors have more knowledge about the RESEX and are more familiar with 

participating in formal political meetings, such as members from local universities, ICMBio and 

the municipality. This can reinforce existing narratives of disempowerment and mistrust through 

formalizing governance and procedural approaches which favor the participation of the actor 

groups who designed them. Although residents have the largest number of seats on the 
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Deliberative Council, their influence is disproportionately small (Silva-Junior 2013, Narahara 

2014). 

Key interactions 5: Harvesting closures and compensation 

 

A temporary ban on crab harvesting (I1) occurs during key reproductive periods called andanças, 

mass mate-searching events which take place 4-5 times per year for up to 4 days each (Diele and 

Koch 2010, Brazil 2017) (GS6). During reproduction, crabs spend longer periods outside their 

burrows, leaving them exposed to harvesting (RU2). Fishers are not compensated for lost income 

during seasonal closures, and there is little rule enforcement relating to the collection of crabs by 

hobby and leisure collectors during the andanças. Fishers requested closures themselves, with the 

condition that they can receive compensation (“seguro defeso”) for not fishing from January to 

April during crab reproduction and from June to September when crabs change their carapace , 

(Bragança  2009, Nascimento et al. 2015). However, communication about official rules and 

seasonal closures2 is minimal in some areas, many fishers simply do not know about them. The 

lack of compensation for lost income during closed periods with few alternative income sources 

and low knowledge of rules means that fishing during seasonal closures largely continues even 

when it is well known as bad practice. When income is low, the mangrove acts as a form of 

insurance for many families who harvest local resources for subsistence (such as crabs and wood) 

when they cannot purchase additional food or supplies (A2).Overharvesting undermines the 

resilience of the ecosystem and crab populations, which in turn undermines the ability of 

ecosystems to act as a reliable source of food security and insurance that can support social 

welfare.  

Outcomes (O) 

 

Our results engage with recognizing complexity, in an attempt to avoid overly simplified models 

of SES outcomes and their drivers. Trends in recent progress towards CT RESEX goals can be 

briefly synthesized from our analysis. Resource dependent livelihoods remain vulnerable to 

ecological and social changes. Co-management has not motivated sufficient collective action to 

continue the momentum for the substantial changes needed to pull fishers out of social-ecological 

traps, or to bring diversified economic opportunities and decrease the fragile dependence on local 

natural resources. Social development programs attached to RESEX have made progress on 

reducing local resource dependence, but this is not due to successful co-management. Collective 

action is a foundation for co-management success but collective efforts have not occurred to a 

sufficient degree to suggest co-management has been successful in achieving RESEX goals (O1). 

Significant barriers have appeared. There are many different social and ecological reasons why 

                                                      

2
 Santos and Schiavetti (2017) alert that there is a lack of clarity in Brazilian environmental 

legislation regarding the concept of the right to use the coastal environment and contradictions 

between Brazilian environmental legislation and some rules in marine RESEX areas. 
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collective action and co-management have stagnated. The SES conditions influencing collective 

action from the SESF are shown in Table 3. Viewed in combination, we can see how current 

theories help explain hindered progress. Beyond needed collective action on the Deliberative 

Council and among residents to motivate political will, there remains a need to improve 

livelihoods and social outcomes. Many social performance measures have remained the same 

since pre-RESEX. Ecologically, crab population data and harvesting rates suggests stability, 

although evidence for increased mangrove degradation, gradual increases in catch-per-unit effort 

and the number of fishers suggests that this will likely degrade ecological health if continued at 

current rates (O2). Any substantial ecological degradation or changes to resource abundance and 

distribution would certainly bring reciprocal social impacts. Sea level rise, human migration into 

the area, the development of industry and political instability are likely to bring increasing 

pressures and challenges for effective governance, but their precise impacts are difficult to assess 

(O3). 

Table 3. SESF second-tier variables and their case value in the CT RESEX associated with 

hypotheses of collective action theory (Ostrom 1990, Poteete et al. 2010, SESMAD 2014). A 

general trend is shown for cases values current and a brief contextual explanation. 

SESF Hypothesis/ theoretical claim 

for collective action (CA) 

Case 

value 

Case trend Case explanation 

A5 Accountable leadership 

increases likelihood of CA. 

Low Unclear Shifting social momentum and lack of capacity 

minimizes motivation to participate. 

A6; I2; 

GS3 

Communication increases 

likelihood of CA. 

Low Unclear Geographical isolation and lack of effective 

mechanisms for communication. 

GS6; I4 Conflict resolution mechanisms 

increase likelihood of CA 

Low Unclear Lack of regular Deliberative Council meetings. Lack 

of monitoring and rule enforcement. 

GS6 External sanctions can override 

pro-social motivations, decreasing 

likelihood of CA. 

Low Unclear Minimal self-monitoring or external sanctioning 

occurs. 

A2 Cultural heterogeneity decreases 

likelihood of CA. 

Medium Stable Informal social and cultural institutions differ 

between actor groups on Deliberative Council. 

A2 Economic heterogeneity of actors 

increases likelihood of CA.  

High Stable Most residents have very low income, external actors 

are wealthier and can invest more. 

A1 Smaller groups increase 

likelihood of CA, reducing 

transaction costs. 

High Increasing 4200 registered families. Many other actors are 

involved (e.g. NGOs, political, academics, state). 

A2; A8 If actors have a common interest, 

CA is more likely. 

Medium Unclear Undermined by shifting perceptions and motivations 

to participate in RESEX. 

A8 High dependence on local natural 

resources can motivate CA. 

High Stable Residents are highly and directly dependent on local 

resources, but other RESEX actors less so. 
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A6 Past collaborations increase 

likelihood of social capital and 

therefore CA. 

Medium Decreasing Early social-political momentum initiated collective 

efforts, but this diminished, past leaders are no longer 

involved. 

A2; A6 If costs bring proportional 

distribution of  benefit, CA is 

more likely. 

Medium Unclear Short-term benefits are few; long-term benefits are 

difficult to prioritize and incentivize. 

I2; I7, I8 If transaction costs of CA are 

high, it is more difficult. 

High Unclear Participation difficult with institutional differences. 

Long-term character of benefits reduces short-term 

incentives. 

A1 If user group boundaries are clear, 

CA is more likely. 

High Stable RESEX has clear user group boundaries. Users need 

to register to receive benefits. 

GS6; 

GS8 

Graduated sanctions increase 

compliance and trust in 

institutions for CA. 

Medium Unclear First verbal or written warning, then 30-90 day 

suspension of extraction rights, then permanent 

exclusion. However, no cases of enforcement. 

GS6.2 Collective choice rules for 

decision making increases 

likelihood of CA. 

Medium Unclear RESEX ensures collective choice arrangements 

through the DC. A legal framework exists, but this 

does not work well in practice. 

GS6.3 Rules fit (e.g. accepted by) 

outside authorities increases 

likelihood of CA. 

High Stable Constitutionally mandated 

GS4; 

GS8 

Governance fit to local needs and 

institutions increases likelihood of 

continued CA. 

Medium Unclear RESEX is a step in the right direction. Co-

management aims to fit and evolve from local 

informal institutions. Initial social energy has 

declined, leaving an unclear path forward.  

GS9 Nested levels of governance 

increases likelihood of continued 

CA. 

High Stable See Table 5 

RS2 Clear biophysical  boundaries 

increase likelihood of CA. 

Low Stable Boundaries are difficult in practice, and the mangrove 

ecosystem is continuous. 

RS3 Moderate biophysical size is more 

conducive to CA. 

Medium Stable Communities are scattered with isolated fishing areas, 

but social interactions are possible. 

RS5; 

RU2 

Productivity is curvilinear for CA, 

too high or low decrease 

likelihood. 

High Decreasing Crab production is very high, which may be giving a 

false impression of stability and need for CA among 

fishers. 

RS7; 

RU7 

System predictability increases 

likelihood of CA. 

Medium Unclear Crab reproduction is highly predictable, closure rules 

potentially effective if followed. Other factors like sea 

level rise decrease predictability. 

RU6; I1 Resources with distinctive 

markings can be harvested or 

managed more selectively, 

High Stable Easy distinction of crab gender increases ability to 

harvest selectively, reducing the extraction of 

reproductive females. 
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increasing likelihood of CA. 

RU4 Low value produce may not 

incentivize CA, but high value 

produce can lead to 

overexploitation that is too fast 

for institutions to respond. 

Medium Increasing Fishers receive low value from patrons, which does 

motivate CA as they need to spend more time fishing. 

Overall crab prices are going up. However, 

institutional responses are slow, taking decades to 

establish RESEX in practice. 

 

Discussion and conclusions 
 

Marine RESEX programs exist throughout Brazil and their unique institutional arrangements 

have motivated numerous studies (da Silva 2004, Diegues 2008, Santos and Schiavetti 2014, 

Nobre et al. 2017) examining the inclusive approach to MPA governance, which combines 

human well-being objectives and conservation goals (Bennett et al. 2017). However, marine 

RESEX have struggled to achieve success in mangrove conservation (Santos and Schiavetti 2014, 

Borges et al. 2017) in line with MPAs globally (Halpern 2014, Bennett and Dearden 2014). The 

institutional complexity of MPA governance continues to challenge scholars and practitioners 

(Jones et al. 2013, Alexander et al. 2016). 

Some general lessons can be drawn from this analysis allowing for some general conclusions 

about the wider Brazilian and MPA context. Regional and local ICMBio offices have few 

resources for implementation and outreach, mirroring findings showing that a lack human and 

financial resources are a considerable barrier for MPA success worldwide (Pomeroy et al. 2005). 

The benefits of RESEX co-management have not always been clear to remote resource users who 

would benefit most from its implementation; and decision-making has not always represented the 

diversity of actors’ socioeconomic conditions and livelihoods (Santos and Brannstrom 2015). 

This supports the shift towards making MPA governance more inclusive and participatory with 

local people to enhance success (Glaser et al. 2010a, Tam 2015). Social and institutional 

differences as well as the historical marginalization of rural fishing communities in national 

policy have created challenges with communication about the purpose of RESEX. The perceived 

legitimacy of and trust in the RESEX as an institution, to collectively invest in, was therefore 

never fully established. Local and regional politicians have used the RESEX and associated social 

development programs to leverage their own political agendas, often misaligned with the original 

co-management goals. 

While collective action of resource users is a necessary pillar of co-management success, so is 

strong and continued state commitment. Resilience to shifting social and political momentum 

requires mechanisms and platforms where deliberation, knowledge exchange and social learning 

among actors can inform decision-making (Armitage et al. 2008, Reed et al. 2010, Plummer and 

Hashimoto 2011, Tengö et al. 2014). Facilitating iterative deliberation and capacity building were 

initially recognized as necessary, but implementation is difficult without well-supported and well 
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intentioned leadership, and without substantial institutional transformation to render the 

deliberation process itself more inclusive. Continued investments to maintain communication and 

capacity building efforts would certainly be beneficial to address shifting perceptions and 

political discontent among local actors. 

Ostrom’s Design Principles provide a theoretical framework for evaluating enabling conditions 

for community-based governance, and studies of other marine RESEX show that co-management 

has provided many of these conditions in concept, but that they have been difficult to establish in 

practice (da Silva 2004, Nobre et al. 2017, Tebet et al. 2018). This study draws similar 

conclusions, expanding on the Design Principles by applying broader theories of collective 

action. Finding effective conflict resolution mechanisms through the Deliberative Council, 

although envisioned, has been difficult since the active and regular participation of local actors 

was not successfully facilitated. Leadership accountability and consensus-building among fishers 

and RESEX members have suffered in the context of other social development programs, not 

least due to a lack of communication and well-established collective-choice rules for regular 

meetings and decision-making. As of 2016, we observe a misfit between formal co-management 

rules and local informal institutions; many residents are not familiar with self-organizing 

activities or regular participation in local governance. This study aligns with similar reflections 

and concerns in other RESEX areas (da Silva 2004, Di Ciommo 2007, Vadjunec and Rocheleau 

2009, Santos and Schiavetti 2014, Erler et al. 2015, Santos and Brannstrom 2015, Le Tourneau 

and Beaufort 2017, Nobre et al. 2017). Setting up co-management is not enough, continued 

efforts to create more user engagement and stronger institutions that can establish harvesting rules 

congruent with local livelihood sufficiency and ways to control adherence to them are needed. 

Despite these challenges, there remains political momentum to establish new reserves in other 

areas; coastal governance in the RESEX format still symbolizes empowerment and the inclusion 

of marginalized rural populations into national governance (Santos and Schiavetti 2014, Santos et 

al. 2017).  

From the perspective of resource users, high dependence on local natural resources with low 

market values due to sub-optimal patron-client relations makes developing incentive structures 

for participation in co-management difficult when time, money and motivations are scarce and 

volatile. Patron-client systems in small-scale fisheries might in some cases evolve to provide 

mutual  benefits (Ferrol-Schulte et al. 2014), but the remote locations, high dependence on few 

patrons and increasing external market prices in the CT RESEX make this, as many other patron-

client relations (Glaser et al. 2015) strongly asymmetric. Small-scale fisheries have been facing 

these challenges for decades, often driven by the integration of fish products into global markets 

with complex supply chains that do not bring proportional economic gains back to rural fishers 

(Berkes et al. 2006, Eriksson et al. 2015, Bennett and Basurto 2018). Long-term sustainable 

exploitation is difficult to adhere to when short-term gains are needed, often driving 

overexploitation to meet basic needs or pay back debts (Glaser et al. 2010b). Incentives to change 

harvesting behavior and support governance reform are low when promised reform to establish 

the RESEX has taken more than a decade. 
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Co-management may only work when the intended beneficiaries are motivated to act collectively 

to support. Motivations for self-organization among residents are affected by multiple factors, but 

this analysis has focused on how and why user perceptions form in relation to the legitimacy and 

usefulness of governance models. However, even if some or many residents do view co-

management as beneficial, further consideration for how formal models of governance interact 

with existing local social and cultural institutions is necessary (Glaser et al. 2010a, Rahman et al. 

2017) to achieve an adequate level of  institutional fit to the social-ecological context (Olsson et 

al. 2007, Epstein et al. 2015). 

A growing body of literature, including  this study, suggests the need to consider social-

ecological complexity in the design and successful long-term implementation of co-management 

(Armitage et al. 2009, Bodin 2017). Outcomes that are collectively accepted as beneficial  are 

more likely to be achieved when governance institutions are adaptable, i.e. can evolve to a 

changing social-ecological context (Plummer and Hashimoto 2011, DeCaro et al. 2017, Whitney 

et al. 2017). Limited knowledge on SES complexity and the integration of such knowledge into 

policy practice  obstruct the CT RESEX and other MPAs (Pollnac et al. 2010, López-Angarita et 

al. 2014). This relates to recognizing local traditional (Tengö et al. 2014), system, target and 

transformative knowledge (Partelow and Winkler 2016). 

The SESF has proven to be a useful research tool for advancing this knowledge, helping to 

describe the complexity of variables and identifying knowledge gaps. The SESF is useful as an 

organizational and coding framework for analyzing large amounts of qualitative data. However, it 

is not obvious how the SESF can facilitate an analysis of the interactions between variables 

methodologically without better linking to theory. Theory such as collective action helps to 

unpack the potential explanations why certain variables influence outcomes. However, 

understanding the interactive effects between variables; i.e. how clusters of independent variables 

interact to shape outcomes, is more difficult to measure empirically, hindering the development 

of theory to better understand complex SES. Further applications of the framework should focus 

on developing methods for analyzing the interactions between variables (Hinkel et al. 2015, 

Leslie et al. 2015, Partelow 2015). This study frames ‘key interactions’ as the clusters of variables 

shaping important outcomes with thick qualitative descriptions. This is a different 

conceptualization of the ‘Interactions (I)’ variables as originally envisioned in the SESF, as the 

variables representing the spaces where actors deliberate and make choices influencing the SES. 

Perhaps another way to view interactions between variables in the SESF, as done in this study, is 

to identify which variables interact to build on existing theories (e.g. social-ecological traps), or 

to generate new hypotheses of how variables interact in a SES. 

Co-management is as much about gaining the acceptance of local people through fostering an 

environment of social and political momentum as it is about establishing the appropriate formal 

governance arrangements (Bennett 2016, DeCaro et al. 2017). Further linking collective action 

and institutional change theories with MPA co-management literature may provide a better 

understanding of these underlying social processes and how they can influence whether formal 

governance will work in practice (Schlüter et al. 2013, Weber de Morais et al. 2015). These 

processes are constantly fluctuating over time, thus co-management requires persistent and 
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regular efforts to maintain collective efforts. An understanding of how the CT RESEX evolved 

over time was useful to unravel the changing political narrative in the course of its establishment. 

Historical evidence and qualitative time-series data can provide useful insights, and further 

research can explore how the SESF can be applied to sort through the social-ecological 

complexity of changing political narratives and how this relates to collective action over different 

time periods (McGinnis and Ostrom 2014). 

To conclude, we focus on some specific aspects of our case study and policy reflections for 

marine RESEX throughout Brazil. The CT RESEX would benefit from numerous actions and 

policy changes that will move it more towards adaptive co-management. Capacity building 

through increased communication and outreach to local residents seems necessary to regain trust 

and social energy to support RESEX by emphasizing the opportunities that can come from 

collective empowerment. As there are many inherent system characteristics reducing the 

likelihood of collective action, developing the right incentives to participate for all actors needs to 

be acted on, by addressing known barriers. If communities are isolated, disseminating 

information and communicating through local organizations, media publications and radio may 

help to connect them. If local cultural institutions do not fit well with the formalities of 

governance, adapting meeting locations to community time preferences and locations may be 

useful. New formats for Deliberation Council meetings may create more space for equitable 

participation, building up social capital among actors and creating knowledge exchange (Brewer 

2012, Nenadovic and Epstein 2016). Programs supporting alternative livelihoods and recognizing 

the role of women in the emerging crab processing industry may help break the “vicious circle” 

of social-ecological traps and motivate renewed social energy for change among women who are 

typically not included (Santos 2015, Koralagama et al. 2017). Developing incentives to motivate 

young residents into leadership roles and into education opportunities outside the area could 

advance social development goals (Zurba and Trimble 2014). These changes are, of course, easier 

stated than done. It is also apparent that many motivated individuals continue to invest time and 

effort into RESEX progress. Overall, the CT RESEX in the context of Brazilian policy progress 

can be viewed as a positive development. However, broader critical reflection on the 

contemporary marine RESEX program is in order. RESEX was established to support 

communities with strong pre-existing self-organizational capacity; such was the case with the 

rubber harvesters in the era when Chico Mendes and many others struggled for it. Formal co-

management was the last piece in their struggle for empowerment. In many RESEX now, formal 

co-management is instead the starting point. Even if social and political momentum to establish a 

RESEX area was initially there, collective action must be continuously built up under conditions 

where it might face considerable difficulties. This does not suggest that co-management cannot 

work, but considerable adaptations are likely to be needed for success. 
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Appendix 1. The SES framework with alternative structure for Governance Systems (GS) 

proposed by McGinnis & Ostrom (2014). 

Social, Economic, and Political Settings (S) 

S1- Economic development. S2- Demographic trends. S3- Political stability. 

S4- Other governance systems. S5- Markets. S6- Media organizations. S7- Technology. 

Resource Systems (RS) 

RS1- Sector (e.g., water, forests, pasture) 

RS2- Clarity of system boundaries 

RS3- Size of resource system 

RS4- Human-constructed facilities 

RS5- Productivity of system 

RS6- Equilibrium properties 

RS7- Predictability of system dynamics 

RS8- Storage characteristics 

RS9- Location 

Governance Systems (GS) 

GS1- Policy area 

GS2- Geographic scale of governance 

GS3- Population 

GS4- Regime type 

GS5- Rule-making organizations 

          GS5.1- Public sector  

          GS5.2- Private sector (for profit) 

          GS5.3- Non-governmental (non-profit) 

          GS5.4- Community-based 

          GS5.5- Hybrid 

GS6- Rules-in-use 

          GS6.1- Operational choice rules 

          GS6.2- Collective choice rules 

          GS6.3- Constitutional rules 

GS7- Property-rights systems 

GS8- Repertoire of norms and strategies 

GS9- Network structure 

GS10- Historical continuity 

Resource Units (RU) 

RU1- Resource unit mobility 

RU2- Growth or replacement rate 

RU3- Interaction among resource units 

RU4- Economic value 

RU5- Number of units 

RU6- Distinctive characteristics 

RU7- Spatial and temporal distribution 

  

Actors (A) 

A1- Number of relevant actors 

A2- Socioeconomic attributes 

A3- History or past experiences 

A4- Location 

A5- Leadership/entrepreneurship 

A6- Norms (trust-reciprocity)/ social capital 

A7- Knowledge of SES/mental models 

A8- Importance of resource (dependence) 

A9- Technologies available 

Interactions (I) 

I1- Harvesting 

I2- Information sharing 

I3- Deliberation processes 

I4- Conflicts 

I5- Investment activities 

I6- Lobbying activities 

I7- Self-organizing activities 

I8- Networking activities 

I9- Monitoring activities 

I10- Evaluative activities 

Outcomes (O)  

O1- Social performance measures 

O2- Ecological performance measures 

O3- Externalities to other SESs 

  

  

  

  

  

  

Related Ecosystems (ECO) 

ECO1- Climate patterns ECO2- Pollution patterns ECO3- Flows into and out of SES 
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Appendix 2. Timeline of key events. 

Date Event 

1990 First RESEX created in Brazil 

1960 to 90’s  Drought related immigration waves from the State of Ceará to Bragança, and from the logged and cattle farmed 

Amazonian rainforests, both expanding the fishing sector. 

Late 1990’s First social movements advocating for RESEX establishment in Braganca. 

1995 “Mangrove Dynamics and Management” (MADAM) research program was initiated to research the dynamics of 

mangrove ecosystems and to support the formulation of management recommendations based on this knowledge. 

2000 First concerted initiative at RESEX creation in Braganca with required preliminary studies. 

May 2005 Creation of the Caeté-Taperaçú RESEX. “Plano de Utilização”. 

August 2005 Association of RESEX Users (ASSUREMACATA) is established. 

2006 Benefits come to RESEX members (houses, scholarships, compensation payments for foregone use of nature, consumer 

goods such as refrigerators, cookers). 

2007 Constitution for the RESEX Deliberative Council established. 

2008 Dispute between community leaders for the institutional political space in RESEX management (legislative election- 

“vereador”). 

2009 Chico Mendes Institute for Biodiversity Conservation (ICMBio) established. 

Arrival of the first manager of the RESEX 

Start of process to develop management plan. 

The meeting “I Forum paraense do caranguejo-uça” with 500 crab collectors representing 21 municipalities from State of 

Pará discussed the crab fishery management. 

2011 The “Contrato de Concessão de Direito Real de Uso” (Land concession to the associaiton of users) of the RESEX was 

established for 50 years 

Publication of who is eligible to receive benefits from governmental programs in the CT RESEX, decided by the 

Deliberative Council. 

2012 Publication of Management plan for the Caeté-Taperaçú RESEX. 

2013 Judicial suspension of user association (ASSUREMACATA) 

2014 IDATAM (Institute of Development and Technical Assistance of the Amazon), civil association that provided services of 

technical assistance and rural extension to RESEX communities. 

Creation of CONFREM (“Comissão Nacional para o Fortalecimento das Reservas Extrativistas e dos Povos Extrativistas 

Costeiros Marinhos”): Representation of Traditional Populations from marine RESEX areas. 

2015 Evaluation workshop with 40 communities represented. 

Meetings to update the operational use rules of the RESEX (Work Groups: crab, fisheries, currals and monitoring). 
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“Acordos de Gestão” (Updating of “Plano de Utilização”) 

2017 Training of young people in sustainability by UNESCO Cooperation Program and Vale Foundation (Sustainable Fishing 

Project on the Amazon Coast – “PeSCA”) 

Training program for leadership and biological monitoring of fisheries- crab, Ucides cordatus, and king weakfish, 

Macrodon ancylodon- was initiated by the NGO Rare (Fish Forever Program). 

 

Appendix 3. Rules-in-use. 

Rules-in-use 

(GS6) 

Rules  

Operational rules* 

(GS6.1) 

- The RESEX is divided into six use zones: Population, Extraction, Recovery, Community Reserve, Priority 

Conservation, Priority Sustainable Tourism 

- Access to natural resources is restricted to registered CT RESEX users 

- Welfare subsidies only given to individuals or families meeting certain conditions 

- Fishing gear limited to traditional and small-scale techniques 

- Seasonal closure for crab reproduction, but no compensation 

- No harvesting of female crabs, minimum male crab size of 6 cm carapace 

- Enforcement should include community participation 

- Basic infrastructure for harvesting can be built (e.g., paths, roads, piers) 

- Tax paid by registered users to Deliberative Council 

- Graduated sanctions 

 

Collective choice 

rules* 

(GS6.2) 

- Deliberative Council (DC) develops management plan and its implementation 

- All complaints about the RESEX are dealt with in the DC 

- DC collects user tax funds to develop monitoring programs 

- Can enforce graduated sanctions 

- DC is supposed to meet every 3 months, but receive no financial support 

- Decision making is done by voting by the different stakeholders on the council 

- Consensus is needed when voting, but when it is not reached, a vote is taken 

- Which stakeholders are on the council is constitutionally mandated 

- Management plan valid for at least one year from the date of its approval by IBAMA. Proposals for changes 

can only be made after this period 

Constitutional 

rules* 

(GS6.3) 

- Formal management plan given to IBAMA to approve 

- RESEX must have a Deliberative Council with specific stakeholders involved 

- 50 year land use concession granted to users 

- Management plan needs to be updated every 5 years 

- Any significant social or environmental intervention in the RESEX must be approved by the respective 

supervisory agencies  

- Changes in the rules may neither conflict with the objectives of the reserve nor with current national 

environmental legislation 

* Rules are not a fully exhaustive list 
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Abstract 

 

Costa Rica is supporting Marine Areas of Responsible Fishing (AMPRs) to enable small-scale 

fishing communities to apply for exclusive harvesting and management rights within spatially 

delimited areas under a co-management policy framework. Communities need to self-organize 

their own fishing association and develop a fishing management plan to apply for an AMPR. In 

this article we apply the social-ecological systems framework (SESF) to diagnose and compare 

the multitude of challenges facing the establishment of three AMPRs in the Gulf of Nicoya. 

