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Final Seafood Recommendation 

Salten Aqua AS farmed salmon from Skjerstadfjorden, Nordland, Norway 

Criterion Score Rank Critical? 

C1 Data 8.86 GREEN 

C2 Effluent 8.00 GREEN NO 

C3 Habitat 7.47 GREEN NO 

C4 Chemicals 9.00 GREEN NO 

C5 Feed 6.89 GREEN NO 

C6 Escapes 4.00 YELLOW NO 

C7 Disease 8.00 GREEN NO 

C8X Source 0.00 GREEN NO 

C9X Wildlife mortalities -2.00 GREEN NO 

C10X Secondary species escape 0.00 GREEN 

Total 50.22 

Final score (0-10) 7.17 

OVERALL RANKING 

Final Score 7.17 

Initial rank GREEN 

Red criteria 0 

Interim rank GREEN FINAL RANK 

Critical Criteria? NO GREEN 
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 Salten Aqua AS Atlantic salmon farmed in marine net pens in 
Skjerstadfjorden, Norway is 7.17 out of 10, and with no Red-ranked criteria, the final ranking is 
Green and a recommendation of Best Choice. 
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Executive Summary 

Salten Aqua AS is an integrated group of companies farming Atlantic salmon in the 
Skjerstadfjorden in the county of Nordland in northern Norway. The group operates four main 
production sites under the Edelfarm and Wenberg farming companies and two minor 
production/broodstock sites. Broodstock and hatchery production is managed under Salten 
Stamfisk AS. All operations are in the Skerstadfjord (or adjacent to it in the case of land-based 
hatcheries), and no other salmon companies are operating in the fjord. Annual production in 
2016 was 8,563 metric tons (MT), a small part of Norway’s 1.3 million MT annual production. 
In 2016, 55 MT was exported to the U.S. market through the Polar Quality sales company. The 
four main production sites are certified to the salmon standards of the Aquaculture 
Stewardship Council, and a fifth is in assessment at the time of writing. 

This Seafood Watch 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. The focus of the assessment is on the marine net pens 
growout phase of production. 

Due to the focused nature of this assessment of Salten Aqua production and good 
communication with the group’s management, all data relating to salmon production in the 
Skjerstadfjorden were available on request. There is a substantial volume of government and 
industry monitoring data in Norway, much of it now available at the site level in the Directorate 
of Fisheries’ Kartverktøyet (mapped) database and the similar BarentsWatch database. In 
addition, a large body of scientific literature is generated in Norway, within which key studies 
relate specifically to the Skjerstadfjorden and its major rivers. Overall, the data availability is 
excellent, and the score for Criterion 1 – Data Quality and Availability is 8.86 out of 10. 

Environmental surveys of the Skjerstadfjorden show some evidence of elevated levels of 
nutrient in areas of the fjord with salmon farms; however, the same locations are also subject 
to inputs from riverine and domestic sources, and from agricultural runoff, which researchers 
have considered, in combination, to dominate. Mandatory monitoring under the MOM-B 
surveys in the immediate farm area and the less-frequent MOM-C surveys of the surrounding 
area show Salten Aqua sites are in Class 1 “Very Good” condition with only a small number of 
sites with Class 2 “Good” condition; there is minimal evidence of detectable impacts beyond 
the immediate farm area. The salmon farming production intensity in the Skjerstadfjorden is 
very low compared to other deep fjords in Norway; online data loggers at Salten Aqua sites 
show little variation of oxygen levels indicative of increased phytoplankton levels, and studies 
elsewhere in Norway indicate the potential for aquaculture enrichment is low, even with much 
higher densities of production. The carrying capacity for salmon farming in the Skjerstadfjorden 
has been estimated to be many times higher than the current production in the fjord (240,000 
MT carrying capacity compared to 8,500 MT of salmon production), all of which is controlled by 
Salten Aqua. Overall, the available information shows no evidence that effluent discharges 
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cause or contribute to cumulative impacts at the waterbody or regional scale. The score for 
Criterion 2 – Effluent is 8 out of 10. 

