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This research article describes Chile’s climate change adaptation policies and plans for marine aquaculture in Chile, with a focus on the nationally important salmon farming industry, and assesses whether they have adequately addressed legal barriers to adaptation and the need for legal transformation. The article first outlines Chile’s climate change law, policies, and institutional framework, as reflected in the 2022 Framework Act on Climate Change, the 2020 updated Nationally Determined Contribution, the 2022 Strengthening of the Nationally Determined Contribution, and the 2022 Long-Term Climate Strategy. The article highlights the special attention given to the ocean-climate nexus in both international and national policy agendas. It then summarizes and assesses the adaptation policies and plans for the aquaculture sector. Three main shortcomings are identified: the lack of implementation of committed activities, the lack of a strategic vision for the role of aquaculture in a changing climate and oceans, and the lack of attention to the limits of adaptation resulting from existing regulatory frameworks. The article then strengthens this assessment with a legal analysis of the adaptive capacity of aquaculture planning and leasing frameworks. This assessment concludes that mainstreaming climate change into existing planning instruments is an ineffective adaptation measure due to the fragmented, rigid, and inefficient legal framework for the planning of aquaculture and other uses of the coastal zone. In turn, the leasing system is too rigid to allow for effective adaptation. Various mechanisms to introduce flexibility are suggested. The article concludes by highlighting an unprecedented window of opportunity to advance strategic, coherent, long-term, and transformative adaptation, resulting from concurrent initiatives to reform or update aquaculture law, policy, and adaptation planning and the principled approach to climate action embedded in the Framework Act on Climate Change.
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1 Introduction

Climate change, on its own and in combination with pollution and biodiversity loss, is changing ecosystems, economies, and communities. The impacts of climate change are widespread and profound, affecting everything from the very existence of States to the way we produce goods and services, including how we produce food for a growing population. The need to adapt to climate change has been recognized as a necessary complement to mitigation efforts (IPCC, 2007: 14; Verschuuren, 2022) and is increasingly being incorporated into international and national law and policy frameworks (McDonald, 2011; Yazykova and Bruch, 2018; McDonald and McCormack, 2021; Verschuuren, 2022). Adaptation policies to date have prioritized immediate and near-term risk reduction and emphasized incremental adjustments to business-as-usual activities (McDonald and McCormack, 2021; Noble et al., 2014, p. 839; see also: IPCC, 2022: 20; UNEP, 2022). However, there is growing evidence that, in some cases, “there are limits to the effectiveness of incremental approaches” (Noble et al., 2014: 836). A shift from incremental to transformational adaptation, i.e. adaptation that changes the fundamental attributes of a socio-ecological system in anticipation of climate change and its impacts, seems increasingly necessary (IPCC, 2018, 2022: 26; UNFCCC, 2022a, b; Verschuuren, 2022).

Legal systems play an important role in adaptation responses to climate change, as laws and regulations can both facilitate and constrain adaptation (New et al., 2022: 2581; Soininen et al., 2021; McDonald and McCormack, 2021; Wenta et al., 2019). Thus, the need to analyze, and in some cases reform, legal and regulatory frameworks is central to the design and implementation of adaptation, including transformational adaptation (Garmestani et al., 2019; New et al., 2022: 2584). However, the role of legal systems is often overlooked or considered only in general terms (Soininen et al., 2021; Garmestani et al., 2019; McDonald and McCormack, 2021). Early assessments of adaptation legislation reveal a superficial focus on removing legal barriers to adaptation and mainstreaming climate change considerations into existing legal instruments (McDonald and McCormack, 2021; McDonald, 2011).

This article addresses the adaptation law and policy for marine aquaculture in Chile, with a focus on salmon mariculture. In particular, it assesses the adaptive and transformative capacity (Garmestani et al., 2019) of existing aquaculture legal frameworks and whether these capacities have been addressed in adaptation plans. Four reasons explain the focus of the article. First, aquaculture stands out as a key component of a “more productive, efficient, resilient, climate-smart and socially and environmentally responsible agri-food systems” (FAO, 2021a) contributing to food security and nutrition (HLPE, 2014) while also contributing to livelihood diversification (IPCC, 2022), marine environmental conservation and resilience (Le Gouvello et al., 2022), and climate change mitigation (Gephart et al., 2021; Jones et al., 2022). Second, the production of seafood, and particularly salmon, is a very important component of Chile’s export-oriented economy. The aquaculture industry is heavily concentrated in the three southern regions of the country (Regions X to XII), which offer few alternative economic opportunities. As such, the industry contributes significantly to the Chilean economy in general (Banco Central de Chile, 2022) and to rural economic growth, employment, and poverty reduction in particular (Ceballos et al., 2018). Third, aquaculture’s dependence on the marine environment makes it particularly vulnerable to climate change, making adaptation an imperative. Finally, Chile has been an international leader in advancing the climate-ocean nexus in climate negotiations and has similarly adopted progressive climate change mitigation and adaptation laws and policies that emphasize ocean protection. It is therefore important to assess whether domestic sectoral policies reflect the same leadership, vision, and ambition.

The rest of the article is structured as follows. Section 2 provides a brief description of the Chilean aquaculture industry and its vulnerability to climate change, with a focus on salmon farming. Section 3 provides a general but necessary background on Chile’s climate change legislation, policies, and institutional framework, and in particular the consideration of oceans within this framework. Section 4 describes and critically assesses the sectoral adaptation plans and commitments with particular attention to measures related to the legal and regulatory framework. Section 5 expands on the critical assessment with an in-depth legal analysis of the adaptive capacity of the aquaculture planning and leasing framework, in response to one key adaptation response included in these plans (namely the integration of climate change considerations into spatial planning instruments). Section 6 concludes with a summary of key findings and recommendations.




2 The Chilean salmon mariculture industry and its vulnerability to climate change

Commercial salmon farming has been one of the drivers of the Chilean economic “miracle” (Barton and Fløysand, 2010: 742). The industry was established in Chile only in the late 1970s. By 1985, 36 farms were producing 1,200 tons of salmonids. Production increased significantly during the 1980s and 1990s, favored by ideal oceanographic conditions in the southern regions of the country, counter-seasonal advantages compared to other producers in the Northern Hemisphere, supportive macroeconomic policies, strong government support, and few environmental regulations (Barton and Fløysand, 2010; Fuentes and Engler, 2016). As early as 1992, Chile was the second largest producer of salmonids in the world and its production has continued to grow. Currently, there are approx. 1350 salmon farms in the internal waters of the southern fjords in Regions X, XI, and XII. Approximately 500 are in operation each year, producing close to 1 million tons of salmonids (SUBPESCA, 2021), most of which are exported (Banco Central de Chile, 2022).

The outstanding growth of the salmon farming industry has not come without challenges. Despite championing the industry as a success story, it was clear that the underregulated industry was having an impact on the environment and the communities in which it operated. Progressively stricter requirements have been introduced since the early 2000s. However, it was the massive and costly outbreak of infectious salmon anemia (ISA) in 2007 that triggered a significant overhaul of the regulatory framework for the industry (Fuentes and Engler, 2016). Elements of this regulatory framework are addressed in section 5; suffice it to say here that, since 2010, the government has stopped accepting applications for aquaculture leases in the three salmon-producing regions of the country. Thus, the current regulatory framework focuses on reorganizing the industry for sustainability, including relocation and merging of farms, managing salmon farm clusters (groups of farms in a specified area – the barrio or neighborhood – subject to some coordinated management measures), and controlling production at the farm and cluster level through various regulatory mechanisms (Fuentes and Engler, 2016; Engler, 2023).

Aquaculture production is highly dependent on the quality of the surrounding open marine environment. This represents a significant operational challenge for the industry, not least because of the changing marine conditions due to climate change. The risk of climate change to the aquaculture industry was recently assessed as part of the broader government project “Atlas de Riesgo Climático” (ARClim) (Climate Risk Atlas), partially funded by the German Gesellshaft für Internationale Zussammenarbeit (GIZ). The project mapped climate change exposure, sensitivity and adaptive capacity (relative climate risk) based on technical reports prepared by independent experts. The main drivers of climate change, particularly in Regions X and XI, are consistent with an observed trend of marked drying and weak warming (Soto et al., 2019: 360). Draught and warmer weather are expected to impact aquaculture production through different pathways. In the case of salmon mariculture, draught and warming weather are projected to trigger more frequent, intense, and extensive harmful algal blooms (HABs) events and increased prevalence of parasites and other pathogens, both resulting in biomass and productivity loss (Soto et al., 2019). These climate trends may also overlap with natural variability, increasing the risk of episodic acute events. For example, in 2016 the El Niño event combined with climate change to produce an intense drought that resulted in the worst HAB event on record and extensive losses to the aquaculture industry (Buschmann et al., 2016; León-Muñoz et al, 2018).




