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Disclaimer
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Final Seafood Recommendation – Atlantic Salmon
Atlantic salmon
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score
6.36
5.00
5.87
0.00
4.70
4.00
4.00

Rank
YELLOW
YELLOW
YELLOW
CRITICAL
YELLOW
YELLOW
YELLOW

Critical?
NO
NO
NO
YES
NO
NO
NO

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score (0-10)

–0.00
–4.00
–0.40
25.53
3.65

GREEN
YELLOW
GREEN

NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria
Interim rank
Critical Criteria?

3.65
RED
1
RED

FINAL RANK

1

RED

Scoring note – scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.
Summary
For Atlantic salmon farmed in net pens in Chile, the final numerical score is 3.65 out of 10, and
there is one Critically ranked criterion (Chemical Use). The final ranking is Red and a
recommendation of “Avoid.”
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Final Seafood Recommendation – Coho Salmon
Coho salmon
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score
6.36
5.00
5.87
2.00
5.62
2.00
4.00

Rank
YELLOW
YELLOW
YELLOW
RED
YELLOW
RED
YELLOW

Critical?

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score (0-10)

–0.00
–4.00
–0.00
26.85
3.84

GREEN
YELLOW
GREEN

NO
NO

NO
NO
NO
NO
NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria
Interim rank
Critical Criteria?

3.84
RED
2
RED

FINAL RANK

0

RED

Summary
For coho salmon farmed in net pens in Chile, the final numerical score is 3.84 out of 10, and
there is one Critically ranked criterion (Chemical Use). The final ranking is Red and a
recommendation of “Avoid.”
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Executive Summary
Chile is currently the world’s second-largest farmed salmon producer; production of Atlantic
salmon and coho salmon in 2016 was estimated at 490,000 metric tons (MT) and 120,000 MT,
respectively. These figures, particularly for Atlantic salmon, show a substantial decrease since
2015 (606,453 MT). This was due partly to the loss of 39,000 MT of farmed fish (projected to be
106,000 MT at harvest) that died during an algal bloom in February and March 2016. The
industry is predominantly located in Chile’s Region X (Los Lagos) and Region XI (Aysen), and is
expanding (albeit slowly) further south into Region XII (Magallanes).
Chile is somewhat infamous for the collapse in production due to parasite and disease
outbreaks between 2008 and 2011. The outbreak of infectious salmon anaemia (ISA)
highlighted many key aspects of poor performance and management in the industry and
resulted in many changes at the production and regulatory level. The industry has evolved
rapidly as a result, particularly the regulatory system, which continues to develop in response
to ongoing concerns about its ability to fully manage the complex dynamics and to reduce the
risks of economic and environmental impact.
The assessment involves criteria covering impacts associated with effluent, habitat, wildlife and
predator interactions, chemical use, feed production, escapes, introduction of non-native
organisms (other than the farmed species), disease, the source stock, and general data
availability.1 This assessment covers both Atlantic and coho salmon and all regions; differing
scores are highlighted where relevant.
Data availability has improved dramatically, according to Sernapesca’s website, and from
SalmonChile. Academic studies provide useful information on impacts, but are inevitably
limited in some respects, and though production characteristics and data may be available in
some detail, the environmental impacts are typically less transparent. Data from sources such
as the seafood industry media and the Global Salmon Initiative (GSI) are useful, but regarding
the latter, the limited number of companies means it must be used with caution as an indicator
of a country’s “average” performance. Overall, data availability continues to improve in Chile,
but there are still many aspects of the industry that are poorly understood. Overall, the final
score for Criterion 1 – Data is 6.36 out of 10.
Monitoring of soluble effluent in the water column is not a regulatory requirement in Chile, but
benthic (seabed) monitoring is required at peak biomass and before restocking under the INFA
(Informes Sanitarios y Ambientales Acuicultura) environmental regulations. Academic studies of
soluble nutrients across all salmon farming regions indicate direct impacts at the site are
unlikely, but there is still uncertainty regarding cumulative impacts in densely farmed areas.
Similarly, despite the focus of the benthic monitoring on the area of greatest impact under the
1

The full Seafood Watch Aquaculture Standard is available at: http://www.seafoodwatch.org/seafoodrecommendations/our-standards
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net pens, the limited and reversible impacts also indicate a low concern for substantial effects
beyond the immediate farm area. But there is a significant body of literature from Chile that
continues to raise questions about the potential cumulative impacts of the salmon farming
industry, particularly with respect to poorly understood changes to nutrient ratios and
microbial communities.
With limited confidence in the data and evidence regarding cumulative impacts, the Risk-Based
Assessment option was used. This indicates that a substantial amount of waste nitrogen
(approximately 49 kg N per ton of salmon production) is discharged beyond farm sites, and
although Chile has a rapidly developing regulatory system based on groups of sites (Agrupación
de Concesiones, ACS), it is frequently criticized. Its effectiveness in ensuring that the cumulative
impacts of the industry remain within the carrying capacity of the environment continues to be
questioned. Overall, despite available data showing that substantial impacts beyond the
immediate farm area are unlikely, the potential for cumulative impacts remains a moderate
concern; for both Atlantic and coho salmon, the final score for Criterion 2 – Effluent is 5 out of
10.
The Chilean fjord region is classified among those with the highest global conservation priority
worldwide due to its threats and high degree of endemism. Although the floating net pen
production system has little direct habitat impact, the operational impacts of settling wastes on
the seabed habitats can be substantial. The environmental benthic monitoring (INFA) results
show that 77% of sites have aerobic sediments under the net pens at maximum biomass each
production cycle; this indicates that the habitat is not overloaded with particulate wastes. The
impacts are rapidly reversible via site fallowing and there are considered to be no significant
losses in ecosystem services at the site level. Various initiatives have identified high-value
conservation areas in all three of Chile’s southern salmon producing regions, and although
there is currently little overlap of the salmon industry with these locations, this is clearly an
area where more research is needed—particularly in Region XII as production expands (albeit
slowly) in the far south. Chilean regulatory measures regarding cumulative habitat impacts are
based on the ACS system described in the Effluent Criterion. Though comprehensive in content,
there are similar concerns about the ability of this system to adequately address the cumulative
impacts on the unique habitats in Chile from the total scale of production. Overall, even though
the floating net pens have a minimal direct habitat impact, the operational impacts on the
seabed (despite covering a small total area and being rapidly reversible) remain a concern,
particularly in the context of poorly understood cumulative impacts. The final score for the
Habitat Criterion is a moderate 5.87 out of 10 for both species.
Sernapesca has published annual antimicrobial use in Chilean aquaculture every year since
2011 (with data going back to 2005); the data for 2016 show the total and relative use in
Atlantic and coho salmon is very high despite a substantial decrease in total use compared to
2015. Over 340 metric tons (MT) of antibiotics (89% of Chile’s total aquaculture use) were
administered to Atlantic salmon in 2016, with 24 MT to coho (6.3% of Chile’s total). The average
relative use for Atlantic salmon in 2016 was 695 g of antibiotic per MT of production (a minor
reduction of 5.4% compared to 2015) and 200 g/MT for coho (a substantial reduction of 56%
5

compared to 2015). In total, Atlantic salmon production in Chile uses nearly 1,800 times as
much antibiotic as Norway (the world’s largest salmon producer), despite producing less than
half as much fish (Norway produced 1.3 million MT in 2016, and used 0.2 MT of antibiotics). The
dominant treatments (florfenicol and oxytetracycline) are primarily used to treat the bacterial
pathogen Piscirickettsia salmonis, and both antibiotics are listed as highly important for human
medicine by the World Health Organization. The average frequency of antibiotic treatments is
2.74 per production cycle. There are no regulatory limits on the frequency or total quantity
used should a disease outbreak occur, but various initiatives are underway to attempt to
address the problem (e.g., the Pincoy project, and the promising testing of new vaccines for P.
salmonis). Nevertheless, there is evidence of developed resistance to florfenicol in Chile, and
the repeated (and increasing) use strongly suggests that aquaculture areas in Chile may
constitute hotspots of evolution toward antimicrobial resistance.
The use of sea lice treatments in Chile is also high, with an aggregated pesticide treatment
index (which underestimates the true frequency) indicating more than two pesticide
treatments per site per year on average for the whole of Chile. The dominant treatment is
azamethiphos, applied as a bath treatment. The development of resistance is already
widespread for some pesticide treatments and seemingly inevitable for others due to repeated
use. The evidence for direct environmental impacts in Chile is limited, but studies in other
regions imply concern, and there are few studies that consider the scale of pesticide use in
Chile.
Overall, the Chilean industry continues to struggle with the control of bacterial diseases and sea
lice parasites as indicated by the very high levels of treatment. The open nature of net pen
production systems leaves fish inherently vulnerable to infection. Frequent treatment with
antibiotics that are highly important for human medicine (and critically important to veterinary
medicine) is not prudent, judicious, or justified when the risks are considered. Antibiotic use is
the driver of the final score for Criterion 4 – Chemical use, which is Critical for Atlantic salmon,
and 2 out of 10 for coho salmon due to the lower antibiotic use.
Fishmeal and fish oil in Chilean salmon feeds continue to be replaced by high levels of crop
protein or oil ingredients, and also with by-products from land-animal processing. Data
provided by major feed companies supplying Chilean farms and by Intesal show the feed
conversion ratio (dry weight of feed to wet weight of fish) is 1.48 for Atlantic salmon and 1.2 for
coho salmon. From first principles (and assuming similar feeds for both species), 1.92 MT of
wild fish would need to be caught to produce 1 metric ton of farmed Atlantic salmon, and 1.56
for coho. Limited information on source fishery sustainability results in a Wild Fish Use score of
2.9 out of 10 for Atlantic Salmon and 4.25 out of 10 for coho. There is a net edible protein loss
of 39.6% and 28.2% for Atlantic and coho salmon, respectively, and a small total feed footprint
of 8.7 and 7.0 hectares per MT of production for the two species, respectively. Overall, the final
feed score is 4.7 out of 10 for Atlantic Salmon, and 5.62 out of 10 for coho salmon.
Large escape events (e.g., nearly 800,000 fish in one event in 2013) continue to occur in Chile
and other salmon farming regions, although at a reducing frequency. Chile’s first major escape
6

in the southernmost Region XII (of 8,301 fish) occurred in 2016. At the same time, studies show
that unreported or undetected trickle losses can also be substantial. Therefore, a high risk of
escape remains. The Atlantic salmon is a non-native species in Chile, introduced primarily for
sport fishing alongside many other salmonid species over more than a century. Unlike species
such as brown trout, rainbow trout, and Chinook salmon, which have established breeding
populations, Atlantic salmon has been shown to be a poor colonizer beyond its native range
and therefore highly unlikely (but not impossible) to establish new populations in Chile. Coho
salmon shows greater evidence of reproduction and establishment in Chile, with the potential
to increase its range, and escaped fish have been shown to predate on wild fish. It is therefore a
higher conservation concern than Atlantic salmon on a precautionary basis. The potential
impacts of large escapes of any species in Region XII are poorly understood, but do not initially
appear to be significantly different from Southern Chile’s other salmon-producing regions at
present. Even without becoming established, large escape events or frequent trickle losses
could still have impacts, particularly predation on native fish species by coho salmon, but
evidence of limited feeding success in the wild limits this concern for Atlantic salmon. Overall,
the final score for Criterion 6 – Escapes is 4 out of 10 for Atlantic salmon and 2 out of 10 for
coho.
Sernapesca’s Animal Health Unit (Unidad de Salud Animal) manages prevention and
surveillance programs for diseases in Chile under the Control System for Aquaculture (Sistema
de Fiscalización de la Acuicultura, SIFA), and reports them in an annual fish health report
(Informe Sanitario De Salmonicultura En Centros Marinos). The focus is on specific “high risk”
diseases, but there is useful information on mortality rates from a variety of causes. There is
also sufficient clarity to identify differences between regions, particularly the southernmost
Region XII. Although there are significant numbers of sites categorized as centers of high
pathogen dissemination (Centro de Alta Diseminación, CAD), the focus of these management
measures is on preventing infection in other farming sites. Understanding real or potential
impacts to wild fish from salmon farm pathogens is challenging, and despite a theoretical
concern, there is little or no empirical evidence of impact. Nevertheless, with the constant
evolution of pathogens, particularly when mutations are accelerated in farming conditions, this
status cannot be assured and concern remains for Chile’s endemic fish populations, including in
Region XII, as the industry expands. The final score for Criterion 7 – Disease is 4 out of 10.
Salmon aquaculture, in Chile and globally, has established multigenerational breeding
programs, and production is fully independent of wild salmon populations. The final score for
Criterion 8X – Source of Stock is 0 out of –10.
The presence of cultivated salmon in net pens at high density is attractive to opportunistic
coastal marine mammals, seabirds, and fish. The primary direct interactions in Chile are with
the South American sea lion and various species of bird; however, there is no evidence of direct
mortalities sufficient to significantly affect their population status. Regarding other marine
mammals, several species of whale and dolphin that are of conservation concern in Chile have
distributions that overlap with salmon farming areas; thus, the daily activities of the farms may
negatively affect movement, distribution, and behavioral patterns of species such as Chilean
7

dolphins and blue whales. Information from Sernapesca does not associate any negative
impacts to these species with salmon farming in Chile, and partnerships between
environmental organizations and the salmon farming industry have been established to
monitor and reduce any interactions with key species. Overall, though salmon farming may
represent a source of disturbance simply by its presence and daily activities, the focus of the
Seafood Watch standard is on population impacts resulting from direct mortalities. Hence,
though mortalities may occur beyond exceptional cases, they are not considered to significantly
impact the species population size. The final score for Criterion 9X Wildlife Mortalities is –4 out
of –10 for both species of farmed salmon.
A small amount of Atlantic salmon ova is still imported into Chile each year (no coho ova); the
numbers have been declining since a peak of 275 million in 2008, and to December 2016 the
imports were 3.3 million annually. The only approved source for egg imports into Chile is the
Icelandic Stofnfiskur hatchery, which is the only company to be certified to the World Animal
Health organization’s (OIE) biosecurity Compartment Standard. At least one company in Region
XII does not yet have local hatchery facilities and ships Atlantic salmon smolts over long
distances from Regions IX and XIV. With imported eggs and long-distance smolt movements
supplying only a small percentage of Chile’s total Atlantic salmon production, in addition to high
biosecurity of the sources, there is only a low risk of unintentionally introducing secondary
organisms during live animal shipments; the final score for Criterion 10X is a deduction of –0.4
out of –10 for Atlantic salmon and –0.0 for coho.
Overall, the Chilean salmon farming industry continues to evolve rapidly in terms of regulations
and management; yet, the increasing production (since the ISA crisis) has been associated with
massive increases in antibiotic and pesticide use, hundreds of times higher than other salmon
farming regions, due to an ongoing inability to control pathogens and parasites. Despite a
comprehensive area-based management system, the high density of production in Regions X
and XI continue to be a cause for concern regarding the environmental carrying capacity, and
potential impacts of escaping coho salmon continue to be a high concern. Overall, the final
numerical score for Atlantic salmon is 3.65 out of 10, with one Critical score for Criterion 4 –
Chemical Use. The final numerical score for coho salmon is 3.84 out of 10 with two red criteria
for Chemical Use and Escapes. The final recommendation for Atlantic and coho salmon is a red
“Avoid.”
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Introduction
Scope of the analysis and ensuing recommendation
Species
Atlantic salmon – Salmo salar
Coho salmon – Oncorhynchus kisutch
Geographic Coverage
Chile
Production Method(s)
Marine net pens

Species Overview
Brief overview of the species
Atlantic salmon is native to the North Atlantic Ocean with high numbers of discrete genetic subpopulations through Western Europe in the NE Atlantic and the North America landmass in the
NW Atlantic. The species has been introduced into Chile along with a number of other nonnative salmonid species in historic attempts to establish salmon fisheries (Schröder and Garcia
de Leaniz 2011). It is an anadromous species; birth and early life stages occur in freshwater
rivers and streams, followed by a migration downstream and over long oceanic distances where
the bulk of feeding and growth take place. After one or more years in the ocean, they return
upriver to their original spawning ground to complete the cycle.
Coho salmon is native to the North Pacific basin. They are found from northern Japan, across
the Bering Sea to Alaska, and south to California. With a similar life history to Atlantic salmon,
coho salmon usually matures during the third year of life. Both species are non-native in Chile,
although several historic attempts have been made to establish them for sport fishing.
Production system
All farmed salmon in Chile are produced in floating net pens in coastal inshore environments,
typical to the industry worldwide. The hatchery phase is conducted primarily in tanks in indoor
recirculation systems on land.
Production Statistics
Global production of farmed salmon was approximately 2.1 million metric tons (MT) in 2016, of
which approximately 1.9 million MT was Atlantic salmon (Marine Harvest 2017). Although
figures from Chile vary somewhat, the industry’s trade body, SalmonChile,2 reports that
production of Atlantic salmon and coho salmon in 2015 was 606,453 MT and 133,108 MT,
2

www.salmonchile.cl
10

respectively (Figure 1). Production in 2016 of 490,000 MT and 120,000 MT is estimated (from
Multiexport/AquaBench3). This is a significant reduction in Atlantic salmon compared to 2014
production of 644,459 MT, partly due to substantial mortalities (39,000 MT of farmed fish
projected to be 106,000 MT at harvest) in Chile during an algal bloom in 2016 (see Criterion 2 –
Effluent). There have been no reported Chinook salmon (O. tshawytscha) harvests since 2009.

Figure 1: Annual salmon production in Chile. Data from SalmonChile. Figures for 2016 are predicted (Aquabench
2016).

Aquaculture in Chile is managed in production neighborhoods (or agrupación de concesiones
para la salmonicultura—ACS); although initially concentrated in Region X (Los Lagos) (see Figure
2), only 35% of 2015 salmon production occurred there, compared to 57% in Region XI (Aysen).
In 2015, 8% of Chile’s production occurred in Region XII (Magallanes).
Approximately 32 sites are currently certified to the Aquaculture Stewardship Council (ASC)
Salmon Standards, and 27 to the Global Aquaculture Alliance’s Best Aquaculture Practices
Salmonid Standards (note some sites are certified to both schemes).

3

Chilean Salmon Industry – Outlook. Multiexport presentation. Seafood Expo Global 2016.
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Figure 2: Regional map of Chile (copied from Wikipedia.com).