As discussed in Criterion 2 – Effluent, regulatory monitoring under the MOM-B and MOM-C 
surveys in the immediate farm areas show Salten Aqua sites are in Class 1 “Very Good” 
condition with only a small number of sites with Class 2 “Good” condition in current and recent 
production cycles (since 2008). This indicates the habitats at the site level are temporally stable 
and maintaining functionality with only minor impacts. The four main production sites 
cumulatively cover a very small area of the fjord, and with a minimum separation between 
them of approximately 4.3 km (2.7 miles), there appears to be no significant potential for 
cumulative and/or overlapping impacts. Regulatory control under the MOM surveys appears 
effective, and although there is no inclusion of other waste sources such as agriculture, 
industry, or domestic production in a formal area management system, Salten Aqua has 
control of all salmon production in the fjord, and broader assessments at the fjord level that 
do take these other inputs into account have shown no evidence of stress effects in sediments 
or benthic communities of soft bottoms stations in the salmon farming areas, and in the 
broader Skjerstadfjorden. The final score for Criterion 3 – Habitat is 7.47 out of 10. 

Chemical use at Salten Aqua sites is very low; antibiotic treatment is minimal, with two 
prescriptions for production fish in the last ten years (in 2008 and 2016 for winter ulcer 
disease). There has been no use of chemical sea lice treatments due to low lice levels in the 
upper Skjerstadfjorden (due to lower salinity). Copper-based antifoulants have not been used 
since 2014, and although elevated levels of copper are present in a small number of samples in 
environmental surveys in the fjord, these are shown to be associated with historic mining in the 
watershed. As such, chemical use is much less frequent than once per production cycle, but is 
not zero. The final numerical score for Criterion 4 – Chemical Use is 9 out of 10. 

Detailed feed data for Salten Aqua feeds were provided by the feed company, Biomar. The 
weighted average fishmeal and fish oil inclusion levels over a complete Salten Aqua production 
cycle are 6.7% and 10.6% respectively, but substantial amounts (8.8% and 48.4% respectively) 
come from byproduct sources. The average economic feed conversion ratio (eFCR) is 1.03, and 
the calculated Feed Fish Efficiency Ratio (FFER) was 1.13 for fish oil, meaning from first 
principles, 1.13 tons of wild fish must be caught to provide the oil required to produce one ton 
of farmed salmon. The fisheries sourced are predominantly those in the North Atlantic, though 
globally-significant fisheries such as Peruvian anchovy, Gulf of Mexico menhaden, and South 
Atlantic krill are also sourced; overall, the marine ingredients used are considered of 
“ moderately good” sustainability and the Factor 5.1 Wild Fish Use score is 6.29 out of 10. There 
is a net loss of edible protein of 21.8%, resulting in a score of 7 out of 10 for Factor 5.2, and a 
total feed footprint of 4.95 ha per MT of production, resulting in a score of 8 out of 10 for 
Factor 5.3. Overall, the final score for Criterion 5 – Feed is 6.89 out of 10. 

There have not been any major escape events at Salten Aqua sites, and reported escapes are 
very low (one escaped fish reported in 2014), however the potential remains for significant 
undetected “trickle” escapes. As part of a national monitoring program, salmon populations in 
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rivers leading into the Skjerstadfjorden are surveyed annually, and the results show escaped 
farmed salmon are present as a very low percentage of the total salmon population in these 
rivers. Investigations conducted to detect the specific origin of escapees present in these rivers 
showed the fish had not come from Salten Aqua sites. Monitoring studies of the rivers show 
approximately half of the escaped fish detected in the rivers are subsequently reported to be 
caught by anglers. Therefore, despite the inherent vulnerability of the net pen production 
system, as demonstrated by ongoing large escapes in Norway as a whole, specific information 
relating to the Skjerstadfjorden shows the risk of escape at Salten Aqua sites appears to be low. 
Nevertheless, due to many years of selective breeding and domestication, Atlantic salmon are 
sufficiently differentiated genetically from wild populations that genetic introgression, should 
an escape occur, would impact the genetic integrity of wild native salmon. Therefore, the low 
apparent escape risk (score of 8 out of 10 for Factor 6.1) and the high potential impact of the 
species farmed (score of 2 out of 10 for Factor 6.2) combine to give a final numerical score of 4 
out of 10 for Criterion 6 – Escapes. 

