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Abstract

Chiloé, an island in southern Chile where among the highest shares of national salmon 
production is located, was impacted by the virus Infectious Salmon Anemia (ISA) in 2007. 
The ISA disaster disrupted the local society and caused severe social, economic and 
environmental problems. In this paper, we aim to obtain a deeper understanding of the 
governance dynamics underlying the interactions between different elements of a social-
ecological system. These dynamics have the double capacity to both create disasters and 
also influence transitions towards greater resilience and sustainability. Better insights 
in governance will eventually help to avoid, prepare for and recover stronger from 
disasters. Based on in-depth interviews with a wide variety of actors involved in the ISA 
disaster, we found that the contradicting interests of different actors limit the instalment 
of an institutional system to support wider societal transitions. In particular, the strong 
biotechnological resilience of the industry, on the one hand, hinders changes aiming for 
resilience of the wider system, on the other. We conclude by questioning whether resilience 
is always desirable, since resilience of some subsystems can be so rigid and resistant that it 
hinders other parts and the sustainability of the wider system and its governance.

Highlights
•    The ISA virus in Chile’s salmon industry in 2007 caused a widespread disaster.
•    We use a social-ecological perspective to study governance dynamics and challenges.
•    Biotechnology as panacea dominated the approach for dealing with the ISA disaster.
•    An uncritical reliance on biotechnological resilience hindered governance changes.
•    If resilience becomes rigid and resistant it can hinder sustainable developments.

Keywords: governance; social-ecological systems; resilience; sustainability; salmon 
farming; Chiloé
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4.1 Introduction

Chile is one of the countries in the world with the highest number of natural hazards 
(Esteban et al. 2013). To just mention a few: the biggest registered earthquake in the history 
of mankind with a magnitude of 9.5 on the Richter scale in Valdivia in 1960, the eruption 
of volcano Chaitén in 2008, and the earthquake and tsunami in Concepción in 2010. Still, 
only some of these hazards turned into disasters. Because of the high probability and past 
occurrence of natural hazards in the country, Chile has advanced technological disaster 
prevention and management schemes (Esteban et al. 2013). Nevertheless, the natural 
hazards do sometimes transform into disasters when the systems in place are overwhelmed 
by the scale and type of hazard (Perry 2007). Moreover, disasters in Chile often result from 
a concurrent combination of hazards. Therefore, at times technological know-how and 
preparedness prove to be insufficient to prevent a disaster. This triggers questions about 
the uncertainty and complexity resulting from the interrelationships between different 
elements of a (potential) disaster. In this paper, we use a social-ecological perspective 
to integrally grasp these interrelationships between different elements of a disaster and 
their governance. We aim to obtain a deeper understanding of the governance dynamics 
underlying the interactions within a social-ecological system. These dynamics have the 
double capacity to both create disasters and also influence transitions towards greater 
resilience and sustainability.

In this paper we investigate a Chilean disaster that was not caused by a natural hazard, 
but occurred through human action and exceeded technological knowledge: the 
outbreak of Infectious Salmon Anemia (ISA) in the aquaculture in the south of Chile in 
2007. In Chile’s economy based on the extraction of natural resources, salmon is the third 
export product after copper and timber. The salmon industry arrived in the 1990s when 
(inter)national companies discovered the ideal geophysical circumstances to produce 
salmon in the south of Chile, including deep fjords and cold water currents. Moreover, 
the industry was able to grow in a political-institutional environment that promoted few 
control and regulatory mechanisms. In the regions of Los Lagos and Aysén (figure 4.1), 
aquaculture, and in particular salmon farming, accounts for the biggest industry and 
employs around one million people (Bustos 2014). The largest share of salmon production 
was concentrated on the archipelago of Chiloé in the Los Lagos region. The salmon 
sector brought radical changes to the South of Chile and to Chiloé Island in particular. 
For a long time, the island was isolated from the mainland, especially from the capital 
city Santiago located 1200 kilometers to the north. The local society, with a population 
number of approximately 180,000 in 2009 (INE 2017), used to be organized around small-
scale agriculture and artisanal fisheries. The arrival of the salmon industry came in parallel 
with socio-economic development and contributed to the transformation of Chiloé into 
a more modern, industry-based place. However, the heydays of the salmon industry 
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ended with the outbreak of ISA. The overexploitation of the natural environment by the 
salmon farming enabled the virus to spread very rapidly (Soluri 2011). The virus led to 
unprecedented high rates of fish mortality14, dropping salmon production15 and the loss 
of jobs of many people. This resulted in huge socio-economic consequences for Chiloé 
and beyond (Fløysand et al. 2010), triggering questions about the need for governance 
changes and more regulation from the state (Iizuka and Katz 2011). 