3 The Chilean climate change response and oceans: policy foresight and leadership

Chile’s geographical and oceanographic features make it particularly vulnerable to climate change (United Nations Framework Convention on Climate Change, art 4(2)(8); Gobierno de Chile, 2021: 20). Consequently, the country has prioritized the development of a comprehensive institutional and policy framework for climate change mitigation and adaptation. While this framework has developed and evolved over the last three decades, it has recently been formalized and strengthened in the Chilean Framework Act on Climate Change (Act No. 21,455, hereinafter the Framework Act) published in the official gazette on 13 June 2022. The Framework Act, together with the long-term climate strategy (Gobierno de Chile, 2021, hereinafter LTS) and the nationally determined contribution (Gobierno de Chile, 2020, hereinafter NDC; Gobierno de Chile, 2022) prepared in fulfillment of the obligations and commitments under the Paris Agreement (UNFCCC, art 4), establishes the architecture and objectives for climate change mitigation and adaptation. Importantly, this framework recognizes the intrinsic linkages between climate change mitigation and adaptation, sustainable development, and poverty eradication (e.g. Framework Act, art. 46(1); Gobierno de Chile, 2020, Section 3, Gobierno de Chile, 2021: 43-50). Chile recently endorsed the concept of just socio-ecological transition as a principle guiding its transformation towards a resilient and equitable society in the face of climate, ecological and social challenges (Gobierno de Chile, 2022).

The objective of the Framework Act is to guide the transition towards low greenhouse gas emissions to achieve carbon neutrality by 2050 and to adapt to climate change by reducing vulnerability and increasing resilience. To this end, the Act outlines the principles guiding climate change action: independent scientific knowledge, cost-effectiveness, ecosystem approach, equity and climate justice, progression, non-regression, participation, transparency, prevention, precaution, transversality, territoriality, coherence, flexibility (reflexivity) and climate urgency. It further defines the policy and institutional framework for responding to climate change and the legal instruments to plan and implement mitigation and adaptation measures. Recognizing that climate action must be cross-sectoral, multi-scale, and polycentric [“all hands on deck” (United Nations, 2021)] the Framework Act codifies an institutional and policy structure that promotes vertically and horizontally coordinated responses to climate change. At the policy level, in addition to the national policy instruments, the Act requires the adoption of sectoral mitigation and adaptation plans (for priority sectors) and regional (i.e. territorially decentralized) plans. At the institutional level, the Act designates the Ministry of the Environment and Climate Change as the lead agency for the design, implementation and coordination of climate change responses (Framework Act, art 16), but considers both a high-level policy coordination body (the Ministerial Council for Sustainability and Climate Change) and a technical inter-ministerial coordination group, as well as regional committees (Framework Act, Chapter IV). The Act also recognizes formal spaces for the participation of private actors (e.g. Scientific Advisory Council, national and regional consultative councils, and climate change round tables [Framework Act, arts. 19, 20, 26)] and promotes enhanced public participation (Moraga Sariego, 2022). Indeed, the process through which the government drafted the Framework Act and the national policy instruments (LTS and NDC) already reflected these principles by following what the government described as broad and unprecedented public participation (Gobierno de Chile, 2020: 11) (but see Madariaga Gómez de Cuenca, 2021 for a critical perspective).

Chile’s vulnerability to climate change is driven, to a significant extent, by its maritime and coastal character. Chile has a long coastline, the marine areas under its jurisdiction exceed that of its territory, and its population lives predominantly on the coast and depends on coastal and marine economic activities and livelihoods (Gobierno de Chile, 2021), particularly in the southern regions of the country. Changing oceans therefore have a significant impact on Chile’s communities, livelihoods, and economy. This importance has in turn guided the development of climate change policies at the international and national level. Chile has led and supported international initiatives highlighting the ocean-climate nexus, the inclusion of oceans in NDCs, the need to promote ocean resilience to climate change, and, more generally, the promotion of a sustainable ocean economy (e.g. Because the Oceans Declarations, Friends of the Oceans and Climate, the “Blue” UNFCCC Conference under the Chilean Presidency, the Ocean-Climate Dialogue, and the High-Level Panel for a Sustainable Ocean Economy (the Ocean Panel); see: Dobush et al., 2022; UNFCCC, 2021; SBSTA, 2021; HLPSOE, 2024).

In line with Chile’s efforts in international fora, the Framework Act and the national climate policies highlight the climate-ocean nexus throughout their texts (see in particular Gobierno de Chile, 2020, Chapter 7 on Oceans) and consider legal instruments to address ocean-based climate mitigation and adaptation (e.g. well-designed and well-managed marine protected areas (Gobierno de Chile, 2020, Chapter 7; Gobierno de Chile, 2021; Gobierno de Chile 2022; see also: HLPSOE, 2023); nature-based solutions (NbS), including ocean-based NbS (Framework Act, arts. 3(t), 5, 7, 13; see also Gobierno de Chile, 2020, section 3.2; 2021: 51; 2022); blue carbon (Framework Act, art. 3(d); LTC, section 5.14; see also Rehbein et al., 2020) and climate refugia [Framework Act, art. 3(p)]. In addition, the Act mandates the development of three sectoral adaptation plans relevant to marine conservation and management: fisheries and aquaculture; biodiversity (including marine biodiversity); and the coastal zone (Framework Act, art. 9).




4 Aquaculture in the climate policies

Adaptation measures for the aquaculture sector have been laid out primarily in two instruments: the 2015 Climate Change Adaptation Plan for Fisheries and Aquaculture (Gobierno de Chile, 2015a, hereinafter the “2015 Plan”); and the LTS, which outlines specific long-term adaptation commitments for the sectors that, according to the Framework Act, require a sector-specific adaptation plan. Other policies, such as the Biodiversity Strategy 2017-2030 (Gobierno de Chile, 2018a), the Biodiversity Adaptation Plan (Gobierno de Chile, 2014, currently being updated), the National Oceanic Policy (Gobierno de Chile, 2018b) and the National Ocean Programme (Gobierno de Chile, 2023) are also relevant in shaping the priorities for the sector. Due to their more general nature, they will not be discussed in this article.



4.1 Climate change adaptation plan for fisheries and aquaculture

The 2015 sectoral adaptation plan was a commitment under Chile’s intended nationally determined contribution submitted in 2015 (Gobierno de Chile, 2015b) and one of the first sectoral adaptation plans to be adopted in the country. The NDC committed to updating the plan in 2022 and 2027 (Gobierno de Chile, 2020). Although preparatory work has been carried out (ETTICC, 2022, 2023), the 2015 Plan has not been updated at the time of writing. More recently, the Framework Act set June 2024 as a legal deadline for the updating and development of all mandatory adaptation plans (Framework Act, transitional art 2).

The 2015 Plan’s general objective is to strengthen the capacity of the fisheries and aquaculture sectors to adapt to the challenges and opportunities of climate change, considering the precautionary and ecosystem approaches. It comprises 29 actions organized around five objectives: 1) promote the implementation of the precautionary and ecosystem approaches to fisheries and aquaculture management as a means to improve the resilience of marine ecosystems and coastal communities; 2) undertake the necessary research to improve the knowledge of climate change impacts on the marine ecosystems and future scenarios; 3) implement education and capacity building activities directed to relevant stakeholders; 4) improve the regulatory, policy and institutional framework to effectively address the challenges and opportunities of climate change; and 5) implement direct adaptation measures to reduce vulnerability to climate change.

Even though one objective addressed the regulatory, policy and institutional framework, the Plan includes few actions directly addressing legal principles or planning and management instruments. Specific actions under that objective are: including marine areas in the national network of protected areas to reduce their vulnerability to climate change; adapting the regulations to respond promptly to events triggered by climate variability, and creating a technical advisory group on climate change within the ministerial agency responsible for the fisheries and aquaculture sector (the Undersecretariat for Fisheries and Aquaculture or SUBPESCA for its acronym in Spanish).