Mortality rates at Salten Aqua sites (of which disease is a contributor) are low, and reported 
disease outbreaks are also low, but viral and bacterial pathogens are present and have 
occasionally increased mortality and required treatment. Atypical to salmon aquaculture in 
Norway, parasitic sea lice levels are extremely low due to high freshwater inputs and low 
salinities in the upper fjord. As an indication of the low lice levels, Salten Aqua sites have a 
dispensation from the Norwegian Food Safety Authority for less frequent sea lice monitoring 
than is required for other farms. The Norwegian Environment Agency’s Salmon Register 
indicates sea lice are a factor affecting the condition of wild salmon and sea trout in the rivers 
of the Skjerstadfjorden; however, the low salinity in the locations of Salten Aqua sites indicates 
any impacts to wild fish from sea lice are likely to occur nearer the mouth of the fjord. Wild 
salmon populations are generally improving in the area, but sea trout populations are in a 
marked decline with little appropriate fisheries management. It is difficult to attribute any 
potential impact to Salten Aqua sites, since they have had zero or close to zero sea lice in every 
reported sample over at least the last five years (for which there is detailed data). Overall, due 
to the low levels of lice on the Salten Aqua farms, it is concluded that though there may be 
some transmission of on-farm pathogens or parasites to wild fish, the levels are amplified 
above background levels. The final numerical score for Criterion 7 – Disease is 8 out of 10. 

As is common throughout the global salmon aquaculture industry, the Salten Aqua group uses 
domesticated broodstock for its egg and smolt production through Salten Stamfisk AS, and is 
considered to be 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. 

Independent biodiversity risk assessment reports show a small risk of mortality to several types 
of birds and marine mammals at Salten Aqua sites (seagulls, crows, herons, cormorants, other 
birds, otter, mink, seals, and whales). Mortality data from the company and from ASC audit 
reports show entanglements lead to occasional mortalities of seagulls (a maximum of five 
during a production cycle at one Salten Aqua site), while most sites have zero. These are 
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considered to be limited to exceptional circumstances, and the score for Criterion 9X – Wildlife 
and Predator Mortalities is –2 out of –10. 

Although movements of eggs and/or fish between broodstock sites, hatcheries, and growout 
sites are a fundamental aspect of the production cycle, all Salten Aqua locations are within the 
Skjerstadfjorden, and there are not considered to be any international or trans-waterbody 
animal shipments. Therefore, the introduction of non-native organisms during movements of 
fish is not considered to be a risk, and the final numerical score for Criterion 10X – Escape of 
Secondary Species is a deduction of –0 out of –10. 

Overall, Salten Aqua’s salmon production in Skjerstadfjorden has good data and research 
showing a low level of concern regarding environmental impacts assessed by the Seafood 
Watch Standard. The final score is 7.17 out of 10, and with no red criteria, the final 
recommendation is a green “best choice.” 
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Introduction 

Scope of the analysis and ensuing recommendation 
 

Species 
Atlantic salmon – Salmo salar 

 

Geographic Coverage 
Salten Aqua AS farms; Skjerstadfjorden, Nordland, 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 northeast Atlantic and the North America 
landmass in the northwest 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, they return upriver to their original spawning ground to complete the cycle. 

 
Production System 
This is a company-level assessment for Salten Aqua AS, an integrated group of companies 
operating in Skjerstadfjorden in Nordland, Norway. The four main production sites are 
Daumannvik, Øksengård, Leivsethamran, and Storvika (managed under the farming companies 
Edelfarm and Wenberg). Small amounts of production fish and broodstock (managed under 
Salten Stamfisk AS) are also held on Hundholmen and Kvalnesbukta. The smolts are produced in 
land-based recirculation systems, and the focus of this assessment is on the marine growout 
phase in floating net pens. 
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Figure 1. Map of Norwegian counties with Nordland in yellow and approximate location of the Skjerstadfjorden is 
indicated by black arrow. 
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Figure 2. Map of Salten Aqua AS sites in Skjerstadfjorden showing broodstock, land-based hatcheries, and 

production locations. 