Figure 4.1: Map of Chiloé, Chile (source: created by authors based on ESRI data, 2017)

Disasters disrupt and cause psychological and physical damage to societies. In addition, 
they are said to have the ability to trigger transitions towards new governance systems 
for enhancing resilience and sustainability (e.g. Olsson et al. 2006). This would entail 
regarding disasters, such as ISA, not only with respect to the damage they create, but 
also to transformations they might trigger. Post-disaster socio-economic, institutional, 
political and environmental transformation and adaptation can enhance resilience, which 
can, on its turn, help to prevent future disasters (e.g. Folke et al. 2010). Nevertheless, 
transformation after a disaster can be hindered because of various reasons (e.g. Bakema et

14  Based on: http://www.thefishsite.com/articles/1198/the-recovery-of-the-chilean-salmon-industry/
15  Based on: http://www.salmonchile.cl/en/produccion.php
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al. 2017). One key issue in this respect relates to the question whether resilience is in all its 
aspects and in every situation supportive for sustainability. Yet, the relationship between 
resilience and sustainability is an underexplored theme in environmental governance 
scholarship (Lockie 2016). To reach an integral understanding of the natural and social 
causes and consequences of the ISA disaster in relation to resilience and sustainability, 
we follow a social-ecological systems perspective in this paper. We investigate 
changes in the governance system, institutional set-up and regulations that the ISA 
disaster triggered, but that were not equally profound and far-reaching in all domains. 

In particular, our findings suggest that the biotechnological resilience of the industry 
was strengthened, but the social-ecological vulnerability of the region was reinforced. 
This caused serious contradictions and only fragile resilience. For instance, developments 
in the institutional set-up are still needed to support not just technological change, but 
also a further maturation of the governance system (Muro and Jeffrey 2008). The more 
recent outbreak of an algae crisis16 reflects the vulnerability of the salmon industry in 
Chile, which is still calling for an improved system of regulation able to monitor and better 
prevent future disasters. Changes implemented in the aftermath of the ISA disaster had 
a predominant biotechnological character and include, among others, the use of new 
vaccines and antibiotics, and temporal breaks between harvesting periods. This reflects the 
preferred anthropocentric type of interaction between social systems and ecosystems in 
Chile, in which nature is there to be exploited by humans and biotechnology is the perfect 
ally to facilitate this (Minteer and Pyne 2015). The post-ISA changes did not introduce a 
governance system adequate for stimulating sustainable and resilient development, and 
did not solve wider problematics. In reality, the changes came from the still-prevailing 
(bio)technological discourse. 

Our analysis captures three analytical layers that are intrinsically interrelated following 
from a social-ecological systems approach: 1) the ecological dimension, that includes 
the natural environment and ecosystems, 2) the social dimension, which contains social 
processes of governance, including economic, political and institutional dynamics; 3) the 
layer of the disaster that enhances stress in the interaction between society, governance 
and the environment. Grounded in theoretical insights from social-ecological systems, 
environmental governance, and disaster studies, research into this specific type of disaster 
will inform broader debates on governance and in particular on creating more resilient and 
sustainable governance systems in the face of disasters. Finally, we conclude by reflecting 
on the ways in which different forms or aspects of resilience of a social-ecological system 
can enhance or obstruct each other.

16   Based on: http://www.thefishsite.com/fishnews/27362/over-32-thousand-tons-of-dead-salmon-already-removed-in-
chile-disaster/ 
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4.2 Governance of social-ecological systems and disasters

4.2.1 The value of social-ecological systems approaches
Social-ecological systems approaches emphasize the “interdependent relationships 
among humans [that] are mediated through interactions with biophysical and non-human 
biological units” (Anderies et al. 2004, 20). The interdependencies between all actors, the 
wider system and the smaller subsystems in space and time, feed the relational nature 
of social-ecological systems. Social-ecological systems perspectives take the multi-level 
character of governance into consideration, which constantly both shapes and is shaped 
by environmental processes. A social-ecological systems approach can therefore help to 
better understand the relationships between different actors in a governance system, 
including both state and non-state ones (Olsson et al. 2006). 

Ostrom (2010) developed a leading framework to analyze the sustainability of social-
ecological systems from a comprehensive perspective. In this framework, the governance 
system is said to be a key subsystem, or an integral part, of the social-ecological system. 
A point of critique here is that a social-ecological systems approach makes it impossible 
to strictly separate the governance system from other subsystems. This would undermine 
the essential principle of social-ecological systems of them being in a constant 
interrelationship between the natural and social spheres (Van Dyck et al. 2017). Moreover, 
the governance system and political dynamics are neither a given nor static, as all 
decisions and actions are inherently social-political (Tierney 2012). This especially comes 
to the fore when studying social-ecological systems threatened by overexploitation or 
even disasters, since it is the interaction between the different natural and social elements 
through which a disaster materializes. The political dimension of the framework, notably 
in terms of the governance of environment-society interactions, is therefore insufficiently 
addressed (Swyngedouw 2009). This suggests the need for further conceptualization 
and empirical analyses of the social side of social-ecological systems (Parra and Moulaert 
2016). 

