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mentioned above the existing information allows making 
some initial specific proposals based on risk analysis, which 
would serve to limit, maintain or enhance salmon farming in a 
number of areas. This analysis is based on a preliminary 
semi-quantitative risk matrix using oceanographic and 
salmon production information (Table 1)22.

A secondary norm for the southern Chile �ord and 
inner seas ecosystems that house salmon and mussel farming, 
fishing, cities, etc. must obviously be generated with various 
indicators, including those that represent the status of the 
benthic and pelagic systems, the water column, the trophic 
webs and overall biodiversity, the presence of indicator and 
emblematic species, from some bacteria to marine mammals 
and birds, including escaped salmon, etc24. Doing this requires 
national investment in research and long-term monitoring to 
be increased significantly, and to be related to the risks 
associated with use intensity and yield of the several sectors 
that use the mentioned ecosystems. This is necessary if 
activities such as salmon farming are to be maintained over 
time as a source of employment and sustainable 
development, and it is also necessary to inform openly to 
society about the condition of our marine ecosystems and 
how they respond to anthropic perturbations. 

However, a secondary norm for marine water bodies 
requires improved institutions and governance. A network of 
institutions is required which, with the necessary resources, 
will act together in coordination to facilitate the 
development and implementation of the norm with 
participative and transparent processes, responding to 
various users and to the climate forcing and tendencies that 
affect aquaculture and other complementary or alternative 
activities.

Proposal

A system must be designed to regulate the maximum 
allowed production of salmonids in “discreate”24 marine 
waterbodies, considering their carrying capacity. This system 
should be flexible and dynamic and could be initially based on 
risk criteria for the ecosystems, while also considering other 
external forcing factors such as climate change which could 
modify the capacity and type of response of the ecosystems25. 
Thus we propose first to develop and implement a Tra�c 
light system26 to regulate salmon production using 
environmental and sanitary indicators. This system should 
inform decisions on the elimination, permanence, or potential 
growth of salmon production in each relevant water body of 
the Chilean inner seas/�ord systems. It could be implemented 
initially using the levels of sanitary and eutrophication risks, 
also considering climate change. Currently, for many of the 
water bodies, there is information on: (a) water turn-over rate; 
(b) bottom oxygen condition; (c) production and sanitary 
history of salmon farming; (d) indicators of nutrients; (e) 
condition of the benthic communities26, climate change 
projections27, 28 and (f ) neighborhood—nearness to areas, 
species and subsystems with conservation priority.

The vicinity to protected marine areas, wetlands, 
presence of pelagic and benthic species, birds, marine 
mammals, etc. that are of conservation concern, systems of 
freshwater of high importance due to their biodiversity and 
others may be crucial indicators representing what could be 
lost or affected (magnitude of impact or loss) due to different 
threats. These may include eutrophication,  salmonid escapes, 
diseases, and other threats due to intensive salmon farming.

For the medium and long term we propose the 
development and implementation of an environmental 
secondary norm (ESN) for relevant water bodies that will 
establish the maximum permitted values of the concentration 
or availability of certain elements, molecules and species 
which could present a threat for the health of these 
ecosystems. This norm would regulate a range of activities 
such as sewage discharge, sedimentation due to land use 
change, eutrophication, and loss of biodiversity due to 
aquaculture, marine transport, fishing, tourism etc.

To develop a Tra�c light system and an ESN it is 
necessary to agree on a roadmap led by the State, which 
includes at least the following steps and goals:

The poor perception generated by the environmental 
performance of Chilean salmon farming has affected its 
national and international image, also permeating other 
aquaculture activities in Chile1,2,3. One of the factors that 
accompanies this perception is that there are no good 
national instruments or open and transparent measurements 
that allow monitoring and evaluating the environmental 
performance of this productive sector at the scale of 
ecosystems4. The general perception is that environmental 
performance is deficient1. Even worse is the fact that we do 
not have good indicators to estimate the economic costs 
(value of the damages) generated by the negative 
externalities to compare with the social and economic 
benefits of the activity, especially in the long term. This is also 
true for most productive activities based on the use of natural 
resources in Chile. In the case of salmon farming this is 
worrying, given that in some regions and communities of 
southern Chile the activity is a very relevant source of local 
development5 which generates direct and indirect 
employment also through value chains, thus its elimination or 
relocation would have important social impacts that need to 
be addressed.

There is also the need to protect and conserve the 
ocean, its biodiversity and ecosystem services, and the costs 
of this challenge should be addressed by the State and the 
society. In other words, minimizing the ecological footprint of 
salmon farming, artisanal fishing, mussel farming or even 
tourism implies generating other income sources with lower 
environmental impact, and/or substantially modifying the 
requirements/social and economic habits of coastal 
communities. All decisions imply generating or maintaining 
options to generate income that allow these communities to 
cover basic needs such as access to health, education, etc., 
while minimizing the negative impact on the marine 
ecosystem. It is also possible to relocate activities, including 
those related to aquaculture, to areas that have lower risks. 
These actions necessarily imply strategic spatial planning of 
the activities that minimize the impacts and favor 
development with equity6. Usually there are no simple 
solutions, and whatever the decision of the coastal 
communities in terms of vocation, it will be necessary to study 
the opportunities and risks implied by any activity.
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2 https://www.sciencedirect.com/science/article/abs/pii/S0964569115002069 
3 https://www.seafoodwatch.org/our-projects/farmed-salmon-in-chile 
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  https://www.researchgate.net/publication/323350298_Does_the_location_of_salmon_farms_contribute_to_the_reduction_of_poverty_in_remote_coastal_areas_An_impact_assessment_using_a_Chilean_case_study
6 https://www.fao.org/3/i1750s/i1750s.pdf  

The ecosystem approach to aquaculture (EAA) offers 
a strategy to facilitate adequate integration with other 
activities, and to address the economic, social, environmental, 
and governance objectives equitably, and in explicit temporal 
and spatial scales7. Although this approach, based on the 
concept of ecosystem carrying capacity, is mentioned in the 
Chilean fisheries and aquaculture law (Art. 87)8, it has not been 
implemented for aquaculture. The incorporation and 
application of this approach is urgent and is a concern that we 
share with many scientists, public institutions, and 
conservation organizations.

Environmental regulations for intensive systems (and 
often also small-scale) nationally and globally are mostly 
focusing on individual farms as objects of monitoring and 
reinforcing —but this is not enough. For example, when 
discussing relocation of salmon concessions (a pending issue 
in Chile now a days) it is necessary to include in the analysis 
the capacity of the recipient water bodies to sustain the 
activity. ¿How much can be produced in a lake, �ord, sound, 
channel, bay or watershed without affecting relevant 
functions and attributes of the ecosystem? This simply means 
understanding the first law of thermodynamics, “energy is not 
created or lost, it only transforms”, due to which all ecosystems 
have ecological, productive, and even social limits that we 
must not exceed if we wish to maintain activities and healthy 
ecosystems in the long run. The concept of ecosystem 
carrying capacity has clearly not been applied in Chilean 
aquaculture, or in other productive activities including 
agriculture.

The Chilean aquaculture sanitary norm monitors and 
controls the antibiotics used to produce a ton of salmon; there 
have been efforts in recent years to reduce the “use per ton”
index (Sanitary report SENAPESCA 2021, Sustainability report 
of the Consejo del Salmon 20219). However, given that salmon 
production has increased, the total use of antimicrobials has 
also increased, and we currently do not know their 
permanence or final destiny, except for a few studies that 
provide indications and often raise alarms10. The generation of 
antimicrobial resistance (AMR) is particularly worrying, since it 
may have consequences on human health, but there may also 
be other impacts on functioning of bacterial processes that 
are essential for the biogeochemistry of ecosystems, for 
example to process nutrients. Very little is known about this in 
the world. The use of anti-parasite drugs to control the salmon 
sea louse (Caligus) has also increased along with production, 
and generated alerts from experts and environmentalists. 
Although there have been advances in research11 and 

application of more environmentally friendly controls, there is 
evidence of an increase in the impact risk of this parasite 
associated with climate change12. The impacts of pesticides 
and other biocides on entire ecosystems is currently 
unknown.

We can now estimate quite well the quantity of 
nutrients liberated by salmon farming into the ecosystem, 
using total harvested biomass, feed composition and 
conversion rates. Research and technological development in 
salmon farming have allowed significant advances in the last 
20 years; this sector arguably has the best rates of food 
conversion, especially compared to the production of fed 
terrestrial animals such as cattle, pigs and chicken. As a result, 
salmon production has a comparatively low carbon footprint, 
which generates an opportunity for the sector compared to 
terrestrial protein sources. However, considering the local 
response capacity of the ecosystems where it is performed, 
intensive salmon farming may generate a relevant carbon 
footprint or decrease the greenhouse gas-mitigating capacity 
of the ocean. This is because there are still about 50 kg of 
nitrogen released to the environment for each harvested ton 
of salmon, and given that production has increased, the total 
amount of nutrients that has been released to the ecosystems 
has also increased proportionally to salmon production per 
unit area13. Despite this, we do not have solid scientific 
evaluations or a norm that allows us to judge how the 
ecosystems respond to these nutrient inputs. Although 
nutrients are a source of energy and productivity in the ocean, 
an excess may contribute to an eutrophication process. This is 
manifested in a reduction in oxygen, loss of biodiversity and 
frequently an increase in blooms of microalgae; these may all 
intensify in current and projected climate change scenarios. 
Also, if the new biomass generated precipitates and is 
deposited on the bottom in anoxic conditions, it facilitates 
greater production of greenhouse gases, thus the carbon 
neutrality of salmon farming may be far from being achieved 
locally. Notwithstanding, this is a question to which science 
must respond urgently—is this activity contributing to carbon 
emissions? or the contrary—can it in some cases contribute to 
a carbon sink?14

The current Chilean environmental norms use the 
condition of the sediments below farming concessions and 
the condition of the water column as proxies, that is, as 
indicators of the local capacity to process nutrients and 
organic material in general. Using indicators of hypoxia or 
absence of oxygen in sediments usually leads to a negative 
environmental report (negative INFA, its acronym in Spanish), 

which generates measures that restrict production in the next 
cycle. However, a positive INFA that declares the sediments 
“healthy” does not indicate that the organic matter and 
nutrients have disappeared, but only that they are no longer 
in the concession. They may have been processed or have 
accumulated elsewhere. The concessions that do accumulate 
organic matter and have negative INFA have been authorized 
to use technology that “adequately oxygenates or cleans 
these sediments”15, which helps to improve the conditions of 
the aquaculture concession, but does not guarantee that 
this material is processed adequately in the ecosystem 
and that it has not simply moved to another place with 
greater cumulative e�ects. We need to know more about 
the additive and synergic effect of the various farming sites 
and other activities on the ecosystems.

"There are still no standards for antimicrobials 
persistence or antimicrobial resistance in the norms for the 
assessment" of sediments under farm cages and their 
surroundings; there are only follow-ups and restrictions on the 
use of some groups of antimicrobials per farm and obligation 
to demonstrate the need for their use with a diagnostic 
analysis presented to the authority. This use must be 
considered for groups of salmon concessions and not only for 
individual centers. Although antimicrobial resistance is 
beginning to be evaluated, this is still under a coordination 
stage; it is imperative that the evaluation methodologies and 
the results be discussed with the experts in the area and all 
those involved16.

It has frequently been indicated that the total area 
used for salmon farm concessions in the inner seas of Chilean 
Patagonia is comparatively small compared, for example, to 
the protected marine areas. However, the total area and 
volume used by salmon farming is much greater if the 
calculation includes the area and volume necessary to process 
the nutrients produced by intensive fed aquaculture. For 

example, we estimate that  on annual basis, it would require 
100 ha of farmed macroalgae to absorb all the dissolved 
nutrients produced by a 3000 tons  salmon farm17 and many 
salmon farms in Chile are much larger than that.

Thus, it is urgent to change the focus, and look 
beyond the productive e�ciency of individual farms, to 
the capacity of the ecosystem as a whole to receive and 
process nutrients and other compounds. "In Chile a move 
towards an" ecosystem approach to aquaculture was partially 
initiated after the crisis produced by the ISA virus, by 
designing neighborhoods or salmon concessions groupings 
(ACS, as the Spanish acronym for “Agrupacion de conseciones 
acuicolas”) that are managed from a sanitary and biosecurity 
perspective. This is a move to regulate the maximum 
production for each of these areas. However, this norm was 
designed with sanitary but not environmental objectives, and 
although the two are related, it is not enough to guarantee 
the provision and maintenance of ecosystem services for 
current and future generations, especially considering the 
functions and services of the ocean with the current increase 
of greenhouse gasses and climate change. Fallow periods of 
entire neighborhoods certainly help to improve the capacity 
of the ecosystems and their resilience, however, its 
environmental impact on the water bodies have not been 
evaluated. It is also necessary to establish a Secondary 
Norm of Environmental Quality (acronym NSCA in 
Spanish) for the ecosystems that sustain or receive 
discharges from salmon farming and sewage, and hold 
mussel farming, �shing, port activities among others. This 
kind of norm could limit, reduce, eliminate, or relocate salmon 
production or other activities if they exceed the established 
limits for the water body, based on a number of relevant 
indicators, as the primary norms do for the air quality of many 
cities in Chile. When the critical level is exceeded, emissions 
must be reduced, thus the norm is based on the idea that 
there is a limited carrying capacity for matter and/or energy to 
enter the system as a result of certain activities.