While the first objective (i.e. promoting the implementation of the precautionary and ecosystem approaches) could have considered the need to strengthen or amend the regulatory framework for the aquaculture sector, its associated actions address mostly fisheries. The only measure with potential relevance for aquaculture addresses a legal planning tool: promoting the development of marine spatial planning as an instrument for sustainable resource management. Eight of the thirteen actions included under the second objective (undertake research) are directly relevant to aquaculture, including four for salmon mariculture: considering the risks of climate change in the assessments supporting the designation of areas suitable for aquaculture; studying the vulnerability of key fisheries and aquaculture species to climate change; development of a predictive tool on climate conditions for fisheries and aquaculture; and studying the distributional changes of Alexandrium catenella. Finally, objective 5 (i.e. direct adaptation) considers two actions that could require, as one means of implementation, a regulatory measure: establishing an insurance system for small-scale fisheries and fish farmers; and implementing recirculating freshwater aquaculture systems (thus limited to the first growing phase of salmon).

The implementation of the actions included in the plan was primarily pursued through two key projects. First, and as already mentioned, the government project “Atlas de Riesgo Climático” (ARClim) (Climate Risk Atlas) mapped climate change threats, exposure and sensitivity (relative climate risk) for different sectors, including aquaculture. The independent report supporting the analysis has been instrumental in establishing priority threats and areas, as well as highlighting gaps in scientific and local knowledge (Soto et al., 2019).

Second, a 5-year (2017-2021) FAO-administered and GEF-funded project undertook several actions to strengthen the adaptive capacity of the fisheries and aquaculture sector with a focus on small-scale fisheries and aquaculture (FAO et al., 2021). The project resulted in several outputs in line with objectives 2, 3, and 5 of the 2015 Plan, including an interoperable information system for climate change monitoring; an extensive training program for the public and private sectors; a participatory environmental monitoring program; climate change awareness initiatives and material; and direct adaptation measures in four pilot coastal communities with a focus on economic diversification (FAO et al., 2021; see generally FAO, 2024).




4.2 Aquaculture in the long-term climate change strategy

The elaboration of the LRT benefited not only from the experience gained in the implementation of the 2015 Plan, but also from the participatory process through which the LTS was developed. In particular, the work of the scientific committee of experts set up to support the Chilean COP25 Presidency (including its Roundtables on Adaptation, Oceans, and a technical group on adaptation in the fisheries and aquaculture sectors), was particularly influential in the final text (see Farías et al., 2019). The LTS is also influenced by recently adopted legal principles of climate change mitigation and adaptation (Framework Act, art. 2) and by the social and justice emphasis of recent adaptation policies (Gobierno de Chile, 2022; IPCC, 2022; Verschuuren, 2022). Compared to the 2015 Plan, the LTS has a much stronger emphasis on inclusive, participatory, gender-responsive, and evidence-based adaptation measures. Noteworthy, it also considers measures to address the carbon footprint of the sector.

The LRT organizes the sectoral adaptation commitments under six strategic objectives: 1) generating and sharing scientific, traditional, and local knowledge; 2) strengthening governance for resilience and adaptation; 3) developing nature-based solutions and implementing ecosystem and precautionary approaches; 4) designing and applying an integrated risk management approach; 5) diversifying livelihoods and promoting sustainable practices in the communities dependent on fisheries and aquaculture; and 6) contributing to the reduction of greenhouse gas emissions. Each objective, in turn, has between 2 and 5 associated targets.

Just as in the 2015 Plan, the adaptation objectives and targets emphasize information, monitoring, research, and capacity building, with limited attention to the need to assess or reform the current legal framework to prepare the sector for a future with increased climate variability and climate change. The tasks that have, directly or indirectly, implications for the legal framework include:

	A) By 2030, the implementation of an ecosystem approach to fisheries and aquaculture which consider climate change risks and the relevance of the conservation and sustainable use of natural resources for social and economic benefits and increased resilience (Objective 3, Target 3.2).

	B) By 2030, the spatial planning and suitable areas for aquaculture are revised, considering the risks of climate change, within the context of an ecosystem approach to aquaculture (Objective 4, Target 4.5).



A further measure of relevance for aquaculture, and potentially the regulatory framework, was included in Section 5.14 addressing oceans: by 2023, assess alternatives to implement extended business responsibility for the industrial and small-scale fisheries sector and salmon aquaculture (Target 3.10).




4.3 Critical assessment

Chile’s climate change laws and policies seek to provide a comprehensive, cross-sectoral, polycentric and coordinated response to the challenges and opportunities of climate change. The ocean-climate nexus has been a particularly important aspect of the policy both internationally and domestically, and the fisheries and aquaculture adaptation plan was one of the first adopted.

The implementation of the 2015 Adaptation Plan, with international assistance and funding, has undoubtedly increased the adaptive capacity of the Chilean fisheries and aquaculture sector, mainly through increased resources (information) and capacity building (FAO et al., 2021). Furthermore, the participatory processes through which the LTS, the NDCs, and the Framework Act were developed have been important opportunities to strengthen dialogue and consensus-building, promote transparency, and foster coordination and integration.

Despite this encouraging outlook, there are several shortcomings in the adaptation policies and plans for the aquaculture sector. The first major shortcoming is the lagging implementation of the actions committed in the 2015 Plan. A recent report by the Office of the Auditor General (CGR, 2023) audited the implementation of the Plan’s actions under the responsibility of SUBPESCA, revealing significant deficiencies in the institutional processes for monitoring and evaluating the implementation of the adaptation plan. This finding is consistent with a global assessment of adaptation monitoring and evaluation (Adaptation Committee, 2023). The Auditor General’s Report also concluded that the SUBPESCA has made insufficient progress on several of the adaptation actions considered in the Plan, in particular adaptation measures for the aquaculture sector. For example, the SUBPESCA has not planned or adopted any measure to support the development of recirculating aquaculture systems to address the vulnerability of the aquaculture sector to reduced freshwater availability; it has not considered any measure to implement a co-financed insurance system for artisanal fisheries and small-scale aquaculture operators; it has made no effort to consider climate change in the studies supporting the identification of areas for aquaculture development; and has not adapted the regulatory framework to respond to events triggered by climate variability nor has planned any amendments to that end. While some capacity-building initiatives and studies have been undertaken to support the promotion of marine spatial planning to implement ecosystem and precautionary approaches (target 4 under objective 1), the Auditor found that the SUBPESCA has neither achieved the target nor reported on the difficulties encountered in its implementation. Thus, despite numerous efforts to raise awareness and build capacity to integrate climate change into the work of the different sectoral departments, institutional practices have failed to internalize the imperative to consider, prepare, adapt, and transform to face climate change.

The second major shortcoming is that the policies largely take a reactive approach, focusing on how climate change may affect existing production systems and practices. However, they fail to articulate a robust (and perhaps even transformative) vision for the aquaculture sector in a changing climate and ocean, taking into account new opportunities, mitigation efforts, coastal community resilience, ocean resilience, food security, sustainable economies, and evolving technologies. There have been several missed opportunities to articulate this overarching and transformative vision for the sector. As noted above, the 2015 Plan has not been updated at the time of writing. Similarly, the 2003 National Aquaculture Policy (Gobierno de Chile, 2003) has not been updated even though preparatory studies have been completed (PUCV, 2019). In addition, the SUBPESCA has committed to the drafting of a new act for aquaculture in 2018 and 2022 (Undersecretary for Fisheries and Aquaculture, 2018, SUBPESCA, 2022), but work on this has not begun in earnest (Comités Científicos Técnicos de Acuicultura, 2023; SUBPESCA, 2023a).

Several factors may explain the lag in legal and policy reform for the aquaculture sector. These include the impacts of the social unrest in 2019, the COVID-19 pandemic. In addition, the new government installed in 2022 appears to have prioritized the legal reform for the fisheries sector, with a bill on a new fisheries act introduced to Congress in early 2024 (Congreso Nacional, 2024). The controversial nature of salmon aquaculture, with both strong supporters and vehement opponents, may be a contributing factor.

A further and related shortcoming of Chile’s response to adaptation in aquaculture is the limited critical assessment of whether the regulatory framework requires transformative changes to enable successful adaptation of the aquaculture sector. Current policy documents take a distinctly incremental approach to adaptation: mainstreaming climate change considerations into existing frameworks (namely the ecosystem approach and spatial planning, in particular the sectoral planning tool), supported by increased knowledge and capacity. Is this incremental approach sufficient?