4.2.2 A focus on the governance of social-ecological systems
There are different approaches to the concept of governance. These approaches reflect 
the shift from governing to governance and range from a decentralization of governance 
roles and responsibilities within the domain of the state, to decision-making processes 
between a variety of state and non-state actors, including the market and NGOs (Parra 
and Moulaert 2016). From a social-ecological perspective, we regard governance in the 
interaction between societal and ecological components, going beyond static approaches 
that subordinate governance as a mere subsystem. A focus on governance as the 
spectrum of collaboration, conflict, negotiation and decision-making processes between 
a plurality of actors and their hybrid configurations allows an enhanced understanding 
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of the components of the governance of a social-ecological system. Within this, social 
systems encompass cultural, socio-economic and political-institutional processes and 
natural systems refer to the biological-ecological domain (Ostrom 2010).

Extractive industries, such as fisheries, mining and forestry, use the capacity of the natural 
environment for production and are the outcome of a variety of socio-political, economic 
and ecosystems dynamics (Dietz et al. 2003). These industries are an interesting example 
revealing the diversity of actors and interests that interact in a dynamic social-ecological 
environment. Regulation, steering and facilitation by centralized institutions, on the 
one hand, are important for governing common resources. Decentralized governance 
in communities, on the other hand, can also stimulate a system of governance that has 
the capacity to support social-ecological sustainability (Ostrom 2010; Wilson et al. 2007). 
Nevertheless, governance is still often understood as a rational and top-down process, 
managed and set-up by central governments. Especially in situations of stress and 
disasters, governance can be characterized as less consultative in nature and with less 
room for other than (central) state actors (Tierney 2012). The inclusion of both of local 
and scientific knowledge in governance processes of actors, ranging from scientists to the 
government, private sector and local communities, is important to stimulate resilience 
and sustainability, and can be enabled through shared and collaborative decision-making 
roles for a plurality of actors (Berkes and Turner 2006). 

4.2.3 Resilience in the governance of social-ecological systems affected by disasters
The interactions between interrelated social and natural systems can cause conflicts 
between nature protection and the sustainability of ecosystems, and the different 
functions for which humans use nature. An unsustainable relationship between nature 
and societies, for instance in the case of overexploitation of nature by humans, can 
even provoke disasters. Extractive industries can become examples of these types of 
disasters. This is usually the case when overreliance on (bio)technology, in combination 
with predominantly short-term economic interests, pushes ecosystems beyond their 
sustainability limit. Social-ecological systems are thus at risk of different kinds of both 
nature- and human-induced threats. These threats can transform into disasters when they 
overwhelm and widely disrupt the functioning of society (Perry 2007). Disasters bring 
a third analytical layer, a layer of stress, to the governance of social-ecological systems. 
A blind spot of governance in social-ecological system debates is the undervalued 
interrelationship between governance and biophysical elements (Bakema et al. 2017). In 
the case of the salmon sector in Chile, the natural conditions allowed top levels of salmon 
production, but, in return, a proper system of regulation is needed to warrantee the 
sustainability of the industry in the long-term (Clarvis et al. 2014; Ingram et al. 2006). 
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Despite the destruction that disasters cause to societies, they can also provide a window 
of opportunity to reinvent prevalent structures and practices that have contributed to 
the disaster in the first place. Societies therefore often aim for increased resilience after 
disasters (e.g. Rose 2011). First used in ecology by Holling (1973), the concept of resilience 
is increasingly applied in engineering, economic, and social-ecological analyses (Folke 
et al. 2010). Based on the notion of resilience as the “ability of complex social-ecological 
systems to change, adapt, and, crucially, transform in response to stresses and strains” 
(Davoudi 2012, 302), governance systems require constant attention and adaptation to 
remain and become more resilient over time (Serrao-Neumann et al. 2015). Two central 
elements of resilience, adaptation and transformation, refer to respectively the ability 
to incrementally adapt to changing circumstances, learn, and continue in the same 
development path, and the ability to fundamentally shift towards a new system based 
on the learning from the previous system (Folke et al. 2010). Although adaptation and 
transformation of wider governance systems are essential for creating greater resilience, 
societies tend to fall back to technical learning and adaptation in times of crisis. Technical 
learning is essential, yet it can only trigger wider learning, adaptation, transformation and 
resilience in society when it comes concurrently with other forms of learning (Muro and 
Jeffery 2008). Moreover, wider societal transformation can enhance the sustainability of 
social-ecological systems and their governance.