A secondary norm based on knowledge of the 
nutrient balance of an ecosystem could facilitate the 
mitigation of the excess nutrient emissions using integrated 
multi-trophic aquaculture, incorporating salmon, mussel and 
algae farming at the landscape scale18. Implementing this kind 
of norm should also improve the social perception of the 
sector, as it guarantees the minimizing of impacts. A 
secondary norm must of course be stricter for protected 
marine and other conservation areas. These areas provide 
ecosystem services that we still do not value adequately, and 
we must preserve their mission, due to which their 
environmental standards must be in accordance with the risk 
levels for the established objectives, for example by not 
allowing intensive activities such as salmon farming. These 
areas also provide a fundamental service for their sectors, 
since they can offer baseline information that allows 
identifying the effects of climate change and natural 
perturbations in the absence of anthropic alterations.

The environmental crisis that affected the Comau 
Fjord in April, 2021 was a warning signal. A combination of 
environmental and possibly human conditions facilitated a 
harmfull algal bloom (HAB) of certain magnitude and 
intensity, with relevant economic and environmental 
consequences. Two previous studies focusing on 
ecosystem-scale governance approached the potentially 
sustainable maximum production of salmon using a risk 
analysis19. These studies identified areas of greatest 
eutrophication, including HAB, risk for ecosystems and the 
salmon industry itself, including  Comau Fjord, Reloncaví 
estuary and sound and the Puyuhuapi, Quitralco and 
Cupquelan �ords farther south. The warnings of scientists 
about Comau could have reduced the economic and 
environmental losses if they had been more widely 
disseminated and responded to in time. The studies just 
mentioned used the available information of environmental 
monitoring and oceanographic diagnostics of the water 
bodies that have salmon farming. This information is partial, 
mainly supported by the CHONOS program of IFOP20, and is 
limited for some water bodies (e.g. not available for most 
Magallanes waterbodies). Although several institutions have 
performed oceanographic studies including IFOP and INCAR, 
most of the studies are limited in time and space, and there is 
no effective integration that would allow adequate 
understanding of the function of these �ord ecosystems. This 
breach is notable, considering that these ecosystems provide 
environmental services (such as nutrient processing) with 
high economic value, even if they are only considered from 
the perspective of the exports they support21. Regardless, as 

1- Design and implement a system of information 
exchange, to create/improve a transparent and 
trustworthy database generated by scientists and 
technicians of the public and private sector and civil 
society that will allow: i) identifying information gaps and 
research priorities; ii) defining the best combination of 
indicators in a risk matrix or similar format; and iii) generating 
a scienti�c support document (white paper) that 
contains the initial proposal.

2- Subsequently it will be necessary to discuss the proposal 
with the productive sector and the civil society, including 
the decision on the threshold points, that is, the values 
that determine the colors in the Traffic light  system and the 
maximum acceptable values in a secondary norm of 
environmental quality (values of the set of indicators), to 
guarantee the health of the ecosystems (including the 
human component). 

 Marine protected areas and other areas under a 
conservation category whose objectives could be put at 
risk by an intensive activity such as salmon farming, are 
not included here. This is because such intensive 
activities should not be allowed in the mentioned areas.

3- Plan the implementation of the Tra�c light system 
based on: I) graduality; ii) flexibility, and possibly observing 
the results of iii) a pilot program. The functioning of the 
system should have adequate financing.

4- Generate the incentives necessary to make the system 
attractive for the private sector.

5- Generate a system of monitoring and dissemination of 
the environmental and social effects of the system in an 
open, transparent information platform that is easy to access 
and understand.

6- Advance in the development of secondary norms for 
Reloncavi Estuary, Reloncavi Sound and the Puyuhuapi and 
Aysén �ords (as priority proposals).
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mentioned above the existing information allows making 
some initial specific proposals based on risk analysis, which 
would serve to limit, maintain or enhance salmon farming in a 
number of areas. This analysis is based on a preliminary 
semi-quantitative risk matrix using oceanographic and 
salmon production information (Table 1)22.

A secondary norm for the southern Chile �ord and 
inner seas ecosystems that house salmon and mussel farming, 
fishing, cities, etc. must obviously be generated with various 
indicators, including those that represent the status of the 
benthic and pelagic systems, the water column, the trophic 
webs and overall biodiversity, the presence of indicator and 
emblematic species, from some bacteria to marine mammals 
and birds, including escaped salmon, etc24. Doing this requires 
national investment in research and long-term monitoring to 
be increased significantly, and to be related to the risks 
associated with use intensity and yield of the several sectors 
that use the mentioned ecosystems. This is necessary if 
activities such as salmon farming are to be maintained over 
time as a source of employment and sustainable 
development, and it is also necessary to inform openly to 
society about the condition of our marine ecosystems and 
how they respond to anthropic perturbations. 

However, a secondary norm for marine water bodies 
requires improved institutions and governance. A network of 
institutions is required which, with the necessary resources, 
will act together in coordination to facilitate the 
development and implementation of the norm with 
participative and transparent processes, responding to 
various users and to the climate forcing and tendencies that 
affect aquaculture and other complementary or alternative 
activities.

Proposal

A system must be designed to regulate the maximum 
allowed production of salmonids in “discreate”24 marine 
waterbodies, considering their carrying capacity. This system 
should be flexible and dynamic and could be initially based on 
risk criteria for the ecosystems, while also considering other 
external forcing factors such as climate change which could 
modify the capacity and type of response of the ecosystems25. 
Thus we propose first to develop and implement a Tra�c 
light system26 to regulate salmon production using 
environmental and sanitary indicators. This system should 
inform decisions on the elimination, permanence, or potential 
growth of salmon production in each relevant water body of 
the Chilean inner seas/�ord systems. It could be implemented 
initially using the levels of sanitary and eutrophication risks, 
also considering climate change. Currently, for many of the 
water bodies, there is information on: (a) water turn-over rate; 
(b) bottom oxygen condition; (c) production and sanitary 
history of salmon farming; (d) indicators of nutrients; (e) 
condition of the benthic communities26, climate change 
projections27, 28 and (f ) neighborhood—nearness to areas, 
species and subsystems with conservation priority.

The vicinity to protected marine areas, wetlands, 
presence of pelagic and benthic species, birds, marine 
mammals, etc. that are of conservation concern, systems of 
freshwater of high importance due to their biodiversity and 
others may be crucial indicators representing what could be 
lost or affected (magnitude of impact or loss) due to different 
threats. These may include eutrophication,  salmonid escapes, 
diseases, and other threats due to intensive salmon farming.

For the medium and long term we propose the 
development and implementation of an environmental 
secondary norm (ESN) for relevant water bodies that will 
establish the maximum permitted values of the concentration 
or availability of certain elements, molecules and species 
which could present a threat for the health of these 
ecosystems. This norm would regulate a range of activities 
such as sewage discharge, sedimentation due to land use 
change, eutrophication, and loss of biodiversity due to 
aquaculture, marine transport, fishing, tourism etc.

To develop a Tra�c light system and an ESN it is 
necessary to agree on a roadmap led by the State, which 
includes at least the following steps and goals:

The poor perception generated by the environmental 
performance of Chilean salmon farming has affected its 
national and international image, also permeating other 
aquaculture activities in Chile1,2,3. One of the factors that 
accompanies this perception is that there are no good 
national instruments or open and transparent measurements 
that allow monitoring and evaluating the environmental 
performance of this productive sector at the scale of 
ecosystems4. The general perception is that environmental 
performance is deficient1. Even worse is the fact that we do 
not have good indicators to estimate the economic costs 
(value of the damages) generated by the negative 
externalities to compare with the social and economic 
benefits of the activity, especially in the long term. This is also 
true for most productive activities based on the use of natural 
resources in Chile. In the case of salmon farming this is 
worrying, given that in some regions and communities of 
southern Chile the activity is a very relevant source of local 
development5 which generates direct and indirect 
employment also through value chains, thus its elimination or 
relocation would have important social impacts that need to 
be addressed.

There is also the need to protect and conserve the 
ocean, its biodiversity and ecosystem services, and the costs 
of this challenge should be addressed by the State and the 
society. In other words, minimizing the ecological footprint of 
salmon farming, artisanal fishing, mussel farming or even 
tourism implies generating other income sources with lower 
environmental impact, and/or substantially modifying the 
requirements/social and economic habits of coastal 
communities. All decisions imply generating or maintaining 
options to generate income that allow these communities to 
cover basic needs such as access to health, education, etc., 
while minimizing the negative impact on the marine 
ecosystem. It is also possible to relocate activities, including 
those related to aquaculture, to areas that have lower risks. 
These actions necessarily imply strategic spatial planning of 
the activities that minimize the impacts and favor 
development with equity6. Usually there are no simple 
solutions, and whatever the decision of the coastal 
communities in terms of vocation, it will be necessary to study 
the opportunities and risks implied by any activity.
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7 https://www.fao.org/publications/card/en/c/62908212-fe4a-5021-96e3-7d156815682d/ 
8 https://leyes-cl.com/ley_general_de_pesca_y_acuicultura/87.htm 
9 https://www.consejodelsalmon.cl/lanzamiento-primer-reporte-de-impacto-sostenible-del-consejo-del-salmon/
10 https://www.semanticscholar.org/paper/Upraising-a-silent-pollution%3A-Antibiotic-resistance-Navedo-Araya/ab42373082b781fe2d5dbeba0d0d8caf5b6eb6dc 
11 https://onlinelibrary.wiley.com/doi/full/10.1111/raq.12334 
12 https://onlinelibrary.wiley.com/doi/full/10.1111/raq.12334 
13 https://centroincar.cl/documentos-del-centro/indicadores-ecosistemicos/
14 https://academic.oup.com/bioscience/article/72/2/123/6485038 

The ecosystem approach to aquaculture (EAA) offers 
a strategy to facilitate adequate integration with other 
activities, and to address the economic, social, environmental, 
and governance objectives equitably, and in explicit temporal 
and spatial scales7. Although this approach, based on the 
concept of ecosystem carrying capacity, is mentioned in the 
Chilean fisheries and aquaculture law (Art. 87)8, it has not been 
implemented for aquaculture. The incorporation and 
application of this approach is urgent and is a concern that we 
share with many scientists, public institutions, and 
conservation organizations.

Environmental regulations for intensive systems (and 
often also small-scale) nationally and globally are mostly 
focusing on individual farms as objects of monitoring and 
reinforcing —but this is not enough. For example, when 
discussing relocation of salmon concessions (a pending issue 
in Chile now a days) it is necessary to include in the analysis 
the capacity of the recipient water bodies to sustain the 
activity. ¿How much can be produced in a lake, �ord, sound, 
channel, bay or watershed without affecting relevant 
functions and attributes of the ecosystem? This simply means 
understanding the first law of thermodynamics, “energy is not 
created or lost, it only transforms”, due to which all ecosystems 
have ecological, productive, and even social limits that we 
must not exceed if we wish to maintain activities and healthy 
ecosystems in the long run. The concept of ecosystem 
carrying capacity has clearly not been applied in Chilean 
aquaculture, or in other productive activities including 
agriculture.

The Chilean aquaculture sanitary norm monitors and 
controls the antibiotics used to produce a ton of salmon; there 
have been efforts in recent years to reduce the “use per ton” 
index (Sanitary report SENAPESCA 2021, Sustainability report 
of the Consejo del Salmon 20219). However, given that salmon 
production has increased, the total use of antimicrobials has 
also increased, and we currently do not know their 
permanence or final destiny, except for a few studies that 
provide indications and often raise alarms10. The generation of 
antimicrobial resistance (AMR) is particularly worrying, since it 
may have consequences on human health, but there may also 
be other impacts on functioning of bacterial processes that 
are essential for the biogeochemistry of ecosystems, for 
example to process nutrients. Very little is known about this in 
the world. The use of anti-parasite drugs to control the salmon 
sea louse (Caligus) has also increased along with production, 
and generated alerts from experts and environmentalists. 
Although there have been advances in research11 and 

application of more environmentally friendly controls, there is 
evidence of an increase in the impact risk of this parasite 
associated with climate change12. The impacts of pesticides 
and other biocides on entire ecosystems is currently 
unknown.

We can now estimate quite well the quantity of 
nutrients liberated by salmon farming into the ecosystem, 
using total harvested biomass, feed composition and 
conversion rates. Research and technological development in 
salmon farming have allowed significant advances in the last 
20 years; this sector arguably has the best rates of food 
conversion, especially compared to the production of fed 
terrestrial animals such as cattle, pigs and chicken. As a result, 
salmon production has a comparatively low carbon footprint, 
which generates an opportunity for the sector compared to 
terrestrial protein sources. However, considering the local 
response capacity of the ecosystems where it is performed, 
intensive salmon farming may generate a relevant carbon 
footprint or decrease the greenhouse gas-mitigating capacity 
of the ocean. This is because there are still about 50 kg of 
nitrogen released to the environment for each harvested ton 
of salmon, and given that production has increased, the total 
amount of nutrients that has been released to the ecosystems 
has also increased proportionally to salmon production per 
unit area13. Despite this, we do not have solid scientific 
evaluations or a norm that allows us to judge how the 
ecosystems respond to these nutrient inputs. Although 
nutrients are a source of energy and productivity in the ocean, 
an excess may contribute to an eutrophication process. This is 
manifested in a reduction in oxygen, loss of biodiversity and 
frequently an increase in blooms of microalgae; these may all 
intensify in current and projected climate change scenarios. 
Also, if the new biomass generated precipitates and is 
deposited on the bottom in anoxic conditions, it facilitates 
greater production of greenhouse gases, thus the carbon 
neutrality of salmon farming may be far from being achieved 
locally. Notwithstanding, this is a question to which science 
must respond urgently—is this activity contributing to carbon 
emissions? or the contrary—can it in some cases contribute to 
a carbon sink?14 

The current Chilean environmental norms use the 
condition of the sediments below farming concessions and 
the condition of the water column as proxies, that is, as 
indicators of the local capacity to process nutrients and 
organic material in general. Using indicators of hypoxia or 
absence of oxygen in sediments usually leads to a negative 
environmental report (negative INFA, its acronym in Spanish), 

which generates measures that restrict production in the next 
cycle. However, a positive INFA that declares the sediments 
“healthy” does not indicate that the organic matter and 
nutrients have disappeared, but only that they are no longer 
in the concession. They may have been processed or have 
accumulated elsewhere. The concessions that do accumulate 
organic matter and have negative INFA have been authorized 
to use technology that “adequately oxygenates or cleans 
these sediments”15, which helps to improve the conditions of 
the aquaculture concession, but does not guarantee that 
this material is processed adequately in the ecosystem 
and that it has not simply moved to another place with 
greater cumulative e�ects. We need to know more about 
the additive and synergic effect of the various farming sites 
and other activities on the ecosystems.