 
Production Statistics 
The annual total production of the Salten Aqua group was 8,500 metric tons (MT) of Atlantic 
salmon (whole weight) in 2016. Global production of farmed Atlantic salmon was 
approximately 2.2 million MT in 2015 (Marine Harvest, 2016), and as the world’s largest 
salmon producer, Norway harvested 1,235,263 MT in 2016 according to the Norwegian 
Directorate of Fisheries1 (Fiskeridirektoratet). The four main Salten Aqua production sites are 
certified to the salmon standards of the Aquaculture Stewardship Council,2 and a fifth, 
Skysselvik, is in assessment. 

 

Import and Export Sources and Statistics 
Currently only a small amount of Salten Aqua’s production is exported to the United States: 
approximately 55 MT in 2016 through the sales company Polar Quality AS. 

 

Common and Market Names 
 

Scientific Name Salmo salar 

Common Name Atlantic salmon 

United States Atlantic Salmon 

Spanish Salmón del Atlántico 
  

1 http://www.fiskeridir.no/ 
2 http://www.asc-aqua.org/index.cfm?act=tekst.item&iid=4&iids=204&lng=1 

http://www.fiskeridir.no/
http://www.asc-aqua.org/index.cfm?act=tekst.item&iid=4&iids=204&lng=1
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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
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: having robust and up-to-date information on production practices and their 

impacts publicly available. 
 

Criterion 1 Summary 

Data Category Data Quality Score (0-10) 

Industry or production statistics 10 10 

Management 10 10 

Effluent 7.5 7.5 

Habitat 7.5 7.5 

Chemical use 10 10 

Feed 10 10 

Escapes 7.5 7.5 

Disease 7.5 7.5 

Source of stock 10 10 

Predators and wildlife 7.5 7.5 

Introduced species 10 10 

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

Total  97.5 

 

C1 Data Final Score (0-10) 8.86 GREEN 

 

Brief Summary 
Due to the focused nature of this assessment of Salten Aqua production and good 
communication with the group’s management, all data relating to salmon production in the 
Skjerstadfjorden were available on request. There is a substantial volume of government and 
industry monitoring data in Norway, much of it now available at the site level in the Directorate 
of Fisheries’ Kartverktøyet (mapped) database and the similar BarentsWatch database. In 
addition, a large body of scientific literature is generated in Norway, within which key studies 
relate specifically to the Skjerstadfjorden and its major rivers. Overall, the data availability is 
excellent, and the score for Criterion 1 – Data Quality and Availability is 8.86 out of 10. 

 

Justification of Rating 
The company-level nature of this assessment means that detailed information on all aspects of 
Salten Aqua production in Skjerstadfjorden was available on request. In addition, there is a 
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substantial volume of government and industry monitoring data and a large body of scientific 
literature. 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 
Detailed production statistics for Salten Aqua were available for this assessment in addition to 
supporting information such as production schedules across the group’s sites. For comparison 
to the broader industry in Norway, the Norwegian Directorate of Fisheries (Fiskeridirektoratet) 
has considerable information on aquaculture production in Norway, particularly their annual 
report “Key figures from aquaculture Industry,” which includes country- and county-level data 
including: numbers of licenses, sites, companies, fish inputs, production losses, and harvests 
(Fiskeridirektoratet 2016). The data score for the Industry and Production statistics for Salten 
Aqua AS is 10 out of 10. 