For Rose (2011), the characteristic of resilience of responding to shocks, short-run survival 
and recovery relates to sustainability in its focus on improving social and environmental 
quality: if a society is resilient enough to survive a disaster, the sustainability of the society 
is not threatened. Linking environmental sustainability to disaster recovery, Abrahams 
(2014) emphasizes that longer-term sustainable and resilient recovery after a disaster can 
be hindered by not taking into account environmental sustainability. However, research 
on environmental governance and resilience by Davoudi (2012) has raised the question 
‘resilience for whom?’; i.e., whether every actor and object benefits from resilience per se. 
If resilience is not necessarily positive for everyone in every situation, it might also hinder 
sustainability transitions (Soluri 2011). Moreover, the resilience of a particular element 
can have an either negative or positive influence on a specific aspect of sustainability, 
and can even differ between scales (Lawhon and Patel 2013). For instance, resilience 
of economic systems can have a positive influence on economic sustainability, but can 
hinder environmental and social sustainability. Given the bigger focus on the economic 
and environmental pillars of sustainability than on the social, this inequality between the 
pillars of sustainability can be exacerbated by differences in resilience of various elements 
of a social-ecological system (e.g. Lockie 2016).
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4.3 Methodology 

The case-study of the ISA disaster is based on two periods of in-depth fieldwork in Chile. 
First, we analyzed secondary data in the form of policy documents, research and advisory 
reports by among others the National Service of Fishery and Aquaculture, the research 
department ‘Intesal’ of the association of the salmon industry ‘Salmon Chile’, academic 
researchers and NGOs (e.g. Fundación Terram and WWF). Second, our fieldwork consisted 
of several visits to salmon farms on the island of Chiloé, which enriched our understanding 
of the local context. Third, we conducted 37 in-depth interviews in 2014 and 2015 in both 
English and Spanish. We interviewed a variety of key stakeholders revolving around the 
salmon industry in Chile and the ISA disaster, ranging from representatives of various 
levels of government, to respondents from the salmon companies, the civil society in the 
form of workers unions and NGOs, and researchers from various institutes. We ensured 
informed consent of the research participants by sending them a consent form prior to 
each interview, stating our and the participant’s rights, as well as a general list of interview 
questions. The interviews were – if allowed by the interviewee – recorded, transcribed, 
coded and analyzed. Appendix 4.A provides a complete list of the interview respondents. 

4.4 Findings: The ISA disaster in Chile

4.4.1 The rise of the salmon industry in Chile
The first experiments with Atlantic salmon farming in Chile were conducted in the 
late 1970s in the southern region Los Lagos, particularly in the inner sea between the 
archipelago of Chiloé and the mainland of Los Lagos, and the north of the Aysén region. 
The Chilean salmon industry was enabled to grow because of a variety of biophysical, 
political, institutional and social reasons. The presence of deep fjords, cold sea and fresh 
water lakes made the region well-suited for salmon farming. This accounted for the 
comparative advantage to enable a longer production season compared to other salmon 
producing countries (Barton and Fløysand 2010). Politically, Chile was a dictatorship ruled 
by Pinochet from 1973 till 1989. During these decades, the country promoted a market-
oriented regime consisting of “strict monetary policy, the opening up of the market place 
to international trade, liberalization of capital markets, privatization of state assets, and 
the orientation of the economy towards increased exports” (Fløysand et al. 2010, 202). This 
approach came with very limited environmental regulations, low entry barriers for foreign 
investment, low taxes and a cheap labor force, which made the country highly attractive for 
both national and international companies to invest (respondents from Universidad Austral 
and CECPAN 2014). The deregulated economy attracted a lot of predominantly European – 
Norwegian and Scottish – salmon companies (Iizuka and Katz 2011). The salmon production 
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in the south provided a means to diversify the Chilean economy and its dependence on the 
dominant mining industry, and was regarded as an ‘economic miracle’. 

The aquaculture, and salmon industry in particular, brought a lot of changes to the island 
of Chiloé during the 1990s (Montero et al. 2001). The landscape was actively transformed 
through the location of production plants and salmon farms in the sea (Barret et al. 2002). 
The lives of the people in Chiloé changed when they became employees of the salmon 
industry. A respondent from Universidad Católica de Chile (2014) argues in this respect: 
“Chiloé is a good example of industrialization, because in fifty years you get from a traditional 
economy to a very industrialised one”. The dedication to and acceptance of the industry 
by local people was another important aspect supporting the rise of salmon farming in 
a geographically and economically marginalized locality. Nevertheless, the flourishing 
industry stood in contrast with “low wage levels and poorly enforced or non-existent 
health and safety standards” for the local society (Barret et al. 2002, 1951).