"There are still no standards for antimicrobials 
persistence or antimicrobial resistance in the norms for the 
assessment" of sediments under farm cages and their 
surroundings; there are only follow-ups and restrictions on the 
use of some groups of antimicrobials per farm and obligation 
to demonstrate the need for their use with a diagnostic 
analysis presented to the authority. This use must be 
considered for groups of salmon concessions and not only for 
individual centers. Although antimicrobial resistance is 
beginning to be evaluated, this is still under a coordination 
stage; it is imperative that the evaluation methodologies and 
the results be discussed with the experts in the area and all 
those involved16.

It has frequently been indicated that the total area 
used for salmon farm concessions in the inner seas of Chilean 
Patagonia is comparatively small compared, for example, to 
the protected marine areas. However, the total area and 
volume used by salmon farming is much greater if the 
calculation includes the area and volume necessary to process 
the nutrients produced by intensive fed aquaculture. For 

example, we estimate that  on annual basis, it would require 
100 ha of farmed macroalgae to absorb all the dissolved 
nutrients produced by a 3000 tons  salmon farm17 and many 
salmon farms in Chile are much larger than that.

Thus, it is urgent to change the focus, and look 
beyond the productive e�ciency of individual farms, to 
the capacity of the ecosystem as a whole to receive and 
process nutrients and other compounds. "In Chile a move 
towards an" ecosystem approach to aquaculture was partially 
initiated after the crisis produced by the ISA virus, by 
designing neighborhoods or salmon concessions groupings 
(ACS, as the Spanish acronym for “Agrupacion de conseciones 
acuicolas”) that are managed from a sanitary and biosecurity 
perspective. This is a move to regulate the maximum 
production for each of these areas. However, this norm was 
designed with sanitary but not environmental objectives, and 
although the two are related, it is not enough to guarantee 
the provision and maintenance of ecosystem services for 
current and future generations, especially considering the 
functions and services of the ocean with the current increase 
of greenhouse gasses and climate change. Fallow periods of 
entire neighborhoods certainly help to improve the capacity 
of the ecosystems and their resilience, however, its 
environmental impact on the water bodies have not been 
evaluated. It is also necessary to establish a Secondary 
Norm of Environmental Quality (acronym NSCA in 
Spanish) for the ecosystems that sustain or receive 
discharges from salmon farming and sewage, and hold 
mussel farming, �shing, port activities among others. This 
kind of norm could limit, reduce, eliminate, or relocate salmon 
production or other activities if they exceed the established 
limits for the water body, based on a number of relevant 
indicators, as the primary norms do for the air quality of many 
cities in Chile. When the critical level is exceeded, emissions 
must be reduced, thus the norm is based on the idea that 
there is a limited carrying capacity for matter and/or energy to 
enter the system as a result of certain activities.

A secondary norm based on knowledge of the 
nutrient balance of an ecosystem could facilitate the 
mitigation of the excess nutrient emissions using integrated 
multi-trophic aquaculture, incorporating salmon, mussel and 
algae farming at the landscape scale18. Implementing this kind 
of norm should also improve the social perception of the 
sector, as it guarantees the minimizing of impacts. A 
secondary norm must of course be stricter for protected 
marine and other conservation areas. These areas provide 
ecosystem services that we still do not value adequately, and 
we must preserve their mission, due to which their 
environmental standards must be in accordance with the risk 
levels for the established objectives, for example by not 
allowing intensive activities such as salmon farming. These 
areas also provide a fundamental service for their sectors, 
since they can offer baseline information that allows 
identifying the effects of climate change and natural 
perturbations in the absence of anthropic alterations.

The environmental crisis that affected the Comau 
Fjord in April, 2021 was a warning signal. A combination of 
environmental and possibly human conditions facilitated a 
harmfull algal bloom (HAB) of certain magnitude and 
intensity, with relevant economic and environmental 
consequences. Two previous studies focusing on 
ecosystem-scale governance approached the potentially 
sustainable maximum production of salmon using a risk 
analysis19. These studies identified areas of greatest 
eutrophication, including HAB, risk for ecosystems and the 
salmon industry itself, including  Comau Fjord, Reloncaví 
estuary and sound and the Puyuhuapi, Quitralco and 
Cupquelan �ords farther south. The warnings of scientists 
about Comau could have reduced the economic and 
environmental losses if they had been more widely 
disseminated and responded to in time. The studies just 
mentioned used the available information of environmental 
monitoring and oceanographic diagnostics of the water 
bodies that have salmon farming. This information is partial, 
mainly supported by the CHONOS program of IFOP20, and is 
limited for some water bodies (e.g. not available for most 
Magallanes waterbodies). Although several institutions have 
performed oceanographic studies including IFOP and INCAR, 
most of the studies are limited in time and space, and there is 
no effective integration that would allow adequate 
understanding of the function of these �ord ecosystems. This 
breach is notable, considering that these ecosystems provide 
environmental services (such as nutrient processing) with 
high economic value, even if they are only considered from 
the perspective of the exports they support21. Regardless, as 

1- Design and implement a system of information 
exchange, to create/improve a transparent and 
trustworthy database generated by scientists and 
technicians of the public and private sector and civil 
society that will allow: i) identifying information gaps and 
research priorities; ii) defining the best combination of 
indicators in a risk matrix or similar format; and iii) generating 
a scienti�c support document (white paper) that 
contains the initial proposal.

2- Subsequently it will be necessary to discuss the proposal 
with the productive sector and the civil society, including 
the decision on the threshold points, that is, the values 
that determine the colors in the Traffic light  system and the 
maximum acceptable values in a secondary norm of 
environmental quality (values of the set of indicators), to 
guarantee the health of the ecosystems (including the 
human component). 

 Marine protected areas and other areas under a 
conservation category whose objectives could be put at 
risk by an intensive activity such as salmon farming, are 
not included here. This is because such intensive 
activities should not be allowed in the mentioned areas.

3- Plan the implementation of the Tra�c light system 
based on: I) graduality; ii) flexibility, and possibly observing 
the results of iii) a pilot program. The functioning of the 
system should have adequate financing.

4- Generate the incentives necessary to make the system 
attractive for the private sector.

5- Generate a system of monitoring and dissemination of 
the environmental and social effects of the system in an 
open, transparent information platform that is easy to access 
and understand.

6- Advance in the development of secondary norms for 
Reloncavi Estuary, Reloncavi Sound and the Puyuhuapi and 
Aysén �ords (as priority proposals).
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mentioned above the existing information allows making 
some initial specific proposals based on risk analysis, which 
would serve to limit, maintain or enhance salmon farming in a 
number of areas. This analysis is based on a preliminary 
semi-quantitative risk matrix using oceanographic and 
salmon production information (Table 1)22.

A secondary norm for the southern Chile �ord and 
inner seas ecosystems that house salmon and mussel farming, 
fishing, cities, etc. must obviously be generated with various 
indicators, including those that represent the status of the 
benthic and pelagic systems, the water column, the trophic 
webs and overall biodiversity, the presence of indicator and 
emblematic species, from some bacteria to marine mammals 
and birds, including escaped salmon, etc24. Doing this requires 
national investment in research and long-term monitoring to 
be increased significantly, and to be related to the risks 
associated with use intensity and yield of the several sectors 
that use the mentioned ecosystems. This is necessary if 
activities such as salmon farming are to be maintained over 
time as a source of employment and sustainable 
development, and it is also necessary to inform openly to 
society about the condition of our marine ecosystems and 
how they respond to anthropic perturbations. 

However, a secondary norm for marine water bodies 
requires improved institutions and governance. A network of 
institutions is required which, with the necessary resources, 
will act together in coordination to facilitate the 
development and implementation of the norm with 
participative and transparent processes, responding to 
various users and to the climate forcing and tendencies that 
affect aquaculture and other complementary or alternative 
activities.

Proposal

A system must be designed to regulate the maximum 
allowed production of salmonids in “discreate”24 marine 
waterbodies, considering their carrying capacity. This system 
should be flexible and dynamic and could be initially based on 
risk criteria for the ecosystems, while also considering other 
external forcing factors such as climate change which could 
modify the capacity and type of response of the ecosystems25. 
Thus we propose first to develop and implement a Tra�c 
light system26 to regulate salmon production using 
environmental and sanitary indicators. This system should 
inform decisions on the elimination, permanence, or potential 
growth of salmon production in each relevant water body of 
the Chilean inner seas/�ord systems. It could be implemented 
initially using the levels of sanitary and eutrophication risks, 
also considering climate change. Currently, for many of the 
water bodies, there is information on: (a) water turn-over rate; 
(b) bottom oxygen condition; (c) production and sanitary 
history of salmon farming; (d) indicators of nutrients; (e) 
condition of the benthic communities26, climate change 
projections27, 28 and (f ) neighborhood—nearness to areas, 
species and subsystems with conservation priority.

The vicinity to protected marine areas, wetlands, 
presence of pelagic and benthic species, birds, marine 
mammals, etc. that are of conservation concern, systems of 
freshwater of high importance due to their biodiversity and 
others may be crucial indicators representing what could be 
lost or affected (magnitude of impact or loss) due to different 
threats. These may include eutrophication,  salmonid escapes, 
diseases, and other threats due to intensive salmon farming.

For the medium and long term we propose the 
development and implementation of an environmental 
secondary norm (ESN) for relevant water bodies that will 
establish the maximum permitted values of the concentration 
or availability of certain elements, molecules and species 
which could present a threat for the health of these 
ecosystems. This norm would regulate a range of activities 
such as sewage discharge, sedimentation due to land use 
change, eutrophication, and loss of biodiversity due to 
aquaculture, marine transport, fishing, tourism etc.

To develop a Tra�c light system and an ESN it is 
necessary to agree on a roadmap led by the State, which 
includes at least the following steps and goals:

The poor perception generated by the environmental 
performance of Chilean salmon farming has affected its 
national and international image, also permeating other 
aquaculture activities in Chile1,2,3. One of the factors that 
accompanies this perception is that there are no good 
national instruments or open and transparent measurements 
that allow monitoring and evaluating the environmental 
performance of this productive sector at the scale of 
ecosystems4. The general perception is that environmental 
performance is deficient1. Even worse is the fact that we do 
not have good indicators to estimate the economic costs 
(value of the damages) generated by the negative 
externalities to compare with the social and economic 
benefits of the activity, especially in the long term. This is also 
true for most productive activities based on the use of natural 
resources in Chile. In the case of salmon farming this is 
worrying, given that in some regions and communities of 
southern Chile the activity is a very relevant source of local 
development5 which generates direct and indirect 
employment also through value chains, thus its elimination or 
relocation would have important social impacts that need to 
be addressed.

There is also the need to protect and conserve the 
ocean, its biodiversity and ecosystem services, and the costs 
of this challenge should be addressed by the State and the 
society. In other words, minimizing the ecological footprint of 
salmon farming, artisanal fishing, mussel farming or even 
tourism implies generating other income sources with lower 
environmental impact, and/or substantially modifying the 
requirements/social and economic habits of coastal 
communities. All decisions imply generating or maintaining 
options to generate income that allow these communities to 
cover basic needs such as access to health, education, etc., 
while minimizing the negative impact on the marine 
ecosystem. It is also possible to relocate activities, including 
those related to aquaculture, to areas that have lower risks. 
These actions necessarily imply strategic spatial planning of 
the activities that minimize the impacts and favor 
development with equity6. Usually there are no simple 
solutions, and whatever the decision of the coastal 
communities in terms of vocation, it will be necessary to study 
the opportunities and risks implied by any activity.

4

15  https://www.subpesca.gob.cl/portal/615/articles-114732_documento.pdf
16  https://onlinelibrary.wiley.com/doi/abs/10.1111/raq.12702 
17  Estimación preliminar basada en modelos y estimaciones de: https://www.sciencedirect.com/science/article/abs/pii/S0964569109000350  y  https://www.nature.com/articles/srep46613   

The ecosystem approach to aquaculture (EAA) offers 
a strategy to facilitate adequate integration with other 
activities, and to address the economic, social, environmental, 
and governance objectives equitably, and in explicit temporal 
and spatial scales7. Although this approach, based on the 
concept of ecosystem carrying capacity, is mentioned in the 
Chilean fisheries and aquaculture law (Art. 87)8, it has not been 
implemented for aquaculture. The incorporation and 
application of this approach is urgent and is a concern that we 
share with many scientists, public institutions, and 
conservation organizations.