 

Management and Regulations 
The company-level nature of this assessment of Salten Aqua means all information on the 
group’s production is available on request. Regarding regulations, a collaboration between the 
Ministry of Justice and the Faculty of Law at the University of Oslo resulted in the “Lovdata” 
database, 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 version3 is 
available. Various technical standards are available from Fiskeridirektoratet for aspects such as 
containment and escape management, and the four main production sites are certified to the 
Aquaculture Stewardship Council (ASC) salmon standards (a fifth is in assessment). Overall, due 
to the company-specific assessment, the data score for management and regulations is 10 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. 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, 
and benthic monitoring within and beyond the farm sites is required in MOM-B and (at a lower 
number of sites) MOM-C surveys. Recent research by Husa et al. (2016) provides information 
on the potential impacts of salmon farms to sensitive and high value habitats in Norway. 
Results of all MOM-B surveys since 2008 are available for all sites on the Fiskeridirektoratet 
map tool (Kartverktøyet),4 and Salten Aqua provided the full MOM documents for each of their 
primary production sites. MOM-C surveys are infrequent, with the most-recent in 2009. 
Regarding direct water column impacts, routine water quality monitoring is not a legal 
requirement in Norway, and although they do not directly monitor nutrient levels, Salten Aqua 
has data loggers at each site recording various parameters continuously, of which the most 
useful in this regard is dissolved oxygen. The data are linked directly from the company’s 
website.5 Specific information on the Skjerstadfjorden is provided by an environmental survey 

 
 

 

3 https://lovdata.no/info/information_in_english 
4 Available (in Norwegian) from the Fiskeridirektoratet website http://kart.fiskeridir.no/default.aspx?gui=1&lang=2 
5 http://saltenaqua.no/miljo/# 

https://lovdata.no/info/information_in_english
http://kart.fiskeridir.no/default.aspx?gui=1&amp;lang=2
http://saltenaqua.no/miljo/
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carried out by Busch et al. (2014); further information on the fundamental carrying capacity of 
Skjerstadfjorden is available in Barlindhaug (2008, in Norwegian). The data scores for Effluent 
and Habitat are therefore both 7.5 out of 10. 

 

Chemical Use 
Information has been provided by Salten Aqua on antibiotic and pesticide use, and this can be 
confirmed through the site-specific data on the BarentsWatch website for all sites and ASC 
audit reports for four certified sites. The Norwegian Veterinary Institute produces an annual 
NORM/NORM-VET report, “Usage of Antimicrobial Agents and Occurrence of Antimicrobial 
Resistance in Norway,” which includes annual antibiotic use in aquaculture (and other food 
animals), along with the type of antibiotics used. The absence of pesticide use is also 
supported by data on sea lice counts available from BarentsWatch, and also by the special 
disposition from the Norwegian Food Safety Authority for low frequency sea lice monitoring. 
Further supporting information is available from ASC audit reports. Information on copper-
based antifoulant use, background environment levels, and historic mining in the area is also 
good. The data score is 10 out of 10 for Chemical Use. 

 

Feed 
Detailed feed data for Salten Aqua sites were provided by the feed manufacturer Biomar in 
Norway. This included all the information on the feed ingredients and composition necessary 
for the calculations in the Seafood Watch Aquaculture Standard. Other practical values such as 
the economic feed conversion ratio can be calculated from site-specific production and feed 
use data in the MOM-B surveys over multiple production cycles (since 2008), and can be 
provided by Salten Aqua. Feed information is therefore “excellent” and the data score is 10 out 
of 10. 

 

Escapes 
Data on escapes and their cause have been reported by Salten Aqua, and is available from 
Fiskeridirektoratet6 for every reported incident in the last ten years, and various academic 
studies inform the potential for undetected trickle losses (e.g., Skilbrei et al. 2015). In addition, 
there are a number of studies on wild salmon populations, the prevalence of escapes, and the 
extent of genetic introgression in Norway, Nordland, and also specifically in the 
Skjerstadfjorden area (e.g., Svasand et al. 2017 in Norwegian) (Glover et al. 2017) (Forseth et 
al. 2017) (Taranger et al. 2015) (Anon. 2015, 2017) (Kanstad-Hanssen 2016, 2017 both in 
Norwegian). The Norwegian Environment Agency (Miljødirektoratet) also has a salmon 
register (Lakseregisteret) with information on the population status and threats in all salmon-
bearing rivers in Norway. A five-year study by Jensen et al. (2013 in Norwegian) includes 
information on the identity of escapes in the Saltdalselva (river) in the Skjerstadfjorden. 
Although these data sources are good, there is some disagreement on impacts. The data score 
for Escapes is 7.5 out of 10. 