Collective action is needed to establish an AMPR and to make continued implementation work, 

but all three cases struggle for success. We identify the social and ecological conditions 

influencing collective action in each AMPR and compare the similarities and differences between 

them. Empirically, we conducted 126 interviews with government officials, civil society 

organizations, community leaders and fishers to conduct a qualitative comparative analysis of the 

drivers influencing collective action and co-management success with the SESF. Our results 

show initial success but all face continuing difficulties for different reasons. Nonetheless, some 

commonalities exist. Common drivers of collective action to initially establish the AMPRs 

include the desire to restrict certain types of fishing gear due to perceptions of resource scarcity, 

high dependence on local resources, and the necessity to improve and develop alternative 

livelihoods. A few variables continue to enable collective action, but these variables differ 

between cases, particularly in their interactions with other variables and degree of influence, such 

as the effectiveness in monitoring and sanctioning mechanisms, the presence of effective 

leadership and the economic heterogeneity of actors. However, in all three cases, there are more 

variables hindering collective action. A primary challenge is the difficulty with governing fishing 

areas that have heterogeneous gear types because fishers tend to perceive the challenges for 

governance, perceive resource scarcity, form social groups and adhere to rule compliance based 

on the gear type they use. In addition, mistrust among actors, internal conflicts, non-rule 

compliance, lack of governmental support and resource unit mobility all hinder collective action. 

Our findings suggest that AMPRs are a promising and potentially effective governance strategy 

for empowering and integrating often marginalized small-scale fishing communities into national 

development processes. However, more investment from the state and local communities is 



Part 3: Empirical research 

136 

 

needed to make governance strategies more deliberative through capacity building. This will 

increase the likelihood that AMPRs are viewed as an acceptable and legitimate governance 

approach and help to ensure that governance institutions are adapted to fit the social-ecological 

context of each AMPR.  

 

Key words 

 

Social-ecological system | common-pool resources | small-scale fisheries | Marine Protected Area 

(MPA) | co-management | cooperation | responsible fishing 

 

Introduction 
 

Small-scale fisheries (SSF) provide 90% of the livelihoods and account for 50% of the total fish 

capture in the global fisheries sector (FAO 2015). In many tropical countries, SSF are a central 

pillar of wellbeing for rural coastal communities, providing a primary source of food, shaping 

cultural identity and maintaining an artisanal way of life dependent on local natural resources 

(FAO 2014a, Biswal et al. 2017). However, SSF face a myriad of critical challenges for 

sustainability. Overexploitation due to their characteristics as Common-Pool Resources (CPR) 

(Schlager 2004, Acheson 2006), and the manifestation of social dilemmas for management 

(Schlager 2004), are often combined with weak or ineffective top-down state governance 

(Holling and Meffet 1996, Biswal et al. 2017). In cases where fishing communities are able to 

govern themselves, it is often due to self-organized community-based governance, where fishers 

have taken responsibility for management through developing and maintaining strong institutions 

(Noble 2000, Jentoft 2004, Chuenpagdee and Song 2012). However, many SSF are not able to 

self-organize or adapt institutions to changing conditions. In other cases, community-based 

management may not be sufficient to address external influences such as incoming migration 

(Binet et al. 2012, Cripps and Gardner 2016, Wanyonyi et al. 2016), local or global roving 

banditry (Berkes et al. 2006, Cox et al. 2017), regional pollution (Richmond et al. 2007, Partelow 

et al. 2015) or fluctuating market prices from globalization (Eriksson et al. 2015, Bennett and 

Basurto 2018). A shift towards collaborative SSF governance is being adopted by many state 

governments in an effort to find joint solutions for management (Jentoft and McCay 1995, 

Armitage et al. 2009, Bodin 2017).  

Co-management is a form of collaborative governance shifting the environmental management 

paradigm towards a participatory and polycentric model (Armitage et al. 2009, Bodin 2017), 

typically involving multiple actors from the state, civil society and local communities who make 

joint decisions for management (Carlsson and Berkes 2005). Co-management has been 

extensively studied in SSF with mixed results, but is generally thought to increase the legitimacy 

of governance and increase compliance with rules by including fishers in decision-making 

processes (Jentoft 2005, Cinner et al. 2012). It is also seen as a way to shift some of the 

management costs from the state to local communities, relieving the state and empowering 
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communities (Jentoft et al. 1998, Sutinen 1999). Furthermore, it may be a more adaptable 

approach, better enabling the fit of governance to the local context when it can facilitate 

knowledge integration and social learning among actors involved (Armitage et al. 2008, Tengö et 

al. 2014). However, it can also increase incentives for overexploitation or reinforce existing 

inequalities and conflict (Jentoft 2000, Béné et al. 2009). 

Collaborative fisheries governance approaches reflect an institutional rebound away from 

generalized panacea policies that were largely unsuccessful because they failed to adapt to 

context or include local actors in decision-making (Jentoft et al. 1998). On the other hand, 

successful collaborative governance is often dependent on self-organization of local actors and 

knowledge exchange between  different organizations and institutions to develop mutually agreed 

upon goals and rules (Armitage et al. 2008, Berkes 2009). Many variables influences whether 

local actors can self-organize and work together, which often requires establishing local 

leadership, reconciling conflicts and building consensus that participation and deliberation is a 

beneficial direction forward (Acheson 2003, Ostrom 2005). These processes have shown to be 

influenced by a wide range of social and ecological factors, largely recognized by a fusion of 

research on collective action, common-pool resources, SSF and social-ecological systems (SES) 

(Basurto and Nenadovic 2012, Kittinger et al. 2013). Numerous studies have shown that while a 

large variety of variables interact to shape collaborative governance outcomes, the specific 

influence of any single variable is likely to be context specific and vary between cases (Gutiérrez 

et al. 2011, Cinner et al. 2012). SES research has helped to sort out the complexity of interactions 

in SSF (Basurto et al. 2013, Partelow and Boda 2015), and expand recognition for the increasing 

number of variables and how they interact to influence collective action and collaborative 

governance (Ostrom 2007, 2009). 

Despite complexity, collective action research on SSF has been able to identify trends in the 

enabling conditions for success. Within communities of fishers, the existence of strong 

leadership, social capital and trust has shown to be beneficial (Acheson 2003, Gutiérrez et al. 

2011, Basurto et al. 2016). Governance that includes mutually accepted operational rules, 

collective choice arrangements and mechanisms for decentralized enforcement have been more 

likely to succeed (Schlager 2004) than if lacking (Trimble and Berkes 2015). Ecologically, small 

to medium-sized predictable ecosystems with non-mobile species have shown to be more 

manageable than large unpredictable systems with highly mobile species (Schlager et al. 1994, 

Epstein et al. 2014a, Trimble and Berkes 2015). In relation to markets, patron-client relationships 

can be mutually beneficial (Ferrol-Schulte et al. 2014), but they can become asymmetric when 

market prices increase through the integration of local products into global markets (Bennett and 

Basurto 2018) or when patron selection is not a competitive market for fishers. Social-ecological 

traps, and gilded traps, can occur when market prices increase quickly without sufficient 

institutional mechanisms to manage the increased rates of harvesting and access, leading to 

ecological collapse with negative consequences for social wellbeing (Acheson 2006, Steneck et 

al. 2011, Kittinger et al. 2013). Overall, collective action can be an effective driver of governance 

under certain conditions, especially when they facilitate the development of institutions that are 

adaptive to fit local social-ecological conditions through participation and deliberation among 

local actors (Armitage et al. 2009). 
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In Costa Rica, Marine Areas of Responsible Fishing (AMPRs) have been established as a form of 

Marine Protected Area (MPA) with a co-management model for governance (Fargier et al. 2014, 

Lozano and Heinen 2016). The AMPR model was proposed and implemented by INCOPESCA, 

the Costa Rican government organization regulating fisheries and aquaculture. AMPRs are 

promoted as a form of community-based common property management, to give rights back to 

traditional resource dependent communities who want more control in local resource 

management with legal support from the state. The significance of AMPRs in Costa Rica can be 

seen as shift towards legitimizing the artisanal fisheries sector, in an attempt to move towards 

marine and fisheries governance that includes the goals and participation of local communities for 

sustainability, rather than a model of exclusion which has largely failed (Mascia and Claus 2009, 

Lozano and Heinen 2015). The first AMPR was established on Isla de Chira in 2009. 

INCOPESCA has since allowed other communities in the Gulf of Nicoya, Golfo Dulce and San 

Juanillo to apply for AMPRs with the aim to make artisanal fisheries more sustainable by 

reducing overexploitation and conflicts among fishers through promoting alternative livelihoods 

and conservation (Salas et al. 2012, Ayales Cruz et al. 2013). 

The Gulf of Nicoya is located on the Pacific coast of Costa Rica and is the largest tropical estuary 

in Central America, containing highly productive fisheries due to numerous large river systems 

and upwelling that bring freshwater and nutrients to support a variety of fish populations (Murase 

et al. 2014, Kappelle 2016). The gulf supports about 11,000 artisanal small-scale fishers with 

minimal alternative livelihood opportunities (FAO 2014c). Small-scale aquaculture and tourism 

sectors are developing in a few places, but most locations around the gulf remain rural and 

undeveloped. Fisheries in the Gulf of Nicoya have been threatened by overexploitation for 

decades due to a rapidly expanding fishing sector including an industrial shrimp fishery using 

bottom-trawls (Araya 2013, Fernandez Carvajal 2013). Conflicts between industrial and small-

scale fishers have in some part motivated government commitment for AMPRs which give 

property rights to small-scale fishers to exclusively manage and fish in certain waters (Lozano 

and Heinen 2016). However, illegal fishing, low compliance and enforcement (Pacheco Urpi et 

al. 2012) and increasing migration of fishers from Nicaragua and other parts of Costa Rica (Araya 

2013) have put critical pressure on the gulf’s resources. 

AMPRs require communities to have a formal fishing association and fishing management plan 

to apply. They need to self-organize the creation of this association and build social momentum to 

select representatives into leadership positions. The management plan should outline the 

geographical extent of the AMPR, argue the ecological and social significance of the marine area 

and propose harvesting rules that align with national fisheries legislation and the FAO ethics for 

responsible fishing (FAO 1995, N°35502-MAG 2009, Lozano and Heinen 2015). Associations 

have to request financing for area maintenance. Also, to coordinate with INCOPESCA and to 

report progress through the management committee. Moreover, in an effort to maintain rule 

compliance and report infractions, an additional surveillance committee should be created to 

coordinate with the National Coastguard Service (SNG) (N°35502-MAG 2009), who is tasked 

with government enforcement of fisheries but also drug trafficking. Participation and support 

from other organizations is possible (N°35502-MAG 2009), such as universities and 
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environmental NGOs like MarViva (Weber de Morais 2016). Appendix 1 summarizes the role of 

each entity responsible in AMPR activities. 

Seven AMPRs have been established in the Gulf of Nicoya since 2009 (Lozano and Heinen 2016) 

and collective action among local fishers has been a pre-condition for their initiation and 

establishment. Also, it has led to continued success in many communities but not in others, in part 

motivating the research in this article. While the AMPR model is based on legitimizing small-

scale fishers in management, not all fishers and community members have been included or are 

motivated to participate. The large heterogeneity in the different types of fishers and gear types 

often creates conflicts for developing mutually accepted fishing regulations, rule compliance and 

enforcement mechanisms. Shifting perceptions over who should take more responsibility, 

INCOPESCA or fishers themselves, has hindered progress.  

In this article we conduct a qualitative comparative analysis of three AMPRs by applying the 

social-ecological systems framework (SESF) (McGinnis and Ostrom 2014).  Our results are 

divided into three sections. (1) We identify the unique social and ecological characteristics of 

each AMPR and the common characteristics they have within the Gulf of Nicoya. (2) We 

examine the drivers of collective action that led to the establishment of each AMPR. (3) Despite 

perceived success in the establishment of each AMPR, we identify how current challenges for co-

management can be identified using collective action theories and compare the similarities and 

differences between cases. We discuss the local relevance of our findings for improving AMPR 

management in Costa Rica and situate these lessons learned within the broader small-scale 

fisheries literature to contribute to more general insights on SSF governance and collective action. 
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Figure 1. (A) Location of AMPRs examined in the Gulf of Nicoya. (B) Location of Costa Rica in Central 

America. 

Methods 
 

Three out of the seven total AMPRs in the Gulf of Nicoya were selected as case studies. The 

process of case selection was guided by exploratory research in all seven sites. Each site was 

visited and assessed with an observation schedule to systematically observe and compare the 

broad social and ecological similarities and differences between them (Creswell and Clark 2011, 

Newing 2011). Open-ended interviews were conducted in each site through largely opportunistic 

random sampling encounters with local fishers and community leaders. Existing literature on 

fishing and AMPRs in the region was used. We selected the AMPRs of Palito-Montero on Isla 

Chira, Isla Caballo and Paquera-Tambor on the mainland peninsula (Figure 1). These cases were 

selected because they represent the AMPRs with the largest differences between them. The 

‘largest difference’ case selection method (Seawright and Gerring 2008) was guided by our 

research questions and interest in examining if the AMPRs face similar or different challenges for 
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collective action and co-management, despite their initially perceived homogeneity in most 

characteristics. 

This study conducted qualitative diagnostic research guided by the SESF. Broad semi-structured 

questionnaires were developed for various key informants and fishers. The same questionnaires 

were the starting point in each case, but the diagnostic process led to the development of 

questions that were specific to each case over time. Starting questions were initially broad and 

structured around the first-tier variables of the SESF, standardized across all cases. Initial 

interview responses led to a continual refinement of our research questions. Subsequent 

interviews were guided by the second-tier variables of the SESF. This process of continued 

refinement of research questions continued over multiple phases of interviews as more detailed 

information was collected within each case on the different variables. Questions became more 

specific to each case and we relied on the variables of the SESF as the common set of variables to 

ensure that the information between cases was comparable during analysis. 

Data collection 
 

All primary data was collected between November 2016 and May 2017. We conducted 126 semi-

structured interviews with a wide variety of actors specific to each case (Table 1). Key informants 

were selected specifically in each AMPR, but many provided general information to all AMPRs, 

including government officials, researchers and non-governmental organizations (NGOs). Key 

informants specific to each AMPR were selected due to their direct experience or position in the 

fishing associations, leadership and historical involvement with fishing and the development of 

the AMPR (Table 1). These interviews followed the diagnostic process described above. In 

addition to key informants, fisheries and community members were also interviewed to assess 

general perceptions on and involvement with the AMPR. Snow-ball sampling was used to target 

fishers and community members, considering multiple entry points into the social network of 

individuals (Newing 2011, Soares, Denise; Gutierrez 2011). Information received from 

interviews with fishers was cross-checked with numerous other individuals until saturation or 

consensus in relation to a particular variable was reached. Consent was given by all individuals 

before each interview (Newing 2011). Participant observations also provided a means of data 

collection through community meetings, fishing activities, patron-client interactions, coast guard 

enforcement events, alternative livelihood activities such as aquaculture and eco-tourism as well 

as living in each community with local families for numerous weeks has informed this research. 

Official documents relating to each AMPR were obtained when available, including management 

plans, lists of association members, legal documents as well as articles and reports from local 

universities in relation to ecological monitoring and health. This information was used to support 

the development of more detailed questions and to corroborate information obtained from 

interviews. 
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Table 1. Semi- structured interviews conducted during research in field. The affiliation and actor group of 

each interviewee is shown in relation to each AMPR case. The gender of each individual is shown i.e. (M) 

Male; (F) Female. 

Case Informants Actor group Semi-

structured 

interviews 

Isla 

Caballo 

Association leaders Community 2 (M), 1(F) 

Fishers Community 15 (M), 1 (F) 

Development association  Civil society/ NGO 1 (M) 

EBAIS (mobile staff in Venado, 

Chira, Caballo) 

Public sector 1 (M) 

High school director Public sector 1 (M) 

Collection center (private) Private sector 1 (M), 1 (F) 

Palito-

Montero  

Association leaders and ex-leaders Community 12 (M), 3 (F) 

Fishers Community 16 (M), 3(F) 

Development association Civil society/ NGO 1 (M) 

Island syndic Civil society/ NGO 1 (M) 

Collection center (private) Private sector 2 (M) 

Paquera -

Tambor 

Association leaders Community 12 (M), 1 (F) 

Fishers Community 29 (M), 2 (F) 

CAPATUR (governance committee) Community/ private 

sector? 

1 (F) 

Cobano municipality (governance 

committee) 

Community/public 

sector? 

1 (M) 

Collection center (association) Community 2 (F) 

 Fishery and Aquaculture Costa 

Rican Institute (INCOPESCA)  

Government 3 (M) 

National Coastguard Service (SNG) Government 2 (M) 

National Institute of Rural 

Development  (INDER)  

Government 1 (M) 

Joint Institute of Social Assistance 

(IMAS) 

Government 1 (M) 

National Learning Institute (INA) Public sector 1 (M) 

National University of Costa Rica 

(UNA) 

Civil society/ NGO 1 (M), 1 (F) 

CoopeSoliDar Civil society/ NGO 1 (F) 

MarViva Civil society/ NGO 1 (M) 

Asociación de Pescadores Pangueros 

Artesanales de Puntarenas 

(ASOPAPU) 

Civil society/ NGO 1 (M) 

Collection centers (Puntarenas) Private 3 (M) 

Total    126 
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Data analysis  
 

All interviews were conducted in Spanish and then translated and transcribed into English for 

coding and analysis. Qualitative interview data from each AMPR was coded according to the first 

and second-tier variables of the SESF to organize the data; we follow similar qualitative methods 

in SSF studies (Lozano and Heinen 2015, Partelow and Boda 2015). After completion of coding, 

the data relating to each second-tier variable in could be further analyzed and sorted. Data sets for 

each of the three case studies were made. If necessary, third-tier variables were developed to sort 

data into more nuanced categories, following an ontological logic for expanding the SESF 

suggested by Frey and Cox (2015). Added third-tier variables specific to this analysis are shown 

in Appendix 2. 

The data coded to each variable was analyzed in relation to current theories of collective action to 

identify the role it may play in influencing collective action in each AMPR. Multiple sources 

were used as references to understand current collective action research in SSF, including general 

literature on collective action (Ostrom 1990, Poteete and Ostrom 2004, Poteete et al. 2010), the 

Social-Ecological Systems Meta-Analysis Database (SESMAD) (Cox 2014a) and specific studies 

in SSF (Gutiérrez et al. 2011, Cinner et al. 2012, Basurto et al. 2013, Guevara et al. 2016).  

To conduct our comparative analysis, indicators were developed to determine the value of the 

variables from the SESF and their influence on collective action. This was done after coding the 

data to each variable, allowing the analysis of all interview data related to each variable to assess 

the appropriate values (e.g. high, medium, low) and indicators for comparative analysis between 

cases (Basurto et al. 2013, Epstein et al. 2014a, Partelow et al. 2018b). These values are relative 

to our study. However, the values to determine collective action were contrasted with 

measurements suggested in different case studies examining collective action (Ostrom 1990, 

2009, Basurto et al. 2013, Cox 2014b, Trimble and Berkes 2015, London et al. 2017). In 

comparison of cases in Table 4, the most influential variables in each case are presented and 

matched to second-tier variables codes from the SESF. Comparing the values between cases 

should be interpreted with consideration that the value is relative to how influential each variable 

is within each case, not relative to the other cases. Moreover, a value of positive, negative or 

minimal influence on collective action was determined based on our analysis of interviews. 

Results  
 

Small-scale fisheries in the Gulf of Nicoya: A social-ecological system 
 

Each AMPR has its own unique social and ecological characteristics; however, they also share 

many commonalities as they are all embedded within the Gulf of Nicoya. In this section, we 
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describe the Gulf of Nicoya as a social-ecological system, highlighting some of common settings 

that the AMPRs are embedded within. 

Highly productive fisheries in the gulf (RS5) supported by nutrient rich upwelling and large 

freshwater river inputs (RS7) (Kappelle 2016) have led to the establishment of more than 20 

small-scale fishing communities (Pacheco Urpí et al. 2013) (S1) and a culture of coastal resource 

dependent livelihoods (A8). The city of Puntarenas has grown from a small fishing village in the 

1970’s into the regional hub for seafood markets (S5). Most of the fish caught in the region goes 

through Puntarenas for local sale or transport to the Costa Rican capital of San Jose, where an 

expanding middle-class is driving increased demand and prices for seafood products. Networks of 

patron-client systems have been established locally to transport fish caught around the gulf to the 

city, as most fishers do not have sufficient means to transport fish themselves. 

The fishing sector has expanded due to a growing coastal population (S2a), unemployment or the 

displacement of communities from land to develop large-scale tourism and agriculture (Salazar 

Araya 2012). Competition and overcrowding have created conflicts between small-scale and 

industrial fishers (I4) (Lozano and Heinen 2015) where historical policies for fisheries 

commercialization have largely favored the industrial sector, marginalizing artisanal communities 

(Araya 2013). 

Overall, economic development in the gulf is linked to the sea. In recent years, a tourism industry 

has flourished for surfing, beachgoers and nature enthusiasts (Almeyda et al. 2010, Krause 2013), 

bringing new opportunities to transition local economies from a strong dependence on local 

extractivism. Some communities have explored aquaculture and rural tourism as a viable 

alternative, but many projects remain small-scale and exploratory. In response to growth in the 

region, human migration to the area has increased substantially from neighboring regions and 

countries like Nicaragua, with many entering the fisheries sector (Araya 2013). As a result of 

increasing human activities like fishing (I1) and pollution (ECO2), many consider fisheries in the 

gulf to be severely overexploited and on the verge of collapse (O2) (Fonseca and Solis 2005, 

Fernandez Carvajal 2013), threatening local livelihoods (O1). 

Fisheries governance in the Gulf of Nicoya is polycentric and multi-level (GS3). Cooperativism 

has been part of the social and political discourse in Costa Rica since the 1970’s, supported by tax 

exemptions and education policy that have spread roots into the artisanal fisheries sector (Lozano 

and Heinen 2015). SSF cooperatives (GS2) can help establish fair prices, collectively fund 

community projects, provide micro loans to fishers and sell their own products independently. 

Not all communities have well established cooperatives, but those that do have played a large role 

in managing daily fishery activities. From the state, AMPRs and fisheries are overseen by 

INCOPESCA, but enforcement responsibilities were transferred to the National Coast Guard in 

2000 (Law N° 8000 2000, Pacheco Urpi et al. 2012) (GS1). However, the Coast Guard does not 

prioritize fisheries enforcement over drug trafficking and other national security issues, creating 

the perception of insufficiency and lack of responsibility in the eyes of many fishers trying to 

follow the rules, worsened by a lack of financing and human resources. 
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INCOPESCA is guided by a national policy framework (GS7) with regulations for all fisheries 

(GS5). Fishers are required to obtain a license, which is no longer being provided by 

INCOPESCA. A license is also necessary to receive subsidy benefits during fishery closures. 

Fishers are also required to have life insurance, to take a ‘survivor course’, purchase boat safety 

equipment, and to acquire a navigation certificate authorized by port authorities after periodic 

boat and equipment inspections. These requirements are often difficult to afford for small-scale 

fishers due to low wages and generally poor socioeconomic conditions. In addition, numerous 

gear restrictions apply to all AMPRs such as a minimum size for mesh nets and hooks. These 

restrictions are difficult for hand-line and long-line fishers who have to catch smaller fish for live 

bait, typically sardines or shrimp with purse-seine nets, an activity which is no longer allowed. 

General consensus among small-scale fishers is that operational rule changes have negatively 

impacted traditional fishing practices over time, hindering the development of small-scale fishing 

communities compared to the industrial sector, which has benefited substantially from national 

development policies. Conditions are worse for fishers who are hired as employees for other 

fishers, as they often do not have their own fishing permits, life insurance or subsidy benefits. 

Although the gulf is spatially large, many fishers have small 3-4 meter boats with outboard 

motors that can easily reach any part of the gulf for a day of fishing. Many hand-line fishers 

harvest in their local waters, but a large percentage of fishers who use artisanal gillnets, seine nets 

and long-lines are highly mobile throughout the gulf. This is in part due to  target species that are 

mobile (RU1) with varying spatial and temporal distributions (RU7), related to changes in water 

temperature, reproduction cycles, tidal cycles or stages of biological development. Furthermore, 

open-access rights to fish throughout much of the gulf has created local roving banditry, where 

fishers move around to ‘follow the fish’, delaying the need to establish effective local 

management due to overexploitation by fishing elsewhere in the meantime. These are typically 

the areas of other fishing communities where enforcement is lower. 

Drivers leading to the establishment of three AMPRs 
 

Within the broader settings of the Gulf of Nicoya described above, we continue to present the 

results of a comparative analysis of three AMPRs located in the Gulf of Nicoya,  examined as 

distinct units of analysis with their own social and ecological characteristics. The three selected 

represent those with the observed most difference among the seven AMPRs that exist in the gulf. 