Environmental regulations for intensive systems (and 
often also small-scale) nationally and globally are mostly 
focusing on individual farms as objects of monitoring and 
reinforcing —but this is not enough. For example, when 
discussing relocation of salmon concessions (a pending issue 
in Chile now a days) it is necessary to include in the analysis 
the capacity of the recipient water bodies to sustain the 
activity. ¿How much can be produced in a lake, �ord, sound, 
channel, bay or watershed without affecting relevant 
functions and attributes of the ecosystem? This simply means 
understanding the first law of thermodynamics, “energy is not 
created or lost, it only transforms”, due to which all ecosystems 
have ecological, productive, and even social limits that we 
must not exceed if we wish to maintain activities and healthy 
ecosystems in the long run. The concept of ecosystem 
carrying capacity has clearly not been applied in Chilean 
aquaculture, or in other productive activities including 
agriculture.

The Chilean aquaculture sanitary norm monitors and 
controls the antibiotics used to produce a ton of salmon; there 
have been efforts in recent years to reduce the “use per ton”
index (Sanitary report SENAPESCA 2021, Sustainability report 
of the Consejo del Salmon 20219). However, given that salmon 
production has increased, the total use of antimicrobials has 
also increased, and we currently do not know their 
permanence or final destiny, except for a few studies that 
provide indications and often raise alarms10. The generation of 
antimicrobial resistance (AMR) is particularly worrying, since it 
may have consequences on human health, but there may also 
be other impacts on functioning of bacterial processes that 
are essential for the biogeochemistry of ecosystems, for 
example to process nutrients. Very little is known about this in 
the world. The use of anti-parasite drugs to control the salmon 
sea louse (Caligus) has also increased along with production, 
and generated alerts from experts and environmentalists. 
Although there have been advances in research11 and 

application of more environmentally friendly controls, there is 
evidence of an increase in the impact risk of this parasite 
associated with climate change12. The impacts of pesticides 
and other biocides on entire ecosystems is currently 
unknown.

We can now estimate quite well the quantity of 
nutrients liberated by salmon farming into the ecosystem, 
using total harvested biomass, feed composition and 
conversion rates. Research and technological development in 
salmon farming have allowed significant advances in the last 
20 years; this sector arguably has the best rates of food 
conversion, especially compared to the production of fed 
terrestrial animals such as cattle, pigs and chicken. As a result, 
salmon production has a comparatively low carbon footprint, 
which generates an opportunity for the sector compared to 
terrestrial protein sources. However, considering the local 
response capacity of the ecosystems where it is performed, 
intensive salmon farming may generate a relevant carbon 
footprint or decrease the greenhouse gas-mitigating capacity 
of the ocean. This is because there are still about 50 kg of 
nitrogen released to the environment for each harvested ton 
of salmon, and given that production has increased, the total 
amount of nutrients that has been released to the ecosystems 
has also increased proportionally to salmon production per 
unit area13. Despite this, we do not have solid scientific 
evaluations or a norm that allows us to judge how the 
ecosystems respond to these nutrient inputs. Although 
nutrients are a source of energy and productivity in the ocean, 
an excess may contribute to an eutrophication process. This is 
manifested in a reduction in oxygen, loss of biodiversity and 
frequently an increase in blooms of microalgae; these may all 
intensify in current and projected climate change scenarios. 
Also, if the new biomass generated precipitates and is 
deposited on the bottom in anoxic conditions, it facilitates 
greater production of greenhouse gases, thus the carbon 
neutrality of salmon farming may be far from being achieved 
locally. Notwithstanding, this is a question to which science 
must respond urgently—is this activity contributing to carbon 
emissions? or the contrary—can it in some cases contribute to 
a carbon sink?14

The current Chilean environmental norms use the 
condition of the sediments below farming concessions and 
the condition of the water column as proxies, that is, as 
indicators of the local capacity to process nutrients and 
organic material in general. Using indicators of hypoxia or 
absence of oxygen in sediments usually leads to a negative 
environmental report (negative INFA, its acronym in Spanish), 

which generates measures that restrict production in the next 
cycle. However, a positive INFA that declares the sediments 
“healthy” does not indicate that the organic matter and 
nutrients have disappeared, but only that they are no longer 
in the concession. They may have been processed or have 
accumulated elsewhere. The concessions that do accumulate 
organic matter and have negative INFA have been authorized 
to use technology that “adequately oxygenates or cleans 
these sediments”15, which helps to improve the conditions of 
the aquaculture concession, but does not guarantee that 
this material is processed adequately in the ecosystem 
and that it has not simply moved to another place with 
greater cumulative e�ects. We need to know more about 
the additive and synergic effect of the various farming sites 
and other activities on the ecosystems.

There are still no standards for antimicrobials 
persistence or antimicrobial resistance in the norms for 
the assessment of sediments under farm cages and 
their surroundings; there are only follow-ups and restrictions 
on the use of some groups of antimicrobials per farm and 
obligation to demonstrate the need for their use with a 
diagnostic analysis presented to the authority. This 
use must be considered for groups of salmon 
concessions and not only for individual centers. Although 
antimicrobial resistance is beginning to be evaluated, 
this is still under a coordination stage; it is imperative that 
the evaluation methodologies and the results be discussed 
with the experts in the area and all those involved16.

It has frequently been indicated that the total area 
used for salmon farm concessions in the inner seas of Chilean 
Patagonia is comparatively small compared, for example, to 
the protected marine areas. However, the total area and 
volume used by salmon farming is much greater if the 
calculation includes the area and volume necessary to process 
the nutrients produced by intensive fed aquaculture.  

For example, we estimate that  on annual basis, it would 
require 100 ha of farmed macroalgae to absorb all the 
dissolved nutrients produced by a 3000 tons  salmon farm17 
and many salmon farms in Chile are much larger than that.

Thus, it is urgent to change the focus, and look 
beyond the productive e�ciency of individual farms, to 
the capacity of the ecosystem as a whole to receive 
and process nutrients and other compounds. In Chile a 
move towards an ecosystem approach to aquaculture was 
partially initiated after the crisis produced by the ISA 
virus, by designing neighborhoods or salmon concessions 
groupings (ACS, as the Spanish acronym for “Agrupacion de 
conseciones acuicolas”) that are managed from a sanitary 
and biosecurity perspective. This is a move to regulate 
the maximum production for each of these areas. 
However, this norm was designed with sanitary but not 
environmental objectives, and although the two are related, 
it is not enough to guarantee the provision and 
maintenance of ecosystem services for current and 
future generations, especially considering the functions 
and services of the ocean with the current increase of 
greenhouse gasses and climate change. Fallow periods of 
entire neighborhoods certainly help to improve the capacity 
of the ecosystems and their resilience, however, 
its environmental impact on the water bodies have not 
been evaluated. It is also necessary to establish a 
Secondary Norm of Environmental Quality 
(acronym NSCA in Spanish) for the ecosystems 
that sustain or receive discharges from salmon 
farming and sewage, and hold mussel farming, fishing, 
port activities among others. This kind of norm could limit, 
reduce, eliminate, or relocate salmon production or other 
activities if they exceed the established limits for the water 
body, based on a number of relevant indicators, as the 
primary norms do for the air quality of many cities in Chile. 
When the critical level is exceeded, emissions must be 
reduced, thus the norm is based on the idea that there is 
a limited carrying capacity for matter and/or energy to enter 
the system as a result of certain activities.

A secondary norm based on knowledge of the 
nutrient balance of an ecosystem could facilitate the 
mitigation of the excess nutrient emissions using integrated 
multi-trophic aquaculture, incorporating salmon, mussel and 
algae farming at the landscape scale18. Implementing this kind 
of norm should also improve the social perception of the 
sector, as it guarantees the minimizing of impacts. A 
secondary norm must of course be stricter for protected 
marine and other conservation areas. These areas provide 
ecosystem services that we still do not value adequately, and 
we must preserve their mission, due to which their 
environmental standards must be in accordance with the risk 
levels for the established objectives, for example by not 
allowing intensive activities such as salmon farming. These 
areas also provide a fundamental service for their sectors, 
since they can offer baseline information that allows 
identifying the effects of climate change and natural 
perturbations in the absence of anthropic alterations.

The environmental crisis that affected the Comau 
Fjord in April, 2021 was a warning signal. A combination of 
environmental and possibly human conditions facilitated a 
harmfull algal bloom (HAB) of certain magnitude and 
intensity, with relevant economic and environmental 
consequences. Two previous studies focusing on 
ecosystem-scale governance approached the potentially 
sustainable maximum production of salmon using a risk 
analysis19. These studies identified areas of greatest 
eutrophication, including HAB, risk for ecosystems and the 
salmon industry itself, including  Comau Fjord, Reloncaví 
estuary and sound and the Puyuhuapi, Quitralco and 
Cupquelan �ords farther south. The warnings of scientists 
about Comau could have reduced the economic and 
environmental losses if they had been more widely 
disseminated and responded to in time. The studies just 
mentioned used the available information of environmental 
monitoring and oceanographic diagnostics of the water 
bodies that have salmon farming. This information is partial, 
mainly supported by the CHONOS program of IFOP20, and is 
limited for some water bodies (e.g. not available for most 
Magallanes waterbodies). Although several institutions have 
performed oceanographic studies including IFOP and INCAR, 
most of the studies are limited in time and space, and there is 
no effective integration that would allow adequate 
understanding of the function of these �ord ecosystems. This 
breach is notable, considering that these ecosystems provide 
environmental services (such as nutrient processing) with 
high economic value, even if they are only considered from 
the perspective of the exports they support21. Regardless, as 

1- Design and implement a system of information 
exchange, to create/improve a transparent and 
trustworthy database generated by scientists and 
technicians of the public and private sector and civil 
society that will allow: i) identifying information gaps and 
research priorities; ii) defining the best combination of 
indicators in a risk matrix or similar format; and iii) generating 
a scienti�c support document (white paper) that 
contains the initial proposal.

2- Subsequently it will be necessary to discuss the proposal 
with the productive sector and the civil society, including 
the decision on the threshold points, that is, the values 
that determine the colors in the Traffic light  system and the 
maximum acceptable values in a secondary norm of 
environmental quality (values of the set of indicators), to 
guarantee the health of the ecosystems (including the 
human component). 

 Marine protected areas and other areas under a 
conservation category whose objectives could be put at 
risk by an intensive activity such as salmon farming, are 
not included here. This is because such intensive 
activities should not be allowed in the mentioned areas.

3- Plan the implementation of the Tra�c light system 
based on: I) graduality; ii) flexibility, and possibly observing 
the results of iii) a pilot program. The functioning of the 
system should have adequate financing.

4- Generate the incentives necessary to make the system 
attractive for the private sector.

5- Generate a system of monitoring and dissemination of 
the environmental and social effects of the system in an 
open, transparent information platform that is easy to access 
and understand.

6- Advance in the development of secondary norms for 
Reloncavi Estuary, Reloncavi Sound and the Puyuhuapi and 
Aysén �ords (as priority proposals).
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mentioned above the existing information allows making 
some initial specific proposals based on risk analysis, which 
would serve to limit, maintain or enhance salmon farming in a 
number of areas. This analysis is based on a preliminary 
semi-quantitative risk matrix using oceanographic and 
salmon production information (Table 1)22.

A secondary norm for the southern Chile �ord and 
inner seas ecosystems that house salmon and mussel farming, 
fishing, cities, etc. must obviously be generated with various 
indicators, including those that represent the status of the 
benthic and pelagic systems, the water column, the trophic 
webs and overall biodiversity, the presence of indicator and 
emblematic species, from some bacteria to marine mammals 
and birds, including escaped salmon, etc24. Doing this requires 
national investment in research and long-term monitoring to 
be increased significantly, and to be related to the risks 
associated with use intensity and yield of the several sectors 
that use the mentioned ecosystems. This is necessary if 
activities such as salmon farming are to be maintained over 
time as a source of employment and sustainable 
development, and it is also necessary to inform openly to 
society about the condition of our marine ecosystems and 
how they respond to anthropic perturbations. 

However, a secondary norm for marine water bodies 
requires improved institutions and governance. A network of 
institutions is required which, with the necessary resources, 
will act together in coordination to facilitate the 
development and implementation of the norm with 
participative and transparent processes, responding to 
various users and to the climate forcing and tendencies that 
affect aquaculture and other complementary or alternative 
activities.

Proposal

A system must be designed to regulate the maximum 
allowed production of salmonids in “discreate”24 marine 
waterbodies, considering their carrying capacity. This system 
should be flexible and dynamic and could be initially based on 
risk criteria for the ecosystems, while also considering other 
external forcing factors such as climate change which could 
modify the capacity and type of response of the ecosystems25. 
Thus we propose first to develop and implement a Tra�c 
light system26 to regulate salmon production using 
environmental and sanitary indicators. This system should 
inform decisions on the elimination, permanence, or potential 
growth of salmon production in each relevant water body of 
the Chilean inner seas/�ord systems. It could be implemented 
initially using the levels of sanitary and eutrophication risks, 
also considering climate change. Currently, for many of the 
water bodies, there is information on: (a) water turn-over rate; 
(b) bottom oxygen condition; (c) production and sanitary 
history of salmon farming; (d) indicators of nutrients; (e) 
condition of the benthic communities26, climate change 
projections27, 28 and (f ) neighborhood—nearness to areas, 
species and subsystems with conservation priority.