 

 
 

6 http://www.fiskeridir.no/Akvakultur/Statistikk-akvakultur/Roemmingsstatistikk 

http://www.fiskeridir.no/Akvakultur/Statistikk-akvakultur/Roemmingsstatistikk
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Disease 
Salten Aqua provided annual mortality data for every site from 2011 to 2016 with supporting 
information on disease outbreaks related to peak mortality events. Data on notifiable diseases 
are available from BarentsWatch, and information on other bacterial and viral pathogens 
present on the farm were provided by the company. Detailed data on sea lice counts at all sites 
are available from BarentsWatch, and additional supporting information (e.g., data logger 
records of salinity at all sites, and a dispensation from sea lice regulations allowing less frequent 
monitoring due to low lice levels in the fjord) was provided by the company. At the regional and 
national levels, the fish health reports and risk assessments of Hjeltnes et al. (2016), Svasand et 
al. (2017) and Taranger et al. (2015) provide good information on the level of concern for 
bacterial, viral, and parasitic pathogens. At the fjord and river level, the Norwegian 
Environment Agency has river-specific information throughout Norway with categories of 
impacts to wild salmonids from sea lice; Nilsen et al. (2016) is useful to understand sea lice 
levels on wild salmon in Skjerstadfjorden. Information on sea lice impacts to sea trout in 
Skjerstadfjorden is a little less clear, but Kanstad-Hanssen et al. (2016) provides information on 
the status of these populations in general and other threats that impact them. Overall, with 
good farm-level data but some gaps in understanding in regard to impacts, the data score for 
disease is 7.5 out of 10. 

 

Source of Stock 
Salten Aqua provided robust information on their broodstock, egg, and smolt production in 
Skjerstadfjorden. The data score is 10 out of 10. 

 
Wildlife and Predator Mortalities 
Independent biodiversity risk assessment reports were provided by Salten Aqua; they list the 
species potentially interacting with the sites and the risk of mortality. The company provided 
data on typical mortality numbers, and ASC audit reports provide further evidence for the four 
major production sites. Despite independent audits, it is unavoidable that the underlying data 
for this criterion are self-reported. Overall, data availability is good, and the data score is 7.5 
out of 10. 

 

Escape of Secondary Species 
Site maps and overviews of Salten Aqua’s production show the location of all broodstock, 
hatchery/smolt production, and ongrowing sites. This information is mapped in both the 
BarentsWatch and Fiskeridirektoratet Kartverktøyet database. Therefore, all movement origin 
and destination locations are known and the data score is 10 out of 10. 

 
Conclusions and Final Score 
Overall, data availability for Salten Aqua’s salmon production in Skjerstadfjorden is excellent, 
and the final score for the Data Criterion is 8.9 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) 8 GREEN 
 

Brief Summary 
Environmental surveys of the Skjerstadfjorden show some evidence of elevated levels of 
nutrient in areas of the fjord with salmon farms, however the same locations are also subject to 
inputs from riverine and domestic sources, and from agricultural runoff, which researchers 
have considered in combination to dominate. Mandatory monitoring under the MOM-B surveys 
in the immediate farm area and the less-frequent MOM-C surveys of the surrounding area 
show Salten Aqua sites are in Class 1 “Very Good” condition with only a small number of sites 
with Class 2 “Good” condition; there is minimal evidence of detectable impacts beyond the 
immediate farm area. The salmon farming production intensity in the Skjerstadfjorden is very 
low compared to other deep fjords in Norway; online data loggers at Salten Aqua sites show 
little variation of oxygen levels indicative of increased phytoplankton levels, and studies 
elsewhere in Norway indicate the potential for aquaculture enrichment is low, even with much 
higher densities of production. The carrying capacity for salmon farming in the Skjerstadfjorden 
has been estimated to be many times higher than the current production in the fjord (240,000 
MT carrying capacity compared to 8,500 MT of salmon production), all of which is controlled by 
Salten Aqua. Overall, the available information shows no evidence that effluent discharges 
cause or contribute to cumulative impacts at the waterbody or regional scale. The score for 
Criterion 2 – Effluent is 8 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, 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. The majority of this information will be presented in this 
Effluent Criterion, with the intent of minimizing (but not entirely avoiding) replication in the 
Habitat Criterion. 
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As effluent data quality and availability is good (a Criterion 1 – Data score of 7.5 out of 10) the 
Evidence-Based Assessment was utilized. 