4.4.2 Overexploitation and lax regulations causing the ISA disaster
The glorious days of the salmon industry in Chile changed drastically with the outbreak of 
the ISA virus in 2007. ISA hit the salmon industry in Scotland before, but the scale of the 
virus was much bigger in Chile. Too high fish density in the cultivation cages is said to be 
one of the main reasons for the vulnerability of the ecosystem (Iizuka and Katz 2011). ISA 
could transmit so rapidly and extensively due to the geographic proximity between the 
salmon farms and personnel working in several production sites. By the end of 2007, the 
ISA virus spread to the more southern Aysén region which led to growth in the scale of the 
problem. The ISA virus affected only one of the three species of salmon that are farmed in 
Chile (Atlantic salmon) and had no consequences for other species or for humans. However, 
it led to unprecedented fish mortality and a decrease of production from 600,000 tons in 
2006 to around 400,000 tons in 2009 (respondent from Universidad Austral 2014). The 
number of people working in the salmon industry dropped from 50,000 before ISA to 
40,000 by April 2009. This left around 10,000 workers unemployed and without alternative 
work opportunities on Chiloé (Bustos 2013).

The outbreak of ISA revealed how the salmon industry enhanced the vulnerability of the 
Chiloé region. Moreover, it uncovered the weaknesses of a society relying on a few natural 
resources to warrantee socio-economic development. The climate of success and short-
term profit maximization led to the overexploitation of the ecosystem, harming its longer-
term sustainability (respondent from Consensus Building Institute 2014). Moreover, 
it showed the insufficient capacity of the political-institutional system to manage the 
implications of an environmental disaster. Although many scientists, citizens and even 
salmon companies expected a kind of crisis, no individual undertook action to prevent 
it. Referring to the overexploitation of Chiloé waters, a respondent from CEPAL (2014) 
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highlights this: “They [the salmon companies] say: ‘I understand that it is important, but I do 
not think my neighbor is going to invest in it, so why should I do it?’”. Keeping the business in 
operation and hoping that the situation was not going to collapse was more comfortable 
than efforts to improve the situation. However, this proved to be unsustainable in the 
longer-term. In a country with unfinished decentralization, there were no platforms to 
formally express and channel the local knowledge, interests and concerns to higher 
levels. Despite calls of scientists and local people for collaboration between the state and 
a variety of actors in protecting environmental quality, the state and market hardly shared 
governance roles with the (local) people.

4.4.3 Learning from the ISA disaster: New regulations and institutions
After the outbreak of ISA, there was a growing agreement on the need for more regulation 
and collaboration between companies and the state (respondents from e.g. Salmon 
Chile and Universidad Católica 2014). In the early days after the outbreak, the industry 
worked together with the government to develop and implement measures to stop the 
spread of the virus. A special multi-actor agency – La Mesa del Salmon [The Salmon Table] 
– was set up to create a strategy to eradicate the virus. The Salmon Table consisted of 
representatives from among others the Ministry of Economic Development and Tourism, 
the undersecretary of Fishery, the National Committee for the Environment and salmon 
companies (respondents from e.g. Intesal 2014). Furthermore, a team of experts from 
the industry went to Scotland to learn about their experiences with ISA when it struck in 
1998 (respondents from SERNAPESCA 2014 and Aqua Chile 2015). The knowledge gained 
formed input for the new rules and regulations following from the Salmon Table.

One of the changes brought by the Salmon Table was the adoption of the new Law 
20434 that gave the government higher responsibilities and power in the regulation 
of salmon farm concessions. This meant that salmon companies could no longer buy 
an unlimited number of farms, and that there were restrictions regarding the division 
and ownership of salmon farms. Furthermore, the transaction and swop of concessions 
to other companies in the market was simplified, allowing among others an easier 
entrance of new companies to the business. Moreover, the law led to the implementation 
of a system of barrios [neighborhoods] in the sea, aimed at avoiding and controlling 
disease outbreaks (Nussbaum et al. 2012). Zoning the sea into neighborhoods gave the 
government the power to limit fish density in a neighborhood and give penalties to 
companies for noncompliance with production rules (respondent from Aqua Chile 2015). 
Also, biological and production information now had to be shared between all companies 
in a neighborhood. In case of a disease outbreak, the measures to combat the disease 
would apply to all companies within a neighborhood, even to those with fish that is not 
affected. Other important changes implied the geographical distance between farms 
and neighborhoods, and the resting time of two months between subsequent salmon 
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production cycles in a neighborhood to restore the quality of the ecosystem (respondents 
from SERNAPESCA, INTESAL and Aqua Chile 2014 and 2015). Without going into further 
detail, the neighborhoods were seen as one of the biggest and most successful changes 
that had to prevent a future outbreak of diseases in the sea.