Table 2 shows the key characteristics describing each AMPR with emphasis on their differences.  
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Table 2. The unique social and ecological characteristics of the three AMPRs examined, organized by the 

second-tier variables of the SESF (McGinnis and Ostrom 2014). Variables similar in all AMPRs are not 

shown, commonalities are briefly explained in the text. 

SESF Indicator Isla Caballo Palito-Montero Paquera-Tambor 

RS1- Sector Environmenta

l 

characteristics 

Rocky beach, sandy beach 

 

Rocky reefs, mangroves 

mudflats 

 

Coral reefs, mangroves, estuaries, islets/ 

bays, rocky shore, mudflats, sandy beach 

RS2- Clarity 

of system 

boundaries 

Buoys to 

mark area  

Few buoys remain Some buoys remain Some buoys  remain 

RS3- Size AMPR size 

(km2) 

1.48 6.12 200 

RS4- Human 

constructed 

facilities 

Boat access  Beach only Beach only Pier, beach 

RS9- Location Location of 

AMPR in 

Gulf  

Small island; middle gulf Large island; inner gulf Mainland; outer gulf 

RU - Species main target 

species in 

each AMPR 

Small size species: Croaker 

species, sea bass, catfish 

Large species: Croaker, snapper, 

catfish, grouper, sea bass. 

Mollusks 

Mixed sizes: Croaker, snapper, grouper, 

sea bass, catfish. Mollusks, lobster, 

shrimp 

GS1- 

Government 

organizations 

Number and 

type with 

more 

presence 

 

IMAS, INAMU INDER, INA, IMAS INCOPESCA, SNG, INDER, IMAS, 

SINAC-MINAE, INA, INFOCOOP 

GS2- NGOs 

 

Fisher 

associations 

ASCOLOPES (fisher 

association) 

 

ASOPECUPACHI (hand-liners 

Palito) 

Save the Gulf (non-hand-liners) 

ASOMM (hand-liners Montero ) 

 

ABUZPA (divers in Paquera) 

ASOTAMBOR (fishers in Tambor) 

Asopesplayablanca (fishers in Playa 

Blanca) 

APEP (fishers in Paquera) 

ASPARMAR (AMPR association) 

Other user 

associations 

No No CATUCO (Cobano Tourism)  

CAPATUR (Paquera Tourism) 

Cooperative No No COOPEPROMAR (AMPR cooperative) 

Other Development association 

(AD) 

Development association (AD) MarViva, Pretoma 

GS4- Property 

rights  

Number of 

sectors 

1 unique  sector – all rules 

apply 

2 sector – almost  all rules apply 14 zones – different rules (i.e. gear and 

use restrictions) in each, within 3 sectors 

GS5- 

Operational 

rules 

AMPR rules Hand-lines only Hand-line only Gear restrictions depending on zone 

 

A1- Number 

of actors 

Actors groups  Fishers Fishers, community, researchers Fishers, divers, tourism, community, 

researchers 

Estimated 

community  

population 

350 (on island)  3000 (on island) Undetermined but more than others.  

Number of 

local fishers 

70-90 (on island) 120 (In AMPR zone) More than 150 (in AMPR zone) 

A2- 

Socioeconomi

c attributes 

Level of 

heterogeneity 

between 

actors/ groups 

 

Social and economic 

homogeneity between 

fishers 

Social and economic 

homogeneity between fishers 

Economic and social heterogeneity 

between fishers and tourism actors 
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Access to 

basic services 

Absence of most services 

including electricity, 

freshwater and waste 

disposal.  

Presence of basic services, 

including freshwater, electricity, 

education.  

Absence of waste disposal. 

Presence of basic services including 

freshwater, electricity and education. 

A3- History Year 

established 

Initial conservation efforts 

in 2007; created 2012 

Efforts since 1995. First AMPR 

legally created in 2009; extended 

2012. 

Efforts began in Paquera sector. Initial 

proposal in 2011. Created 2014 

A5- 

Leadership/ 

Entrepreneursh

ip 

Leadership in 

local 

associations 

 Weak local leadership Weak local leadership Strong local leaders, self-creation of a 

governance committee 

 

Own 

cooperative/ 

collection 

centers 

No not functional collection centers  Yes, own cooperative 

functional collection centers 

A8- 

Dependence 

Alternative 

livelihood 

options 

None 

 

Aquaculture (in AMPR) 

Livestock 

Rural tourism 

Familiar stores 

Tourism 

Agriculture 

Construction 

Recreational fishing  

Aquaculture 

A9- 

Technology 

Fishing gear 

in use 

Gillnets 

Artisanal seine nets 

few longline and hand-line 

Manly Hand-line 

Gillnets 

Few long-line 

Bottom longline 

Gillnet 

 

 

 

Palito-Montero AMPR 

 

Palito’s handline fishers started to organize in 1995, with the goal to protect the area and assure 

harvests over time (Babeu et al. 2012) as the area is important for local livelihoods (A8a). Early 

efforts were made to exclude gillnet fishers from inside and outside the community, who were 

perceived as local roving bandits (I10), and who were blamed for decreasing fish populations 

(RS5, A7b). Self-organized surveillance during nights (I7) and informal sanctioning mechanisms 

such as gear confiscation and/or destruction were developed for this purpose, which remain today 

(GS8c). In 2004, the Handline Fishers Association of Palito (ASOPECUPACHI) was formed by 

32 fishers (I7) (Ayales Cruz et al. 2013). The association requested government support to 

establish a local conservation area and applied for funding (I5) from the United Nations Small 

Grant Program (SGP-UNDP-GEF) to mark the area with buoys and acquire surveillance 

equipment. Another fisher association was created a few years later called “Let’s save the gulf” 

(Salvemos al Golfo) by non-handline fishers (I7), who were not included in the AMPR creation 

process and disagreed with its non-inclusionary process for banning other gear types. Violent 

conflicts (I4a) between gillnet and handline fishers occurred in Palito early on, but diminished 

over time as rules became increasingly accepted (A7; I9) and when majority of local fishers 

adopted hand-lines as their main gear (A9a). This process increased  recognition for the AMPR as 

an (A7)important governance approach to maintain their livelihoods and for family subsistence 

(A8) . 

Palito was the first AMPR created in Costa Rica in 2009 (A3), and was extended to include 

Montero in 2012. The previous informal rules (GS4; GS5) of the area were now legally 
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recognized (Lozano and Heinen 2015). A fishing association from Montero (ASOMM) was also 

created in 2009 with around 40 fishers and community members (I7), as a requirement to create 

the Palito area extension with few different rules. The extension was suggested by INCOPESCA 

to hasten creation procedures. Collection centers were requested by both associations (I5) to 

directly trade their own products to markets in Puntarenas (S5b), promoted by MarViva with BID 

funding. Aquaculture projects have also been promoted by the National University of Costa Rica 

(UNA), as alternative livelihoods and to reduce dependence on fishing (A8). Both 

ASOPECUPACHI and ASOMM agreed to manage the area together (A6; I3) and share funding. 

Each association agreed to establish a surveillance system, consisting of patrolling the area in 

pairs every night (GS8a) and reporting the presence of illegal activity to SNG and INCOPESCA 

(GS3). The majority of fishers in both sectors have expressed an increase in fish abundance (RS5, 

A7b) (Fargier et al. 2014) relating it to surveillance measures taken (GS8a,c). 

Collective action to establish the Palito-Montero AMPR was driven by strong support from 

government and NGOs, who provided financing and capacity building to support the local 

associations (I5). INCOPESCA provided support to hasten creation procedures initially (GS1c). 

Training to develop aquaculture projects and fish handling was provided by other governmental 

organizations, including the National Learning Institute (INA) (GS1b). Different NGOs (GS2a) 

initially supported training, funding for equipment and payment for fishers conducting 

surveillance during night shifts, and to build collection centers (GS2a). Biological monitoring 

from UNA on fish productivity in the AMPR is often done (GS8b).  

Isla Caballo AMPR 

 

Prior to the AMPR on Isla Caballo, fishers were previously organized (I7) into a Committee of 

Local Fishers (COLOPES). These committees were historically (A3) promoted in the country to 

facilitate communication between INCOPESCA and fishers (Fernandez Carvajal 2013). On the 

island, COLOPES was transformed into a formal association (ASCOLOPES) to comply with 

AMPR requirements. Initial efforts to protect the fishing grounds near the island began in 2007, 

motivated by fisher perceptions (A7) of decreasing fish populations (RS5). Isla Caballo followed 

the experience of Palito-Montero (I8) to increase conservation efforts and assure fishing areas. 

The initiative was adopted by the main local leader (A5) within ASCOLOPES.  

The association organized the establishment of a fish collection center (I7) to create direct access 

to markets and improve incomes. The collection center was promoted by the NGO MarViva 

through funding from BID (I5). The AMPR was expected to generate alternative incomes through 

the development of aquaculture and tourism projects (A2a), ultimately reducing dependence on 

fishing as a livelihood (A8). The application was pushed forward by a few strong leaders (A5; 

I7), supported by UNA and INCOPESCA to design the area boundaries (GS4). Local fishers were 

really only involved in the approval process, requesting a signature if they agreed.  This helped 

get the AMPR established when a majority of them agreed, but also left some fishers in 

disagreement. Fishers in ASCOLOPES also agreed to self-organize surveillance during nights 

(I7; I9) and apply their own informal sanctioning mechanisms (GS8), such as taking out illegal 

gear (i.e. gillnets) and destroying them, similar to Palito. However, many difficulties for 
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management have been expressed by different informants. The Isla Caballo AMPR was approved 

in 2012, but the area has faced major challenges for successful implementation. The process was 

referred to by leaders as delayed with spatial boundaries different than the initial proposal. This 

discouraged further participation from many interested local fishers from the start, decreasing the 

acceptability of the area as a legitimate form of governance  (A3; A6).  

Paquera-Tambor AMPR 

 

The process to establish the Paquera-Tambor AMPR began in 2011, and was legally approved in 

2014. The Paquera-Tambor AMPR has a diversity of actor groups (A1) involved including 

fishers, free divers association, non-fisher communities, tourism chambers, industrial fishers, 

governmental and NGOs. The purpose of initial participatory meetings was to discuss the types of 

gear restrictions, organized by zones within the AMPR, and the types of activities allowed within 

each zone (GS4) (i.e. which actor group could conduct activities in each zone). The AMPR was 

divided in three sectors: Tambor, Paquera and Playa Blanca, with 14 zones distributed among 

them (GS4).  Local actors agreed to manage and look after their own sectors (I3). Similar to other 

AMPRs, local motivations to establish the AMPR were driven by perceptions (A7) that it would 

increase fish populations (RS5), leading to improved livelihood opportunities and promoting 

alternative sources of income (A2, A8). Moreover, plans were included to build collection centers 

in each of the three sectors through MarViva and BID funds (I5). In addition to the collection 

centers, a processing plant was planned to be built and managed by the AMPR cooperative 

created, to process their own fish and seafood products from the area with additional value 

(RU4a). The cooperative was also created to manage a common fund to be given as a form of 

loan to fishers periodically or in case of emergency as a form of social insurance (I5), or to sell 

equipment to fishers at lower prices. 

Different factors have motivated fishers to participate in different AMPR management activities. 

The creation of the AMPR and its management has been facilitated by two non-fisher leaders 

(A5) in the tourism sector with professional skills in biology and administration (A2). The 

tourism sector has been participating in management due to the importance of the AMPR for 

recreational fishing, free diving and boat cruises (A8a). These leaders have organized the 

different actor groups together and requesting government support (A5; I6). Different 

governmental organizations and NGOs have supported the development of the AMPR through 

capacity building (GS2b; I5) and financing (GS2a; I5). Research centers have also supported 

biological monitoring (GS8b; I9). Investment from the fishing associations, cooperatives and the 

tourism sector has been provided to organize activities related to AMPR like meetings (I5). A 

governance committee was created (I7) integrated by different local representatives of tourism 

chambers, fishers, divers and the municipality. The governance committee was proposed as a 

participative strategy to take decisions (I3) related to AMPR functioning and inform the results to 

INCOPESCA (I7; GS6). INCOPESCA has since adopted the approach of developing a 

governance committee for other AMPRs (I10).  
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Common drivers of AMPR establishment across cases 
 

Each AMPR has the requirement to develop a specific fishing management plan (Plan de 

Ordenamiento Pesquero, POP) with their own operational and collective choice rules. Our results 

show that the motivations for fishers and other actors to initiate the process of establishing the 

AMPR, i.e. to take collective action, was driven by some common factors across cases (Table 3).  

Fishers in all cases wanted to have exclusion and management rights (Schlager and Ostrom 1992) 

to restrict and control access of certain types of fishing gears (GS4). This was driven by a 

common mental model (A7) that certain gear types were destructive or enabled overharvesting, 

which was perceived as a threat to their livelihood due to their high dependence on fishing (A8). 

Moreover, fishers in all cases wanted to improve the market prices they received through the 

creation and self-organized management of a collection center owned by the association (A5) to 

facilitate direct trade to markets (S5b) by avoiding private patron-client systems (RU4a). A final 

common motivation to establish the AMPR in all cases was the expectation that it could lead to 

the development of alternative livelihoods through aquaculture or tourism, ultimately reducing 

dependence on fishing (A8a).  

Table 3. Main Common drivers motivating the establishment of all three AMPRs. 

Common drivers to establish 

AMPRs across cases 

Desired outcome 

Want to restrict fishing  gears  

and activities (GS4; GS5) with 

negative impact  

Protect fishing grounds to increase fish population (RS5), to  secure 

income and sustain their livelihoods over time (A8) 

  

Want to improve livelihoods  

(A2) 

Trade fish /other products with an additional value  (RU4a) 

Reduce intermediaries, increase access to markets (S5b) 

Want to develop alternative 

livelihoods (A8) 

Generate  alternative source of incomes (A2a) 

Reduce dependence on fishery (A8a) 

 

Have the AMPRs been successful? Comparing hindering and enabling 

conditions for continued collective action 
 

Self-organized collective action has played a substantial role in the establishment of all three 

AMPRs, but initial efforts are not enough for continued success. Thus, continued collective action 

is a necessary foundation to make the AMPRs successful over time. This section presents a brief 

overview of the current outcomes (O1; O2; O3), the degree of success (or lack of success) in each 

AMPR, and then compares the hindering and enabling conditions influencing continued 
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collective action. Table 4 shows the key variables from the SESF, their analyzed case values and 

indicates how each variable is influencing collective action for each case.  

Table 4. Key variables influencing collective action in each AMPR. The value of each variable is shown 

along with its influence on collective action in each case. Green ‘up’ arrows indicate a positive influence on 

collective action, and red ‘down’ arrows indicate a negative influence. A horizontal line indicates no observed 

or minimal direct influence on collective action. An star (*) indicate an influence on collective action 

contradicting a theory/hypothesis. 

SESF variable Collective action (CA) hypothesis of 

variable influence 

Isla Caballo Palito-Montero Paquera-Tambor 

Value Influence 

on CA 

Value Influence 

on CA 

Value Influence 

on CA 

Resource unit 

mobility (RU1) 

CA is more difficult with highly mobile 

resources, which reduces the information 

about the stocks and flows of the resource, it 

can also increase transaction costs of 

monitoring.  

High 
  

Medium 
  

High 
  

Economic 

value (RU4) 

High value of target species within the 

AMPR increases likelihood of CA. 

Medium 
 

High 
 

Medium 
 

Clarity of 

system 

boundaries 

(RS2) 

Clear spatial boundaries increase likelihood 

of CA. Easier to tell who is in or out, and to 

monitor. 

Unclear 
  

Partially 
 

Partially 
 

Size of 

resource 

system (RS3) 

Very small areas do not generate enough 

incentives when resource availability is low, 

decreasing the likelihood of CA 

Small 
 

Small 
 * 

Large 
 

Smaller areas are easier to monitor as 

transaction costs decrease, increasing the 

likelihood of CA 

Small 
* 

Small 
 * 

Large 
 

Operational 

rules (GS5) 

Formal rules taken by local actors are 

implemented, increasing the likelihood of 

CA. 

Absent 
 

Present 
 

Present 
 

 congruence between rules and. local gears in 

use increase the likelihood of CA. 

Low 
 

Medium 
 

Medium 
 

Collective-

choice rules 

(GS6) 

Allowance of local actors (i.e. fishers using 

multiple gear types) to participate in 

designing or modifying rules increase the 

likelihood of CA. 

Low 
 

Low 
 

Medium 
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Monitoring &  

sanctioning 

(GS8) 

Effectiveness of monitoring and graduated 

sanctioning help rule compliances and 

increases the likelihood of CA. 

Low 
  

High 
  

Low 
  

Number of 

actors (A1) 

As the number of actor groups increases, it is 

more likely that they have heterogeneous 

interests, making it more likely to create 

disagreements, conflict and increased 

transaction costs for management. This 

decreases the likelihood of CA. 

Small --- Small 
 

Large 
 

The more users in group, the higher the 

transactions costs for management (i.e. 

monitoring, communication and coordination 

is more difficult). This decreases the 

likelihood of CA. 

Low --- High 
 

High 
 

Socioeconomic 

attributes (A2 

Economic heterogeneity increase the 

likelihood of CA (i.e.. Wealthy actors can 

afford transaction costs or invest). 

Low 
 

Medium 
 

High 
 

Sociocultural heterogeneity (i.e. traditions, 

activities, practices) decreases the likelihood 

of CA. 

Low --- Low 
 

High 
 

History & past 

experiences 

(A3) 

Negative experiences with management 

decrease the likelihood of CA. 

High 
 

High 
 

Medium 
 

Location (A4) Actors located far apart increases transaction 

costs of CA. 

Close --- Close 
 

Far 
 

Leadership 

(A5) 

Strong leadership and entrepreneurial skills 

increases the likelihood of CA. 

Weak 
  

Weak 
  

Strong 
  

Trust/ social 

capital (A6) 

High to moderate levels of confidence and 

close relationship among local actors is 

likely to increase CA. 

Low 
  

Low 
  

Medium 
 

Knowledge of 

SES/ mental 

models (A7) 

Actors who perceive that AMPR governance 

is successful (e.g. in reducing resource 

scarcity) is likely to increase CA. 

Negative 
 

Positive 
 

Positive 
 

Dependence 

(A8) 

High dependence on AMPR resources to 

obtain incomes and sustain livelihoods  

increases the likelihood of CA. 

Low 
  

High 
  

Medium 
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Technology 

(A9) 

Technology heterogeneity (i.e. equipment, 

gears) hinder coordination among actors,  

decreasing the  likelihood of  CA. 

Low --- Low 
  

High 
  

 

Palito-Montero: Initial success followed by challenges 

 

The Palito-Montero AMPR can be considered a governance success in the sense that it was the 

first AMPR in Costa Rica, providing the example that the AMPR model was possible through 

community-based collective action. However, it faces numerous challenges for continued 

success. Currently, lack of coordination and a contentious relationship with INCOPESCA is 

perceived by fishers (I4) (Babeu et al. 2012). Collection centers are not functioning due to a lack 

of operational permits (S4a) and the existence of patron-client relationships with private 

collection centers that pay slightly higher prices. Some fishers stopped doing night surveillance 

when compensation payment was no longer provided by NGOs. Although support in funding was 

over, private collection centers and associations have been investing in surveillance materials 

(I5), but obtaining enough funding to repair buoys is difficult (Figure 2). Marking the AMPR 

boundaries is still a challenge after nearly 10 years. 

The AMPR is perceived by many fishers (A6) as overharvested (O2) due to presence of high 

numbers of fishers within the area, who often do not follow the rules, exacerbated by difficulties 

with excludability and high substractability. The costs of establishing management and of 

following the rules are being assumed by a small minority of  fishers (Lozano and Heinen 2015). 

Mistrust among fishers (A6) has been related past experiences with conflict (A3) between fishers 

using different gear types, leading to the expulsion of fishers from the Palito association (GS8c) 

or their exclusion in management processes. Moreover, fishers have complained and disagreed 

(I3) with current leadership, motivating some fishers to leave the association (A5). Difficulties in 

coordination and disagreements between both communities are frequent. This has led many 

fishers to be discouraged from participating in management, and few fishers remain organized to 

take care of AMPR management tasks (Salas et al. 2012). Furthermore, an oyster culture was 

developed by women in Palito as part of AMPR alternative projects (Figure 2), but some women 

stop participating when shared benefits were low due to the large group size or due to feeling 

excluded by women’s association leaders and their families, who remain in the project with 

institutional support (UNA). Some ecotourism activities within the AMPR have been developed 

but are infrequent. It seems clear that alternative livelihood opportunities have not yet 

materialized as hoped. 
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Figure 2.  Buoys damaged in Palito-Montero AMPR (left); oyster aquaculture developed by women in 

Palito (right). 

 

Isla Caballo: Minimal success and continuous difficulties 

 

Collective action on Isla Caballo and the establishment of the AMPR has largely been a failure. 

The management plan restricted all fishing gears except hand-lines. The lack of inclusion of local 

fishers who use illegal gears (illegal in the whole gulf) created tension between the few local 

leaders and everyone else (I4a). The rules for the AMPR did not include some fishers in the 

decision-making processes, but the majority of fishers signed the agreement to exclude gillnets. 

However, many of them did not respect the boundaries of the AMPR or its rules (GS4,GS5), and 

this was mainly due to perceived increases in fish populations around the AMPR. Some local and 

external fishers damaged the buoys, which were perceived as obstacles for gillnets, contributing 

to the challenge of marking clear boundaries (RS2). A lack of monitoring and sanctioning (GS8), 

coupled with the perceived illegitimacy of rules by gillnet users led to business as usual. 

Enforcement from the coast guard was perceived as inconsistent and largely ineffective (GS8a). 

The few fishers and leaders who initiated self-organized surveillance and enforcement (GS8c) 

were threatened by other fishers using illegal gear (I4a). Leaders have been criticized for not 

imposing sanctions on family members known to be fishing illegally. Overall, conflictive 

relationships between local and external fishers have stagnated motivation to work together and 

find mutually accepted rules among fishers using different gear types (A5). 

The spatial size of the AMPR on Isla Caballo is too small (RS3), it does not fit the ecological 

distribution of target species or fishing behavior on the island (RU7). Despite targeted fish 

species on Caballo having a high value (RU4), these species are highly mobile throughout the 

Gulf (RU1) (Figure 3). Thus, most fishers are not directly dependent on resources from within the 

small spatial area of the AMPR (A8). Moreover, most fishers in the community use other gear 

types than those allowed in the AMPR and many young fishers use illegal gillnets with the 

potential to harvest up to 400kg per day valued around 1700 USD. These fishers have little 
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interest in fishing with hand-lines when there is opportunity to gain more profit with illegal gear 

outside the area. Funding from MarViva and BID was not given to build a collection center. Poor 

socioeconomic conditions and a lack of basic development infrastructure inhibited needed 

investments to build a working collection center (A2), hindered by state control of the property 

(GS4) that forbids construction on the island (S4a). The small island is the least developed in the 

Gulf and lacks basic services needed to build the center, such as water and electricity (A2). 

Freshwater is imported by boat from Puntarenas (Figure 3) and electricity is provided by solar 

panels or own private gasoline generators.  Collective action such as meetings and self-organized 

surveillance for the AMPR are no longer being done (I7). Only the maintenance of buoys is 

continued as a requirement during seasonal closures during mandatory community work to 

receive closure compensation (a form of subsidy) from the government, but this has not increased 

rule compliance.  

 

Figure 3. Fishermen from Isla Caballo displaced and harvested Cynoscion albus specie (‘queen croaker’) 

with hand-line gear (left) in AMPR Distrito Paquera-Tambor. Water distribution from Puntarenas to the 

island (right). 

 

Paquera-Tambor: Many challenges but moving towards success 

 

Despite the overall success in establishing the Paquera-Tambor AMPR, difficulties remain for 

continued success. Rivalry among fishers, leaders and/ or communities (I4a) has led to 

disagreements, often creating fear among fishers to participate in meetings who do not have a 

fishing license (A6) or for those who disagree with the AMPR proposal (GS6). Fishing 

regulations are often not respected during the night or during seasonal closures (GS5). This has 

led to perceptions (A6) of inadequate surveillance by the coast guard. Self-organized surveillance 

has also been inconsistent due to threats from illegal fishers during patrolling (I4a), or for being 

afraid to be caught by the authorities because many fishers do not have a license (GS5). 

Nonetheless, local informants have perceived an overall decrease in the presence of illegal fishing 

and unsustainable practices like shrimp trawlers in the AMPR, which was also related to 
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perceptions of increasing fish populations (RS5, A7). In addition, fishers and other actors are 

physically located in communities that are far apart from each other compared to other AMPRs 

(A4a), making it difficult to meet in person and coordinate due to increased transaction costs. 

Also, surveillance has been limited to areas close to communities due to the ease of access, 

limiting surveillance in other areas  because of its large size (200 sqkm) (RS3). Fishers do not 

depend only on fish within the AMPR for their livelihoods (A8a), they often travel by boat 

outside the area or to the open sea for more highly mobile pelagic species like ‘dorado’ 

(Coryphaena hyppurus) (RU1; RU7).  

Despite these challenges, Paquera-Tambor is making slow progress, arguably the most successful 

of the three cases. Strong leadership (A5) from two non-fishers (A1; A2), one in the tourism and 

one in the research sector has brought needed capital from the government and NGOs, facilitated 

formal administrative organization and provided continuous motivation to keep management 

moving forward. Research and monitoring is active in the area to support decisions and progress. 