Import and Export Sources and Statistics
Chile exported 379,424 MT of Atlantic salmon, and 87,000 MT of coho salmon in 2016
(SalmonChile, 20174). The United States is the main destination for Chilean farmed Atlantic
salmon and imports about one-third of production (35% in 2016, approximately 136,359 MT of
salmon and trout) (SalmonChile 2017). According to the U.S. National Marine Fisheries Service,5
there were minor imports of approximately 100 MT of coho salmon into the U.S. from Chile in
2016, and Japan is currently the main importer (SalmonChile).
Common and Market Names
Scientific Name
Common Name
Spanish
French
Japanese

Salmo salar
Atlantic salmon
Salmón del Atlántico
Saumon de l'Atlantique
Taiseiyō sake

Oncorhynchus kisutch
Coho salmon, silver salmon
Salmón coho
Saumon coho
Ginzake

Product forms
Atlantic salmon is available in all common fish presentations, particularly fillets, whole, and
smoked.
4
5

http://www.salmonchile.cl/en/exportaciones.php
https://www.st.nmfs.noaa.gov/commercial-fisheries/
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Analysis
Scoring guide




With the exception of the exceptional criteria (8X, 9X and 10X), all scores result in a zero to
ten final score for the criterion and the overall final rating. A zero score indicates poor
performance, while a score of ten indicates high performance. In contrast, the three
exceptional criteria result in negative scores from zero to minus ten, and in these cases zero
indicates no negative impact.
The full Seafood Watch Aquaculture Standard that the following scores relate to are
available on the Seafood Watch website. http://www.seafoodwatch.org//m/sfw/pdf/standard%20revision%20reference/mba_seafoodwatch_aquaculture%20criteri
a_finaldraft_tomsg.pdf?la=en
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Criterion 1: Data quality and availability
Impact, unit of sustainability and principle
 Impact: poor data quality and availability limits the ability to assess and understand the
impacts of aquaculture production. It also does not enable informed choices for seafood
purchasers, nor enable businesses to be held accountable for their impacts.
 Sustainability unit: the ability to make a robust sustainability assessment
 Principle: having robust and up-to-date information on production practices and their
impacts publically available.
Criterion 1 Summary
Atlantic and Coho salmon
Data Category
Industry or production statistics
Management
Effluent
Habitat
Chemical use
Feed
Escapes
Disease
Source of stock
Predators and wildlife
Introduced species
Other – (e.g., GHG emissions)
Total

Data Quality
7.5
7.5
5
5
7.5
5
5
5
10
5
7.5
n/a

C1 Data Final Score (0-10)

6.36

Score (0-10)
7.5
7.5
5
5
7.5
5
5
5
10
5
7.5
n/a
70
YELLOW

Brief Summary
Data availability has improved dramatically, particularly from Sernapesca’s website and from
SalmonChile. Academic studies provide useful information on impacts, but are inevitably
limited in some respects. Although production characteristics and data may be available in
some detail, the environmental impacts are typically less transparent. Data from sources such
as the seafood industry media and the Global Salmon Initiative (GSI) are useful, but regarding
the latter, the limited number of companies means it must be used with caution as an indicator
of a country’s “average” performance. Overall, data availability continues to improve in Chile,
but many aspects of the industry are still poorly understood. Overall, the final score for
Criterion 1 – Data is 6.36 out of 10.
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Justification of Rating
In 2007, Buschmann et al. noted, “Chile is now one of the world’s largest aquaculture producing
countries but has produced only an estimated 2% of the world’s aquaculture environment
studies.” Since then, there has been a large increase in publicly available data from the industry
through government institutions (particularly Sernapesca), from the companies themselves,
and from significant academic research in the region. Nevertheless, there are still significant
gaps in understanding, as described below.
Industry and Production Statistics
The industry body, SalmonChile, provides basic data on annual production by species, export
quantities, values, and destinations. SalmonChile’s “Chilean Salmon Industry Brief”6 is now
somewhat dated, with the latest data included from 2011, and their “Management Report” for
the industry is for 2012 to 2013. SalmonChile’s technical organization, Intesal,7 has data and
statistics on aspects of Chilean salmon farming, but does not allow public access beyond the
industry members of SalmonChile.
The Chilean government’s Subsecretaria de Pesca8 (undersecretary of fisheries) known as
Subpesca, and the Servicio Nacional de Pesca y Acuicultura9 (i.e., national fisheries service),
known as Sernapesca, provide production figures. The Department of Sectorial Analysis
(Departamento de Análisis Sectorial) provides monthly reports on salmon harvest and exports,
plus an annual review. The various data sources vary somewhat in their figures, but provide a
good overview of the industry. The data score for the Industry and Production Statistics is 7.5
out of 10.
Management and Regulations
Some company-level management practices and information are available from some annual
reports and websites, and partly from the SalmonChile, but national management and
regulatory information in Chile is available in detail on Sernapesca’s website (in Spanish). With
frequent additions, revisions, and amendments, this is typically challenging to interpret and
understand, but good information is generally available. The data score for Management and
Regulations is 7.5 out of 10.
Effluent and Habitat
Soluble effluent monitoring is not a regulatory requirement in Chile, so very few data are
available. Benthic monitoring results from the INFA (Informes Sanitarios y Ambientales
Acuicultura) environmental regulations and the reports are available from Sernapesca. Detailed
monitoring protocols can be found (in Spanish) in Resolution No. 3612 of 2009. There is also a
growing body of literature specific to Chile that provides further information; e.g., (Iriarte et al.
2013) (Rebolledo et al. 2011) (Mayr et al. 2014) (Elizondo-Patrone et al. 2015). A substantial
6

The Chilean Salmon Industry Brief is undated, but accessed June 28 2016 from SalmonChile at:
http://www.salmonchile.cl/en/summary.php
7
http://www.intesal.cl/
8
Subpesca: http://www.subpesca.cl/institucional/602/w3-channel.html
9
Sernapesca: http://www.sernapesca.cl/index.php.
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volume of information is available from Sernapesca in terms of information on regulations,
management, farm registration and environmental monitoring requirements, site locations,
and the grouping of concessions; there are also some articles available questioning the
effectiveness of the management in general; e.g., (Niklitschek et al. 2013) (Quiroga et al. 2013)
(Pozo 2016). Site locations and the grouping of concessions are available from Sernapesca, and
maps of high-conservation-value habitat areas in Chile are available from WWF (WWF 2011)
and (Miethke and Galvez 2009). Despite this information, there is still somewhat poor
understanding of potential cumulative effluent and habitat impacts of salmon farming in Chile,
particularly as the industry continues to move into pristine habitats in Region XII in the far
south of Chilean Patagonia. The scores for data availability for Effluent and Habitat are
therefore both 5 out of 10.
Chemical Use
Sernapesca produces an annual report on chemical use, Informe sobre uso de antimicrobianos
en la salmonicultura (Sernapesca 2017), and from their best practices manual on chemical use,
Manual de Buenas Prácticas En El Uso De Antimicrobianos Y Antiparasitarios En Salmonicultura
Chilena.10 These resources contain information on:
 Total antibiotic use
 Use by species
 Types and quantities of antibiotic used
 Antibiotic use according to diagnosed diseases
 Use by region and by ACS
 Total use by each company in Chile (only in 2016, for 2015 data).
SalmonChile provides antibiotic and pesticide data by company for 2013 to 2015 (accessed July
26, 2017). The Global Salmon Initiative (GSI)11 also provides data for eight member companies
in Chile on antibiotic use (number of treatments), sea lice treatments (g/ton), and nonmedicinal sea lice methods. The antibiotic use data from GSI, expressed in the number of
treatments per production cycle, is different from Sernapesca’s units of “grams antibiotic per
ton of production,” so cross-referencing the data is not possible.
Data on pesticide use in grams active ingredient per MT of production are available from
SalmonChile for each farming company in Chile. Chile’s Agriculture and Livestock Service
(Servicio Agricola y Ganadero, SAG) provides information on veterinary chemical registration
and a list of registered sea lice treatments, antibiotics, and vaccines (SAG 2016).
Academic articles on resistance are plentiful (more for antibiotics than sea lice treatments), but
are typically limited in specific relevance to Chile. They are useful for outlining an appropriate
level of concern, particularly recent reviews such as (Done and Halden 2015) (Tomova et al.
2015) (Shah et al. 2014). Sernapesca has a large amount of regulatory information on chemical

10
11

http://www.sernapesca.cl/index.php?option=com_remository&Itemid=246&func=fileinfo&id=4097
http://globalsalmoninitiative.org/
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use, but this is challenging to interpret from “legal” Spanish. Information on the direct
environmental impacts of chemical use in Chile are very limited.
Overall, although Sernapesca’s detailed antibiotic use data and SalmonChile’s pesticide data are
good, gaps remain in understanding the impacts of their use. The data score for Chemical Use is
7.5 out of 10 due to the difficulty in understanding the impacts.
Feed
Detailed feed data were provided by two major feed companies in Chile that requested to
remain anonymous. Company-published reports were also used for select feed-related data.
Although not every variable was provided by every company, and there is some uncertainty
that the effects of recent mortality events (e.g., the algal bloom of 2016) may not be fully
represented in economic feed conversion ratios, the combined data provide a moderate
estimate of the typical feed characteristics, and the data score for Feed is 5 out of 10.
Escapes
Sernapesca provides basic data on reported escape events aggregated by region, but at the
time of writing, they are limited to 2014 data. GSI provides basic data on reported escape
numbers for member companies, and SalmonChile provides escapes data by company from
2013 to 2015; however, there is considerable discrepancy in these figures. Academic articles
continue to highlight the global potential for undetected and/or unreported escapes; e.g.,
(Skilbrei et al. 2015). Various academic articles provide a basic level of understanding on the
fate and impact of escaping Atlantic salmon in Chile; e.g., (Niklitschek et al. 2013) (Di Prinzio et
al. 2015), and some articles, such as (Niklitschek and Aedo 2002) (WWF-Chile 2009) provide the
same for coho. Nevertheless, significant gaps in comprehensively understanding the scale and
impact of salmon escapees in Chile exist. The data quality score for Escapes is 5 out of 10.
Disease
Sernapesca provides substantial data on disease in Chile through an annual fish health report,
Informe Sanitario de Salmonicultura en Centros Marinos - Año 2015 (Sernapesca 2016a), in
addition to their management through the grouping of sites (Agrupación de Concesiones, ACS),
and the prevention and surveillance programs for high risk diseases (Programas de Prevención,
Vigilancia y Control de la Enfermedades de Alto Riesgo) (see Disease Criterion for details).
Sernapesca’s sea lice program (Programa Caligus) includes sea lice data aggregated by region,
ACS, or concession, and lists centers of high sea lice dissemination.
Fish health regulatory information (Reglamento Sanitario para la Acuicultura, RESA), and
mortality data by species and region, categorized by disease type, are also available from
Sernapesca, but there is a limited body of academic literature describing the real or potential
impacts on wild fish populations in Chile. The data score for Disease is 5 out of 10.
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Source of Stock
With the ubiquitous use of domesticated broodstocks, and a volume of literature detailing
selective breeding strategies and programs, the source of stock is well established. The data
score for Source of Stock is 10 out of 10.
Wildlife and Predator Mortalities
There are no official data on wildlife mortalities or other disturbances in Chile. GSI provides
basic data on accidental and intentional mortalities for their eight member companies between
2013 and 2015. WWF provides information on high value conservation areas and the species
involved (e.g., Miethke and Galvez 2009), and Sernapesca provides information sheets for many
species of marine mammals, birds, and fish and the anthropogenic impacts. Academic studies
on key species such as sea lions provide useful information on the interactions with salmon
farms; e.g., (Sepulveda et al. 2015). But some impacts, such as general disturbance due to daily
site operations, remain poorly understood. The data score is 5 out of 10.
Escape of Secondary Species
The number of egg imports by species and year is available from Sernapesca’s “Estadística de
Importación de Ovas por origen12” from 2011 to July 2016. Regulations on live fish movements
and authorizations in Chile are also available from Sernapesca’s website, and the fish health
certificate from the only approved egg importer (Icelandic company Stofnfiskur) and additional
details are available on the company’s website. Nevertheless, information on the movements
of smolts between hatcheries and growout sites is not available. The data score for Criterion
10X – Unintentionally Introduced Species is 7.5 out of 10.
Conclusions and Final Score
Data availability has improved dramatically in Chile with Sernapesca’s and SalmonChile’s
websites. Academic studies provide useful information on impacts, but are inevitably limited in
some respects, and although production characteristics and data may be available in some
detail, the environmental impacts are typically less transparent. Data from sources such as the
seafood industry media and GSI are useful, but regarding the latter, the limited number of
companies means it must be used with caution as an indicator of a country’s “average”
performance. Overall, data availability continues to improve in Chile, but there are still many
aspects of the industry that are poorly understood. Overall, the final score for the Criterion 1 –
Data is 6.36 out of 10.

12

http://www.sernapesca.cl/index.php?option=com_content&task=view&id=73&Itemid=185
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Criterion 2: Effluent
Impact, unit of sustainability and principle
 Impact: aquaculture species, production systems and management methods vary in the
amount of waste produced and discharged per unit of production. The combined discharge
of farms, groups of farms or industries contributes to local and regional nutrient loads.
 Sustainability unit: the carrying or assimilative capacity of the local and regional receiving
waters beyond the farm or its allowable zone of effect.
 Principle: not allowing effluent discharges to exceed, or contribute to exceeding, the
carrying capacity of receiving waters at the local or regional level.

Criterion 2 Summary
Atlantic and Coho salmon
Effluent Risk-Based Assessment

Effluent parameters
F2.1a Waste (nitrogen) production per of fish (kg N ton-1)
F2.1b Waste discharged from farm (%)
F2.1 Waste discharge score (0-10)
F2.2a Content of regulations (0-5)
F2.2b Enforcement of regulations (0-5)
F2.2 Regulatory or management effectiveness score (0-10)
C2 Effluent Final Score (0-10)

Value
61.2
80

Score

5
3
3
3.6
5.00
Critical?

NO

YELLOW

Brief Summary
Monitoring of soluble effluent in the water column is not a regulatory requirement in Chile, but
benthic (seabed) monitoring is required at peak biomass and before restocking under the INFA
(Informes Sanitarios y Ambientales Acuicultura) environmental regulations. Academic studies of
soluble nutrients across all salmon farming regions indicate direct impacts at the site are
unlikely, but there is still uncertainty regarding cumulative impacts in densely farmed areas.
Similarly, despite the focus of the benthic monitoring on the area of greatest impact under the
net pens, the limited and reversible impacts also indicate a low concern for substantial effects
beyond the immediate farm area. But there is a significant body of literature from Chile that
continues to raise questions about the potential cumulative impacts of the salmon farming
industry, particularly with respect to poorly understood changes to nutrient ratios and
microbial communities.
With limited confidence in the data and evidence regarding cumulative impacts, the Risk-Based
Assessment option was used. This indicates that a substantial amount of waste nitrogen
(approximately 49 kg N per ton of salmon production) is discharged beyond farm sites, and
although Chile has a rapidly developing regulatory system based on groups of sites (Agrupación
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de Concesiones, ACS), it is frequently criticized, and its effectiveness in ensuring the cumulative
impacts of the industry remain within the carrying capacity of the environment continues to be
questioned. Overall, although the available data show that substantial impacts beyond the
immediate farm area are unlikely, the potential for cumulative impacts remains a moderate
concern; for both Atlantic and coho salmon, the final score for Criterion 2 – Effluent is 5 out of
10.
Justification of Rating
The Effluent Criterion considers impacts of farm wastes beyond the immediate farm area or
outside a regulatory allowable zone of effect (AZE), and the subsequent Habitat Criterion
considers impacts within the immediate farm area. Although the two criteria cover different
impact locations, there is inevitably some overlap between them in terms of monitoring data
and scientific studies on soluble and particulate wastes. For the reasons described below, the
Risk-Based Assessment option was chosen according to the Seafood Watch Aquaculture
Standard. Due to the similarities in production characteristics, the assessment of this criterion
applies to both Atlantic and coho salmon.
There is a substantial body of literature on the fate and impact of nutrient wastes from net pen
fish farms, including salmon farms, and key recent reviews such as Price et al. (2015) provide a
useful summary. Price et al. (2015) conclude that modern operating conditions have minimized
impacts of individual fish farms on marine water quality; effects on dissolved oxygen and
turbidity have been largely eliminated through better management, and near-field nutrient
enrichment of the water column is usually not detectable beyond 100 m of the farm (when
formulated feeds are used, feed waste is minimized, and farms are properly sited in deep
waters with flushing currents). But when sited nearshore, extra caution should be taken to
manage farm location, size, biomass, feeding protocols, orientation with respect to prevailing
currents, and water depth to minimize near- and far-field impacts. Price et al. (2015) caution
that, regardless of location, other environmental risks may still face this industry; for example,
significant questions remain about the additive (i.e., cumulative) impacts of discharge from
multiple, proximal farms, potentially leading to increased primary production and
eutrophication.
The total nutrient discharges from the salmon farms in Chile appear large. For example, in
Chile’s Region XI alone, Niklitschek et al. (2013) estimated the nutrient discharges from the
salmon farms were equivalent to 12,300 MT of nitrogen (N) and 1,600 MT of phosphorous (P) in
2010. However, many studies in Chile and elsewhere indicate that the increases in nutrient
concentration in the water column near salmon farms can generally be considered minor in
comparison to natural fluxes in coastal environments, and therefore unlikely to cause
significant cumulative impacts; e.g., (Buschmann et al. 2006) (Buschmann et al. 2007)
(Niklitschek et al. 2013) (Husa et al. 2014) (Taranger et al. 2015). According to Niklitschek et al.
(2013), despite the fact that the Patagonian fjords are relatively poor in nutrients, the
enormous volumes of N and P released from fish farms have not provided evidence of
measurable nutrient enrichments and/or detectable changes in pelagic ecosystems in the
waters around salmon farms. Nevertheless, the same authors (Niklitschek et al. 2013) also
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emphasize the importance of less well-studied impacts of salmon farm effluent, including
changes to the natural nutrient ratios in salmon farming areas; e.g., (Iriarte et al. 2010) (Iriarte
et al. 2013) (Rebolledo et al. 2011), and the effects on the microbial communities, food webs,
and algal bloom events; e.g., (Navarro et al. 2008) (Elizondo-Patrone et al. 2015). In addition, a
recent risk assessment in Norway (Svasand et al. 2017) highlights the uncertainty regarding
potential variability between sites in enclosed fjords and on the outer coast, in combination
with the density of farmed salmon production; therefore, the potential for local or regional
impacts in individual waterbodies appears significant. Svasand et al. (2017) note there is a large
variation in phytoplankton biomass and species composition during any one year and between
years, and significant differences in small geographic areas are also recorded. They also note a
high level of uncertainty surrounding the amount of dissolved nutrients discharged from farms;
therefore, a potential for impacts in some local areas remains.
Considering these studies in Chile and elsewhere, Niklitschek et al. (2013) concluded that, at the
regional level, the risks of exceeding the ecosystem’s capability to incorporate nutrients into
the food web (carrying capacity) is a matter of immediate concern. Similarly, Mayr et al. (2014)
considered aquaculture to be the most likely explanation for a rapid increase in
autochthonous13 carbon compared to a much smaller increase in allochthonous14 carbon over
the last two decades. They concluded that further studies are urgently needed to better
quantify the sediment flux and anthropogenic impact on this unique Chilean benthic fjord
ecosystem. Many studies have tended to focus on microalgae as indicators of enrichment; the
Inner Sea of Chiloé in Regions X and XI (the major salmon producing regions) is characterized by
the occurrence of harmful algal blooms mainly from micro-phytoplankton taxa such as
dinoflagellates and diatoms (Iriarte et al. 2013) (Iriarte et al. 2010). The role (if any) of salmon
farm effluents in these blooms is uncertain (Iriarte et al. 2013), but this concern was highlighted
in February and March 2016 when an algal bloom resulted in the mortality of 106,000 MT of
farmed fish (27 million fish), of which 95,000 MT were Atlantic salmon (Intrafish 2016c).
The Seafood Watch Aquaculture Standard has two options for assessing the Effluent criterion:
Evidence-Based and Risk-Based. Monitoring of soluble effluent in the water column is not a
regulatory requirement in Chile and there are no routinely collected data on this aspect;
benthic monitoring results for every site are available from the INFA (Informes Sanitarios y
Ambientales Acuicultura) reports. These data are useful to indicate likely impacts at the site
level, but the ability to understand the potential for impacts beyond the immediate site area,
and particularly cumulative impacts with other sites in an ACS or region, is limited. Therefore,
considering the less well-studied impacts of salmon farm effluent outlined above, the RiskBased option is used because it includes an assessment of the regulatory management system
and its enforcement, which is considered to be central to the potential cumulative impacts of
the industry in Chile.

13
14

Autochthonous – material formed or originating in the place where found.
Allochthonous – material formed or introduced from somewhere other than the place it is presently found.
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Factor 2.1 Waste discharged per ton of fish production
Factor 2.1 assesses the amount of nitrogenous waste produced by the fish (Factor 2.1a) and
then the amount of that waste that is discharged from the immediate vicinity of the farm
(Factor 2.1b).
Factor 2.1a – Biological waste production per ton of fish
Using a feed protein content of 38%, and an economic Feed Conversion Ratio (eFCR) of 1.48
(see Feed Criterion for further information on these values), the total protein input in feed per
ton of fish harvested is 562.4 kg. Note that coho salmon is considered to have a lower eFCR
value of 1.20 (also see Feed Criterion for further details); although this leads to a lower
production of effluent waste, it is not sufficiently different from Atlantic salmon to result in a
different overall score for this criterion; therefore, the calculations below are specific to Atlantic
salmon but considered representative of the effluent-related impact of coho salmon farming.
Because protein is 16% nitrogen, the total nitrogen input in feed is 90.0 kg N per ton of
production. The protein content of whole farmed salmon is 18.5% (Boyd 2007), or 185 kg per
ton. Considering the aforementioned nitrogen content of protein, the nitrogen recovered in
harvested fish is 29.6 kg N per ton of production. The net loss of nitrogen in soluble and
particulate wastes is therefore 60.4 kg N per ton of production.
Factor 2.1b – Production system discharge
In net pen production systems, the Seafood Watch Aquaculture Standard considers 80% of
discharged waste (i.e., 48.3 kg N) to have the potential to impact the ecosystem beyond the
immediate farm area (in both soluble and particulate forms).
Factor 2.1a and 2.1b combine to result in a Factor 2.1 Waste Discharge Score of 5 out of 10.
Factor 2.2 Management of farm-level and cumulative impacts
Factor 2.2a assesses the content of the farm-level and regulatory management measures, and
Factor 2.2b assesses the enforcement of those management measures. Combined, they give an
indication of the effectiveness of the management system overall to control cumulative impacts
from the total tonnage of production of individual sites, and of multiple sites that share one
receiving water body, area, or region.
Factor 2.2a: Content of effluent management measures
It is generally considered that the Chilean salmon industry initially expanded in a poorly
organized manner without adequate consideration for the density of farms. For example,
Salgado et al. (2015) described it as the fastest growing industry in Chile that developed with
very limited regulation. This led to concerns about deleterious environmental changes at the
site level and cumulative impacts from multiple farms in the same area or region; according to
Alvial et al. (2012), “The industry’s impressive technical and commercial success was not
accompanied by matching research, monitoring and regulation to guard against foreseeable
biological risks.”
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Niklitschek et al. (2013) highlighted the rapid southward expansion of Chilean salmon farming
in the late 2000s and noted that the longer-term rapid growth of the salmon industry in Chile
during the past three decades quickly overwhelmed the rather weak legal and institutional
framework available to regulate this sector. Quiroga et al. (2013) also expressed the concern
that the regulatory framework in Chile has not developed the sophistication to monitor,
evaluate, and manage impacts as effectively as elsewhere in the world. More recently, Salgado
et al. (2015) found that inadequate regulatory institutions and governance continue to be the
most important concerns of multiple stakeholders to achieve a sustainable aquaculture industry
in Chile.
The industry itself has now become a key proponent for the development of new regulatory
standards (Little et al. 2015) (Pozo 2016), and the regulatory system in Chile continues to evolve
at a substantial pace (for example, the May 2016 revision15 of the ACS area management
system, and the October 2016 moratorium on new license applications in Region XII16). The
system in place now can be considered substantially different from the one driving the
concerns expressed in the previous paragraph.
Aquaculture in Chile is regulated by the General Law of Fisheries and Aquaculture (LPGA) of
2001, and though the basic content remains largely static, new resolutions provide practical
updates in the management of the industry. According to AquaChile (2015), the main
organizations regulating aquaculture activities in Chile are:
 Undersecretariat of Fisheries and Aquaculture (Subpesca), which regulates aquaculture
activities and establishes technical conditions under which it can develop.
 Undersecretariat for the Armed Forces, which grants aquaculture and marine licenses and
establishes appropriate areas for aquaculture.
 Environmental Assessment Service, which participates in the environmental evaluation of
projects.
 National Fisheries and Aquaculture Service (Sernapesca), which monitors compliance with
the norms of aquaculture, sanitary management, and provides services to enable their
correct implementation.
 General Directorate of Maritime Territory (DIRECTEMAR), which works to monitor activities
developed in the sea, rivers, and navigable lakes.
Overall, there is a substantial volume of regulatory burden on the industry. Subpesca and
Sernapesca (operating under the Ministry of Economy, Development, and Tourism) have the
most relevance to the activities of interest to this assessment. The Sernapesca website (in
Spanish) contains a large volume of regulatory information, and includes frequent new
resolutions and updates. Isolating the content of relevance to any one impact (e.g., effluent
wastes) is challenging.