The vicinity to protected marine areas, wetlands, 
presence of pelagic and benthic species, birds, marine 
mammals, etc. that are of conservation concern, systems of 
freshwater of high importance due to their biodiversity and 
others may be crucial indicators representing what could be 
lost or affected (magnitude of impact or loss) due to different 
threats. These may include eutrophication,  salmonid escapes, 
diseases, and other threats due to intensive salmon farming.

For the medium and long term we propose the 
development and implementation of an environmental 
secondary norm (ESN) for relevant water bodies that will 
establish the maximum permitted values of the concentration 
or availability of certain elements, molecules and species 
which could present a threat for the health of these 
ecosystems. This norm would regulate a range of activities 
such as sewage discharge, sedimentation due to land use 
change, eutrophication, and loss of biodiversity due to 
aquaculture, marine transport, fishing, tourism etc.

To develop a Tra�c light system and an ESN it is 
necessary to agree on a roadmap led by the State, which 
includes at least the following steps and goals:

The poor perception generated by the environmental 
performance of Chilean salmon farming has affected its 
national and international image, also permeating other 
aquaculture activities in Chile1,2,3. One of the factors that 
accompanies this perception is that there are no good 
national instruments or open and transparent measurements 
that allow monitoring and evaluating the environmental 
performance of this productive sector at the scale of 
ecosystems4. The general perception is that environmental 
performance is deficient1. Even worse is the fact that we do 
not have good indicators to estimate the economic costs 
(value of the damages) generated by the negative 
externalities to compare with the social and economic 
benefits of the activity, especially in the long term. This is also 
true for most productive activities based on the use of natural 
resources in Chile. In the case of salmon farming this is 
worrying, given that in some regions and communities of 
southern Chile the activity is a very relevant source of local 
development5 which generates direct and indirect 
employment also through value chains, thus its elimination or 
relocation would have important social impacts that need to 
be addressed.

There is also the need to protect and conserve the 
ocean, its biodiversity and ecosystem services, and the costs 
of this challenge should be addressed by the State and the 
society. In other words, minimizing the ecological footprint of 
salmon farming, artisanal fishing, mussel farming or even 
tourism implies generating other income sources with lower 
environmental impact, and/or substantially modifying the 
requirements/social and economic habits of coastal 
communities. All decisions imply generating or maintaining 
options to generate income that allow these communities to 
cover basic needs such as access to health, education, etc., 
while minimizing the negative impact on the marine 
ecosystem. It is also possible to relocate activities, including 
those related to aquaculture, to areas that have lower risks. 
These actions necessarily imply strategic spatial planning of 
the activities that minimize the impacts and favor 
development with equity6. Usually there are no simple 
solutions, and whatever the decision of the coastal 
communities in terms of vocation, it will be necessary to study 
the opportunities and risks implied by any activity.
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The ecosystem approach to aquaculture (EAA) offers 
a strategy to facilitate adequate integration with other 
activities, and to address the economic, social, environmental, 
and governance objectives equitably, and in explicit temporal 
and spatial scales7. Although this approach, based on the 
concept of ecosystem carrying capacity, is mentioned in the 
Chilean fisheries and aquaculture law (Art. 87)8, it has not been 
implemented for aquaculture. The incorporation and 
application of this approach is urgent and is a concern that we 
share with many scientists, public institutions, and 
conservation organizations.

Environmental regulations for intensive systems (and 
often also small-scale) nationally and globally are mostly 
focusing on individual farms as objects of monitoring and 
reinforcing —but this is not enough. For example, when 
discussing relocation of salmon concessions (a pending issue 
in Chile now a days) it is necessary to include in the analysis 
the capacity of the recipient water bodies to sustain the 
activity. ¿How much can be produced in a lake, �ord, sound, 
channel, bay or watershed without affecting relevant 
functions and attributes of the ecosystem? This simply means 
understanding the first law of thermodynamics, “energy is not 
created or lost, it only transforms”, due to which all ecosystems 
have ecological, productive, and even social limits that we 
must not exceed if we wish to maintain activities and healthy 
ecosystems in the long run. The concept of ecosystem 
carrying capacity has clearly not been applied in Chilean 
aquaculture, or in other productive activities including 
agriculture.

The Chilean aquaculture sanitary norm monitors and 
controls the antibiotics used to produce a ton of salmon; there 
have been efforts in recent years to reduce the “use per ton”
index (Sanitary report SENAPESCA 2021, Sustainability report 
of the Consejo del Salmon 20219). However, given that salmon 
production has increased, the total use of antimicrobials has 
also increased, and we currently do not know their 
permanence or final destiny, except for a few studies that 
provide indications and often raise alarms10. The generation of 
antimicrobial resistance (AMR) is particularly worrying, since it 
may have consequences on human health, but there may also 
be other impacts on functioning of bacterial processes that 
are essential for the biogeochemistry of ecosystems, for 
example to process nutrients. Very little is known about this in 
the world. The use of anti-parasite drugs to control the salmon 
sea louse (Caligus) has also increased along with production, 
and generated alerts from experts and environmentalists. 
Although there have been advances in research11 and 

application of more environmentally friendly controls, there is 
evidence of an increase in the impact risk of this parasite 
associated with climate change12. The impacts of pesticides 
and other biocides on entire ecosystems is currently 
unknown.

We can now estimate quite well the quantity of 
nutrients liberated by salmon farming into the ecosystem, 
using total harvested biomass, feed composition and 
conversion rates. Research and technological development in 
salmon farming have allowed significant advances in the last 
20 years; this sector arguably has the best rates of food 
conversion, especially compared to the production of fed 
terrestrial animals such as cattle, pigs and chicken. As a result, 
salmon production has a comparatively low carbon footprint, 
which generates an opportunity for the sector compared to 
terrestrial protein sources. However, considering the local 
response capacity of the ecosystems where it is performed, 
intensive salmon farming may generate a relevant carbon 
footprint or decrease the greenhouse gas-mitigating capacity 
of the ocean. This is because there are still about 50 kg of 
nitrogen released to the environment for each harvested ton 
of salmon, and given that production has increased, the total 
amount of nutrients that has been released to the ecosystems 
has also increased proportionally to salmon production per 
unit area13. Despite this, we do not have solid scientific 
evaluations or a norm that allows us to judge how the 
ecosystems respond to these nutrient inputs. Although 
nutrients are a source of energy and productivity in the ocean, 
an excess may contribute to an eutrophication process. This is 
manifested in a reduction in oxygen, loss of biodiversity and 
frequently an increase in blooms of microalgae; these may all 
intensify in current and projected climate change scenarios. 
Also, if the new biomass generated precipitates and is 
deposited on the bottom in anoxic conditions, it facilitates 
greater production of greenhouse gases, thus the carbon 
neutrality of salmon farming may be far from being achieved 
locally. Notwithstanding, this is a question to which science 
must respond urgently—is this activity contributing to carbon 
emissions? or the contrary—can it in some cases contribute to 
a carbon sink?14

The current Chilean environmental norms use the 
condition of the sediments below farming concessions and 
the condition of the water column as proxies, that is, as 
indicators of the local capacity to process nutrients and 
organic material in general. Using indicators of hypoxia or 
absence of oxygen in sediments usually leads to a negative 
environmental report (negative INFA, its acronym in Spanish), 

which generates measures that restrict production in the next 
cycle. However, a positive INFA that declares the sediments 
“healthy” does not indicate that the organic matter and 
nutrients have disappeared, but only that they are no longer 
in the concession. They may have been processed or have 
accumulated elsewhere. The concessions that do accumulate 
organic matter and have negative INFA have been authorized 
to use technology that “adequately oxygenates or cleans 
these sediments”15, which helps to improve the conditions of 
the aquaculture concession, but does not guarantee that 
this material is processed adequately in the ecosystem 
and that it has not simply moved to another place with 
greater cumulative e�ects. We need to know more about 
the additive and synergic effect of the various farming sites 
and other activities on the ecosystems.

"There are still no standards for antimicrobials 
persistence or antimicrobial resistance in the norms for the 
assessment" of sediments under farm cages and their 
surroundings; there are only follow-ups and restrictions on the 
use of some groups of antimicrobials per farm and obligation 
to demonstrate the need for their use with a diagnostic 
analysis presented to the authority. This use must be 
considered for groups of salmon concessions and not only for 
individual centers. Although antimicrobial resistance is 
beginning to be evaluated, this is still under a coordination 
stage; it is imperative that the evaluation methodologies and 
the results be discussed with the experts in the area and all 
those involved16.

It has frequently been indicated that the total area 
used for salmon farm concessions in the inner seas of Chilean 
Patagonia is comparatively small compared, for example, to 
the protected marine areas. However, the total area and 
volume used by salmon farming is much greater if the 
calculation includes the area and volume necessary to process 
the nutrients produced by intensive fed aquaculture. For 

example, we estimate that  on annual basis, it would require 
100 ha of farmed macroalgae to absorb all the dissolved 
nutrients produced by a 3000 tons  salmon farm17 and many 
salmon farms in Chile are much larger than that.

Thus, it is urgent to change the focus, and look 
beyond the productive e�ciency of individual farms, to 
the capacity of the ecosystem as a whole to receive and 
process nutrients and other compounds. "In Chile a move 
towards an" ecosystem approach to aquaculture was partially 
initiated after the crisis produced by the ISA virus, by 
designing neighborhoods or salmon concessions groupings 
(ACS, as the Spanish acronym for “Agrupacion de conseciones 
acuicolas”) that are managed from a sanitary and biosecurity 
perspective. This is a move to regulate the maximum 
production for each of these areas. However, this norm was 
designed with sanitary but not environmental objectives, and 
although the two are related, it is not enough to guarantee 
the provision and maintenance of ecosystem services for 
current and future generations, especially considering the 
functions and services of the ocean with the current increase 
of greenhouse gasses and climate change. Fallow periods of 
entire neighborhoods certainly help to improve the capacity 
of the ecosystems and their resilience, however, its 
environmental impact on the water bodies have not been 
evaluated. It is also necessary to establish a Secondary 
Norm of Environmental Quality (acronym NSCA in 
Spanish) for the ecosystems that sustain or receive 
discharges from salmon farming and sewage, and hold 
mussel farming, �shing, port activities among others. This 
kind of norm could limit, reduce, eliminate, or relocate salmon 
production or other activities if they exceed the established 
limits for the water body, based on a number of relevant 
indicators, as the primary norms do for the air quality of many 
cities in Chile. When the critical level is exceeded, emissions 
must be reduced, thus the norm is based on the idea that 
there is a limited carrying capacity for matter and/or energy to 
enter the system as a result of certain activities.

A secondary norm based on knowledge of the 
nutrient balance of an ecosystem could facilitate the 
mitigation of the excess nutrient emissions using integrated 
multi-trophic aquaculture, incorporating salmon, mussel and 
algae farming at the landscape scale18. Implementing this kind 
of norm should also improve the social perception of the 
sector, as it guarantees the minimizing of impacts. A 
secondary norm must of course be stricter for protected 
marine and other conservation areas. These areas provide 
ecosystem services that we still do not value adequately, and 
we must preserve their mission, due to which their 
environmental standards must be in accordance with the risk 
levels for the established objectives, for example by not 
allowing intensive activities such as salmon farming. These 
areas also provide a fundamental service for their sectors, 
since they can offer baseline information that allows 
identifying the effects of climate change and natural 
perturbations in the absence of anthropic alterations.

The environmental crisis that affected the Comau 
Fjord in April, 2021 was a warning signal. A combination of 
environmental and possibly human conditions facilitated a 
harmfull algal bloom (HAB) of certain magnitude and 
intensity, with relevant economic and environmental 
consequences. Two previous studies focusing on 
ecosystem-scale governance approached the potentially 
sustainable maximum production of salmon using a risk 
analysis19. These studies identified areas of greatest 
eutrophication, including HAB, risk for ecosystems and the 
salmon industry itself, including  Comau Fjord, Reloncaví 
estuary and sound and the Puyuhuapi, Quitralco and 
Cupquelan �ords farther south. The warnings of scientists 
about Comau could have reduced the economic and 
environmental losses if they had been more widely 
disseminated and responded to in time. The studies just 
mentioned used the available information of environmental 
monitoring and oceanographic diagnostics of the water 
bodies that have salmon farming. This information is partial, 
mainly supported by the CHONOS program of IFOP20, and is 
limited for some water bodies (e.g. not available for most 
Magallanes waterbodies). Although several institutions have 
performed oceanographic studies including IFOP and INCAR, 
most of the studies are limited in time and space, and there is 
no effective integration that would allow adequate 
understanding of the function of these �ord ecosystems. This 
breach is notable, considering that these ecosystems provide 
environmental services (such as nutrient processing) with 
high economic value, even if they are only considered from 
the perspective of the exports they support21. Regardless, as 

18  https://www.sciencedirect.com/science/article/abs/pii/S0044848621007791 
19  https://www.sciencedirect.com/science/article/pii/S0308597X2100316X?via%3Dihub 
20  https://www.ifop.cl/chonos/
21 The value of the products exported by Chilean aquaculture represents about  8% of the total value of the country’s anual exports and 32% of the value of food exports (including fruit). 
22  https://centroincar.cl/documentos-del-centro/indicadores-ecosistemicos/
24  The definition of discreate marine waterbodies, also called “ relevant water bodies” (as in Table 1) results from operational boundaries based, mainly, on geographical and oceanographic  characteristics (see foot note 25)

1- Design and implement a system of information 
exchange, to create/improve a transparent and 
trustworthy database generated by scientists and 
technicians of the public and private sector and civil 
society that will allow: i) identifying information gaps and 
research priorities; ii) defining the best combination of 
indicators in a risk matrix or similar format; and iii) generating 
a scienti�c support document (white paper) that 
contains the initial proposal.