This suggests that heterogeneity among actors, both economic and in relation to business skills, 

can enable collective action because it can brings needed knowledge about how to formally 

organize management processes and can bring needed capital that fishers would otherwise not 

have. This capital led the establishment of their own collection centers and cooperative, although 

they still depend on external markets to set prices and trade (S5a) (Figure 4), it provides 

incentives and direct trade of seafood to local tourism restaurants and hotels . Formal 

organization of meetings which are held every 1-2 months for decision making (I7, GS6), has 

helped bring actors located throughout the area together (Figure 4) and to evaluate progress of the 

AMPR and nested projects (I10). Coordination among different working groups from 

associations, committees and the cooperative has been aided by the use of mobile phones and 

online communication platforms like WhatsApp (A9). Moreover, fishing is not the only 

livelihood opportunity in Paquera-Tambor. Tourism had provided opportunities in the service 

sector (A8a), and other alternative livelihoods are available because it is connected to the 

mainland.  

 

 

Figure 4. Collection center in Playa Blanca sector delivering fish to Puntarenas (left). Meetings for 

decision making in assembly, led by cooperative president (standing right). 
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Discussion 
 

AMPRs are a new and institutionally unique form of small-scale fisheries governance in Costa 

Rica. They follow a global shift towards collaborative environmental governance that aims to 

better include local people in decision-making processes. AMPRs have evolved in response to 

largely failed ‘nature without people’ conservation models (Folke 2006, Mace 2014) in many 

coastal areas, many of which are exclusionary or designed after terrestrial conservation models 

that are not adapted to coastal social-ecological contexts (Weber de Morais 2016). Exclusionary 

and misfit governance models can marginalize small-scale fishers who are highly dependent on 

local natural resources with few alternative livelihood opportunities. It is evident that momentum 

to support AMPRs reflects Costa Rica’s effort to try to avoid marginalization and to develop the 

coastal economy away from a high dependence on extractivism towards tourism and aquaculture. 

The AMPR concept was inspired by the self-organized efforts of fishers in Palito on Isla de 

Chira. The initially successful model in Palito has been largely adopted as the generic co-

management approach now used for all AMPRs. However, replication of the Palito model is 

problematic because rural fishing communities in the Gulf of Nicoya may seem to have similar 

challenges and goals, but our findings show that they are substantially different in a variety of 

ways important for management. Key differences include target species and gear types used. 

These seem to have cascading effects on institutional development and change relating to who 

makes the rules (i.e. fishers from certain gear types), what rules get developed (i.e. what gears are 

banned) and the formation of perceptions on resource scarcity and the legitimacy of AMPR 

governance between different gear users. All of the above are causing common difficulties for 

cooperation and even conflict between different gear types due to it is a primary driver of 

informal socio-political group formation and alliances among fishers throughout the gulf. Trust 

and social capital within gear groups is higher, however this is often reciprocated by skepticism 

and discontempt of other gear groups. Finding cooperative and non-exclusionary ways to 

establish AMPR governance that can mitigate conflicts by reconciling differences between 

groups of fishers using different gears is a core challenge. However, our findings also show that 

there are no simple governance solutions to these problems, and recognizing the complexity of 

interacting variables in each case is a reasonable starting point. 

Recognizing complexity and interacting variables 
 

This study analyzes collective action within three social-ecological systems, and we apply the 

SESF to sort and describe the complexity of variables, their interactions and their influence on 

collective action outcomes. However, the results presented above, and the results of many studies 

tend to first emphasize the role of single variables on SES outcomes and collective action. Less 

focus is given to analyzing the interdependent interactions between variables or their relationships 

to each other (Leslie et al. 2015, Partelow et al. 2018b). A core tenant of social-ecological system 

analysis is systems thinking, recognizing that many variables interact, often in complex, nonlinear 

and unpredictable ways (Liu et al. 2007a). Our study first describes the role of single variables 
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(e.g. Table 4), and provides qualitative descriptions for some variable interactions and 

relationship in section 3. We view this as a necessary first step in the analysis of a complex 

system, but we also recognize that more focus can be given to examining interactive effects 

between variables, which are critical for unpacking SES dynamics and a key next step for future 

research to focus on. Below we discuss some key variable interactions more explicitly.  

Paquera-Tambor is the only AMPR from this study trying to find a formal solution for integrating 

different gear types and user groups into the AMPR management process. It has the largest 

AMPR, which has led to the development of zones where different types of gears can be used. 

However, this has increased their transaction costs because they have the diverse actor groups and 

the highest number of overall actors. Actor groups and individuals within groups have 

heterogeneous perceptions on what the challenges are for the AMPR and what the solutions 

should be. This has required strong leadership to keep organized and maintain constructive 

deliberative processes that avoid conflict. Furthermore, the large size of the AMPR, the distances 

between actors on land and the diversity of uses and activities has created difficulties for 

monitoring and enforcement. All these variables are interacting with each other, including the 

number of actors, the economic heterogeneity of actors, actors’ location, the gear types used, 

leadership, operational rules, mental models (i.e. perceptions), the clarity of boundaries, 

monitoring and sanctioning, transaction costs and deliberative processes for management are all 

highly interrelated. These variable interactions make the Paquera-Tambor AMPR unique and 

complex. There is not one variable which explains why Paquera-Tambor is more successful than 

the others, it is the unique interactions between all variables. 

On Isla Caballo, the development and implementation of rules restricting gear usage failed. Even 

though the majority of fishers agreed to establish the AMPR, many using gillnets do not respect 

rules, including leaders’ family members, ultimately reducing rule acceptance. This was triggered 

by the AMPR boundaries being established differently than they were proposed, undermining 

compliance and the willingness to participate in further management. Strong leadership existed, 

but those few individuals did not aim to include all actors in decision-making.  On Isla Caballo 

we also observed groups of interacting variables, many are the same as those in Paquera-Tambor, 

but they interact in different ways. Strong links exist between deliberative processes for 

management, fishing gears in use, dependence on AMPR resources, leadership, trust and past 

experiences, monitoring and sanctioning, mental models, the size of the AMPR and the clarity of 

boundaries. 

Lastly, Palito-Montero shows that despite the initial conflicts due to excluding all gears except 

hand-lines, many fishers have now switched gears and started respecting the AMPR boundaries. 

This is the only AMPR where fishers have changed behavior according to rules. However, 

monitoring efforts have decreased due to negative experiences and conflicts, and it has become 

difficult to monitor the high number of fishers. Despite initial success and observed changes in 

fishing behavior, most fishers are not willing to contribute to ongoing management efforts, 

undermining efforts. In Palito-Montero, there appears to be strong links between perceptions of 

the problem and perceptions of whose responsibility it should be to provide solutions. These 

perceptions are associated with user groups and increased transaction costs that reinforce 
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skepticism towards leadership and negative experiences with existing local management 

processes or with state organizations tasked with monitoring and enforcement. 

Collective action and small-scale fisheries  
 

Below we discuss the congruence of our findings in relation to existing literature on collective 

action in SSF. Overall, most of our findings support our hypotheses (Table 4) and existing 

literature. Some influential enabling conditions were similar between the AMPRs, and similar to 

other SSF and SESF studies. Enabling conditions include strong leadership (Gutiérrez et al. 2011, 

Basurto et al. 2013), high dependence on resources (Lozano and Heinen 2015) and effective 

monitoring and sanctioning mechanisms (Pomeroy et al. 2001, Gutiérrez et al. 2011, London et 

al. 2017). Hindering conditions were also similar across AMPRs and with the existing literature, 

including the lack of external support for enforcement (Pacheco Urpí et al. 2013, Guevara et al. 

2016), mistrust and negative past experiences among actors (Cinner et al. 2012, Trimble and 

Berkes 2015) and unclear spatial boundaries (Guevara et al. 2016). Few variables in our analysis 

were found to be contradicting expected hypotheses and theory. Instead, we find that some 

variables seem to have no effect despite the expectation that they would certainly have an 

observable negative or positive influence. One such exception is that we would expect transaction 

costs for monitoring to decrease on Isla Caballo and in Palito-Montero due to their small size and 

close proximity of actors, but a minimal effect was observed. This is most likely explained by 

interactive effects with other variables which reiterates the need for the continued analysis of 

collective action that considers complexity and interactive effects beyond the examination of 

single variable influences. 

It is clear that many variables interact simultaneously to influence outcomes. Many of the 

relevant variables are the same in the three AMPRs, but they tend to have different values and 

interact in different ways. This supports the need to understand each AMPR as unique, and that 

each will require contextually appropriate governance within the co-management model. Many 

variable interactions are combinations of enabling and hindering conditions that in some ways 

counterbalance each other. One could assume that more hindering conditions would likely 

undermine success in the long term, and more enabling conditions would suggest eventual 

successful collective action. However, this is not such a simple equation in reality. Some enabling 

conditions are able to compensate for hindering conditions and some are not. The identification of 

variables that can compensate or counterbalance others is difficult to generalize. Nonetheless our 

findings present some examples. 

Isla Caballo and Palito-Montero have more hindering conditions, which generally helps to 

explain why they struggle to work together and why solutions seem complex and out of reach. 

Paquera-Tambor has a delicate balance of equal hindering and enabling conditions, which is 

seemingly enough to slowly move things forward without overwhelming barriers. For example, 

the Paquera-Tambor AMPR has high transaction costs due its large size and high numbers of 

actors with heterogeneous interests, among many other hindering conditions described above. 

However, these transaction costs seem to be mitigated by very strong leadership and actors with 
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sufficient economic capital and capacity to invest in management and collection centers. These 

few variables seem to overcome many other hindering conditions in a positive but asymmetric 

way, suggesting that the balance between hindering and enabling conditions is relative to the 

importance of particular variables in a context. In Palito-Montero, the balance of hindering and 

enabling conditions is less asymmetric, and more balanced. A group of hindering conditions (e.g. 

mistrust and negative past experiences) are in some ways counterbalanced by a group of enabling 

conditions (i.e. private collection centers and user-based enforcement).  

In all three AMPRs, increasing transaction costs are hindering collective action, and although 

they are sometimes balanced by enabling conditions, they are difficult to deal with institutionally. 

Many fishers and community members simply do not have the institutional capacity to deal with 

the challenges they face. This is a familiar challenge for many SSF. Many realize the necessity 

for AMPRs and how they could bring potential benefits. However, there is minimal capacity and 

experience in self-organization, communicating effectively, resolving conflicts and capacity 

building that can help shift the perception of what AMPR management is designed to be, i.e. a 

collective and empowering process built on the contributions of all individuals, rather than the 

perception that solutions for management should come from the outside. Resolving these issues 

requires institution building, and institutional building takes time and investments from 

supporting organizations like INCOPESCA and the Coast Guard. Responsibility for dealing with 

transaction costs and investments can’t be entirely assumed or expected to be resolved by local 

actors, many of whom are living in low socioeconomic conditions. However, it is also evident 

that government agencies also lack of financing and capacity. In the next section we briefly 

discuss policies which may be able to enhance the success of AMPRs as a governance model, 

considering the above discussion. 

Are AMPRs an effective governance strategy?  
 

AMPRs are an institutionally novel model for small-scale fisheries governance in Costa Rica, and 

while promising in their move towards inclusivity and collaboration, they face many challenges 

for success. Positive ecological conservation outcomes are more likely when local fishers, 

regardless of gear type, are included in decision making and empowered through capacity 

building to develop their own institutions for governance (Castello et al. 2009, Fargier et al. 

2014), increasing the likelihood that mutually accepted rules are developed and followed (Sutinen 

1999, Bennett 2016). Alternative livelihood opportunities in aquaculture and tourism can help this 

transition by mitigating fishing pressure and the dependence of social wellbeing on local resource 

extraction. Inclusionary processes and alternative livelihood opportunities are key ambitions of 

the AMPR governance model. However, this model faces several challenges to make what looks 

good on paper, work in practice. 

First, all AMPRs are relatively recent, and it must be recognized that institution building, 

particularly issues of trust and shifting perceptions may take time to evolve. Continuous 

investment is needed from all actors, but especially from government agencies for capacity 

building to support local efforts as much as possible. More specifically, it is evident that strong 
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and transparent leadership has aided success in Paquera-Tambor. Trainings and education to build 

leadership and organizational capacity may be useful for the other areas, but this takes time and 

must be sufficiently supported. Second, rule enforcement and maintenance of boundary buoys are 

a problem throughout the gulf. Of course, fishers should follow the boundary and gear rules, but 

this is difficult when they ‘know no other way’ or past experiences suggest that individual efforts 

to follow the rules may disadvantage them because so many others don’t. This scenario is a 

classic social dilemma (Ostrom et al. 1994, Schlager 2004) leading to a ‘race to the bottom’ of 

overfishing (Sampson et al. 2015). 

Similarly, although the gulf is large, it is small to a fisher with a fast boat seeking to improve a 

catch. The concept of local roving banditry (Cox et al. 2017) explains this problem of unclear 

boundaries with low enforcement. Fishers move around the gulf as they want, and fish where they 

think is best. Spatially static property rights arrangements (i.e. the AMPR boundaries) for 

governing mostly mobile resources doesn’t help, and may even be misfit to the inherent nature of 

marine ecosystem dynamics reciprocal fishing behavior because these are fluid across space and 

time. Serious efforts to reduce ambiguity of boundaries and advance the AMPR governance 

model should consider making the entire gulf a single large AMPR. This was done with Golfo 

Dulce in southwestern Costa Rica. Small AMPRs do not seem to motivate behavioral change 

without substantial incentives. Skepticism that benefits will manifest increases when boundaries 

are unclear, enforcement is low and costly, and when gear groups fight for influence in decision-

making processes. Similarly, the continued use of gillnets normalizes illegality, reducing social 

pressures for rule compliance within communities, or at least creates tolerance for non-

compliance. Expanding the AMPR would bring other issues, and enforcing broader compliance 

would need to ensure that many fishers are not marginalized due to gear restrictions that result in 

smaller catches and lower income. Alternative livelihoods would need to support many to ensure 

improvements in wellbeing. Aquaculture has considerable potential for expansion throughout the 

gulf but requires more wide spread technical knowledge and up-front investments, both of which 

would have to come from external sources. Terrestrial and coastal tourism in Costa Rica is 

already well established, and willing entrepreneurs in rural fishing communities are likely to find 

opportunities to extract money from foreign tourists instead of extracting fish from the sea. 

However, there is still a need to find alternative livelihood solutions, which are made difficult by 

a general lack of terrestrial property rights for local communities, strict government regulations, 

and skepticism of the government that foreign and wealthy investors are given priority to property 

rights concessions and development permits over local communities. 

Reflections on applying the social-ecological systems framework (SESF) 
 

The SESF has certainly been useful to unpack the complexity of AMPR governance, and as a 

theoretical framework to examine collective action. The framework has shown to be particularly 

useful for the study of small-scale fisheries (Basurto et al. 2013, Lozano and Heinen 2015, 

Guevara et al. 2016, London et al. 2017). In general, we encourage its use for future research and 

its continued development as a diagnostic tool, particularly in diverse cases other than fisheries to 

test its generalizability. This study used the SESF for many aspects of the research process, but 
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primarily as a tool for comparative analysis, applying the common set of variables to each case to 

enable systematic comparison. The SESF was very useful for this, but comparing cases becomes 

more difficult as they become more diverse. Even with a common set of variables, there are still 

many methodological steps and gaps that make comparison difficult such as how each variable is 

defined, indicators used for measurement, measurement or observation methods for data 

collection and how data is analyzed and transformed. All these steps create degrees of abstraction, 

hindering the ability for direct comparison. On the other hand, this is what makes the SESF 

useful, its ability to be an adaptable tool. There is a methodological tradeoff between its 

adaptability and its ability to provide a common set of variables for systematic comparison. To 

ensure comparability, this study used a common data collection method across cases (i.e. 

qualitative data) and developed common indicators, interview questions and analysis methods in 

all cases. However, even with three relatively homogenous (i.e. all SSF in the same external 

settings) this was methodologically challenging.  To help build a tool box of methods to apply the 

framework, we briefly reflect on some of these challenges below. 

The SESF is useful for designing interview questions, as it provides a checklist of topics for 

diagnostic inquiry. It would be useful to aggregate the lists of questions related to each variable 

from all studies who do this to guide future research. Similarly, the SESF is useful as a qualitative 

data coding tool, helping to sort the complexity of qualitative data as it relates to each variable. 

However, during project design and data collection, determining the appropriate measurement or 

observation methods for each variable can be difficult, particularly if the variable requires 

specific indicators to measure it, which need to be selected and defined. This study used only 

qualitative methods, and many variables are difficult to analyze qualitatively. The same could be 

stated for an entirely quantitative analysis. Mixed methodological approaches for data collection 

would improve the ability to sufficiently collect data on all relevant variables, but heterogeneous 

data types are more difficult to analyze cohesively and require multidisciplinary knowledge to 

ensure robust measures and analysis. Heterogeneous data may also present more challenges for 

comparability of that data to other cases applying the SESF. This is a trade-off. Analyzing the 

interactions between variables remains another challenge. The qualitative analysis in this study 

provided rich descriptions of variable influences and interactions in each case, but can make 

comparisons between cases more difficult. Methods to develop more direct quantitative measures 

to analyze variable interactions would be a welcomed and complimentary task for future research. 

Overall, we encourage future applications of the SESF to explore new methods and to convey 

those methods as transparently as possible. This will help learning and help to build a tool box of 

methods for its continued application. 

Conclusion 
 

Our research shows that AMPRs, and the Gulf of Nicoya as a whole, can be characterized as 

SESs. Each AMPR is a unique system with its own challenges. Although they use a generic co-

management model, this model should be adapted to each AMPR to make it work effectively. 

However, there are also common features and challenges facing each AMPR, which makes the 
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comparison of similarities and differences a useful methodological approach for understanding 

how co-management can be adapted, and for learning between cases. The most common and 

foundational feature of AMPR co-management is the necessity for collective action. Fishers and 

communities need to self-organize and work together with other actors. The AMPR concept 

proposes a simple idea, empower local people to govern themselves. However, this is not so easy 

in practice. The responsible government agencies need to provide as much support as possible 

and a wide variety of social and ecological conditions influence whether collective action is more 

or less likely to be successful. We argue that AMPRs are a step in the right direction; they 

represent a shift towards more inclusive, participatory and collaborative environmental 

governance for small-scale fisheries in Costa Rica. Nonetheless, persistent efforts are still needed 

to make collective action a social process that is truly inclusive of all actors and motivated by a 

belief that it will bring desired outcomes. Applying the SESF has been a useful tool for 

comparing results between cases by using the common set of variables. It is particularly useful for 

small-scale fishers, and for guiding the collection and analysis of qualitative data. Numerous 

methodological challenges exist for future research applying the SESF, but we encourage its 

future use and development. 
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Abstract 

The social-ecological system framework (SESF) can be useful for applied research and 

management practice beyond its traditional academic applications. In this article we transform the 

SESF into a practical tool to facilitate participatory management and deliberation processes 

within collaborative environmental governance settings. We develop a transdisciplinary 

methodology to transform the SESF into simple and context relevant images that are 

understandable by non-specialists, yet the image-based framework still conveys its core tenets of 

systems thinking, a checklist for system complexity and conceptualizing social-ecological 

interactions. We then demonstrate a mixed-method approach for testing the usefulness of the 

image-based framework for enhancing deliberation and participatory management processes. We 

show how the academic uses of the SESF, its core tenets, can serve the same purpose for non-

academic actors. When transformed, the SESF has potential to be a tool that can enhance 

communication and knowledge exchange between actors. We demonstrate our methodology, i.e., 

how to transform and test the usefulness of the image-based framework, with small-scale fishers 

involved with co-management in the Gulf of Nicoya, Costa Rica. In the example, we show how 

scientists must learn from fishers, to understand how they view their system, in order to co-design 

an effective tool. We then test its usefulness by exploring the hypothesis that the image-based 

framework can help fishers discuss with more depth and complexity because it provides a simple 

conceptual base for systems thinking and a core set of variables to consider as interacting. Using 

such a tool may be able to convey known academic knowledge about the complexity of 

environmental governance in a way that potentially mediates conflicts resulting from perceived or 

actual hierarchies existing among authorities, scientists, and other actors. Furthermore we explore 

how using the framework during deliberation may be able to alter the social-psychological 

outcomes of participants using field experimental methods. We discuss our methodology and 

potential future applications, intending to provide a new concept and way of thinking about how 

the SESF can be useful for applied research and practice. 

Keywords 

Collaborative environmental governance | experiment | participation | social learning | 

transdisciplinary 
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Introduction 
 

Finding more effective ways to communicate and exchange knowledge between science, policy 

and practice is of significant interest for global environmental governance (Cornell et al. 2013, 

Dietz 2013, McAllister and Taylor 2015). Rapid social-ecological change requires urgent and 

well informed solutions (Steffen et al. 2015a, Bodin 2017). However, difficulties with 

communication and exchanging different types of knowledge between diverse actors can hinder 

constructive decision-making (Dietz 2013, Medin and Bang 2014). Solutions are not simple, and 

barriers are manifold. It is not always clear at which level, phase or through which mechanisms 

different types of knowledge can best inform governance in meaningful and mutually accepted 

ways (Newig and Fritsch 2009, Raymond et al. 2010, Tengö et al. 2014). Similarly, it is not 

always clear when or how different actors can or should participate and bring their knowledge 

into governance processes (Reed 2008, Schneider and Buser 2017). The political nature of 

decision-making, power asymmetries or hierarchical actor relationships can create substantial 

barriers (Brechin et al. 2002, Underdal 2010). 

As trends in environmental governance now shift towards more collaborative approaches 

(Roberts 2004, US NRC 2008, Kenter et al. 2014, Bodin 2017), the development of inclusive and 

participatory management processes for communication and knowledge exchange are 

increasingly common (Berkes 2009). There are many definitions of collaborative governance but 

all involve two core principles, the participation of different actors and deliberation. Participation 

broadly refers to the processes by which the values and opinions of various stakeholder groups 

are incorporated into decisions of interest to the public at large (Fung and Wright 2001, US NRC 

2008). Participation and deliberative processes are social spaces for communicating ideas, 

collective action, creating or resolving conflicts and for engaging in social learning (Stern 2005, 

Reed et al. 2010, Tengö et al. 2014). Deliberation involves reasoned dialogue to negotiate issues 

of mutual interest and to seek information. This includes learning from one another and 

consideration of evidence, other viewpoints and values in dialogue, to provide decision support 

(Carpini et al. 2004, Carlsson and Berkes 2005, Kenter et al. 2014, Dryzek and Pickering 2017). 

Deliberation is a pillar for group decision-making, and involves in-depth discussion towards a 

normative goal. However, while deliberation is essential for effective collaborative governance, it 

is not an inherently easy or simple process to facilitate. 

Communication and knowledge exchange during deliberation and participatory management 

processes can face substantial barriers when diverse actors attempt to work together who have 

different knowledge, past experiences, preferences and understandings of a system (Dietz 2013, 

Dryzek and Pickering 2017). Simply bringing people together is often not enough to generate 

constructive outcomes, a complex array of social and political processes can manifest (Crona and 

Hubacek 2010, Curșeu and Schruijer 2017). Actors may face difficulties conveying their 

preferences, experiences and knowledge about a system in a way that is understandable and 

useful to other actors. For example, from a scientific perspective it is understood that 

environmental governance involves dealing with a complex system that has many social and 

ecological variables that interact to shape outcomes. However, scientists may face difficulties 
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communicating with non-specialists due to the esoteric nature of scientific terminology and 

concepts (Wong-Parodi and Strauss 2014). Similarly, diverse groups of actors may have 

knowledge or preferences on many aspects related to a system or governance, but hitting all the 

points and guiding deliberation in a way that accounts for all important aspects can be difficult 

(Castella et al. 2007). Facilitation is often needed to guide fruitful deliberation. Structured 

agendas or tools such as checklists, visual aids and frameworks may be useful to help overcome 

barriers (Lynam et al. 2007, Rodríguez Estrada and Davis 2015). 

Scientific frameworks serve numerous purposes for communication and knowledge exchange in 

academia, but they can also be useful for the same reasons in collaborative governance settings. 

Frameworks often distill complex concepts or theories into core components or variables, 

typically in simple ways using key terminology and visual aids (Binder et al. 2013). In this article 

we specifically refer to and use Ostrom’s social-ecological systems framework (SESF) (Ostrom 

2009, McGinnis and Ostrom 2014). The SESF conveys the complex concept of social-ecological 

systems (SES) in a simple way by illustrating how the core components of the system interact 

visually (Figure 1). The first-tier variables, or core components, include the ‘Resource systems 

(RS)’, ‘Resource units (RU)’, ‘Governance systems (GS)’ and ‘Actors (A)’. The SESF acts as a 

common language between academics. It also acts as a checklist to guide the analysis of complex 

systems, to help ensure that no important aspects are overlooked. 

A scientific framework, like Ostrom’s SESF, can serve similar functions in participatory and 

deliberative governance settings. It can help convey systems thinking in a simple way and act as a 

checklist to ensure that all the core components of a complex system have the potential to be 

discussed and considered during deliberation and decision-making processes. From a scientific 

perspective, it is known that environmental governance deals with complex social-ecological 

system interactions (Liu et al. 2007a, Ostrom 2007, Bodin 2017). Having a tool that can 

communicate the basic tenets of systems thinking and prompt actors to bring in their own 

knowledge, beliefs or preferences about the core components of a system may be useful for 

facilitating more in-depth and constructive dialogue.  

