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Final Seafood Recommendation 
 

Criterion Score Rank Critical? 

C1 Data 7.50 GREEN NO 

C2 Effluent 4.00 YELLOW NO 

C3 Habitat 6.27 YELLOW NO 

C4 Chemicals 2.00 RED NO 

C5 Feed 4.86 YELLOW NO 

C6 Escapes 1.00 RED YES 

C7 Disease 1.00 RED NO 

        

C8X Source –0.00 GREEN NO 

C9X Wildlife mortalities –4.00 YELLOW NO 

C10X Introduced species escape –4.00 YELLOW   

Total 18.63     

Final score (0-10) 2.66     

      

OVERALL RANKING       

Final Score  2.66     

Initial rank RED     

Red criteria 3     

Interim rank RED   FINAL RANK 

Critical Criteria? YES   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 
The final numerical score for Atlantic salmon farmed in net pens in Norway is 2.66 out of 10, 
and with three Red-ranked criteria (Chemical Use, Escapes, and Disease), one of which is a 
critical conservation concern, the final ranking is Red and a recommendation of “Avoid.” 
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Executive Summary 
 
Norway is currently the world’s largest farmed salmon producer, harvesting 1,314,584 metric 
tons (MT) of Atlantic salmon in 2015. Approximately 1,000 production sites along the coast are 
owned by a small number of large, vertically integrated companies. Although the industry has 
made (and continues efforts to make) significant improvements to many aspects of production 
(for example, the three largest companies are members of the Global Salmon Initiative), the 
still-ubiquitous floating net pen farming production system continues to present challenges 
from an environmental perspective. This assessment involves criteria covering impacts 
associated with effluent, habitats, 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   
 
A large amount of information is available on the salmon farming industry in Norway. 
Norwegian agencies such as the Directorate of Fisheries, Institute of Marine Research, 
Veterinary Institute, Environment Agency, and Institute for Nature Research have annual 
reports, risk assessments, and/or regularly updated statistics on many aspects of production. 
Much of this information is available on a site-by-site basis, and the recently established 
BarentsWatch project also has site-specific health information. Company annual reports and 
other industry publications provide further information. A large and rapidly growing body of 
academic research also supports the government and industry data. Some impacts continue to 
be challenging to understand conclusively, but the score for Criterion 1 – Data is 7.5 out of 10. 
 
Net pen salmon farms represent a substantial point source of nutrient pollution in soluble and 
particulate forms. Salmon farming in Norway of approximately 1.3 million MT releases between 
540,000 to 624,000 MT of organic matter per year from approximately 1.6 million MT of added 
feed. Studies in some of Norway’s densest farming regions indicate that the risk is low of 
substantial impacts to local and regional nutrient budgets, which lead to eutrophication and 
increases in phytoplankton production. But recent risk assessments highlight the uncertainty in 
understanding nutrient dynamics, and the potential remains for impacts to planktonic and 
macroalgal communities from soluble nutrients in the water column, particularly in densely 
farmed areas in inner fjords. Though the floating net pens used in salmon farming have 
relatively little direct habitat impacts, the operational impacts on the benthic habitats below 
the farm can be profound. The results of seabed monitoring in the immediate farm area (MOM-
B surveys) and in the transition zone beyond it (MOM-C surveys) show that the majority of sites 
in Norway have “Good” or “Very good” conditions at peak biomass in the production cycle, but 
the caveats around these results (particularly the limited number of MOM-C surveys and the 
limited applicability of MOM-B to rocky substrates) and the number of “Moderate” results are 
also important.  
 

                                                 
1 The full Seafood Watch Aquaculture Standard is available at: http://www.seafoodwatch.org/seafood-
recommendations/our-standards  
 

http://www.seafoodwatch.org/seafood-recommendations/our-standards
http://www.seafoodwatch.org/seafood-recommendations/our-standards
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In addition, there is an increasing focus on how aquaculture wastes may potentially affect 
special habitats and species such as deep fjords and deep-water corals, eel grass beds, 
calcareous algal communities, kelp forests, and shallow mudflat areas; a review by the Institute 
of Marine Research concluded there are currently “a number” of aquaculture facilities located 
in such a way that they may potentially adversely affect IUCN Red-listed natural habitats and 
species. The Institute’s review also highlighted an acute lack of knowledge, both of the 
potential overlap between farms and these habitats, and of their species-specific abilities to 
cope with any impacts (primarily increased sedimentation of organic material). While taking 
note of these concerns, the broadly accepted rapid decrease in benthic impact with increasing 
distance from the farm sites, in addition to the largely positive MOM-B benthic monitoring 
results, form the basis of this Seafood Watch assessment. The regulatory structure and 
enforcement appear to be good at the site level, with robust monitoring data available, but 
cumulative impact mitigation does not appear to be an explicit theme of the regulatory 
structure. There is still scope for improvement in understanding cumulative habitat impacts of 
the industry. Overall, the final score for Criterion 2 – Effluent is 4 out of 10. For Criterion 3 – 
Habitat, the final score is 6.27 out of 10. 
 
The total antibiotic use of 212 kg in Norway in 2016 is generally considered to be low, equating 
to a relative use of 0.2 grams per ton of production and an application frequency of much less 
than once per production cycle. But 30% of the total antibiotics are listed as critically important 
for human medicine, as defined by the World Health Organization, with the remainder 
considered highly important. Pesticide use in 2016 was substantial, with over 10 MT of active 
ingredients in conventional treatments, plus more than 26 MT of hydrogen peroxide. Three 
pesticides are dominant (by weight) in Norway: diflubenzuron, azamethiphos, and 
teflubenzuron (with the latter increasing substantially in 2016), and the use of pyrethroids such 
as cypermethrin and deltamethrin is important based on frequency of use. Pesticide use in 
2016 for most treatments showed a sharp decrease compared to 2015 (except teflubenzuron, 
which increased substantially) due to the more effective use of non-chemical methods of lice 
removal. But according to Norway’s Veterinary Institute, salmon lice currently present the 
biggest threat to Norwegian salmon farming, and the historical and continued development of 
widespread resistance to multiple drugs is the most difficult problem that needs to be tackled.  
 
Regarding the ecological impacts of chemical use, chronic toxicity (as opposed to acute toxicity) 
to non-target organisms on the seabed is the most likely outcome. Diflubenzuron and 
teflubenzuron are regarded as substances of very high concern, and their use has increased 
significantly over the last 5 years despite a voluntary ban introduced in Norway in the 1990s. 
There is some evidence of impacts on a variety of non-target species distant to the farm, and 
there is a somewhat unknown potential for cumulative impacts from coordinated treatments at 
multiple farms. The decrease in pesticide use in 2016 is encouraging, but overall, production is 
considered dependent on chemical use; they are used on multiple occasions per production 
cycle in open systems, and there are confirmed cases of resistance. Therefore, the final score 
for Criterion 4 – Chemical Use is 2 out of 10. 
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Feed data were provided by three of the four main feed companies in Norway (Biomar, 
Skretting, and Cargill). They show that inclusion levels of fishmeal and fish oil from forage 
fisheries continue to decline with increasing replacement with by-product sources, particularly 
terrestrial crop sources. Land animal by-product ingredients are not used in Norway. The 
average economic feed conversion ratio (eFCR) is 1.31. The calculated Forage Fish Efficiency 
Ratio (FFER) was 2.03 for fish oil, meaning that from first principles, 2.03 tons of wild fish must 
be caught to provide the oil required to produce 1 ton of farmed salmon. The fisheries sourced 
are predominantly those in the North Atlantic, though globally significant fisheries, such as that 
for Peruvian anchovy, are also sourced. Overall, the marine ingredients used by the Norwegian 
salmon industry are considered of moderately good sustainability, and the Factor 5.1 Wild Fish 
Use score is 3.72 out of 10. There is a net loss of edible protein of 41%, resulting in a score of 5 
out of 10 for Factor 5.2, and a low total feed footprint of 8.8 hectares per MT of production, 
resulting in a score of 7 out of 10 for Factor 5.3. Overall, the final score for Criterion 5 – Feed is 
4.86 out of 10.  
 
Escapes data provided by the Directorate of Fisheries (Fiskeridirektoratet) show that farmed 
salmon of various sizes escape in reported incidents every month of the year in Norway. Total 
reported escape numbers are dominated by a small number of large escape events (e.g., 
173,156 fish in 2011; 123,914 in 2012; 119,942 in 2014), but there have been escape events of 
approximately 50,000 fish in six out of seven years since 2010. Chronic trickle losses are also 
considered to be substantial and potentially undetected and/or unreported. Despite advances 
in net pen containment technology and technical standards, the leading cause of escape in 
Norway continues to be human error. Approximately 13% of escapees were reported to be 
recaptured in 2016, but the number of salmon escaping from Norwegian farms is probably 
more than the number of wild adult salmon returning to rivers in most years. The escape risk is 
therefore considered to be high, with a slight adjustment for recaptures. 
 
Atlantic salmon is native in Norway, but farmed salmon have undergone domestication and 
directional selection for more than 10 generations; they now show considerable genetic 
differences to wild salmon for a number of fitness-related traits. Although escaped fish are 
known to enter rivers throughout Norway, their number and their ability to affect the genetic 
profile of wild salmon, and thereby to negatively impact the wild salmon population, is 
complex. A recent review led by Norway’s Institute of Marine Research (IMR) concludes there is 
globally unprecedented and unequivocal evidence of introgression of farmed salmon into 
approximately 150 native Norwegian populations. A separate review of major threats to 
Atlantic salmon in Norway concluded that escaping farmed salmon are the largest (and 
expanding) population threat; in addition to sea lice (see below), they affect wild salmon 
populations to the extent that they may be critically endangered or lost, with a large likelihood 
of causing further reductions and losses in the future. Though some specific studies indicate 
potential regional differences, there are rivers of high concern throughout the coast of Norway. 
The International Council for the Exploration of the Seas (ICES) concludes that the evidence 
relating escapees and genetic introgression provides a clear indication of impacts on wild 
salmon populations, and according to the Norwegian Biodiversity Information Centre (BIC), 
escaped farmed salmon (and sea lice—see the Disease Criterion) are considered non-stabilized 
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population threats that could contribute to individual populations becoming critically 
endangered or lost. They (BIC) consider that there is a high probability of escapes causing 
further population losses. In addition, the Norwegian Veterinary Institute considers the escape 
of farmed salmon as one of three challenges (alongside the parasite G. salaris and acid 
precipitation) that have led to defining many wild salmon stocks in Norway as extinct or 
threatened. The final score for Criterion 6 – Escapes is 1 out of 10, which is a critical 
conservation concern.  
 
The Norwegian Veterinary Institute’s annual Fish Health Report provides a comprehensive 
review of the disease situation in Norway, and shows viral disease and sea lice parasites are the 
greatest concern from a production perspective. In regard to impacts on wild fish populations, 
Norway’s farmed salmon population greatly outnumbers their wild counterparts, and though 
viral and bacterial pathogens present on salmon farms have a low prevalence in wild fish and a 
low risk of population impacts, there is a clear transfer of parasitic sea lice from farms to wild 
fish and a high level of concern. The Norwegian Institute for Nature Research and the 
Norwegian Veterinary Institute, supported by data from the national sea lice monitoring 
program, agree that there is clear evidence of population-level impacts to some salmon 
populations. A review of major threats to Atlantic salmon in Norway concluded that sea lice 
(along with escaped farmed salmon) are an expanding population threat that affects 
populations to the extent that they may be critically endangered or lost, with a large likelihood 
of causing further reductions and losses in the future. Nevertheless, the most recent research 
also highlights ongoing uncertainties in robustly quantifying the extent of the current impacts; a 
new government “traffic-light” system based (initially) on sea lice impacts to wild fish allows 
salmon farm production in 13 production zones along the Norwegian coast to be maintained if 
10% to 30% of the wild salmon population dies due to sea lice (yellow), while the biomass of 
farmed fish must be reduced if >30% of the population dies due to sea lice (red). Previous 
studies indicate that the 13 zones are likely to have both yellow and red categories, in addition 
to some green zones where <10% of wild salmon die because of sea lice, and production can be 
increased. 
 
Athough anadromous brown trout (sea trout) is less studied (compared to wild salmon), it is 
considered particularly vulnerable to sea lice. The available data suggest that a large proportion 
of these fish in aquaculture-intensive areas have been adversely affected by salmon lice in 
2016, and this largely appears to be an annual occurrence. Lice levels are reported to be low on 
wild sea trout in areas without intensive salmon farming. The impact to sea trout has the 
potential to lead to the loss of local anadromous populations, but to date, there are insufficient 
data to robustly conclude this is happening. Repeated annual sea lice impacts are considered to 
affect the ability of sea trout populations to recover, but they are not currently considered to 
be unable to recover. Brown trout is listed as a species of “Least Concern” by the IUCN and BIC, 
but the potential impacts to local anadromous sea trout sub-populations are a higher concern. 
Overall, the final score for Criterion 7 – Disease is 1 out of 10.  
 
As is common throughout the global salmon aquaculture industry, Norwegian salmon farming 
production is based on hatchery-raised broodstocks selectively bred over many generations, 
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and is considered independent of wild salmon fisheries for broodstock, eggs, or juveniles. The 
final deductive score for Criterion 8X – Source of Stock is –0 out of –10. It is important to note 
that Norwegian salmon farming currently uses wild-caught cleaner fish, stocked in net pens 
alongside salmon, as part of their sea lice control strategies, but their use is currently beyond 
the scope of the Seafood Watch standard; data and information indicate this use may not 
currently be sustainable, and further information is provided in Appendix 2 for reference, but 
this aspect does not contribute to the score for Source of Stock. 
 
The presence of farmed salmon in net pens at high densities is likely to attract a variety of 
marine mammals, seabirds, and fish. Norwegian regulations for the control of seals allow them 
to be killed if they damage fishing gear or farm infrastructure at sea when “reasonable efforts 
and other measures to avert damage” have failed. Although the regulation also requires 
immediate reporting, there are no data publicly available except for three companies 
associated with the GSI. This indicates an average of 2.5 birds are killed per site per year, and 3 
seals are killed per 100 sites per year (i.e., <30 across the industry). However, these three 
companies account for approximately 33% of the Norwegian industry and cannot be robustly 
representative of national wildlife interactions. Although the numbers may be higher on farms 
not associated with GSI, they are considered unlikely to affect the population status of the 
affected species, and the final numerical score for Criterion 9X – Wildlife and Predator 
Mortalities is –4 out of –10. 
 
Movements of live salmon are a characteristic of the Norwegian salmon farming industry, 
particularly of smolts from freshwater hatcheries to marine grow-out sites, and of harvested 
fish to processing plants. In addition, the industry relies on the shipment of large numbers of 
wild wrasse, both within Norway and from Sweden, to be used as cleaner fish to control sea lice 
parasites. Assessing the risk of introducing a non-target species during those movements is 
complex, given the different source and destination characteristics and the risk of infection and 
dissemination during transfers. Overall, the movement of wild-caught cleaner fish, combined 
with the low biosecurity at both the source (i.e., fishing grounds) and destination (i.e., net pen 
grow-out facilities), drive the score for this criterion. The final score for Criterion 10X – Escape 
of Unintentionally Introduced Species of –4 out of –10. 
 
Overall, despite the large, mature industry in Norway, there continue to be environmental 
performance problems that fail to meet the country’s sustainability goals. In particular, high 
chemical use and documented impacts to wild salmon and sea trout from escapes and sea lice 
continue to be high concerns. The final score is 2.66 out of 10, and with three Red-ranked 
criteria, one of which is critical, the final ranking is Red with a recommendation of “Avoid.” All 
data points are available in Appendix 1, and all scoring tables and calculations are available in 
the Seafood Watch Aquaculture Standard.  
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Introduction 
 

Scope of the analysis and ensuing recommendation 
 
Species 
Atlantic Salmon – Salmo salar 
 
Geographic Coverage 
Norway 
 
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 
sub-populations through Western Europe in the NE Atlantic and the North America landmass in 
the NW Atlantic. 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, it returns 
upriver to its original spawning ground to complete the cycle.  
 
Production System 
All farmed salmon in Norway 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. Norway had 990 marine grow-out sites in 2015 (for all finfish 
species), and this number has decreased from 1,028 in 2010 (Fiskeridirektoratet 2016). 
 
Production Statistics 
Global production of farmed Atlantic salmon was approximately 2.2 million metric tons (MT) in 
2015 (Marine Harvest 2016). As the world’s largest salmon producer, representing 
approximately 60% of global production, Norway harvested 1,314,584 MT in 2015, reported by 
the Norwegian Directorate of Fisheries2 (Fiskeridirektoratet). Preliminary data at the time of 
writing for 2016 shows a slight decline in production to 1,179,834 MT in 2016 (Svasand et al. 
2017). Figure 1 shows annual sales of farmed salmon (and trout) in Norway from 2005 to 2015 
(Fiskeridirektoratet 2016). This is a small increase from 1,258,356 MT in 2014, and a steady 
incremental increase over the last five years from 939,536 MT in 2010. 
 
 

                                                 
2 http://www.fiskeridir.no/ 
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Figure 1: Atlantic salmon (and trout) sales in Norway. Graph copied from Fiskeridirektoratet (2016). 

 
On a regional perspective, Figure 2 from Svasand et al. (2017) shows that production varies 
along Norway’s coastline from north to south, with the county of Nordland producing the most 
at approximately 250,000 MT in 2016. 
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Figure 2: Annual production of farmed salmon in Norway by county. Y-axis in each graph is thousands of MT. 

Graph copied from Svasand et al. (2017). 

 
Import and Export Sources and Statistics 
Norway exports farmed and wild fish to more than 150 countries (Figure 3), and according to 
Fiskeridirektoratet (2016), 51,123 MT of salmon were exported to the U.S., representing 4% of 
Norwegian production. According to import data from the U.S. National Marine Fisheries 
Service (NMFS 2017), this accounts for approximately 18% of Atlantic salmon imports into the 
US (≈283,000 MT in 2015/6). 
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Figure 3: Main markets for Atlantic salmon 2015. Graph copied from Fiskeridirektoratet (2016). 