15
16

Sernapesca (Technical report No 356).
Subpesca Resolution 3264 October 28 2016.
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The key environmental regulation is Reglamento Ambiental para la Acuicultura (RAMA) of 2001
and updated 2009 (Sernapesca 2016c). At the site level, the monitoring of soluble nutrient
effluents in the water column is not mandated in the regulations, and effluent impact
monitoring in salmon farming internationally has generally focused on the discharge of
particulate organic matter and the resulting changes in benthic biogeochemistry and
biodiversity (Elizondo-Patrone et al. 2015). This is the case in Chile through the INFA
environmental assessments and minimum requirements such as mandatory three-month
fallowing periods for sea sites.
Under the RAMA regulations, benthic assessments for INFA (Informes Sanitarios y Ambientales
Acuicultura; under Resolution 3612 updated in 2014) are performed before the start of
harvesting (i.e., at maximum biomass). Although these regulatory measures focus on the
immediate allowable zone of effect, they can be of use to the Effluent Criterion through the
demonstrated relationship between near- and far-field ecosystem health metrics. Studies in
Chile and elsewhere examining the spatial extent of fish farming impacts generally report that
their effects on the benthic environment rapidly dissipate and decrease exponentially with
increasing distance from their edge (Keeley et al. 2013) (Chang et al. 2011) (Mayor and Solan
2011) (Mayor et al. 2010) (Brooks and Mahnken 2003); therefore, the benthic results within the
immediate farm area can be used to infer likely impacts beyond it. There is a suite of
measurement parameters, but the primary indicator is the aerobic/anaerobic status of the
sediments, measured by the presence of dissolved oxygen in the interstitial water in the first
three centimeters of sediment (see Criterion 3 – Habitat for more information). An anaerobic
result (deficit of oxygen) indicates a moderate to high level of enrichment of the seabed. A farm
may not restock fish at a site if it does not have results showing that the center of the site is
operating under aerobic environmental conditions.
Regarding cumulative impacts and the scale of production, the primary tool employed is the
division of the farming regions (X, XI and XII) into groups of farm sites (concessions) sharing a
similar waterbody or area—Agrupación de Concesiones, or ACS. Each ACS is legally defined and
has a management plan.
Based on a 2009 regulation (Resolution 1449) updated most recently in May 2016 (Technical
report No. 356), biomass limits and stocking densities are set according to a classification
calculation of the ACS based on the INFA results of the farms (aerobic or anaerobic), the
mortality numbers of fish, and the production relative to projections (all from the previous
production cycle). For example, if between 75.1% and 100% of the INFA results for sites in the
ACS are “aerobic” after the last production cycle, then 100% of the planned stocking can be
repeated. This reduces sequentially with increasing numbers of “anaerobic” INFA results, such
that only 25% of the fish can be stocked in the next cycle if less than 25% of the INFA results are
“aerobic.” Similarly, mortalities above 15.1% have a reduction in stocking of 10%, which
increases to a reduction of 60% if mortality is greater than 26%. These factors are weighted and
used to give a final score for the ACS that determines the stocking density (which ranges from
11 to 17 kg/m3 for Atlantic salmon) and the corresponding number of fish stocked. Based on
growth projections, this will correspond to a predicted peak biomass before harvesting begins.
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Therefore, although the INFA assessment is conducted at the site level, it is at least partly
involved in setting production limits at the area level.
Despite this apparently complex system, questions remain about the applicability and
appropriateness of the regulations to the carrying capacity of the waterbodies in which the
industry operates. Niklitschek et al. (2013) warn that, despite new Chilean legislation that has
created some administrative tools that may allow the regulation of nutrient loads into specific
areas, no carrying capacity studies are available for this area, and the limited scientific research
conducted in Chile appears to be a major obstacle to reducing the environmental risks of the
industry. These authors (Niklitschek et al. 2013) concluded that the risks of exceeding the
ecosystem’s capability of assimilating the industry’s discharge of nutrients into the food web
(i.e., the ecosystem’s carrying capacity) are a matter of immediate concern. It is also unclear if
the ACS boundaries are set according to relevant hydrographic characteristics of the
waterbodies, or if they are primarily defined according to practical production requirements of
the industry. Pitchon (2015) questions whether aquaculture policy governing the use of inshore
coastal areas for salmon farming in Chile adequately ensures ecological (and social)
sustainability. From a regional perspective, much of the information and study has focused on
Regions X and XI where the current industry is concentrated. Production has been slowly
expanding into Region XII, and as discussed in Criterion 3 – Habitat, less is known about
potential impacts there. Recent regulatory changes (Resolution 3264, October 28, 2016) placed
a moratorium on new license applications for Region XII; however, at that time, approximately
1,000 applications were already in place with Sernapesca. There are currently 106 registered
sites in Region XII. It is estimated that the existing 1,000 applications will result in a small
number of additional sites (between 7 and 25) while new areas are evaluated and some existing
sites are relocated (pers. comm., Nicos Nicolaides 2017).
Dumping of dead fish.
An algal bloom in February and March 2016 killed 39,615 MT of farmed fish in Chile (27 million
fish), of which 90% were Atlantic salmon. The algal bloom raised many questions in the popular
media regarding both the ongoing salmon farming production and its impacts (if any) on the
algal bloom, and key events such as the dumping of thousands of tons of dead fish off Chiloé
Island (e.g., Pfeiffer 2016) (Cambero and Slattery 2016). The scale of mortalities overwhelmed
the ability to process them, and although 57% of the fish were processed into fishmeal and 30%
were dumped in landfill, 4,659 MT were dumped in the open ocean 75 miles west of Chiloé
Island in water depths of 3,000 m (Intrafish 2016a) (SCHCM 2016). The dumping of fish is
considered relevant to Criterion 2 – Effluent with regard to assessing the comprehensiveness of
regulations of the broader Chilean industry as they relate to controlling impacts beyond the
immediate farm area.
The causes of the algal bloom—with regard to the contribution of salmon farming (if any) and
the effectiveness of the management regime—are discussed further in Factor 2.2b below, but
importantly, the Directorate General of Maritime Territory and Merchant Marine
(DIRECTEMAR), on the basis of Sernapesca Resolutions (No. 1340 and No. 1359), gave
permission (Resolutions No. 12600/05/114-VRS and No. 12800/05/124-VRS) for the emergency
25

dumping (SCHCM 2016). This demonstrates that regulatory measures appear to have been in
place for the disposal of the fish (or the system allowed measures to be put in place to respond
the crisis).
Overall, the aquaculture regulations in Chile are substantial in their volume of content;
however, their true effectiveness and applicability to the effluent discharges of the industry as a
whole and their cumulative impacts continue to be uncertain. The use of the aerobic status for
benthic impacts at peak biomass is considered to address (or at least substantially reduce the
risk of) benthic impacts beyond the immediate farm area, and the ACS system is intended to
address the cumulative impacts; nonetheless, with a focus on fish health, the uncertain
effectiveness of the ACS system’s management of cumulative impacts is limiting. The score for
Factor 2.2a is 3 out of 5.
Factor 2.2b Enforcement of effluent management measures
It is clear that there is substantial enforcement of the aquaculture regulations in Chile.
Sernapesca is identifiable as the primary organization, and presents monitoring data such as
INFA results and a large amount of other industry information online (www.sernapesca.cl).
Resolution 3612 defines the qualifications and the accredited laboratories for those involved in
sampling, and Sernapesca staff are confirmed to be present during INFA sampling (pers. comm.,
AquaChile 2016).
The Global Salmon Initiative (GSI) also provides some indication that regulations are enforced
by listing the number of non-compliances with environmental regulations. From 2013 through
2016, the eight member companies had an average of 22 environmental regulatory noncompliances per year (i.e., 2.75 per company), with an average fine of USD 3,219 per
infringement. The infringements were generally related to maritime laws and the General Law
for Fisheries and Aquaculture (and therefore not specifically relating to effluent impacts). The
specifics of the infringements show that there is some robust scrutiny and enforcement in
place.
With regard to the effectiveness of the regulatory system in managing cumulative effluent
impacts overall, practical questions remain within the academic literature and within the
industry itself. Mayr et al. (2014) studied a doubling in depositional rates of nitrogen and
carbon, and a change in the source of carbon from allochthonous17 to autochthonous18 over the
last 20 years in a fjord in Chile, and concluded an increase in nutrients caused by aquaculture is
the most likely explanation. Similar to the conclusion reached by Niklitschek et al. (2013) with
respect to soluble wastes (i.e., noting the lack of carrying capacity studies), Mayr et al. (2014)
concluded that further studies are urgently needed to better quantify the sediment flux and
anthropogenic impact on this unique Chilean benthic fjord ecosystem.

17
18

Allochthonous – material formed or introduced from somewhere other than the place it is presently found
Autochthonous – material formed or originating in the place where found
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The algal bloom in 2016 highlighted another example where insufficient research into the
potential contributions of salmon farming to regional nutrient loads hinders effective
understanding of the industry’s management and enforcement. Many questions were raised in
the popular media regarding both the ongoing salmon farming production and key events such
as the dumping of thousands of tons of dead fish off Chiloé Island (e.g., Pfeiffer 2016) (Cambero
and Slattery 2016). The Chilean Society of Marine Science (Sociedad Chilena De Ciencias Del
Mar) provided an independent overview of the causes (SCHCM 2016), of which an intense El
Niño event was primary. Average sea surface temperatures were 2 to 4°C higher than normal
off the coast of Chile, and the normal influx of freshwater from rivers and glaciers and rain
effect was diminished, which led to increased salinity. Changes in wind and current patterns
caused upwelling that “produced algal blooms not seen in the region before” (SCHM 2016). It is
not known if nutrients from salmon farms were a contributing factor to the blooms and
therefore evidence of a lack of effectiveness and enforcement of the management systems.
Elizondo-Patrones et al. (2015) note that these occurrences have been reported since 1993,
coinciding with an intensification of salmon culture activity, but this aspect was not mentioned
by SCHCM (2016), presumably because it was considered to be minor in comparison to the
scale of the other external factors discussed. Regarding enforcement, two farming companies
(Australis and Salmones Maullín) have been sanctioned for breaching contingency plans for
their delayed disposal of dead fish.19 Despite these examples of enforcement activities, the
ongoing uncertainty in the industry’s potential cumulative impacts in terms of direct nutrient
input, and less well understood changes to nutrient ratios and effects on microbial
communities, highlight the need for effective management and enforcement. The industry has
been plagued by concerns that production is too densely concentrated in Regions X and XI; e.g.,
(Niklitschek et al. 2013), whch indicates that the effectiveness of the regulatory systems is
limited.
In Chile, the enforcement organizations are identifiable and active, and enforcement is active at
the area-based scale through the ACS system. There is evidence of penalties for noncompliances, but questions and gaps in the understanding of the management of the industry’s
cumulative impacts remain. The score for Factor 2.2b is 3 out of 5.
Factor 2.2 Final Score
Overall, the scoring for Factor 2.2 Management of farm-level and cumulative impacts combines
Factors 2.2a and 2.2b resulting in a final score of 3.6 out of 10. This reflects the ongoing gaps in
knowledge and concerns for the efficacy of cumulative management.
Conclusions and Final Score
The final score combines the waste production score (Factor 2.1) with the management
effectiveness score (Factor 2.2) to give an indication of Chile’s effluent waste production at the
site level and its management of cumulative impacts from multiple farms operating in the
waterbody or region. The final score for both Atlantic and coho salmon for Criterion 2 – Effluent
19

Intrafish Media, Dec 22 2016. Australis, AquaChile hit with sanctions for mishandling massive salmon mortalities.
www.intrafish.com
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is 5 out of 10, reflecting the low apparent risk of direct impacts from individual farm sites, but
an uncertainty for the regulatory regime to adequately manage potential cumulative impacts.
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Criterion 3: Habitat
Impact, unit of sustainability and principle
 Impact: Aquaculture farms can be located in a wide variety of aquatic and terrestrial habitat
types and have greatly varying levels of impact to both pristine and previously modified
habitats and to the critical “ecosystem services” they provide.
 Sustainability unit: The ability to maintain the critical ecosystem services relevant to the
habitat type.
 Principle: being located at sites, scales and intensities that maintain the functionality of
ecologically valuable habitats.

Criterion 3 Summary
Atlantic and Coho salmon
Habitat parameters
F3.1 Habitat conversion and function
F3.2a Content of habitat regulations
F3.2b Enforcement of habitat regulations
F3.2 Regulatory or management effectiveness score
C3 Habitat Final Score (0-10)

Value

Score
7

3
3
3.6
5.87
Critical?

NO

YELLOW

Brief Summary
The Chilean fjord region is classified among those with the highest global conservation priority
worldwide due to its threats and high degree of endemism. Although the floating net pen
production system has little direct habitat impact, the operational impacts of settling wastes on
the seabed habitats can be substantial. The environmental benthic monitoring (INFA) results
show that 77% of sites have aerobic sediments under the net pens at maximum biomass each
production cycle; this indicates that the habitat is not overloaded with particulate wastes. The
impacts are rapidly reversible via site fallowing and there are considered to be no significant
losses in ecosystem services at the site level. Various initiatives have identified high-value
conservation areas in all three of Chile’s southern salmon producing regions. Although there is
currently little overlap of the salmon industry with these locations, this is clearly an area where
more research is needed—particularly in Region XII as production expands (albeit slowly) in the
far south. Chilean regulatory measures regarding cumulative habitat impacts are based on the
ACS system described in the Effluent Criterion. Though comprehensive in content, there are
similar concerns relating to the ability of this system to adequately address the cumulative
impacts on the unique habitats in Chile from the total scale of production. Overall, even though
the floating net pens have a minimal direct habitat impact, the operational impacts on the
seabed (despite covering a small total area and being rapidly reversible) remain a concern,
particularly in the context of poorly understood cumulative impacts. The final score for the
Habitat Criterion is a moderate 5.87 out of 10 for both species.
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Justification of Rating
The fjordic area of southern Chile in Regions X, XI, and XII contains extraordinary marine
biodiversity. It is home to a number of endemic and rare species such as the Chilean dolphin,
and includes critical habitat for globally significant species such as the blue whale and sooty
shearwater, endangered species such as southern right whale, and unique biological
communities such as cold-water corals (Miethke and Gálvez 2009). The region is classified
among those with the highest conservation priority worldwide due to its threats and high
degree of endemism (Iriarte et al. 2010).
As discussed in the Effluent Criterion, there is inevitably some overlap in the information used
between the Effluent and Habitat Criteria because the source of the impact in both cases is the
same (i.e., uneaten feed and fish waste). The Effluent Criterion assesses impacts beyond the
immediate farm area, whereas the Habitat Criterion considers impacts within it. Due to the
similarities in production characteristics, the assessment of this criterion applies to both
Atlantic and coho salmon.
Factor 3.1. Habitat conversion and function
Although the floating net pens used in salmon farming have relatively little direct habitat
impacts, the operational impacts on the benthic habitats below the farm and/or within an
Allowable Zone of Effect (AZE) can be profound. Although the benthic communities in Chilean
fjords have only recently been studied, there is clear demonstration that they are very rich and
diverse, and of high ecological value (Quiroga et al. 2013). They have been shown to possess a
unique benthic fauna, comprising endemic cold-water corals, anemones, and other species
(Buschmann et al. 2006), and fjords are considered one of the most biogeochemically active
areas in the biosphere due to their land-ocean exchange of energy and matter (ElizondoPatrone et al. 2015 and references therein). These ecosystems provide important services to
humans which, according to Iriarte et al. (2010), have not been adequately measured and
valued; as a consequence, their ecosystem services are commonly ignored in public policy
design and in the evaluation of development projects.
Particulate wastes generate a localized gradient of organic enrichment in the underlying and
adjacent sediments as a result of uneaten food and feces, and can strongly influence the
abundance and diversity of infaunal communities (Black et al. 2008) (Keeley et al. 2013 (Keeley
et al. 2015). In Chile, Soto and Norambuena (2004) (although now somewhat dated) found twofold to five-fold higher mean concentrations of nutrients (nitrogen, phosphorus, carbon, and
particulate organic matter) and a nearly 50% lower species richness in sites below net pens
compared to control sites. Kowalewski (2011) documented a catastrophic decline in local
benthic productivity triggered by salmon farms, and Aranda et al. (2010) studied mats of
filamentous bacteria (indicative of unsustainable nutrient loading) covering the substrate below
the pens and within the near field area, from 10 to 60 m away (their sampling was done in 2006
to 2007). Niklitschek et al. (2013) also note conflicting studies that have shown increased
species richness around farm sites in Chile (Soto and Jara 2007), attributed to an edge effect
that may be explained by increased productivity due to nutrient inputs and/or by enhanced
protection (refuge) from small-scale fisheries that operate in the area.
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As discussed in the Effluent Criterion, the impact of settling particulate wastes from salmon
farms in Chile is managed by environmental reports known as INFAs (Informes Sanitarios y
Ambientales Acuicultura) under Resolution No. 3612 of 2009. Detailed requirements on the
monitoring protocols can be found (in Spanish) in the Resolution text, but salient content is
summarized in Factor 3.2a below.
There are several potential parameters to be monitored for INFA, but the specifics are dictated
by the category of site, which in turn depends on the production volumes, seabed types (hard
or soft), and the depth (greater or less than 60 m). Compliance is based primarily on the aerobic
or anaerobic status of the sediments or the water column just above them (in addition to visual
monitoring for the presence of bacterial mats at some hard-substrate sites). Figure 3 shows the
country-level INFA status for all Chilean salmon sites from 2010 to August 2016. In the last
complete year for which data are available (2015), 77% of sites had aerobic conditions
underneath the pen arrays, indicating that the nutrient enrichment had not overloaded the
benthic habitats.

Figure 3: Annual average percent of Chilean salmonid farms achieving “Aerobic” status in INFA assessments. Data
from Sernapesca. The 2016 data year is not complete at the time of assessment 20, and represents INFA results to
August 31st.

Figure 3 shows aggregated data for Chile as a whole, but when analyzed by region, there is a
north-to-south decrease in the percentage of aerobic sites, which, after analyzing all the data
available from Sernapesca from 2010 to date in 2017, decreases from 86% of sites in Region X
to 67% in Region XI and 51% in Region XII (Figure 4). With the aerobic/anaerobic status
20

Sernapesca data accessed July 25 2017 has INFA results to August 31st 2016.
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determined by measuring dissolved oxygen in the water column just above the seabed, the
higher levels of anaerobic sites in more southerly regions have been attributed to the influx of
low oxygen water due to upwelling (surgencia) associated with the Humboldt current (pers.
comm., Nicos Nicolaides 2017), rather than the biochemical implications of farm waste
discharge/deposition. This is supported by academic studies such as Manriquez et al. (2009)
with the condition characterized by a water column with higher salinity (>34.0 ppt) and lower
oxygen (<1 mL O2 L−1). In addition, there are many aspects that vary along the considerable
north-south range of salmon production in Chile, particularly key variables such as
temperature.

Figure 4: Percentage of Chilean salmonid farms achieving “Aerobic” status in INFA assessments by region for 2010
to August 31st 2016. Data analyzed from Sernapesca.