To date, the SUBPESCA has not developed the concept of the ecosystem approach as applied to aquaculture, what it entails, how it is implemented, and what regulatory instruments operationalize it. The situation is further complicated by the inadequate definition of the ecosystem approach in the Fisheries and Aquaculture Act (FAO, 2016), its questionable application to aquaculture management (compare Garrido Darricarrére, 2018 with Paredes and Martínez, 2020 and Engler, 2023), and its inconsistency with other definitions of the ecosystem approach in legislation (Framework Act) and policies (e.g. National Biodiversity Strategy, Gobierno de Chile, 2018a). While the experts participating in the Oceans Roundtable identified the need to clarify and strengthen (or ‘reform’, Scientific Committee 2020: 8, 19) the legal definition of the ecosystem and precautionary approaches and explicitly extend its application to aquaculture, the LTS did not include such measure in its final text.

In turn, the consideration of climate change in aquaculture zoning and spatial planning is generally recommended as an adaptation measure (FAO, 2016). However, neither the government nor the technical roundtables considered in any depth how implementing such an incremental measure within the existing aquaculture planning and leasing system could improve the resilience of the aquaculture industry, coastal communities, or the marine environment. The following section addresses the extent to which this incremental approach to zoning would be fit for purpose.





5 Adaptive capacity in aquaculture planning and leasing frameworks

In order to assess whether mainstreaming climate change into existing spatial planning instruments is a sufficient adaptation measure, it is first necessary to describe the aquaculture planning and leasing system in Chile. The legal framework for aquaculture in Chile is complex; this section synthesizes the information necessary for the assessment and it is not meant to be a comprehensive description (but see Fuentes and Engler, 2016; Engler, 2023).



5.1 Planning and leasing frameworks for marine aquaculture

Chilean aquaculture planning and management is primarily governed by the 1992 General Fisheries and Aquaculture Act (as amended) (hereinafter referred to by its Spanish acronym, LGPA). Several regulations implement the aquaculture provisions of the Act. The main regulations include the Aquaculture Lease Regulations, the Aquaculture Environmental Regulations (RAMA for its acronym in Spanish), and the Fish Health Regulations for Aquaculture (RESA for its acronym in Spanish). Each of them has been modified several times, in particular after the ISA crisis of 2007. There are several other pieces of legislation relevant to aquaculture. In particular, the institutional and legislative frameworks for nature protection and coastal zone use have evolved from their rather modest beginnings in the 1990s into complex legal regimes that have relevance for aquaculture licensing, management, and enforcement. These frameworks include the Framework Act on the Environment (Act No. 19,300 and subsequent amendments), the Act creating Environmental Tribunals (Act No. 20,600 as amended), the National Policy on the Use of the Coastal Zone (Decree No. 475 of 1994, Ministry of Defence), the Act recognizing customary Indigenous use of marine and coastal space (Act No. 20,249), and the recent Act on a National System of Protected Areas (Act No. 21,600, published in the Official Gazette 6 September 2023) (all titles translated by the author; the text of all laws and regulations, in Spanish, can be found at www.bcn.cl). Several other pieces of legislation deal with specific aspects of the breeding process.

Any person undertaking aquaculture activities requires a license issued by the SUBPESCA authorizing the activity, and a lease issued by the Ministry of Defence granting the use of the public marine space (LGPA, art 67). All commercial salmon aquaculture and most shellfish aquaculture also require a favorable environmental impact assessment decision from the regional evaluation commission [Framework Act on the Environment, art. 10(n) and Regulation No. 40 of 2012, issued by the Ministry of the Environment and Climate Change, as amended, art. 3(n)]. In the original LGPA, aquaculture leases were granted for an indefinite period (subject to termination under specific grounds). An amendment to the Act in 2010 limited the duration of leases to 25 years, renewable for another 25 years if some minimum environmental performance indicators are met (LGPA, art 69). However, older leases were grandfathered (Act No. 20,434, transitional art. 15). As a result, the majority of leases currently operating are not limited in time. The lease does not grant the leaseholder a property right over the seabed or water column (LGPA art 67bis), but it grants property rights over the lease. Therefore, leases may be transferred, leased, mortgaged, and transmitted (LGPA, art 69).

Aquaculture leases are subject to prescriptive spatial restrictions resulting from a fragmented array of legal frameworks that have evolved at different times and rates. The main spatial restrictions result from a sectoral planning instrument (the Areas Appropriate for Aquaculture), a multisectoral planning instrument (the coastal plans), alternative uses (Indigenous marine and coastal areas, and the network of protected wildlife areas), and mandatory minimum distances between farms and between fish health zones (the “barrios”, see Fuentes and Engler, 2016).

A key spatial planning tool is the Appropriate Area for Aquaculture or AAA, considered in the original LGPA. The AAA is a public coastal or marine area officially designated by the Ministry of Defence as suitable for the development of aquaculture activities (LGPA, art. 67), based on a technical report prepared by SUBPESCA, a public consultation and, since 2009, a consultation with Indigenous Peoples where appropriate. Aquaculture sites in the marine environment must be located within AAA, but being within an AAA does not guarantee a site approval.

The first AAAs were established in the mid-1990s on a regional basis, to allow for the development of the industry (SUBPESCA, n.d.a). They generally cover interior waters (bays and fjords) and coastal areas up to a distance of 1 nautical mile measured from the normal or straight baselines. In most cases, they were designated by excluding areas with other uses and were not supported by robust environmental studies. Few new AAAs have been designated since then.

Also in the mid-1990s, the government adopted the National Policy for the Use of the Coastal Zone (Decree No. 475 of 1994 issued by the Ministry of Defence). The National Policy calls for the adoption of integrated and multi-sectoral plans for the coastal zone (consisting of macro- and micro-planning) developed by public-private regional commissions (Gabinete Presidencial, 2005) and approved by a National Commission. The first region to undertake such a task was Region XI, largely in response to what was perceived as the reckless expansion of the salmon farming industry into the region (Fuentes and Engler, 2016). The regional plan was approved in 2004 by Decree No. 153 of 2004, issued by the Ministry of Defence. A second phase, the development of “micro- zoning” by the coastal municipalities within the region, has not yet been completed. Apart from Region XI, only Region IV has an approved coastal plan.

The coexistence of two zoning instruments (the sectoral AAAs under the LGPA, and the coastal plans under a national policy with no direct legal authority) led to several legal problems in the site application processes. This was eventually resolved by an amendment to the LGPA in 2010, which grants legal recognition to the ICZP, harmonizes the two planning instruments, and also requires the SUBPESCA to consult with the regional commission responsible for coastal zone planning before submitting a proposed AAA for the approval by the Ministry of Defence (LGPA, as amended by Act No. 20,434 of 2010). The ICZP received further legal recognition through an amendment to the Framework Act on the Environment, which introduced strategic environmental assessment (SEA) into the Chilean legal framework.

Even if a proposed site is located within an AAA and in areas compatible with aquaculture development under an ICZP (where applicable), there are further spatial restrictions on its siting, including minimum distances between salmon farms and between fish health zones. In 2016, the SUBPESCA determined that, given the leases granted, the applications submitted, and regulated spatial restrictions, there was no legal space available for new farms within established AAA in the southern regions of the country. As a result, the receipt of new aquaculture lease applications has been suspended (LGPA, s 76 and Orders No. 975 of 2012, No. 3264 of 2016, and N° 902 of 2020). SUBPESCA’s decision effectively extended a moratorium on new fish farms established by law in 2010 (Act No. 20,434 as amended).

Although no new aquaculture lease applications are currently accepted in the southern regions, the 2010 Act introduced flexibility into the lease system by allowing a leaseholder to relocate a lease (including merging leases) within the same region, subject to certain restrictions (Act No. 20,434, art. 5). The intention was to allow existing farms to relocate to areas with better environmental and fish health conditions. Priority for relocation is given to leases that are located in “firewall zones” (i.e. the newly created farm-free zones between fish health zones), in contravention of the ICZP, or within national parks or marine parks. However, due to the lack of legal space available for new farms, relocations require the designation of new AAAs.

The establishment of new AAA and the subsequent relocation of leases have been further complicated by two laws addressing the use of marine space. The first is Act No. 20,249 published in the Official Gazette on 12 February 2008 (“Ley Lafkenche”) which was enacted to recognize and protect the customary use of the marine and coastal spaces by Indigenous Peoples. Its main instrument is the designation of Indigenous marine and coastal areas, which are then managed by Indigenous communities based on a management plan approved by the government (arts. 2(e), 3, 5, 11). The importance of this legal institution as a mechanism for recognizing Indigenous rights, including self-determination, as well as its pitfalls and shortcomings, has attracted considerable scholarly attention (e.g. Araos et al., 2020; Cid and Araos, 2020). In this article, the analysis is limited to its interaction with AAA and aquaculture leases.