 
Common and Market Names 
 

Scientific Name Salmo salar 

Common Name Atlantic salmon 

United States Atlantic Salmon 

Spanish Salmón del Atlántico 

French Saumon de l'Atlantique 

Japanese Taiseiyō sake 

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

http://www.seafoodwatch.org/-/m/sfw/pdf/standard%20revision%20reference/mba_seafoodwatch_aquaculture%20criteria_finaldraft_tomsg.pdf?la=en
http://www.seafoodwatch.org/-/m/sfw/pdf/standard%20revision%20reference/mba_seafoodwatch_aquaculture%20criteria_finaldraft_tomsg.pdf?la=en
http://www.seafoodwatch.org/-/m/sfw/pdf/standard%20revision%20reference/mba_seafoodwatch_aquaculture%20criteria_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: robust and up-to-date information on production practices and their impacts is 

available to relevant stakeholders. 
 
Criterion 1 Summary 

Data Category Data Quality Score (0-10) 

Industry or production statistics 10 7.5 

Management 7.5 7.5 

Effluent 7.5 7.5 

Habitat 7.5 7.5 

Chemical use 7.5 7.5 

Feed 7.5 7.5 

Escapes 7.5 7.5 

Disease 7.5 7.5 

Source of stock 10.0 10.0 

Predators and wildlife 5 5 

Introduced species 5 5 

Other – (e.g., GHG emissions) Not Applicable n/a 

Total   82.5 

      

C1 Data Final Score (0-10) 7.5 GREEN 

 
 
Brief Summary 
A large amount of information is available on the salmon farming industry in Norway. 
Norwegian agencies such as Directorate of Fisheries, Institute of Marine Research, Veterinary 
Institute, Environment Agency, and Institute for Nature Research have annual reports and/or 
regularly updated statistics on many aspects of production. Much of this information is 
available on a site-by-site basis, and the recently created BarentsWatch project also has site-
specific health information. Company annual reports and other industry publications provide 
further information. A large and rapidly growing body of academic research supports the 
government and industry data. Some impacts continue to be challenging to understand 
conclusively, but the score for Criterion 1 – Data is 7.5 out of 10. 
 
Justification of Rating 
The Norwegian salmon farming industry is one of the most mature, modern, commercial 
aquaculture industries in the world; it has been the subject of intense scrutiny in regard to its 
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environmental impacts, and these have resulted in a substantial volume of government and 
industry monitoring data.  
 
In addition, the industry is now the subject of a large body of scientific literature; although 
there are many instances in which it can be difficult to draw clear conclusions, recent reviews 
such as the Institute of Marine Research “Risk assessment of Norwegian fish farming” (Svasand 
et al. 2017; in Norwegian) provide valuable reviews and summaries of the key topics. Regarding 
the Seafood Watch criteria in this assessment and the categories in the Data Criterion, the key 
data sources are as follows: 
 
Industry and Production Statistics 
The Norwegian Directorate of Fisheries (Fiskeridirektoratet) has considerable information on 
aquaculture production in Norway. Some of it is only available on the Norwegian version of 
their website, but most data can be comprehended by simple translations. Their annual report, 
“Key figures from aquaculture Industry,” includes country- and county-level data, such as 
numbers of licenses, sites, companies, employees, fish inputs, harvests and sales, production 
losses, and exports (Fiskeridirektoratet 2016). The Fiskeridirektoratet website also has an 
interactive and publicly accessible map-format database (in Norwegian), with large amounts of 
data on various production parameters shown for each farming site throughout the country. 
Most data are species-specific, but some categories are aggregated with trout and other marine 
species. Further information is available in company annual reports or other industry 
publications such as Marine Harvest’s “Salmon Industry Handbook.”3 Data on salmon imports 
into the United States are available from the United States National Marine Fisheries Service 
(NMFS). The data score for the Industry and Production statistics is 10 out of 10. 
 
Management and Regulations 
In a collaboration between the Ministry of Justice and the Faculty of Law at the University of 
Oslo, the Lovdata database was built with a purpose to create, maintain, and operate systems 
for legal information in Norway, and all the country’s regulations are available on the site. An 
English version4 is available. At the company level, aggregated information is available from 
various annual reports and online documents, but management standards or requirements for 
production at the farm level are typically less transparent. Various technical standards are 
available from Fiskeridirektoratet for aspects such as containment and escape management. 
Overall, the data score for management and regulations is 7.5 out of 10. 
 
Effluent and Habitat 
In net pen aquaculture, the data and information used to assess the Effluent and Habitat 
criteria are often largely similar. Although data on soluble effluents are not typically collected (it 
is not legally required in Norway), key scientific studies on nutrient dynamics in salmon farming 
areas, particularly in densely farmed areas, generally provide clear conclusions; for example, 

                                                 
3 http://marineharvest.com/globalassets/investors/handbook/2016-salmon-industry-handbook-final.pdf 
4 https://lovdata.no/info/information_in_english 
 

https://lovdata.no/info/information_in_english
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Price et al. (2015), Husa et al. (2014a,b), and the regional reviews by Taranger et al. (2015). 
However, the recent review by Svasand et al. (2017) notes some uncertainty in the impacts in 
different areas. The potential effluent impacts beyond the farm, and the dominant habitat 
impact of floating net pens within the farm area, are primarily on the seabed; benthic 
monitoring within and beyond the farm sites is required in MOM-B and (at a lower number of 
sites) MOM-C surveys. Aggregated MOM-B and -C results are available from Fiskeridirektoratet, 
and the results are reviewed by Svasand et al. (2017). The latest results for individual sites are 
also available on the interactive map-database hosted on the website of Fiskeridirektoratet.5 
Although Svasand et al. (2017) note a lack of knowledge on impacts to vulnerable habitats such 
as deepwater corals, overall, the data scores for Effluent and Habitat are both 7.5 out of 10. 
 
Chemical Use 
The Norwegian Veterinary Institute produces an annual NORM/NORMVET report, “Usage of 
Antimicrobial Agents and Occurrence of Antimicrobial Resistance in Norway”; it includes annual 
antibiotic use in aquaculture (and other food animals), along with the type of antibiotics used. 
Site-specific information on chemical treatments is available from the BarentsWatch website.6  
The Norwegian Veterinary Institute also publishes an annual Fish Health Report (Hjeltnes et al. 
2016), which is a comprehensive review of the disease situation in Norway and includes 
information on antibiotic use, sea lice treatments, and the development of resistance (of both 
antibiotics and pesticides). It is available publicly in English. As a national report, its data are 
typically aggregated, but it also includes breakdowns of some data by region. The 
Fiskeridirektoratet report, “Key figures from aquaculture industry,” also includes (the same) 
basic data on total antibiotic use and sea lice treatments (Fiskeridirektoratet 2016). In addition, 
useful academic papers (Lillicrap et al. 2016) (Aaen et al. 2015) (Jansen et al. 2016) (Samuelsen 
et al. 2015) (Macken et al. 2015), plus key reviews such as Svasand et al. (2017), are available 
on antibiotic and pesticide use and their environmental impacts; however, there continues to 
be a limited understanding of the latter. The use of chemicals in Norwegian salmon farming is 
generally well understood and the data score for Chemical Use is 7.5 out of 10. 
 
Feed 
Feed data were provided anonymously by three large companies providing feed for the 
Norwegian salmon industry. Some information is publicly available—for example, Skretting 
Norway’s Sustainability Report 20157—but data were provided on request from two others. 
Although not every feed characteristic necessary for the calculation of the Feed criterion was 
provided by every company, the combined data provide a robust estimate of the typical, 
industry-wide feed characteristics and performance. The data score for Feed is 7.5 out of 10. 
 
 
 
 

                                                 
5 http://www.fiskeridir.no/Akvakultur 
6 https://www.barentswatch.no/ 
7 http://www.skretting.com/nb-no/ 
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Escapes  
The Norwegian Directorate of Fisheries8 (Fiskeridirektoratet) provides information (in 
Norwegian) on every reported escape event, including the number, location (county), company, 
species, size, date, and number of escapees recaptured. The data cover each of the last 10 
years (although recapture data are only available from 2014 onward). The information also 
includes a breakdown of the main causes of escapes. The interactive mapping tool from 
Fiskeridirektoratet also shows each escape event location and size throughout the country for 
any year; an example is shown in Figure 12 in the Escapes Criterion.  
 
The fate and potential impact of farmed salmon escapees is the subject of a large and 
continually evolving body of scientific research; the recent review, “Half a century of genetic 
interaction between farmed and wild Atlantic salmon: Status of knowledge and unanswered 
questions,” by Glover et al. (2017) provides a comprehensive review of the subject in Norway 
along with other reviews such as Svasand et al. (2017) and Forseth et al. (2017). The Norwegian 
Environment Agency (Miljødirektoratet) has a lot of information on salmon rivers throughout 
Norway in its “Salmon Register” (Lakseregisteret9) and the associated map (Lakseregisteret - 
Kart10). The searchable map includes a “dashboard” layout of the status of salmon, trout, or 
charr populations in each river and the main threats to them. A further comprehensive review 
is available in the 300+ page “Status of Norwegian salmon stocks in 2015” report (Anon. 2016). 
Many questions remain about the fate and impact of escapes in Norway, but the data 
availability is good, and the data score for Escapes is 7.5 out of 10. 
 
Disease 
Regional reporting of disease outbreaks in addition to a wide variety of fish health aspects is 
available in the Norwegian Veterinary Institute’s information-rich annual Fish Health Report 
(Hjeltnes et al. 2016). Site-specific data on fish health and sea lice monitoring data are available 
in detail from BarentsWatch. The Norwegian Institute for Nature Research, Norway’s Institute 
of Marine Research, and the Norwegian Veterinary Institute, supported by data from the 
National Salmon Lice Monitoring Program (Nilson et al. 2016) and the “Status of Norwegian 
salmon stocks in 2015” report (Anon. 2015), all provide data, reviews, and perspectives on the 
impacts of sea lice on wild salmon and sea trout. Norway’s national lice monitoring data are 
available at the regional level from the government’s “Lusedata” website.11 In addition, the 
review and risk assessment by Svasand et al. (2017) provides a useful review and summary of 
the key concerns. Other key academic publications on impacts include Serra-Llinares et al. 
(2014, 2016), Vollset et al. (2016, 2017) and Thorstad et al. (2015). Although uncertainty 
remains about specific impacts, a large volume of information and data is available, and the 
data score for Disease is 7.5 out of 10. 
 
  

                                                 
8 http://www.fiskeridir.no/Akvakultur/Statistikk-akvakultur/Roemmingsstatistikk 
9 http://www.miljodirektoratet.no/no/Tjenester-og-verktoy/Database/Lakseregisteret1/ 
10 http://lakseregister.fylkesmannen.no/laksekart/default.aspx?gui=1&lang=2 
11 www.lusedata.no 

http://www.lusedata.no/
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Source of Stock 
With the ubiquitous use of domesticated broodstock in the global salmon industry, the source 
of Norwegian farmed salmon stock is well established. Information on the use of wild wrasse as 
cleaner fish to control parasitic sea lice is included in Appendix 2 for reference, but does not 
contribute to the scoring of this data criterion, therefore the data score for Source of Stock is 10 
out of 10. 
 
Wildlife and Predator Mortalities 
Regulatory information (“Regulation of seals on Norwegian coast”) provides basic information 
on the requirements for legal lethal control of marine mammals in Norway, but there does not 
appear to be any official data available on the numbers of seals or any other wildlife killed. GSI 
provides the number of birds and marine mammals killed per site per year, separated by 
accidental and deliberate kills, for three large companies in Norway. But because those 
companies only account for approximately one-third of national production, they cannot be 
considered to fully represent the industry. The data score for Wildlife and Predator Mortalities 
is 5 out of 10. 
 
Unintentionally Introduced Species 
The Norwegian Veterinary Institute’s annual Fish Health Report (Hjeltnes et al. 2016) provides 
information on the movements and disease-transfer risks of smolts and pre-slaughter fish in 
well boats in Norway. Skiftesvik et al. (2014) describe movements of wild-caught cleaner fish, 
Fiskeridirektoratet provides data on the numbers of fish, and Svasand et al. (2017) provide the 
number of farms using cleaner fish. There is a lack of evidence of fish health diagnostic or 
screening procedures or regulations for the transport and transfer of wrasse or other cleaner 
fish. The data score for Unintentionally Introduced Species is 5 out of 10. 
 
Conclusions and Final Score 
Overall, data availability for salmon farming in Norway is good, and the final score for the Data 
Criterion is 7.5 out of 10 (see the Seafood Watch Aquaculture Standard for further details on all 
scoring tables and calculations).  
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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 

Effluent Evidence-Based Assessment     

C2 Effluent Final Score (0-10) 4 YELLOW 

 
Brief Summary 
Net pen salmon farms represent a substantial point source of nutrient pollution in soluble and 
particulate forms. Salmon farming production in Norway of approximately 1.3 million MT 
releases between 540,000 and 624,000 MT of organic matter per year from approximately 1.6 
million MT of feed. Studies in some of Norway’s densest farming regions indicate that the risk is 
low of substantial impacts to local and regional nutrient budgets, which lead to eutrophication 
and increases in phytoplankton production; however, recent risk assessments highlight the 
uncertainty in understanding nutrient dynamics, and the potential remains for impacts to 
planktonic and macroalgal communities from soluble nutrients in the water column, 
particularly in densely farmed areas in inner fjords. The results of seabed monitoring in the 
immediate farm area and in the transition zone beyond it show that the majority of sites in 
Norway have “Good” or “Very good” conditions, but the caveats around these results 
(particularly the limited number of MOM-C surveys and the limited applicability to rocky 
substrates) and the number of “Moderate” results are also important. Overall, the studies in 
Norway are considered to indicate occasional, temporary, or minor evidence of impacts beyond 
the immediate farm area, or contributions to cumulative local or regional impacts, and the final 
score for Criterion 2 – Effluent is 4 out of 10. 
 
Justification of Rating 
The Seafood Watch 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. While the two criteria cover 
different impact locations, there is inevitably some overlap between them in terms of 
monitoring data and scientific studies. Most of this information will be presented in this 
Effluent Criterion, with the intent of minimizing (but not entirely avoiding) duplication in the 
Habitat Criterion.  
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With good monitoring data both within and beyond the immediate farm area in Norway, 
supported by a substantial body of scientific literature, the score for the Effluent category in 
Criterion 1 – Data is 7.5 out of 10. Thus, the Evidence-Based Assessment method in the Seafood 
Watch Aquaculture Standard has been used.  
 
Salmon excrete both soluble and particulate wastes primarily as a result of incomplete 
digestion and absorption of their feeds; 1.6 million MT of feed was used in 2016 according to 
Svasand et al. (2017), and historically, salmon net pen aquaculture has represented a 
substantial release of nutrients and particulate matter into the environment in which the farms 
are sited. Primary production on the coast and in the fjords in Norway is relatively low, and the 
biological production in deep areas is often limited by nutritional deficiencies. Emissions of 
dissolved nutrients from aquaculture can lead to increased plankton growth and increased 
sedimentation of plankton biomass; the increased supply of organic material to the seabed 
increases oxygen consumption, affecting the benthic communities (Svasand et al. 2017).  
 
There is a substantial body of literature on physical, chemical, and biological implications of 
nutrient waste discharges 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 to 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). However, 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. caution that, regardless of location, other environmental risks 
may still face this industry; for example, significant questions remain about the cumulative 
impacts of discharge from multiple, proximal farms, potentially leading to increased primary 
production and eutrophication.  
 
Svasand et al. (2017) report that estimates of total nutrient discharges vary substantially from 
20 kg to 38.4 kg of nitrogen per MT of production, and from –1.5 (i.e., a negative budget) to 5.1 
kg of phosphorous per MT of salmon production, and note that none of the models or 
calculation methods have been robustly verified to date. In total, these authors estimate 
combined emissions of 560,000 to 660,000 MT of organic matter from all Norwegian fish farms 
(i.e., all species) per year, with salmon farming representing 94.6% of all finfish aquaculture in 
Norway (i.e., 540,000 to 624,000 MT). At the local or regional scale, the same authors note that 
most of Norway's waterbodies have low or moderate farming pressure, but some areas have 
high or very high production, and therefore substantial local nutrient inputs. 
 
There is no legal requirement for routine monitoring of soluble effluent from fish farms in 
Norway, but a risk assessment of the environmental impact of Norwegian Atlantic salmon 
farming (Taranger et al. 2015) reported that the potential for increases in phytoplankton 
biomass across the nine Norwegian salmon farming counties (Figure 3) varies from less than 1% 
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to approximately 6.5%. Figure 4 uses 2012 data, but the total standing stock biomass of farmed 
salmon in Norway (i.e., the amount of fish in the water at any one time) has not increased 
substantially since then (700,000 MT in 2012 to 725,000 MT in 2015), and although several 
years old, these data are still considered relevant to current production.  
 

 
Figure 4: The estimated percentage increase in phytoplankton production due to discharges of dissolved 
nitrogen from finfish farms in 2012 in each Norwegian county. Graph copied from Taranger et al. (2015). 

 
Taranger et al. (2011) calculated a maximum 4.8% increase in phytoplankton growth in the 
most heavily impacted area of Norway and concluded that this remains within the threshold for 
very good water quality. Although 2012 data show the county of Horgaland exceeding this 
value (with approximately 6.5% increase in phytoplankton growth (Figure 4), studies and 
reviews in Norway’s largest and most intensive salmon farming region, the Hardangerfjord, 
where 70,000 to 80,000 MT of salmon are produced annually, have shown all nutrient and 
chlorophyll-a values were within the thresholds for high water quality set by the national 
authorities; there were no indications of elevated levels in the intermediate area of the fjord 
that has the greatest density of farms (Husa et al. 2014b). In that example, modeling of the 
distribution of nutrients in the Hardangerfjord, taking into account water exchange rates, 
shows that nutrient emissions from fish farms in the densest area of production will increase 
the natural nitrogen concentrations and phytoplankton biomass by 15% (Husa et al. 2014a), 
well below the 50% increase classified as eutrophication by Svasand et al. ((2017); referencing 
OSPAR 2010). Taranger et al. (2015) considered the risk of regional eutrophication in the pelagic 
zone of Norway to be low, but the more recent risk assessment of 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 
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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 geographical areas 
are also recorded; they also note a high level of uncertainty surrounding the amount of 
dissolved nutrients discharged from farms and therefore a potential for impacts in some local 
areas remains.  
 