Anaerobic sites must be shown to have returned to aerobic status before fish can be restocked
at a site (after a compulsory three-month fallow period, or longer if necessary; see Factor 3.2
below). Anaerobic INFA reports, particularly when repetitive, lead to reduced biomass
permissions and also affect the stocking of the ACS as a whole.
Although a return to aerobic status does not imply a full recovery, benthic impacts of this
nature are considered to be relatively rapidly reversed with cessation of production or fallowing
(Keeley et al. 2015). The INFA data from Sernapesca show that recovery times between an
anaerobic sample and subsequent aerobic sample varies between approximately 2 and 18
months.
Overall, data from the environmental benthic monitoring (INFA) results show that 77% of sites
have aerobic sediments under the net pens at maximum biomass each production cycle; this
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indicates that the habitat is not overloaded with particulate wastes. Oxygen depletion without
irreversible changes to benthic communities (i.e., impacts can be rapidly reversed by fallowing)
is considered to be a moderate impact with maintenance of overall habitat functionality (see
the Seafood Watch Aquaculture Standard for more details). Thus, the final score for Factor 3.1
is 7 out of 10.
Factor 3.2. Farm siting regulation and management
Husa et al. (2014) noted (in a Norwegian study) that the cumulative effect of numerous
impacted areas around multiple farm sites must be taken into consideration when evaluating
the total impact from aquaculture on ecosystem functioning, and Factor 3.2 assesses the
effectiveness of the regulatory and farm management practices in addressing the potential
cumulative impacts from multiple farming sites.
Factor 3.2a: Content of habitat management measures
With regard to the direct site habitat impacts, Chile’s System of Environmental Impact
Assessment (Sistema de Evaluación de Impacto Ambiental, SEIA) operates within the Ministry of
the Environment (Ministerio del Medio Ambiente). Since 2001, all farm sites must be licensed,
and evidence of their approval—their “Ruling for Environmental Certification” (Resolución de
Calificación Ambiente, RCA)—is available online at the SEIA database. Sites that were approved
before 2001 are not required to submit to the SEIA unless they undergo “important changes”
that require them to enter the SEIA evaluation under an RCA. In this case, “important changes”
include an expansion of production (under Law 19300, and Resolution 290), which has occurred
on many sites.
The SEIA environmental impact assessment takes the form of a preliminary characterization of
the site (Caracterización Preliminar de Sitio, CPS), and as described in the Effluent Criterion and
in previous paragraphs of this Habitat Criterion, the principal regulatory management tool for
monitoring seabed habitat impacts is Sernapesca’s INFA assessment under the environmental
(RAMA) regulations. Although the assessments focus on the site level, the results are
considered in the ACS area system along with mortality and other performance parameters to
predict the stocking numbers and therefore maximum biomass for the next production cycle.
Therefore, though the INFA assessment is conducted at the site level, it is at least partly
involved in setting production limits at the cumulative multi-site (ACS) level.
Also as described in the Effluent Criterion, though apparently comprehensive and
administratively burdensome on the industry, the effectiveness of the regulatory content with
regard to cumulative impacts on ecosystem services in the areas used by the salmon farming
industry continue to be questioned. Fallowing requirements can be considered a form of
habitat restoration, but their occurrence between production cycles only temporarily improves
the benthic conditions (before production begins again); nonetheless, they do ensure that long-
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term local cumulative impacts are unlikely. Scheduled fallow periods for all sites in Chile up to
the year 2020 are available from Sernapesca’s website.21
With regard to sensitive habitats, Vila et al. (2016) identified High Conservation Value Areas in
the channels and fjords of the southern Chile ecoregion using 39 conservation features, and
noted that the distribution of 12 conservation features overlapped to a certain extent (>10%)
with Appropriate Areas for Aquaculture. Nevertheless, all proposed conservation targets could
be met with a suggested portfolio of 33 High Conservation Value Areas covering 99,432 km2
(12% of the ecoregion). The primary impact to aquaculture siting would be the exclusion of
salmon farming from Tierra del Fuego island in the southernmost region of Chile.
These authors (Vila et al.) proposed a number of Appropriate Areas for Aquaculture, but again
expressed caution that they are located in remote places where fine-scale data are lacking, and
the lack of apparent potential conflict with their conservation targets may reflect this.
Significantly, they also concluded that the potential impacts of salmon farming on conservation
targets outside High Conservation Value Areas may be important and should be minimized.
Nevertheless, the results of this process were subsequently used by the Chilean government to
assist in zoning aquaculture in Region XII, and by comparing the three current ACS maps
(Appendix 2) with Figure 5 below from Vila et al. (2016), it can be seen that all the current
salmon production is in locations considered to be “Appropriate Areas for Aquaculture.”

21

Programacion De Periodos De Descanso De Las Agrupaciones De Concesiones De Salmonideos En Las Regiones
De Los Lagos, Aysen Y Magallanes.
http://www.sernapesca.cl/index.php?option=com_content&view=article&id=1220&Itemid=1009
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Figure 5: Areas appropriate for Aquaculture in Region XII. Figure copied from Vila et al. (2016).

As noted in Criterion 2 – Effluent, Resolution 3264 (October 28, 2016) placed a moratorium on
new license applications for Region XII, and although Sernapesca has 1,000 applications already
underway, it appears that the number of new sites granted will initially be low (estimated at up
to 25; see Criterion 2 – Effluent).
In conclusion, although EIAs are required for new site licenses, and there is some consideration
of cumulative impacts through the ACS system, there are ongoing concerns regarding the
uncertain carrying capacity of Chile’s unique habitats. Ultimately, the management system is
generally based on ecological principles, but is not considered to robustly account for
cumulative impacts. Therefore, the score for Factor 3.2a is 3 out of 5.
Factor 3.2b: Enforcement of habitat management measures
With the similarity in regulatory enforcement between the Effluent and Habitat Criteria, the
content in Factor 2.2b in the Effluent Criterion above is referred to here. The availability of EIA
reports in addition to the INFA results indicates that monitoring and evaluation are taking
place. Resolution 3612 defines the qualifications and the accredited laboratories for those
involved in sampling, and Sernapesca staff are present for INFA sampling (pers. comm.,
AquaChile 2017).
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The ACS process, in terms of managing production on an area basis, is to be commended, but
the robustness of the biomass, stocking calculations, and procedures continue to lack some
transparency, and their efficacy with regard to Chile’s unique and ecologically valuable habitats
continues to be questioned (see the Effluent Criterion for further details). As noted in the
Effluent Criterion, the Global Salmon Initiative also provides some indication that regulations
are enforced by listing the number of non-compliances with environmental regulations; from
2013 through 2016, the eight member companies had an average of 22 environmental
regulatory non-compliances per year (i.e., 2.75 per company), with an average fine of USD
3,219 per infringement. Details were not specified, but related to maritime law and the General
Law for Fisheries and Aquaculture (i.e., not related specifically to this Habitat Criterion). These
examples clearly demonstrate that some active enforcement takes place.
In conclusion, the information available shows that farm-level regulatory enforcement is
generally effective, but with similar concerns articulated in the Effluent Criterion regarding the
scale of production and the unique habitats in Chile, the enforcement on a national scale has
some limitations. Ultimately, enforcement organizations are identifiable and active, but these
limitations mean that cumulative habitat impacts may not be fully addressed. The score for
Factor 3.2b is 3 out of 5.
Factor 3.2 Final Score
Combining Factors 3.2a and 3.2b results in a low score for the overall efficacy of the
management and regulatory control of cumulative habitat impacts in Chile, and reflects similar
concerns articulated in the Effluent Criterion regarding the scale of production and the unique
habitats in Chile. The final score for Factor 3.2 is 3.6 out of 10.
Conclusions and Final Score
Though the installation of net pens has little direct impact on the habitat where they are sited,
the discharge and deposition of particulate organic matter can create poor sediment conditions
in the vicinity of the sites and impact the functionality of the ecosystem. This reflects a
moderate concern regarding the direct habitats at the site level, but the overall score is
impacted by uncertainties in the effectiveness of the regulatory system to manage potential
cumulative impacts from the industry at the ACS and broader regional scales. Factors 3.1 and
3.2 combine to result in a final score for the Criterion 3 – Habitat of 5.87 out of 10.
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Criterion 4: Evidence or Risk of Chemical Use
Impact, unit of sustainability and principle
 Impact: Improper use of chemical treatments impacts non-target organisms and leads to
production losses and human health concerns due to the development of chemical-resistant
organisms.
 Sustainability unit: non-target organisms in the local or regional environment, presence of
pathogens or parasites resistant to important treatments
 Principle: limiting the type, frequency of use, total use, or discharge of chemicals to levels
representing a low risk of impact to non-target organisms.

Criterion 4 Summary
Atlantic salmon
Chemical Use parameters
C4 Chemical Use Score (0-10)

Score
CRITICAL
Critical?

YES

RED

Coho salmon
Chemical Use parameters
C4 Chemical Use Score (0-10)

Score
2
Critical?

NO

RED

Brief Summary
Sernapesca has published annual antimicrobial use in Chilean aquaculture every year since
2011 (with data going back to 2005); the data for 2016 show the total and relative use in
Atlantic and coho salmon is very high despite a substantial decrease in total use compared to
2015. Over 340 metric tons (MT) of antibiotics (89% of Chile’s total aquaculture use) were
administered to Atlantic salmon in 2016, with 24 MT to coho (6.3% of Chile’s total). The average
relative use for Atlantic salmon in 2016 was 695 grams of antibiotic per MT of production (a
minor reduction of 5.4% compared to 2015) and 200 g/MT for coho (a substantial reduction of
56% compared to 2015). In total, Atlantic salmon production in Chile uses nearly 1,800 times as
much antibiotic as Norway (the world’s largest salmon producer), despite producing less than
half as much fish (Norway produced 1.3 million MT in 2016, and used 0.2 MT of antibiotics). The
dominant treatments (florfenicol and oxytetracycline) are primarily used to treat the bacterial
pathogen Piscirickettsia salmonis, and both antibiotics are listed as highly important for human
medicine by the World Health Organization. The average frequency of antibiotic treatments is
2.74 per production cycle. There are no regulatory limits on the frequency or total quantity
used should a disease outbreak occur, but various initiatives are underway to attempt to
address the problem (e.g., the Pincoy project, and the promising testing of new vaccines for P.
salmonis). Nevertheless, there is evidence of developed resistance to florfenicol in Chile, and
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the repeated (and increasing) use strongly suggests that aquaculture areas in Chile may
constitute hotspots of evolution towards antimicrobial resistance.
The use of sea lice treatments in Chile is also high, with an aggregated pesticide treatment
index (which underestimates the true frequency) indicating more than two pesticide
treatments per site per year on average for the whole of Chile. The dominant treatment is
azamethiphos, applied as a bath treatment. The development of resistance is already
widespread for some pesticide treatments and seemingly inevitable for others due to repeated
use. The evidence for direct environmental impacts in Chile is limited, but studies in other
regions imply concern, and there are few studies that consider the scale of pesticide use in
Chile.
Overall, the Chilean industry continues to struggle with the control of bacterial diseases and sea
lice parasites as indicated by the very high levels of treatment. The open nature of net pen
production systems leaves fish inherently vulnerable to infection, and frequent treatment with
antibiotics that are highly important for human medicine (and critically important to veterinary
medicine) is not prudent, judicious, or justified when the risks are considered. Antibiotic use is
the driver of the final score for Criterion 4 – Chemical use, which is Critical for Atlantic salmon,
and 2 out of 10 for coho salmon due to the lower antibiotic use.
Justification of Rating
The expansion of commercial aquaculture has necessitated the routine use of veterinary
medicines to prevent and treat disease outbreaks, assure healthy stocks, and maximize
production (FAO 2012). This Seafood Watch assessment focuses on antibiotics and sea lice
pesticides as the dominant veterinary chemicals applied to salmon farming. Although other
types of chemicals may be used in salmon aquaculture (e.g., antifoulants, anesthetics), the risk
of impact to the ecosystems that receive them is widely acknowledged to be less than that for
antibiotics and pesticides.
Antibiotics
Quantity of antibiotics used
Sernapesca has published annual antimicrobial use in Chilean aquaculture every year since
2011 (with data going back to 2005) in the report “Informe sobre uso de antimicrobianos en la
salmonicultura.” The data are broken down by species, by antibiotic type/quantity, and by
disease treated. In 2016, Sernapesca’s report (for 2015) was also broken down by company, but
this has not been repeated in 2017 (for 2016). SalmonChile now provides these data. The
following key data have been drawn primarily from the 2017 Sernapesca report (Sernapesca
2017).
Sernapesca reports that Chile’s total antibiotic use for aquaculture (all species) was 382.5 MT,
of which 89.1% (340 MT) was used for Atlantic salmon production and 6.3% (24.1 MT) for coho
salmon production.22 This total is a substantial decrease from the 557.2 MT in 2015, but there
22

The remaining 4.6% of Chile’s antibiotic use is for rainbow trout.
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was also a substantial decline in production over the same timeframe. Figure 6 plots relative
antibiotic use for Atlantic and coho salmon in Chile from 2005 to 2016 in grams of antibiotic per
ton of salmon production.23 It shows a relative use of 695.5 g/MT for Atlantic salmon in 2016 is
only a small decrease (5.4%) from 2015. For coho salmon, the relative use is much lower at
200.8 g/MT in 2016, a large decline of 56% from 460.5 in 2015. It is important to note that the
units “g/ton” must be used with caution due to the different potencies of each antibiotic (and
therefore the amount used in each “treatment”) and changes in use of different antibiotics over
time, but it is the unit used for data provided by Sernapesca, and continues to provide a useful
measure of total antibiotic use.

Figure 6: Solid blue line shows antibiotic use in Atlantic salmon aquaculture in Chile in grams per ton of production.
Dashed blue line shows total antibiotic use for Atlantic salmon in tons. Green lines show the same for coho salmon.
Data from Sernapesca.

In Chile, 95% of antibiotic use occurs during the marine stage of production, and 92.5% of
antibiotic use (in seawater) is to treat the bacterial pathogen Piscirickettsia salmonis, the
causative agent of salmon rickettsial syndrome, SRS (Sernapesca 2017). Company-specific data
provided by Sernapesca in 2016 (for the 2015 production year) show a wide range of average
antibiotic use, from the lowest-using company (Nova Austral) at 114 g/ton to the highest user
(Engorda Austral) at 1,170 g/ton (Sernapesca 2015a). These antibiotic use data are categorized
and presented in Figure 7 as a percentage of Chile’s total salmon production, and show that
49.8% of Chilean salmon production receives between 400 and 600 g/ton of antibiotics.

23

Note the relative quantities are based on predicted production figures for 2016.
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There are no companies that use less than 100 g of antibiotics per ton of production, and 8.2%
of production receives over 1 kg of antibiotics per MT of production. It must be noted that the
results in Figure 7 are aggregated for all species (i.e., Atlantic salmon, coho salmon, and
rainbow trout), and also that there are some discrepancies within the Sernapesca data that
mean these results should only be used as a guide (for example, the total reported antibiotic
use from the companies in Chile for 2015 is 494.44 MT24 compared to Sernapesca’s reported
total use of 557.2 MT).

Percentage of total production

Percentage of Salmon Production by Antibiotic Administration
30
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15
10
5
0

Grams antibiotic per ton of production
Figure 7: Percentages of total Chilean production (all species) receiving ranges of antibiotic administration. Data
analyzed from Sernapesca’s antibiotic report for 2015 (Informe sobre uso de antimicrobianos en la salmonicultura
nacional 2015).

From a regional perspective, total antibiotic use is much lower in Region XII, where 5.4% of
Chile’s total antibiotics are used, compared to 32.4% in Region X and 62.2% in Region XI;
however, only 8% of Chile’s total salmon production is located in Region XII (in 2015).
Therefore, although companies such as Nova Austral (noted above as the lowest relative user of
antibiotics in Chile according to Sernapesca in 2015) are located there, there is insufficient
evidence to distinguish antibiotic use on a regional basis.
It is clear that the use of antibiotics in Chilean aquaculture, and most notably salmon
aquaculture, is extremely high when compared to other major salmon producing regions; for
example, Atlantic salmon production in Chile uses nearly 1,800 times as much antibiotic as
Norway (the world’s largest salmon producer), despite producing less than half as much fish

24

494.44 MT is obtained by totaling all the company-level data in the Sernapesca report (Sernapesca, 2016).
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(Norway produced 1.31 million MT of salmon in 2015, and used 0.21 MT of antibiotics in 2016,
according to Fiskeridirektoratet25).
In August 2016, a number of companies in Chile (Skretting, AquaGen/Blue Genomics,
Centrovet, Pharmaq, Cermaq, Blumar, and Ventisqueros), supported by Sernapesca and
SalmonChile, established the “Pincoy” project to reduce antibiotic use in Chile with the aim of
halving it by 2018 (Infante 2016). It is clearly too early to know if this will be successful, but the
initiative is welcomed.
Frequency of antibiotic use
Sernapesca does not report the frequency of treatments, but GSI data for 2016 show that, for
eight companies in Chile, the company-average number of antibiotic treatments per net pen
per production cycle varied from 1.86 to 4.16, with an annual mean of 2.74. This aggregated
average hides the reality that some pens and sites in Chile receive many more treatments than
these averages, and some less (see the resistance section below). There are no regulatory limits
on the use (frequency or total quantity), should a disease outbreak occur.
The GSI antibiotic frequency data is not distinguished by species. As noted above (Figure 6),
total and relative antibiotic use for coho salmon is much lower than for Atlantic salmon. This is
in part due to a shorter production cycle of coho (10 to 12 months compared to 18 months for
Atlantic salmon), but even if the use is half as frequent for coho as it is for salmon (e.g., half of
2.74), it is still more than one treatment per production cycle. Therefore, for the purposes of
this assessment, both Atlantic and coho salmon are considered to have greater than one
treatment of antibiotics per production cycle.
Type of antibiotic used
Figure 8 shows that 82.5% of antibiotic use by volume for all species in Chile is florfenicol and
16.8% is oxytetracycline, with minor amounts of flumequin and erythromycin. In Chile, 92.5% of
total antibiotic use was to treat one disease, SRS, caused by the pathogen Piscirickettsia
salmonis. The most common antibiotic used to treat SRS is florfenicol (89.9% of treatments for
SRS), with lesser applications of oxytetracycline (9.7%) and flumequine (0.4%). The proportional
use of florfenicol has increased sharply in recent years; in 2012, florfenicol was 54% of
treatments and oxytetracycline was 43% (Sernapesca 2013).

25

https://www.fiskeridir.no/
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Figure 8: Type of antibiotic use in Chilean aquaculture by volume (all species). Graph copied from Sernapesca
(2017).

Vaccines for SRS have been developed in the past, and new versions continue to be tested by
large companies in Chile,26 but recent research by Otterlei et al. (2016) shows that the SRS
outbreaks in Chile are caused by a minimum of two distinct genetic strains of P. salmonis, and
this heterogeneity should be considered in future development of vaccines against this
bacterium in Chile.
In the World Health Organization’s (WHO 2016) list of “Critically important antimicrobials for
human medicine,” florfenicol is noted as highly important (even though it is used only in
veterinary medicine) due to the potential for human pathogens to acquire resistance genes
from florfenicol-treated non-human sources (e.g., livestock or fish). Oxytetracycline is also
listed as highly important for human medicine.
For veterinary applications, the World Organisation for Animal Health (OIE) has also prepared a
“List of antimicrobial agents of veterinary importance” within which both florfenicol and
oxytetracycline are listed as “Veterinary critically important antimicrobial agents” (OIE, 2014).
The OIE (2014) states: “The wide range of applications and the nature of the diseases treated
make phenicols [and tetracyclines] extremely important for veterinary medicine. This class is of
particular importance in treating some fish diseases, in which there are currently no or very few
treatment alternatives.” This emphasizes the need for responsible and prudent use (OIE 2014).
Antibiotic resistance
The use of appropriate antimicrobial treatments is one of the most effective management
responses to emergencies associated with infectious disease epizootics; however, their

26

Marine Harvest targets 70% reduction in antibiotic use in Chile. Intrafish Media, Dec 22, 2016.
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inappropriate use can lead to problems related to increased frequency of bacterial resistance
and the potential transfer of resistance genes in bacteria from the aquatic environment
to other bacteria (FAO 2012).
The subject of antibiotic resistance is extremely complex and the subject of a voluminous and
rapidly growing body of literature. In technical complexity, the details of this subject are
beyond the scope of this Seafood Watch assessment, yet the appropriate level of concern is
important to this Chemical Use criterion. The recent scientific literature has therefore been
relied upon, particularly a number of comprehensive review articles referenced below.
Put simply, Done and Halden (2015) state that the use of antibiotics in open net pen
aquaculture can lead to:





The spread of antibiotics into the environment27
Residual concentrations left in seafood
High exposure by aquaculture facility personnel
Antibiotic resistance development

In addition, Tomova et al. (2015) state:



Emerging antimicrobial resistance genes (ARG) in human pathogens have been identified as
potentially of aquatic origin
ARG and mobile genetic elements have also been shown to be shared between aquatic bacteria and
terrestrial animal and human pathogens

Although a number of previous reviews remain useful; e.g., (Cabello et al. 2013) (Miranda 2012)
(Buschmann et al. 2012) (Smith 2008), a more recent review of 650 papers by Done et al. (2015)
provides a useful summary of the general concern. Done et al. (2015) state:





Several publications have linked antibiotic resistance development and spread with animal
production. Aquaculture, the newest and fastest growing food production sector, may promote
similar or new resistance mechanisms
The usage of antibiotics provides selective pressure that can accelerate the development and spread
of antibiotic resistant genes
Various zoonotic28 pathogens isolated from meat and seafood were observed to feature resistance
to multiple antibiotics on the WHO list, irrespective of their origin in either agriculture or
aquaculture

27

As an aside, Fortt et al. (2007) report the presence of antibiotics administered to cultured salmon in commonly
eaten wild fish in Chile (Eleginops maclovinus known as the Patagonian blenny, rock cod, or seabass, and the red
rockfish, Sebastes capensis), providing what Gonzalez et al. (2011) consider unequivocal evidence of the
interaction between farmed fish and free-living organisms.
28
Zoonotic: a disease that can be transmitted from animals to people or, more specifically, a disease that normally
exists in animals but that can infect humans (Medicinenet.com)
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The data show that resistant bacteria isolated from both aquaculture and agriculture share the same
resistance mechanisms, indicating that aquaculture is contributing to the same resistance issues
established by terrestrial agriculture
Co-resistance to multiple antibiotics is increasingly becoming a major concern
As water provides a constant and facile mechanism for dispersal of drug residues, microbial
pathogens, and resistance genes, aquaculture will continue to pose a threat that may increase as
the demand for seafood increases.