2- Subsequently it will be necessary to discuss the proposal 
with the productive sector and the civil society, including 
the decision on the threshold points, that is, the values 
that determine the colors in the Traffic light  system and the 
maximum acceptable values in a secondary norm of 
environmental quality (values of the set of indicators), to 
guarantee the health of the ecosystems (including the 
human component). 

 Marine protected areas and other areas under a 
conservation category whose objectives could be put at 
risk by an intensive activity such as salmon farming, are 
not included here. This is because such intensive 
activities should not be allowed in the mentioned areas.

3- Plan the implementation of the Tra�c light system 
based on: I) graduality; ii) flexibility, and possibly observing 
the results of iii) a pilot program. The functioning of the 
system should have adequate financing.

4- Generate the incentives necessary to make the system 
attractive for the private sector.

5- Generate a system of monitoring and dissemination of 
the environmental and social effects of the system in an 
open, transparent information platform that is easy to access 
and understand.

6- Advance in the development of secondary norms for 
Reloncavi Estuary, Reloncavi Sound and the Puyuhuapi and 
Aysén �ords (as priority proposals).
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mentioned above the existing information allows making 
some initial specific proposals based on risk analysis, which 
would serve to limit, maintain or enhance salmon farming in a 
number of areas. This analysis is based on a preliminary 
semi-quantitative risk matrix using oceanographic and 
salmon production information (Table 1)22.

 A secondary norm for the southern Chile �ord and 
inner seas ecosystems that house salmon and mussel farming, 
fishing, cities, etc. must obviously be generated with various 
indicators, including those that represent the status of the 
benthic and pelagic systems, the water column, the trophic 
webs and overall biodiversity, the presence of indicator and 
emblematic species, from some bacteria to marine mammals 
and birds, including escaped salmon, etc24. Doing this requires 
national investment in research and long-term monitoring to 
be increased significantly, and to be related to the risks 
associated with use intensity and yield of the several sectors 
that use the mentioned ecosystems. This is necessary if 
activities such as salmon farming are to be maintained over 
time as a source of employment and sustainable 
development, and it is also necessary to inform openly to 
society about the condition of our marine ecosystems and 
how they respond to anthropic perturbations. 

 However, a secondary norm for marine water bodies 
requires improved institutions and governance. A network of 
institutions is required which, with the necessary resources, 
will act together in coordination to facilitate the 
development and implementation of the norm with 
participative and transparent processes, responding to 
various users and to the climate forcing and tendencies that 
affect aquaculture and other complementary or alternative 
activities.

Proposal

 A system must be designed to regulate the maximum 
allowed production of salmonids in “discreate”24 marine 
waterbodies, considering their carrying capacity. This system 
should be flexible and dynamic and could be initially based on 
risk criteria for the ecosystems, while also considering other 
external forcing factors such as climate change which could 
modify the capacity and type of response of the ecosystems25. 
Thus we propose first to develop and implement a Tra�c 
light system26 to regulate salmon production using 
environmental and sanitary indicators. This system should 
inform decisions on the elimination, permanence, or potential 
growth of salmon production in each relevant water body of 
the Chilean inner seas/�ord systems. It could be implemented 
initially using the levels of sanitary and eutrophication risks, 
also considering climate change. Currently, for many of the 
water bodies, there is information on: (a) water turn-over rate; 
(b) bottom oxygen condition; (c) production and sanitary 
history of salmon farming; (d) indicators of nutrients; (e) 
condition of the benthic communities26, climate change 
projections27, 28 and (f ) neighborhood—nearness to areas, 
species and subsystems with conservation priority.

 The vicinity to protected marine areas, wetlands, 
presence of pelagic and benthic species, birds, marine 
mammals, etc. that are of conservation concern, systems of 
freshwater of high importance due to their biodiversity and 
others may be crucial indicators representing what could be 
lost or affected (magnitude of impact or loss) due to different 
threats. These may include eutrophication,  salmonid escapes, 
diseases, and other threats due to intensive salmon farming.

 For the medium and long term we propose the 
development and implementation of an environmental 
secondary norm (ESN) for relevant water bodies that will 
establish the maximum permitted values of the concentration 
or availability of certain elements, molecules and species 
which could present a threat for the health of these 
ecosystems. This norm would regulate a range of activities 
such as sewage discharge, sedimentation due to land use 
change, eutrophication, and loss of biodiversity due to 
aquaculture, marine transport, fishing, tourism etc.

 To develop a Tra�c light system and an ESN it is 
necessary to agree on a roadmap led by the State, which 
includes at least the following steps and goals:

Table 1. Semi-quantitative comparative risk matrix (R) of eutrophication for relevant water bodies that have salmon farming. Estimations based on the analysis 
and proposal of INCAR23 using salmon production information up to 2018 and oceanographic information up to 2022. The estimations for the Magallanes region, 
highlighted in yellow (from Taraba to Prowse Island), are based on preliminary analysis of the available oceanographic information (mostly INFAS), except for the 
Skyring Sound, which has an initial oceanographic study by IFOP. The probability of eutrophication is estimated based on 4 indicators: water age (greater age 
or increased water residence time means lower renewal and ventilation); oxygen level at the bottom (indicator of hypoxia or lack of oxygen); accumulated N 
emission, considering accumulated salmon production in the last decades, and salmon biomass per area in the last farming cycle. The magnitude of the 
impact indicates the biodiversity and ecosystem services that could be lost. The available information for each indicator was used to assign scores from 1 to 5. 
In the absence of sufficient information, the score for Magnitude of impact (on biodiversity)) was decided to be = 4 even for all RWBs. Since the maximum value 
for the estimated Risk  (= P x M) is 5x5, each final value was normalized by dividing by 25 (last column). The colors indicate the highest (red) to lowest (green) R 
values; eight colors were used to generate a comparative visual effect.  

 The poor perception generated by the environmental 
performance of Chilean salmon farming has affected its 
national and international image, also permeating other 
aquaculture activities in Chile1,2,3. One of the factors that 
accompanies this perception is that there are no good 
national instruments or open and transparent measurements 
that allow monitoring and evaluating the environmental 
performance of this productive sector at the scale of 
ecosystems4. The general perception is that environmental 
performance is deficient1. Even worse is the fact that we do 
not have good indicators to estimate the economic costs 
(value of the damages) generated by the negative 
externalities to compare with the social and economic 
benefits of the activity, especially in the long term. This is also 
true for most productive activities based on the use of natural 
resources in Chile. In the case of salmon farming this is 
worrying, given that in some regions and communities of 
southern Chile the activity is a very relevant source of local 
development5 which generates direct and indirect 
employment also through value chains, thus its elimination or 
relocation would have important social impacts that need to 
be addressed.

 There is also the need to protect and conserve the 
ocean, its biodiversity and ecosystem services, and the costs 
of this challenge should be addressed by the State and the 
society. In other words, minimizing the ecological footprint of 
salmon farming, artisanal fishing, mussel farming or even 
tourism implies generating other income sources with lower 
environmental impact, and/or substantially modifying the 
requirements/social and economic habits of coastal 
communities. All decisions imply generating or maintaining 
options to generate income that allow these communities to 
cover basic needs such as access to health, education, etc., 
while minimizing the negative impact on the marine 
ecosystem. It is also possible to relocate activities, including 
those related to aquaculture, to areas that have lower risks. 
These actions necessarily imply strategic spatial planning of 
the activities that minimize the impacts and favor 
development with equity6. Usually there are no simple 
solutions, and whatever the decision of the coastal 
communities in terms of vocation, it will be necessary to study 
the opportunities and risks implied by any activity.
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 The ecosystem approach to aquaculture (EAA) offers 
a strategy to facilitate adequate integration with other 
activities, and to address the economic, social, environmental, 
and governance objectives equitably, and in explicit temporal 
and spatial scales7. Although this approach, based on the 
concept of ecosystem carrying capacity, is mentioned in the 
Chilean fisheries and aquaculture law (Art. 87)8, it has not been 
implemented for aquaculture. The incorporation and 
application of this approach is urgent and is a concern that we 
share with many scientists, public institutions, and 
conservation organizations.

 Environmental regulations for intensive systems (and 
often also small-scale) nationally and globally are mostly 
focusing on individual farms as objects of monitoring and 
reinforcing —but this is not enough. For example, when 
discussing relocation of salmon concessions (a pending issue 
in Chile now a days) it is necessary to include in the analysis 
the capacity of the recipient water bodies to sustain the 
activity. ¿How much can be produced in a lake, �ord, sound, 
channel, bay or watershed without affecting relevant 
functions and attributes of the ecosystem? This simply means 
understanding the first law of thermodynamics, “energy is not 
created or lost, it only transforms”, due to which all ecosystems 
have ecological, productive, and even social limits that we 
must not exceed if we wish to maintain activities and healthy 
ecosystems in the long run. The concept of ecosystem 
carrying capacity has clearly not been applied in Chilean 
aquaculture, or in other productive activities including 
agriculture.

 The Chilean aquaculture sanitary norm monitors and 
controls the antibiotics used to produce a ton of salmon; there 
have been efforts in recent years to reduce the “use per ton” 
index (Sanitary report SENAPESCA 2021, Sustainability report 
of the Consejo del Salmon 20219). However, given that salmon 
production has increased, the total use of antimicrobials has 
also increased, and we currently do not know their 
permanence or final destiny, except for a few studies that 
provide indications and often raise alarms10. The generation of 
antimicrobial resistance (AMR) is particularly worrying, since it 
may have consequences on human health, but there may also 
be other impacts on functioning of bacterial processes that 
are essential for the biogeochemistry of ecosystems, for 
example to process nutrients. Very little is known about this in 
the world. The use of anti-parasite drugs to control the salmon 
sea louse (Caligus) has also increased along with production, 
and generated alerts from experts and environmentalists. 
Although there have been advances in research11 and 

application of more environmentally friendly controls, there is 
evidence of an increase in the impact risk of this parasite 
associated with climate change12. The impacts of pesticides 
and other biocides on entire ecosystems is currently 
unknown.

 We can now estimate quite well the quantity of 
nutrients liberated by salmon farming into the ecosystem, 
using total harvested biomass, feed composition and 
conversion rates. Research and technological development in 
salmon farming have allowed significant advances in the last 
20 years; this sector arguably has the best rates of food 
conversion, especially compared to the production of fed 
terrestrial animals such as cattle, pigs and chicken. As a result, 
salmon production has a comparatively low carbon footprint, 
which generates an opportunity for the sector compared to 
terrestrial protein sources. However, considering the local 
response capacity of the ecosystems where it is performed, 
intensive salmon farming may generate a relevant carbon 
footprint or decrease the greenhouse gas-mitigating capacity 
of the ocean. This is because there are still about 50 kg of 
nitrogen released to the environment for each harvested ton 
of salmon, and given that production has increased, the total 
amount of nutrients that has been released to the ecosystems 
has also increased proportionally to salmon production per 
unit area13. Despite this, we do not have solid scientific 
evaluations or a norm that allows us to judge how the 
ecosystems respond to these nutrient inputs. Although 
nutrients are a source of energy and productivity in the ocean, 
an excess may contribute to an eutrophication process. This is 
manifested in a reduction in oxygen, loss of biodiversity and 
frequently an increase in blooms of microalgae; these may all 
intensify in current and projected climate change scenarios. 
Also, if the new biomass generated precipitates and is 
deposited on the bottom in anoxic conditions, it facilitates 
greater production of greenhouse gases, thus the carbon 
neutrality of salmon farming may be far from being achieved 
locally. Notwithstanding, this is a question to which science 
must respond urgently—is this activity contributing to carbon 
emissions? or the contrary—can it in some cases contribute to 
a carbon sink?14 

 The current Chilean environmental norms use the 
condition of the sediments below farming concessions and 
the condition of the water column as proxies, that is, as 
indicators of the local capacity to process nutrients and 
organic material in general. Using indicators of hypoxia or 
absence of oxygen in sediments usually leads to a negative 
environmental report (negative INFA, its acronym in Spanish), 

which generates measures that restrict production in the next 
cycle. However, a positive INFA that declares the sediments 
“healthy” does not indicate that the organic matter and 
nutrients have disappeared, but only that they are no longer 
in the concession. They may have been processed or have 
accumulated elsewhere. The concessions that do accumulate 
organic matter and have negative INFA have been authorized 
to use technology that “adequately oxygenates or cleans 
these sediments”15, which helps to improve the conditions of 
the aquaculture concession, but does not guarantee that 
this material is processed adequately in the ecosystem 
and that it has not simply moved to another place with 
greater cumulative e�ects. We need to know more about 
the additive and synergic effect of the various farming sites 
and other activities on the ecosystems.

 "There are still no standards for antimicrobials 
persistence or antimicrobial resistance in the norms for the 
assessment" of sediments under farm cages and their 
surroundings; there are only follow-ups and restrictions on the 
use of some groups of antimicrobials per farm and obligation 
to demonstrate the need for their use with a diagnostic 
analysis presented to the authority. This use must be 
considered for groups of salmon concessions and not only for 
individual centers. Although antimicrobial resistance is 
beginning to be evaluated, this is still under a coordination 
stage; it is imperative that the evaluation methodologies and 
the results be discussed with the experts in the area and all 
those involved16.