Regarding the benthic impacts, feces and uneaten food settle on the seabed in an area 
controlled largely by the settling speed of the particles, the water depth, and the current speed; 
as a result, they generate a localized gradient of organic enrichment in the underlying and 
adjacent sediments (Black et al. 2008) (Keeley et al. 2013, 2015). Keeley et al. (2013) describe 
the major pathways of bio-deposition from a typical net pen salmon farming system, showing 
that, of the total particulates leaving the net pen, some will dissolve or release nutrients before 
reaching the seabed; of the portion settling on the seabed in the primary area of deposition, 
some will be consumed directly by benthic organisms, some will accumulate and consolidate, 
and some will be resuspended and transported to far-field locations. During that transport, 
further nutrients will be dissolved, diluted, and assimilated, and the remainder will finally settle 
in far-field locations. 
 
Monitoring of areas near fish farms in Norway occurs with mandatory “Environmental 
monitoring of marine fish farm” (MOM) surveys under the Norwegian Standard “NS 9410: 
2016.” The MOM-B investigations are performed under and in the closest vicinity of the fish 
cages, whereas the MOM-C system is a broader scale investigation of several locations within 
the extended area of influence (transition zone) around farms (Svasand et al. 2017). This 
Effluent Criterion assesses the effluent impact beyond the immediate area of the salmon farms; 
therefore, the MOM-C surveys are of greatest relevance. They consist of quantitative 
measurements of the organic enrichment and the impact on biodiversity in infaunal 
communities, and farming sites are categorized into different environmental states, such as 
“Very good,” “Good,” “Moderate,” “Poor,” and “Very poor” (Taranger et al. 2015). Whereas all 
sites must have MOM-B surveys, only approximately 10% of the total sites in Norway have 
MOM-C surveys according to Taranger et al. (2015). Figure 5, showing average performance 
data by region from 2011 to 2015, shows that the majority of sites (85%) in all regions have 
Very good or Good conditions, with only 11% of sites having Moderate, Poor or Very poor 
conditions. Only one region (Nordland) has more than 25% of sites in Moderate condition, 
indicating that there is some significant impact in the area beyond the immediate farm site and 
allowable zone of effect, but the remainder of the sites have average Good or Very good 
condition. MOM-B data from 2015, presented in the Habitat Criterion below, also show that the 
majority of results within the immediate site are also Good or Very good, providing further 
evidence that the impacts beyond the immediate farm area are unlikely to be severe.  
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Figure 5: MOM-C survey results average by region for 2011–2015. Category 1 = Very good, 2 = Good, 3 = 

Moderate, 4 = Poor, 5 = Very poor. Image copied from Fiskeridirektoratet. 

 
For Norway as a whole, Svasand et al. (2017) present the results for the outermost sampling 
stations at 500–600 m from the cage edges; the large majority (approximately 130 sites out of a 
total of approximately 145 sites sampled) have Very good or Good conditions. It must also be 
noted that Svasand et al. (2017) highlight the limitations of the MOM surveys, including the 
limited applicability for sites with seabeds other than soft sand or sediment, and the limited 
number (approximately 10%) of sites with MOM-C surveys. Nevertheless, the results agree 
broadly with the scientific literature from multiple salmon farming regions, which show that 
any effects on the benthic environment rapidly dissipate and decrease exponentially with 
increasing distance from the edge of net pen farm sites (Keeley et al. 2013) (Chang et al. 2011) 
(Mayor and Solan 2011) (Mayor et al. 2010) (Brooks and Mahnken 2003).  
 
Conclusions and Final Score 
Svasand et al. (2017) highlight the uncertainty in estimating impacts of nutrient emissions from 
salmon farms in Norway at the local and regional level, and indicate there remains the potential 
for impacts to planktonic and macroalgal communities from soluble nutrients in the water 
column, particularly in densely farmed areas in inner fjords. The results of seabed monitoring in 
the immediate farm area and in the transition zone beyond it show that the majority of sites in 
Norway have Good or Very good conditions, but the caveats around these results (particularly 
the limited number of MOM-C surveys, the limited applicability to rocky substrates, the 
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uncertainty highlighted by Svasand et al. (2017)) and the number of Moderate results are also 
important. Overall, there is occasional, temporary, or minor evidence of impacts beyond the 
immediate farm area, or contributions to cumulative local or regional impacts, and the final 
score for Criterion 2 – Effluent is 4 out of 10 (see the Seafood Watch Aquaculture Standard for 
further details on all scoring tables and calculations). 
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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 

Habitat parameters   Value Score 

F3.1 Habitat conversion and function     7 

F3.2a Content of habitat regulations   3   

F3.2b Enforcement of habitat regulations   4   

F3.2 Regulatory or management effectiveness score   4.8 

C3 Habitat Final Score (0-10)     6.27 

Critical? NO YELLOW 

 
Brief Summary 
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 can be profound. 
Norway requires MOM-B seabed sampling within the immediate farm area, and results show 
that the great majority of sites throughout the country, at peak biomass, are in Very good or 
Good condition (Conditions 1 or 2) with little organic loading. Nevertheless, there is an 
increasing focus on how aquaculture wastes affect special habitats such as deep fjords, eel 
grass beds, calcareous algal communities, kelp forests, and shallow mudflat areas. A review by 
the Institute of Marine Research concluded there are currently “a number” of aquaculture 
facilities located in such a way that they may potentially adversely affect specific habitats, IUCN 
Red-listed natural habitats, and species. The Institute’s review also highlighted an acute lack of 
knowledge, both of the potential overlap between farms and these habitats and of their 
species-specific abilities to cope with any impacts (primarily increased sedimentation of organic 
material). Taking note of these concerns, the broadly accepted rapid decrease in benthic impact 
with increasing distance from the farm sites, in addition to the largely positive MOM-B benthic 
monitoring results, form the basis of this assessment. The regulatory structure and 
enforcement appear to be good at the site level with robust monitoring data available, but 
cumulative impact mitigation does not appear to be an explicit theme of the regulatory 
structure, and there is still scope for improvement in understanding cumulative habitat impacts 
of the industry. The final score for Criterion 3 – Habitat is 6.27 out of 10.  
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Justification of Rating 
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). Though the Effluent Criterion assesses impacts beyond 
the immediate farm area, the Habitat Criterion considers impacts within it.  
 
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. As discussed in the Effluent criterion, intensive 
net pen fish farming activities generate a localized gradient of organic enrichment in the 
underlying and adjacent sediments because of uneaten food and feces, and can strongly 
influence the abundance and diversity of infaunal communities; in the area under the net pens 
or within the regulatory AZE, the impacts may be profound, but are now relatively well 
understood (Black et al. 2008) (Keeley et al. 2013) (Keeley et al. 2015). 
 
Benthic monitoring within the immediate farm area is mandatory for all sites under the MOM-B 
assessments, and are based on qualitatively determined indicators, such as chemical 
parameters (pH and redox potential), and presence and/or absence of macro-infauna (Svasand 
et al. 2017). Figure 6 shows the 2016 results aggregated by region throughout Norway. They 
show that the majority of sites are in “Very good” Condition 1, with low organic loading.  
 

 
Figure 6: MOM-B results for 2016 by region. X-axis = percent of sites. Category 1 = Very good, 2 = Good, 3 = Poor, 4 

= Very poor. Graph copied from Svasand et al. (2017). 
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For longer-term trends using data from 2010 to 2016, Figure 7 from Svasand et al. (2017) shows 
very stable patterns with a slight increase in the percentage of Category 1 results. The number 
of sites in Categories 3 (Poor) and 4 (Very poor) are consistent and typically low (<10% and <5%, 
respectively).  
 

  
Figure 7: MOM-B results from 2010 –2016. X-axis = percent of sites. Figure copied from Svasand et al. (2017). 

 
In recognition of the quality of data available in Norway, a screenshot of the Fiskeridirektoratet-
hosted and publicly accessible mapping tool (Kartverktøyet)12 is shown in Figure 8 with MOM-B 
data for Rogaland. The map shows the dominance of Conditions 1 (blue dots) and 2 (green 
dots) monitoring results. 
 

                                                 
12 Available (in Norwegian) from the Fiskeridirektoratet website. 
http://kart.fiskeridir.no/default.aspx?gui=1&lang=2 
 

http://kart.fiskeridir.no/default.aspx?gui=1&lang=2
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Figure 8: Screenshot of Fiskeridirektoratet map tool (Kartverktøyet) showing MOM-B results for all sites in 

Rogaland region. 

 
Benthic impacts of this nature are considered to be relatively quickly reversed with cessation of 
production or with fallowing; e.g., (Keeley et al. 2015). But Svasand et al. (2017), referencing 
Husa13 et al. (2016), highlighted an increasing focus on how aquaculture wastes affect special 
habitat such as deep fjords, eel grass beds, calcareous algal communities, kelp forests, and 
shallow mudflat areas, and in particular, how aquaculture may impact protected or Red-listed 
species of conservation concern. Husa et al. (2016) conclude there are currently a number of 
aquaculture facilities located in such a way that they may potentially adversely affect specific 
habitats, Red-listed natural habitats, and species. Although they don’t specify what that 
“number” is, Husa et al. (2016) reviewed the potential impacts to vulnerable habitats and 
species throughout Norway; as an example, the deep-water coral Lophelia pertusa is the most 

                                                 
13 Note Vivian Husa is a co-author of Svasand et al. (2017). 
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important reef-building coral in Norwegian waters which, in addition to several other coral 
species, is present both in fjords and coastal shelf environments.  
 
The corals have been shown to withstand sedimentation of inorganic particles relatively well, 
but less is known about organic particles such as those from fish farm wastes. Indications are 
that survival is high, but growth close to farms may be reduced up to 50%. In addition, 
increased amounts of organic matter (e.g., near farms) affect the crucial balance between the 
growth of the living coral and the bio erosion of the dead limestone skeleton on which the reef 
is formed. These factors indicate there is a significant risk of adverse effects on coral growing 
closer than 250 m from farms. Figure 9 from Husa et al. (2016) shows the locations of Lophelia 
pertusa in relation to fish farms in two densely farmed areas in Norway, and though there is 
little immediate overlap, Svasand et al. (2017) note there are some sites in the densely farmed 
Hardangerfjord where the reefs have been destroyed.  
 

 
Figure 9: Known locations of the deep-water coral Lophelia pertusa (orange dots) and localities for salmon farming 
(red dots) in two fjords: (A) Langenuen-Hardangerfjorden (B) and Frøyfjorden-Trondheimsleia. Image copied from 

Husa et al. (2016). 

 
In agreement with the generally accepted rapidly diminishing gradient of impacts with 
increasing distance from the farms, the highest risks were considered limited to 250 m from the 
net pens. Husa et al. (2016) provide a list of 24 Lophelia pertusa sites in Norway where farms 
are located within 2 km, but none is within 250 m (the closest being 500 m, and the majority 
being over 1 km).  
 
Husa et al. (2016) reviewed many habitats and species potentially impacted by aquaculture, 
and these authors, in addition to Svasand et al. (2017), highlight an acute shortage of 
knowledge in this regard (i.e., specific locations and potential species-specific impacts from 
aquaculture wastes). Svasand et al. (2017) note this may have contributed to the fact that a 
number of farms are located in areas where such habitats and species could potentially be 
affected, but considering the current limited knowledge about the number of farm sites 
affecting these types of habitats, in addition to the scale of any impacts, the current benthic 
survey results (i.e., MOM-B) constitute the baseline for this Seafood Watch assessment. As 
such, with typically low organic loading, benthic habitats in Norway in general are thought to be 
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maintaining functionality and the score for Factor 3.1 Habitat Conversion and Function is 7 out 
of 10 The ongoing study of these potential impacts will be included in this assessment in 
subsequent reviews as more information emerges.  
 
Factor 3.2. Farm siting regulation and management 
Husa et al. (2014b) noted the cumulative effect of numerous impacted areas around multiple 
fish farms must be taken into consideration when further evaluating the total impact from fish 
farming 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 
Full details on aquaculture regulations can be found (in Norwegian) on the aquaculture section 
of the Fiskeridirektoratet website. The Directorate of Fisheries is responsible for the control 
measures at each farm site, and these measures are regionally managed by each county in 
Norway. The Aquaculture Act (2005)14 administered by The Ministry of Fisheries and Coastal 
Affairs regulates the management, control, and development of aquaculture in Norway. The act 
has a strong emphasis on industry profitability and growth,15 but restricts the issuance of new 
licenses, and each site has a maximum allowable biomass and a maximum stocking density of 
fish calculated according to the carrying capacity of the site. There is a minimum distance 
between sites of 1 km and a 60-day fallowing requirement between production cycles.  
 
As described previously, the primary tool for assessing habitat impacts at the site level is the 
MOM-B benthic survey, and for a smaller percentage of sites, the area beyond the site’s 
allowable zone of effect is assessed in MOM-C benthic surveys. These surveys conducted under 
Norwegian Standard “NS 9410: 2016” include a variety of qualitatively determined indicators 
such as chemical parameters (pH and redox potential), sensory parameters, and presence 
and/or absence of macro-infauna, and are carried out at peak biomass each production cycle 
according to Norwegian standard 9410: 2016. Farms must hire independent professionals to 
conduct environmental surveys, and report to the Directorate of Fisheries (Fiskeridirektoratet). 
 
What is not immediately apparent from the information available is the regulatory control of 
potential cumulative impacts at the multi-site, waterbody, or regional level. In 2012, Norway’s 
Auditor General stated: “With respect to policy instruments, [….] there are shortcomings in the 
planning of marine areas. When awarding licenses to engage in fish farming and when 
regulating the aquaculture facilities, the main focus is on the individual site and less on the total 
environmental load from several aquaculture facilities in a wider area” (Kosmo 2012). It is not 
known if these concerns remain, but the MOM system (updated in 2016) has developed specific 

                                                 
14 Available from the Ministry of Fisheries and Coastal Affairs, or 
http://www.regjeringen.no/en/dep/fkd/Documents/Acts-and-regulations/Acts-and-regulations/the-norwegian-
aquaculture-act.html?id=430160 
15 The document states “the purpose of the new act is to promote the profitability and competitiveness of the 
aquaculture industry within the framework of a sustainable development and contribute to the creation of value on 
the coast.” See page 4 of the act for the full statement. 

http://www.regjeringen.no/en/dep/fkd/Documents/Acts-and-regulations/Acts-and-regulations/the-norwegian-aquaculture-act.html?id=430160
http://www.regjeringen.no/en/dep/fkd/Documents/Acts-and-regulations/Acts-and-regulations/the-norwegian-aquaculture-act.html?id=430160
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environmental targets for near and remote zones at the farms, and under the implementation 
of the EU Water Framework Directive (Water Regulations), there are specific environmental 
targets, indicators, and limit values for the environmental quality of coastal waters in Norway 
(Svasand et al. 2017). Nevertheless, these same authors highlight the limitations in the MOM 
surveys, and the limited application of regulations to the developing knowledge of a range of 
special habitats such as deep-water corals in Norway.  
 
As mentioned, a 60-day fallow period is a regulatory requirement in Norway; this can be 
considered a form of habitat restoration, but their occurrence between production cycles only 
temporarily improves the benthic conditions (before production begins again). Impacts are thus 
cyclical in nature (Keeley et al. 2015), and are perhaps unlikely to be sufficient for sites that 
interact with slow-growing habitats such as deep-water corals. 
 
Overall, there is substantial regulation at the site level, including biomass controls based on 
site-specific carrying capacity and the MOM monitoring requirements. Even though the MOM-C 
surveys provide some regulation of impacts beyond any one farm site, there is little evidence of 
a formal area management system for multiple sites in the same waterbody. Therefore, the 
score for Factor 3.1 is 3 out of 5 based on the site-level management.  
 
Factor 3.2b. Enforcement of habitat management measures 
The large volume of monitoring data available from the Fiskeridirektoratet and other sources 
provides ample evidence that regulatory monitoring takes place throughout Norway. The 
monitoring data from the MOM-B and -C surveys showing the majority of sites with Good 
benthic conditions also show that the regulatory process is implemented and effective.  
 
At the broader industry level, the Auditor General stated (in 2012): “Breaches of the regulations 
are often uncovered during inspections of aquaculture facilities, and the use of sanctions varies 
at the regional and local levels in the Directorate of Fisheries and the Norwegian Food Safety 
Authority.” As stated previously, it is not known if these concerns are still valid, but the use of 
sanctions is a positive indication of regulatory enforcement. The Fiskeridirektoratet website 
also has a section (in Norwegian) outlining sanctions, coercive fines, penalties, and other 
measures, but no data on the frequency or severity of regulatory infringements. 
 
Overall, the enforcement measures are considered highly effective with some minor limitations 
(for example, the applicability to area-based or habitat-scale impacts, evidence of fines or 
penalties, and as-yet unknown consideration of sensitive habitats such as deep-water corals). 
The score for Factor 3.2b is 4 out of 5. When combining the scores for Factors 3.2a (3 out of 5) 
and 3.2b (4 out of 5), the final Factor 3.2 score is 4.8 out of 10. 
 
Conclusions and Final Score 
Overall, the Good benthic monitoring (MOM-B and -C) results indicate a low potential for major 
habitat impacts at individual sites. The regulatory structure and enforcement appears to be 
Good at the site level, with robust monitoring data available, but there are limitations in the 
monitoring of rocky substrates and in understanding impacts to sensitive habitats or species 
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such as deep-water corals. The available scientific assessments show limited evidence of 
cumulative impacts, even in densely farmed areas; however, the prevention of such impacts 
does not appear to be an explicit, central theme of the regulatory structure and there is still 
scope for improvement in understanding cumulative habitat impacts of the industry. Factors 
3.1 and 3.2 combine to result in a final Criterion 3 – Habitat score of 6.27 out of 10 (see the 
Seafood Watch Aquaculture Standard for further details on all scoring tables and calculations). 
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Criterion 4: 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 

Chemical Use parameters   Score   

C4 Chemical Use Score (0-10)   2   

Critical? NO RED 

 
Brief Summary 
The total antibiotic use of 212 kg in Norway in 2016 is generally considered to be low, equating 
to a relative use of 0.2 grams per ton of production and an application frequency of much less 
than once per production cycle; however, 30% of the total antibiotics are listed as critically 
important for human medicine, as defined by the World Health Organization, with the 
remainder considered highly important. Pesticide use in 2016 was substantial, with over 10 MT 
of active ingredients in conventional treatments, plus more than 26 MT of hydrogen peroxide. 
Three pesticides are dominant (by weight) in Norway: diflubenzuron, azamethiphos, and 
teflubenzuron (with the latter increasing substantially in 2016), and the use of pyrethroids such 
as cypermethrin and deltamethrin is important based on frequency of use. Pesticide use in 
2016 for most treatments showed a sharp decrease compared to 2015 (except teflubenzuron, 
which increased substantially) due to the more effective use of non-chemical methods of lice 
removal, but according to Norway’s Veterinary Institute, salmon lice currently present the 
biggest threat to Norwegian salmon farming; the historical and continued development of 
widespread resistance to multiple drugs is the most difficult problem that needs to be tackled.  
 