The Act has addressed the potential conflict of use, i.e., the overlapping of Indigenous coastal and marine areas and other users, in particular aquaculture leases, by distinguishing between granted leases and lease applications. In the first case (i.e. granted aquaculture leases), the need to protect consolidated legal situations means that the Indigenous marine and coastal area cannot be granted as requested, but can be modified to avoid overlap (art. 7). In the second case (i.e. an application has been submitted but has not yet been granted), the Indigenous marine and coastal area has priority. The responsible authority must suspend the process of the submitted lease application, even if that submission precedes that for the Indigenous marine and coastal area (art. 10). If the Indigenous area is granted, the lease must be denied unless the Indigenous community consents to the activity, which must then be included in the management plan [art. 11(b)].

The implementation of the Act has been a significant hurdle for the relocation of aquaculture leases and the potential of new AAAs. By March 2023, there were 100 applications for Indigenous marine and coastal areas, 80 of which were located in the three southern regions of the country (75 in the X Region alone) (SUBPESCA, n.d.b). Only fifteen Indigenous coastal and marine areas have been granted, and the decision-making process is lengthy (usually 5 to 6 years, Araos et al., 2020), cumbersome and even contentious. Further, some stakeholders have expressed concern that the legal instrument is being abused to stop aquaculture projects (Araos et al., 2020).

Further spatial restrictions result from the fragmented legal framework for the designation of wildlife protection areas, which has also affected the establishment of AAAs and the relocation of leases. Aquaculture cannot take place in marine areas belonging to the national network of protected areas, except for national or forest reserves that include marine space within their boundaries (LGPA, art 158, as amended in 2002). While this provision did not pose a real obstacle to the designation of AAAs or the granting of aquaculture leases in the mid-1990s, the situation has since changed significantly. First, the Framework Act on the Environment declared that the marine areas included in the perimeter of a national park are part of the park and therefore incompatible with aquaculture activities (LGPA art 158 and Act No. 19300 art 34). In 2013, the Auditor General affirmed that this provision applies to national parks established before the Framework Act on the Environment from the date on which this Act entered into its entry into force (CGR, 2013). Second, the Chilean government has ambitious goals for marine protection, consistent with the Ocean Panel’s Call to Action (HLPSOE, 2023). More than 40% of its exclusive economic zone is under some form of protection. This includes several large national parks that include marine waters and marine parks (e.g. Parque Nacional Kawésqar, Parque Marino Tic Toc – Golfo Corcovado, Parque Marino Islas Diego Ramírez y Paso Drake, Parque Marino Francisco Coloane).

In each of these cases, the recognition or the declaration of marine areas as a national or marine park triggered the need to revoke the AAA overlapping with the newly recognized or declared protected area and to reject the submitted lease applications. Leases already granted within a national park are required to relocate and are given priority to do so.

During the congressional debate of an Act creating the National Protected Areas Service (published in the Official Gazette as Act No. 21,600 in September 2023), there was a contentious debate on the compatibility of salmon mariculture and marine protected areas. Several organizations and members of Congress called for the exclusion of aquaculture activities from all protected areas and submitted numerous motions to this effect. However, these motions were defeated. The Act excludes commercial activities only from three categories of protected areas (parks, strict wilderness reserves, nature monuments, arts. 57-59) consistent with the Washington Convention on Nature Protection and Wild Life Preservation in the Western Hemisphere. However, the new Act requires that any commercial use in a protected area, if permitted, must be sustainable, not threaten its ecosystem services (Act No. 21,600, arts. 60-62), respect the objective of protection, and be compatible with its management plan (art. 63). Future regulations will specify the process for the development of the management plans and their content (art. 74). The compatibility of aquaculture with the protection objectives of national reserves will therefore be decided on a case-by-case basis. In any case, the government has already signaled that no lease (relocation) will be granted in a protected area until the relevant plan has been approved. This interpretation is consistent with the mandatory nature of management plans (art. 71) and the objectives of the Act. However, until the regulations are in place and the management plans are approved, the new legislation creates at least a procedural hurdle for the relocation of farms. It is also reasonable to expect that the new legal requirements will result in further spatial restrictions, particularly for salmon aquaculture.

The combined effect of aquaculture being excluded from granted or requested Indigenous coastal and marine areas and from marine areas within national parks, and the uncertain situation of aquaculture in national reserves, together with significant opposition from some Indigenous and local communities, has had a paralyzing effect on the approval of new AAAs and the relocation of leases. To date, the government has failed to relocate any lease (but see SUBPESCA, 2023b).




5.2 Critical assessment

The 2015 Plan and the LTS include the consideration of climate change in aquaculture spatial planning and the designation of new AAA as key adaptation measures for aquaculture management. However, there has been no in-depth assessment of whether this measure would indeed strengthen the climate resilience of the aquaculture industry and coastal communities. While at least some of the experts participating in the Ocean Roundtable of the Scientific Committee for COP 25 expressed doubts about the effectiveness of such an adaptation measure (Farías et al., 2019: 54), this concern did not lead to any revisions.

From the description of the existing aquaculture planning and leasing system, it can be concluded that incorporating climate change considerations into future AAA designations would not only be scientifically challenging given the significant knowledge gaps (Soto et al., 2019), but would also have limited, if any, impact on the resilience of the existing and future industry given the rigid planning and leasing regulatory framework. In the case of existing leases, they are fixed to a specific marine area and granted for an indefinite period. Although the 2010 amendment to the LGPA introduced some flexibility into the regulatory framework (time limits on leases and relocation options), neither of these provides sufficient flexibility. Most leases are grandfathered and therefore not subject to time limits. In any case, the duration of a lease is effectively 50 years: 25 years with the right to extend for a further 25 years if most environmental monitoring results are acceptable, a threshold that is not particularly stringent. This period may be too long for rapidly changing oceans. Relocation, on the other hand, provides flexibility on paper but has not yet become a real option because of the fragmented and inefficient spatial planning frameworks. Further rigidity comes from the decision-making process for leasing, which has not been discussed in detail in this article.

In turn, the resilience of future leases granted in new AAAs (designated with climate change considerations) may also be limited for two reasons. First, the allocation of space for aquaculture within the coastal zone planning system is already challenged by other significant social and ecological constraints. Second, once granted, the lease will have limited flexibility to adapt to future, rapid, or unpredictable changes.

The incremental approach to adaptation considered in existing policies is not fit for purpose. There is a need for a more critical assessment and thorough review of the legal framework, most likely leading to a transformation of the planning and leasing system to introduce the flexibility needed to adapt to climate change. For example, it may be necessary to assess whether the AAAs still serve a useful purpose. The lack of uptake of coastal zone planning after 30 years of the National Policy for the Use of the Coastal Zone is a strong argument for retaining the sectoral planning tool, but flexibility can be introduced by other means. For example, the legal framework could consider the possibility of granting leases outside of an AAA, subject to a more comprehensive decision-making process and stricter environmental objectives and monitoring requirements. The Nova Scotia (Canada) regulatory framework adopted in 2015 (Nova Scotia Department of Fisheries and Aquaculture, n.d.) or the exemption from zoning restrictions considered in the Norwegian permitting system (Norwegian Ministry of Fisheries and Coastal Affairs, n.d.; Engler, 2023) could be models to draw on. However, in cases where there is opposition to new aquaculture activities, the legal flexibility may face practical challenges. This was reportedly the case in Nova Scotia, where the government decided not to issue aquaculture leases for finfish farms until aquaculture development areas were designated (Withers, 2023).

The legal framework could also create a new category of leases, subject to a separate regime, to promote and provide incentives for the development of new farming systems (e.g. semi-closed systems, multitrophic systems, non-fixed systems, land-based systems) or in new areas (e.g. offshore farming). Such a measure could facilitate the adaptation to new opportunities arising from climate change, as well as a transition to farming models that are better suited to meet ecological, social, or climate change challenges. The Norwegian development license provides a model for consideration (Hersoug et al., 2021; Hersoug, 2022).

The fragmented and uncoordinated legal instruments for the planning and use of the coastal zone also need to be reviewed. Indeed, marine spatial planning and the reform of the coastal zone planning system have been identified as a priority for climate change adaptation (e.g. Farías et al., 2019). The matter should primarily be addressed by the forthcoming sectoral plan for coastal adaptation to climate change (Ministerio de Defensa Nacional, 2024).