In Chile specifically, florfenicol is the most widely used antibiotic in salmon farming. It is used
multiple times per production cycle. Bacteria resistant to one or more antibiotics, including
florfenicol, have been found in several studies to be associated with salmon hatcheries and
farms; e.g., (Shah et al. 2014) (Henriquez-Nunez et al. 2012) (Buschmann et al. 2012) (Tonova et
al. 2015). It is important to note that these studies were not conclusive that the salmon farms
were the cause; however, Henriquez-Nunez et al. (2012) implied that the developed antibiotic
resistance is likely to be due to the high amounts used, the repetitive use, and the use of much
higher doses than those recommended for Chilean salmon farms. Tomova et al. (2015) also
strongly suggest that aquaculture areas in Chile may constitute hotspots of evolution toward
antimicrobial resistance. Price et al. (2016) note there is a growing concern about the poor
response to antimicrobial therapeutants used to treat SRS on some fish farms in Chile.
In the case of florfenicol, the resistance gene is known as the floR gene, and due to the widely
recognized phenomenon of horizontal gene transfer (HGT), florfenicol has the potential to coselect for a diversity of resistances (Fernandez-Alarcon et al. 2010). For this reason, human
health as well as animal health can potentially be impacted by the use of antibiotics in
aquaculture. The floR gene has been detected in salmon farms in Chile and many other
aquaculture situations (Miranda et al. 2013). The floR gene has also been associated with the
HGT of resistance to human pathogens in human patients in hospitals in Chile (FernandezAlarcon, 2010). Although this cannot be directly attributed to salmon farming, the repeated use
of florfenicol on salmon farms must be considered a high concern. Millanao et al. (2011)
provide a comparative analysis of the amounts of antimicrobials used by the salmon
aquaculture industry and in human medicine in Chile, and report that it strongly suggests the
most important selective pressure for antibiotic resistant bacteria in Chile is the excessive use in
salmon farming. As Figure 7 shows, the total use of antibiotics in Chilean salmon farming has
nearly doubled since Millanao et al.’s statement was published in 2011.
Sernapesca’s Manual of Good Practices for the Use of Antimicrobial and Antiparasitic Agents in
Chilean Salmon (Manual de Buenas Prácticas en el Uso de Antimicrobianos y Antiparasitarios en
Salmonicultura Chilena) includes a list of best management practices relating to antibiotic use.
These are articulated under decree 319 of 2001 from the Ministry of Economy, Development,
and Tourism, and include a limited number of authorized treatments, the requirement for
veterinary diagnosis and prescription, and a prohibition on prophylactic use, but there are no
limits on antibiotic use in terms of frequency or total dose.
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Overall, the open nature of net pen production systems leaves farmed fish inherently
vulnerable to infections. In Chile, frequent treatment with antibiotics that are highly important
for human medicine (and critically important to veterinary medicine) does not appear to be
prudent, judicious, or justified when the risks are considered. The relative and total use of
antibiotics in Chile continues to increase. Furthermore, there are indications that on-farm
antibiotic use may be contributing to developed bacterial resistance.
Pesticides
The primary target of pesticide use is the sea louse Caligus rogercresseyi. Helgesen et al. (2014)
describe it as a major threat to Chilean salmon farming, but this species does not affect all
salmonids in the same way. As articulated in the Disease Criterion, Bravo et al. (2011) reported
that numbers of lice on coho (and Chinook) salmon were very low in Chile. Therefore, for this
assessment, the dominant user of sea lice pesticides articulated below is considered to be
Atlantic salmon (in addition to rainbow trout—not assessed in this report). Sernapesca provides
a list of permitted pesticide treatment types29 that includes emamectin benzoate,
azamethiphos, deltamethrin, and cypermethrin.
Data on pesticide quantities are available by company and in aggregate from SalmonChile.30
The aggregated data show 6.2 g of pesticide active ingredient were used per ton of salmon
production in 2014 and 2015. An aggregated Index of Parasite treatments (ITC) gives some
indication of treatment frequency,31 and though it cannot be relied upon to give an accurate
measure, it indicates that there have been more than two pesticide treatments per year on
average at all sites in Chile (the ITC value in 2015 was 0.2 treatments per month). The dominant
treatment type is azamethiphos applied as a bath treatment; this represented 85% of pesticide
use over the last three years (pers. comm., Intesal 2017).
The fate and environmental impact of the discharge of sea lice treatments and their
metabolites varies according to the chemical type and the treatment method. Of the four
permitted treatments, one (emamectin) is administered in feed, and the other three
(azamethiphos, deltamethrin, and cypermethrin) are bath treatments. These pesticides are
non-specific (i.e., their toxicity is not specific to the targeted sea lice); thus, they may affect
non-target organisms—particularly crustaceans—in the vicinity of treated net pens (Burridge et
al. 2010).
Large proportions of both treatments (in feed and bath) can be discharged from the farms after
treatment. In-feed treatments tend to be dispersed in uneaten feed and fecal particles that
settle to the seabed (Burridge et al. 2010). Samuelsen et al. (2015) and references therein
showed that residues in settling organic particles (feces) can be more concentrated than in the
feeds. Persistence in the sediment ultimately depends on the chemical nature of the product
29

http://www.sernapesca.cl/index.php?option=com_content&view=article&id=976&Itemid=903
http://www.salmonchile.cl/es/sustentabilidad.php
31
The ITC is calculated by [(number of bath treatments x 0.7) + (number of oral treatments x 0.3) / number of
months of operation]. Therefore, it gives a minimum estimation of treatment frequency per month, but cannot be
relied on as an accurate measure of treatment frequency.
30
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used and the chemical properties of the sediment, and toxicity to non-target organisms of infeed sea lice treatments tends to be of a chronic nature at low concentrations (Macken et al.
2015) (Lillicrap et al. 2015). Importantly, Samuelsen et al. (2015) showed that although
pesticide residue levels in the sediments are low, particles containing residues have been found
as far as 1,100 m from the treatment site. A recent study in Scotland (SARF098 2016) assessing
the highest use of emamectin benzoate in terms of per production cycle (3 kg) and per site (10
kg in repeated treatments) showed strong evidence of a substantial decline in crustacean
richness and abundance, even at reference sites 150 m away from net pens. Although this peak
use may not be representative of many sites in Scotland, the study has prompted a review of
site licenses by the Scottish Environmental Protection Agency, and inevitably implies an
increased level of concern regarding emamectin benzoate use in salmon farms in other regions.
Nevertheless, it is important to note that the quantity and pattern of emamectin use
represented in this study in Scotland, in addition to differences in ecological characteristics,
cannot be assumed to be the same as Chile.
Sea lice chemicals administered as bath treatments (such as azamethiphos, the dominant
pesticide used in Chile) are released to the environment as a water column plume. Though
some authors contest that such treatments may retain toxicity for a substantial period after
release (Burridge et al. 2010), Macken et al. (2015) conclude that because bath treatments such
as azamethiphos have a rapid release, dispersion, and dilution post treatment, they primarily
impact non-target organisms in an acute manner, with limited potential for chronic impacts. In
their study on the epibenthic copepod Tisbe battagliai, azamethiphos was acutely toxic at high
concentrations, but was found to cause no developmental effects at lower concentrations.
Studies on azamethiphos dispersion show it is not detected at depths greater than 10 m, and
therefore unlikely to occur in substantial amounts in sediments (pers. comm., Intesal 2017).
In a key review, Burridge et al. (2010) concluded, “Data generally suggest that negative impacts
from anti-louse treatments, if they occur, are minor and will be restricted in spatial and
temporal scale. However, published field data are rare.” Six years later, Tucca et al. (2017)
measured in-sediment concentrations of four treatment types near salmon pens in southern
Chile (emamectin benzoate, diflubenzuron, teflubenzuron, and cypermethrin), which they
considered to be the first baseline attempt at assessing antiparasitic pesticide levels in the
Chilean Patagonia. According to reported toxicity data, the concentrations of cypermethrin
particularly represent a potential risk for benthic invertebrates. However, Burridge et al. (2010)
also noted: “No studies (lab or field) have adequately addressed cumulative effects. Salmon
farms do not exist in isolation.” Although this review is now somewhat dated, the statement
that “bath treatments are released as a water column plume that may retain toxicity for a
substantial period after release” remains largely valid as an indicator of concern due to the
limited availability of more recent studies on the environmental toxicity of sea lice treatments
used in Chile and elsewhere. With the large number of sea lice treatments in Chile, the
likelihood of impact to non-target organisms appears high.
Resistance is also a key concern in Chile due to the high frequency of treatments, and has been
a recurring problem for at least a decade (Yatabe et al. 2011) (Bravo et al. 2013) (Jones et al.
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2013). Furthermore, Helgesen et al. (2014) demonstrated that resistance has developed to
multiple sea lice treatments in Chile. Some rotation of the four treatments is required under
Chile’s sea lice management program (Programa Sanitario Específico de Vigilancia y Control de
Caligidosis), which permits a maximum of three consecutive treatments of the same chemical
family (Sernapesca 2016).
With similarity to the antibiotics section above, Sernapesca’s Manual of Good Practices for the
Use of Antimicrobial and Antiparasitic Agents in Chilean Salmon (Manual de Buenas Prácticas
en el Uso de Antimicrobianos y Antiparasitarios en Salmonicultura Chilena) includes an overview
of the Chilean regulations, and list of best-management practices relating to pesticide use.
These include a limited number of authorized treatments, the requirement for veterinary
diagnosis and prescription, and a prohibition on prophylactic use, but there are no limits on
pesticide use in terms of frequency or total dose.
Despite the monitoring and rotation, the frequent use of sea lice pesticides is a concern.
According to Aaen et al. (2015), extensive use of medicines has resulted in an inevitable drift
toward resistance that poses a huge threat for fish health and welfare, the environment, and
the economy of salmonid production. Reduced sensitivity to emamectin, deltamethrin, and
cypermethrin is widespread. Regarding azamethiphos (a bath treatment), the pattern of use
and demonstrated resistance in Norway implies a high risk of resistance developing in Chile. For
example, Kaur et al. (2015) state that azamethiphos was first introduced in Norway in 1994, and
when its use was terminated in 1999, resistance was widespread. It was introduced again in
2008, and reports of reduced efficacy were received by 2009 (Kaur et al. 2015).
Conclusions and Final Score
The substantial use of antibiotics is the driver of the final score for this criterion; in the Seafood
Watch Standard, a Critical score is justified if there is evidence of developed clinical resistance
to chemicals (e.g., loss of efficacy of treatments) that are highly or critically important for
human medicine. There are insufficient data from the salmon farms in Chile to definitively
conclude that the efficacy of the antibiotics florfenicol and oxytetracycline has been reduced
due to the development of resistance, but it has been described as “in the onset” of happening
(Henriquez et al. 2016). The extremely high and repetitive use of florfenicol, particularly in
Atlantic salmon farms, means that the development of resistance appears to be only a matter
of time. A vaccine for SRS is under development, but currently, the extremely high use of
antibiotics (in addition to a high frequency of pesticide use) leads to a Critical score for Criterion
4 – Chemical Use for Atlantic salmon. Though pesticide use in coho salmon production is
minimal and the antibiotic use is substantially lower than Atlantic salmon, the use of antibiotics
in coho is still a concern due to their “highly important” status according to the WHO, and with
the treatment frequency of more than once per production cycle, the final score for Criterion 4
– Chemical Use is 2 out of 10 for coho salmon.
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Criterion 5: Feed
Impact, unit of sustainability and principle
 Impact: feed consumption, feed type, ingredients used and the net nutritional gains or
losses vary dramatically between farmed species and production systems. Producing feeds
and their ingredients has complex global ecological impacts, and their efficiency of
conversion can result in net food gains, or dramatic net losses of nutrients. Feed use is
considered to be one of the defining factors of aquaculture sustainability.
 Sustainability unit: the amount and sustainability of wild fish caught for feeding to farmed
fish, the global impacts of harvesting or cultivating feed ingredients, and the net nutritional
gains or losses from the farming operation.
 Principle: sourcing sustainable feed ingredients and converting them efficiently with net
edible nutrition gains.

Criterion 5 Summary
Atlantic salmon
Feed parameters
F5.1a Fish In: Fish Out ratio (FIFO)
F5.1b Source fishery sustainability score
F5.1: Wild fish use score
F5.2a Protein IN (kg/100kg fish harvested)
F5.2b Protein OUT (kg/100kg fish harvested)
F5.2: Net Protein Gain or Loss (%)
F5.3: Feed Footprint (hectares)
C5 Feed Final Score (0-10)

Value
1.92
–6.00

Score
5.20
2.90

Critical?

56.24
25.79
–39.56
8.66

6
7

NO

4.70
YELLOW

Coho salmon
Feed parameters
F5.1a Fish In: Fish Out ratio (FIFO)
F5.1b Source fishery sustainability score
F5.1: Wild fish use score
F5.2a Protein IN (kg/100kg fish harvested)
F5.2b Protein OUT (kg/100kg fish harvested)
F5.2: Net Protein Gain or Loss (%)
F5.3: Feed Footprint (hectares)
C5 Feed Final Score (0-10)

Value
1.56
–6.00

Score
6.11
4.25

Critical?
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45.60
24.32
–28.21
7.02

7
7

NO

5.62
YELLOW

Brief Summary
Fishmeal and fish oil in Chilean salmon feeds continue to be replaced by high levels of crop
protein or oil ingredients, and also with by-products from land-animal processing. Data
provided by major feed companies supplying Chilean farms and by Intesal show the feed
conversion ratio (dry weight of feed to wet weight of fish) is 1.48 for Atlantic salmon and 1.2 for
coho salmon. From first principles (and assuming similar feeds for both species), 1.92 MT of
wild fish would need to be caught to produce 1 metric ton of farmed Atlantic salmon, and 1.56
for coho. Limited information on source fishery sustainability results in a Wild Fish Use score of
2.9 out of 10 for Atlantic Salmon and 4.25 out of 10 for coho. There is a net edible protein loss
of 39.6% and 28.2% for Atlantic and coho salmon, respectively, and a small total feed footprint
of 8.7 and 7.0 hectares per MT of production for the two species, respectively. Overall, the final
feed score is 4.7 out of 10 for Atlantic Salmon and 5.62 out of 10 for coho salmon.
Justification of Rating
The Seafood Watch Aquaculture Standard assesses three feed-related factors: wild fish use
(including the sustainability of the source), net protein gain or loss, and the feed “footprint” or
global area required to supply the ingredients. For full detail of the calculations, see the
Seafood Watch Aquaculture Standard document.32
The following assessment is based on data provided anonymously by two major feed
companies active in Chile for 2016 feeds. Additional partial data are available from companypublished annual reports.33 Values from multiple sources have been averaged where possible
(e.g., fishmeal inclusion level), or assessed separately or additionally where needed (e.g.,
multiple source fisheries for marine ingredients). The proximate and ingredient composition
values are for Atlantic salmon feeds, but without specific data for coho feeds, they are
considered to be broadly similar for both species for the purposes of this assessment. A cohospecific economic Feed Conversion Ratio (eFCR) was provided. It is acknowledged that there is a
risk that the calculated values are not fully representative of Chilean production, but
differences between companies are likely to be relatively minor compared to the broader
regional differences and markets within which they operate; for example, Europe typically does
not use land-animal ingredients in feeds, but Chile and Canada do (see Factors 5.2 and 5.3
below).
Factor 5.1. Wild fish use
Factor 5.1a – Feed Fish Efficiency Ratio (FFER)
Total fishmeal and fish oil inclusion levels are 13% and 8%, respectively, but 9% of fishmeal and
19% of fish oil comes from by-product sources. An average annual eFCR of 1.48 was provided
by the feed companies for Atlantic salmon and of 1.2 from Intesal for coho salmon. It is not
32

http://www.seafoodwatch.org/seafood-recommendations/our-standards
For example, Marine Harvest Salmon Industry Handbook. http://www.marineharvest.com/about/news-andmedia/news_new/marine-harvest-osemhg-nysemhg-2016-salmon-industry-handbook-/
33
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clear if this Atlantic salmon value reflects the significant mortalities from the algal bloom in
2016, but it is higher than other regions.34
Table 1: The parameters used and their calculated values to determine the use of wild fish in feeding farmed
Chilean salmon.

Parameter
Fishmeal inclusion level (%)
Percentage of fishmeal from by-products
Fishmeal yield (from wild fish) (%)
Fish oil inclusion level (%)
Percentage of fish oil from by-products
Fish oil yield (%)
Economic Feed Conversion Ratio (eFCR)
Calculated Values
Feed Fish Efficiency Ratio (FFER) (fishmeal)
Feed Fish Efficiency Ratio (FFER) (fish oil)
Seafood Watch FFER Score (0-10)

Data - Atlantic
13.0
9.0
22.535
8.0
19.0
5.036
1.48

Data - Coho
13.0
9.0
22.5
8.0
19.0
5.0
1.20

0.78
1.92
5.2

0.58
1.56
6.11

These data result in a Forage Fish Efficiency Ratio (FFER) value for fishmeal of 0.78 and for fish
oil of 1.92 for Atlantic salmon, and 0.58 and 1.56, respectively, for coho salmon. The higher
values—1.92 and 1.56 for fish oil—are used, and the score for Factor 5.1a – Feed Fish Efficiency
Ratio is 5.2 out of 10 for Atlantic salmon and 6.11 out of 10 for coho.
Factor 5.1b – Sustainability of the source
The FFER score is adjusted by a factor determined by the sustainability of the fisheries sourced
to provide marine ingredients. The default adjustment value of 0 considers that aquaculture
should use sustainable feed ingredients, and an increasingly negative penalty is generated by
increasingly unsustainable sources.
Fishery information provided by the feed companies shows that sources of fishmeal and fish oil
are somewhat global in nature (Chile, Peru, China, India). The feed companies report that the
majority of fisheries are certified to the IFFO RS37 responsible sourcing scheme, with minor
amounts from fisheries certified by the Marine Stewardship Council (MSC). Some sites certified
to standards such as ASC meet requirements for Fishsource scores >6. But, an assessment of
the fisheries (anchovies from Chile, Peru, and China; sardines from Chile and India; and
mackerel from Chile) using Fishsource shows that, although some fisheries have all scores >6,

34

For example, Scottish values of 1.25 obtained by using published feed and production volumes from the region
(“Scotland’s Aquaculture” database and Munor and Wallace, 2016)).
35
22.5% is a fixed value from the Seafood Watch Aquaculture Standard based on global values of the yield of
fishmeal from typical forage fisheries. Yield estimated by Tacon and Metian (2008).
36
5% is a fixed value from the Seafood Watch Aquaculture Standard based on global values of the yield of fish oil
from typical forage fisheries. Yield estimated by Tacon and Metian (2008).
37
http://www.iffo.net/iffo-rs
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the majority of both fishmeal and fish oil are from fisheries where at least one score is either
unknown or <6. The sustainability score is therefore –6 out of –10.
The scores for Factor 5.1b – Sustainability of the Source of Wild Fish are –2.3 out of –10 for
Atlantic salmon and –1.87 for coho, which are deducted from the FFER score in Factor 5.1a, and
result in final Factor 5.1 – Wild Fish Use scores of 2.9 out of 10 for Atlantic salmon and 4.25 out
of 10 for coho.
Factor 5.2. Net protein gain or loss
According to the feed company data provided, feed protein in Chile comes from fishmeal,
terrestrial crop sources, and land-animal sources. The average feed protein content is 38%;
22.8% comes from fishmeal, of which a small portion (2.1% of total protein) comes from
nonedible, by-product sources. Of total protein, 55% comes from terrestrial crop sources (such
as soy, wheat, and legume protein concentrates), which are considered to fall within the
“edible” protein inputs, and 22.2% comes from land-animal by-product sources (such as poultry
by-product meal). Considering the eFCRs of 1.48 and 1.2 for Atlantic and coho salmon
(respectively), the edible protein input is 562.4 and 456.0 kg per ton of salmon produced,
respectively.
Table 2: The parameters used and their calculated values to determine the protein gain or loss in the production
of farmed Chilean salmon.