In regard to the ecological impacts of chemical use, chronic toxicity (as opposed to acute 
toxicity) to non-target organisms on the seabed are the most likely outcome. Diflubenzuron and 
teflubenzuron are regarded as substances of very high concern, and their use has increased 
significantly over the last five years despite a voluntary ban introduced in Norway in the 1990s. 
There is some evidence of impacts on a variety of non-target species distant to the farm, and 
there is a somewhat unknown potential for cumulative impacts from coordinated treatments at 
multiple farms. The decrease in pesticide use in 2016 is encouraging, but overall, production is 
considered dependent on chemical use; they are used on multiple occasions per production 
cycle in open systems, and there are confirmed cases of resistance. Therefore, the final score 
for Criterion 4 – Chemical Use is 2 out of 10. 
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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. 
 
Data on chemical use from Norway are typically aggregated across all farmed species, but with 
the dominance of salmon in Norway’s total production (Figure 1), those data are considered 
strongly representative of the Atlantic salmon industry.  
 
Antibiotic use 
Norway’s track record of antibiotic use has frequently been employed to demonstrate the 
declining chemical use in salmon farming; total antibiotic use dropped from approximately 50 
MT per year in the late 1980s to approximately 1 MT per year by the mid-1990s, despite the 
considerable increase in production over the same period (Midtlyng et al. 2011) (Figure 8). The 
World Health Organization (WHO) has referred to Norwegian salmon farming as an example of 
declining antibiotic use and a model for all food-animal production systems; WHO (2011) 
stated: “the introduction of effective vaccines and improvement of the environmental 
conditions [in salmon farming in Norway] have been shown to significantly reduce the need for 
and thus the use of antibiotics. This lesson on the importance of preventive medicine is relevant 
to all food-animal production.”   
 
According to the Norwegian Veterinary Institute’s annual Fish Health Report (Hjeltnes et al. 
(2016), viral pathogens are the primary disease problem in Norway, and very small quantities of 
antibiotics are being used to treat infections by the bacterial pathogens Yersinia ruckeri and 
Tenacibaculum spp. in salmon (Hjeltnes et al. 2016). Figure 10 from NORM/NORM-VET (2015) 
shows the decline in the annual use of antibiotics (blue bars) compared to the increasing 
production (green line) from 1981 to 2015. Table 1 from NORM/NORM-VET (2015) shows 
similar data broken down by antibiotic type; florfenicol and oxolinic acid are the only antibiotics 
used since 2012 (note Table 1 is for all farmed species in Norway, but 93%–95% of aquaculture 
antibiotic use in Norway is for salmon, according to NORM/NORM-VET). Data for 2016 from 
Svasand et al. (2017) show that the low use continued, with a decline to 0.212 MT in 2016 (all 
species). Note an additional 25 kg of antibiotic is specified as being administered to cleaner fish 
(in 2015) co-stocked with salmon for sea lice control (NORM/NORMVET 2015). 
 
The dosage rate for florfenicol and oxolinic acid (florfenicol: 10 mg/kg fish weight/day for 10 
days; oxolinic acid: 12 mg/kg fish weight/day for 7 days [pers. comm., Sonja Saksida, Centre for 
Aquatic Health Sciences 2013]) indicate the biomass treated is low (approximately 4,000 MT 
treated with florfenicol and 1,300 MT treated with oxolinic acid) and therefore indicative of a 
very small proportion of sites or a very low frequency of treatment on average per site. Data 
from the Global Salmon Initiative for three large farming companies show that two companies 
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did not use any antibiotics on any of their sites in 2013, and one company had an average of 
0.12 treatments per site.  
 
 

 
Figure 10: Annual total antibiotic use in Norwegian aquaculture (all species) up to 2015. Graph copied from 

NORM/NORM-VET (2015). 

 
Table 1: Antibiotic use (kg) by type from 2004 to 2015. Table copied from NORM/NORM-VET (2015). 

 
 
Although the use is relatively low (0.2 g antibiotic per metric ton of production), oxolinic acid 
and florfenicol are listed by the WHO as critically important and highly important (respectively) 
for human medicine (WHO 2016). As a group, quinolones (of which oxolinic acid is one) are 
included in WHO’s top-three critically important antimicrobials for human health (WHO 2016). 
Their judicious use, therefore, is paramount.  
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Antibiotic resistance 
With the low total use of antibiotics, Hjeltnes et al. (2016) report only one case of reduced 
susceptibility to quinolone (oxolinic acid) antibiotics and flumequine in Yersinia ruckeri at one 
site during the course of 2015. However, the same authors note that such reduced 
susceptibility has previously been linked to chromosomal mutations in Y. ruckeri, rather than 
developed resistance, and the risk of transmitting resistance to other bacteria is believed to be 
small. 
 
Sea lice chemical treatments 
Table 2, from Hjeltnes et al. (2016), shows the aggregated annual use of each type of anti-
parasitic sea lice chemical used in Norwegian aquaculture (all species) in the form of the 
number of prescriptions administered (note hydrogen peroxide is also prescribed to treat 
amoebic gill disease [AGD] [Aaen et al. 2015]). Table 3, from Svasand et al. (2017), shows the 
quantities used (in kg of active ingredient) from 2007 to 2016 (note values for hydrogen 
peroxide are in metric tons). 
 
Table 2: Number of prescriptions for given categories of medicines for treatment of lice in 2011–2015. Graph 
copied from Hjeltnes et al. (2016). 

 
 
Table 3: Consumption of sea lice treatments in kg active ingredient (except hydrogen peroxide in metric tons) from 
2007 to 2016. Table copied from Svasand et al. (2017). 

 
 
It must be noted that comparing these figures by weight of active ingredient is challenging 
because of the highly variable potency of the treatment type, and therefore the active dose. For 
example, the number of prescriptions for pyrethroids (i.e., deltamethrin and cypermethrin in 
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Table 2) is the highest in 2015 (ignoring hydrogen peroxide), but they do not appear significant 
in Table 3 by weight due to their lower dose rates. 
 
The data in Table 3 show a large decline in the use of sea lice chemicals in 2017 (although there 
was a large increase in teflubenzuron), and Svasand et al. (2017) note this was due to the use of 
alternative non-chemical treatments such as hot water (“thermolicers”), freshwater, and 
physical removal by brushes and cleaner fish, rather than a reduction in the lice load or 
decreased resistance in sea lice to the chemical methods. 
 
Resistance to sea lice treatments 
To assess current status and development of sea lice sensitivity toward different pesticides 
used for parasite control in Norwegian salmon farming, a national surveillance program was 
implemented in 2013 (Jansen et al. 2016). For a review of drug resistance in sea lice 
(mechanisms of resistance and global examples), see Aaen et al. (2015). Hjeltnes et al. (2016) 
state: “The consumption of medicines that target lice [in 2015] is marginally lower than in 2014 
[based on the number of prescriptions], but is still high. The resistance situation is serious, with 
widespread reduction in responsiveness to drugs all along the coast.” 
 
Increased tolerance (i.e., resistance) has been noted in sea lice for dichlorvos, azamethiphos, 
emamectin benzoate, deltamethrin, and cypermethrin in Norway (Borno and Sviland 2010) 
Jones et al. 2013), and the annual Norwegian Fish Health report (Hjeltnes et al. 2016) notes 
widespread resistance to emamectin benzoate, deltamethrin, and azamethiphos all along the 
coast. In addition, Helgesen et al. (2015) reported initial cases of resistance to hydrogen 
peroxide among sea lice populations in Norway, and more detailed data from the Norwegian 
Veterinary Institute show that the first treatment failures (five in total) were noted in 2013, 
which increased to ten in 2014 (Borno and Lie Linaker 2015). Hjeltnes et al. (2016) report that 
reduced sensitivity to hydrogen peroxide is increasingly widespread. It should also be 
highlighted that the use of sea lice treatments is a challenge to fish welfare; in a survey by 
Hjeltnes et al. (2016), 35.7% of the respondents reported that significant mortality had 
occurred in the wake of delousing treatments at a few sites, 35.7% said that it occurred at 
several sites, and 16.7% that there was significant mortality at many sites because of delousing 
treatments. Regarding hydrogen peroxide, the same authors noted that the acute mortality is 
often characterized by burn injuries to the skin, cornea, and gills, and many fish subsequently 
suffer major skin injuries. 
 
Many efforts are underway to reduce the amount of sea lice treatments, the most apparent of 
which is the use of cleaner fish to eat lice from the salmon, in addition to other physical 
treatment methods using temperature, salinity, and brushes. Figure 11 shows the rapidly 
increasing use of cleaner fish in Norway. Though this method is not without concerns, all 
alternatives that can be shown to reduce the increasing trend of chemical use in Norway should 
be investigated.  
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Figure 11: Number of cleaner fish in the cages with Atlantic salmon and rainbow trout 2005–2015. Graph copied 

from Fiskeridirektoratet (2016). 

 
According to Hjeltnes et al. (2016), salmon lice currently present the biggest threat to 
Norwegian salmon farming, and the development of resistance to drugs used to treat them is 
the most difficult problem that needs to be tackled. Overall, there is a demonstrated history of 
past and current resistance to the many products used to treat sea lice, and with a continuing 
annual increase in total use, there are high concerns regarding continued and future resistance 
to sea lice pesticides.  
 
Quantifying impacts 
Table 3 shows more than 10 MT of traditional sea lice pesticides are used in Norway each year 
(plus over 26 MT of hydrogen peroxide), but understanding the impacts to the ecosystems that 
receive them upon discharge is challenging. Table 2 shows that more than one-third (38.8%) of 
prescriptions are written for hydrogen peroxide, which rapidly dissociates upon contact with 
water in the immediate farm area into environmentally benign hydrogen and oxygen (Lillicrap 
et al. 2015).  
 
The fate and environmental impact of sea lice treatments and their metabolites varies 
according to the chemical type and the treatment method. The dominant treatments used in 
Norway by weight are diflubenzuron, azamethiphos, and teflubenzuron (noting that the 
number of prescriptions for pyrethroids is also high [Table 2]). Azamethiphos, deltamethrin, 
and cypermethrin are bath treatments, and diflubenzuron, teflubenzuron, and emamectin 
benzoate are administered orally in feed. These pesticides are non-specific (i.e., their toxicity is 
not specific to the targeted sea lice) and therefore may affect non-target organisms—in 
particular crustaceans—in the vicinity of treated net pens (Burridge et al. 2010).  
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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 small amounts of uneaten feed and, 
predominantly, in fecal particles that settle to the seabed. Burridge et al. (2010) and 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 used and the chemical properties of the sediment, and 
toxicity to non-target organisms of in-feed sea lice treatments tends to be chronic 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. Sea lice chemicals 
administered as bath treatments are released to the environment as a water column plume. 
Some authors contest that such treatments may retain toxicity for a substantial period after 
release, but Burridge et al. (2010) and Macken et al. (2015) conclude that, because bath 
treatments such as azamethiphos, cypermethrin, and deltamethrin 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 a study on the epibenthic copepod Tisbe 
battagliai (Macken et al. 2015), azamethiphos was acutely toxic at high concentrations, but was 
found to cause no developmental effects at lower concentrations.  
 
The dynamics of acute and chronic toxicity are complex, particularly in regard to laboratory and 
in-situ testing of teflubenzuron and diflubenzuron. Lillicrap et al. (2016) provide a review and 
risk analysis, and indicate that there is a significant risk to non-target organisms from the use of 
these treatments at some sites around the coast of Norway. Lillicrap et al. (2016) note that at 
therapeutic doses, there is a possibility (not yet demonstrated) of pronounced effects on non-
target organisms within a site’s typical allowable zone of effect, but they note that with 
increasing resistance, more aggressive treatment regimens may increase the risk of impacts. 
There are no environmental quality standards (EQS) for these pesticides in Norway, but using 
EQS values from Scotland, Langford et al. (2011 and 2014) showed that levels of both 
diflubenzuron and teflubenzuron exceeded them, and concluded: “the dissolved levels of 
diflubenzuron detected in water samples collected at the farms, and up to 1 km away, are 
sufficiently high to pose a risk to aquatic organisms.” They also expressed concern that crabs, 
shrimp, and blue mussels are being exposed to both diflubenzuron and teflubenzuron and 
noted a potential risk to shrimp could reasonably be extrapolated to any species that 
undergoes molting in its lifecycle. 
 
When considering chronic exposure, Lillicrap et al. (2016) observe that the concerns are much 
higher than for acute exposure, and consider these treatments to be “substances of very high 
concern.” The use of teflubenzuron and diflubenzuron has increased significantly over the last 
five years, even though a voluntary ban was introduced in Norway in the 1990s due to 
developing resistance (Langford et al. 2011). Detailed data from Scotland concerning the use of 
emamectin benzoate show that in 2016, 5% of benthic samples at the net pen edge exceeded 
the local Environmental Quality Standard limit, and 24.6% of samples at 100 m exceeded it.16 A 

                                                 
16 Data analyzed from “Scotland’s Aquaculture” database. http://aquaculture.scotland.gov.uk/ 
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recent study (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 in Scotland. 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 Norway. 
 
Regarding the management of these concerns in Norway, Lillicrap et al. (2016) note there are 
three groups of measures in place to: 1) withdraw licensing approval in problem areas, 2) 
review internal systems for management of sea lice and their treatment, and 3) increase 
supervision of veterinary medicines; however, they also caution that how these measures will 
be implemented or their effect is not yet known. 
 
In 2015, Norway had 990 registered marine sites for salmon and trout, and with a much lower 
number of these sites in active production in any one year, the number of prescriptions (3,269 
in 2015) clearly shows the nature of multiple treatments per active site per year. Considering 
the information above and the large number of sea lice treatments, the likelihood of impact to 
non-target organisms appears high, but remains uncertain due to a lack of direct site-level 
monitoring.  
 
Conclusions and Final Score 
Antibiotic use in Norway is generally considered to be low, but 20% of the total used are 
considered critically important for human medicine, as defined by the WHO; the remainder are 
considered highly important to human medicine, indicating the necessity for judicious use. The 
quantities demonstrate that, industry-wide, antibiotics are used much less than once per 
production cycle. In contrast, the decreased use in 2016 caused by more effective chemical-free 
techniques is encouraging, but resistance to multiple treatments is ongoing evidence of over-
use and poor management. There is a high concern for impacts within the immediate farm 
area, and some evidence of impacts on a variety of non-target species distant to the farm. 
There is also an unknown potential for cumulative impacts from coordinated treatments at 
multiple farms. Thus, production is considered dependent on chemicals, which are used on 
multiple occasions per production cycle in open systems, and there are confirmed cases of 
resistance with limited mitigation measures. Therefore, the final score for Criterion 4 – 
Chemical Use is 2 out of 10 (see the Seafood Watch Aquaculture Standard for further details on 
all scoring tables and calculations). 
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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 

Feed parameters   Value Score 

F5.1a: Fish In:Fish Out ratio (FIFO) 2.03 4.94 

F5.1b: Source fishery sustainability score   –3.00   

F5.1: Wild fish use score     3.72 

F5.2a: Protein IN (kg/100 kg fish harvested)   46.60   

F5.2b: Protein OUT (kg/100 kg fish harvested)   27.41   

F5.2: Net Protein Gain or Loss (%)   –41.19 5 

F5.3: Feed Footprint (hectares)   8.84 7 

C5 Feed Final Score (0-10)     4.86 

Critical? NO YELLOW 

 
Brief Summary 
Norwegian salmon farming consumed approximately 1.58 million MT of feed in 2016. Feed 
composition data were provided by three of the four main feed companies in Norway (Biomar, 
Skretting, and Cargill), and show that inclusion levels of fishmeal and fish oil from forage 
fisheries continue to decline with increasing replacement with by-product sources and, 
particularly, terrestrial crop sources. Land animal by-product ingredients are not used in 
Norway. The average economic feed conversion ratio (eFCR) is 1.31. The calculated Forage Fish 
Efficiency Ratio (FFER) was 2.03 for fish oil, meaning that from first principles, 2.03 tons of wild 
fish must be caught to provide the oil required to produce 1 ton of farmed salmon. The fisheries 
sourced are predominantly those in the North Atlantic, though globally significant fisheries, 
such as that for Peruvian anchovy, are also sourced. Overall, the marine ingredients used by the 
Norwegian salmon industry are considered of moderately to good sustainability and the Factor 
5.1 Wild Fish Use score is 3.72 out of 10. There is a net loss of edible protein of 41%, resulting in 
a score of 5 out of 10 for Factor 5.2, and a low total feed footprint of 8.8 hectares per MT of 
production, resulting in a score of 7 out of 10 for Factor 5.3. Overall, the final score for Criterion 
5 – Feed is 4.86 out of 10.  
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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.17 
 
Aquaculture in Norway consumed 1.64 million MT of feed in 2016, of which salmon farming (at 
96.4% of total production) consumed approximately 1.58 million MT (Svasand et al. 2017). 
Though some feed information is publicly available (for example, Skretting Norway’s 
Sustainability Report 2015,18 or partially in Marine Harvest’s annual Salmon Industry 
Handbook19), it typically lacks the specificity of information needed for this assessment, but 
more comprehensive data were provided anonymously by three of the four main companies in 
Norway for this Seafood Watch assessment. Although not every feed characteristic necessary 
for the calculations was provided by every company, the combined data provide a robust 
estimate of the typical, industry-wide feed characteristics and performance. Where multiple 
data points were available across the different feed companies, simple averages were taken for 
use in the following calculations. 
 
Factor 5.1. Wild fish use 
 
Factor 5.1a. Feed Fish Efficiency Ratio (FFER) 
The average total fishmeal and fish oil inclusion levels across the data provided are 14.3% and 
10.6%, respectively, but 25.5% of fishmeal and 26.9% of fish oil is estimated to come from by-
product sources. An annual economic feed conversion ratio (eFCR) was provided by the feed 
companies, and an additional value was calculated by analyzing data on total annual feed 
inputs and annual production available from Fiskeridirektoratet. These values give an average 
eFCR of 1.31, which generates Feed Fish Efficiency Ratio (FFER) values for fishmeal and fish oil 
of 0.62 and 2.03, respectively. The higher of the two values, 2.03 for fish oil, means that from 
first principles, 2.03 tons of wild fish must be caught to provide the fish oil required to produce 
1 ton of farmed salmon. This results in an FFER score of 4.94 out of 10. 
 