6 Conclusions

This article describes and assesses Chile’s climate change adaptation policies and plans for aquaculture, with a focus on the nationally important salmon farming industry. Despite some promising initiatives and developments, progress was found to be insufficient on several fronts. First, the implementation of climate change adaptation measures has been poor, with many committed activities showing no progress. Second, the government has not adopted a strategic and national vision for the aquaculture sector in a changing climate and oceans, taking into account potential new opportunities and its role in climate-resilient (“climate-smart” (FAO, 2021a, b) food security and sustainable development. Third, the existing policies take a distinctly incremental approach by mainstreaming climate change into existing planning and leasing instruments, without a thorough assessment of the need for transformative changes to the regulatory framework. Chile’s climate change adaptation plans for aquaculture are not fit for purpose.

The need for transformative change is illustrated by an in-depth analysis of the legal framework for planning and leasing. Indeed, the fragmented, rigid, cumbersome, and inefficient legal framework for the planning of aquaculture and other uses of the coastal zone is ill-suited to allocating space for the industry or to rationalize the current use of the space, taking into account environmental, social, operational and climate change criteria. Apart from the need for a holistic, integrated, and inclusive planning framework that takes into account local circumstances to decide whether and where to allocate space for aquaculture, the leasing system itself is also too rigid for the potential needs of climate change adaptation. Flexibility can be introduced through various mechanisms, including instruments that provide incentives for the transition to climate-smart aquaculture.

Chile is at a particularly promising juncture. Several simultaneous and ongoing initiatives to reform aquaculture law and policy, together with a comprehensive and principled approach to climate change adaptation in the context of socio-ecological transitions, provide a window of opportunity to advance strategic, coherent, long-term, and transformative adaptation. It is hoped that this opportunity will be seized.





Author contributions

CE: Conceptualization, Investigation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The author acknowledges the research support of the Canada First Research Excellence Fund (CFREF) through the Ocean Frontier Institute and its project, the Norwest Atlantic as a Biological Carbon Pump, and the Vanier Canada Graduate Scholarship.





Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmars.2024.1386545/full#supplementary-material




References

 Adaptation Committee (2023). Monitoring and evaluation of adaptation at the national and subnational levels: Technical paper by the Adaptation Committee (UNFCCC). Available online at: https://unfccc.int/Adaptation-Committee (Accessed February 2, 2024).

 Araos, F., Anbleyth-Evans, J., Riquelme, W., Hidalgo, C., Brañas, F., Catalán, E., et al. (2020). Marine indigenous areas: conservation assemblages for sustainability in southern Chile. Coast. Manage. 48, 289–307. doi: 10.1080/08920753.2020.1773212

 Banco Central de Chile (2022). “Indicadores de Comercio Exterior: Primer Trimestre 2022”. (23 May 2022). Available online at: https://www.bcentral.cl/web/banco-central/buscador?categoria=Publicaciones/Estad%C3%ADsticas/Comercio%20exterior. (Accessed May 1, 2024)

 Barton, J. R., and Fløysand, A. (2010). The political ecology of Chilean salmon aquaculture 1928–2010: A trajectory from economic development to global sustainability. Global Environ. Change 20, 739–752. doi: 10.1016/j.gloenvcha.2010.04.001

 Buschmann, A., Farías, L., Tapia, F., Varela, D., and Vásquez, M. (2016). Comisión Marea Roja: Informe Final [Red Tide Commission: Final Report]. (November 2016). Available online at: https://www.economia.gob.cl/wp-content/uploads/2016/11/InfoFinal_ComisionMareaRoja_24Nov2016-1.compressed.pdf (Accessed February 12, 2024).

 Ceballos, A., Dresdner-Cid, J. D., and Quiroga-Suazo, M. A. (2018). Does the location of salmon farms contribute to the reduction of poverty in remote coastal areas? impact Assess. using Chilean Case study. Food Policy 75, 68–79. doi: 10.1016/j.foodpol.2018.01.009

 Cid, D., and Araos, F. (2020). Las contribuciones del espacio costero marino para pueblos originarios (ECMPO) al bienestar humano de las comunidades indígenas de Carelmapu, Sur de Chile. (Temuco, Chile: CUHSO) 31 (2), 250–275. doi: 10.7770/cuhso-v31n2-art2258

 Comités Científicos Técnicos de Acuicultura (2023). Acta de Sesión Plenaria Octubre 2023 (10 October 2023). Available online at: https://www.subpesca.cl/portal/616/w3-propertyvalue-51150.htmlcollapse03 (Accessed February 1, 2024).

 Congreso Nacional (2024). Proyecto de Ley: Establece nueva Ley General de Pesca y deroga disposiciones que indica, Boletín 16500-21. (2 January 2024). Available online at: https://www.camara.cl/legislacion/ProyectosDeLey/tramitacion.aspx?prmID=17077&prmBOLETIN=16500-21 (Accessed February 12, 2024).

 Contraloría General de la Republica (CGR) (2013). Dictamen No. 38429, 18 June 2013. Available online at: https://www.contraloria.cl/web/cgr/ (Accessed February 11, 2024).

 Contraloría General de la República (CGR) (2023). Informe Final No. 446/2023 sobre la implementación del Plan de Adaptación al Cambio Climático para Pesca y Acuicultura, por parte de la Subsecretaría de Pesca y Acuicultura (12 October 2023). https://www.contraloria.cl/pdfbuscador/auditoria/ee89a5b6ca8e999256254e2f8e4a356a/html (Accessed May 1, 2024).

 Dobush, B.-J., Gallo, N. D., Guerra, M., Guilloux, B., Holland, E., Seabrook., S., et al. (2022). A new way forward for ocean-climate policy as reflected in the UNFCCC Ocean and Climate Change Dialogue submissions. Climate Policy 22, 254–271. doi: 10.1080/14693062.2021.1990004

 Engler, C. (2023). Ecosystem Approach to Salmon Mariculture: Charting Law and Policy Coordinates from Theory, International Law, and State Practice. Dalhousie University, Halifax (NS.

 Equipo Técnico Interministerial para el Cambio Climático (ETTICC) (2022). Acta Tercera Reunión Virtual ETICC 28 de julio del 2022 (sic, meeting held 25 August 2022) presentation “Asesoría para la implementación y actualización del plan de adaptación al cambio climático en pesca y acuicultura (PACCPA) 2021”. Available online at: https://cambioclimatico.mma.gob.cl/organismos-colaboradores/eticc/ (Accessed 11 February 2022).

 Equipo Técnico Interministerial para el Cambio Climático (ETTICC) (2023). Acta Reunión Virtual ETICC 27 de abril del 2023; presentation “Pesca”. Available online at: https://cambioclimatico.mma.gob.cl/organismos-colaboradores/eticc/ (Accessed 11 February 2022).

 FAO. (2016). Asistencia para la revisión de la Ley General de Pesca y Acuicultura, en el marco de los instrumentos, acuerdos y buenas prácticas internacionales para la sustentabilidad y buena gobernanza del sector pesquero Project UTF/CHI/042/CHI. Final Report (23 September 2016) (Santiago, Chile: United Nations Food and Agriculture Organization). Available online at: https://www.fao.org/chile/recursos/publicaciones (Accessed May 3, 2024).

 FAO. (2021a). Shanghai Declaration, adopted by the participants to the Global Conference on Aquaculture Millennium +20 held in Shanghai, 22-25 September 2021. Available online at: https://aquaculture2020.org/declaration/ (Accessed 3 February 2024).

 FAO. (2021b). Strategic Framework 2022-31 (Rome: FAO). Available online at: https://www.fao.org/3/cb7099en/cb7099en.pdf (Accessed February 3, 2024).

 FAO. (2024). FAO en Chile. Proyectos en Chile. Resultados de proyecto “Fortalecimiento de la Capacidad de Adaptación en el Sector Pesquero y Acuícola Chileno al Cambio Climático”. Available online at: https://www.fao.org/index.php?id=114754/ (Accessed February 3, 2024).

 FAO, Ministerio del Medio Ambiente y Subsecretaría de Pesca y Acuicultura (2021). Lecciones aprendidas y recomendaciones de política pública para la adaptación al cambio climático en la pesca artesanal y la acuicultura de pequeña escala en Chile. Lineamientos de políticas (Santiago de Chile: FAO). (Accessed February 3, 2024). doi: 10.4060/cb6536es

 Farías, L., Acuña, E., Aguirre, C., Álvarez, S., Barbieri, M. A., Delgado, V., et al. (2019). Propuestas para la actualización del Plan de Adaptación en Pesca y Acuicultura. Mesa Océanos-Comité Científico COP25 (Santiago: Ministerio de Ciencia, Tecnología, Conocimiento e Innovación).