 It has frequently been indicated that the total area 
used for salmon farm concessions in the inner seas of Chilean 
Patagonia is comparatively small compared, for example, to 
the protected marine areas. However, the total area and 
volume used by salmon farming is much greater if the 
calculation includes the area and volume necessary to process 
the nutrients produced by intensive fed aquaculture. For 

example, we estimate that  on annual basis, it would require 
100 ha of farmed macroalgae to absorb all the dissolved 
nutrients produced by a 3000 tons  salmon farm17 and many 
salmon farms in Chile are much larger than that.

 Thus, it is urgent to change the focus, and look 
beyond the productive e�ciency of individual farms, to 
the capacity of the ecosystem as a whole to receive and 
process nutrients and other compounds. "In Chile a move 
towards an" ecosystem approach to aquaculture was partially 
initiated after the crisis produced by the ISA virus, by 
designing neighborhoods or salmon concessions groupings 
(ACS, as the Spanish acronym for “Agrupacion de conseciones 
acuicolas”) that are managed from a sanitary and biosecurity 
perspective. This is a move to regulate the maximum 
production for each of these areas. However, this norm was 
designed with sanitary but not environmental objectives, and 
although the two are related, it is not enough to guarantee 
the provision and maintenance of ecosystem services for 
current and future generations, especially considering the 
functions and services of the ocean with the current increase 
of greenhouse gasses and climate change. Fallow periods of  
entire neighborhoods certainly help to improve the capacity 
of the ecosystems and their resilience, however, its 
environmental impact on the water bodies have not been 
evaluated. It is also necessary to establish a Secondary 
Norm of Environmental Quality (acronym NSCA in 
Spanish) for the ecosystems that sustain or receive 
discharges from salmon farming and sewage, and hold 
mussel farming, �shing, port activities among others. This 
kind of norm could limit, reduce, eliminate, or relocate salmon 
production or other activities if they exceed the established 
limits for the water body, based on a number of relevant 
indicators, as the primary norms do for the air quality of many 
cities in Chile. When the critical level is exceeded, emissions 
must be reduced, thus the norm is based on the idea that 
there is a limited carrying capacity for matter and/or energy to 
enter the system as a result of certain activities.

 A secondary norm based on knowledge of the 
nutrient balance of an ecosystem could facilitate the 
mitigation of the excess nutrient emissions using integrated 
multi-trophic aquaculture, incorporating salmon, mussel and 
algae farming at the landscape scale18. Implementing this kind 
of norm should also improve the social perception of the 
sector, as it guarantees the minimizing of impacts. A 
secondary norm must of course be stricter for protected 
marine and other conservation areas. These areas provide 
ecosystem services that we still do not value adequately, and 
we must preserve their mission, due to which their 
environmental standards must be in accordance with the risk 
levels for the established objectives, for example by not 
allowing intensive activities such as salmon farming. These 
areas also provide a fundamental service for their sectors, 
since they can offer baseline information that allows 
identifying the effects of climate change and natural 
perturbations in the absence of anthropic alterations.

 The environmental crisis that affected the Comau 
Fjord in April, 2021 was a warning signal. A combination of 
environmental and possibly human conditions facilitated a 
harmfull algal bloom (HAB) of certain magnitude and 
intensity, with relevant economic and environmental 
consequences. Two previous studies focusing on 
ecosystem-scale governance approached the potentially 
sustainable maximum production of salmon using a risk 
analysis19. These studies identified areas of greatest 
eutrophication, including HAB, risk for ecosystems and the 
salmon industry itself, including  Comau Fjord, Reloncaví 
estuary and sound and the Puyuhuapi, Quitralco and 
Cupquelan �ords farther south. The warnings of scientists 
about Comau could have reduced the economic and 
environmental losses if they had been more widely 
disseminated and responded to in time. The studies just 
mentioned used the available information of environmental 
monitoring and oceanographic diagnostics of the water 
bodies that have salmon farming. This information is partial, 
mainly supported by the CHONOS program of IFOP20, and is 
limited for some water bodies (e.g. not available for most 
Magallanes waterbodies). Although several institutions have 
performed oceanographic studies including IFOP and INCAR, 
most of the studies are limited in time and space, and there is 
no effective integration that would allow adequate 
understanding of the function of these �ord ecosystems. This 
breach is notable, considering that these ecosystems provide 
environmental services (such as nutrient processing) with 
high economic value, even if they are only considered from 
the perspective of the exports they support21. Regardless, as 

1- Design and implement a system of information 
exchange, to create/improve a transparent and 
trustworthy database generated by scientists and 
technicians of the public and private sector and civil 
society that will allow: i) identifying information gaps and 
research priorities; ii) defining the best combination of 
indicators in a risk matrix or similar format; and iii) generating 
a scienti�c support document (white paper) that 
contains the initial proposal.

2- Subsequently it will be necessary to discuss the proposal 
with the productive sector and the civil society, including 
the decision on the threshold points, that is, the values 
that determine the colors in the Traffic light  system and the 
maximum acceptable values in a secondary norm of 
environmental quality (values of the set of indicators), to 
guarantee the health of the ecosystems (including the 
human component). 

 Marine protected areas and other areas under a 
conservation category whose objectives could be put at 
risk by an intensive activity such as salmon farming, are 
not included here. This is because such intensive 
activities should not be allowed in the mentioned areas.

3- Plan the implementation of the Tra�c light system 
based on: I) graduality; ii) flexibility, and possibly observing 
the results of iii) a pilot program. The functioning of the 
system should have adequate financing.

4- Generate the incentives necessary to make the system 
attractive for the private sector.

5- Generate a system of monitoring and dissemination of 
the environmental and social effects of the system in an 
open, transparent information platform that is easy to access 
and understand.

6- Advance in the development of secondary norms for 
Reloncavi Estuary, Reloncavi Sound and the Puyuhuapi and 
Aysén �ords (as priority proposals).
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Isla Arrison 55,56 2.0 4.0 3.5 1.0 2.6 4 0.42 
Isla Prowse 57,58,59,60 2.0 4.0 1.5 2.5 2.5 4 0.40 

Relevant 
Water Body 
(RWB) 

Salmon 
farming 
areas 
(ACSs) 

Water age 
below 50 m 
(1= short 
recidency, 5 
maximum 
residency) 

Hypoxia  
below 50 
m (1=High 
O2 , 5= 
hypoxic) 

Accumulated 
N load 
(ton/km2 ) by 
ACS (1= very 
low, 5= very 
high) 

Biomass last 
cycle 
(ton/km2) by 
ACS (1= very 
low, 5= 
extremely 
high) 

Probability 
(P) 

Magnitude 
(M) 

Risk = 
PxM 

Estuario 
Reloncavi 

1 3.5 4.0 5.0 5.0 4.4 4 0.70 
Seno 
Reloncavi 

2, 3a 3.5 3.5 3.5 4.5 3.8 4 0.60 
Chacao 3b, 6 3.0 3.0 2.5 2.0 2.6 4 0.42 

Quem-
Mech-Dalc 

7, 8, 9a, 9b, 
9c 2.0 2.0 3.0 3.5 

2.6 4 0.42 
Quinchao 10a, 10b 2.0 2.0 3.0 4.0 2.8 4 0.44 
Queilen a 
Quellon 

11, 
12a,12b,12c 1.0 1.0 2.5 2.5 1.8 4 0.28 

Chaiten al 
sur 

13,14,15 1.0 3.0 1.5 2.0 1.9 4 0.30 
Reñihue 16 3.0 3.5 2.0 3.0 2.9 4 0.46 
Llancahue 
Comau 

17a,17b 5.0 4.0 3.0 4.0 4.0 4 0.64 
Chiloe 
central 

  2.0 3.0   2.5 4 0.40 
Guaitecas 
Norte 

18 a,b, c 1.0 3.0 1.5 1.0 1.6 4 0.26 
Guaitecas 
Sur 

19, 20,21 2.0 1.5 1.0 2.5 1.8 4 0.28 

West I. 
Melch-Luz 

22,23 (-23a) 
1.0 2.0 1.5 2.5 

1.8 4 0.28 
E.Walker a 
canal Costa 

23a,24,26 4.0 4.0 1.5 2.5 3.0 4 0.48 
Cupquelan 25a, 25b 4.0 4.0 2.5 5.0 3.9 4 0.62 
Quitralco 27 5.0 4.0 2.0 3.0 3.5 4 0.56 
Fiordo Aysen 28,29 5.0 3.0 2.0 3.5 3.4 4 0.54 
Pto Aguirre 30a, b 3.0 2.5 1.0 2.5 2.3 4 0.36 
Puyuhuapi 32 5.0 4.0 2.0 4.0 3.8 4 0.60 
I.Magdalena-
Melimollu 

31,33,34,35 2.5 3.5 1.5 3.5 2.8 4 0.44 
Taraba 43a, 43b  4.0 1.5 3.0 2.8 4 0.45 
Natales Sur 45,46 4.0 4.0 1.0 2.0 2.8 4 0.44 
Bahía 
tranquila 

47a, 47b, 
48 4.5 4.0 2.8 1.5 3.2 4 0.51 

S Skyring 49a, 49b, 
50a, 50b 5.0 4.0 1.5 2.5 3.3 4 0.52 

Córdova 52 3.0 4.0 4.0 1.0 3.0 4 0.48 
Pe�te 54 a 2.0 4.0 5.0 1.0 3.0 4 0.48 
Kempe 54 b 2.0 4.0 3.0 3.0 3.0 4 0.48 



mentioned above the existing information allows making 
some initial specific proposals based on risk analysis, which 
would serve to limit, maintain or enhance salmon farming in a 
number of areas. This analysis is based on a preliminary 
semi-quantitative risk matrix using oceanographic and 
salmon production information (Table 1)22.

 A secondary norm for the southern Chile �ord and 
inner seas ecosystems that house salmon and mussel farming, 
fishing, cities, etc. must obviously be generated with various 
indicators, including those that represent the status of the 
benthic and pelagic systems, the water column, the trophic 
webs and overall biodiversity, the presence of indicator and 
emblematic species, from some bacteria to marine mammals 
and birds, including escaped salmon, etc24. Doing this requires 
national investment in research and long-term monitoring to 
be increased significantly, and to be related to the risks 
associated with use intensity and yield of the several sectors 
that use the mentioned ecosystems. This is necessary if 
activities such as salmon farming are to be maintained over 
time as a source of employment and sustainable 
development, and it is also necessary to inform openly to 
society about the condition of our marine ecosystems and 
how they respond to anthropic perturbations. 

 However, a secondary norm for marine water bodies 
requires improved institutions and governance. A network of 
institutions is required which, with the necessary resources, 
will act together in coordination to facilitate the 
development and implementation of the norm with 
participative and transparent processes, responding to 
various users and to the climate forcing and tendencies that 
affect aquaculture and other complementary or alternative 
activities.

Proposal

 A system must be designed to regulate the maximum 
allowed production of salmonids in “discreate”24 marine 
waterbodies, considering their carrying capacity. This system 
should be flexible and dynamic and could be initially based on 
risk criteria for the ecosystems, while also considering other 
external forcing factors such as climate change which could 
modify the capacity and type of response of the ecosystems25. 
Thus we propose first to develop and implement a Tra�c 
light system26 to regulate salmon production using 
environmental and sanitary indicators. This system should 
inform decisions on the elimination, permanence, or potential 
growth of salmon production in each relevant water body of 
the Chilean inner seas/�ord systems. It could be implemented 
initially using the levels of sanitary and eutrophication risks, 
also considering climate change. Currently, for many of the 
water bodies, there is information on: (a) water turn-over rate; 
(b) bottom oxygen condition; (c) production and sanitary 
history of salmon farming; (d) indicators of nutrients; (e) 
condition of the benthic communities26, climate change 
projections27, 28 and (f ) neighborhood—nearness to areas, 
species and subsystems with conservation priority.

 The vicinity to protected marine areas, wetlands, 
presence of pelagic and benthic species, birds, marine 
mammals, etc. that are of conservation concern, systems of 
freshwater of high importance due to their biodiversity and 
others may be crucial indicators representing what could be 
lost or affected (magnitude of impact or loss) due to different 
threats. These may include eutrophication,  salmonid escapes, 
diseases, and other threats due to intensive salmon farming.

 For the medium and long term we propose the 
development and implementation of an environmental 
secondary norm (ESN) for relevant water bodies that will 
establish the maximum permitted values of the concentration 
or availability of certain elements, molecules and species 
which could present a threat for the health of these 
ecosystems. This norm would regulate a range of activities 
such as sewage discharge, sedimentation due to land use 
change, eutrophication, and loss of biodiversity due to 
aquaculture, marine transport, fishing, tourism etc.

 To develop a Tra�c light system and an ESN it is 
necessary to agree on a roadmap led by the State, which 
includes at least the following steps and goals:

 The poor perception generated by the environmental 
performance of Chilean salmon farming has affected its 
national and international image, also permeating other 
aquaculture activities in Chile1,2,3. One of the factors that 
accompanies this perception is that there are no good 
national instruments or open and transparent measurements 
that allow monitoring and evaluating the environmental 
performance of this productive sector at the scale of 
ecosystems4. The general perception is that environmental 
performance is deficient1. Even worse is the fact that we do 
not have good indicators to estimate the economic costs 
(value of the damages) generated by the negative 
externalities to compare with the social and economic 
benefits of the activity, especially in the long term. This is also 
true for most productive activities based on the use of natural 
resources in Chile. In the case of salmon farming this is 
worrying, given that in some regions and communities of 
southern Chile the activity is a very relevant source of local 
development5 which generates direct and indirect 
employment also through value chains, thus its elimination or 
relocation would have important social impacts that need to 
be addressed.