Table 4: The parameters used and their calculated values to determine the use of wild fish in feeding farmed 
Norwegian salmon. 

Parameter Data 

Fishmeal inclusion level 14.3% 

Percentage of fishmeal from by-products 25.5% 

Fishmeal yield (from wild fish) 22.5%20 

                                                 
17 http://www.seafoodwatch.org/seafood-recommendations/our-standards  
18 http://www.skretting.com/nb-no/  
19 Marine Harvest Salmon Industry Handbook. http://www.marineharvest.com/about/news-and-
media/news_new/marine-harvest-osemhg-nysemhg-2016-salmon-industry-handbook-/ 
20 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). 

http://www.skretting.com/nb-no/
http://www.marineharvest.com/about/news-and-media/news_new/marine-harvest-osemhg-nysemhg-2016-salmon-industry-handbook-/
http://www.marineharvest.com/about/news-and-media/news_new/marine-harvest-osemhg-nysemhg-2016-salmon-industry-handbook-/
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Fish oil inclusion level 10.6% 

Percentage of fish oil from by-products 26.9% 

Fish oil yield  5.0%21 

Economic Feed Conversion Ratio (eFCR) 1.31 

Calculated Values  

Feed Fish Efficiency Ratio (FFER) (fishmeal) 0.62 

Feed Fish Efficiency Ratio (FFER) (fish oil) 2.03 

Seafood Watch FFER Score (0-10) 4.94 

 
Factor 5.1b. Sustainability of the source of wild fish 
The FFER score is adjusted by a sustainability factor determined by the fisheries used to provide 
marine ingredients (from reduction fisheries, not by-product sources). The default adjustment 
value of 0 considers that aquaculture should use sustainable feed ingredients, and an 
increasingly large negative penalty is generated by increasingly unsustainable sources.  
 
Data provided by the three feed companies supplying the Norwegian industry show a wide 
range of species used, and while North Atlantic sources account for the majority, key 
international sources such as Peruvian anchovy are included. A large proportion of the fisheries 
sourced (>90%) are certified to the International Fishmeal and Fish Oil Association’s 
Responsible Sourcing scheme (IFFO RS). Proportions certified to the Marine Stewardship 
Council22 are highly variable, ranging from 1% to 38%, also varying between fishmeal and fish 
oil sources. An analysis of the FishSource scores23 shows most fisheries have all scores >6, with 
approximately half of the fisheries having higher scores (between 8 and 10) for stock health. 
Therefore, the score for Factor 5.1b – Sustainability of the Source of Wild Fish is –3 out of –10.  
 
When combined, the Factor 5.1a and Factor 5.1b scores result in a final Factor 5.1 score of 3.72 
out of 10. 
 
Factor 5.2. Net protein gain or loss 
The breakdown of ingredient groups in Norwegian feeds show that protein is supplied by 
marine ingredients (i.e., fishmeal), but the dominant source is now terrestrial crop ingredients. 
Land animal feed ingredients are not currently used in Norway.  
 
The average protein content from the data supplied is 38% over a production cycle. Using the 
default protein contents and calculations in the Seafood Watch Aquaculture Standard, 25.0% of 
the total protein comes from fishmeal (18.6% from whole fish sources and 6.4% from trimmings 
and by-product sources), and the remaining 75% comes from crops. Although the feed 
companies consider significant amounts of the crop ingredients to be “by-products” (e.g., soy 
protein, wheat protein, and pea protein), in reality they are co-products from the processing of 

                                                 
21 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). 
22 www.msc.org 
23 https://www.fishsource.org/ 
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raw material, where that raw material would typically be suitable for human consumption, and 
are therefore considered to be “edible” protein inputs. With an eFCR of 1.31, the edible protein 
input is 466.0 kg per ton of salmon produced. 
 
Table 5: The parameters used and their calculated values to determine the protein gain or loss in the production of 
farmed Norwegian salmon. 

Parameter Data 

Protein content of feed 38% 

Percentage of protein from edible sources (whole fish FM, edible crops) 93.6% 

Percentage of total protein from non-edible sources (by-products, etc.) 6.4% 

Economic Feed Conversion Ratio 1.31 

Edible protein INPUT per ton of farmed salmon 466.0 kg 

Protein content of whole harvested salmon 18.5% 

Percentage of farmed salmon by-products utilized 100% 

Utilized protein OUTPUT per ton of farmed salmon 274.1 kg 

Net protein loss –41.2% 

Seafood Watch Score (0-10) 5 

 
The whole-fish protein content is 18.5% (Boyd 2007) and, based on an earlier study by Ramirez 
(2007), all by-products from harvested salmon are considered utilized. After the adjustment for 
the conversion of crop protein to farmed fish protein, the calculated utilized protein output is 
274.1 kg per ton of farmed salmon production, and a net edible protein loss of 41.2%. This 
results in a score of 5 out of 10 for Factor 5.2 – Net Protein Gain or Loss. 
 
Factor 5.3. Feed footprint 
The feed data provided show Norwegian salmon feeds, on average, contain 24.9% marine 
ingredients and 74.8% terrestrial crop ingredients (allowing a minor error for inclusion of 
vitamins, minerals, etc.).  
 
Table 6: The parameters used and their calculated values to determine the ocean and land area appropriated in 
the production of farmed Norwegian salmon. 

Parameter Data 

Marine ingredients inclusion 24.9% 

Crop ingredients inclusion 74.8% 

Land animal ingredients inclusion 0.0% 

Ocean area (hectares) used per ton of farmed salmon 8.47 

Land area (hectares) used per ton of farmed salmon 0.37 

Total area (hectares) 8.84 

Seafood Watch Score (0-10) 7 

 
Using fixed conversion values detailed in the Seafood Watch Aquaculture Standard, the area of 
aquatic and terrestrial primary productivity required to produce these ingredients is calculated 
to be 8.47 ha and 0.37 ha, respectively. The total area of 8.84 ha results in a score of 7 out of 10 
for Factor 5.3 – Feed Footprint. 
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Conclusions and Final Score 
The final score is a combination of the three factors with a double-weighting for the Wild Fish 
Use factor. Factors 5.1 (3.72 out of 10), 5.2 (5 out of 10), and 5.3 (7 out of 10) combine to result 
in a final score of 4.86 out of 10 for Criterion 5 – Feed (see the Seafood Watch Aquaculture 
Standard for further details on all scoring tables and calculations). 
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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 

Escape parameters   Value Score 

F6.1 System escape risk 2   

F6.1 Recapture adjustment 1   

F6.1 Final escape risk score   3 

F6.2 Competitive and Genetic Interactions   0 

C6 Escape Final Score  (0-10)     1 

Critical? YES RED 

 
Brief Summary 
Escapes data provided by the Directorate of Fisheries (Fiskeridirektoratet) show that farmed 
salmon of various sizes escape in reported incidents every month of the year in Norway. Total 
reported escape numbers are dominated by a small number of large escape events (e.g., 
173,156 fish in 2011; 123,914 in 2012; 119,942 in 2014), but there have been escape events of 
approximately 50,000 fish in six out of seven years since 2010. Chronic trickle losses are also 
considered substantial and potentially undetected and/or unreported. Despite advances in net 
pen containment technology and technical standards, the leading cause of escape in Norway 
continues to be human error. Approximately 13% of escapees were reported to be recaptured 
in 2016, but the number of salmon escaping from Norwegian farms probably exceeds the 
number of wild adult salmon returning to rivers in most years. The escape risk is therefore 
considered to be high, and with a slight adjustment for recapture success, the score for Factor 
6.1 is 3 out of 10. 
 
Atlantic salmon is native in Norway, but farmed salmon have undergone domestication and 
directional selection for more than 10 generations; they now show considerable genetic 
differences to wild salmon for a number of fitness-related traits. Although escaped fish are 
known to enter rivers throughout Norway, their number and their ability to affect the genetic 
profile of wild salmon, and thereby to negatively impact the wild salmon population, is 
complex. A recent review led by Norway’s Institute of Marine Research (IMR) concludes there is 
globally unprecedented and unequivocal evidence of introgression of farmed salmon into ≈150 
native Norwegian populations. Although some studies indicate potential regional differences, 
there are rivers of high concern throughout the coast of Norway, and a separate review of 
major threats to wild Atlantic salmon in Norway concluded that escaping farmed salmon is the 
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largest (and an expanding) population threat. The International Council for the Exploration of 
the Seas (ICES) concludes that the evidence relating escapees and genetic introgression 
provides a clear indication of impacts on wild salmon populations. According to the Norwegian 
Biodiversity Information Centre (BIC), escaped farmed salmon is considered a non-stabilized 
population threat that could contribute to individual populations becoming critically 
endangered or lost. The BIC consider that there is a high probability of escapes causing further 
population losses. In addition, the Norwegian Veterinary Institute considers the escape of 
farmed salmon as one of three challenges (alongside the parasite G. salaris and acid 
precipitation) that have led to many wild salmon stocks in Norway being defined as extinct or 
threatened. The final score for Criterion 6 – Escapes is 1 out of 10, which is a critical 
conservation concern.  
 
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 and the ecosystem into which it may escape (Factor 
6.2). Evidence of recaptures is a component of Factor 6.1. Although key aspects are covered 
below, the recent review (“Half a century of genetic interaction between farmed and wild 
Atlantic salmon: Status of knowledge and unanswered questions”) by Glover et al. (2017) 
provides a comprehensive review of the subject in Norway for further reading. 
 
Factor 6.1. Escape risk 
According to Glover et al. (2017), as long as aquaculture facilities are not fully contained, the 
escape of farmed fish into the wild is inevitable. Norway’s Aquaculture Regulation 38 obliges 
companies to notify the Directorate of Fisheries (Fiskeridirektoratet) as soon as they know or 
suspect that any fish have escaped, and this applies whether the fish have escaped from their 
own or other companies’ production units or facilities. Fiskeridirektoratet24 provides 
information on every reported escape event, including the number, location (county), 
company, species, size, date, and number recaptured. The data cover each of the last 10 years. 
Figure 12 shows the total number of reported escapes each year from 2001 to 2016. It is 
important to note that during this period, production volumes increased enormously, from 
approximately 400,000 MT to more than 1,200,000 MT, but the data in Figure 12 are important 
in absolute terms. The Fiskeridirektoratet-hosted interactive mapping tool includes a function 
to view escapes data; an example of a query is shown in Figure 13, with 2015 escapes selected. 
This shows that events occurred throughout the country, but were more densely located in the 
south of Norway (where production is also concentrated). 
 
Norway’s Ministry of Fisheries and Coastal Affairs has established an Aquaculture Escape 
Commission aimed at minimizing escapes, and Norway can be credited with leading the way on 
the design of net pens and in developing international standards for their construction (FHL 
2011). According to Jensen et al. (2010), correlative evidence suggests that the large drop in 
total escapes after 2006 is associated with the implementation of a Norwegian technical 
standard (NS 9415) for net pen farms, which was introduced in 2004, even though the total 

                                                 
24 http://www.fiskeridir.no/ 
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number of salmon held in net pens increased substantially during this period. The current 
regulations for fish containment are known as NYTEK and contain technical standards for 
floating fish farms and their main infrastructure components (Fiskeridirektoratet 2016). 
 

 
Figure 12: Annual reported escapes (in thousands of fish) from 2001–2016. Data from Fiskeridirektoratet. 

 

 
Figure 13: Screenshot of the Fiskeridirektoratet mapping tool database showing 2015 escape events. 

 
Figure 14 shows that the majority of reported escape events are of less than 1,000 fish; 
however, large escape events continue to occur each year. Figure 15 shows that there has been 
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an escape of approximately 50,000 fish or more in six out of seven years since 2010, with the 
largest single event in this period being 173,156 fish in 2011. Over this same period (2010–
2016), the size of escaping fish ranged from recently stocked smolts of <100 g to over 5.2 kg, 
and escape events have occurred every month in one year or another. 
 

 
Figure 14: The number of escape events involving certain numbers of escapees in Norwegian salmon farming from 

2010 to 2016. Data from Fiskeridirektoratet. 

 

 
Figure 15: The number of escapees in the largest reported event in each year from 2010 to 2016. Data from 

Fiskeridirektoratet. 

 
Fiskeridirektoratet also provides information annually on the causes of escapes (aggregated 
across all species), which, in 2015, were: 
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 Operational (e.g., net handling errors) = 42% 

 Structural equipment failures = 27% 

 Uncertain = 20% 

The data also include a “not relevant” category accounting for 7% of escape events, of which 
the meaning is unclear. 
 
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). Though isolated, large-scale catastrophic escape events are clearly 
limited to a very small proportion of the reported escapes in Norway, the small-scale, so-called 
“trickle losses” of tens or dozens of fish can also be significant and, from a pen of 30,000 or 
more, likely to be undetected and therefore unreported (Taranger et al. 2011). Importantly, 
Skilbrei and Wennevik (2006) note that small-scale unreported escape events may make up a 
large portion of the total escaped farmed fish, and a recent modeling analysis by Skilbrei et al. 
(2015) suggests that the total numbers of post-smolt and adult escapees have been two- to 
four-fold higher than the numbers reported to the authorities. 
 
It is clear from these data that the peaks in total escapes in recent years are dominated by 
single mass-escape events (173,156 fish in 2011; 123,914 in 2012; 119,942 in 2014). Similarly, 
the limited number of reported events are also associated with a small minority of farms in 
Norway. Yet, a wide variety of sizes of farmed salmon escape in every month of the year, 
significant escape events of nearly 50,000 fish or more have happened every year in recent 
years, and multiple smaller-scale escapes continue to occur. Although the escape statistics 
include many events in which few fish escaped, recent scientific studies indicate that trickle 
losses are likely to be substantial, yet go undetected and therefore unreported. Despite Norway 
leading the global salmon industry in escape-mitigating regulations on net pen design and 
construction, the fact that the largest proportion of escape events (42%) are caused by human 
error remains a concern. Ultimately, it is clear that Norwegian net pens continue to be 
vulnerable to both large-scale and small-scale escapes. As such, the initial score for Factor 6.1 
Escape Risk is 2 out of 10. 
 
Recaptures and mortality 
Although academic studies such as Skilbrei et al. (2010) and Chittenden et al. (2011) show that 
up to 80% of escapees within some life stages could eventually be recaptured from enclosed 
fjord systems in Norway, and Skilbrei and Jorgensen (2010) show that up to 60% of escapees 
may eventually be recaptured in regional fisheries, actual recapture efforts and success rates by 
the farms themselves at the escape site have only been reported since 2014. Recapture success 
relates to many factors that control the dispersal and movement of escapees, including fish 
size, time of year, farm location, and prevailing currents (Skilbrei et al. 2015) (Skilbrei and 
Jorgensen 2010) (Olsen and Skilbrei 2010). For example, Skilbrei et al. (2015) noted that the 
location and time of year of an escape is important, and they also concluded: “life stage at the 
time of escape has a profound influence on the survival, dispersal, and potential recapture of 
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the escapees on both short and long timescales.” According to Chittenden et al. (2011), 
recapture efforts must be immediate and widespread to maximize recovery and mitigate the 
potential impact of escape events. 
 
Norway became the first salmon-producing nation to publish data on recaptures, with numbers 
available from Fiskeridirektoratet from 2014 onward for every escape event. The results show a 
low but increasing percentage of reported recovery; the most recent of which was 13.7% to 
date in 2016 (Figure 16).  
 
 

 
Figure 16: Percentage of recaptures of escaped farmed salmon each year. Data from Fiskeridirektoratet. 

 
Considering the improving trend in escape recovery, and assuming that this is due to increasing 
efforts as a result of pressure from the Aquaculture Escape Commission of Norway’s Ministry of 
Fisheries and Coastal Affairs (and not due to random factors), the most recent annual average 
value of 13.7% is considered sufficient evidence to warrant a 1-point adjustment to the initial 
Escape Risk score. This improves the final Factor 6.1 Escape Risk score to 3 out of 10. 
 
Factor 6.2. Competitive and genetic interactions 
The escape of farmed salmon was described by Hjeltnes et al. (2016) as one of three challenges 
(alongside the parasite G. salaris and acid precipitation) that have led to many wild salmon 
stocks in Norway being defined as extinct or threatened. The number of salmon escaping from 
farms in Norway is probably more than the number of wild adult salmon returning to rivers in 
most years (Glover et al. 2017), and though the majority of escapees die, presumably due to 
predation and starvation, some, in regions where aquaculture activities and native populations 
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overlap, migrate into rivers where native populations spawn (Hansen 2006) [(Skilbrei 2010a,b) 
in (Heino et al. 2015)]. In their risk assessment of environmental impact from salmon farming 
Norway, Taranger et al. (2015) identified genetic interaction of escaping fish as a hazard; that is 
“Farmed escaped salmon successfully interbreed with wild salmon populations” with an 
endpoint concern of “Changes observed in the genetic characteristics of wild salmon 
populations.” 
 
In addition to the genetic impacts (for a review, see Glover et al. 2017), escaping farmed salmon 
can have various direct ecological interactions and impacts in the wild. For example, Skaala et 
al. (2012) concluded that the overlap in diet among types of crosses between farmed and wild 
salmon demonstrates competition, and farm and hybrid progeny therefore will reduce the 
river’s capacity for production of wild salmon. The dispersal, migration, survival, and ecological 
interactions of escaping salmon has been shown to be complex and varies considerably with 
the age of escaping fish, the location, and particularly the time of year (Skilbrei 2010) (Hansen 
and Youngsson 2010) (Olsen and Skilbrei 2010). While many studies continue in Norway, earlier 
proceedings by Hansen and Windsor (2006) noted that escapees can have a direct impact on 
wild populations in the following ways: 

• Competition for food  
• Competition for space 
• Direct displacement of wild fish  
• Competition for breeding partners 
• Predation by farmed fish of wild fish 
• Increased size at age (and life stage e.g., parr/smolt) can influence social 

encounters 
 
Although these impacts have been identified in multiple studies, there is little information with 
which to quantify the impacts. Following the lead of Norway’s Institute of Marine Research (in 
Svasand et al. 2017), the primary concern is therefore focused on the genetic interactions 
described above. 
 