4.4.4 Adaptation and transformation: Towards improved governance for sustaina-
bility?
Although the impact of the ISA disaster was felt at different levels, it was most directly 
affecting Chiloé and its people (respondents from SERNAPESCA 2014). The new regulations 
triggered by the ISA outbreak aimed at controlling salmon production were, however, 
implemented by the central government ministries located in Santiago. Decisions on 
the new regulations were taken in Santiago and participation of Chiloé people was very 
limited. It was almost impossible to integrate the knowledge and experiences of people 
living on Chiloé Island, including workers of the salmon industry, due to the very limited 
role of the local and regional levels in Chile. The concerned localities claimed enhanced 
rights and power in dealing with the ISA disaster, yet these claims were insufficient 
to overpower the central government. This is contradicting academic and policy 
recommendations advocating for the inclusion of a plurality of viewpoints and experiences 
within the governance of social-ecological systems aiming at enhanced sustainability and 
resilience (Biggs et al. 2011). According to the insights provided by our interviewees, the 
perspectives of local level actors were insufficiently integrated into the post-ISA reforms 
to the laws regulating salmon production and environmental security. As a result, Chile’s 
enduring centralization led to the reproduction of a sub-optimal system of regulation to 
deal with the ISA disaster and to further prevent other disasters of this type (respondents 
from SERNAPESCA and Universidad Austral 2014).

Nevertheless, some adaptations and transformations were triggered by the ISA disaster. 
First, there was an initial decentralization effort through which responsibilities were 
transferred from the central authority in Santiago to the regional and local authorities of 
SERNAPESCA in respectively Puerto Montt, Los Lagos region, and Castro on Chiloé Island. 
The capacities in terms of personnel, resources and material at the local level increased 
so that they were better able to monitor and control the salmon companies (respondents 
from SERNAPESCA regional and local 2014). Second, new norms regulating salmon 
production increased the role of the state in monitoring the industry. As of that moment, 
the companies were asked to submit information about their production processes to 
the state authorities, increasing their bureaucratic hurdles. For some of our respondents 
these new rules are unnecessary and too strict (respondents from e.g. Salmon Chile and 
Universidad Austral 2014). For others, these measures are good and perhaps even too far-
reaching to control for ISA, but inappropriate to control other diseases (respondent from 
Aqua Chile 2015). In fact, the magnitude of the ISA disaster masks other serious problems, 
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including the high use of antibiotics and chemicals in the production of salmon, and the 
enduring centralization of the Chilean governance system. According to a respondent 
from Aqua Chile (2015), and also from e.g. Universidad Austral, SERNAPESCA and INTESAL 
(2014), the state institutions became blind for other diseases and problems while 
staring too much at the ISA virus. The resilience of some domains became so rigid and 
inflexible that it disabled the potential of the wider socio-institutional systems to allow 
and stimulate a deeper sustainability transformation (respondents from WWF and Terram 
2015). Summarizing, on the one hand, representatives from the industry and academia 
interviewed for this research believe that there are too many new regulations that are 
unnecessary and inappropriate to prevent all diseases. On the other hand, respondents 
from NGOs argue that there are not yet enough changes and that the industry and 
the government did not learn from the disaster, since current levels of production and 
pollution are the similar to those of the pre-ISA outbreak. 

4.5 Discussion: When resilience turns into resistance and inflexibility 

Our findings on the Chiloé case-study reveal some changes post-ISA. For instance, the 
new production rules contributed to the improvement of sustainability standards of the 
industry. However, according to an interviewee from Universidad Metropolitana (2015), 
increasing sustainability was not really difficult: “the sustainability levels before the crisis 
were very low. They improved some conditions, but they improved just enough to get less 
sanitary risk. I mean the sustainability wasn’t really a topic for anyone during the ISA crisis. The 
problem was sanitary, we think about environmental problems but no one takes care about 
real institutional change”. For real sustainable development, governance changes are 
needed to institutionalize the efforts to increase sustainability in the long-term. Moreover, 
the new regulations that were introduced post-ISA were created in a chaotic way. Since 
then, there have hardly been evaluations to reconsider the implications of the regulations 
for the longer-term resilience and sustainability (respondent from e.g. Fundacion Terram 
2015). 