 Fuentes, O. J., and Engler, C. (2016). “Three pillars for sustainable marine aquaculture: the evolving regulatory framework in Chile,” in Aquaculture Law and Policy: Global, Regional and National Perspectives. Eds.  N. Bankes, I. Dahl, and D. L. VanderZwaag (Edward Elgar, Cheltenham, UK; Northampton, MA), 213–237.

 Gabinete Presidencial (2005). Reglamento Interno de Funcionamiento de la Comisión Regional de Uso del Borde Costero de la República, Oficio Gabinete Presidencial N° 1 de 2005. Available online at: https://www.ssffaa.cl/asuntos-maritimos/cnubc/cnubc-comision-nacional-de-uso-del-borde-costero-del-litoral/ (Accessed September 23, 2022).

 Garmestani, A., Ruhl, J. B., Chaffin, B. C., Craig, R. K., van Rijswick, H. F. M. W., Angeler, D. G., et al. (2019). Untapped capacity for resilience in environmental law. PNAS 16, 19899–19904. doi: 10.1073/pnas.1906247116

 Garrido Darricarrére, P. I. (2018). Análisis de la Incorporación del Principio Precautorio y Enfoque Ecosistémico en la Ley General de Pesca y Acuicultura en un Contexto de Cambio Climático. Universidad de Concepción, Concepción (Chile).

 Gephart, J. A., Henriksson, P. J. G., Parker, R. W. R., Shepon, A., Gorospe, K. D., Bergman, K., et al. (2021). Environmental performance of blue foods. Nature 597, 360–365. doi: 10.1038/s41586-021-03889-2

 Gobierno de Chile (2003). Política Nacional de Acuicultura. Available online at: www.subpesca.cl/portal/616/w3-propertyvalue-38050.html (Accessed February 3, 2024).

 Gobierno de Chile (2014). Plan de Adaptación al Cambio Climático en Biodiversidad (approved by the Ministerial Council for Sustainability (Consejo de Ministros para la Sustentabilidad) on 21 July 2014). Available online at: https://metadatos.mma.gob.cl/sinia/PDF008.pdf (Accessed February 9, 2024).

 Gobierno de Chile (2015a). Plan de Adaptación al Cambio Climático para Pesca y Acuicultura (approved by the Ministerial Council for Sustainability (Consejo de Ministros para la Sustentabilidad) on December 2015). Available online at: https://mma.gob.cl/wp-content/uploads/2016/12/Plan-Pesca-y-Acuicultura-CMS.pdf (Accessed February 2, 2024).

 Gobierno de Chile (2015b). Intended Nationally Determined Contribution of Chile Towards the Climate Agreement of Paris 2015. Available online at: https://www4.unfccc.int/sites/submissions/INDC/Published%20Documents/Chile/1/INDC%20Chile%20english%20version.pdf (Accessed 20 April 2024).

 Gobierno de Chile (2018a). Estrategia Nacional de Biodiversidad 2017-2030. Available online at: https://biodiversidad.mma.gob.cl/ (Accessed February 1, 2024).

 Gobierno de Chile (2018b). Política Oceánica Nacional de Chile. D.S. No. 74 of 2018 issued by the Ministry of Foreign Affairs, Ministry of Defence and Ministry of Economy. Available online at: https://www.acanav.cl/wp-content/uploads/2021/07/poli__tica_ocea__nica_nacional_de_chile_ok-1.pdf (Accessed May 3, 2024).

 Gobierno de Chile (2020). Contribución Determinada a Nivel Nacional (NDC) de Chile. Actualización 2020. Available online at: https://unfccc.int/NDCREG (Accessed May 2, 2024).

 Gobierno de Chile (2021). Estrategia Climática de Largo Plazo de Chile: Camino a la Carbono Neutralidad y Resiliencia a Mas Tardar al 2050 (approved by the Ministerial Council for Sustainability (Consejo de Ministros para la Sustentabilidad) on 21 Octobre 2021). Available online at: https://cambioclimatico.mma.gob.cl/estrategia-climatica-de-largo-plazo-2050/descripcion-del-instrumento/ (Accessed April 6, 2023).

 Gobierno de Chile (2022). Fortalecimiento de la Contribución Determinada a Nivel Nacional (NDC), Chile. (November 2022) Available online at: https://unfccc.int/NDCREG (Accessed May 1, 2024).

 Gobierno de Chile (2023). Programa Oceánico Nacional: Plan Oceánico Sostenible Chile 2030. Available online at: www.minrel.gob.cl/minrel/site/docs/20230714/20230714170715/programa_oceanico_2023.pdf (Accessed February 2, 2024).

 Hersoug, B. (2022). ‘One country, ten systems’: The use of different licensing systems in Norwegian aquaculture. Mar. Policy 137, 104902. doi: 10.1016/j.marpol.2021.104902

 Hersoug, B., Mikkelsen, E., and Osmundsen, T. C. (2021). What’s the clue; better planning, new technology or just more money? The area challenge in Norwegian salmon farming. Ocean Coast. Manage. 199, 105415. doi: 10.1016/j.ocecoaman.2020.105415

 High Level Panel for a Sustainable Ocean Economy (HLPSOE) (2024). Members. Available online at: https://oceanpanel.org/members/ (Accessed February 9, 2024).

 High Level Panel for a Sustainable Ocean Economy (HLPSOE) (2023). Transformations for a Sustainable Ocean Economy: A Vision for Protection, Production and Prosperity (Accessed January 30, 2024).

 High Level Panel of Experts on Food Security and Nutrition (HLPE) (2014). Sustainable fisheries and aquaculture for food security and nutrition. A report by the High Level Panel of Experts on Food Security and Nutrition of the Committee on World Food Security (Rome: HLPE).

 Intergovernmental Panel on Climate Change (IPCC) (2007). Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Eds.  R. K. Pachauri, and A. Reisinger (Geneva, Switzerland: IPCC). doi: 10.1017/CBO9780511546013

 Intergovernmental Panel on Climate Change (IPCC) (2018). Global Warming of 1.5°C: An IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in the context of strengthening the global response to the threat of climate change, sustainable development, and efforts to eradicate poverty. Eds.  V. Masson-Delmotte, P. Zhai, H.-O. Pörtner, D. Roberts, J. Skea, P. R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J. B. R. Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (Cambridge (UK) and New York (NY, USA): Cambridge University Press). doi: 10.1017/9781009157940

 Intergovernmental Panel on Climate Change (IPCC) (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Eds.  H.-O. Pörtner, D. C. Roberts, M. Tignor, E. S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, and B. Rama (Cambridge (UK) and New York (NY, USA): Cambridge University Press). doi: 10.1017/9781009325844

 Jones, A. R., Alleway, H. K., McAfee, D., Reis-Santos, P., Theuerkauf, S. J., and Jones, R. C. (2022). Climate-friendly seafood: the potential for emissions reduction and carbon capture in marine aquaculture. BioScience 72, 123–143. doi: 10.1093/biosci/biab126

 Le Gouvello, R., Brugère, C., and Simard, F. (2022). Aquaculture and Nature-based Solutions: Identifying synergies between sustainable development of coastal communities, aquaculture, and marine and coastal conservation (Gland, Switzerland: IUCN). doi: 10.2305/IUCN.CH.2022.02.en

 León-Muñoz, J., Urbina, M. A., Garreaud, R., and Iriarte, J. L. (2018). Hydroclimatic conditions trigger record harmful algal bloom in western Patagonia (summer 2016). Nat. Sci. Rep. 8, 1330. doi: 10.1038/s41598-018-19461-4

 Madariaga Gómez de Cuenca, M. (2021). Is Chile building good climate governance? Reflections on the drafting process of the climate change framework law. Environ. Law Rev. 23, 40–48. doi: 10.1177/1461452920985654

 McDonald, J. (2011). The role of law in climate change adaptation. WIREs Climate Change 2, 283–295. doi: 10.1002/wcc.96

 McDonald, J., and McCormack, P. C. (2021). Rethinking the role of law in adapting to climate change. WIRE’s Clim Change 12 (5), e726. doi: 10.1002/wcc.726

 Ministerio de Defensa Nacional (2024). Da Inicio al Procedimiento de Elaboración de la Política Sectorial de Adaptación al Cambio Climático de la Zona Costera Resolución Exenta No. 357, January 18, 2024. Available online at: https://www.ssffaa.cl/index605f.html?page_id=3821 (Accessed May 3, 2024).