The Norwegian Environment Agency (Miljødirektoratet) publishes information on salmon rivers 
throughout Norway in its “Salmon Register” (Lakseregisteret25) and the associated map 
(Lakseregisteret - Kart26). The searchable map includes a “dashboard” layout of the status of 
salmon, trout, or charr populations in each river and the main threats to them. The volume of 
information is large, and though a superficial study shows that escaped farmed salmon is 
identified as a concern in many rivers, the methods used to estimate the level of concern are 
uncertain. Therefore, this assessment has given preference to focused scientific studies, 
particularly the risk assessment led by Norway’s Institute of Marine Research (i.e., Svasand et 
al. 2017), large independent studies of more than 100 rivers (e.g., Anon. 2016), and key reviews 

                                                 
25 http://www.miljodirektoratet.no/no/Tjenester-og-verktoy/Database/Lakseregisteret1/ 
26 http://lakseregister.fylkesmannen.no/laksekart/default.aspx?gui=1&lang=2 
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such as Glover et al. (2017) and Forseth et al. (2017) as indicators of the level of concern 
regarding the ecological impact of salmon escapes in Norway. 
 
Atlantic salmon is native in Norway, but farmed salmon have undergone domestication 
and directional selection for more than 10 generations and show considerable genetic 
differences to wild salmon for a number of fitness-related traits (Heino et al. 2015). Changes in 
non-targeted traits have also been observed; for example, in predator awareness, stress 
tolerance, and gene transcription (references in Taranger et al. 2015). These well-established 
differences demonstrate the potential that, if escaped fish are able to survive to maturity and 
reproduce with wild salmon, such introgression would impact the genetic integrity of wild 
salmon populations.  
 
Regarding evidence of those potential impacts, estimating the genetic consequences of farmed 
salmon introgression on life history traits, population fitness, and long-term evolutionary 
capacity of wild populations is more challenging than estimating basic introgression (Taranger 
et al. 2015). Skaala et al. (2014), referencing Diserud et al. (2012), suggest that many wild 
Norwegian salmon populations have already been impacted genetically by escaped farmed 
salmon. Some areas with high densities of salmon farms, such as the Counties of Hordaland, 
Sogn og Fjordane, Møre og Romsdal, and parts of Rogaland in particular, appear to be seriously 
affected. The studies by Glover et al. (2012, 2013) were key to advancing the discussion on 
genetic introgression; their study covered 21 wild salmon populations in Norway and showed 
that many of those populations have displayed moderate to high frequencies of domesticated 
farmed escapees on the spawning grounds for two decades or more. Nevertheless, Glover et al. 
(2013) demonstrated that the level of introgression has been population-specific, and that it is 
not solely predicted by the frequency of escapees observed in the population. They (Glover et 
al.) revealed less introgression of farmed Atlantic salmon in many Norwegian populations than 
may be expected based upon the reported numbers of escapees in these populations and 
estimations from introgression models. Yet, more recent studies (e.g., Skaala et al. 2014b) 
continue to show that the recorded number of escaped farmed salmon can still be very high in 
some rivers, even exceeding the number of wild salmon in some years. 
 
Taranger et al. (2015) advanced the work of Glover et al. (2013) by estimating the incidence of 
farmed salmon in 34 rivers distributed along the Norwegian coast and, therefore, the risk of 
genetic introgression and genetic changes in the wild populations. Taranger et al. (2015) 
articulates the risk estimates based on the probability of further genetic changes in wild 
populations caused by introgression of farmed salmon to be: 

 No or low risk of genetic change: <4% incidence of farmed salmon 

 Moderate risk of genetic change: 4%–10% incidence of farmed salmon 

 High risk of genetic change: >10% incidence of farmed salmon 

Their results showed that the risk for genetic changes as a result of farmed salmon 
introgression was low, moderate, or high for 13 (38%), 11 (32%), and 10 (29%) of surveyed 
rivers, respectively.  
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In a more extensive study, Anon. (2016) analyzed 104 rivers throughout Norway to assess the 
current genetic condition of wild fish based on spawner numbers and the actual level of genetic 
introgression. Figure 17 shows high variability between different counties in Norway, but no 
apparent latitudinal (south–north [left to right along the x-axis]) trend. This is supported by 
Figure 18 from Diserud et al. (2017), which shows the status of genetic integrity in 175 
waterways in Norway, with many throughout the country showing major genetic changes 
resulting from farmed salmon introgression. 
 

 
Figure 17: Average status of genetic introgression per county in Norway. Graph copied from Anon. (2016). 

Translation: Y-axis = Percent of watercourses. X-axis shows counties and total. Color legend: Green = very good, 
Yellow = moderate, Orange = poor, Red = very poor. 
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Figure 18: Genetic status of 175 salmon stocks in Norway. Green = no changes observed; yellow = weak genetic 
changes observed; orange = moderate changes observed; red = major genetic changes observed. Graph copied 

from Diserud et al. (2017) and Svasand et al. (2017).  

 
Figure 19 displays the average condition of all 104 rivers studied by Anon. (2016), who 
concluded that one-third of wild salmon stocks (33 stocks) were so genetically affected by 
escaped farmed salmon that they were classified as having very poor or poor quality. A further 
third (35 stocks) was rated moderate quality due to genetic influences of farmed salmon, and 
only the final one-third of stocks (36 stocks) had no genetic traces of escaped farmed salmon. 
 

 
 

Figure 19: Overall status of genetic introgression in 104 rivers in Norway. Data from Anon. (2016). 
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Similarly, Karlsson et al. (2016) used genetic markers to study genetic introgression in 147 rivers 
in Norway (representing three-quarters of the entire Norwegian wild salmon spawning 
population); the average level of farmed genetic introgression was 6.4% (median of 2.3%), with 
a range between 0.0% and 42.2%. Of these rivers, 51 showed significant farmed genetic 
introgression when compared with historical reference samples, and the authors (Karlsson et 
al. 2016) observed a highly significant correlation between estimated farmed introgression and 
the average proportion of escaped farmed salmon in populations of returning adult salmon in 
rivers. 
 
Regarding evidence of those genetic impacts, direct estimates based on genetic markers 
(Karlsson et al. 2016) found significant introgression in half of the populations studied, and 
levels of introgression >10% in nearly one-quarter of the populations. Karlsson et al. (2016) 
noted that to protect the genetic integrity of wild Atlantic salmon populations, only low levels 
of introgression from escaped farmed salmon can be allowed into wild populations. In a review, 
Bolstad et al. (2017) noted that substantial functional genetic effects of interbreeding between 
wild and domesticated conspecifics is occurring on a broad geographic scale for a culturally and 
economically important species in Norway. They concluded that their study taken together with 
the extensive experimental literature on the subject provides solid evidence that domesticated 
introgression has a strong effect on important biological characteristics of wild Atlantic salmon 
in Norway. In a review of major threats to Atlantic salmon in Norway, Forseth et al. (2017) 
concluded that escaped farmed salmon (along with sea lice) are expanding population threats, 
with escaped farmed salmon being the largest current threat. These two factors (escapes and 
sea lice) affect populations to the extent that they may be critically endangered or lost, with a 
large likelihood of causing further reductions and losses in the future. 
 
Atlantic salmon populations are well known to have suffered large-scale depletions caused by 
many factors, including historic overfishing and habitat destruction. In Norway, the Norwegian 
Veterinary Institute (Hjeltnes et al. 2016) noted that various threats, including the G. salaris 
parasite, acid precipitation, and escapes of farmed salmon, have led to the definition of many 
local stocks as extinct or threatened. Anon. (2016) note that 22% of stocks studied were in good 
or very good condition and 28% were of moderate quality, but half were poor or very poor. 
These threats were collectively sufficient enough to have led to the establishment of a national 
gene bank program for wild salmon to conserve genetic material from threatened stocks 
(recently, the national gene bank has been extended to cover several stocks of sea trout, Salmo 
trutta, and Arctic charr, Salvelinus alpinus). Due to the high variability between the many 
discreet populations, the Norwegian Biodiversity Information Centre’s classification of “least 
concern” is considered to fall between the IUCN’s designations of “Near Threatened” and 
“Least Concern,” but although the IUCN still lists Atlantic salmon as “Least Concern” in Norway 
(IUCN 2016), the assessment is from 1996 and is specified as “needs updating.” 
 
The summary of the ICES (2016) workshop on the possible effects of salmonid aquaculture on 
wild Atlantic salmon populations in the North Atlantic (WKCULEF) concluded: “While 
recognizing that there were still uncertainties, WKCULEF considered that the evidence relating 
to the impacts of escapees and genetic introgression provided a clear indication of impacts on 



 
 

57 

 

wild salmon populations.” According to the review by the Norwegian Biodiversity Information 
Centre,27 escaped farmed salmon (and sea lice) are considered “non-stabilized population 
threats” (based on a translation from Norwegian), and these threats affect populations so 
severely that they could contribute to them becoming critically endangered or lost, and with 
high probability of causing further losses.  
 
Factor 6.2 Conclusions 
Farmed salmon is native to Norway, and genetically distinct from wild conspecifics (e.g., there is 
clear evidence of selected characteristics). It seems clear from the scientific literature, 
particularly the large study by Anon. (2016), the reviews of Glover et al. (2017) and Forseth et 
al. (2017), and the opinions of many key Norwegian institutions, that there have been 
significant population-level impacts to wild salmon populations in Norway. The conclusions of 
Glover et al. (2017) and Forseth et al. (2017) are repeated here: there is globally unprecedented 
and unequivocal evidence of introgression of farmed salmon into ≈150 native Norwegian 
populations; and escaped farmed salmon (along with sea lice) are expanding population threats 
that affect populations to the extent that they may be critically endangered or lost, with a large 
likelihood of causing further reductions and losses in the future (with escaped farmed salmon 
being the largest current threat). The final score for Factor 6.2 Competitive and Genetic 
Interactions is 0 out of 10. 
 
Conclusions and Final Score 
It is clear that salmon continue to escape from Norwegian farms in both large-scale events and 
in small-scale trickle losses. Furthermore, though escapees likely have some direct, competitive 
impacts to their wild counterparts, there is evidence that genetic introgression, from farm-
origin fish into the wild genotype, has been sufficient enough to be considered impactful at the 
population level. According to Glover et al. (2017), only a major reduction in the number of 
escapees and/or sterility of farmed salmon can eliminate further impacts. Combining the scores 
for Factor 6.1 Escape Risk (3 out of 10) and Factor 6.2 Competitive and Genetic Interactions (0 
out of 10) results in a final score for Criterion 6 – Escapes 1 out of 10; according to the Seafood 
Watch Aquaculture Standard, this represents a critical conservation concern (see the Seafood 
Watch Aquaculture Standard for further details on all scoring tables and calculations). 
 
 
 

  

                                                 
27 http://www.biodiversity.no/ 
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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 

Disease Evidence-Based Assessment       

      Pathogen and parasite parameters  Score   

C7 Disease Score (0-10) 1   

Critical? NO RED 

 
Brief Summary 
The Norwegian Veterinary Institute’s annual Fish Health Report provides a comprehensive 
review of the disease situation in Norway, and shows viral disease and sea lice parasites are the 
greatest concern from a production perspective. Regarding impacts on wild fish populations, 
Norway’s farmed salmon population greatly outnumbers their wild counterparts, and while 
viral and bacterial pathogens present on salmon farms have a low prevalence in wild fish and a 
low risk of population impacts, there is a clear transfer of parasitic sea lice from farms to wild 
fish and a high level of concern. The Norwegian Institute for Nature Research and the 
Norwegian Veterinary Institute, supported by data from the national sea lice monitoring 
program, agree that there is clear evidence of population-level impacts to some salmon 
populations. A review of major threats to Atlantic salmon in Norway concluded that sea lice 
(along with escaped farmed salmon) are expanding population threats that affect populations 
to the extent that they may be critically endangered or lost, with a large likelihood of causing 
further reductions and losses in the future. Nevertheless, the most recent research also 
highlights the ongoing uncertainties in robustly quantifying the extent of the current impacts, 
and a new government “traffic-light” system based (initially) on sea lice impacts to wild fish 
allows salmon farm production in 13 production zones along the Norwegian coast to be 
maintained if 10%–30% of the wild salmon population dies due to sea lice (yellow), while the 
biomass of farmed fish must be reduced if >30% of the population dies due to sea lice (red). 
Previous studies indicate the 13 zones are likely to have both yellow and red categories, in 
addition to some green zones where <10% of wild salmon die due to sea lice and production 
can be increased. 
 
Although anadromous brown trout (sea trout) is less studied than wild salmon, it is considered 
particularly vulnerable to sea lice. The available data suggest a large proportion of these fish in 
aquaculture intensive areas have been adversely affected by salmon lice in 2016, and this 
largely appears to be an annual occurrence. Lice levels are reported to be low on wild sea trout 
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in areas without intensive salmon farming. The impact to sea trout has the potential to lead to 
the loss of local anadromous populations, but to date, there are insufficient data to robustly 
conclude this is happening. Repeated annual sea lice impacts are considered to affect the ability 
of sea trout populations to recover, but they are not currently expected to be unable to 
recover. Brown trout (as a species) is listed as “Least Concern” by the IUCN and BIC, but the 
potential impacts to local anadromous sea trout sub-populations is a higher concern. Overall, 
the final score for Criterion 7 – Disease is 1 out of 10.  
 
Justification of Rating 
The primary source of information on fish diseases in aquaculture in Norway is the Norwegian 
Veterinary Institute’s review in their annual Fish Health Report. It is a comprehensive review of 
the disease situation in Norway, and is available publicly in English (see Hjeltnes et al. 2016). In 
addition, the annual risk assessment from the Institute of Marine Research (Svasand et al. 
2017) and other key scientific publications described below provide useful reviews and analysis. 
Regarding sea lice, the annual monitoring program of the Institute of Marine Research (Nilson 
et al. 2016) provides a comprehensive understanding in addition to reviews such as Forseth et 
al. (2017). Though detailed site-specific information is available from BarentsWatch, this 
regional assessment of Norway has focused on the key review documents mentioned above, 
and the Evidence-Based Assessment option has been used.28 
 
Viral diseases and parasitic sea lice characterize the health challenges of salmonid aquaculture 
in Norway, and bacterial diseases such as furunculosis and vibriosis, which used to be the cause 
of major losses in Norwegian aquaculture, are still well under control due to a large-scale 
vaccination program. Table 6 below shows the incidence of viral diseases in farmed salmonids 
(note this includes rainbow trout). Specific data on mortalities caused by disease are not 
provided, but Hjeltnes et al. (2016) report 46 million fish lost during grow-out in 2015. In 
addition to disease, these losses include mortality due to handling, predation, escapes, 
harvesting rejects, and unregistered losses. Hjeltnes et al. do note that infectious diseases are 
among the most important biological and economic loss factors. Full background information 
on these and other diseases affecting farmed salmon are available in the Fish Health Report 
(Hjeltnes et al. 2016). Also of interest in 2015 (from Hjeltes et al. 2016) was a major increase in 
the number of submissions to the Norwegian Veterinary Institute of cleaner fish samples with 
atypical furunculosis, which is caused by the bacterium Aeromonas salmonicida. This bacterium 
is the cause of classical furunculosis, which is a notifiable disease (to be notified to the 
Norwegian Food Safety Authority, NFSA). 
 
Bacterial and viral diseases 
As discussed in detail in Criterion 4 – Chemicals, small quantities of antibiotics are used in 
Norwegian salmon farming to treat infections by the bacterial pathogens Yersinia ruckeri and 
Tenacibaculum spp. (Hjeltnes et al. 2016). However, their administration of less than once per 
production cycle, on average, is indicative of the relatively low pathogenic bacterial load that 

                                                 
28 The data score for disease in Criterion 1 – Data is 7.5 out of 10 allowing either the Evidence- or Risk-Based 
Assessment to be used. 
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farmed salmon carry. Furthermore, according to the Norwegian Veterinary Institute’s annual 
Fish Health Report (Hjeltnes et al. 2016), bacterial pathogens are not the primary disease 
problem in Norway. Thus, bacterial diseases are not considered to pose a significant risk of 
impact to wild populations. 
 
Viruses, as mentioned, are a key challenge in maintaining fish health in Norwegian salmon 
farming. Infectious salmon anemia (ISA), pancreas disease (PD), heart and skeletal muscle 
inflammation (HSMI), infectious pancreatic necrosis (IPN), and cardiomyopathy syndrome 
(CMS) are all commonly found viral diseases, and are monitored and reported on to the 
National Food Safety Authority (NFSA). According to Hjeltnes et al. (2016), the NFSA must be 
notified immediately in the event of any unexplained sudden increases in mortality in fish 
farms, or if there exist any grounds for suspecting the existence of notifiable diseases in farmed 
fish. 
 
Table 7: Incidence of viral diseases in farmed salmonids in Norway from 2001 to 2015. ISA: infectious salmon 
anemia; PD: pancreas disease; HSMI: heart and skeletal muscle inflammation; IPN: infectious pancreatic necrosis; 
CMS: cardiomyopathy syndrome. Table copied from Hjeltnes et al. (2016). 

 
 
In regard to potential impacts of viral diseases on wild fish, Taranger et al. (2015) concluded: 
“The high frequency of the viral disease outbreaks for PD [Pancreas Disease], IPN [Infectious 
Pancreatic Necrosis], heart and skeletal muscle inflammation, and CMS [Cardiomyopathy 
Syndrome] in Norwegian salmon farming suggests extensive release of the causal pathogens for 
these diseases in many areas. Migrating wild salmon and local sea trout are likely to be exposed 
to these pathogens. However, the extent of this exposure and consequences remains largely 
unknown. Screening of wild salmonids has revealed low to very low prevalence of the viruses 
SAV [Salmon Alpha Virus—which causes Pancreas Disease], IPNV, PMCV [Piscine Myocarditis 
Virus), and low prevalence of PRV [Piscine Reovirus, which is associated with CMS] in salmon. 
Furthermore, these viruses have never been documented to cause disease in wild Norwegian 
salmonids. Thus, a general lack of data prohibits complete risk estimation for these diseases.” 
This position is supported by the most recent monitoring by the Norwegian Veterinary Institute 
(Hjeltnes et al. (2016), who detect very low numbers of wild fish with any of these pathogens in 
large samples (Table 7), and by pathogen-specific studies such as Jensen et al. (2017) on 
Pancreas Disease. The review and risk assessment by Svasand et al. (2017) agree that the risk of 
population effects due to the spread of pathogens from farmed to wild salmon and sea trout is 
low; however, it is important to note that their uncertainty in these assessments is usually 
moderate or high due to ongoing knowledge gaps. 
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Table 8: Results from health monitoring of wild caught anadromous salmonids in the period 2012–2014. Table 
copied from Hjeltnes et al. (2016). 

