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The objective of the class was to present the basics of complex coastal and marine socio-
ecological systems and how to think about research and governance in these systems. First, it is 
necessary to consider that social-ecological systems (SESs) are complex, they are more than just a sum 
of the parts of the system (interactions, feedbacks and patterns within the system) and adapted systems 
(capability to self-organize, learn and adapt), like, for example, fish schooling or immune systems, as well 
as many others. These systems are related and in interaction with the external environment and contain 
complex positive and negative feedbacks. We need to observe, manage and understand the dynamics of 
complex SESs. To be able to achieve this, there is a need to understand how nature and society coexist 
and interact within these systems, as they can’t be examined as separate parts, particularly because the 
limits between them are arbitrary and artificial. Within these systems, ecosystem services are provided to 
humans, and humans affect the ecosystems in multiple complex interactions. Thus the ecosystem 
services approach – “All that nature provides and serves the human population” - needs to be addressed 
as well. Moreover, humankind not only impacts and affects nature, but also manages this interaction and, 
as a result, there is a need to understand how they are connected at various scales. Different systems 
can have different levels of organization within the same scales, for example – municipalities, regions, 
districts, counties, states etc. are different divisions within the same scale. 

Another important consideration within this context is the ecosystem dynamics, which include, for 
example, the interactions between prey and predators. Ecological changes are not gradual and 
continuous, but episodic and there is not one single equilibrium state in a system, there are multiple 
equilibria. Ecosystems are structured in a type of hierarchy - panarchy. Panarchy is the structure in which 
systems, including those of nature (e.g., forests) and of humans (e.g., capitalism), as well as combined 
human-natural systems (e.g., institutions that govern natural resource use such as the Forest Service), are 
interlinked in continual adaptive cycles of growth, accumulation, restructuring, and renewal (Gunderson and 

Holling, 2001). Furthermore, Holling describes the adaptive renewal cycle theory, in which there are cycles 
where systems will reorganize to the previous system level or to a similar one, depending on how the 
change happened and of its sources. For example, a forest fire allows the introduction of new or different 
species into the forest or to change the dominant species, modifying the system, but not necessarily 
destroying it. The cycles can occur at different spatial and temporal scales, causing difficulties in the 
governance of the SESs. A very popular term nowadays, also described by Holling in 2001, is that of 
Resilience: defined as regeneration after a repeating disturbance, measured by how much disturbance a 
system can absorb before switching into a different system. When this disturbance threshold is crossed, 
the system assumes a different identity by changing its feedbacks, function and structure. For example, 
in coral reef systems if we change the energy that is needed to recover after a bleaching event, the effect 
and resources can change the system in a way that makes it impossible to go back to the previous 
conditions. This creates the need to define another term - Transformability, which implies the change of 
one system into another. Like in the example of degrading systems that need to be transformed and 
change their function and structure. Resilience (in SESs and Ecosystems) has three defining 
characteristics: As previously mentioned - the amount of change before it transforms into something 
different; The capability to self – organize; And the ability to build and increase the capacity of learning 
and adaptation. At this point it is important to note that Environmental is different from Ecological and it 
depends on the point of view, different people give different names to similar things, different schools 
bring different perspectives on the same problems, so we need to take into consideration the term that 
we are dealing with and its meaning. 

In the next part of the class some examples of frameworks linking social and ecological systems 
were presented. These frameworks can be either analysis oriented or action oriented, depending on the 
purpose they were designed for. This said, the frameworks can come from different sources and serve 
different purposes; therefore no framework is better than the others. When choosing a framework we 
need to consider the question that we are asking and use the most suitable one. The presented 
frameworks are listed below: 



1. The resource system approach for fisheries management (Charles 2001) defines separately 
the natural ecosystem, the human and the management system and describes the compartments of 
each of these systems, as well as the interactions and influences between and within them. 