However, there are still challenges for making a scientific framework, in this case the SESF, 

useful in practice. The SESF is not linked to a particular context and it uses non-context specific 

and specialist terminology. Both aspects may hinder the ability of actors to associate the core 

concepts and components to a practical governance context. Complexity and the level of detail in 

a deliberative tool can also be a barrier to communication, as scientists may tend to err on the side 

of precision and complexity (Knight et al. 2006, Sandker et al. 2010). To make the SESF a useful 

tool in practice, all aspects of the framework need to be understood by actors (i.e., non-

specialists) in a meaningful way. Developing methods to transform the framework for use by 

non-specialists, while retaining its core concepts and components, can potentially make the 

framework a more useful practical tool. 
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Figure 1. The first-tier variables of the social-ecological systems (SES) framework (McGinnis and Ostrom, 

2014). 

The purpose of this article is to rethink how the SESF can be useful as a practical tool for 

enhancing communication and knowledge exchange during participation and deliberation 

processes in collaborative environmental governance. To do this, we have developed a 

methodology for transforming Ostrom’s SESF (Ostrom 2009, McGinnis and Ostrom 2014) into 

images related to a specific governance context. We demonstrate this methodology by 

transforming the framework for use by small-scale fishers participating in fisheries co-

management in the Gulf of Nicoya, Costa Rica. We then demonstrate how to measure the 

usefulness of the transformed framework. We test its ability to facilitate dialogue with more depth 

and complexity as well as its impact on social-psychological metrics of actors using Before-After 

Control-Impact (BACI) field experimental methods. Ultimately this article proposes a new way 

of using the SESF for applied research and practice, and demonstrates a methodology for testing 

if it may work. We explore numerous hypotheses, which are shown in Table 1. 

Table 1. Hypothesis and methods used in this study. 

Hypothesis Methodology 

H1: The SESF can be transformed into simple and context relevant images, 

making it easier for non-academics to understand and engage with. 

See Table 2. 

H2: The image-based SESF can structure deliberative dialogue, helping to ensure 

that all important aspects of a system have the opportunity to be discussed if 

necessary. 

Participatory observation of 

deliberative dialogue 

 

Field experiment 
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H3: The image-based SESF facilitates deliberation with more depth and 

complexity because it provides a simple conceptual base for systems thinking as 

well as the core social and ecological variables in an accessible and non-

academic language. 

Participatory observation of 

deliberative dialogue 

 

Field experiment 

H4: The image-based SESF can enhance knowledge sharing between actors by 

creating space for actors to share opinions by stimulating discussion. 

Field experiment 

H5: The image-based SESF as a tool to structure discussions  can alter the 

mental models and social-psychological metrics of actors.  

Field experiment 

 

Measuring experimental outcomes  
 

The effectiveness of a policy or the outcome of a treatment intervention can be measured in many 

ways; the specific metric depends on the context, and expected and/ or desired outcome. 

However, equally important to all of them is the experimental (or quasi-experimental) control 

(Hurlbert 1984, Meyer 1995). Studies that compare subjects before and after a treatment risk the 

spurious influence of some unrecorded factor that may happen to occur at the same time as the 

treatment. One such factor may be the researcher themselves, as the presence of an observer (e.g. 

a scientist) can change people’s behavior (Franke and Kaul 1978). For example, social 

desirability bias may cause people to tell researchers what they want to hear (Nunnally 1967). A 

control theoretically helps to filter these effects, as observer and social desirability effects are 

held constant between groups. Studies that only compare control and treatment may be affected 

by other unobserved systematic differences between subjects, though this may be mitigated by 

random sampling and large sample sizes (Stewart-Oaten et al. 1986). 

This group of analyses are called Before-After Control-Impact (BACI) analysis (Green 1979, 

Stewart-Oaten et al. 1986) in the ecological literature, and is also known as the difference in 

differences (DD) model (Orley and Card 1985). An illustration of this analysis can be seen in 

Figure 2, where a variable is measured before a treatment, and after. Individuals are also 

randomly assigned to either a treatment or control group. Individual measurements may change 

over time, and differ systematically between the control and treatment in ways unrelated to the 

treatment itself, but the difference between these differences (i.e. the interaction between change 

over time and treatment; BAxCI) is the treatment effect. In this illustration, if we only compared 

before-measurements to after-measurements, we may incorrectly assume the treatment was 

associated with an increase in the variable. The control group shows a similar but slightly smaller 

increase over time; this is differenced out in the analysis. 
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Figure 2. Graphical representation of analyzing controlled experiments via before-after-control-impact or 

difference in differences  

 

Measuring deliberative outcomes and hypothesis testing  
 

Any management process or decision involves implicit normative criteria and goals, and efforts 

must be taken to treat these as explicitly and carefully as biophysical management and 

socioeconomic targets (Cooke et al. 2009, Fenichel et al. 2013). Participatory management and 

deliberation create venues to consider both normative and positive goals, but they also operate 

with broader implicit normative goals of, for example, increasing pro-environmental or pro-social 

outcomes (US NRC 2008) . As stated above, there are many context-specific methods to measure 

the outcomes of deliberative processes, but a very useful one involves environmental psychology, 

as it addresses implicit normative goals of deliberation, provides information useful to the 

deliberative and management process, and allows for hypothesis testing. 

Environmental psychology is an important field that works to understand the motivations behind 

particular environmental behaviors, and evaluate how to change behaviors to be more pro-

environmental (Stern 2000, Saunders et al. 2006). Environmental theories of behavior such as the 

theory of planned behavior (TPB; (Ajzen 2005)) or the cognitive hierarchy (Vaske and Donnelly 

1999) help understand the psychological processes underlying decisions and assume a hierarchy 

of psychological constructs that exert influence on one another and ultimately inform behavior. 

For example, according to the TPB, an intention to perform a specific pro-environmental 
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behavior is related to performance of that behavior. That increases as the personal norm, (i.e., 

feeling of obligation, of how one ‘should’ behave), subjective norm (i.e., the perception of what 

others think one should do), attitude toward the behavior (i.e., a positive or negative evaluation of 

the behavior), and perceived behavioral control (i.e., the belief that the behavior is under one’s 

volitional control) increases. The attitude toward a behavior is in turn influenced by one’s mental 

models and beliefs about the consequences of behavior. These constructs have been shown to 

have great relevance in a variety of conservation contexts (Cooke et al. 2009, Decker et al. 2012, 

Milner-Gulland 2012), and are relevant to both managers and policy makers. Constructs both act 

as a baseline to understand what is acceptable and feasible, and as a relevant and useful way to 

measure the impact of participatory interventions (Fujitani et al. 2017). 

Psychometrics provide a way to measure psychological phenomena such as knowledge and 

mental models (e.g., fundamental beliefs), transcendental values, and contextual precursors of 

behavior (Klöckner 2013). Numerous psychometric constructs exist including knowledge sharing, 

mental models, and others connected with perceptions and performance of pro-environmental 

behaviors. These constructs can be statistically analyzed for hypothesis testing (Nunnally 1967). 

Further, many of the hypotheses associated with assumed effects of participation and deliberation 

are very appropriate for measurement using psychometric methods (Kenter et al. 2014, Fujitani et 

al. 2017). For example, a stated aim of deliberation is to discuss and develop contextual values, to 

shape and elicit social values, and iteratively update individual values (Kenter et al. 2014). Other 

important assumed outcomes of deliberation are knowledge sharing and an increase in feelings of 

empowerment (US NRC 2008). Important aspects of all of these outcomes are covered by 

environmental theories of behavior, such as values in Value Belief Norm theory (Stern 2000), 

fundamental beliefs in the cognitive hierarchy (Vaske and Donnelly 1999), and subjective norms, 

attitudes, and perceived behavioral control in the Theory of Planned Behavior (Ajzen 2005).  

Small-scale fisheries and Responsible Fishing Areas (AMPRs) in Costa 

Rica 
 

The Gulf of Nicoya is the largest tropical estuary in Central America, located on the Pacific 

Ocean coast of Costa Rica. The gulf supports more than 11,000 small-scale fishers. The Costa 

Rican Institute for Fisheries and Aquaculture (INCOPESCA) is supporting a small-scale fisheries 

management program to create Responsible Fishing Areas (AMPRs). AMPRs have explicit goals 

to enhance ecological conservation by supporting community-based co-management with 

INCOPESCA to develop mutually accepted rules for fishing such as reducing harmful gear usage 

and overall effort. AMPRs also have the explicit goal to enhance conservation and social welfare 

by pursuing alternative livelihood opportunities not based on resource extraction such as 

aquaculture and tourism. Fishing communities who are willing and able to self-organize their own 

fishing association and develop a management plan can formally apply to get legal support from 

INCOPESCA. AMPRs have the exclusive rights to fish and enforce regulations within a spatially 

defined marine area (Lozano and Heinen 2015, 2016). Both the process of creating the local 

fishing associations and interactions with INCOPESCA involve deliberation about rules and 

management strategies for the AMPR, which necessarily involves the inclusion of multiple 
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groups of fishers using different gear types. Constructive deliberation and collective action for co-

management are necessary foundations for AMPR success. There are currently seven AMPRs in 

the Gulf of Nicoya. All fishers in this study live in communities with AMPRs, and have vested 

interest in its management. 

Methods 
 

The methods outlined below are divided into two sections: (1) methods for how the SESF could 

be transformed into context relevant images, and (2) methods to measure the usefulness and 

impact of an image-based framework on deliberation processes and the social-psychological 

outcomes of the individual actors who participate. 

Transforming the framework 
 

A methodology for transforming the SESF into context relevant images is shown in Table 1, 

testing hypothesis 1. Step 1 was conducted in the community of Costa de Pajaros, an AMPR co-

management area in the Gulf of Nicoya. Exploratory semi-structured and open ended interviews 

were conducted with small-scale fishers, local community leaders, non-fisher community 

members and researchers from Costa Rican universities who focus on marine related issues. This 

step was guided by a general diagnostic approach using the SESF to build an understanding of 

which variables are most relevant for understanding the management of small-fisheries in the 

Gulf of Nicoya (Cox 2011, Hinkel et al. 2015, Partelow 2016) . 

For Step 2, the relevant variables from SESF were selected for transformation. We limited our 

scope to the first-tier variables. This was done for two reasons. Methodologically, this allowed us 

to use the second-tier variables as indicators for a content analysis of deliberation transcripts. This 

was to done compare the depth (how many variables) and complexity (the evenness of content 

discussed between the first-tiers of the SESF) of deliberation transcripts between control and 

treatment groups (explained below). The second reason to limit images to the first-tier variables is 

for simplicity. Having images for each second-tier was thought to be too overwhelming and 

complex for our context. This would undermine the goal of having an approachable tool, while 

still emphasizing some of the tradeoffs between accuracy and complexity when working with 

stakeholders during participatory modeling (Knight et al. 2006, Castella et al. 2007). 

Step 3 involved generating or finding images for each first-tier variable. Drawings and online 

searches generated usable open-access images. In Step 4, all images were discussed again with 

fishers in Costa de Pajaros. We primarily asked two questions. First, what they thought the 

images represented, and second, what images may better represent the first-tier variables based on 

their understanding of the system (i.e., for RS, RU, Gov, A). In Step 5, the feedback in Step 4 was 

used to refine and modify the images further. Step 4 and 5 were done twice to get feedback and 

refine the images in two rounds. The final images were organized into the conceptual structure of 

the framework. 
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In Step 6, the final image-based version of the SESF was used in a trial deliberation process with 

a group of fishers. We asked this group to discuss challenges facing small-scale fisheries in the 

Gulf of Nicoya and the management of their AMPR.. The fishers discussed using the framework 

under passive observation by our research team. In the end, they were asked to provide feedback 

on whether the image-based framework was useful. Feedback was combined with our 

observations of the process. Minor adjustments were made to images and the presentation of the 

image-based framework for use in Step 7. 

Table 2. Methodological steps developing an image-based deliberation tool from a SES framework. 

Steps Outcome Guiding literature 

(1) Exploratory research, guided by the 

framework (e.g. the SESF), to understand 

the social and ecological context. 

● Knowledge of social and 

ecological characteristics. 

● Identify the relevant actors and 

groups. 

(McGinnis and Ostrom 

2014, Cox 2015, Hinkel et 

al. 2015, Partelow 2016) 

(2) Decide which variables from the SESF 

should be transformed considering the 

context? 

● Contextualize the depth and 

content of what is conveyed in the 

framework. 

(See Step 1) 

(3) Find or generate images representing the 

variables in the appropriate context. 

● Compilation of initial images 

related to variables of the SESF. 

(Trumbo 1999, Medin and 

Bang 2014, Rodríguez 

Estrada and Davis 2015) 

(4) Gather feedback on images from actors 

to refine them. This could be done with 

interviews, workshops or discussion groups. 

● Feedback on images to better fit the 

context. 

● Initial impressions of how actors 

perceive the images. 

(Leventon et al. 2016, 

Talley et al. 2016, 

Schneider and Buser 

2017) 

(5) Refine images and organize into the 

structure of the framework. Repeat Step 3  

if necessary. 

● Refined images that better fit the 

context and understanding of local 

actors 

(See Step 3) 

(6) Trial run deliberation process with 

actors to get feedback and insight into how 

the images inform what is being discussed. 

Refine the framework. 

● Understanding of how actors use 

the framework in a deliberative 

setting. 

● Refined framework. 

(Talwar et al. 2011, 

Kenter et al. 2014, 2016) 

(7) Use framework for practical deliberation 

and/ or in an experimental setting to 

measure its impact. 

● Applying framework in a 

deliberative setting. 

● Increase knowledge on how 

deliberation tools enhance 

outcomes. 

(Cooke et al. 2009, 

Rodela 2013, Birnbaum et 

al. 2015, Dryzek and 

Pickering 2017, Fujitani et 

al. 2017) 
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Field experiments to measure impact  
 

Small-scale before-after control-impact field experiments were conducted to pilot test our 

hypotheses as a proof of concept. Groups of 3-4 fishers were gathered and asked to deliberate 

general challenges facing the management of fisheries for up to 30 minutes. Two control groups 

were asked to deliberate with no visual or information aids, just to discuss amongst themselves. 

Five treatment groups were given the transformed SESF, and were told they could use it as an aid 

for discussion. Each group discussion was recorded with informed consent from the participants. 

Before and after each group discussion, each fisher completed a standardized questionnaire. 

Measuring depth and complexity 
 

To test hypotheses 2 and 3, transcripts from the deliberation groups were translated into English 

and transcribed into the qualitative data analysis program MaxQDA. A content analysis (Stemler 

2001) of each transcript was conducted using the second-tier variables of the SESF as a coding 

framework, as indicators to categorize discussion content. Coding was consensus based, using a 

coding protocol developed by two authors. Transcripts were then first coded by one author, then 

again by a second author to confirm that the coding was done based on the established consensus 

and to ensure the content appropriately related to the second-tier variables. After coding, the 

analysis involved the number of coded segments for each second-tier variable in each transcript. 

The sum total of second-tier variables within each first-tier, for each transcript, was used as a 

measure of discussion depth (i.e. the amount of content in each transcript related to each first-

tier). The number of second-tier variables was averaged across the control and treatment groups 

separately for each first-tier variable (Table 3). The complexity of each discussion can be 

examined and compared in Table 3 (i.e. the relative proportion or evenness of focus between 

first-tier variable content in the control and treatment groups). 

Measuring individual changes  

 

Elements from the theory of planned behavior (TPB; (Ajzen 2005)) and the cognitive hierarchy 

were used to understand the behavioral intention to support the AMPR (Appendix A) to assess 

hypothesis 5. This included the constructs of ‘perceived behavioral control towards the AMPR’ 

(i.e., whether achieving the AMPR objectives are within their control), ‘attitude towards 

collective action for the AMPR’ (positive or negative assignment about collective action for the 

AMPR), ‘attitude towards regulatory authority with regards to the AMPR’ (i.e., whether they 

support and respect the regulations), and ‘personal and subjective norms towards the AMPR’ 

(i.e., whether they and the people they respect support the AMPR). We also evaluated the belief 

that the AMPR supports fishers. Items to measure beliefs, attitudes, and norms were constructed 

ad hoc based on qualitative preliminary work, as well as adapted from the literature. The 

reliability of measures was checked by assessing internal consistency with Cronbach’s alpha and 

by confirmatory factor analysis. 
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To evaluate hypotheses 3 and 4 from a different angle, we asked self-assessment questions to 

participants post-activity on the depth and complexity of the discussion (H3) as well as how the 

activity facilitated knowledge sharing (H4) through discussion as well as aiding personal 

reflection (Appendix B).  

Constructs were obtained from mean Likert scales and analyzed with parametric methods. In the 

case where multi-item scales were not available, we applied the interval assumption to individual 

items with 5-point Likert response formats, as is a common practice because the interval 

assumption is conservative as it increases the likelihood of type II error. Treatment effects were 

assessed via linear mixed models (LMM) fit by restricted maximum likelihood in the statistical 

package R (http://cran.r-project.org), with the Likert scale construct as the dependent variable 

with dummy coefficients for fixed effects for the pre-test vs. the post-test, control vs. SESF 

treatments, and the interaction between the two (the treatment effect), with individual nested 

within region random effects parsed from global variance. Where only SESF treatment versus 

control measurements were available (i.e., post-activity assessments), the two groups were 

compared with Welch’s t, given the unbalanced sample size and variance. 

Results 
 

Our image-based SESF is shown in Figure 3, transformed to the context of small-scale fishers in 

the Gulf of Nicoya, Costa Rica. The original conceptual structure of the SESF is retained and 

images are used to represent each first-tier variable, without reference to specific second-tier 

variables. In ‘Resource systems’ and ‘Resource units’, images represent multiple co-occurring 

first-tiers. The ‘Resource systems’ tier was labelled ‘Ecosystems’ and shows four co-occurring 

first-tier systems: a mangrove forest, a reef, a riverine estuary and a shoreline going out into the 

open sea. The ‘Resource units’ tier was labelled ‘Resources’ and shows a diversity of different 

species caught in the fishery. The ‘Actors’ tier retained its label and shows different co-occurring 

first-tiers (i.e., groups of actors) including fishers, coast guard, the community, patrons (i.e., 

middlemen) and interest groups (e.g. NGOs). The ‘Governance systems’ tier retained its name 

and shows the different governance systems including images related to rules, co-management, 

knowledge exchange, formal and informal governance settings. The original version of the text in 

Figure 3 was generated in Spanish for use by local fishers, and was translated to English for this 

article. The development of the image-based SESF supports our hypothesis (H1) that it is possible 

to transform the framework into a contextualized image-based tool for use by non-academics. The 

process of transformation was accomplished by engaging local fishers through iterative learning, 

where we the researchers learned from fishers about how they view and understand their own 

system to generate the appropriate images. 
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Figure 3. An image-based SESF transformed for use by fishers in the Gulf of Nicoya, Costa Rica. The 

image-based framework translates the general concept of systems thinking and social-ecological 

interactions through simple images and text. 

Depth and complexity of deliberation 
 

The structure and content of discussions differed between treatment and control groups. 

Treatment groups used the image-based SESF to loosely structure the content of discussion, often 

going through each of the four first-tier categories systematically. This supports our hypothesis 

(H2) that the SESF can provide structure to deliberation compared to the control. Treatment 

groups discussed with more depth, except on ‘Governance systems’ because control tended to 

discuss more exclusively content related to ‘Governance systems’. Treatment groups also 

discussed with more evenness than control groups. The control groups tended to start 

immediately discussing governance, monitoring and compliance issues, thus discussing in more 

depth on content related to the ‘Governance systems’ tier than the treatment group. However, 

overall they discussed with less depth on the other variables. The control groups (without the 

SESF) discussed with less complexity or evenness across variables (Table 3). These initial 

findings generally support our hypothesis (H3) (Table 3). The ‘Social, economic and political 

settings’ and ‘External ecosystems’ first-tier variables were not included in our image-based 

framework, and no discussion content related to those variables. ‘Actors’ variables were the most 

frequently discussed in both groups, with a large portion of the content relating to the second-tier 

variable ‘Knowledge of SES/ mental models’, where fishers expressed their perceptions and 

opinions about issues of concern to the group. 
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Table 3. Each deliberation transcript from the treatment and control groups was coded for content in 

relation to the SESF second-tier variables. This table shows the mean number of coded segments from each 

group aggregated to each first-tier variable. The table allows comparison of the depth (i.e. amount of 

content within each first-tier) and complexity (i.e. the proportionality/ evenness of content between first-

tiers) of dialogue between the treatment and control groups. 

SESF first-tier variables Average number of 

coded segments for 

each variable in the 

treatment groups  

(N= 5)  

Average number of 

coded segments for 

each variable in the 

control groups 

(N= 2)  

Social, economic, and political settings (S) 0 0 

Resource systems (RS) 20.6 6 

Resource units (RU) 22.4 13.5 

Actors (A) 58 40.5 

Governance systems (GS) 33.8 38 

Interactions (I) 27.2 22 

Outcomes (O) 11.2 11.5 

Related ecosystems (ECO) 0.2 0 

 

Impact of deliberation on individuals 
 

Fishers across all sites indicated very positive personal norms and attitudes towards the AMPR, 

as well as beliefs that the AMPR was intended to benefit fishers. Perceived behavioral control 

towards achieving AMPR objectives was slightly lower. There was also more diversity among the 

regions with regards to the social norm of supporting the AMPR through observance of the 

regulations, and to a lesser extent positive attitudes towards regulatory authority (Figure 4). 

Participants in the discussion activities indicated overall agreement that the activity aided 

discussion complexity and depth, personal reflection about the topic, and facilitated knowledge 

exchange beyond what would occur without the activity (Figure 5.) Respondents deliberating 

with the aid of the visual SESF had a higher mean agreement than the control deliberators; 

however this different is not statistically significant (Table 4).  
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Figure 4. Radar plot of baseline mean psychometric constructs for each of the four survey 

regions; scaled between 1 (more positive towards the AMPR and regulatory authority) and 0. 

 

Figure 5. Radar plot of post-discussion assessments by the participants of the activity; scaled 

between 1 (strong agreement) and 0 (strong disagreement). 

Given the limited and unbalanced sample size, it is unsurprising that measured constructs did not 

differ significantly between treatment and control groups (Tables 4 and 5). Post-hoc analyses 

show very small to moderate effect sizes and very low statistical power (Tables 4 and 5). 

However, this work fulfills the goals of demonstrating proof of concept to guide future studies. 

We have evidence of good reliability in many of our constructs (α > 0.7; (Nunnally 1967)), and 

they can be used in similar contexts, as no context-specific scales yet exist in the literature.  In 

contrast, we would need to re-visit our items measuring perceived behavioral control and attitude 

towards regulatory authority in this context.  
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Though we did not find statistically significant differences between the treatment and control 

groups, it may be taken as an indication to further research, that, for example the differenced 

treatment group means were lower than the control group means (Table 5). As a thought 

experiment, this difference, if ‘real’ from a frequentist perspective, would indicate stronger 

agreement that the SESF discussion had more depth and complexity, aided personal reflection, 

and was useful to facilitate discussion, relative to the control. This information guides both future 

hypothesis development and future experimental planning, as this provides empirical grounds to 

set a sample size. From a frequentist perspective, if the lack of significant treatment effects were 

due to a lack of statistical power to resolve these differences, we can use power analysis to 

calculate a necessary sample size given observed effect sizes and desired statistical power (Cohen 

1988). Figure 6 shows the necessary sample size given desired statistical power (the inverse of 

the type II error level, the probability of incorrectly failing to reject the null hypothesis), with type 

I error level (probability of incorrectly rejecting the null hypothesis) set at the conventional 0.05, 

and a range of observed effect sizes in the field experiment. Given the moderate effect sizes a 

prudent sample size with sufficient power would range from 30-100 participants per treatment, in 

line with other workshop-based participation and deliberation studies e.g., (Lienhoop and 

MacMillan 2007, Carnoye and Lopes 2015).  

Table 4. Measured constructs. 

Construct 

No. 

items 

Reliability 

(α) before 

Reliability 

(α)  after 

Treatment 

coefficient* SE* p-value* 

Effect size 

(Cohen's d)** 

Power

** 

Perceived 

behavioral control 

towards the 

AMPR 3 0.34 0.46 0.14 0.41 0.41 0.28 0.10 

Attitude towards 

collective action 

for the AMPR 3 0.66 0.83 0.16 0.40 0.69 0.15 0.06 

Personal norm 

towards the 

AMPR 3 0.83 0.77 0.00 0.18 0.99 0.04 0.05 

Subjective norm 

regarding the 

AMPR 1 NA NA 0.01 0.39 0.98 0.06 0.05 

Belief the AMPR 

benefits fishers 5 0.83 0.8 -0.18 0.25 0.47 -0.29 0.11 
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Attitude towards 

regulatory 

authority 4 0.5 0.54 0.19 0.29 0.52 0.37 0.14 

* From linear mixed model of difference in differences 

** for t-test with unbalanced sample sizes 

 

Table 5. Results between control and treatment. 

Variable 

No. 

items 

Reliability 

(α) 

Mean 

Control 

Mean 

Treatment 

Welch's 

t p-value 

SE 

(total) 

Effect 

size Power 

Aid to 

discussion 

depth and 

complexity 2 0.77 1.95 1.64 0.91 0.38 0.75 -0.41 0.17 

Aid to personal 

reflection 3 0.80 1.80 1.50 1.08 0.30 0.59 -0.51 0.24 

Utility and 

facilitation of 

exercise 2 0.82 1.80 1.58 0.75 0.47 0.61 -0.36 0.24 
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Figure 6. Plot of necessary sample sizes given desired statistical power, over a range of observed effect 

sizes from the field experiment (Cohen’s d), at significance level 0.05. 