 Moraga Sariego, P. (2022). Una nueva era del derecho ambiental: La Ley Marco de Cambio Climático en Chile a 50 años de Estocolmo Revista de Derecho Ambiental, Vol. 17. 1–6. doi: 10.5354/0719-4633.2022.67640

 New, M., Reckien, D., Viner, D., Adler, C., Cheong, S.-M., Conde, C., et al. (2022). Decision-Making Options for Managing Risk. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Eds.  H.-O. Pörtner, D. C. Roberts, M. Tignor, E. S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, and B. Rama (Cambridge (UK); New York (NY, USA): Cambridge University Press), 2539–2654. doi: 10.1017/9781009325844.026

 Noble, I. R., Huq, S., Anokhin, Y. A., Carmin, J., Goudou, D., Lansigan, F. P., et al. (2014). “Adaptation needs and options”, in Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Eds.  C. B. Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, et al (Cambridge (UK); New York (NY, USA): Cambridge University Press), 833–868.

 Norwegian Ministry of Fisheries and Coastal Affairs. (2005). Aquaculture Act. Available online at: https://www.regjeringen.no/globalassets/upload/kilde/fkd/reg/2005/0001/ddd/pdfv/255327-l-0525_akvakulturloveneng.pdfhttps://lovdata.no/dokument/NL/lov/2005-06-17-79 (Accessed May 1, 2024).

 Nova Scotia Department of Fisheries and Aquaculture (n.d.). Licensing and Leasing. Available online at: https://novascotia.ca/fish/aquaculture/licensing-leasing/ (Accessed February 12, 2024).

 Paredes, C., and Martínez, I. (2020). El régimen jurídico-ambiental de la salmonicultura en Chile” (TERRAM, Cartilla Informativa No 1, actualizada a enero 2020). Available online at: www.terram.cl/publicaciones (Accessed November 6, 2022).

 Pontificia Universidad Católica de Valparaíso (PUCV) (2019). Diseño de un Plan de Acción para la Implementación de la Política Nacional de Acuicultura para las Próximas Dos Décadas. Informe Final Proyecto FIPA 2017-17 (3 Jully 2019) (Valparaíso: Escuela de Ciencias del Mar PUCV).

 Rehbein, J. A., Encalada, G., and Barbosa, J. (2020). Propuesta de hoja de ruta para el carbono azul en Chile (Washington, DC: World Bank).

 Soininen, N., Romppanen, S., Huhta, K., and Belinskij, A. (2021). A brake or an accelerator? The role of law in sustainability transitions. Environ. Innovation Societal Transitions 41, 71–73. doi: 10.1016/j.eist.2021.09.012

 Soto, D., León-Muñoz, J., Dresdner, J., Luengo, C., Tapia, F. J., and Garreaud, R. (2019). Salmon farming vulnerability to climate change in southern Chile: understanding the biophysical, socioeconomic and governance links. Rev. Aquaculture 11, 354–374. doi: 10.1111/raq.12336

 SUBPESCA (n.d.a.). Areas Apropiadas para la Acuicultura. Available online at: https://www.subpesca.cl/portal/616/w3-article-80985.html (Accessed June 1, 2022).

 SUBPESCA (n.d.b.). Espacios Costeros Marinos Pueblos Originarios (ECMPO). Available online at: https://www.subpesca.cl/portal/616/w3-propertyvalue-50834.html (Accessed February 4, 2024).

 SUBPESCA (2021). Informe sectorial de Pesca y Acuicultura Consolidado, (2020-2021). Available online at: https://www.subpesca.cl/portal/618/w3-article-114306.html (Accessed May 1, 2024).

 SUBPESCA. (2022). “Gobierno presentará proyecto de Nueva Ley General de Acuicultura durante el cuarto trimestre de 2023”. Available online at: https://www.subpesca.cl/portal/617/w3-article-116330.html (Accessed February 4, 2024).

 SUBPESCA. (2023a). “Subsecretario de Pesca insta a recuperar las confianzas y participar en la elaboración de la primera Ley de Acuicultura” (23 November 2023). Available online at: https://www.subpesca.cl/portal/617/w3-article-119799.html (Accessed February 4, 2024).

 SUBPESCA. (2023b). Gobierno sella compromiso con Aqua Chile y Cooke Aquaculture para relocalizar nueve concesiones acuícolas (19 December 2023). Available online at: https://www.subpesca.cl/portal/617/w3-article-120047.html (Accessed January 24, 2024).

 Undersecretary for Fisheries and Aquaculture. (2018). Subsecretario anuncia preparación de ley acuícola, al inaugurar feria internacional AquaSur 2018 (17 Octubre 2018). Available online at: www.subpesca.cl/sitioprensa/614/w3-article-101983.html (Accessed February 4, 2024).

 Subsidiary Body for Scientific and Technological Advice (SBSTA). (2021). Ocean and climate change dialogue to consider how to strengthen adaptation and mitigation action Informal summary report by the Chair of the Subsidiary Body for Scientific and Technological Advice (29 April 2021). Available online at: https://unfccc.int/topics/ocean/ocean-and-climate-change-dialogue (Accessed February 4, 2024).

 United Nations Environment Programme (UNEP). (2022). Too Little, Too Slow: Climate adaptation failure puts world at risk. Adaptation Gap Report 2022. United Nations Environment Programme.

 United Nations. (2021). United Nations Secretary-General’s remarks to Global Climate Action High-Level Event (11 November 2021). Available online at: https://www.un.org/sg/en/content/sg/statement/2021-11-11/secretary-generals-remarks-global-climate-action-high-level-event-delivered (Accessed 11 February 2024).

 United Nations Framework Convention on Climate Change (UNFCCC). (2021). Chile-Madrid Time for Action. Decision 1/CP.25 adopted by the Conference of the Parties on its twenty-fifth session, held in Madrid from 2 to 15 December 2019. Available online at: https://unfccc.int/event/cop-25 (Accessed May 3, 2024).

 United Nations Framework Convention on Climate Change (UNFCCC) (2022a). Sharm el-Sheikh Implementation Plan. Decision 1/CP.27 adopted by the Conference of the Parties on its twenty-seventh session, held in Sharm el-Sheikh from 6 to 20 November 2022. Available online at: https://unfccc.int/event/cop-27 (Accessed May 1, 2024).

 United Nations Framework Convention on Climate Change (UNFCCC) (2022b). Sharm el-Sheikh Implementation Plan. Decision 1/CMA.4 adopted by the Conference of the Parties serving as the meeting of the Parties to the Paris Agreement on its fourth session, held in Sharm el-Sheikh from 6 to 20 November 2022. Available online at: https://unfccc.int/event/cma-4 (Accessed May 1, 2024)

 Verschuuren, J. (2022). “Introduction to climate change adaptation. In Jonathan Verschuuren,” in Research Handbook Research Handbook on Climate Change Adaptation Law (Cheltenham, UK ; Northampton, MA, USA: Edward Elgar), 1–13. doi: 10.4337/9781800371491.00014

 Wenta, J., McDonald, J., and McGee, J. S. (2019). Enhancing resilience and justice in climate adaptation laws. Transnational Environ. Law 8, 89–118. doi: 10.1017/S2047102518000286

 Withers, P. (2023). With assessment underway, Nova Scotia has quietly imposed a moratorium on fish farming. (20 March 2023) CBC News. Available online at: https://www.cbc.ca/news/Canada/nova-scotia/nova-scotia-s-quiet-moratorium-on-fish-farming-1.6782523 (Accessed February 11, 2023).

 Yazykova, S., and Bruch, C. (2018). Incorporating climate change adaptation into framework environmental laws. Environ. Law Rep. News Anal. 48, 10334–10349.




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Engler. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
& frontiers | Frontiers in Marine Science





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Fit for purpose? Evaluating climate change adaptation laws and policies for marine aquaculture in Chile

      

        		

          1 Introduction

        



        		

          2 The Chilean salmon mariculture industry and its vulnerability to climate change

        



        		

          3 The Chilean climate change response and oceans: policy foresight and leadership

        



        		

          4 Aquaculture in the climate policies

        

          		

            4.1 Climate change adaptation plan for fisheries and aquaculture

          



          		

            4.2 Aquaculture in the long-term climate change strategy

          



          		

            4.3 Critical assessment

          



        



        



        		

          5 Adaptive capacity in aquaculture planning and leasing frameworks

        

          		

            5.1 Planning and leasing frameworks for marine aquaculture

          



          		

            5.2 Critical assessment

          



        



        



        		

          6 Conclusions

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fmars.2024.1386545_cover.jpg
& frontiers | Frontiers in Marine Science

Fit for purpose? Evaluating climate
change adaptation laws and policies
for marine aquaculture in Chile