Parameter
Protein content of feed
Percentage of total protein from non-edible sources (byproducts etc)
Percentage of protein from edible sources
Percentage of protein from crop sources
Feed Conversion Ratio
Protein INPUT per ton of farmed salmon
Protein content of whole harvested salmon
Percentage of farmed salmon by-products utilized
Utilized protein OUTPUT per ton of farmed salmon
Net protein loss
Seafood Watch score (0-10)

Data - Atlantic
38%
75.9%

Data - Coho
38%
75.9%

24.1%
55.0%
1.48
562.4 kg
18.5%
100%
257.9 kg
39.6%
6

24.1%
55.0%
1.20
456.0 kg
18.5%
100%
243.2 kg
28.21%
7

The whole-fish protein content is 18.5% (Boyd 2007) and all by-products from harvested salmon
are considered to be utilized (Ramirez 2007). After the adjustment for the conversion of crop
ingredients to farmed fish, the calculated protein output is 257.9 and 243.2 kg per ton of
farmed Atlantic and coho salmon production, respectively, and a net edible protein loss of 39.6
and 28.21% for each species, respectively. This results in a score of 6 out of 10 for Factor 5.2 –
Net Protein Gain or Loss for Atlantic salmon and 7 out of 10 for coho.
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Factor 5.3. Feed footprint
The data provided show that approximately 21%, 64%, and 13.5% of total feed ingredients
come from aquatic sources, terrestrial crop, and terrestrial animal sources, respectively. For
Atlantic salmon, the area of aquatic and terrestrial primary productivity required to produce
these ingredients (for the production of 1 ton of salmon) is calculated to be 8.08 ha and 0.58
ha, respectively. For coho, the aquatic and terrestrial areas required are 6.55 ha and 0.47 ha,
respectively. The total areas of 8.66 ha and 7.02 ha per ton of production for Atlantic and coho
salmon (respectively) both equate to a score of 7 out of 10 for Factor 5.3 – Feed Footprint.
Table 3: The parameters used and their calculated values to determine the ocean and land area appropriated in
the production of farmed Chilean salmon.

Parameter
Marine ingredients inclusion
Crop ingredients inclusion
Land-animal ingredients inclusion
Ocean area (hectares) used per ton of farmed salmon
Land area (hectares) used per ton of farmed salmon
Total area (hectares)
Seafood Watch Score (0-10)

Data - Atlantic
21 %
64 %
13.5 %
8.08 ha
0.58 ha
8.66
7

Data - Coho
21 %
64 %
13.5 %
6.55 ha
0.47 ha
7.02
7

Conclusions and Final Score
The final score is a combination of the three factors, with a double weighting for the Wild Fish
Use factor. For Atlantic salmon, Factors 5.1 (2.9 out of 10), 5.2 (6 out of 10), and 5.3 (7 out of
10) combine to result in a final score of 4.70 out of 10 for Criterion 5 – Feed. For coho salmon,
Factors 5.1 (4.25 out of 10), 5.2 (7 out of 10), and 5.3 (7 out of 10) combine to result in a final
score of 5.62 out of 10. As noted above, it is acknowledged that this score is based on data from
partial coverage of the feed companies in Chile; however, for the purposes of this assessment,
the value is considered to be representative of the average producer in the region.
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Criterion 6: Escapes
Impact, unit of sustainability and principle
 Impact: competition, genetic loss, predation, habitat damage , spawning disruption, and
other impacts on wild fish and ecosystems resulting from the escape of native, non-native
and/or genetically distinct fish or other unintended species from aquaculture operations
 Sustainability unit: affected ecosystems and/or associated wild populations.
 Principle: preventing population-level impacts to wild species or other ecosystem-level
impacts from farm escapes.
Criterion 6 Summary
Atlantic salmon
Escape parameters
F6.1 System escape risk
F6.1 Recapture adjustment
F6.1 Final escape risk score
F6.2 Invasiveness
C6 Escape Final Score (0-10)

Value
2
1

Score

3
6
Critical?

NO

4
YELLOW

Coho salmon
Escape parameters
F6.1 System escape risk
F6.1 Recapture adjustment
F6.1 Final escape risk score
F6.2 Invasiveness
C6 Escape Final Score (0-10)

Value
2
1

Score

3
2
Critical?

NO

2
RED

Brief Summary
Large escape events (e.g., nearly 800,000 fish in one event in 2013) continue to occur in Chile
and other salmon farming regions, although at a reducing frequency. Chile’s first major escape
in the southernmost Region XII (of 8,301 fish) occurred in 2016. At the same time, studies show
that unreported or undetected trickle losses can also be substantial. Therefore, a high risk of
escape remains. The Atlantic salmon is a non-native species in Chile, introduced primarily for
sport fishing alongside many other salmonid species over more than a century. Unlike species
such as brown trout, rainbow trout, and Chinook salmon, which have established breeding
populations, Atlantic salmon has been shown to be a poor colonizer beyond its native range
and therefore highly unlikely (but not impossible) to establish new populations in Chile. Coho
salmon shows greater evidence of reproduction and establishment in Chile, with the potential
to increase its range, and escaped fish have been shown to predate on wild fish. It is therefore a
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higher conservation concern than Atlantic salmon on a precautionary basis. The potential
impacts of large escapes of any species in Region XII are poorly understood, but do not initially
appear to be significantly different from Southern Chile’s other salmon-producing regions at
present. Even without becoming established, large escape events or frequent trickle losses
could still have impacts, particularly predation on native fish species by coho salmon, but
evidence of limited feeding success in the wild limits this concern for Atlantic salmon. Overall,
the final score for Criterion 6 – Escapes is 4 out of 10 for Atlantic salmon and 2 out of 10 for
coho.
Justification of Rating
This criterion assesses the risk of escape (Factor 6.1) with the potential for impacts according to
the nature of the species being farmed (Factor 6.2). The potential for recaptures is a
component of Factor 6.1.
Factor 6.1. Escape risk
As long as aquaculture facilities are not fully contained, the escape of farmed fish into the wild
is considered to be inevitable, and the net pens used in salmon farming offer the greatest
opportunity for escapes because there is only a net barrier between the fish and the wild
(Glover et al. 2017). Considering the great strides made in data availability for subjects such as
antibiotic use in Chile, data on escapes from Chile are generally of poor quality. Sernapesca’s
website (accessed July 27, 2017) has data only up to 2014 and does not differentiate between
species (e.g., trout or salmon). GSI has data from its member companies for 2013 to 2015, but
this is limited in relevance to the remaining companies in the region (i.e., a large escape may
not be included). SalmonChile has escape data for the three years from 2013 to 2015, but not
the most recent year of 2016, and the numbers reported are substantially different from
Sernapesca’s (e.g., a difference of 533,297 fish in 2013). Various media articles provide
additional anecdotal evidence of more recent escape incidents (see below). For the purposes of
this assessment, the escape risks of Atlantic salmon and coho salmon are considered to be
similar.
Historically, large-scale escape events have been a characteristic of the development of the
industry in Chile (Thomassen and Leira 2012). For example, between 1993 and 1996,
approximately four million salmon and trout escaped in Chile (Moreno et al. 1997). More recent
data clearly show that total escape numbers have decreased markedly with better
infrastructure design, construction, and maintenance. Piccolo and Orlikowska (2012) proposed
the frequency and magnitude of escape events might be expected to decrease as industry
practices improve, but they also concluded that, due to the nature of salmon farming (i.e., the
use of open net pens, the vulnerability of pens to storm- and predator-induced damage), large
accidental escapes are likely to continue to occur sporadically.
Indeed, large escape events continue to occur. In Chile, 787,929 fish escaped in 2013 in a single
event (GSI 2016), and more recently (July 2016), 8,301 (reported as 10,000) fish escaped
(Intrafish 2016c). The risk is demonstrated by similar escape events in other salmon farming
regions, such as the one in Norway in May 2016, during which 36,700 were lost (Intrafish
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2016d). The loss of 8,301 Atlantic salmon in July 2016 was the first major escape in Chile’s
southernmost Region XII and was caused by structural failures in extreme weather (pers.
comm., Nova Austral 2016). In addition, academic articles maintain the likelihood that escaped
salmon can leave the net pens unreported and possibly also undetected by the farm, so
estimates of actual escapes of both smolts and adults are significantly higher than reported
numbers (Skilbrei et al. 2015).
Official escape data from Sernapesca are shown in Figure 9 for 2011 to 2014. The large total
escape of 1.453 million fish in 2013 includes the single event of 787,929 salmon mentioned
above. GSI escape data for its eight member companies from 2013, 2014, and 2015 are
898,206, 2,000, and 8,077 salmon, respectively. In 2014, Sernapesca reported 52,913 fish
escaping; when compared to the 2,000 reported by GSI’s members, this highlights the challenge
of understanding the data for salmon in Chile due to GSI’s limited members and Sernapesca’s
lack of species differentiation.

Figure 9: Escape numbers in Chile (undeclared species) from 2011 to 2016. Data from 2011 to 2014 are from
Sernapesca; for 2015, from SalmonChile. *The value for 2016 lists the only known escape in Chile to date in 2016.

Substantial numbers of escaping fish continue to be reported in Chile, and undetected or
unreported trickle losses may also be significant. Escape statistics are usually based on reports
by the farmers themselves and are likely to underestimate (significantly, in some
circumstances) the actual number of fish escaping from farms (Glover et al. 2017). The initial
Factor 6.1 Escape Risk score is therefore 2 out of 10.
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Recaptures
Chilean legislation mandates the existence and application of contingency plans to manage
escape events at each farm, but according to Niklitschek et al. (2013), there is a lack of
sufficient incentives or sanctions to stimulate relevant recapture efforts. During the large
escape event from AquaChile’s “James 1” site in 2013, the final contingency report supplied to
Sernapesca (June 14, 2013) noted that three recapture vessels recovered approximately
160,000 fish, or 16.8% of the escapes (pers. comm., AquaChile 2016). After the escape of 8,301
fish in July 2016, 1,808 fish (21.8%) were recaptured (pers. comm., Nova Austral 2016). These
figures cannot be considered to reflect the recapture success of all escapes in Chile, particularly
smaller events or trickle losses, but are in a similar range to detailed recapture reports from the
Norwegian Fisheries Institute38 for every escape event where focused recapture efforts have
led to an average of 13.7% in 2016. The Chilean values support an adjustment to the Escape
Risk score, but considering the lack of official data, this is limited to 1 out of 10.
The final score for Factor 6.1 Escape Risk score is 3 out of 10.
Factor 6.2. Invasiveness
While a risk of escape remains, the nature of the escapees in terms of their likely impacts is
assessed in Factor 6.2. Atlantic and coho salmon are two of several non-native salmonid species
introduced into Chile for sport fishing beginning in the 1890s.
Vargas et al. (2015) note that Chile’s freshwater ecosystems encompass a diverse and highly
endemic fish fauna that might be sensitive to the introduction of non-native species, but
indicate it is an area of research that has received little attention to date. Vargas et al. show
that species introductions and invasions have altered historical fish assemblages and affected
the uniqueness of isolated and endemic freshwater fish diversity. Similarly, Schröder and Garcia
de Leaniz (2011) and references therein conclude that the encroachment of salmonids is one of
the biggest threats to native fish biodiversity in Chile, but these references highlight a challenge
in interpreting the scientific literature regarding the impacts of any one species of salmonid
(e.g., Atlantic salmon) among the several species introduced and still farmed in Chile; e.g., (De
Leaniz et al. 2010) (Soto et al. 2001) (Buschmann et al. 2009).
The primary concern, in Chile and elsewhere in the Southern Hemisphere, is the impact of nonnative salmonids on native galaxiid fish. According to De Leaniz et al. (2010), “Across the
southern hemisphere, exotic salmonids directly impact on native galaxiids by reducing their
foraging efficiency, limiting their growth, restricting their range, forcing them to seek cover or
to use suboptimal habitats, and also by preying upon them.” Again, without defining the
species within the salmonid group, Niklitschek et al. (2013) (and references therein) show that
escaped salmonids can impose a strong predatory pressure upon schooling fish, including two
small pelagic species of importance to artisanal fishers—the southern sprat and Chilean
silverside—and, to a lesser extent, upon juvenile Patagonian grenadier, a key resource for the
local fishing industry. However, of the three main farmed salmonids, Niklitschek et al. (2013)
38
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estimated lifetime averaged consumption rates of only 13.8, 7.9, and 3.8 g per day for escaped
coho, steelhead trout, and Atlantic salmon, respectively, in Chile (incorporating an assumed
high mortality from the 71% found with empty stomachs [Niklitschek et al. 2011]).
It is clear that rainbow trout and brown trout have become widely established in Chile, and are
associated with the significant impacts on native fish species highlighted by De Leaniz et al.
(2010); Chinook salmon is also successfully reproducing and rapidly extending its range in the
wild in Chile (Arismendi et al. 2012) (Ciancio et al. 2015). These species have become
established primarily from deliberate introductions and ranching programs rather than
aquaculture escapes, although Di Prinzio et al. (2015) also report that the contribution of more
recent escapes from Chinook farms to their establishment success had been strong due to the
more-varied genetics of Chinook from the different sources of broodstock imported into Chile.
Coho salmon has also been the subject of ranching programs in the past, and may be
reproducing in the Aysen region where mature individuals are found returning to local rivers
(Niklitschek and Aedo 2002) (Becker et al. 2007); according to WWF-Chile (2009), there is
evidence of wild coho salmon populations in several southern Patagonian rivers. The additional
impact of escaping farmed fish is largely impossible to determine apart from the
aforementioned consumption rates estimated by Niklitschek et al. (2013).
For Atlantic salmon, information on the direct post-escape mortality in the vicinity of the farm
site is conflicting, and may similarly be due to poor clarifications in relevant studies regarding
the “salmon” species involved. For example, Sepulveda et al. (2015) noted that, for a small
number of tracked sea lions, the most important prey for the individuals analyzed was farmed
salmonids; therefore, post-escape predation may be high, but the species of “farmed
salmonids” was not specified. Similarly, data collected following a catastrophic escape event in
Chile suggested that farm-raised salmon feed on wild prey and maintain positive growth rates
(Buschmann et al. 2009), but again, the species was not defined. Although adult Atlantic salmon
escapees have been found in Chilean streams (Young et al. 2009) (Schröder et al. 2011), the
evidence for the establishment of this species in Chile is quite sparse and inconclusive. For
example, Schröder et al. (2011) concluded that the free-living juvenile salmon in their study
river were possibly the offspring of naturally reproducing Atlantic salmon; but, since this has
not been reported in Chile yet (Arismendi et al. 2012), they could have been fish of hatchery
origin that escaped at an early age. Similarly, Atlantic salmon of varying sizes have been found
in three of five freshwater lakes in Chile studied by Barragan (2010), and it also appears likely
that these are escapes from (the now largely discontinued) smolt production in these locations.
Atlantic salmon were the least frequently observed of the non-native salmonid species found in
the lakes (i.e. also coho salmon, rainbow trout, brook trout and brown trout), and condition
analyses described them as “thin”. This appears to be further evidence of poor acclimation or
establishment of this species.
The lack of evidence of Atlantic salmon establishment in Chile is supported by several additional
sources. For example, according to Soto et al. (2001) (in Thorstad et al. 2008), Atlantic salmon is
apparently unable to adapt to the Chilean marine environment and successfully feed, which
was reflected in a 42% incidence of empty stomachs, possibly leading to individuals starving to
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death. This is supported by Niklitschek et al. (2011), who reported 71% of escapees with empty
stomachs, and also by a review in British Columbia (BC) by Noakes (2011), who reported that of
1,584 recaptured salmon in BC (where the species is also non-native), 80% had empty
stomachs, leading the author to conclude, “Most escaped Atlantic salmon do not successfully
feed and survive for any extended period of time.” Additional studies in Chile, such as
Arismendi (2012) and De Leaniz et al. (2010), support a conclusion that Atlantic salmon shows
little evidence of establishing self-sustaining populations in Chile.
Atlantic salmon in Chile is considered to be present in the wild, but not established, and highly
unlikely to establish viable populations, based on the likely high mortality rates of escapees, a
low-to-moderate risk of competition, predation, disturbance or other impacts to wild species,
habitats, or ecosystems. The score for Factor 6.2 is 6 out of 10.
Coho salmon is considered partly established with the potential to increase its species range
and impact, so there is a greater likelihood that competition, predation, disturbance, or other
impacts to wild species occur than for Atlantic salmon. For coho salmon, the score for Factor
6.2 – Competitive and Genetic Interactions is 2 out of 10.
Conclusion and Final Score
Overall, although the total escape numbers in Chile (and in other salmon farming regions) have
declined, the potential for (and demonstrated) large-scale escape events and/or large numbers
of trickle losses remains. The available evidence indicates that escaped Atlantic salmon are
unlikely to be effective competitors or predators of wild fish, and are unlikely to survive;
however, if this conclusion is incorrect, the potential impact to native fish could be severe.
Coho salmon shows greater evidence of reproduction and establishment in Chile, with the
potential to increase its range, and escaped fish have been shown to predate on wild fish. The
final score for the Criterion 6 – Escapes combines Factors 6.1 and 6.2, and is 4 out of 10 for
Atlantic salmon and 2 out of 10 for coho.
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Criterion 7: Disease; pathogen and parasite interactions
Impact, unit of sustainability and principle
 Impact: amplification of local pathogens and parasites on fish farms and their
retransmission to local wild species that share the same water body
 Sustainability unit: wild populations susceptible to elevated levels of pathogens and
parasites.
 Principle: preventing population-level impacts to wild species through the amplification and
retransmission, or increased virulence of pathogens or parasites.

Criterion 7 Summary
Atlantic and Coho salmon
Disease Risk-based assessment
Pathogen and parasite parameters
C7 Disease Score (0-10)
Critical?

Score
4
NO

YELLOW

Brief Summary
Sernapesca’s Animal Health Unit (Unidad de Salud Animal) manages prevention and
surveillance programs for diseases in Chile under the Control System for Aquaculture (Sistema
de Fiscalización de la Acuicultura, SIFA), and reports them in an annual fish health report
(Informe Sanitario De Salmonicultura En Centros Marinos). Although the focus is on specific
“high risk” diseases, there is useful information on mortality rates from a variety of causes.
There is also sufficient clarity to identify differences between regions, particularly the
southernmost Region XII. Significant numbers of sites are categorized as centers of high
pathogen dissemination (Centro de Alta Diseminación, CAD), but the focus of these
management measures is on preventing infection in other farming sites. Understanding real or
potential impacts to wild fish from salmon farm pathogens is challenging, and though there is a
theoretical concern, there is little or no empirical evidence of impact. Nevertheless, with the
constant evolution of pathogens, particularly when mutations are accelerated in farming
conditions, this status cannot be assured and concern remains for Chile’s endemic fish
populations, including in Region XII, as the industry expands. The final score for Criterion 7 –
Disease is 4 out of 10.
Justification of Rating
The primary source of information on diseases in Chilean aquaculture is Sernapesca’s annual
health report, Informe Sanitario De Salmonicultura En Centros Marinos (Sernapesca 2016b).
Sernapesca’s Animal Health Unit (Unidad de Salud Animal) manages prevention and
surveillance programs for diseases in Chile under the Control System for Aquaculture (Sistema
de Fiscalización de la Acuicultura SIFA).
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After the infectious salmon anaemia (ISA) outbreak in Chile from 2007 to 2009, the focus of
regulatory disease management shifted within the area management ACS system to
concentrate on specific diseases under a program of health surveillance and control (Programa
Sanitario Específico de Vigilancia y Control). These programs focus on diseases categorized as
“high risk,” specifically ISA, salmon rickettsial syndrome (SRS), and sea lice, with sites defined in
states of “surveillance” (“vigilancia”), “alert” (“alerta”), and “high dissemination” (“Centro de
Alta Diseminación, CAD”). Figure 12, from Sernapesca’s Department of Animal Health, shows
this has been successful for ISA, but both SRS and Caligus sea lice remain severe problems for
the national industry. CAD designation has implications on the site (and the ACS) with lower
numbers of fish permitted to be stocked in subsequent cycles, and repeated classifications as
CAD result in a requirement to harvest the fish.
Sernapesca’s annual health report provides a comprehensive annual review of the causes of
mortality for salmonids farmed in Chile. Monthly mortality figures of Atlantic and coho salmon
range from approximately 0.5% to 1.4% and have a wide variety of causes, of which infectious
diseases is one, causing 25.4% of total mortalities. Within that total, Figure 10 (copied from
Sernapesca) shows the causes of the disease-related mortality. The dominant pathogen is
Piscirickettsia salmonis, which causes SRS, and is the leading cause of antibiotic use in Chile.
Infectious salmon anemia (ISA) mortalities are now low, with only four cases identified from
2013 to 2015 inclusive (Sernapesca 2016b). A non-pathogenic strain of ISA (ISA-HPRO) now
appears dominant in Chile, but could mutate to a more virulent form (Godoy et al. 2013) as
indicated by occasional recurring outbreaks of pathogenic ISA disease (Sernapesca 2014).