 
 
Although it is clear that bacterial and viral pathogens are threats to production, the evidence 
suggests that their presence on-farm presents a low concern of significant impacts to wild fish. 
Therefore, this Disease Criterion will focus on the potential impacts of parasitic sea lice in the 
following sections. This focus is supported by publications aiming to evaluate the risks 
(including from disease) of salmon aquaculture on the ecosystem in which the industry is sited 
(i.e., Svasand et al. 2017). Sea lice, discussed below, are considered the most significant risk 
factor for ecological impact. 
 
Sea lice 
For a comprehensive review of sea lice dynamics, assessment, and management from a global 
perspective, see Groner et al. (2016). In Norway, Hjetlnes et al. (2016) state that salmon lice 
currently present the biggest threat to farming production, and although Figure 20 (from 
Mattilysynet, 2017) shows that annual peaks in average sea lice numbers (presented as adult 
female lice per fish) have tended to decline in recent years, Figure 21 shows that this varies by 
region, with a much higher number of sea lice in mid-Norway in 2015 (black line) compared to 
previous years (and much lower numbers in southern Norway compared to previous years [red 
line]). It is important to note that all the national and regional data presented here are heavily 
aggregated, and though helpful to make broad comparisons, they do not reflect the much 
greater variability in sea lice numbers that will be present between farms and between 
individual sites and production cycles.  
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Figure 20: Weekly average sea lice levels (in adult female lice per fish) in Norway from January 2012 to 2016. 

Graph copied from Mattilsynet (2017). 

 

 
Figure 21: Estimated total weekly production of lice larvae at all sites on the southern (red line), mid- (black line) 

and northern (blue line) coast of Norway between January 2012 and January 2016. Note the large 2015 decrease in 
southern Norway (red) compared to the large increase in mid-Norway (black). Graph copied from Hjeltnes et al. 

(2016). 
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Despite the decline in average (aggregated) lice levels reported by Hjeltnes et al. (2016), they 
report, along with the Institute of Marine Research (Nilson et al. 2016), that sea lice infection 
pressures (on wild salmon, sea trout, and charr) increased in 2015. Svasand et al. (2017) report 
that lice numbers in spring 2016 were similar to those in 2015, but during the summer of 2016, 
the infection pressure increased significantly along the entire Norwegian coast. In general, 
although most producers of farmed salmon say that they intend to get rid of sea lice (and 
disease), the principal strategy of less dense production is not enacted (Christiansen 2017). A 
substantial body of academic literature exists, and the risk assessment of Svasand et al. (2017) 
and previous literature reviews by Thorstad et al. (2014, 2015) reinforce the high level of 
concern regarding the impacts of sea lice on wild salmon and sea trout in Norway at the 
national level. Also of interest, Ugelvik et al. (2017) compared growth and skin damage (i.e., 
proxies for virulence) of Atlantic salmon hosts infected with either wild or farmed lice and 
found that, compared to lice sampled from wild hosts in unfarmed areas, those originating from 
farmed fish were more harmful; they inflicted more skin damage to their hosts and reduced 
relative host weight gain to a greater extent. 
 
Other important examples include Serra-Llinares et al. (2014), who evaluated sea lice levels in 
Norway’s salmon fjords and other sea lice monitoring areas and concluded that lice levels in 
areas with no farms within 30 km of wild salmonid fjords had a low risk of population-reducing 
effects, whereas in areas with one or more farms within 30 km, the abundance of sea lice on 
wild fish was positively correlated with lice loads on nearby farms. It must be noted that the 
conclusions of this study were contested by Jansen et al. (2016), but after further analysis, the 
concerns were subsequently refuted. In response, Serra-Llinares et al. (2016) and Svasand et al. 
(2017) concluded there is solid evidence of a significant influence of lice originating from nearby 
farms on the observed lice abundances on wild fish.  
 
In regard to wild salmon, data from the National Salmon Lice Monitoring Program (Nilson et al. 
2016) showed varying challenge levels along the coast for salmon smolt migrating in the spring 
and early summer of 2015, but in several regions such as Hordaland (Hardanger and 
Nordhordland), Sogn og Fjordane (outer Sognefjord), Møre og Romsdal (Storfjord), and 
Nordland (Nordfolda), Nilsen et al. concluded that migrating salmon smolts have “probably” 
been negatively affected by salmon lice in 2015. In the most recent data year, Nilsen et al. 
(2017) conclude that migrating salmon smolts were exposed to a generally high infection 
pressure from sea lice along much of western and parts of central Norway in 2016, and wild 
salmon from these areas were negatively affected by sea lice. In Northern Norway, infection 
pressure was generally lower during 2016.  
 
The meta-analysis of Vollset et al. (2016) supports the hypothesis that sea lice contribute to the 
mortality of wild Atlantic salmon during their outward migration. However, they note that 
parasite infestations are particularly challenging to monitor due to complex interactions among 
hosts, parasites, and the environment, and conclude that the impact to wild salmon was 
evidently strongly modulated by other risk factors. The results suggest that the population-level 
effects of parasites cannot be estimated independently of other factors affecting the marine 
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survival of salmon. Though also accepting the complexity and “a multiplicity of environmental 
and anthropogenic influences,” the review by Thorstad et al. (2014) reports that studies on 
salmon populations show 12% to 44% fewer spawners due to lice-induced marine mortality. In 
a review of major threats to Atlantic salmon in Norway, Forseth et al. (2017) concluded that sea 
lice (along with escaped farmed salmon) are expanding population threats that affect wild 
salmon populations to the extent that they may be critically endangered or lost, with a large 
likelihood of causing further reductions and losses in the future. 
 
In 2017, the Norwegian government ratified a new regulatory framework where environmental 
sustainability within independent production zones (13 along the entire coast) will be the 
governing principle for management decisions; the new framework will be tested through 
2017, but the sustainability aspect will initially be based solely on effects of sea lice on wild 
salmon (Vollset et al. 2017). As such, a traffic-light system has been developed based on the 
estimated percentage of wild fish populations in a given production region that die due to sea 
lice infestation (calculated from spatial and hydrodynamic models of sea lice numbers and on 
estimates of their impact to wild fish). Table 9 shows that if the production zone is green (i.e., 
<10% of the population of wild salmon die due to sea lice), production volume may increase; if 
yellow (10% to 30% of the population of wild fish die due to sea lice), production will be 
maintained at the current volume; if red (>30% of the population of wild fish die due to sea 
lice), production volume will be reduced within the zone. 
 
Table 9: Definitions of the traffic light system for the control of farmed salmon biomass in 13 production zones in 
Norway according to the impact of sea lice on wild fish. Table copied from Vollset et al. (2017) from a translation of 
the new Norwegian ruling of January 2017. 

 
 
At the time of writing, there is no apparent indication of the number of production zones in 
Norway in each of the three red-yellow-green categories, but the range of 12% to 44% in 
Thorstad et al. (2014) spans both yellow and red. Vollset et al. (2017) highlight the lack of 
quantitative data on the impacts, and note that the mortality levels laid out in the traffic light 
system may reduce the abundance of wild salmonid populations, rather than drive them to 
local extinction. 
 
For sea trout (anadromous Salmo trutta), there are fewer population-level studies, but this 
species is considered especially vulnerable to salmon lice infestation because, during their 
marine migration and residency, they mostly remain feeding and growing in coastal waters 
where salmon farms are sited (Thorstad et al. 2015). Thorstad et al. (2014) consider the 
previously stated impacts to salmon (i.e., 12% to 44% fewer spawners) to be minimum 
estimates for sea trout. Nilsen et al. (2016) reported that most investigated trout populations 
were sooner or later exposed to elevated levels of sea lice in 2015, and in some areas the levels 
of sea lice recorded on trout were several times higher than what these authors calculated as 
the lower limit for population reduction effect. Nilsen et al. (2016) therefore concluded that sea 
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trout populations along most of the coast in Norway were negatively affected by sea lice in 
2015. Highlighting the effect of salmon farms, the same authors report that in sampling areas 
with little farming activity (Hellvik and Tøtdal), lice levels on sea trout were low throughout the 
season. In the most recent complete data year, Nilsen et al. (2017) observed a general increase 
of sea lice on sea trout/charr during the summer of 2016, and considered it likely that trout 
(and charr) were negatively impacted by sea lice along most of the coast of Norway in 2016. 
According to the “Status of Norwegian salmon stocks in 2015” report (Anon. 2015), many 
Norwegian sea trout stocks have declined dramatically over the last 15 years (see Figure 22), 
infestation from salmon lice has most likely contributed to the reduction, and there is a great 
danger that there will be further reductions. Nevertheless, the uncertainty expressed by Vollset 
et al. (2017) in quantifying these impacts, and specifically those due to sea lice is also relevant 
here.  
 

 
Figure 22: An example of declining sea trout stocks, showing the number of sea trout caught in winter fisheries in 
the counties Rogaland, Hordaland, Sogn og Fjordane, Møre og Romsdal, Sør-Trøndelag, Nord-Trøndelag, Nordland 

and Troms. Graph copied (and titles edited) from Anon. et al. (2015).  

 
 
It must be noted that the same “multiplicity of environmental and anthropogenic influences” 
affecting salmon populations also applies to sea trout (Thorstad et al. 2014), but the same 
published review by Thorstad et al. (2015) concluded: “Salmon lice in intensively farmed areas 
have negatively impacted wild sea trout populations by reducing growth and increasing marine 
mortality. Quantification of these impacts remains a challenge {…..}. Reduced growth and 
increased mortality will reduce the benefits of marine migration for sea trout, and may also 
result in selection against anadromy in areas with high lice levels. Salmon lice-induced effects 
on sea trout populations may also extend to altered genetic composition and reduced diversity, 
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and possibly to the local loss of sea trout, and establishment of exclusively freshwater resident 
populations.” 
 
Considering the importance of this conclusion, a useful supporting aid is the video29 made by 
Norwegian Institute for Nature Research (NINA) and the commentary by Bengt Finstad, a co-
author of several important publications, including Thorstad et al. (2014, 2015) and Nilsen et al. 
(2016). The transcript includes: “A situation with a very large lice infestation on sea trout over 
several years may reduce population size, but there may also be a change in population 
structure because of the fact that the fish, due to salmon lice infestations are forced back to 
freshwater ending up with only resident populations of freshwater brown trout. Thus a loss of 
the migratory populations of trout may occur due to this. A change in the population structure 
may occur in areas with constant lice load, and in smaller watercourse where sea trout are not 
able to return to freshwater to avoid sea lice, local populations may disappear when high sea 
lice levels are acting in a fjord system over several years. Therefore salmon lice can probably 
wipe out small populations of brown trout under such conditions. The focus on the effect of 
salmon lice on sea trout populations had not been given much attention previously. However, 
we now see that this species experiences high lice loads in several fjord systems.” 
 
The dramatic decline in sea trout over the last 15 years (of which sea lice are considered a 
contributing factor) led the committee defining the status of Norwegian salmonid stocks in 
2015 (Anon. 2015) to recommend that there should be no fishing for sea trout from 
populations in outer coastal areas and along a large section of the coast of southern and central 
Norway (from Ryfylke in Rogaland to Vikna in Nord-Trøndelag), a clear indication of their locally 
poor population status. The IUCN Red List30 and the Norwegian Biodiversity Information Centre 
(BIC)31 list brown trout as “Least Concern,” but these assessments are both focused on the 
species’ larger freshwater populations over broad geographical scales. Both sources (IUCN and 
BIC) note that the anadromous sector of the brown trout population is not specifically assessed, 
though they are considered “locally threatened” (IUCN) and noted to be affected by poor sea 
survival, of which lice from salmon farms are listed as a factor.  
 
Conclusions and Final Score 
While recent studies highlight remaining uncertainties (e.g., Vollset et al. 2017), there is clearly 
a high risk of population-level impacts to wild salmon and anadromous brown trout; this is 
articulated and agreed by Norway’s Institute of Marine Research and the Veterinary Institute, 
and supported by data from the National Sea Lice Monitoring Program. It is also clearly 
articulated in reviews such as Forseth et al. (2017). Monitoring data indicate that substantial 
lice loads on wild fish are an annual occurrence in many parts of Norway, particularly later in 
the summer at which time sea trout are still in coastal waters (e.g., Figure 20). Therefore, this 
assessment concludes that population impacts to wild salmon and sea trout do occur, although 

                                                 
29 Video title “Salmon lice, sea trout, and Atlantic salmon” available from NINA at 
http://www.nina.no/english/Home 
30 http://www.iucnredlist.org/ 
31 http://www.biodiversity.no/ 

http://www.nina.no/english/Home
http://www.iucnredlist.org/
http://www.biodiversity.no/
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it is emphasized that the scale of the impact is not yet robustly quantified. The potential loss of 
populations of specific sea trout populations heightens the concern, as does their uncertain 
conservation status, but to date, there are not sufficient data to robustly demonstrate this is 
happening. Therefore, though repeated annual sea lice impacts may affect the ability of 
populations to recover, they are not currently considered to be unable to recover. With 
consideration of the large amount of research and data available, the Evidence-Based 
Assessment has been used, and the final score for Criterion 7 – Disease is 1 out of 10 (see the 
Seafood Watch Aquaculture Standard for further details on all scoring tables and calculations). 
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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 

Source of stock parameters   Score  
C8X Independence from unsustainable wild fisheries (0-10) –0   

Critical? NO GREEN 

 
Brief Summary 
As is common throughout the global salmon aquaculture industry, Norwegian salmon farming 
production is based on hatchery-raised broodstocks selectively bred over many generations, 
and is considered independent of wild salmon fisheries for broodstock, eggs, or juveniles. The 
final deductive score for Criterion 8X – Source of Stock is –0 out of –10. It is important to note 
that Norwegian salmon farming currently uses wild-caught cleaner fish, stocked in net pens 
alongside salmon, as part of their sea lice control strategies, but this is currently beyond the 
scope of the Seafood Watch Aquaculture Standard; data and information indicate this use may 
not currently be sustainable. Further information is provided in Appendix 2 for reference, but 
this aspect does not contribute to the score for Source of Stock. 
 
Justification of Rating 
Atlantic salmon aquaculture has seen a multi-decadal establishment of breeding programs, 
aimed at selection for traits advantageous to farming (e.g., fast growth, disease resistance), 
which has been integral in the rapid growth of the industry (Asche et al. 2013) (Heino et al. 
2016) (Gutierrez et al. 2016). Due to the industry-wide use of domesticated broodstocks, 
globally, 100% of eggs, juveniles, and smolts are considered independent of wild salmon 
populations.  
 
Norwegian salmon farming currently uses wild-caught cleaner fish, which are stocked into pens 
alongside salmon, as part of their sea lice control strategies, but this is currently beyond the 
scope of the Seafood Watch Aquaculture Standard. The available data and information raise 
concern that such use is not currently sustainable. Further information is provided in Appendix 
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2 for reference, but this aspect does not currently contribute to the score for the Source of 
Stock criterion. 
 
Conclusions and Final Score 
The final score for Criterion 8X – Source of Stock is based on the farmed species (i.e., Atlantic 
salmon), and with no reliance on wild-caught fish, is a deduction of 0 out of –10 (see the 
Seafood Watch Aquaculture Standard for further details on all scoring tables and calculations). 
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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 

Wildlife and predator mortality parameters Score   

C9X Wildlife and predator mortality Final Score (0-10) –4  
Critical? NO YELLOW 

 
Brief Summary 
The presence of farmed salmon in net pens at high densities is likely to attract a variety of 
marine mammals, seabirds, and fish. Norwegian regulations for the control of seals allow them 
to be killed if they damage fishing gear or farm infrastructure at sea when “reasonable efforts 
and other measures to avert damage” have failed. Although the regulation also requires 
immediate reporting, there are no data publicly available except for three companies 
associated with the GSI. This indicates an average of 2.5 birds killed per site per year, and 3 
seals are killed per 100 sites per year (i.e., <30 across the industry). However, these three 
companies account for approximately 33% of the Norwegian industry and cannot be robustly 
representative of national wildlife interactions. Although the numbers may be higher on farms 
not associated with GSI, they are considered unlikely to affect the population status of the 
affected species, and the final numerical score for Criterion 9X – Wildlife and Predator 
Mortalities is –4 out of –10. 
 
Justification of Rating 
The presence of farmed salmon in net pens at high densities 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 
historically (and sometimes currently) been lethally controlled, and can also become entangled 
in nets and other farm infrastructure, resulting in mortality.  
 
According to Regulation J-36-2014 “Regulation of seals on Norwegian coast,” it is prohibited to 
catch, chase, kill, or harm seals; however, an exception allows seals to be killed if they damage 
fishing gear or fish farms at sea when “reasonable efforts and other measures to avert damage” 
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have failed. Culling under this exception requires the immediate reporting to the Directorate of 
Fisheries, but there does not appear to be any official data available on the numbers killed. GSI 
has data for three large companies in Norway for the period 2014–2016, showing an average of 
2.5 birds were killed per site per year, and marine mammals (assumed to be mostly seals) at an 
average of approximately 3 seals per 100 sites per year over the same time period. Norway had 
990 marine grow-out sites in 2015 for all species (Fiskeridirektoratet 2016), therefore <30 seals 
per year in total if the GSI data is simply extrapolated. However, these three companies account 
for approximately 33% of total Norwegian production,32 so cannot be robustly considered to 
represent nationwide interactions with predator or wildlife species. Although it is likely that 
birds and other coastal marine animals, such as otters, will also be attracted to other salmon 
farms in Norway, and may be subject to lethal control or entanglement, there are no further 
data available. 
 
Conclusions and Final Score 
The numbers of wildlife mortalities indicated by the GSI data for the three large companies are 
low, and can be considered exceptional cases (score –2 out of –10), and though the numbers 
may be higher on farms not associated with GSI, they are considered unlikely to affect the 
population status of the affected species (score –4 out of –10). The final numerical score for 
Criterion 9X – Wildlife and Predator Mortalities is therefore –4 out of –10 (see the Seafood 
Watch Aquaculture Standard for further details on all scoring tables and calculations). 
 