2. SESs in traditional management systems (Berkes et al. 2003) rely on traditional knowledge – 
how the people understand the system and how they manage it traditionally. There is a constant 
adaptation of the knowledge and the practice of the system within the traditional community in relation to 
the natural ecosystem. 

3. Ostrom’s framework (2009) – Analyzing Sustainability of SESs (Commons) - Defines 
Subtractability as a basic property of the systems – “If we take a piece of cake, there is less for the 
others”. Fundamentally this framework concentrates on the interactions and outcomes between 
resources on one side, and users, as well as the governance system on the other taking into account 
their mutual interactions and the political and socio-economical settings. 

4. SES for Community Conservation (Berkes et al. 2015) aims to understand the connection of 
communities to their environment - what are the meanings, motivation, outcomes between the users 
(communities) and the ecosystem services provided. 

5. DPSIR (European Environmental Agency) Identifies the Drivers, Pressures, State, Impact, 
Responses and the linking interactions between them in the context of SESs. 

6. Millennium Ecosystem Assessment Framework (MA 2005) focuses on how the ecosystems 
contribute to human wellbeing - the ecosystem services provided and the constituents of human 
wellbeing. The Intergovernmental Panel on Biodiversity and Ecosystem Services (IPBES) was formed in 
2012 and made new ecosystem assessments and a new framework. 

7. IPBES Conceptual framework (Diaz et al. 2015) considers different drivers of change and how 
they affect the ecosystem biodiversity and services, which then affect humans. It considers these drivers 
and effects on a large timescale and in interacting with spatial scales. It considers the policy options for a 
system that is degraded and needs conservation, with an innovative perspective that includes the policy - 
decision makers, the researchers/scientists, and the indigenous people as well. 

To be able to apply any of the mentioned frameworks it is first necessary to define the SES. This 
is done by identifying the question that needs to be answered, the problem to solve with its biophysical 
scale, its social scale, the actors involved with their interests, values and knowledge, and the timescale 
that is relevant to be able to answer the question at hand and conduct the research. For example: 
Coastal area stakeholder groups in the Caribbean - multiple stakeholders on crossed levels (Sub-
regional/International/National/Organizational/Community) in crossed scales (Spatial/ Jurisdictional/ 
Network). Nested levels of governance in SESs are important to understand when framing the research, 
and we saw some examples like multi-scale policy cycles based on regional governance in coastal and 
island areas, DPSIR analysis of marine pollution - and the application of the frameworks in case studies 
such as Ibiraquera lagoon in the South of Brazil or Aventureiro, ilha Grande in Rio de Janeiro. Another 
example shown to us was a risk model used for fisheries management and livelihood sustainability. 
These examples show us how frameworks can vary from case to case, and focus on different aspects of 
the SESs.  

Furthermore, a question was raised by the speaker herself: Should one foster resilience in 
SESs?  One of the answers implied that we should focus on adaptability and not resilience, while another 
added that it depends on the system in question and the state that it’s in. Prof. Seixas confirmed and 
noted that it is important to understand when and how to use resilience, and when rather adaptability 
and/or transformability. When focusing on building resilience in SESs, there are 7 principles to follow: 

1.       Maintain diversity and redundancy 
2.       Manage connectivity 
3.       Manage slow variables and feedbacks 
4.       Foster complex adaptive systems thinking  
5.       Encourage learning 
6.       Broaden participation 
7.       Promote polycentric governance systems 

All of these principles could be elaborated further, but due to the lack of time prof. Seixas has 
encouraged the interested participants to further explore the literature available on this topic. A question 
by one of the participants, on how to apply adaptive management when dealing with a system that has 
been degrading constantly up to the threshold, when resilience seems impossible? The best way to 
apply adaptive management is to monitor and measure the variables of the system to be able to 



implement policies and indicators that are relevant to observe in which direction the system is going, as 
well as to establish a good communication for better decision making. If resilience is no longer an option 
because the system has reached the threshold, depending on the context and stakeholders, it is best to 
determine the desirable system aimed. 
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