Figure 10: Causes of mortality for Atlantic salmon in Chile in 2015. Chart copied from Sernapesca.
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Of primary concern for ecological impact is the amplification of pathogens on fish farms and
their potential retransmission to wild fish, whereas the management and regulatory control of
disease in Chile is focused on preventing mortality and production losses of farmed fish (for
which the economic implications are severe (e.g., Ibierta et al. [2011]). In many cases, salmon in
open net pen farms are initially infected by pathogens or parasites hosted by local native fish
populations, but due to the density and scale of farm operations, farms have the potential to be
a substantial point source of retransmission of the same pathogens (and potentially more
virulent strains of those pathogens) to the same, or other, wild species (Rimstad 2011). With
regard to the CAD category noted above, the primary concern for the management system is
the prevention or minimization of subsequent infections of other salmon farms within the same
ACS or region.
Considering the primary pathogens of concern in Chile, as dictated by their categorization as
high risk diseases (Enfermedades de Alto Riesgo), the following summary of potential impacts is
provided:
Bacterial Piscirickettsia salmonis
P. salmonis is managed in Chile under Sernapesca’s “Programa Sanitario Específico de Vigilancia
y Control de Piscirickettsiosis” (PSEVC-Piscirickettsiosis). Data from Sernapesca, in Figure 11,
show the number of sites in Region XI in states of basic monitoring (“vigilancia”), alert
(“alerta”), and centers of high dissemination (Centro de Alta Diseminación, CAD). This shows a
seasonal cycle with higher levels of concern in the Chilean autumn (note these figures also
include trout farming sites). The percentage of CAD is low; nevertheless, the dominance of SRS
as a cause of mortality and particularly of antibiotic use highlight its importance (please note
the Regional Comparison section below).

Figure 11: Percentage of sites in Region XI with varying levels of concern regarding P. salmonis. Graph copied from
Sernapesca (2016a) (Note: this includes trout farming sites).
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P. salmonis is largely a pathogen of salmonids, but has been found in a variety of species (Rozas
and Enriquex 2014). These authors (Rozas and Enriquex and references therein) report there is
conjecture about the major mode of transmission of P. salmonis under natural conditions, but it
can survive for extended periods in seawater, and direct horizontal transmission has been
demonstrated in both seawater and freshwater. In addition, the sources and reservoirs of P.
salmonis are not yet known (Rozas and Enriquex 2014). Though natural hosts may act as
carriers and not display clinical disease symptoms, P. salmonis has evolved over time; each new
outbreak is increasingly insidious, with increased virulence, and clinical and pathological
severity (Rozas and Enriquex 2014). As noted in the Chemical Use criterion, there is much hope
that a vaccine will be developed to overcome the SRS problem in Chile, but attempts to date
have not been successful. It is interesting to note, for example, that two genetically and
phenotypically distinct strains of P. salmonis can occur in the same contemporary outbreak of
SRS, and this heterogeneity should be considered in future development of vaccines (Otterlei et
al. 2016).
Although there is no evidence of clinical Piscirickettsia outbreaks in wild fish in Chile, including
in “wild” (i.e., feral) salmonids, the potential for the pathogen to evolve into more virulent
strains remains a concern.
Infectious Salmon Anaemia (ISA) Virus
In Chile, ISA is managed under Sernapesca’s “Programa Sanitario Específico de Vigilancia y
Control de la Anemia Infecciosa del Salmón” (PSEVC-ISA). Since the ISA crisis from 2007 to 2009,
the number of pathogenic ISA outbreaks has remained low (Figure 12). The presence of the ISA
virus in Chile is broadly considered to be associated with the development of salmon farming in
the region (Kibenge 2011), but there is no evidence of impacts in wild fish. The pathogen has
been shown (in the North Atlantic) to replicate in other salmonid species (brown trout and
Arctic char) and to be carried asymptomatically by herring and eel (Jones et al. 2015). But in
Chile, after the peak of ISA cases, the virus was not identified in 502 samples of local fish,
mollusks, crustaceans, sea lion feces, or microplankton, and the only positive result was from a
free-living Atlantic salmon escapee (Gonzalez et al. 2011). ISA is also not known to have caused
mortalities in any wild populations of salmon globally (NOAA 2012). Therefore, it seems unlikely
that this particular virus has any significant impact on wild fish populations.

62

Figure 12: Number of ISA outbreaks between 2007 and 2015. Graph copied from Sernapesca (2016).

Sea lice – Caligus rogercresseyi
Sea lice management in Chile is under the “Programa Sanitario Específico de Vigilancia y
Control de Caligidosis” (PSEVC-Caligidosis).
Information on the number of sea lice treatments provided in Criterion 4 – Chemical Use shows
that these parasites are a substantial burden to production. Sernapesca provides a list of sites
of high dissemination farm sites, and their proportion to total sites is shown in Figure 13 below.
Sea lice limits are three gravid females per fish, above which a site is classified as a CAD. Three
repeat classifications of CAD (for any of the three high-risk diseases) result in a requirement for
early harvest.
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Figure 13: Sites (Centros) of high dissemination (CAD) for sea lice and their prevalence in Chile in 2014 and 2015.
Graph copied from Sernapesca (Note: this includes trout farming sites).

Even though there are well-studied interactions with important wild salmonid populations in
other major salmon farming regions (e.g., Norway, Scotland, and British Columbia), the impacts
on the native wild species in southern Chile (where there are no wild salmonids) are very poorly
studied. For a comprehensive review of sea lice dynamics assessment and management from a
global perspective, see Groner et al. (2016). The situation in Chile is also complicated by the fact
that sea lice studies in the other major salmon farming regions focus on the salmon-specialist
sea lice Lepeoptheirus salmonis, whereas the species of greatest concern in Chile, Caligus
rogercresseyi, is a non-specialist and can be hosted by a range of native species.
Perhaps the most informative study is Sepulveda et al. (2004), which compared the parasites of
wild and farmed fish and the potential infection vectors between them. Of 30 parasite species
(9 ecto- and 21 endo-), only 2 (the sea louse C. rogercresseyi, and the nematode worm
Hysterothylacium aduncum) were found to infect both wild fish and farmed salmon. It is
assumed that native fish species such as the rock cod “Roballo” (Eleginops maclovinus) were
the original source of the sea lice infections on the farm, yet this species sheds this parasite
during migration to estuaries and rivers in the fall, and regains the infection when returning to
the sea in spring. Although this means Roballo may be able to avoid serious impacts, it is
farmed salmonids that have now become the source of infection of sea lice in this native
species (Sepulveda et al. 2004).
According to Bravo et al. (2011), a wide range of wild fish have been identified as natural hosts
of C. rogercresseyi, and these species are frequently found in the vicinity of salmon farms, often
attracted by surplus feed. Despite this evidence of (re)infection of wild fish in Chile, there is no
evidence of physiological impacts of lice infections on wild fish in Chile nor, therefore, of their
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potential population-level impacts. Although infection is generally always considered to have a
negative physiological impact, it may not directly lead to mortality; yet, research on parasite
interactions with wild fish in British Columbia highlights the potential for significant secondary
impacts, such as increased risk of predation, because infected individuals divert energy and
other physiological resources to combat infection (Krkosek et al. 2011).
Regional Comparison
It is interesting to note that there are substantial differences in disease characteristics between
Chile’s three salmon producing regions. Figure 14 (copied from Sernapesca) shows how
mortality varies, with lower levels evident in the more southerly Region XII (Magallanes).

Figure 14: Monthly mortality figures by region for Regions X (Los Lagos), XI (Aysen), and XI (Magallanes). Graph
copied from Sernapesca (note this includes trout farming sites).

Figure 15 shows the percentage of antibiotic treatments per disease in the three regions, and
shows that, in Region XII, P. salmonis is not a pathogen that requires treatment with antibiotics,
in contrast to Regions X and XI further north. In contrast, Renibacteriosis (bacterial kidney
disease, BKD), caused by Renibacterium salmoninarum, is the primary cause of (the lower
quantities of) antibiotic use in the southernmost region.
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Figure 15: Percentage of antibiotic treatments per disease in 2016 for the three regions X (Los Lagos), XI (Aysen),
and XI (Magallanes). Graph copied from Sernapesca (2017) (Note: this includes trout farming sites).

Regarding regional occurrences of ISA, detection records (which include the non-pathogenic
strain HPR0) show that in 2015, Regions X, XI, and XII had 21, 38, and 10 positive identifications
(respectively), showing a markedly lower prevalence in the southernmost Region XII. Regarding
sea lice, in 2015, Region X had approximately 43 CAD sites for Atlantic salmon, Region XI had
approximately 53, but there were none in Region XII (Sernapesca 2016c).
It is not yet known if these differences are due to the different physical characteristics of region
XII (e.g., lower water temperatures, varying freshwater inputs), local presence or absence of the
pathogens, or if the size of the industry is not yet sufficient to trigger the types of outbreaks
that have become common in Regions X and XI. Therefore, the risk of disease-related impact in
all three regions is considered to be the same with regard to the scoring of this Disease
Criterion.
Conclusions and Final Score
The potential impact of Chile’s on-farm pathogens on wild fish populations (particularly in
combination with those from other farms) is challenging to determine robustly. For example, in
contrast to farmed fish, the epidemiology of disease in wild fish is poorly understood, and
information on which to make judgments about pathogen spillback is sparse (Jones et al. 2015).
Disease-related losses and increased production costs have been a defining characteristic of the
development of salmon farming in Chile, and a variety of pathogens are still prevalent on farms;
however, there is very little evidence of significant impacts on wild fish in Chile. Nevertheless,
with the constant evolution of pathogens, particularly when mutations are accelerated in
farming conditions, this status cannot be assured and concern remains regarding Chile’s
endemic fish populations, including in Region XII, as production expands.
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Although a volume of data relating to the types of disease, mortality rates, infection patterns,
and their management and regulation exists in Chile, there is limited evidence with which to
confidently determine or infer the risk of impacts to wild fish. The Risk-Based Assessment was
therefore used, and though Atlantic and coho salmon experience a relatively low overall
mortality rate due to disease, the open nature of the production system allows the introduction
and discharge of pathogens. As such, the final score for Criterion 7 – Disease is 4 out of 10.
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Criterion 8X: Source of Stock – independence from wild
fisheries
Impact, unit of sustainability and principle
 Impact: the removal of fish from wild populations for on-growing to harvest size in farms
 Sustainability unit: wild fish populations
 Principle: using eggs, larvae, or juvenile fish produced from farm-raised broodstocks
thereby avoiding the need for wild capture.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score. A score of zero means there is no
impact.
Criterion 8X Summary
Atlantic and Coho salmon
Source of stock parameters
C8X Independence from unsustainable wild fisheries (0-10)
Critical?

Score
0
NO

GREEN

Brief Summary
Salmon aquaculture, in Chile and globally, has established multigenerational breeding
programs, and production is fully independent of wild salmon populations. The final score for
Criterion 8X – Source of Stock is 0 out of –10.
Justification of Ranking
Salmon aquaculture, particularly for Atlantic salmon, has seen several decades of establishment
of breeding programs, aimed at selection for traits advantageous to farming (e.g., fast growth,
disease resistance). These programs have been integral in the rapid and explosive growth of the
industry (Asche et al. 2013) (Gutierrez et al. 2016). All farmed salmon in Chile (and in other
salmon farming countries) come from domesticated, hatchery-raised broodstock, and are
therefore independent of wild sources of either juvenile or adult fish. The score for Criterion 8X
– Source of Stock is a deduction of 0 out of –10.
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Criterion 9X: Wildlife and predator mortalities
Impact, unit of sustainability and principle
 Impact: mortality of predators or other wildlife caused or contributed to by farming
operations
 Sustainability unit: wildlife or predator populations
 Principle: aquaculture populations pose no substantial risk of deleterious effects to wildlife
or predator populations that may interact with farm sites.
This is an “exceptional” criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score. A score of zero means there is no
impact.
Criterion 9X Summary
Atlantic and Coho salmon
Wildlife and predator mortality parameters
C9X Wildlife and predator mortality Final Score (0-10)

Score
–4
Critical?

NO

YELLOW

Brief Summary
The presence of cultivated salmon in net pens at high density is attractive to opportunistic
coastal marine mammals, seabirds, and fish. The primary direct interactions in Chile are with
the South American sea lion and various species of bird, but there is no evidence of direct
mortalities sufficient to significantly affect their population status. Regarding other marine
mammals, several species of whale and dolphin that are of conservation concern in Chile have
distributions that overlap with salmon farming areas; thus, the daily activities of the farms may
negatively affect movement, distribution, and behavioral patterns of species such as Chilean
dolphin and blue whale. Information from Sernapesca does not associate any negative impacts
to these species with salmon farming in Chile, and partnerships between environmental
organizations and the salmon farming industry have been established to monitor and reduce
any interactions with key species. Overall, though salmon farming may represent a source of
disturbance simply by its presence and daily activities, the focus of the Seafood Watch standard
is on population impacts resulting from direct mortalities. Therefore, although mortalities may
occur beyond exceptional cases, they are not considered to significantly impact the species
population size. The final score for Criterion 9X Wildlife Mortalities is –4 out of –10 for both
species of farmed salmon.
Justification of Rating
The presence of farmed salmon in net pens at high density inevitably constitutes a powerful
food attractant to opportunistic coastal marine mammals, seabirds, and fish that normally feed
on native fish stocks (Sepulveda et al. 2015). These predators threaten production and have
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historically (and sometimes currently) been lethally controlled, and can also become entangled
in nets and other farm infrastructure, resulting in mortality.
Regulation 320 of 2001 requires farms to have an emergency plan for trapped or entangled
marine mammals, and requires that all such events be reported to Sernapesca with the
following information:







Farm name and reference number
Date
Number of mammals involved
Final disposition of the mammals
Causes
Measures adopted by the farm to prevent repeat events.

It is not known if reporting is effective, since there are no publicly available data from
Sernapesca on wildlife mortalities in Chile. Data from GSI show that only one of eight member
companies in Chile has reported any mortalities, and those were a mere 0.04 marine mammals
per site in 2015 (i.e., one mortality per 25 sites) and 0.02 in 2016; however, it is not appropriate
to directly extrapolate these results to the entire industry in Chile.
Miethke and Galvez (2009) highlighted salmon farming expansion as an example of intense use
of marine areas and their resources that can severely impact unique conservation objects in the
Chiloense and Channels and Fjords marine ecoregions (Regions X and XI); these include native
species, species assemblages, habitat types, processes, functions and environmental services.
Figure 16 shows a portfolio of 40 areas of high conservation value (Áreas de Alto Valor de
Conservación, AAVC), primarily established by World Wildlife Fund-Chile (WWF) in Regions X
and XI. The drivers behind the high conservation value vary by area and include the presence of
a variety of species of whales, dolphins, seals and sea lions, otters, birds, and fish (Miethke and
Galvez 2009). Several of these could interact actively (e.g., as predators of salmon) and
passively (e.g., through disturbance or entanglement) with fish farms; however, although the
salmon farming industry is located throughout much of Regions X and XI, there is relatively little
direct overlap except for the central region of the inland sea (central red area in Figure 16).
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Figure 16: Areas of high conservation value in Regions X and XI. Darker red colors indicate areas of higher
conservation value (WWF Factsheet 2011).

Of the predatory species (i.e., those species that may predate farmed salmon), Sepulveda et al.
(2015) and references therein report that pinnipeds are among the most troublesome (because
they have plastic feeding strategies and individuals can learn to exploit situations where salmon
are concentrated and vulnerable); in Chile, a strong operational interaction between the South
American sea lion (Otaria byronia) and the salmon farming industry has been previously
described. There are no reports of the fur seal (Arctocephalus australis) preying on farmed
salmon in Chile, probably because its primary feeding grounds are offshore (Vilata et al. 2010).
Sepulveda et al. (2015) used satellite telemetry and stable isotope analysis to study the diet of
the South American sea lion (SASL); their tracking results showed that almost all the foraging
areas of SASL are within close proximity to salmon farms, and the most important prey for the
individuals analyzed was farmed salmonids, with an estimated contribution to their diet of
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approximately 15% to 20% (the authors noted that it is possible that sea lions may be
consuming feral salmon that are not currently penned within salmon farms). The estimated
Chilean population of sea lions in Region X is over 35,000 and over 10,000 in Region XI, and
reported as stable (Oliva et al. 2009) (Sepúlveda et al. 2011) (Vilata et al. 2010). Regulations on
predator control in Chile (under RAMA) focus on marine mammals, for which Sernapesca’s
Regulations 112 of 2013 and 31 of 2016 prohibit their lethal control (Regulation 31 of 2016
extended Regulation 112 until the year 2021). If small numbers of entanglements do occur,
they are not considered likely to affect the population status of the species. Sernapesca (2015b)
shows that sea lion populations in Regions X and XI are robust, and in most cases, increasing in
size.
There is much less understanding of the industry’s impacts in Region XII, Magallanes, an area
generally considered as largely pristine (pers. comm., WWF-Chile 2016). In perhaps the most
informative document available, Vila et al. (2016) present the results of a participatory, sciencedriven process (conducted in 2009) to identify areas of high value for marine conservation in
the channels and fjords of Region XII. This is an ecoregion home to rare and endemic species,
such as the Chilean dolphin Cephalorhynchus eutropia, the southern sea otter Lontra felina, and
the southern river otter Lontra provocax, and containing critical habitats for marine mammals
of global conservation concern. This led to the establishment of “Appropriate Areas for
Aquaculture” as discussed previously in Criterion 3 – Habitat, within which the industry is
currently located.
Some species of birds are attracted in high numbers to farm sites; for example, the observed
abundance of omnivorous diving and carrion-feeding birds increase two-fold to five-fold in
some areas with salmon farms compared to control areas without farms (Buschmann et al.
2006). It is likely that there are some entanglements and drowning, but they are not considered
likely to negatively affect population sizes.
Regarding other marine mammals, there is little evidence of any direct mortality (for example,
by entanglement or boat collisions); however, the daily activities of the farms can disturb
sensitive species. For example, Vidi (2004) noted aquaculture operations might negatively
affect the movement, distribution, and behavioral patterns of Chilean dolphin
(Cephalorhynchus eutropia), representing a potential threat to its populations. According to the
International Union for Conservation, this species’ range encompasses all of southern Chile
(south of Santiago), but the total population is estimated to be in the low thousands at most,
and is listed on the IUCN Red List39 as “Near Threatened.” Vidi (2004) notes: “the exclusion from
core areas, in addition to the very restricted, high site fidelity distribution of these species,
could be severely affecting important biological and social activities.” Vidi et al. (2015) notes
that the preference for coastal, shallow waters and river-influenced habitats by Chilean dolphin
puts it in direct conflict with a growing aquaculture industry (and hydropower projects).

39

International Union for Conservation of Nature. http://www.iucnredlist.org/details/4160/0
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Montecinos (2016) reports on a project established in 2016 to monitor and reduce any
interaction between blue whale (Balaenoptera musculus) and salmon aquaculture in Chile. The
partnership (the partners include the Environmental Ministry, Consejo Nacional de Producción
Limpia, WWF Chile, Blue Whale Center, Universidad Austral de Chile, and several salmon
farming companies) has led to the establishment of two new protected areas for marine
mammals, including the “Tic-Toc” marine protected area within the central, red, high-value
conservation area in Figure 16 above (pers. comm., Intesal 2017).
Sernapesca has information sheets40 for many aquatic Species of Conservation Status in Chile
(Especies Hidrobiológicas en Estado de Conservación en Chile); for the Chilean dolphin and blue
whale, they do not mention aquaculture as one of the “anthropic threats,” but note the risk of
commercial fishing activities with gill nets for the Chilean dolphin. Similar information sheets
for a variety of other marine mammals, turtles, otters, and fish also do not implicate salmon
farming among their human threats.
Conclusions and Final Score
It is clear that the salmon farming industry represents a significant source of disturbance for key
conservation species in Chile simply by its presence and daily activities, and causes occasional
mortality to species that interact directly (such as sea lions and birds). Although the general
disturbance is a concern, the focus of the Seafood Watch standard is on population impacts
resulting from direct mortalities. For this reason, though mortalities may occur beyond
exceptional cases, they are not considered to significantly impact the species population size.
There is no evidence with which to distinguish Atlantic and coho salmon in this regard, and the
final score for Criterion 9X Wildlife Mortalities is –4 out of –10 for both species.

40

http://www.sernapesca.cl/index.php?option=com_content&task=view&id=671&Itemid=766
73

Criterion 10X: Escape of secondary species
A measure of the escape risk (introduction to the wild) of alien species other than the principle
farmed species unintentionally transported during live animal shipments
This is an “exceptional criterion that may not apply in many circumstances. It generates a
negative score that is deducted from the overall final score.
Criterion 10X Summary
Atlantic salmon
Escape of unintentionally introduced species parameters
F10Xa International or trans-waterbody live animal shipments (%)
F10Xb Biosecurity of source/destination
C10X Escape of unintentionally introduced species Final Score

Score
8
8
–0.4

GREEN

Coho salmon
Escape of unintentionally introduced species parameters
F10Xa International or trans-waterbody live animal shipments (%)
F10Xb Biosecurity of source/destination
C10X Escape of unintentionally introduced species Final Score

Score
10
n/a
–0.0

GREEN

Brief Summary
A small amount of Atlantic salmon ova is still imported into Chile each year (no coho ova); the
numbers have been declining since a peak of 275 million in 2008, and to December 2016 the
imports were 3.3 million per annum. The only approved source for egg imports into Chile is the
Icelandic Stofnfiskur hatchery, which is the only company to be certified to the World Animal
Health organization’s (OIE) biosecurity Compartment Standard. At least one company in Region
XII does not yet have local hatchery facilities and ships Atlantic salmon smolts over long
distances from Regions IX and XIV. With imported eggs and long-distance smolt movements
supplying only a small percentage of Chile’s total Atlantic salmon production, in addition to the
high biosecurity of the sources, there is only a low risk of unintentionally introducing secondary
organisms during live animal shipments, and the final score for Criterion 10X is a deduction of –
0.4 out of –10 for Atlantic salmon, and –0.0 for coho.
Justification of Rating
This criterion provides a measure of the escape risk (introduction to the wild) of invasive alien
species other than the principal farmed species unintentionally transported during animal
shipments.
According to the UN FAO (2012), the expanded and occasionally irresponsible global
movements of live aquatic animals have been accompanied by the transboundary spread of a
wide variety of pathogens. In some instances, these pathogens have caused serious damage to
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aquatic food productivity and resulted in serious pathogens becoming endemic in culture
systems and the natural aquatic environment.
Factor 10Xa International or trans-waterbody live animal shipments
Salmon egg imports into Chile peaked in 2008 at approximately 275 million (Dempster 2011),
but data from Sernapesca (Estadística de Importación de Ovas por origen41) from 2011 to 2016
show that, in relation to that peak, the current numbers are very low, and continue to decrease
as domestic production dominates (Figure 17). Estimating the contribution of these imports to
Chile’s total salmon egg use is challenging, but assuming an annual use of approximately 1
billion eggs, based on the pre-ISA data provided in Dempster (2011), the current import (3.32
million to end of November 2016) is minimal. All imports are from Iceland, and it is assumed all
are of Atlantic salmon eggs and not coho (see Factor 10Xb below).