 

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; 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 biological production 
in deep areas is often limited by nutritional deficiencies. Emissions of dissolved nutrients from 
aquaculture can lead to increased plankton growth and increase 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 the 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 
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, and orientation with respect to prevailing currents and water depth to minimize 
near- and far-field impacts. Price et al. do 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. 

 

Routine water column monitoring of nutrient wastes is not a legal requirement for salmon 
farms in Norway, and is not conducted at Salten Aqua sites (see oxygen monitoring below). A 
recent Environmental Survey of Skjerstadfjorden (Busch et al. 2014) shows water quality is 
good or very good in general in the fjord, but there is some evidence of localized eutrophication 
in areas near the head of the fjord; here, higher ammonia, nitrate, and nitrite values, and 
increased levels of the green algae Ulva intestinalis, have been recorded. As such, Figure 3 from 
Busch et al. (2014) shows the monitoring sites closest to Salten Aqua’s Daumannsvika and 
Leivsethamran sites in the upper fjord (blue circles 1 and 2 in Figure 3a) are distinct from other 
locations in the fjord based on the differences in algal and animal communities at the sites. 
Although these differences could be considered an indication of impacts from the farms at a 
scale beyond the immediate farm area, Busch et al. (2014) also note there is considerable 
human activity in and around the Skjerstadfjorden with a number of towns and significant 
agricultural activity; those authors consider inputs from sewage discharges and runoff from 
agriculture to dominate. Also, as discussed below (e.g., Figure 6), benthic monitoring at these 
Salten Aqua sites shows the majority of production cycles have Class 1 “Very Good” conditions 
at peak biomass. 
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Figure 3a 

 

 
Figure 3b 

 

Figure 3. a) Blue circles indicate main monitoring sites (red indicate additional sites) in the Skjerstadfjorden. 
b) Grouping of main monitoring sample sites (i.e., blue circles in 3a) based on similarity of community composition, 

showing separation of sites H1 and H2, closest to the Salten Aqua salmon sites. 
Both images copied from Busch et al. (2014). 
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Although Salten Aqua does not directly measure soluble nutrients in the water column, it has 
publicly accessible dataloggers on its website,7 which includes, among other parameters, 
dissolved oxygen concentration and percent saturation at four sites. An increased 
phytoplankton biomass due to nutrient enrichment would be expected to consume oxygen at 
night and produce it during the day, and while this pattern can be seen in the datalogger 
download example in Figure 4 (2 May 2017), the variation is very small and likely due to natural 
diurnal oxygen consumption/production. An example of a longer period, one week (25 April to 
2 May), is shown in Figure 5 and shows that though some days have significant dips, the 
percentage saturation does not drop below 90% at any time, and there is little diurnal variation. 

 
 
 
 

 
 

Figure 4. Dissolved oxygen in percent saturation over a 24-hour cycle (2 May 2017) at Storvika site in 
Skjerstadfjorden. Graph downloaded from Salten Aqua website. 

 
 
 
 
 
 
 
 
 
 
 

 
 

7 http://saltenaqua.no/miljo/ 

http://saltenaqua.no/miljo/
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Figure 5. Dissolved oxygen in percent saturation over a 1-week period (25 April to 2 May 2017) at Storvika site in 

Skjerstadfjorden. Graph downloaded from Salten Aqua website. 
 