Discussion 
 

Despite recognized shifts towards collaborative environmental governance (Roberts 2004, US 

NRC 2008, Kenter et al. 2014, Bodin 2017), making participation and deliberation work in 

practice remains a substantial challenge (Newig and Fritsch 2009, Curșeu and Schruijer 2017). 

Communication and knowledge exchange is critical for progress (Cornell et al. 2013) as 

difficulties for working together are exacerbated when actors have different experiences, 

knowledge, beliefs, and understandings of a system (Bohensky and Maru 2011, Cornell et al. 

2013). This study has approached these challenges as an opportunity to think outside-the-box and 

develop new applied research methods. In particular we focus on the role of developing 

facilitation tools and testing their usefulness as interventions in participatory and deliberative 

environmental governance settings. We have tried to rethink how an existing academic tool, the 

SESF (McGinnis and Ostrom 2014), can be used in new ways. We show that the framework can 

be useful as a practical tool when transformed into a ‘common language’ of images for non-

specialists, arguing that images can ground the framework into a relevant governance context for 
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non-specialists. The SESF can be a useful tool to convey systems thinking, social-ecological 

interactions and a checklist of core system components through those images. In this sense, our 

study provides proof of concept to the idea that the usefulness of the SESF for scientists may be 

paralleled by its usefulness for practitioners. 

Ultimately, the transformed SESF explores one potential facilitation tool to make collaborative 

environmental governance more effective. Facilitation tools may be able to remove existing 

barriers for communication and knowledge exchange during deliberation. For science, developing 

facilitation tools can be viewed as a methodological challenge (Lynam et al. 2007). It is has been 

suggested that deliberation may improve through better linking scientific analysis and the 

participation of other actors (Dietz 2013). However, new practical mechanisms and 

methodologies are needed to explore this idea further, and we have proposed numerous 

hypotheses to test how and why tools like the transformed SESF may be useful. We encourage 

further testing and critique of these hypotheses in more robust ways and in different contexts. 

There are a large variety of different types of collaborative environmental governance 

arrangements to explore (Berkes 2009), and different cooperative arrangements with diverse 

types of actors likely warrant contextualized approaches. We argue that the approach outlined in 

this study may be generalizable in different contexts (e.g., beyond small-scale fisheries) because 

it allows images to be tailored to context through active engagement and co-designing with 

actors. However, we recognize that this needs further exploration and testing, which we 

encourage. Our study did not co-design the image-based framework with the actors who then 

used it for deliberation, for reasons related to testing its usefulness as an intervention with 

experiments. However, in a practical setting, co-designing the framework with the actors who 

will use it may be beneficial and allow more participation and deliberation surrounding the 

process of development as well. 

Furthermore, this study has demonstrated the idea of using an existing scientific tool (i.e., the 

SESF). However, many other social-ecological systems frameworks exist (Binder et al. 2013) 

with similar core concepts such as ecosystem services (Partelow and Winkler 2016). There is 

potential to explore the role of using scientific frameworks in general, not just the SESF, to help 

communicate and exchange known scientific concepts related to environmental governance. For 

example, some core concepts are critical to consider when developing management policies such 

as social-ecological complexity and interactions as well as how those may occur at different 

levels and scales (Cash et al. 2006, Liu et al. 2007a). There are numerous frameworks built on 

these core concepts (Binder et al. 2013). Subsequently, actors should be able to decide what to do 

with this knowledge once they have it, and the image-based SESF may be able to transfer some of 

this knowledge in a passive way, without the active intercession of a scientist. There is a need to 

flatten perceived power or epistemic hierarchies that might be associated with having specialists 

actively involved in deliberative settings (Fung and Wright 2001, Klenk et al. 2015). For 

example, the presence of a perceived expert or the frontal presentation of knowledge has been 

shown to hinder the engagement or contributions of non-specialists (Lord 1999, Voinov and 

Gaddis 2008). However, many formal collaborative governance arrangements have formal 

settings, for example on a deliberation or management council, where scientists are necessarily 

one of the actors involved. In other cases, scientists may be involved in a consulting capacity, or 
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not formally involved at all, such as in the Gulf of Nicoya. Similarly, there will inevitably be 

power asymmetries between other actors, and facilitation tools that are transparent and 

collaborative in design may help flatten those to ensure more equitable participation (US NRC 

2008). 

It is necessary that knowledge exchange and communication is multi-directional, and not just a 

one-way transfer of scientific knowledge to other actors. Numerous studies have shown that this 

can increase the perceived legitimacy and acceptability of governance processes, ultimately 

leading to the development of more effective management, rules and compliance (Berkes 2009, 

Tengö et al. 2014, Bennett 2016). We argue that the usefulness of the SESF is not limited to 

conveying scientific knowledge to other actors. It is equally important to improve communication 

and the exchange of knowledge between actors (e.g., between fishers) through social learning. 

Social learning is a critical process for human development and cooperation (Reed et al. 2010, 

Cundill and Rodela 2012, Dietz 2013). It can help build trust and mitigate conflict between actors 

if it can be well facilitated in deliberative settings (Berkes 2009). However, there are many layers 

and complexities associated with social learning processes (Reed et al. 2010), and one important 

aspect is the role of actor perceptions in governance processes (Bennett 2016, Beyerl et al. 2016). 

If the perceptions of other actors, and of the governance process, are that they are legitimate and 

acceptable, it is likely that they will participate, communicate and exchange knowledge in more 

constructive ways, leading to better outcomes for both people and nature (Bennett 2016). 

While this study conducts an applied research project, it is evident that there is considerable 

potential to use a transformed SESF in a practical setting and we encourage exploring practical 

uses in future work. Critical questions remain about what influences constructive actor 

participation and deliberation, what influences communication and knowledge exchange and how 

to design research that can help test potential tools for supporting these processes. There are many 

methodological approaches to explore these questions, some of which are demonstrated above. 

Measuring and testing changes in environmental psychology, mental models and prosocial 

behavior are promising inquiries. These are integral dimensions for understanding how individual 

changes lead to collective behavioral phenomena or manifest into decision-making for resource 

use and governance (Saunders et al. 2006, Swim et al. 2009). Field experimental methods and the 

BACI method are useful for parsing out differences in treatment effects, and we have 

demonstrated how to do this in our study. However, there is also room to explore these methods 

with larger sample sizes, but also with additional methods such as participatory workshops and 

qualitative research to more in-depthly examine social-psychological changes in individuals and 

groups. 

Conclusion 
 

Shifts towards collaborative environmental governance are promising, but in order to ensure that 

such arrangements lead to beneficial outcomes for both people and nature, they require the 

participation of different actors and constructive deliberation between them. Communication and 
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knowledge exchange are critical to this process, and facilitation tools may be able to support 

deliberative processes that lead to more effective outcomes, both collectively and at the individual 

level. This study has demonstrated how the social-ecological systems framework (SESF) can be 

transformed into an image-based facilitation tool that can help actors discuss with more depth and 

complexity. The transformed framework can convey basic scientific knowledge that is generally 

important for governance such as systems thinking and social-ecological complexity in a passive 

and simple way. The SESF may also help knowledge exchange and communication among 

actors. We believe this study has shown a proof of concept for the ideas and hypotheses outlined 

above, and we encourage future studies to explore them further. 
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Abstract 

 

The social-ecological systems framework (SESF) is arguably the most comprehensive conceptual 

framework for diagnosing interactions and outcomes in social-ecological systems (SES). This 

article systematically reviews the literature applying and developing the SESF and discusses 

methodological challenges for its continued use and development. Six types of research 

approaches using the SESF are identified as well as the context of application, types of data used 

and commonly associated concepts. I analyze the frequency of how each second-tier variable is 

used across articles. A summary list of indicators used to measure each second-tier variables is 

provided. Articles suggesting modifications to the framework are summarized and linked to the 

specific variables. The discussion reflects on the results and focuses on methodological 

challenges for applying the framework. First, how the SESF is situated epistemologically in 

relation to commons and collective action research. This affects its continued development in 

relation to inclusion criteria for variable modification. The framework may evolve into separate 

modified versions for specific resource use sectors (e.g. forestry, fisheries, food production, etc.), 

and a general framework would aggregate the commonalities between them. I further discuss 

methodological challenges for applying the SESF related to research design, transparency and 

cross-case comparison. I refer to these as methodological ‘gaps’ which allow the framework to be 

malleable to context but create transparency and data abstraction issues. These include the 

variable-definition gap, variable-indicator gap, the indicator-measurement gap and the data 

transformation gap. An obvious benefit of the framework has been its ability to be malleable and 

multi-purpose, bringing a welcomed pluralism of methods, data and associated concepts. 

However, pluralism creates challenges for synthesis, data comparison and mutually agreed upon 

methods for modifications. Databases are a promising direction forward to help solve this 

problem. In conclusion I discuss continuing directions by reflecting on the different ways the 

SESF may continue to be a useful tool through (1) being a general but adaptable framework, (2) 

enabling comparison and (3) as a neutral tool for theory building. 
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Introduction 
 

The social-ecological systems framework (SESF) (Ostrom 2007, 2009, Poteete et al. 2010) is a 

conceptual framework providing list of variables which may be interacting and affecting 

outcomes in social-ecological systems (SES). The evolution of the framework is supported by a 

long history of empirical research on the commons and collective action e.g., (Ostrom 1990, 

Agrawal 2001, Meinzen-Dick et al. 2002, Wollenberg et al. 2007, Poteete et al. 2010). However, 

the SESF is now viewed less as a theoretical framework to advance collective action theory and 

more as a general tool to diagnose the sustainability of social-ecological systems (Ostrom 2009). 

This transition has brought wider engagement over the last ten years, and its core literature 

(above) has now been cited in combination more than 6,500 times (Google Scholar, as of Feb. 

2018). However, critical methodological questions remain regarding how the framework can be 

applied empirically and operationalized in new contexts (Leslie et al. 2015, Partelow et al. 

2018b). 

This article reviews the SESF literature to help examine these methodological challenges and to 

guide those interested in continued engagement with the framework. First, by (1) reviewing the 

trends in the peer-reviewed literature and (2) by providing an extensive discussion of different 

methods and methodological considerations for applying the framework. This article builds on 

previous reviews by McGinnis and Ostrom (2014) who provide substantial contributions to the 

framework’s conceptual development, and by Thiel et al., (2015) who review 20 articles using the 

framework for empirical research. This article continues and considerably expands on these two 

efforts by examining more than 90 articles which engage with the SESF either conceptually, 

empirically and/ or for meta-analysis. In the discussion I critically reflect on how the SESF is 

situated epistemologically in relation to commons and collective action research, and how this 

relates to potential inclusion criteria for variable modification, and ultimately the framework’s 

continued development. Numerous methodological challenges are discussed for applying the 

framework for future research. This review and discussion are guided by the following research 

questions: 

 

 What are the trends in the SESF literature (i.e. sectors, data types, methods used)? 

 What are the different ways the SESF is being applied (i.e. types of research)? 

 What variable modifications have been suggested to the framework? 

 What are the directions forward and potential challenges for the frameworks continued 

development? 
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A brief history of the framework 
 

Although countless articles and books have written far more comprehensively about the evolution 

of Elinor Ostrom’s research on the commons and collective action, leading to the SESF, the 

nature of this article warrants a brief overview. Initiated by her book Governing the Commons 

(1990), Ostrom and her many colleagues began accumulating empirical evidence on the variables 

and types of institutional arrangements which were most likely to enable actors to work together 

and solve social dilemmas in systems with common-pool resources (CPR) and public goods 

(Olson 1965, Ostrom et al. 1994, Schlager 2004). Her work directly challenged Garrett Hardin’s 

conclusions in the Tragedy of the Commons (Hardin 1968), showing that resource users are not 

helpless in their ability to solve social dilemmas, which are exacerbated by the rivalry and 

excludability characteristics of CPRs, but they can actually develop self-organized institutions to 

govern the commons without the need for privatizing common property or imposing state 

regulation.  

Based on the early work of many commons scholars, an empirically supported list of variables 

began to emerge showing the multitude of influences that affect the development of governance 

institutions (Agrawal 2003, Ostrom 2005). These variables became a comprehensive list of social 

and ecological variables influencing cooperation and self-organized governance under a theory of 

collective action (Olson 1965, Ostrom 1990, Poteete et al. 2010). Collective action theory in the 

commons literature explores a central hypothesis that actors can cooperate and self-organize the 

development of institutions for natural resource governance. However, the success of this 

cooperation is likely to vary under different social and ecological conditions. It became evident 

that the development of successful institutional arrangements for governance was in part 

dependent on understanding complex and interdependent linkages between these social and 

ecological variables. It soon became difficult to develop a strong set of theoretical claims that any 

group of variables will influence sustainability outcomes in predictable and generalizable ways 

across diverse cases. Instead, a non-theoretical list of variables was conceptualized as a diagnostic 

checklist, a list of potentially influential variables that can be used to guide the diagnosis of key 

variables and interactions influencing outcomes. The approach is similar to medical practitioners 

who diagnose patients with a checklist of key components and interactions in the human body to 

find the appropriate treatments (McGinnis and Ostrom 2014). The concept of diagnosis can be 

applied to environmental problems if a list of key variables and interactive processes can be 

identified, i.e. variables that are common across all systems for examination. The SESF proposes 

a list of generalizable variables that can be used as a diagnostic tool (Ostrom 2007). Thus, the 

SESF intendeds to be in part generalizable (Ostrom 2009), in part removed from commons 

research and collective action theory which guided the selection of variables (Ostrom 1990, 

Ostrom et al. 1994). 
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Figure 1. Conceptualization of the social-ecological systems framework from McGinnis and Ostrom 

(2014). First tier variables are shown with their interactions and outcomes. 

 

The SESF is structured into tiers of nested and related concepts and variables (Figure 1). The 

first-tiers include the Resource System (RS), Resource Units (RU), Governance System (Gov), 

Actors (A), Social, Economic and Political Settings (S), Interactions (I), External Ecosystems 

(Eco) and Outcomes (O). Second-tier variables are nested within each first-tier (Table 1). Beyond 

its visible structure, the framework emerges from the convergence of political theory and 

institutional economics (North 1990, Ostrom 1990, Coase 1998, Klein 2009). The epistemology 

of the framework places an institutional and anthropocentric lens on the analysis of sustainability 

through suggesting the need to understand how and why cooperation influences governance 

arrangements and their outcomes. However, it is evident that the framework is useful beyond the 

scope of commons and collective action research, as it has been proposed as a general tool to 

diagnose the sustainability of social-ecological systems (Ostrom 2009) and to develop new 

theories in SES (Cox et al. 2016). 
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Table 1. The first and second-tier variables of the SESF from McGinnis & Ostrom (2014). 

Social, Economic, and Political Settings (S) 

S1- Economic development. S2- Demographic trends. S3- Political stability. 

S4- Other governance systems. S5- Markets. S6- Media organizations. S7- Technology. 

Resource Systems (RS) 

RS1- Sector (e.g., water, forests, pasture) 

RS2- Clarity of system boundaries 

RS3- Size of resource system 

RS4- Human-constructed facilities 

RS5- Productivity of system 

RS6- Equilibrium properties 

RS7- Predictability of system dynamics 

RS8- Storage characteristics 

RS9- Location 

Governance Systems (GS) 

GS1- Government organizations 

GS2- Non-governmental organizations 

GS3- Network structure 

GS4- Property-rights systems 

GS5- Operational rules 

GS6- Collective choice rules 

GS7- Constitutional rules 

GS8- Monitoring and sanctioning 

Resource Units (RU) 

RU1- Resource unit mobility 

RU2- Growth or replacement rate 

RU3- Interaction among resource units 

RU4- Economic value 

RU5- Number of units 

RU6- Distinctive characteristics 

RU7- Spatial and temporal distribution 

  

Actors (A) 

A1- Number of relevant actors 

A2- Socioeconomic attributes 

A3- History or past experiences 

A4- Location 

A5- Leadership/entrepreneurship 

A6- Norms (trust-reciprocity)/ social capital 

A7- Knowledge of SES/mental models 

A8- Importance of resource (dependence) 

A9- Technologies available 

Interactions (I) 

I1- Harvesting 

I2- Information sharing 

I3- Deliberation processes 

I4- Conflicts 

I5- Investment activities 

I6- Lobbying activities 

I7- Self-organizing activities 

I8- Networking activities 

I9- Monitoring activities 

I10- Evaluative activities 

Outcomes (O)  

O1- Social performance measures 

O2- Ecological performance measures 

O3- Externalities to other SESs 

  

  

  

  

  

  

Related Ecosystems (ECO) 

ECO1- Climate patterns ECO2- Pollution patterns ECO3- Flows into and out of SES 
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Social-ecological systems and sustainability 
 

The social-ecological systems (SES) concept has evolved into a mainstreamed field of research 

focused on the interdependent linkages between social and environmental change and what this 

means sustainability (Berkes et al. 2000, Liu et al. 2007a, Fischer et al. 2015). SES research is 

focused on understanding many dimensions of system functioning, making it an interdisciplinary 

field, but also on the development and implementation of normative goals related to sustainability  

(Abson et al. 2014, Partelow et al. 2018a). What we would ultimately like to know about SES is 

how they can be sustainable for different people and places around the world. However, with 

these broad and often ambiguous goals, SES scholarship has become diverse and pluralistic  

(Miller et al. 2008, Partelow and Winkler 2016). It associates with many different concepts, 

theories and methods under two broad conceptual pillars: (1) understanding social-ecological 

system functioning and (2) understanding all aspects related to the development, implementation 

and transformation towards normative sustainability goals. A large majority of SES research 

attempts, in some way, to link these two core pillars, including the SESF. The SESF provides one 

of many conceptual frameworks attempting to do this, but many others exist (Binder et al. 2013, 

Partelow and Winkler 2016). 

Methods 
 

A systematic review of peer-reviewed literature was conducted from the scholarly databases 

Scopus and Web of Science. Searches were conducted on both databases to find literature directly 

engaged with the SESF in any context or type of research. Search strings were guided by an 

extensive list of search terms related to ‘social-ecological system’, ‘framework’ and/ or ‘Ostrom’ 

resulting in more than 120 articles from both databases. This list was refined manually by reading 

abstracts, and the full text if necessary, to check for applicability to the scope. 93 articles were 

included for final review. Each article was read and evaluated with standardized criteria on the 

following categories: source, year of publication, type of research, contextual focus, major 

discussion points, type of data, type of analysis, variables used, indicators used and suggested 

modifications.  

Results 
 

Trends and gaps 
 

The SESF is extensively cited and associated with other concepts in the broader SES discourse, 

including other theories, concepts and frameworks (Binder et al. 2013). The most common 

associations are with ecosystem services (Daily 1997, Partelow and Winkler 2016), resilience 
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(Berkes et al. 2000) and variety of other environmental governance theories (Folke et al. 2005, 

Cox et al. 2016) including multi-level governance, polycentric governance and adaptive co-

management (). The cross pollination of literature in SES research has created a plurality of 

nested conceptual approaches regarding the contexts in which the framework is applied and the 

methodologies for its application (Table 2). 

The SESF has been applied to a wide variety of empirical contexts (Table 2). Much of the 

literature remains focused on commons scholarship with a large focus on community-based 

systems such as irrigation systems (Meinzen-Dick 2007, Cox 2014b, Hoogesteger 2015, Mccord 

et al. 2016), small-scale fisheries (Basurto et al. 2013, Leslie et al. 2015, Lozano and Heinen 

2015, Partelow and Boda 2015, Guevara et al. 2016, Oviedo and Bursztyn 2016, Blythe et al. 

2017, London et al. 2017, Nakandakari et al. 2017) and forestry (Fleischman et al. 2010, 

Oberlack et al. 2015, Davenport et al. 2016). However, use of the framework has expanded 

beyond those resource use sectors to general food production systems (Marshall 2015), 

aquaculture systems (Partelow et al. 2018b), terrestrial conservation and rangeland management 

(Falk et al. 2012, Risvoll et al. 2014, Addison and Greiner 2015, Baur and Binder 2015, Taggart-

Hodge and Schoon 2016, Yandle et al. 2016, Guariguata et al. 2017), watershed management 

(Mansee et al. n.d., Madrigal et al. 2011, Nagendra and Ostrom 2014, Villamayor-Tomas et al. 

2014, Bennett and Gosnell 2015, Naiga et al. 2015, Silva et al. 2015, Falk et al. 2016, Hileman et 

al. 2016), marine conservation and marine ecosystem management (Cinner et al. 2012, Stevenson 

and Tissot 2014, Ban et al. 2015, 2017, Williams and Tai 2016), coastal development (Kanwar et 

al. 2016, Schlüter et al. 2018), energy systems (Ye 2014, Bauwens et al. 2016), and pollution 

management (Amblard 2012, Epstein et al. 2014b). 

Table 2. The diversity of methods, contexts and thematic areas under which the SESF is applied are shown 

with the relevant literature. Different types of research approaches include meta-analysis and empirical 

analysis with the types of data analysis used. The specific sectors in which the framework has been applied 

are shown. Associated concepts and databases related to the framework are indicted. 

Type of engagement 

with the SESF 

Focus Literature 

Meta or large 

comparative analysis 

 

Quantitative (Gutiérrez et al. 2011, Cinner et al. 2012, Rahimi et al. 2016) 

Qualitative (Thiel et al. 2015) 

Mixed (Kelly et al. 2015) 

Empirical analysis 

with single or multiple 

cases 

 

Quantitative (Macneil and Cinner 2013, Leslie et al. 2015) 

Qualitative (Amblard 2012, Ban et al. 2015, Hoogesteger 2015, Lozano and 

Heinen 2015, Naiga et al. 2015, Oberlack et al. 2015, London et al. 

2017) 

Mixed (Ernst et al. 2013, Cox 2014b, Guevara et al. 2016) 
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Temporal analysis (Epstein et al. 2014a, Ban et al. 2015) 

Empirical analysis on 

specific or select 

variables  

Experimental (Aswani et al. 2013, Falk et al. 2016) 

General development 

of the framework 

Multi-dimensionality of first 

tier variables 

(McGinnis and Ostrom 2014) 

Application through mixed 

methods and disciplinary 

approaches 

(Poteete et al. 2010) 

Specifically adding and/ or 

modifying variables. 

Ontological consistency. 

(Epstein et al. 2013, McGinnis and Ostrom 2014, Frey and Cox 2015, 

Thiel et al. 2015, Vogt et al. 2015) 

Sector specific Small-scale fisheries 

(general) 

(Gutiérrez et al. 2011, Cinner et al. 2012, Schlüter and Madrigal 

2012, Delgado-Serrano and Andres Ramos 2015, Lozano and Heinen 

2015, Partelow 2015, Guevara et al. 2016, Rahimi et al. 2016) 

Sector specific 

Use in combination 

with other approaches 

or concepts 

Coral reef fisheries (Cinner et al. 2012, Stevenson and Tissot 2014) 

Benthic fisheries (Basurto et al. 2013) 

Lobster fisheries (Hearn 2008, Ernst et al. 2013, Partelow and Boda 2015) 

Large-scale fisheries (Epstein et al. 2014a) 

Recreational fisheries (Hunt et al. 2013, Arlinghaus et al. 2017, Lanz 2017) 

Aquaculture (Partelow et al. 2018b) 

Marine and coastal systems 

(general) 

(Schlüter et al. 2013, 2018) 

Food production systems (Marshall 2015) 

Irrigation (Meinzen-Dick 2007, Cox 2014b, Mccord et al. 2016) 

Forestry (Fleischman et al. 2010, Oberlack et al. 2015, Davenport et al. 2016) 

Pasture/ rangelands (Cole et al. 2014, Risvoll et al. 2014) 

Watershed/ stormwater 

management 

(Villamayor-Tomas et al. 2014, Bennett and Gosnell 2015, Silva et 

al. 2015, Flynn and Davidson 2016) 

Drinking water management (Madrigal et al. 2011) 
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Institutional Analysis and 

development (IAD) 

framework 

(Ostrom and Cox 2010, Partelow and Boda 2015, Mccord et al. 2016) 

Use in combination 

with other approaches 

or concepts 

Other 

Ecosystem services 

(general) 

(Ban et al. 2015, Partelow and Winkler 2016, Rova and Pranovi 

2017) 

Payment for ecosystem 

services 

 

(Yin et al. 2013, Addison and Greiner 2015, Bennett and Gosnell 

2015, Rodríguez-Robayo and Merino-Perez 2017) 

Sustainability science (Partelow 2016) 

Resilience (Risvoll et al. 2014, Arlinghaus et al. 2017) 

Framework as a boundary 

object 

(Hertz and Schlüter 2015, Partelow and Winkler 2016) 

Associated databases Social-Ecological Systems 

Meta-Analysis Database 

(SESMAD) 

(Cox 2014a) 

https://sesmad.dartmouth.edu/ 

Associated databases SESGO http://141.48.2.108:8080/ses_db_test/index 

SES Library https://seslibrary.asu.edu/ 

CPR Database https://seslibrary.asu.edu/cpr 

NIIS Online Database https://ulrichfrey.eu/en/niis/ 

IFRI Database http://www.ifriresearch.net/resources/data/ 

 

Substantial portions of the SESF literature is focused on small-scale CPR systems, dominated by 

fisheries, marine and coastal systems (Table 3). Still, many articles focus on forestry and 

irrigation systems, following the history of commons scholarship (Meinzen-Dick et al. 2002, 

Wollenberg et al. 2007). Single case study research is the most common type of analysis, 

followed by a considerable number of papers focused on the framework’s continued 

development, either conceptually, methodologically or for building theory. However, a large 

majority of research with the SESF relies on secondary data or a mix of primary and secondary 

data. 
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Table 3. (A) The most frequent journals publishing research directly related to SES framework. (B) The 

main sectors being focused on. (C) The types of articles being published. (D) The data sources used for 

research. 