Consequently, we found that there is a perceived need for wider social-institutional 
transformation that goes beyond the adaptations in salmon production norms. Although 
the power of the local authorities of the Ministry of Fishery and Aquaculture slightly 
increased, a further devolution of governance responsibilities to the lower levels of 
government, local communities and NGOs has not taken place. The neoliberal economic 
history of Chile, accompanied with a natural resources export basket, is one of the main 
reasons for the insufficient social-institutional change triggered by ISA. An overreliance 
on the market and weak system of state regulation are part of the scale and multi-level 
impacts of the ISA disaster, calling out for an urgent governance transformation to prevent 
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future disasters of this kind (respondents from SERNAPESCA, CEPAL, OLACH, Ecoceanos, 
Conatrasal, Universidad Católica de Chile and CECPAN 2014 and 2015). 

The types of changes, learning, adaptation and transformation that are enabled after a 
disaster depend upon the way in which a disaster is regarded. The ISA disaster in Chile 
has been defined in different ways: as a biological virus, a socio-economic crisis and an 
environmental disaster. Initially, ISA was regarded as a biological virus, accounting for high 
fish mortality. Considering ISA solely as a virus means that solutions for its eradication 
lie in biophysical and pharmaceutical approaches. The virus had in reality big socio-
economic impact. Locally it generated huge unemployment and at the national level 
the salmon export drop harmed the state and companies’ coffers (respondent from e.g. 
SERNAPESCA 2014). The high unemployment rates on Chiloé worsened pre-existing social 
vulnerabilities, such as in-house violence and alcoholism (respondent from e.g. OLACH 
2014). This broadened the scope of ISA from a biological virus to a second understanding: 
a socio-economic crisis. In response to the ISA disaster, the government together with 
the salmon companies agreed on new regulations for salmon production (respondents 
from e.g. Aqua Chile, Intesal and SERNAPESCA 2014 and 2015). There have been several 
outbreaks of ISA since 2007, yet their uncontrolled spreading was prevented with new 
norms and vaccines for diseases in the fish population (respondents from Aqua Chile 2015 
and Universidad Austral 2014). However, the biotechnological learning post-ISA resulted 
in the current high use of antibiotics and other chemicals to prevent the outbreak of ISA 
and other diseases. This extensive use harms the ecosystem dramatically primarily on the 
local and regional levels in the south of Chile, but also on a national and international level 
because of global export networks and ocean currents (respondents from e.g. CECPAN 
2014 and WWF 2015). The disruptive impact of the production methods of the salmon 
industry leads to the third understanding of ISA: an environmental disaster. Although 
new widespread crises have been prevented so far, a respondent from WWF (2015) argues 
that the biotechnological improvements will be insufficient for controlling for all kinds of 
possible diseases. 

To date, the salmon industry and the state learned from and adapted after the 
disaster by enhancing resilience through a biotechnological improvement. Of course, 
biotechnological upgrades are needed. Yet, it is highly problematic that technology is used 
to increase the legitimacy of the status quo of the biotechnological approach in order to 
mask a more profound and complex social-ecological and governance problem. By doing 
so, resilience turns into resistance: the changes brought by the Salmon Table reinforced 
the same logic and friction between biotechnological resilience vis-à-vis social-ecological 
resilience. This leads to our consideration that the introduced changes simultaneously 
reinforced one type of resilience and obstructed a more social and encompassing type of 
resilience. The paramount belief in bioscience and technology rubbed out the discussion 
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about incremental adaptations and transformations towards a deeper and integral 
sustainability of the current system (e.g. Soluri 2011). This raises doubts about whether 
resilience is always good and desirable (e.g. Kaika 2017). In particular, when resilience of 
some parts of a system evolves into resistance, the system becomes inflexible and not 
able to adapt and transform towards increased resilience. A situation in which resilience 
ossifies and becomes too rigid is not the kind of resilience that societies need for paving 
more sustainable paths of development.

4.6 Conclusions 

Through the in-depth exploration of governance dynamics influenced by stress resulting 
from the ISA disaster in Chile, we found that ISA was able to grow into a widespread 
disaster as a result of the full interaction between biophysical conditions and social-
institutional processes. The island of Chiloé is a concrete illustration of the mutual 
dependencies of different elements in a social-ecological system. The governance of 
the disaster is consequently challenged by the interrelationships between intertwined 
dynamics bridging ecosystems and society. Whereas disasters tend to shake societies 
and their inherent (governance) systems, the effect of disasters in triggering transitions 
towards an enhanced governance system in Chile has not been far-reaching enough 
to stimulate resilience and sustainability of the wider system. The ISA disaster led to 
biotechnological learning and adaptations in the salmon industry, yet paradoxically 
widespread governance changes and a more profound transformation were hindered 
by this overreliance on technology. As such, biotechnological and social-ecological 
resilience in the case of Chile do not go hand in hand. On the contrary, systems are made 
artificially resilient by only biotechnical learning. Evidence for this can also be found in the 
trust in technology for other disaster governance domains, such as schemes to prevent 
damage from earthquakes and floods. Contemporary complex societies have to adapt to 
uncertainties and the potential of (accumulated) disasters beyond the scope of technical 
and scientific knowledge. 