 There is also the need to protect and conserve the 
ocean, its biodiversity and ecosystem services, and the costs 
of this challenge should be addressed by the State and the 
society. In other words, minimizing the ecological footprint of 
salmon farming, artisanal fishing, mussel farming or even 
tourism implies generating other income sources with lower 
environmental impact, and/or substantially modifying the 
requirements/social and economic habits of coastal 
communities. All decisions imply generating or maintaining 
options to generate income that allow these communities to 
cover basic needs such as access to health, education, etc., 
while minimizing the negative impact on the marine 
ecosystem. It is also possible to relocate activities, including 
those related to aquaculture, to areas that have lower risks. 
These actions necessarily imply strategic spatial planning of 
the activities that minimize the impacts and favor 
development with equity6. Usually there are no simple 
solutions, and whatever the decision of the coastal 
communities in terms of vocation, it will be necessary to study 
the opportunities and risks implied by any activity.
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 The ecosystem approach to aquaculture (EAA) offers 
a strategy to facilitate adequate integration with other 
activities, and to address the economic, social, environmental, 
and governance objectives equitably, and in explicit temporal 
and spatial scales7. Although this approach, based on the 
concept of ecosystem carrying capacity, is mentioned in the 
Chilean fisheries and aquaculture law (Art. 87)8, it has not been 
implemented for aquaculture. The incorporation and 
application of this approach is urgent and is a concern that we 
share with many scientists, public institutions, and 
conservation organizations.

 Environmental regulations for intensive systems (and 
often also small-scale) nationally and globally are mostly 
focusing on individual farms as objects of monitoring and 
reinforcing —but this is not enough. For example, when 
discussing relocation of salmon concessions (a pending issue 
in Chile now a days) it is necessary to include in the analysis 
the capacity of the recipient water bodies to sustain the 
activity. ¿How much can be produced in a lake, �ord, sound, 
channel, bay or watershed without affecting relevant 
functions and attributes of the ecosystem? This simply means 
understanding the first law of thermodynamics, “energy is not 
created or lost, it only transforms”, due to which all ecosystems 
have ecological, productive, and even social limits that we 
must not exceed if we wish to maintain activities and healthy 
ecosystems in the long run. The concept of ecosystem 
carrying capacity has clearly not been applied in Chilean 
aquaculture, or in other productive activities including 
agriculture.

 The Chilean aquaculture sanitary norm monitors and 
controls the antibiotics used to produce a ton of salmon; there 
have been efforts in recent years to reduce the “use per ton” 
index (Sanitary report SENAPESCA 2021, Sustainability report 
of the Consejo del Salmon 20219). However, given that salmon 
production has increased, the total use of antimicrobials has 
also increased, and we currently do not know their 
permanence or final destiny, except for a few studies that 
provide indications and often raise alarms10. The generation of 
antimicrobial resistance (AMR) is particularly worrying, since it 
may have consequences on human health, but there may also 
be other impacts on functioning of bacterial processes that 
are essential for the biogeochemistry of ecosystems, for 
example to process nutrients. Very little is known about this in 
the world. The use of anti-parasite drugs to control the salmon 
sea louse (Caligus) has also increased along with production, 
and generated alerts from experts and environmentalists. 
Although there have been advances in research11 and 

application of more environmentally friendly controls, there is 
evidence of an increase in the impact risk of this parasite 
associated with climate change12. The impacts of pesticides 
and other biocides on entire ecosystems is currently 
unknown.

 We can now estimate quite well the quantity of 
nutrients liberated by salmon farming into the ecosystem, 
using total harvested biomass, feed composition and 
conversion rates. Research and technological development in 
salmon farming have allowed significant advances in the last 
20 years; this sector arguably has the best rates of food 
conversion, especially compared to the production of fed 
terrestrial animals such as cattle, pigs and chicken. As a result, 
salmon production has a comparatively low carbon footprint, 
which generates an opportunity for the sector compared to 
terrestrial protein sources. However, considering the local 
response capacity of the ecosystems where it is performed, 
intensive salmon farming may generate a relevant carbon 
footprint or decrease the greenhouse gas-mitigating capacity 
of the ocean. This is because there are still about 50 kg of 
nitrogen released to the environment for each harvested ton 
of salmon, and given that production has increased, the total 
amount of nutrients that has been released to the ecosystems 
has also increased proportionally to salmon production per 
unit area13. Despite this, we do not have solid scientific 
evaluations or a norm that allows us to judge how the 
ecosystems respond to these nutrient inputs. Although 
nutrients are a source of energy and productivity in the ocean, 
an excess may contribute to an eutrophication process. This is 
manifested in a reduction in oxygen, loss of biodiversity and 
frequently an increase in blooms of microalgae; these may all 
intensify in current and projected climate change scenarios. 
Also, if the new biomass generated precipitates and is 
deposited on the bottom in anoxic conditions, it facilitates 
greater production of greenhouse gases, thus the carbon 
neutrality of salmon farming may be far from being achieved 
locally. Notwithstanding, this is a question to which science 
must respond urgently—is this activity contributing to carbon 
emissions? or the contrary—can it in some cases contribute to 
a carbon sink?14 

 The current Chilean environmental norms use the 
condition of the sediments below farming concessions and 
the condition of the water column as proxies, that is, as 
indicators of the local capacity to process nutrients and 
organic material in general. Using indicators of hypoxia or 
absence of oxygen in sediments usually leads to a negative 
environmental report (negative INFA, its acronym in Spanish), 

which generates measures that restrict production in the next 
cycle. However, a positive INFA that declares the sediments 
“healthy” does not indicate that the organic matter and 
nutrients have disappeared, but only that they are no longer 
in the concession. They may have been processed or have 
accumulated elsewhere. The concessions that do accumulate 
organic matter and have negative INFA have been authorized 
to use technology that “adequately oxygenates or cleans 
these sediments”15, which helps to improve the conditions of 
the aquaculture concession, but does not guarantee that 
this material is processed adequately in the ecosystem 
and that it has not simply moved to another place with 
greater cumulative e�ects. We need to know more about 
the additive and synergic effect of the various farming sites 
and other activities on the ecosystems.

 "There are still no standards for antimicrobials 
persistence or antimicrobial resistance in the norms for the 
assessment" of sediments under farm cages and their 
surroundings; there are only follow-ups and restrictions on the 
use of some groups of antimicrobials per farm and obligation 
to demonstrate the need for their use with a diagnostic 
analysis presented to the authority. This use must be 
considered for groups of salmon concessions and not only for 
individual centers. Although antimicrobial resistance is 
beginning to be evaluated, this is still under a coordination 
stage; it is imperative that the evaluation methodologies and 
the results be discussed with the experts in the area and all 
those involved16.

 It has frequently been indicated that the total area 
used for salmon farm concessions in the inner seas of Chilean 
Patagonia is comparatively small compared, for example, to 
the protected marine areas. However, the total area and 
volume used by salmon farming is much greater if the 
calculation includes the area and volume necessary to process 
the nutrients produced by intensive fed aquaculture. For 

example, we estimate that  on annual basis, it would require 
100 ha of farmed macroalgae to absorb all the dissolved 
nutrients produced by a 3000 tons  salmon farm17 and many 
salmon farms in Chile are much larger than that.

 Thus, it is urgent to change the focus, and look 
beyond the productive e�ciency of individual farms, to 
the capacity of the ecosystem as a whole to receive and 
process nutrients and other compounds. "In Chile a move 
towards an" ecosystem approach to aquaculture was partially 
initiated after the crisis produced by the ISA virus, by 
designing neighborhoods or salmon concessions groupings 
(ACS, as the Spanish acronym for “Agrupacion de conseciones 
acuicolas”) that are managed from a sanitary and biosecurity 
perspective. This is a move to regulate the maximum 
production for each of these areas. However, this norm was 
designed with sanitary but not environmental objectives, and 
although the two are related, it is not enough to guarantee 
the provision and maintenance of ecosystem services for 
current and future generations, especially considering the 
functions and services of the ocean with the current increase 
of greenhouse gasses and climate change. Fallow periods of  
entire neighborhoods certainly help to improve the capacity 
of the ecosystems and their resilience, however, its 
environmental impact on the water bodies have not been 
evaluated. It is also necessary to establish a Secondary 
Norm of Environmental Quality (acronym NSCA in 
Spanish) for the ecosystems that sustain or receive 
discharges from salmon farming and sewage, and hold 
mussel farming, �shing, port activities among others. This 
kind of norm could limit, reduce, eliminate, or relocate salmon 
production or other activities if they exceed the established 
limits for the water body, based on a number of relevant 
indicators, as the primary norms do for the air quality of many 
cities in Chile. When the critical level is exceeded, emissions 
must be reduced, thus the norm is based on the idea that 
there is a limited carrying capacity for matter and/or energy to 
enter the system as a result of certain activities.

 A secondary norm based on knowledge of the 
nutrient balance of an ecosystem could facilitate the 
mitigation of the excess nutrient emissions using integrated 
multi-trophic aquaculture, incorporating salmon, mussel and 
algae farming at the landscape scale18. Implementing this kind 
of norm should also improve the social perception of the 
sector, as it guarantees the minimizing of impacts. A 
secondary norm must of course be stricter for protected 
marine and other conservation areas. These areas provide 
ecosystem services that we still do not value adequately, and 
we must preserve their mission, due to which their 
environmental standards must be in accordance with the risk 
levels for the established objectives, for example by not 
allowing intensive activities such as salmon farming. These 
areas also provide a fundamental service for their sectors, 
since they can offer baseline information that allows 
identifying the effects of climate change and natural 
perturbations in the absence of anthropic alterations.

 The environmental crisis that affected the Comau 
Fjord in April, 2021 was a warning signal. A combination of 
environmental and possibly human conditions facilitated a 
harmfull algal bloom (HAB) of certain magnitude and 
intensity, with relevant economic and environmental 
consequences. Two previous studies focusing on 
ecosystem-scale governance approached the potentially 
sustainable maximum production of salmon using a risk 
analysis19. These studies identified areas of greatest 
eutrophication, including HAB, risk for ecosystems and the 
salmon industry itself, including  Comau Fjord, Reloncaví 
estuary and sound and the Puyuhuapi, Quitralco and 
Cupquelan �ords farther south. The warnings of scientists 
about Comau could have reduced the economic and 
environmental losses if they had been more widely 
disseminated and responded to in time. The studies just 
mentioned used the available information of environmental 
monitoring and oceanographic diagnostics of the water 
bodies that have salmon farming. This information is partial, 
mainly supported by the CHONOS program of IFOP20, and is 
limited for some water bodies (e.g. not available for most 
Magallanes waterbodies). Although several institutions have 
performed oceanographic studies including IFOP and INCAR, 
most of the studies are limited in time and space, and there is 
no effective integration that would allow adequate 
understanding of the function of these �ord ecosystems. This 
breach is notable, considering that these ecosystems provide 
environmental services (such as nutrient processing) with 
high economic value, even if they are only considered from 
the perspective of the exports they support21. Regardless, as 

PROPOSAL

1- Design and implement a system of information 
exchange, to create/improve a transparent and 
trustworthy database generated by scientists and 
technicians of the public and private sector and civil 
society that will allow: i) identifying information gaps and 
research priorities; ii) defining the best combination of 
indicators in a risk matrix or similar format; and iii) generating 
a scienti�c support document (white paper) that 
contains the initial proposal.

2- Subsequently it will be necessary to discuss the proposal 
with the productive sector and the civil society, including 
the decision on the threshold points, that is, the values 
that determine the colors in the Traffic light  system and the 
maximum acceptable values in a secondary norm of 
environmental quality (values of the set of indicators), to 
guarantee the health of the ecosystems (including the 
human component). 

 Marine protected areas and other areas under a 
conservation category whose objectives could be put at 
risk by an intensive activity such as salmon farming, are 
not included here. This is because such intensive 
activities should not be allowed in the mentioned areas.

3- Plan the implementation of the Tra�c light system 
based on: I) graduality; ii) flexibility, and possibly observing 
the results of iii) a pilot program. The functioning of the 
system should have adequate financing.

4- Generate the incentives necessary to make the system 
attractive for the private sector.

5- Generate a system of monitoring and dissemination of 
the environmental and social effects of the system in an 
open, transparent information platform that is easy to access 
and understand.

6- Advance in the development of secondary norms for 
Reloncavi Estuary, Reloncavi Sound and the Puyuhuapi and 
Aysén �ords (as priority proposals).

25 chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://arclim.mma.gob.cl/media/informes_consolidados/01_ACUICULTURA.pdf 
26 This system exists in Norway based on only one indicator, the abundance of salmon lice and the risk that this presents for the native salmon populations. The system has been considered to be effective, although it has many 
detractors due to its lack of representation of ecosystem health. https://www.sciencedirect.com/science/article/pii/S0308597X1930452X . In a stoplight system: green = salmon production may be increased in a water body; yellow = 
production should be maintained or decreased; red = production should be reduced significantly or even terminated.
27 https://centroincar.cl/documentos-del-centro/indicadores-ecosistemicos/
28 https://www.ifop.cl/chonos/ 
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A strategic management of salmon farming must pursue, in a 
balanced way, the sustainable development goals (SDG) 
considering short and long term planning, and the local, national 
and global scales as appropriate.
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