(A) Sectors of focus # of 

articles 

(B) Types of articles # of 

articles 

(C) Data sources # of 

articles 

Fisheries/ marine/ coastal 

Forestry 

Irrigation/ agriculture 

Watershed management 

 

39 

16 

10 

2 

Empirical - single case 

Conceptual/ method/ theoretical  

Empirical - multiple cases  

Meta-analysis/ comparative analysis                                         

46 

22 

12 

12 

Secondary data 

Primary & secondary 

Primary 

52 

25 

15 

 

The most recent version of the SESF from McGinnis and Ostrom (2014) contains 56 second-tier 

variables (Table 1), however, not all variables are equally focused on or analyzed. Figure 2 

compares the frequency at which each second-tier variable is explicitly included as part of an 

analysis or application of the framework across the literature. Social system variables (i.e. Gov. 

and Actor tiers) are more frequently focused on compared to ecological system variables (i.e. RS 

and RU tiers). The remaining variables (i.e. S, I, O and ECO tiers) receive considerably less focus 

comparatively. When this is further divided into focus on different resource use sectors, the trend 

remains the same, there is a general disproportionate focus on social system variables (Table 4). 
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Figure 2. The frequency of 2nd tier variables which have been analyzed across all relevant articles.  
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Table 4. First-tier variable frequency of all articles. ‘All’ shows the sum of second-tier variables at the 

first-tier from Figure 2. ‘All’ includes all types of articles. The sum total of ‘All’ is then subdivided by 

those articles which have an empirical focus in major sectors. 

First-tier variables from SESF Sum frequency of all nested 2nd tier variables 

All Fisheries Forestry Irrigation Water 

management 

Other 

(A) Actors 365 126 35 15 27 44 

(GS) Governance 341 101 34 14 24 43 

(RS) Resource system 271 101 33 15 22 35 

(RU) Resource units 207 77 26 12 23 27 

(S) Social, economic, political 116 44 13 0 14 23 

(I) Interactions 150 52 27 12 18 21 

(O) Outcomes 69 26 9 6 8 6 

(ECO) External ecosystems 40 17 6 0 6 8 

 

Modification of variables 

 

Ostrom (2007, 2009) iterates that the framework will need to be adapted to context and further 

developed as new empirical analysis supports the identification of new and/ or more refined 

variables at the second, third and subsequent tiers. Many articles have since suggested 

modifications, i.e. the addition, subtraction or modification of variables. Table 5 presents a 

synthesis of the literature that has suggested modifications. The degree of generalizability is 

different between articles, as many may only be relevant to specific contexts (e.g. fisheries or 

forestry). Furthermore, many articles do not make a distinction between what constitutes a new 

variable versus an indicator for measuring a variable. There is a difference between developing 

indicators to measure second-tier variables versus developing nested subconcepts of a variable at 

the third-tier. Similarly, not all second-tier variables are defined in the same way across contexts, 

and often definitions are not explicitly stated. Some second-tier variables represent very broad 

concepts such as ‘Socioeconomic attributes (A2)’, ‘Social performance measures (O1)’, 
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‘Ecological performance measures (O2’), and ‘Equilibrium properties (RS6).’ These variables 

have more suggested modifications to refine them at the third-tier. Similarly, some variables 

combine multiple concepts such as ‘Norms (trust-reciprocity)/ social capital (A6)’, ‘Knowledge 

of SES/ Mental models (A7)’, ‘Leadership/entrepreneurship (A5)’, ‘History or past experiences 

(A3)’, ‘Monitoring and sanctioning (GS8)’ and ‘Spatial and temporal distribution (RU7)’. These 

variables have also received multiple suggested modifications.  

Table 5. Articles suggesting modifications to variables of the SESF. The table is organized by the 

variables, articles and context. Many articles suggest modifications, however, this is not an exhaustive list. 

Most articles focus on many variables, but only suggest modifications to a few. ‘All’ refers to all second-

tier variables within the first-tier variable. 

 

First-tier Variables Article Context 

Social, economic and 

political settings (S) 

All Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

Economic development 

Political stability 

Guevarra et al. (2016) Fisheries 

Resource systems (RS) All  Vogt et al., (2015) Forestry 

Ecological rules Epstein et al., (2013) 

Vogt et al., (2015) 

Lake systems; 

Forestry 

Clarity of system 

boundaries 

Equilibrium properties 

Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

Storage characteristics Basurto et al., (2013) Benthic fisheries 

Productivity of system Basurto et al., (2013) Benthic fisheries 

Resource units (RU) All  Vogt et al., (2015) Forestry 

Resource unit mobility Partelow and Boda (2015) Fisheries 

Economic value Bennett and Gosnell (2015); Vogt et al., 

(2015) ; Delgado-Serano and Ramos (2015) 

Partelow and Boda (2015) 

PES*; Forestry 

Water; Fisheries 

Number of units Partelow and Boda (2015) Fisheries 

Interactions among 

resource units 

Spatial and temporal 

distribution 

Basurto et al., (2013) Benthic fisheries 
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Distinctive 

characteristics 

Partelow and Boda (2015) 

Basurto et al., (2013) 

Fisheries 

Benthic fisheries 

Governance systems (GS) All McGinnis and Ostrom (2014) 

Basurto et al., (2013) 

Partelow and Boda (2015) 

General 

Benthic fisheries 

Fisheries 

Rules-in-use Blanco (2011) Tourism 

Governmental 

organizations 

Delgado-Serano and Ramos (2015) 

Williams and Tai (2016) 

Water; Forestry; 

Fisheries 

MPAs** 

Non-governmental 

organizations 

Williams and Tai (2016) MPAs** 

Network structure Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

Property-rights systems Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

Monitoring and 

sanctioning 

Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

Actors (A) All Partelow and Boda (2015) Fisheries 

Number of relevant 

actors 

Duff (2017) 

Delgado-Serano and Ramos (2015) 

Agriculture 

Water; Forestry; 

Fisheries 

Socioeconomic 

attributes 

Bennett and Gosnell (2015) 

Delgado-Serano and Ramos (2015) 

PES* 

Water; Forestry; 

Fisheries 

Technologies Duff (2017) 

Basurto et al., (2013) 

Agriculture 

Benthic fisheries 

History and past 

experiences 

Basurto et al., (2013) Benthic fisheries 

Norms /social capital  Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

Knowledge of 

SES/mental models 

Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 
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Dependence Basurto et al., (2013) Benthic fisheries 

Interactions (I) Harvesting levels Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

Information sharing Duff (2017) 

Delgado-Serano and Ramos (2015) 

Agriculture 

Water; Forestry; 

Fisheries 

Power differentials Blythe et al., (2017) Fisheries 

Deliberation processes Duff (2017) 

Delgado-Serano and Ramos (2015) 

Agriculture 

Water; Forestry; 

Fisheries 

Conflicts Duff (2017) 

Delgado-Serano and Ramos (2015) 

Agriculture 

Water; Forestry; 

Fisheries 

Monitoring activities Bennett and Gosnell (2015) PES* 

Investment activities Bennett and Gosnell (2015) PES* 

Networking activities Delgado-Serano and Ramos (2015) Water; Forestry; 

Fisheries 

(Cross level 

application) 

Oberlack et al., (2015) Forestry 

Outcomes (O) Social outcomes Duff (2017) 

Blythe et al., (2017) 

Delgado-Serano and Ramos (2015) 

Agriculture; 

Water; Forestry; 

Fisheries 

Ecological outcomes Duff (2017) 

Delgado-Serano and Ramos (2015) 

Agriculture 

Water; Forestry; 

Fisheries 

External ecosystems 

(ECO) 

Pollution patterns Duff (2017) Agriculture 

*Payments for ecosystem services  **Marine Protected Areas 
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Types of research applying the SESF 
 

The SESF can be used as a tool for different types of research. Table 6 provides an overview of 

six types of research in which the framework has been applied. These include (1) Conducting a 

mixed method diagnosis of a single case study, (2) Conducting a qualitative diagnosis of a single 

case study, (3) Conducting a quantitative diagnosis of a single case study, (4) Conducting a meta-

analysis of the literature, (5) comparative analysis diagnosing multiple case studies (using either 

of the first three types) and (6) using the framework as deliberation tool. The general purpose of 

each type of research, its benefits, potential challenges and related literature are provided. 

 

Table 6. Approaches for applying the SES framework for different types of research. 

Type of research Purpose, benefits (+) and challenges (-) Example literature 

(1) Mixed method 

diagnosis or 

characterization of a 

case study 

Purpose: Comprehensive analysis of a case study 

 

(+) Comprehensive and more holistic analysis 

(+) Most robust type of case study analysis 

(+/-) Multi-disciplinary knowledge and/or team needed 

(+/-) Multiple types of data generated 

(-) Data integration, transformation and analysis can be difficult 

(-) Extensive field work/ data collection period 

(Ernst et al. 2013, 

Cox 2014b, Barnett 

and Eakin 2015, 

Guevara et al. 2016, 

Partelow et al. 

2018b) 

(2) Qualitative 

diagnosis or 

characterization of a 

case study 

Purpose: Focused analysis of a case study 

 

(+)Potential for in-depth analysis of social system 

(+) Discursive understanding 

(+/-) Qualitative data analysis techniques 

(-) Potential lack of data on ecological system if no secondary data 

(-) Smaller N sampling potential 

(Ban et al. 2015, 

Hoogesteger 2015, 

Naiga et al. 2015, 

Oberlack et al. 

2015, London et al. 

2017) 

(3) Quantitative 

diagnosis or 

characterization of a 

case study 

Purpose: Focused analysis of a case study 

 

(+) All variable measurements quantified and comparable 

(+) Larger N sampling potential 

(+/-) Statistical data analysis techniques 

(-) Difficult to develop quantifiable indicators to measure all 

variables 

(-) Lack of discursive elements 

(-) Potential difficulties in access to needed data or sampling 

(-) Potential loss of depth by quantification of complex variables 

(Hearn 2008, 

Madrigal et al. 

2011, Leslie et al. 

2015, Sharma et al. 

2016) 

 

(4) Meta-analysis of 

the literature 

Purpose: Empirical or discursive synthesis of second-hand 

literature, case studies or data to advance theory, concepts or the 

(Blanco 2011, 

Stevenson and 
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characterization of a field of study. 

 

(+) Synthesis across contexts with common framework 

(+) Increased comparability of findings 

(-) Lack of access to primary data/ data abstraction 

(-) Difficulties integrating data 

Tissot 2014, Kelly 

et al. 2015, Thiel et 

al. 2015, Mahon et 

al. 2017) 

(5) Comparative 

analysis of case 

studies 

Purpose: Empirical comparison or synthesis of typically first-hand 

data to advance theory, concepts or characterization of a field of 

study. 

 

(+) Provides a structure and variables for comparison 

(-) Finding common definitions which apply across cases 

(-) Data often abstracted out of context 

(Gutiérrez et al. 

2011, Cinner et al. 

2012, Oberlack et 

al. 2016, Rahimi et 

al. 2016, Ban et al. 

2017) 

(6) As a deliberation 

tool 

Purpose: Transform SESF into a tool to facilitate deliberation or 

deliberative processes. 

 

(+) Applied use of framework 

(+) Knowledge exchange within and between actor groups 

(-) Transformation of SESF to a contextually understandable form 

 

 

Discussion 
 

This discussion focuses on the current methodological challenges for applying the SESF and 

challenges for its continued modification by reflecting on the results above. I argue that current 

trends in the literature help to spotlight many of the existing challenges, and discuss how current 

trends relate to the history of the framework and why it is important to consider how the 

framework is situated epistemologically. Thus, this discussion attempts to guide future 

applications of the SESF by summarizing some of these methodological challenges, and to sign-

post where to look in the literature for additional reflection. To start, I briefly discuss the results 

above and potential reasons why certain trends may exist. This is followed by discussion of the 

challenges for modifying the framework. For the remainder of the paper I focus on specific 

methodological gaps for applying the SESF and discuss whether the framework has made 

progress in helping achieve some of the goals it was claimed to be useful for (Ostrom 2007, 

2009). 

Trends in SESF research highlight methodological challenges 
 

SESF research remains largely focused on small-scale CPR systems and public goods, similar to 

the majority of research in common scholarship (Meinzen-Dick et al. 2002, Wollenberg et al. 
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2007). Similarly, case studies remain focused on the ‘classic’ CPR systems of fisheries, forestry 

and irrigation systems. There is certainly room to expand the scope of where the SESF is applied 

beyond the scope of these classic commons and beyond small-scale systems. This review is not 

an overview of all commons scholarship, just those applying the SESF, but it nonetheless shows 

the tight link between the two and some current trends. It has long been assumed that knowledge 

generated on small-scale CPR system is to a large extent generalizable. This claim can be further 

tested with more applications of the SESF to diverse cases. Few papers have recently began to 

shift the focus to large scale commons (Ban et al. 2015, 2017) and hybrid or overlapping 

commons like coastal systems (Schlüter et al. 2018) and pond aquaculture (Partelow et al. 

2018b). 

Perhaps the most interesting trend is the extensive use of secondary data. This may be occurring 

for numerous reasons. Many authors are simply re-analyzing existing data, using the SESF as 

conceptual tool to re-frame, re-structure or integrate data for new analysis. This also suggests that 

many scholars are revisiting existing case studies to provide a new conceptual lens for analysis. 

The combination of primary and secondary data is common and is likely a result of the 

difficulties with collecting sufficient primary data on all the relevant second-tier variables in a 

case study. If scholars are returning to previous case studies, it is likely that previous data exists. 

In addition, meta-analysis studies are using secondary data as well as many comparative analysis 

studies. Nonetheless I would argue that many scholars find it difficult to design empirical 

research approaches using the SESF from scratch. There are substantial methodological 

challenges with applying the SESF to a new case study, which likely explains why relatively few 

articles use primary data. Primary empirical data collection guided by the SESF involves 

considerable methodological attention to detail, familiarity with framework’s history and multi-

disciplinary knowledge on the potential relevance of second-tier variables in a case study. Studies 

that re-analyze existing data do not have this difficulty to the same extent. Secondary data 

typically involves some sort of data coding procedure (Ratajczyk et al. 2016). This might explain 

why the framework is a useful conceptual tool but is less applied empirically due to a lack of 

methodological knowledge or guidance on how to do so. 

Modifying the SESF 
 

Many have argued for the need to modify variables in the SESF. For example, numerous articles 

have suggested modifications to include more biophysical variables e.g., (Epstein et al. 2013, 

Vogt et al. 2015), suggesting a bias towards social system variables. This review identifies that 

this bias exists. This is most likely due to the development and almost exclusive use of the 

framework by social scientists. However, when suggesting modifications, a key question needs to 

be asked in relation to epistemological congruence (i.e. what theory is supporting the 

modification of variables and does it align with how variables were included historically?). Below 

I discuss whether this is important or not. The framework does have a history which justified the 

inclusion of variables into a theoretical framework because they were shown to influence 

collective action. However, if variables are being modified for a reason other than their influence 

on collective action, there is a conflict with congruence in the framework’s development. This is 
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not inherently problematic, it seems likely that the SESF may take numerous developmental 

trajectories as it becomes useful for different purposes. However, difficulties and confusion in the 

literature may arise when explicit distinctions are not made between differing goals. For example, 

are variable modifications being suggested because they have been shown to influence collective 

action (i.e. building a theoretical framework of collective action), or because they help better 

characterize a case study as a SES (i.e. building a theoretical/ conceptual framework of general 

SES)? 

This issue arises due to a problem in the logic of how a theory neutral framework should continue 

developing without theoretical inclusion criteria for new variables. It is clear that a large majority 

of research using the framework engages with collective action theories. However, it is also clear 

that many studies do not focus on collective action, and that knowledge on collective action 

theory is not necessary for the SESF to be a useful research tool. The literature suggests that the 

SESF is useful for characterizing a system as a SES, and for diagnosing general challenges for 

sustainability. These applications do not have to be related to the collective action theoretical 

framework aspect of the SESF. Nonetheless, there are also clear benefits of having a theory 

neutral framework, as envisioned by Ostrom. This makes it appealing to a broader research 

audience and can allow for the development of new theory. 

From the argument above, it becomes clear that the SESF does not provide a list of all relevant 

intrinsic variables and interactions in a social or ecological system. Certainly there would be more 

variables if there was no theoretical inclusion criteria. Many more variables could be identified as 

simply being part of a social or ecological system. Perhaps broader theoretical inclusion criteria 

could be related to a more general social-ecological systems theory. Variables would then be 

included if causal interactive effects can be shown between new and existing variables. This 

would broaden the theoretical scope of inclusion criteria, away from collective action theory, but 

this would then shift the epistemological trajectory of the frameworks development. This debate 

should find roots in future research. 

This raises a second point. It is important to recognize how the framework’s theoretical history 

and epistemology has shaped its development (i.e. collective action, CPR theory). This has 

implications for how we view a SES and how we interpret the concept of sustainability. What is 

worth knowing about a SES, from an Ostromian perspective, is how different parts of the system 

influence cooperation and resource use behavior through the development of institutions for 

governance. Sustainability, from this perspective, is arguably the development and maintenance 

of contextually appropriate institutions that can enable actors to cooperate and use resources in a 

way that allows for the long-term and equitable availability of those resources. Certainly the 

concept of sustainability is not limited to this Ostromian view, but it must be recognized that this 

is its underlying epistemology, and this creates a refined and in some ways path dependent 

discourse on sustainability. 

It is worth reflecting on the how manifestation of this epistemology has evolved into the SESF, 

and how that has shaped broader SES discourse. This leads to a critical reflection on the discourse 

that the SESF has created with its terminology. ‘Resource systems’ and ‘Resource units’ are the 

terminology used for biophysical variables in the framework. This terminology has creates an 
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anthropocentric discourse on how the SESF portrays the biophysical environment. Arguably the 

SESF portrays the biophysical environment through a lens of economic and institutional utility. 

This is the most obvious example, but many other variables in the framework portray a similar 

discursive lens, and it is worth acknowledging how this discourse shapes a certain social-

ecological worldview. 

In a separate but related terminological discussion. Reference to and application of the SESF 

requires the use of certain practical terminology. The variables of the framework are referred to 

with a large variety of terms including: variables, tiers, components, processes, indicators, 

dimensions, concepts, interactions, elements, attributes and system dynamics, among others. 

While inconsistent terminology when referring to the first and second-tier variables is not 

inherently problematic, it may create confusion or a lack of clarity in the literature and in the 

interpretation of findings, particularly confusion between variables and indicators. This may stem 

from the lack of clarity and clear definitions for many of the second-tier variables. Some are well-

defined and nuanced while others represent broader concepts which often need further refinement 

or defining in the context. Not all of the second-tier variables are created equal in this way, and 

may require modification as the framework evolves. 

Many articles have suggested variable modifications (see Table 5). This is an inevitable 

progression as more empirical analysis emerges. However, reflection is warranted on whether 

suggested variable modifications are actually new variables, or, are indicators for measuring a 

variable. Also, what the level of generalizability of suggested modifications is in relation to other 

cases and sectors. It is evident that separate frameworks are likely to evolve for use in specific 

sectors because many relevant variables in specific sectors may not be generalizable (Figure 3) 

e.g., (Basurto et al. 2013, Marshall 2015, Partelow and Boda 2015). The role of some variables is 

likely to be unique to certain sectors.  

As discussed above, one of the methodological difficulties is that there are no rules or guidelines 

for variable modifications. Frey and Cox (2015) suggest the use of a consistent ontological logic 

for adding new variables, such as having at least a pair of nested sub-concepts that are nested 

under the parent variable. Having an ontological logic would certainly create consistency, but it 

does not address the theoretical inclusion criteria problem. Second, it is important to recognize 

that indicators used to measure second-tier variables are not necessarily nested sub-concepts that 

warrant inclusion into the framework. Many articles do not make this distinction. For example, 

Partelow and Boda (2015) suggest a substantially modified framework that is specific to lobster 

fisheries but they do not make a clear distinction between what modifications are nested 

subconcepts of potentially new variables, and which are indicators for simply measuring the 

parent variable. They also do not follow a clear ontological logic. The review in this article 

supports conclusions from Thiel et al., (2015), that most applications and modifications to the 

framework remain unstructured in this way and largely scattered in their attempt to jointly 

improve the framework with cohesive rules or inclusion criteria. Future research could focus on 

this problem. 

In reflection on methodological challenges outlined above, four aspects are useful to consider 

when suggesting modifications. (1) Is there a structural or ontological consistency when making 
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modifications? (see Frey and Cox, 2014, p. 14). (2) What is the empirical evidence for any 

modifications (e.g. case studies or meta-analysis)? (3) What are the theoretical inclusion criteria? 

(4) To what degree of generalizability do the modifications apply, to all systems, or only to a 

specific resource use sector (e.g. fisheries, forestry)? 

A final point on modifications is warranted on the ‘Interactions (I)’ variables of the SESF and 

how they relate to the Institutional Analysis and Development (IAD) framework (Ostrom 2005, 

McGinnis 2011b). It is unclear that applications of framework in the literature retain the original 

idea of the ‘action situation’ when relating to the ‘Interactions (I)’ variables. These variables 

arguably have the strongest theoretical link to institutional change and collective action theories. 

They are also some of the least focused on second-tier variables. I would argue this is related to a 

lack of theoretical knowledge about their origin as the framework has gained a wider audience. 

Perhaps ‘interactions’ could evolve into archetypes, typologies or bundles of interacting second-

tier variables from the other tiers. This could be viewed as a process of building a general theory 

of social-ecological systems interactions. This would alter the conceptual and epistemological 

trajectory of the framework but may clarify the ‘Interactions (I)’ variables and make this aspect of 

the framework more generally applicable to cases and scholars that do not relate directly to the 

study of institutions. 

Applying the SESF: Methodological challenges 
 

A primary benefit of the SESF framework is its malleability as a general tool. The variables can 

be defined, modified and measured, as needed, in different contexts (Ostrom 2007, 2009). 

However, this has led to substantial heterogeneity in how it is applied, relating to definitions, 

indicators for measurement and modifications. Furthermore, multiple data collection and analysis 

methods are often used. It is important to note that these methodological challenges are not 

unique to the framework; they are general challenges to science. In relation to the framework, the 

extent to which methodological heterogeneity compromises comparison is not clear, but it 

certainly presents more difficulties. On the other hand, it is clear that malleability has brought 

substantial benefits and wider engagement. This is a trade-off. Would it be better to make the 

framework more malleable by further disassociating it from collective action theory through 

broader inclusion criteria for variables? Or, should scholars try to follow more rigid rules for 

applying the framework in systematic ways that better facilitates comparison to build specific 

theory? It seems that both trajectories occur simultaneously. This is not inherently problematic, 

but would be benefited by increased transparency in methods and purpose for applying and 

developing the framework in written articles. 

There are no general methods, guidelines or procedures for applying the SESF, although 

numerous article have provided conceptual guidance e.g., (Hinkel et al. 2015, Partelow 2016) and 

case examples. However, there is lack of reflection between them regarding the benefits and 

challenges of different methods. There is no right or wrong way to apply the framework. The 

discussion below highlights the lessons and reflections learned across the literature and from my 
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applications of the framework. I refer to numerous methodological gaps and steps along the way 

which may be useful to consider. 

Variable definition gap 

 

Many variables are not well defined and/ or can have multiple meanings or interpretations when 

viewed in different contexts. If common definitions of variables and concepts are not used across 

cases, additional layers of abstraction will hinder the ability for synthesis and comparison. 

However, there is a trade-off here between specificity and generalizability, as it is often necessary 

to define variables differently across contexts. For example, the concept of social capital (A6) is 

not well defined and can vary in meaning across contexts. Social capital may refer to the 

structure, connectedness and types of exchanges in a social network (Pretty 2003, Borgatti et al. 

2009), or it may refer to degrees of trust, reciprocity and prosocial or antisocial behavior in a 

group (Gutiérrez et al. 2011, Basurto et al. 2016). Definitions can dictate what will be measured 

and the theoretical conclusions drawn from that data. Many other variables in the framework 

create similar challenges. Using common variables has been argued as a strong point of the 

framework to facilitate comparison, but many variables are defined and measured differently, 

compromising the ability for comparison if these varied definitions are not transparent to readers 

or those conducting synthesis research.  

The variable-to-indicator gap 

 

The variable-indicator gap refers to which indicators are selected to empirically measure or code 

variables. Many variables represent broad concepts that are not directly measurable or easily 

defined such as socioeconomic attributes (A2), norms, trust and social capital (A6), resource unit 

value (RU4), equilibrium properties (RS6), predictability of system dynamics (RS7), and 

outcomes (O). Context specific indicators to measure these variables are often needed to ground 

empirical measurement and analysis, or at least to be able to understand a variable in the case 

context. Two studies may examine the same variable with the same definition, but they may 

select different indicators to measure them. This creates a level of abstraction for comparative 

research, where common variables are examined but with different indicators. For example, 

indicators to measure actor location (A4) could be the distance between the home of an actor to 

the place where they access the resource system (RS) or resource units (RU), or, it could be the 

distance from the home to other actors or community meeting places where collective decisions 

are taken. The two indicators will provide different data with different implications for how the 

variable is interpreted as relevant in the system. This is often related to definition, adding to the 

need for transparency. 