 
 
 

  

                                                 
32 Marine Harvest Annual Report 2016; Grieg Annual Report 2016; Cermaq Annual Report 2016. 

http://hugin.info/209/R/2094101/791700.pdf
http://www.griegseafood.no/wp-content/uploads/2017/04/GSF_2016_annual_report_ENG.pdf
https://www.cermaq.com/wps/wcm/connect/b01ac3df-47c4-4a58-985a-02a93a245c98/Cermaq_Annual+report+Year+ended+31.03.2016+FINAL.pdf?MOD=AJPERES&CONVERT_TO=url&CACHEID=ROOTWORKSPACEb01ac3df-47c4-4a58-985a-02a93a245c98
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Criterion 10X: Escape of unintentionally introduced species 
 
Impact, unit of sustainability and principle 
 Impact: movement of live animals resulting in introduction of unintended species 

 Sustainability unit: wild native populations 

 Impact: aquaculture operations by design, management or regulation avoid reliance on the 

movement of live animals, therefore reducing the risk of introduction of unintended 

species. 

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 

Escape of unintentionally introduced  species parameters Score   

F10Xa International or trans-waterbody live animal shipments (%) 6   

F10Xb Biosecurity of source/destination   0   

C10X Escape of unintentionally introduced species Final Score    –4.0 YELLOW 

 
Brief Summary 
Movements of live salmon are a characteristic of the Norwegian salmon farming industry, 
particularly as smolts from freshwater hatcheries to marine grow-out sites, and of harvested 
fish to processing plants. In addition, the industry relies on the shipment of large numbers of 
wild wrasse, both within Norway and from Sweden, to be used as cleaner fish to control sea lice 
parasites. Assessing the risk of introducing a non-target species during those movements is 
complex, given the different source and destination characteristics and the risk of infection and 
dissemination during transfers. Overall, the movement of wild-caught wrasse, combined with 
the low biosecurity at both the source (i.e., fishing grounds) and destination (i.e., net pen grow-
out facilities), drive the score for this criterion. The final score for Criterion 10X – Escape of 
Unintentionally Introduced Species of –4 out of –10. 
 
Justification of Rating 
This criterion provides a measure of the escape risk (introduction to the wild) of 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 
aquatic food productivity and resulted in serious pathogens becoming endemic in culture 
systems and the natural aquatic environment. 
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Factor 10Xa. International or trans-waterbody live animal shipments  
Norway is a notably large exporter of salmon eggs (ova); suppliers in Norway are the only ones 
permitted to export ova to Chile, and over two-thirds of Scotland’s ova were supplied by 
Norway in 2015 (Munro and Wallace, 2016). Therefore, there are no direct data, but there is 
also no evidence that Norway imports live salmon or their gametes with regard to this 
assessment.  
 
In contrast, transporting fish over long distances is common within Norway when smolts are 
produced in one area and stocked for grow-out in another, and when fish for harvesting are 
transported to central slaughtering and processing facilities (Hjeltnes et al. 2016). Well-boats 
are virtually the only means of transport used for live fish, and though movements within 
Norway are not “international,” they can be considered “trans-waterbody” when there is the 
potential to move infectious agents (including novel strains) or other organisms into new areas. 
Transfers of live material, including both smolts and fish for slaughter, are regarded as one of 
the most serious risk factors for spreading disease (Hjeltnes et al. 2016).  
 
There is little specific information on smolt movements, but one indicator is provided by the 
difference in smolts produced and smolts stocked in each Norwegian county; for example, a 
substantial difference between the two indicates either the “import” of smolts into that county 
or the “export” of surplus production into another county (Hjeltnes et al. 2016). Again, it must 
be stressed that these are not necessarily considered to be movements between different 
waterbodies, but analysis of the data in Hjeltnes et al. (2016) shows approximately 50% (47.7%) 
of total smolt production may move between counties in Norway.   
 
Hjeltnes et al. (2016) also indicate that the movement of fish for harvest from grow-out sites to 
slaughtering/processing facilities represents a risk of unintentionally transferring non-target 
organisms. There are no data available to indicate what proportion of fish are transported in 
this way, over what distances, or whether these movements are between ecologically-distinct 
regions of Norway. Overall, the information provided by Hjeltnes et al. (2016) indicates that the 
Norwegian salmon industry is heavily reliant on the intra-national movement of fish, and that 
these movements have the potential to transfer non-target organisms into waterbodies where 
they previously were not present.  
 
Finally, because of the increased demand for wrasse and lumpsuckers as cleaner fish to control 
parasitic sea lice, the fishery in many areas of Norway has proved insufficient to meet the 
demand of local salmon farms. This has resulted in cleaner fish being transported over long 
distances by trucks fitted with water tanks or by boats (Skiftesvik et al. 2014). Hjeltnes et al. 
(2016) notes the longest of these transports can run the Swedish coast or the Baltic all the way 
up to Nordland in northern Norway; similarly, a wrasse researcher from the Norwegian Institute 
of Marine Research (Stein Mortensen), quoted in Hosteland (2016), states “Large numbers of 
wrasse are being caught in Sweden and southern Norway before moving northwards, without 
any control on health status”; he considers the transport of wrasse from other areas to include 
the risk that harmful algae, plankton, and the larvae of various marine organisms, parasites, and 
diseases can accompany shipments of fish. 
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Further information in Appendix 2 shows approximately 60% of farms in Norway used cleaner 
fish in 2016 (Svasand et al. 2017), and more than half were wild-caught (55% according to 
Powell et al., 2017). It appears the majority of these will be transported to farms in other areas, 
and due to the open nature of the source of wild-caught cleaner fish (i.e., fishing grounds) and 
the destination of movements (i.e., net pen grow-out sites), these movements are considered 
to be the greatest concern in this criterion. Since 60% of farms use cleaner fish, and 
approximately 55% of wild-caught cleaner fish can be considered transported across national or 
ecologically-distinct areas, it is estimated that approximately one-third of the industry is reliant 
on such movements; the score for Factor 10Xa – International or Trans-Waterbody Animal 
Shipments is 6 out of 10.  
 
Factor 10Xb. Biosecurity of source/destination 
Domestic fish transports are managed in the “Regulations for transport of aquaculture animals” 
(updated in 2016). Requirements are now included regarding technical equipment for the 
disinfection of transportation water, the enabling of transport boats to be tracked, and 
registering when water intakes have been opened. Requirements that apply to tracking and 
registration came into effect in 2016, and will in 2021 for water disinfection. Regarding the 
movement itself, Hjeltnes et al. (2016) note developments in well-boat technology include 
improvements that make it possible to reduce the risk of spread of disease during transport. 
New boats are designed to enable efficient cleaning and disinfection after each transport. They 
also carry water filtration and oxygenation systems that enable the entirety, or a part, of  
transport to be carried out with intakes and outlets closed, i.e., without taking in or discharging 
water. 
 
Regarding the source of live smolt movements, even though smolts are generally regarded as 
being free of important infectious agents when they come from the freshwater facility, it is 
always possible that the fish are infected without this having been noticed (Hjeltnes et al. 
2016). For harvest-ready fish, the source of movements is a net pen containment system open 
to the local environment, but the destination is slaughter/processing facilities, which have 
higher biosecurity. For the movement of cleaner fish, there is no evidence of fish health 
diagnostic or screening procedures or regulations, and in addition to the quote from Hosteland 
(2016) above, Hjeltnes et al. (2016) and Powell et al. (2017) list a wide range of pathogens and 
parasites recorded in cleaner fish (although it must be emphasized that few are specifically 
associated with wild caught cleaner fish (as opposed to farm-raised cleaner fish) in these 
studies.  
 
The source of wrasse movements (wild populations) and the destination (open net pens) both 
have low biosecurity, and generate a lower score for Factor 10Xb than either smolt or harvest 
movements. The score for Factor 10Xb Biosecurity of source/destination is therefore based on 
the lack of biosecurity in live wrasse shipments, and is 0 out of 10. 
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Conclusions and Final Score 
Movements of live fish are a characteristic of the Norwegian salmon farming industry; however, 
assessing the risk of introducing a non-target species during those movements is complex, given 
the different source and destination characteristics and the risk of infection and dissemination 
during transfers. Overall, the movement of wild-caught cleaner fish, combined with the low 
biosecurity at both the source and destination, drive the score for this criterion. Factors 10Xa 
and 10Xb combine to result in a final score for Criterion 10X – Escape of Unintentionally 
Introduced Species of –4 out of –10 (see the Seafood Watch Aquaculture Standard for further 
details on all scoring tables and calculations). 
 
 
  



 
 

76 

 

Overall Recommendation 
 
The overall recommendation is as follows: 
 
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.  
 

Criterion Score Rank Critical? 

C1 Data 7.50 GREEN NO 

C2 Effluent 4.00 YELLOW NO 

C3 Habitat 6.27 YELLOW NO 

C4 Chemicals 2.00 RED NO 

C5 Feed 4.86 YELLOW NO 

C6 Escapes 1.00 RED YES 

C7 Disease 1.00 RED NO 

        

C8X Source –0.00 GREEN NO 

C9X Wildlife mortalities –4.00 YELLOW NO 

C10X Introduced species escape –4.00 YELLOW   

Total 18.63     

Final score (0-10) 2.66     

      

OVERALL RANKING       

Final Score  2.66     

Initial rank RED     

Red criteria 3     

Interim rank RED   FINAL RANK 

Critical Criteria? YES   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. 
 

http://www.seafoodwatch.org/
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Guiding Principles 
 

Seafood Watch defines sustainable seafood as originating from sources, whether fished33 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 

                                                 
33 “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 
 

Criterion 1: Data quality and availability   

  Data Category Data Quality (0-10)   

  Industry or production statistics 10   

  Management 7.5  
  Effluent 7.5   

  Habitats 7.5   

  Chemical use 7.5   

  Feed 7.5   

  Escapes 7.5   

  Disease 7.5   

  Source of stock 7.5   

  Predators and wildlife 5   

  Unintentional introduction 5  
  Other – (e.g., GHG emissions) n/a   

  Total 80   

     

  C1 Data Final Score (0-10) 7.27 GREEN 

 
 

Criterion 2: Effluents     

  Effluent Evidence-Based Assessment     

  C2 Effluent Final Score (0-10) 4 YELLOW 

  Critical? 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 4

3.2 Habitat management effectiveness  4.8

C3 Habitat Final  Score (0-10) 6 YELLOW

Critical? NO
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Criterion 4: Evidence or Risk of Chemical Use 
  Chemical Use parameters Score   

  C4 Chemical Use Score (0-10) 2   

  C4 Chemical Use Final Score (0-10) 2 RED 

  Critical? NO   

 

Criterion 5: Feed   

5.1. Wild Fish Use   

  Feed parameters Score 

  5.1a Fish In: Fish Out (FIFO) 

  Fishmeal inclusion level (%) 14.3 

  Fishmeal from by-products (%) 25.5 

  % FM 10.65 

  Fish oil inclusion level (%) 10.57 

  Fish oil from by-products (%) 26.86 

  % FO 7.73 

  Fishmeal yield (%) 22.5 

  Fish oil yield (%) 5 

  eFCR 1.31 

  FIFO fishmeal 0.62 

  FIFO fish oil 2.03 

  FIFO Score (0-10) 4.94 

  Critical? NO 

  5.1b Sustainability of Source fisheries 

  Sustainability score –3 

  Calculated sustainability adjustment –1.22 

  Critical? NO 

  F5.1 Wild Fish Use Score (0-10) 3.72 

  Critical? NO 

 

5.2 Net protein Gain or Loss   

  Protein INPUTS   

  Protein content of feed (%) 38 

  eFCR 1.31 

  Feed protein from fishmeal (%) 25.03 

  Feed protein from EDIBLE sources (%) 93.62 

  Feed protein from NON-EDIBLE sources (%) 6.38 

  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 



 
 

91 

 

  Total protein input kg/100kg fish  49.78 

  Edible protein IN kg/100kg fish  46.60 

  Utilized protein OUT kg/100kg fish  27.41 

  Net protein gain or loss (%) –41.19 

  Critical? NO 

  F5.2 Net protein Score (0-10) 5 

 

5.3. Feed Footprint   

 5.3a Ocean Area appropriated per ton of seafood 

  Inclusion level of aquatic feed ingredients (%) 24.87 

  eFCR  1.31 

  Carbon required for aquatic feed ingredients (ton C/ton fish) 69.7 

  
Ocean productivity (C) for continental shelf areas (ton 
C/ha)   2.68 

  Ocean area appropriated (ha/ton fish) 8.47 

  5.3b Land area appropriated per ton of seafood 

  Inclusion level of crop feed ingredients (%) 74.8 

  Inclusion level of land animal products (%) 0 

  Conversion ratio of crop ingredients to land animal  products 2.88 

  eFCR 1.31 

  Average yield of major feed ingredient crops (t/ha) 2.64 

  Land area appropriated (ha per ton of fish)  0.37 

  Total area (Ocean + Land Area) (ha) 8.84 

 F5.3 Feed Footprint Score (0-10) 7 

 

 
 

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) 0   

  C6 Escapes Final Score (0-10) 1 RED 

  Critical? YES   

 

 
 
     

Feed Final Score

C5 Feed Final Score (0-10) 4.86 YELLOW

Critical? NO
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Criterion 7: Diseases 
  Disease Evidence-based assessment (0-10) Critical   

  Disease Risk-based assessment (0-10)     

  C7 Disease Final Score (0-10) 1 RED 

  Critical? NO  
 

Criterion 8X: Source of Stock     

  C8X Source of stock score (0-10) –0   

  C8 Source of stock Final  Score (0-10) –0 GREEN 

  Critical? NO   

 

Criterion 9X: Wildlife and predator mortalities 
  C9X Wildlife and Predator Score (0-10) –4   

  C9X Wildlife and Predator Final Score (0-10) –4 YELLOW 

  Critical? NO   

 

Criterion 10X: Escape of unintentionally introduced species 
  F10Xa live animal shipments score (0-10) 6.00   

  F10Xb Biosecurity of source/destination score (0-10) 0.00   

  C10X Escape of unintentionally introduced species Final Score  (0-10)   –4.00 YELLOW 

  Critical? n/a   
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Appendix 2 – The use of wild-caught cleaner fish 
 
Following laboratory trials in the late 1980s, several species of wrasse and lumpsuckers were 
confirmed as a “cleaner fish” of parasitic sea lice on farmed salmon; a commercial fishery for 
wrasse began, but the use of wrasse decreased from 1998 to 2005 when effective chemical 
treatments for lice control were developed and applied (Skiftesvik et al. 2014). In 2007–2008, 
the development of chemical resistance by sea lice triggered a renewed interest and an 
increased demand for cleaner fish; the targeted wrasse fishery expanded, and the estimated 
use of wrasse surpassed 10 million fish in 2010 (Skiftesvik et al. 2014). Wrasse tend to become 
inactive in winter, but an alternative cleanerfish species, lumpfish (Cyclopterus lumpus), 
continue to feed on sea lice at low temperatures. Figure 23 from Powell et al. (2017) shows the 
total number of cleaner fish deployed from 1998 to 2016, with the rapid increase after 2008.  
 

 
Figure 23: Number of cleaner fish (×1000) deployed in Atlantic salmon and rainbow trout sea cages in Norway 
during 1998–2015, including both wild-caught and farmed fish. Inset shows species breakdown (% numbers) 

during 2015. Graph copied from Powell et al. (2017) with data from Norwegian Directorate of Fisheries.34  

 
Figure 24 from Svasand et al. (2017) shows regional differences in the use of cleaner fish, but 
on average, approximately 60% of farms in Norway currently use cleaner fish.  
 

                                                 
34 http://www.fiskeridir.no/English/Aquaculture/Statistics/Cleanerfish-Lumpfish-and-Wrasse 
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Figure 24: The percentage of farms using cleaner fish in the north (blue bars) and south (red bars) of Norway. 

Graph copied from Svasand et al. (2017). 

 
More detailed analysis of the most recent data from Fiskeridirektoratet (see footnote) provides 
the number of cleaner fish used and the number of farm-raised cleaner fish sold to salmon (and 
marine trout) farms annually in Norway (Figure 25). The difference in these numbers, i.e., the 
number sourced from wild fisheries, was approximately 16 million in 2015, and Skiftesvik et al. 
(2014, 2015) report there is an intense fishery for wrasse along the Norwegian coast and 
elsewhere (particularly Sweden). Little is known of the population ecology of wrasse, and there 
is no apparent management of the stocks; the fishery in many areas have proved insufficient to 
meet the demand of local salmon farms, resulting in wrasse being transported over long 
distances by trucks fitted with water tanks or by boats (Skiftesvik et al. 2014). 
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Figure 25: Total cleaner fish used in Norwegian salmon and trout production (blue line), sales of farmed cleaner 

fish (red line), and wild-caught cleaner fish (green line). Data from Fiskeridirektoratet. 

 
Figure 25 shows that the number of farm-raised cleaner fish is increasing rapidly, and 
Fiskeridirektoratet reports that the number of companies producing cleaner fish has increased 
from 5 in 2012 to 18 in 2015, and the number of licenses has increased over the same time 
from 15 to 41. As an example, Marine Harvest plans to be independent of wild-caught cleaner 
fish in 2017 (pers. comm., Catarina Martins 2017). Breaking down the species, Figure 26 shows 
the rapid increase in the farmed production of lumpfish (graph from Powell et al. 2017).  
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Figure 26: Sale of farmed cleaner fish to Atlantic salmon and rainbow trout producers in Norway. Numbers are 
expressed in 1000 individuals. Graph copied from Powell et al. (2017). 

 

This is a positive indication that the use of wild-caught wrasse and/or lumpsuckers will continue 
to decrease (green line in Figure 25), but in 2015 (the most recent data available), 
approximately half of the cleaner fish used (55%) were wild-caught, and hatchery production 
still relies on the capture of wild broodstock (Powell et al. 2017). Currently, nearly all lumpfish 
used as cleaner fish by the salmon farming industry are derived from wild parents. The species 
has moderate to high vulnerability and has been classified as near threatened (NT) in the IUCN 
Red List. A significant decrease in Canadian and Icelandic spawning stocks has been recorded in 
recent decades, suggesting that some stocks may already be overexploited. And, across the 
FAO assessment zone in the North Atlantic, the abundance of lumpfish has also declined by 25–
35% over the last 20 years (Powell et al. 2017 and references therein). However, it must be 
emphasized that the numbers taken for broodstock are much lower than the numbers caught 
for direct use as cleaner fish, and Powell et al. (2017) note that the number of adult lumpfish 
taken by the incipient cleaner fish industry is currently only a fraction of the numbers taken for 
roe and human consumption.  
 