Given the different perspectives from which the ISA disaster can be understood in relation 
to the scope of the impact, framing the situation as a virus or socio-economic crisis seems 
a way to soften the problems. It is widely acknowledged that the virus could spread so 
rapidly because of the intense production and high density in the fish farms in the Chilean 
salmon industry. The heritage of the market-oriented and deregulated fundaments of 
the country, which evolved in the existing market-government arrangements, resulted 
in an industry that was economically very profitable for several years, but very limited 
in operating under minimal social and environmental quality standards. This case, again, 
shows that this model does not work sustainably in the long-term. New rules, regulations 



Chapter 4

120

and institutions for salmon farming were installed, but they did not contest the problems 
of the system. Instead, it ended up in a reproduction of the still-prevailing technological 
approach. The reliance on bioscience and technology was an inadequate attempt to 
deal with a deep and broad social-ecological problem. The intense use of antibiotics 
and other chemicals to prevent the outbreak of new diseases is a concrete example of 
how an exaggerated and opportunistic faith in technology is insufficient to stimulate 
genuine resilience and sustainability. Instead, a governance system that supports the 
representation of a local institutional level would help to enable transformation after the 
ISA disaster and prevent future disasters.

The very extensive technological, but limited social-ecological, knowledge contributed 
to the rigidity and resistance of some parts of the system and hindered the instalment 
of an institutional set-up to support transformations of the governance system. The 
dominant biotechnological discourse in society relates to the political aspect of resilience 
and was the context in which the cumulative crisis led to the disaster. Of course, (bio)
technology is needed and provides many opportunities for socio-economic development. 
Nevertheless, the uncritical overreliance on (bio)technology in the case of Chile seems to 
be used as an alibi to continue with the business-as-usual. Moreover, posing antibiotics 
and other innovations as a single solution, and without questioning the basic pillars from 
which an industry and society are set-up, raises concerns about political manipulation; 
are the power of companies and the state maintained to avoid the necessary reflection 
and introduction of social and environmental regulations? Developing a governance 
system including local institutions would be an important step to allow a transition to 
a more sustainable and fully resilient system. In order to reach this level of maturity in 
governance, a state is needed that allows participation, progressive initiatives and hybrid 
configurations of governance. Further research has to prove whether the (negative) ‘spill-
over’ between different forms of resilience is applicable to all contexts, and how this 
relationship influences transitions towards more resilient and sustainable societies.
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Appendix 4.A. List of interview respondents

Stakeholder group Organization

Government Servicio Nacional de Pesca (SERNAPESCA, local and regional) [National 
Service of Fishery], Servicio Evaluación Ambiental (SEA) [Service of 
Environmental Evaluation], Corporación de Fomento de la Producción 
(CORFO) [Corporation for the Development of Production], Oficina 
Nacional de Emergencia del Ministerio del Interior y Seguridad Pública 
(ONEMI) [National Office of Emergency of the Ministry of Internal Affairs 
and Public Safety].

Industry Instituto Tecnológico del Salmon (INTESAL, Salmon Chile) [Technical 
Institute for Salmon], Salmon Chile, Aqua Chile, Los Fiordos, AC Taller de 
Redes [firm producing nets], Marine Harvest, Polychem, Kaji.

Community and NGOs Observatorio Laboral y Ambiental de Chiloé (OLACH) [Observatory for 
Labour and the Environment of Chiloé], El Canelo de Nos, Centro de Estudio 
y Conservación del Patrimonio Natural (CECPAN) [Center for Research 
and Conservation of the Natural Heritage], Confederación Nacional de 
Trabajadores del Salmón (CONATRASAL) [National Confederation for 
Salmon Workers], Ecoceanos, WWF, Fudación Terram.

Research Universidad Católica de Chile, Universidad de Los Lagos, Universidad 
Austral, Instituto Nacional de Estadisticas [National Institute for Statistics], 
Universidad Metropolitana de Ciencias de la Educación, Centro Nacional de 
Investigación para la Gestión Integrada de Desastres Naturales (CIGIDEN) 
[National Research Center for the Integrated Management of Natural 
Disasters].

Other Comisión Económica para América Latina y el Caribe (CEPAL) [Economic 
Committee for Latin America and the Carribean], Tercer Tribunal 
Ambiental [Third Environmental Court], Regional Museum of Ancud, 
Consensus Building Institute.
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