The measurement gap 

 

The measurement gap refers to how variables or indicators are actually measured or coded. It is 

evident that two studies can examine the same variable, use a common definition and even use a 
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common indicator, but still measure it in a different way. For examples, economic value (RU4) 

may be defined as the market value of the resource unit, and both studies use the indicator of 

price per kilogram. However, one study may employ qualitative methods, asking individual users 

(e.g. fishers) to recall the prices they receive on the market over the last month by asking the user 

to explain variability and how prices are negotiated in patron-client relationships (i.e. middlemen 

between fishers and the market). In contrast, a second study may go to a patron and collect the 

quantitative data on patron-client relationships to establish price averages over the last six 

months. The studies may draw different conclusions on the real economic value of the resource 

and the role that market variability has on system dynamics. Multiple methods of measurement 

would be useful to cross-check findings, but many studies only use a single method, and this 

makes comparison between studies difficult. 

Data transformation gap 

 

The data transformation gap refers to how raw data is transformed into usable or presentable data 

in an analysis, graphic or written text form. Or, how published data is recorded or transformed 

from literature review or meta-analysis for additional analysis. Transforming data into different 

structures (e.g. continuous, ordinal, categorical, text) is often necessary to conduct an integrated 

analysis. Many different data types have been used to analyze the variables and their interactions 

in the SESF. The transformation of raw data into a different form is another level of abstraction 

which can hinder the ability to accurately interpret findings or conduct meaningful synthesis and 

comparative research. For example, raw qualitative interview data may be coded, synthesized and 

transformed into ordinal or categorical data for further analysis or presentation. Resource users 

may be interviewed in different villages and asked to describe the importance of the resource 

(A8), the raw qualitative data may be coded into themes and transformed into ordinal data (e.g. 

low, medium or high) to compare responses between villages. When raw data is transformed its 

original meaning is abstracted. Methodological transparency becomes of high importance for 

interpreting findings. This problem occurs in both qualitative and quantitative research. For 

example, in quantitative research the measurement of equilibrium properties (RS6) in an 

aquaculture pond involves collecting continuous numerical data on ph, salinity and temperature. 

However, this data may need to be normalized between 0 and 1, or categorized (e.g. good, bad) to 

compare the biophysical suitability of each pond for aquaculture. Different studies will inevitably 

used different methods, stressing the need for methodological transparency, clarity in the 

description of methods and sharing of raw data when possible. 

Is the SESF achieving its goals? 
 

Ostrom (2007, 2009) argued that the SESF could provide numerous benefits for scholars, 

including (1) a general framework that could be adapted and applied to diverse cases, (2) a core 

set variables and a common language to better enable comparison and (3) a theory neutral 

framework, enabling new theories to be developed through analysis of interlinkages between 

variables and outcomes. Each is briefly discussed below. 
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(1) A general but adaptable framework 

 

The framework is useful for sorting out the complexity in SES and providing an overall 

conceptual framework to better understand SES dynamics. The framework can be tailored to a 

study by modifying the definitions, indicators, data collection and analysis methods. As a result 

the framework has been applied to a wide variety of cases. It is clear that applying the framework 

has led to many suggested modified variables and versions. Some articles suggest more 

generalizable modifications (McGinnis and Ostrom 2014) and some for use in specific sectors 

(Basurto et al. 2013, Delgado-Serrano and Andres Ramos 2015, Partelow and Boda 2015, Vogt et 

al. 2015). It appears that both the general framework will evolve but also specific frameworks for 

use in specific sectors (e.g. small-scale fisheries, forestry, and irrigation). Figure 3 conceptualizes 

this potential evolutionary process. Applying the framework to specific cases within a resource 

use sector will provide observations and testing for sector specific modifications and contextually 

appropriate indicators that may not be generalizable outside the sector. This would contribute to 

evolving sector specific frameworks. All sector specific frameworks would contribute to evolving 

a general framework when their modifications can be empirically assessed for their degree of 

generalizability. The evolving general framework would provide a common base for theorization 

within social-ecological systems. Specific theories are likely to evolve as well. All theories would 

be supported by the trickle-up of transparent empirical case study data.   

 

Figure 3. Conceptualizing the potential evolution of the SESF. Application of the framework to case 

studies contributes new variables and data to specific resource use sectors (e.g. small-scale fisheries, 
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forestry, irrigation). Different sectors may evolve separate versions of the SESF. Commonalities between 

all sectors contribute to the development of the general framework. Theory building may follow a similar 

path. General theory building across sectors would be informed by cross-sectoral commonalities. 

 

(2) Enabling comparison 

 

The literature applying the SESF is heterogeneous, and it is unclear the extent to which the 

empirical data can be compared in a meaningful way across cases without substantial re-coding, 

transforming or simplifying heterogeneous data. Meta-analysis of empirical case studies would 

currently be a monumental effort to derive a cohesive data set. A few studies have been 

successful with large comparative studies, but they have largely relied on highly systematized 

primary data collection on common variables controlled by the authors e.g., (Cinner et al. 2012, 

Leslie et al. 2015) Cinner et al., 2012; Leslie et al., 2015) or substantial secondary data mining 

and coding efforts e.g., (Gutiérrez et al. 2011, Oberlack et al. 2016, Rahimi et al. 2016). Either 

way successful comparative studies are made easier when the data available was collected with 

the intention to be compared. However, many individual case studies are not designed with this 

intention. 

Databases are a promising way forward for enabling comparison, where the authors of individual 

studies format their data themselves into common structures. This eliminates data abstraction 

barriers by non-authors but also requires incentives for authors to contribute to common 

databases, a collective action dilemma itself. Many of the databases presented in Table 2 are 

attempting to facilitate this but their success requires the largely voluntary contributions. 

Individual incentives to contribute are difficult to align with the group interest for case 

comparisons through systematic data integration and analysis. 

(3) A neutral theory building tool 

 

The SESF is not a theory neutral tool. Historically, the inclusion criteria for most variables were 

based on their influence on collective action in small-scale CPR systems. However, the 

generalizability of these variables seems to be broad spanning with numerous studies using the 

variables to generally characterize SES or to develop other closely related theory on natural 

resource governance (Cox et al. 2016). It is evident that the framework’s variables provide a 

template for expanding commons research and asking new theoretical questions about social-

ecological interactions and outcomes. This has not yet been fully explored in the literature. 

Perhaps the framework has the most potential to contribute to building general theories of social-

ecological interactions, identifying typologies or archetypes of social-ecological interactions 

(Oberlack et al. 2016). Integrating the framework with other conceptual and theoretical 

frameworks may expand its usefulness for contributing to other theories in associated fields of 

research (Partelow and Winkler 2016). This would somewhat remove the theoretical history with 
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collective action theory. However, there is also recognition that collective action theory is nested 

within broader concepts of SES and sustainability, both of which will continue to evolve.  

Conclusion 
 

The SESF is one of many frameworks focused on better understanding the links between social 

and environmental change has emerged as a useful tool for advancing SES research, an anchor 

point for advancing the general concept of SES to a broader audience and mainstreaming the use 

of diagnostic approaches in the environmental social sciences. The framework has been applied in 

heterogeneous ways, demonstrating its applicability for many different types of research in 

different contexts. However, this presents challenges for comparability between cases for theory 

building. Methodological pluralism is advancing the complexity of SES research but also creates 

challenges for transparency. Clear methodological steps can help guide research with the 

framework. It seems inevitable that the framework will continue to be modified. The extent to 

which empirical analysis in specific sectors can inform the modification of the general framework 

will be dependent on the ability to compare research across cases through transparency. This 

process faces a myriad of challenges, a collective action problem in itself as individual research 

projects will contextualize the framework to suit their needs and motivation to find compromises 

in study designs for the collective benefit lacks clear incentives. Databases for storage and 

comparison greatly benefit this process, but motivations to contribute are not clear or accessible 

to many. Overall, this article has aimed to provide a guidepost for finding and interpreting the 

literature engaged with the SESF and to provide some reflection on progress and challenges going 

forward. 
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Overall thesis limitations 
 

In this section I reflect on limitations. I elaborate on three areas. First, limitations of the empirical 

analysis. Second, limitations of the generalizability of results, and third, the limitations of framing 

the thesis around methods. 

Empirical analysis 
 

Most of the research in this thesis is social science, and a large majority of the data used is 

qualitative. I do not view the extensive use of social science or qualitative data as a limitation 

itself since both are essential for current SES research and comparatively under-emphasized as 

useful and underfunded to the natural sciences. However, as the thesis argues for the development 

and testing of new methods, and particularly for the integration of different methods across 

disciplines, the use of primarily qualitative data could be considered a limitation to my central 

thesis and empirical analysis. I do argue that using multiple methods can help cross check data 

and analysis on research questions, and that multiple or integrated methods can provided a more 

holistic understanding of a social-ecological system. For this I would argue that the scope of the 

thesis is limited in what it can achieve. In addition, the focus on qualitative social sciences 

methods was largely done due to the need for foundational knowledge within each case as a 

starting point. Analyzing complexity has been a primary research question within each case 

study, and this requires rich descriptive qualitative analysis where data is lacking. Quantitative 

data collection and analysis were used in parts of the thesis, but they were not equally balanced, 

and thus the conclusions we draw from our data must be considered in relation to the methods 

used and any particular biases that may arise. However, all qualitative and quantitative data 

collection and analysis methods have benefits and limitations depending on the research questions 

asked. The need to provide thick qualitative descriptions of case studies was a necessary starting 

point in the three case studies. I would argue that this initial thick qualitative knowledge is needed 

before designing structured quantitative surveys and designing well suited studies to measure 

biophysical variables in the system. Further research in the case study areas would build on the 

qualitative knowledge developed in this thesis, and provided a template for a wider variety of 

methods to collect further data. 

Much of the research in this thesis is focused on theory building and conceptual exploration. 

Although not explicit to the core research questions outlined in the introduction, the empirical 

articles all explore the question of social-ecological complexity. We want to explore the social-

ecological complexity of coastal systems, and qualitative data is well suited for this. We are not 

testing hypotheses exclusively, although we align much of the research with existing findings 

related to collective action. A more explicit deductive approach to hypothesis testing may then 

favor quantitative methods. In contrast, much of my research could be considered exploratory in 

the sense of describing social-ecological complexity and using this knowledge as a support 

structure to build on existing findings of what conditions influence collective action. This may 
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not be so much of a limitation as it is a reflection on the use of the SESF, and how different 

methods can use the SESF for different purposes. 

Generalizability and comparing results 
 

The thesis is framed around methods, and the primary reason for this is that I argue the lessons 

learned are to some extent generalizable. However, I would not argue that the methods to apply 

the framework are generalizable in a static way. I do not suggest that the outcomes should now be 

taken and applied without further reflection. I would argue that the process of critical reflection, 

transparency and exploration of new ideas while recognizing some of the foundational building 

blocks of the framework are what is generalizable. As I mentioned in the introduction, I do not 

believe that there is a right or wrong way to use or apply the SESF, only different ways that are 

useful for different research questions and projects. To say there is a right way would be a 

limitation. In this sense this reflection relates to Feyerabend’s quote in the introduction. Uses for 

the SESF are certainly moving beyond what Ostrom envisioned in her literature for the 

framework. I would not want to limit this process, because it has resulted from not being stuck on 

a particular method or theory related to the framework’s past. I would rather encourage the 

exploration of new ideas and methods, as Feyerabend deemed necessary for progress. 

Nonetheless, the generalizability of the empirical findings could be considered a limitation due to 

the limited focus on tropical coastal systems, specifically on small-scale fisheries and pond 

aquaculture case studies. Similarly, only a few case studies are used, and the more empirical cases 

the better the ability to test generalizability of methods, theory and new ideas. I would of course 

agree that the contextual and theoretical conclusions are heavily dependent on context, but, to 

what extent are the methods for applying the framework context dependent? I would argue that 

the process of applying the framework is itself generalizable, irrespective of the specific details of 

the data collection and analysis methods in each case or context. For example, all applications of 

the framework will need to identify the relevant variables and define them, as a general 

methodological process. However, the actual relevant variables and definitions will of course 

vary across contexts. I argue that this thesis has mostly attempted to identify a generalizable 

process for applying the SESF, and to reflect on the challenges for this process. When the case 

studies are viewed from this perspective, it becomes less about the specific details and more about 

the usefulness of the SESF for facilitating a research process. However, I recognize that there 

could be process variation when the framework is applied to diverse contexts, which I did not 

discover because my case studies are limited to a specific context. Overall, a critique of this thesis 

could be that I did not focus a whole article or chapter on explicitly outlining a generalizable 

process for applying the SESF. To some extent I am reluctant to do this as it may limit the 

explorative nature of future studies to design their own processes. Nonetheless, it would probably 

be beneficial for those who seek guidance. 

Two additional methodological concerns can be raised about methods for applying the SESF, 

which this thesis and the RECODE project intended to do. This includes cross case empirical 

comparison of the case studies using the SESF, and the comparison of data overtime within each 
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case. The data collection and analysis was not standardized across the case study sites, because 

the relevant variables and definitions varied between them, as described above. Therefore the 

thesis was purposefully designed to not directly compare empirical results as its main 

contribution, but to compare methodological processes for applying the framework across cases 

instead. There was still an ambition to conduct an empirical cross case analysis with the SESF; 

and this was done in Research 7. We conducted a comparison of three sub-case studies within our 

research in the Gulf of Nicoya. Similarly an initial aim of RECODE and this thesis was to analyze 

each case over time, because all cases were previous ZMT areas with existing data. The only case 

study where this was feasible, however, was in Brazil, where extensive data was available and the 

study location remained the same over time. For largely practical and bureaucratic reasons, the 

locations in Indonesia and Costa Rica had to be moved from their initially intended area of focus 

outlined in the project proposal. Ultimately this benefited the thesis, as we found more suitable 

sites and then tailored the research to comparing different methods for applying the framework. 

This came at the cost of not doing a temporal comparative analysis in Indonesia and Costa Rica. 

Nonetheless, we have done this in Brazil to demonstrate the ability of the SESF to organize and 

analyze qualitative data over time. 

Theoretical and context contributions 
 

The following paragraph reflects on the overall framing of the thesis, which necessarily limits the 

ability to focus extensively on other aspects of the research. Beyond the contributions to advance 

methods for applying the SESF, other contributions have been made which have received less 

focus in the overall framing here. These include advancing collection action hypotheses and 

testing existing theory in coastal systems. For example, our pond aquaculture findings provide a 

new context to test the generalizability of CPR and collective action theory in a new and hybrid 

commons context. Our findings show how diverse social-ecological conditions at the land-sea 

interface create asymmetric social dilemmas for providing effective water quality and distribution 

infrastructure for all, impeding development progress despite substantial state support. We argue 

that using CPR theory helps to identify the challenges facing subsidy aid because it does not 

incentivize collective efforts to solve the underlying collective action problem. Similarly, in both 

Braganca and the Gulf of Nicoya, we critically examine the difficulties with making area-based 

co-management work for small-scale fisheries. We largely conclude that while both cases have 

promising targets on paper, making co-management work in practice involves understanding a 

complex interplay of social and ecological variables which influence collective action processes 

across space and time. It is evident that it has not been easy in either case, and we suggest that 

adaptive and inclusive co-management is needed to make the area-based approaches better fit 

local needs and conditions. 

There is undoubtedly room to explore the commonalities between the case studies from a 

theoretical and policy perspective. As to why I did not elaborate on these contributions here, I 

would argue that more cases studies are needed to make more generalizable conclusions about 

theory in the small-scale fisheries context. The case studies are complex. Methods are first needed 

to better enable how we analyze social-ecological system complexity and interdependencies as a 
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foundation for future research. Nonetheless, the theoretical conclusions I can draw are important, 

and I acknowledge that there is a trade-off here in framing the overall contributions of the thesis. 

It would have also been possible to frame the thesis around collaborative environmental 

governance theory and policy recommendations in the marine realm using the SESF for analysis. 

However, I argue methods for SES research and for applying the SESF are the largest gap in the 

current literature, and that this gap needs to be filled because it is the general foundation for 

theory building across all contexts.  
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Overall thesis conclusions 
 

In this section, I summarize the main contributions and conclusions as they relate to the core 

research questions about advancing methods to apply the SESF. Below I distinguish the 

contributions by individual research question, but I first reflect on how the broader theme of 

methods to apply the SESF relates to sustainability. 

Finding sustainability 
 

This thesis, commons scholarship, and many other related fields are ultimately trying to find 

which social-ecological system conditions, societal goals and transformative process will better 

enable sustainability, but none have found the right combinations yet. In one sense this is a 

metaphor, an idealistic goal and a catchy phrase. On the other hand, it is a sobering practical 

reality. Finding the conditions that enable governance to be effective in achieving societal goals 

in a way that does not create undesirable trade-offs between humanity and the earth system has 

remained elusive. The broader narrative of this thesis, the reason why I argue that advancing 

methods to apply the SESF is a relevant pursuit, is that methods are a core foundation that will 

allow science to advance the state-of-the-art in ‘finding’ the conditions and settings that enable 

better cooperative solutions, governance and sustainability. This thesis has tried to find such 

conditions in coastal systems, but I believe the methodological insights are to some extent 

generalizable across contexts. 

Research question 1: How is the SESF situated within, and able to 

advance, concepts of social-ecological systems research and 

sustainability science? 
 

The SESF has a history in commons scholarship and collective action theory, but I conclude that 

its usefulness and potential for future development is much broader than its history. Multiple 

methods and uses for the SESF are emerging, including application in its traditional role, but also 

in new trajectories with different research goals (Research 8). The SESF is undoubtedly useful in 

its traditional role for studying collective action (Research 4, 5, 6), but also as a tool for 

characterizing SES or as a deliberation tool for applied and transdisciplinary research (Research 

7). Future applications of the framework may benefit by drawing on the literature from closely 

associated concepts such as sustainability science (Research 2) and ecosystem services (Research 

3). Sustainability science is a problem-driven and solution-oriented field. A diagnostic tool could 

thus advance this goal and help better integrate the social-ecological systems concept into 

empirical sustainability science research. The ecosystem services concept intends to increase the 

recognition for functions, services and values that natural systems provide to humanity. These 

undoubtedly have implications for governance and collective action which the development of the 

SESF can build on. Exploring opportunities for learning between the two concepts, and research 
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fields, may provide useful inspiration for future development of the SESF. However, 

epistemological congruence in their development trajectories should be considered (Research 8). 

Research question 2: What are the different types of research that can 

be done using the SESF? 
 

I have identified six different types of research drawn from my experience applying the SESF to 

the case studies in this thesis (Research 4, 5, 6) and a review of the literature (Research 8).  These 

encompass: (1) Conducting a mixed method diagnosis of a single case study, as done to analyze 

pond aquaculture on Lombok, Indonesia (Research 3); (2) Conducting a qualitative diagnosis of a 

single case study, as done to analyze RESEX co-management in Braganca, Brazil (Research 5); 

(3) Conducting a quantitative diagnosis of a single case study; (4) Conducting a meta-analysis of 

the literature pat of Research 1); (5) A comparative analysis diagnosing multiple case studies 

(using either of the first three methods), as done to analyze AMPR co-management in the Gulf of 

Nicoya (Research 6); (6) Using the framework as deliberation tool, as demonstrated in the Gulf of 

Nicoya (Research 7). However, it is likely that other types of research exist and are likely to 

develop in the future. 

Research question 3: What data collection and data analysis methods 

can be used to apply the SESF? 
 

A key conclusion is that the challenges for data collection and analysis depend heavily on the 

type of research project, the research questions and the context in which the framework is 

applied. This thesis and the literature have demonstrated entirely qualitative, as well as mixed 

methods, data collection and analysis approaches to apply the SESF. Nonetheless a few key 

points can be reiterated about general applications of the framework, drawing primarily on the 

content in Research 8. These key points do not relate to specific field methods and analysis 

procedures, but general methodological processes. For example, defining the unit of analysis is 

essential in nearly all applications of the SESF and in SES research in general; Complex systems 

are typical case studies operating across multiple levels and scales. A clear unit of analysis and 

research questions is key for starting the methodological process of applying the framework to a 

case study. Similarly, most applications of the SESF engage with the second-tier variables, but 

often not all variables are relevant for each study. A process for variable selection and definition 

is likely needed. Variables will need to be measured and analyzed, and this may require indicators 

and specially tailored methods for each variable. These are all general methodological processes 

to consider when applying the SESF. I argue that each step in this process creates potential 

‘methodological gaps’, and these gaps (outlined in Research 8) require consideration to ensure 

methodological transparency and data comparability. 
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Research question 4: What methodological challenges exist for applying 

the SESF? 
 

While there are many more nuanced challenges for applying the SESF, here I highlight what I 

consider the most important and general challenges for individual studies applying the SESF. As 

mentioned in the introduction, the SESF has been well cited as a useful conceptual tool but there 

are far fewer empirical applications of the framework. I argue this is due to a lack of knowledge 

on how to apply it. There are several reasons why. Applying the SESF requires a series of 

sequential methodological steps in nearly all cases. The SESF is not a method itself, and 

numerous data collection and analysis methods need to be built around it to make the conceptual 

framework useful empirically. However, there is no single method way to do this. Multiple 

approaches have been demonstrated, and the main lesson learned is that multiple methods have to 

be linked and combined from different fields or disciplines into a cohesive and useful research 

approach or process. Missing or unclear pieces in this process can create confusion or difficulties 

for the whole. Each study will likely have different pieces and a different process that uses the 

framework in a way that is specifically tailored to its research design and context. Nonetheless, 

there are general lessons and steps that can be considered in all cases. These may include 

specifying the problem orientation to be diagnosed or examined, defining clear units of analysis, 

identifying relevant variables, deciding on data collection methods, data analysis methods as well 

as data presentation. Designing a cohesive research approach often requires a wide variety of 

multi-disciplinary knowledge, and often interdisciplinary knowledge on how data can be jointly 

measured and analyzed. The evolution of different methodological processes is, I argue, a central 

barrier for its continued use. 

Research question 5: What considerations and reflections are needed to 

continue developing the SESF as a useful tool for future research? 
 

For the conclusion in relation to this research question I argue that there are generalizable 

methodological procedures to consider when applying the SESF framework, but that the 

usefulness of these procedures will vary across different types of research and contexts. In 

addition, by no means should any application of the SESF framework be limited by any of the 

methods, procedures or lessons learned in this thesis. I only state that those who aim to apply the 

SESF may find it useful to draw on previous studies, as I have. In part, a simultaneous challenge 

and benefit of the SESF is that it has both individual and collective uses. In some way the 

development of the framework is a collective action problem itself, because its development is 

dependent on bring together the knowledge gained from applying it in diverse cases. I argue that 

there is no right or wrong way to use the framework or for how it evolves, it should be used in 

whichever way is most useful to the specific research questions. The framework, after all, is a 

generalizable and malleable tool. The collective action problem exists in that each researcher 

should use the framework in their own useful way, but collectively this knowledge should be 

brought together to inform its cohesive development. We can see in the quote from Feyerabend 
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(1975) in the introduction, attempting to restrain undesired methodological evolution can 

ultimately be a limiting endeavor for making methodological progress in specific cases. 

Methodological evolution in specific cases should be encouraged. On the other hand, there are 

collective goals to continue developing the framework cohesively from the aggregation of 

knowledge from diverse cases. Conceptual development trajectories may aggregate knowledge 

within specific sectors or theoretical frameworks. One major trajectory is the continued 

identification of variables contributing to collective action theory, and using the theoretical 

foundation of collective action as the primary decision criteria and justification for the inclusion 

of new variables and the conceptualization of variable interactions. A different trajectory would 

be to continue developing the SESF as a characterization tool, where the justification and 

foundation for adding new variables and conceptual development is not based on collective action 

theory, but possibly SES theory more broadly. Other uses such as its development as a 

deliberation tool may also evolve. It may also be likely that the SESF evolves differently in 

different resource use sectors (e.g. fisheries, tourism, and forestry).  
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Appendix A. Carbon emissions from flights for the RECODE project. 

Person Country Purpose From Via Via To 
Emissions (~Tons CO2e)* 
https://www.carbonfootprint.com/ 

Stefan 
Indonesia 
(Lombok) Field work Frankfurt Dubai -- Lombok 1.83 

Paula 
Indonesia 
(Lombok) Field work Bremen Amsterdam Jakarta Lombok 1.83 

Achim 
Indonesia 
(Lombok) Field work Bremen Jakarta -- Lombok 1.83 

Stefan Brazil Field work Dusseldorf Sau Paulo -- Belem 1.35 

Sofia Brazil Field work Dusseldorf Sau Paulo -- Belem 1.35 

Stefan 
Costa 
Rica Field work Bremen Amsterdam 

Panama 
City San Jose 1.5 

Anne 
Costa 
Rica Field work Bremen Amsterdam 

Panama 
City San Jose 1.5 

Vignesh 
Costa 
Rica Field work Bremen Amsterdam 

Panama 
City San Jose 1.5 

Achim 
Costa 
Rica Field work Bremen Amsterdam 

Panama 
City San Jose 1.5 

Isis Germany Study visit San Jose Frankfurt -- Bremen 1.5 

Stefan Canada 
IASC 
conference Bremen Amsterdam Calgary Edmonton 1.1 

Stefan Norway 
Winter 
school Hamburg Stockholm -- Bodo 0.3 

Stefan USA 
SESYNC 
workshop Dusseldorf -- -- Baltimore 1 

Stefan Tenerife 
EU Cost 
workshop Dusseldorf Madrid -- Tenerife 0.44 

Stefan Sweden 
Resilience 
conference Bonn -- -- Copenhagen 0.09 

      
Total 18.62 

 