Figure 17: Blue bars show live salmon egg imports, 2011–2016. Data from Sernapesca’s website, Estadística de
Importación de Ovas por origen. Red line = Annual production x 1,000 MT (data from SalmonChile).

Movements of smolts from hatcheries to seawater growout sites are an integral part of the
salmon production system in Chile. Under Sernapesca’s Control System for Aquaculture
(Sistema de Fiscalización de la Acuicultura, SIFA), movements of fish from freshwater to marine
sites must be reported within the context of the project "Autorización de Movimiento
Salmónidos." An Application of Sanitary Movement Authorization (Solicitud de Autorización
Sanitaria de Movimiento) must be authorized in a Movement Authorization Application
(Solicitud de Autorización de Movimiento). In addition, the ISA crisis resulted in the
implementation of regulations to ban movement of smolts from zones of poor sanitary
condition to zones of better sanitary condition. The use of freshwater hatcheries in each region
41

http://www.sernapesca.cl/index.php?option=com_content&task=view&id=73&Itemid=185
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of Chile used for salmon farming (X, XI, and XII) or close to them (e.g., Regions IX and XIV)
generally means that the movements typically occur within the same waterbody; however, at
least one company in Region XII does not yet have local hatchery facilities and ships Atlantic
salmon smolts (now in “closed-valve” well-boats that do not exchange water during shipment)
from Regions IX and XIV (pers. comm., Anon. 2017). Because the total production in Region XII
is only 8% of Chile’s total, the numbers of smolts shipped are considered to be low. Therefore,
the score for Factor 10Xa (International or trans-waterbody live animal shipments) takes into
account the small amounts of live egg imports, and the small amount of long distance
movement of live smolts to Region XII, and is 8 out of 10 for Atlantic salmon and 10 out of 10
for coho.
Factor 10Xb Biosecurity of source/destination
According to Sernapesca’s Estadística de Importación de Ovas por origen, in 2011
approximately 30% of imported salmon eggs came from Australia, and the remainder from
Iceland; since then, all imported salmon eggs have come from Iceland. The only company
approved by Sernapesca to export eggs to Chile is Stofnfiskur,42 which is also the only company
to be certified to the World Animal Health organization’s (OIE) biosecurity Compartment
Standard (Stofnfiskur 2016). The company’s fish health statement43 notes the hatcheries have
been virus-free since 1991 and frequent sampling is done to prevent contamination with other
pathogens of importance to salmon farming. Stofnfiskur does not produce coho salmon,
therefore all imports to Chile are assumed to be of Atlantic salmon. The source of movements
of live Atlantic salmon smolts are typically land-based recirculation hatcheries that have
substantial biosecurity potential.
Although the eventual destination of the imported Atlantic salmon eggs and live smolt
movements is open net pens in Chile, the high biosecurity characteristics of the Icelandic egg
production facilities and Chilean smolt hatcheries mean the score for Factor 10Xb (Biosecurity
of source/destination) is 8 out of 10, based on the latter (i.e., the Chilean tank-based
hatcheries).
For coho salmon, because the score for Factor 10Xa is 10 out of 10, Factor 10Xb does not need
to be assessed.
Conclusion and Final Score
Overall, there is only a small risk of unintentionally introducing secondary species (e.g.,
pathogens) during live animal shipments of Atlantic salmon to and within Chile, and the final
score for Criterion 10X is a small deduction of –0.4 out of –10. For coho, the apparent lack of
egg imports or long-distance movements results in a final deduction of 0 out of –10.

42

http://stofnfiskur.is/
http://s3-eu-west-1.amazonaws.com/stofnfiskur/documents/Veterinary-Certificate-Fish-Health-Situation-atStofnfiskur-Ltd-8-mai-2016.pdf
43
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Overall Recommendation
The overall final score is the average of the individual criterion scores (after the two exceptional
scores have been deducted from the total). The overall rating is decided according to the final
score, the number of red criteria, and the number of critical scores as follows:
– Best Choice = Final Score ≥6.661 and ≤10, and no Red Criteria, and no Critical scores
– Good Alternative = Final score ≥3.331 and ≤6.66, and no more than one Red Criterion,
and no Critical scores.
– Red = Final Score ≥0 and ≤3.33, or two or more Red Criteria, or one or more Critical
scores.
Atlantic salmon
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score
6.36
5.00
5.87
0.00
4.70
4.00
4.00

Rank
YELLOW
YELLOW
YELLOW
CRITICAL
YELLOW
YELLOW
YELLOW

Critical?
NO
NO
NO
YES
NO
NO
NO

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score (0-10)

–0.00
–4.00
–0.40
25.76
3.65

GREEN
YELLOW
GREEN

NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria
Interim rank
Critical Criteria?

3.65
RED
1
RED

FINAL RANK

1

RED

Scoring note – scores range from 0 to 10, where 0 indicates very poor performance and 10
indicates the aquaculture operations have no significant impact. Criteria 8X, 9X, and 10X are
exceptional criteria, where 0 indicates no impact and a deduction of -10 reflects a very
significant impact. Two or more Red criteria result in a Red final result.
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Coho salmon
Criterion
C1 Data
C2 Effluent
C3 Habitat
C4 Chemicals
C5 Feed
C6 Escapes
C7 Disease

Score
6.36
5.00
5.87
2.00
5.62
2.00
4.00

Rank
YELLOW
YELLOW
YELLOW
RED
YELLOW
RED
YELLOW

Critical?

C8X Source
C9X Wildlife mortalities
C10X Introduced species escape
Total
Final score (0-10)

–0.00
–4.00
–0.00
26.85
3.84

GREEN
YELLOW
GREEN

NO
NO

NO
NO
NO
NO
NO
NO

OVERALL RANKING

Final Score
Initial rank
Red criteria
Interim rank
Critical Criteria?
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3.84
RED
2
RED

FINAL RANK

0

RED
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About Seafood Watch®
Monterey Bay Aquarium’s Seafood Watch® program evaluates the ecological sustainability of
wild-caught and farmed seafood commonly found in the United States marketplace. Seafood
Watch® defines sustainable seafood as originating from sources, whether wild-caught or
farmed, which can maintain or increase production in the long-term without jeopardizing the
structure or function of affected ecosystems. Seafood Watch® makes its science-based
recommendations available to the public in the form of regional pocket guides that can be
downloaded from www.seafoodwatch.org . The program’s goals are to raise awareness of
important ocean conservation issues and empower seafood consumers and businesses to make
choices for healthy oceans.
Each sustainability recommendation on the regional pocket guides is supported by a Seafood
Report. Each report synthesizes and analyzes the most current ecological, fisheries and
ecosystem science on a species, then evaluates this information against the program’s
conservation ethic to arrive at a recommendation of “Best Choices”, “Good Alternatives” or
“Avoid”. The detailed evaluation methodology is available upon request. In producing the
Seafood Reports, Seafood Watch® seeks out research published in academic, peer-reviewed
journals whenever possible. Other sources of information include government technical
publications, fishery management plans and supporting documents, and other scientific reviews
of ecological sustainability. Seafood Watch® Research Analysts also communicate regularly
with ecologists, fisheries and aquaculture scientists, and members of industry and conservation
organizations when evaluating fisheries and aquaculture practices. Capture fisheries and
aquaculture practices are highly dynamic; as the scientific information on each species changes,
Seafood Watch®’s sustainability recommendations and the underlying Seafood Reports will be
updated to reflect these changes.
Parties interested in capture fisheries, aquaculture practices and the sustainability of ocean
ecosystems are welcome to use Seafood Reports in any way they find useful. For more
information about Seafood Watch® and Seafood Reports, please contact the Seafood Watch®
program at Monterey Bay Aquarium by calling 1-877-229-9990.
Disclaimer
Seafood Watch® strives to have all Seafood Reports reviewed for accuracy and completeness by
external scientists with expertise in ecology, fisheries science and aquaculture. Scientific
review, however, does not constitute an endorsement of the Seafood Watch® program or its
recommendations on the part of the reviewing scientists. Seafood Watch® is solely responsible
for the conclusions reached in this report.
Seafood Watch® and Seafood Reports are made possible through a grant from the David and
Lucile Packard Foundation.
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Guiding Principles
Seafood Watch defines sustainable seafood as originating from sources, whether fished44 or
farmed that can maintain or increase production in the long-term without jeopardizing the
structure or function of affected ecosystems.
The following guiding principles illustrate the qualities that aquaculture must possess to be
considered sustainable by the Seafood Watch program:
Seafood Watch will:
 Support data transparency and therefore aquaculture producers or industries that make
information and data on production practices and their impacts available to relevant
stakeholders.
 Promote aquaculture production that minimizes or avoids the discharge of wastes at the
farm level in combination with an effective management or regulatory system to control
the location, scale and cumulative impacts of the industry’s waste discharges beyond the
immediate vicinity of the farm.
 Promote aquaculture production at locations, scales and intensities that cumulatively
maintain the functionality of ecologically valuable habitats without unreasonably penalizing
historic habitat damage.
 Promote aquaculture production that by design, management or regulation avoids the use
and discharge of chemicals toxic to aquatic life, and/or effectively controls the frequency,
risk of environmental impact and risk to human health of their use
 Within the typically limited data availability, use understandable quantitative and relative
indicators to recognize the global impacts of feed production and the efficiency of
conversion of feed ingredients to farmed seafood.
 Promote aquaculture operations that pose no substantial risk of deleterious effects to wild
fish or shellfish populations through competition, habitat damage, genetic introgression,
hybridization, spawning disruption, changes in trophic structure or other impacts associated
with the escape of farmed fish or other unintentionally introduced species.
 Promote aquaculture operations that pose no substantial risk of deleterious effects to wild
populations through the amplification and retransmission of pathogens or parasites.
 Promote the use of eggs, larvae, or juvenile fish produced in hatcheries using domesticated
broodstocks thereby avoiding the need for wild capture
 Recognize that energy use varies greatly among different production systems and can be a
major impact category for some aquaculture operations, and also recognize that improving
44 “Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates.
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practices for some criteria may lead to more energy intensive production systems (e.g.
promoting more energy-intensive closed recirculation systems)
Once a score and rating has been assigned to each criterion, an overall seafood recommendation
is developed on additional evaluation guidelines.
Criteria ratings and the overall
recommendation are color-coded to correspond to the categories on the Seafood Watch pocket
guide:
Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways.
Good Alternatives/Yellow: Buy, but be aware there are concerns with how they’re caught or
farmed.
Avoid/Red: Take a pass on these. These items are overfished or caught or farmed in ways that
harm other marine life or the environment.
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Appendix 1 - Data points and all scoring calculations
This is a condensed version of the standard and scoring sheet to provide access to all data
points and calculations. See the Seafood Watch Aquaculture Standard document for a full
explanation of the standards, calculations and scores. Yellow cells represent data entry points.

Criterion 1: Data quality and availability
Data Category

Data Quality (0-10)

Industry or production statistics
Management
Effluent
Habitats
Chemical use
Feed
Escapes
Disease
Source of stock
Predators and wildlife
Unintentional introduction
Other – (e.g. GHG emissions)

7.5
7.5
5
5
5
5
5
7.5
10
5
7.5
n/a

Total

70

C1 Data Final Score (0-10)

6.36

YELLOW

Atlantic salmon (Coho salmon not shown)
Criterion 2: Effluent
Factor 2.1 - Biological waste production and discharge
Factor 2.1a - Biological waste production
Protein content of feed (%)

38

eFCR

1.48

Fertilizer N input (kg N/ton fish)

0

Protein content of harvested fish (%)

18

N content factor (fixed)

0.16

N input per ton of fish produced (kg)

89.984

N in each ton of fish harvested (kg)

28.8

Waste N produced per ton of fish (kg)

61.184
94

Factor 2.1b - Production System discharge
Basic production system score

0.8

Adjustment 1 (if applicable)

0

Adjustment 2 (if applicable)

0

Adjustment 3 (if applicable)

0

Discharge (Factor 2.1b) score (0-1)
80

0.8

% of the waste produced by the fish is discharged from the farm

Factor 2.1 Score - Waste discharge score
Waste discharged per ton of production (kg N ton-1)
Waste discharge score (0-10)

48.95
5

Factor 2.2 – Management of farm-level and cumulative effluent impacts
2.2a Content of effluent management measure

3

2.2b Enforcement of effluent management measures

3

2.2 Effluent management effectiveness

3.6

C2 Effluent Final Score (0-10)

5.00

Critical?

YELLOW

NO

Criterion 3: Habitat
Factor 3.1. Habitat conversion and function
F3.1 Score (0-10)

7

Factor 3.2 – Management of farm-level and cumulative habitat impacts
3.2a Content of habiat management measure

3

3.2b Enforcement of habitat management measures

3

3.2 Habitat management effectiveness

3.6

C3 Habitat Final Score (0-10)

YELLOW

6

Critical?

NO

Atlantic salmon
Criterion 4: Evidence or Risk of Chemical Use
Chemical Use parameters

Score
95

C4 Chemical Use Score (0-10)

Critical

C4 Chemical Use Final Score (0-10)

Critical

Critical?

RED

YES

Coho salmon
Criterion 4: Evidence or Risk of Chemical Use
Chemical Use parameters

Score
2

C4 Chemical Use Score (0-10)

2

C4 Chemical Use Final Score (0-10)
Critical?

NO

Atlantic salmon
Criterion 5: Feed
5.1. Wild Fish Use
Feed parameters
5.1a Fish In : Fish Out (FIFO)

Score

Fishmeal inclusion level (%)

13

Fishmeal from by-products (%)

9

% FM

11.83

Fish oil inclusion level (%)

8

Fish oil from by-products (%)

19

% FO

6.48

Fishmeal yield (%)

22.5

Fish oil yield (%)

5

eFCR

1.48

FIFO fishmeal

0.78

FIFO fish oil

1.92

FIFO Score (0-10)

5.20

Critical?

NO

5.1b Susutainability of Source fisheries
Sustainability score

-6

Calculated sustainability ajustment

-2.30

Critical?

NO

F5.1 Wild Fish Use Score (0-10)

2.90

Critical?

NO
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RED

5.2 Net protein Gain or Loss
Protein INPUTS
Protein content of feed (%)

38

eFCR

1.48

Feed protein from fishmeal (%)
Feed protein from EDIBLE sources (%)

75.89

Feed protein from NON-EDIBLE sources (%)

24.11

Protein OUTPUTS
Protein content of whole harvested fish (%)

18

Edible yield of harvested fish (%)

62

Use of non-edible by-products from harvested fish (%)

100

Total protein input kg/100kg fish

56.24

Edible protein IN kg/100kg fish

42.68

Utilized protein OUT kg/100kg fish

25.79

Net protein gain or loss (%)

-39.56

Critical?

NO

F5.2 Net protein Score (0-10)

6

5.3. Feed Footprint
5.3a Ocean Area appropriated per ton of seafood
Inclusion level of aquatic feed ingredients (%)

21

eFCR

1.48

Carbon required for aquatic feed ingredients (ton C/ton fish)
Ocean productivity ( C) for continental shelf areas (ton
C/ha)

69.7

Ocean area appropriated (ha/ton fish)

8.08

2.68

5.3b Land area appropriated per ton of seafood
Inclusion level of crop feed ingredients (%)

64

Inclusion level of land animal products (%)

13.5

Conversion ratio of crop ingedients to land animal products

2.88

eFCR

1.48

Average yield of major feed ingredient crops (t/ha)

2.64

Land area appropriated (ha per ton of fish)

0.58

Total area (Ocean + Land Area) (ha)

8.66

7

F5.3 Feed Footprint Score (0-10)
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Coho salmon
Criterion 5: Feed
5.1. Wild Fish Use
Feed parameters
5.1a Fish In : Fish Out (FIFO)

Score

Fishmeal inclusion level (%)

13

Fishmeal from by-products (%)

16

% FM

10.92

Fish oil inclusion level (%)

8

Fish oil from by-products (%)

19

% FO

6.48

Fishmeal yield (%)

22.5

Fish oil yield (%)

5

eFCR

1.2

FIFO fishmeal

0.58

FIFO fish oil

1.56

FIFO Score (0-10)

6.11

Critical?

NO

5.1b Susutainability of Source fisheries
Sustainability score

-6

Calculated sustainability ajustment

-1.87

Critical?

NO

F5.1 Wild Fish Use Score (0-10)

4.25

Critical?

NO

5.2 Net protein Gain or Loss
Protein INPUTS
Protein content of feed (%)

38

eFCR

1.2

Feed protein from fishmeal (%)
Feed protein from EDIBLE sources (%)

74.30

Feed protein from NON-EDIBLE sources (%)

25.70

Protein OUTPUTS
Protein content of whole harvested fish (%)

18

Edible yield of harvested fish (%)

62

Use of non-edible by-products from harvested fish (%)

100

Total protein input kg/100kg fish

45.6

98

Edible protein IN kg/100kg fish

33.88

Utilized protein OUT kg/100kg fish

24.32

Net protein gain or loss (%)

-28.21

Critical?

NO

F5.2 Net protein Score (0-10)

7

5.3. Feed Footprint
5.3a Ocean Area appropriated per ton of seafood
Inclusion level of aquatic feed ingredients (%)

21

eFCR

1.2

Carbon required for aquatic feed ingredients (ton C/ton fish)
Ocean productivity ( C) for continental shelf areas (ton
C/ha)

69.7

Ocean area appropriated (ha/ton fish)

6.55

2.68

5.3b Land area appropriated per ton of seafood
Inclusion level of crop feed ingredients (%)

64

Inclusion level of land animal products (%)

13.5

Conversion ratio of crop ingedients to land animal products

2.88

eFCR

1.2

Average yield of major feed ingredient crops (t/ha)

2.64

Land area appropriated (ha per ton of fish)

0.47

Total area (Ocean + Land Area) (ha)

7.02

7

F5.3 Feed Footprint Score (0-10)

Feed Final Score
C5 Feed Final Score (0-10)

5.62

Critical?

NO

YELLOW

Atlantic salmon
Criterion 6: Escapes
6.1a System escape Risk (0-10)

2

6.1a Adjustment for recaptures (0-10)

1

6.1a Escape Risk Score (0-10)

3

6.2. Invasiveness score (0-10)

6

C6 Escapes Final Score (0-10)

4

CriticaL?

NO
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YELLOW

Coho salmon
Criterion 6: Escapes
6.1a System escape Risk (0-10)

2

6.1a Adjustment for recpatures (0-10)

1

6.1a Escape Risk Score (0-10)

3

6.2. Invasiveness score (0-10)

6

C6 Escapes Final Score (0-10)

4

CriticaL?

YELLOW

NO

Criterion 7: Diseases
Disease Evidence-based assessment (0-10)
Disease Risk-based assessment (0-10)

4

C7 Disease Final Score (0-10)

4
Critical?

YELLOW

NO

Criterion 8X: Source of Stock
C8X Source of stock score (0-10)

0

C8 Source of stock Final Score (0-10)

0

GREEN

NO

Critical?

Criterion 9X: Wildlife and predator mortalities
C9X Wildlife and Predator Score (0-10)

-4

C9X Wildlife and Predator Final Score (0-10)

-4

Critical?

NO

YELLOW

Atlantic salmon
Criterion 10X: Escape of unintentionally introduced species
F10Xa live animal shipments score (0-10)

8.00

F10Xb Biosecurity of source/destination score (0-10)

8.00

C10X Escape of unintentionally introduced species Final Score (0-10)

-0.40

Critical?

n/a
100

GREEN

Coho salmon
Criterion 10X: Escape of unintentionally
introduced species
F10Xa live animal shipments score (0-10)

10.00

F10Xb Biosecurity of source/destination score (0-10)
C10X Escape of unintentionally introduced species Final Score (010)

0.00

Critical?

0.00
n/a
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GREEN

Appendix 2 – Region XII ACS Maps
Available from Sernapesca Magallanes website:
http://www.sernapesca.cl/index.php?option=com_content&view=article&id=1419&Itemid=10
41
ACS – Puerto Natales

ACS Rio Verde

ACS - Aracena Cockburn
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