These graphs (for periods selected at random) show it is unlikely that there are substantial 
increases in phytoplankton biomass as a result of the site’s effluent discharges; in 2011, the 
Norwegian Institute for Marine Research (IMR) 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 (Taranger et al. 2011). In the 
Skjerstadfjorden, an aquaculture carrying capacity study of the fjord (Barlindhaug, 2008) 
estimated a maximum 240,000 MT could be produced without exceeding the fjord’s ability to 
assimilate the wastes, and this is many times higher than Salten Aqua’s current production of 
8,500 MT. There is no other salmon production in the fjord. Data on salmon farming intensity in 
deep Norwegian fjords (>500 m) in Husa et al. (2016) presented in Figure 6 show the 
Skjerstadfjorden, at 27 MT/km2, has a very low maximum permitted biomass of farmed salmon 
per square kilometer compared to others (maximum 483 MT/km2). 
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Figure 6. Production intensity in Norway’s deep fjords (>500 m), in MT of maximum permitted farmed salmon 

biomass per square kilometer of fjord area. Skjerstadfjorden (27 MT/km2) highlighted. Data compiled from Husa et 
al. (2016). 

 
Regarding the benthic impacts, feces and small amounts of 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) 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 re-suspended 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 that are near fish farms in Norway occurs with mandatory 
“Environmental monitoring of marine fish farm” (MOM) surveys under the Norwegian 
Standard “NS 9410: 2016”; the assessments are based on qualitatively determined 
indicators, such as chemical parameters (pH and redox potential), and presence and/or absence 
of macro-infauna (Taranger et al. 2015). The MOM-B investigations are performed under and in 
the closest vicinity of the net pens, whereas the MOM-C system is a broader scale investigation 
of several locations within the extended influence (transition zone) around farms (Svasand et al. 
2017). MOM-B results within and at the edge of an allowable zone of effect can be used to 
indicate likely impacts beyond it. 

 

MOM-B results for all sites in Norway are available from the Norwegian Directorate of Fisheries 
in a publicly accessible map-format database (Kartverktøyet; translated = map tool),8 and were 
provided in full report form by Salten Aqua. The most recent surveys (in 2015 and 2016) show 

 
 

8 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&amp;lang=2
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three of the four production sites have “Very Good” conditions (Class 1), while the fourth 
(Øksengård) is currently “Good” (Class 2). Previous MOM-B survey results dating back to 2008 
show that Øksengård was in “Very Good” (Class 1) condition, and only two surveys from the 
four main Salten Aqua sites have been in the “Good” category (Class 2) for all production cycles 
over the same period (i.e., all other results were Class 1). MOM-C surveys are carried out less 
frequently than MOM-B surveys and on less sites. Two Salten Aqua sites have been surveyed 
under MOM-C (Daumansvika and Skysselvika), but not since 2009. At that time, the results 
showed that although impacts of the farm are apparent at the net pen edges, the gradient of 
impact is steep, and stations beyond the immediate farm area indicate undisturbed conditions. 
The low frequency of MOM-C testing here is likely due to the good results and lower concern 
for frequent monitoring; however, while the MOM-C surveys examine effects beyond the 
immediate farm site and are therefore of more relevance to the Effluent Criterion, the now 
dated 2009 results are considered less reliable indicators of current impacts than the MOM-B 
studies which, by demonstrating “Good” or “Very Good” conditions in the immediate farm 
area, indicate significant impacts beyond it are unlikely. An example of the Kartverktøyet 
results for Salten Aqua sites in Skjerstadfjorden is shown in Figure 7. 

 

 
Figure 7. MOM-B and MOM-C results for Salten Aqua sites in Skjerstadfjorden. Circles indicate MOM-B results 

(blue = Class 1, green (Very Good) = Glass 2 (Good), grey = inactive site); additional squares indicate the two sites 
with MOM-C surveys (Skysselvika and Daumansvika), and the dialog box shows the MOM-B results for 

Daumansvika site (brown circle for active dialog). Screenshot taken from the Fiskeridirektoratet Kartverktøyet 
database. 
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More broadly, although the survey of the fjord by Busch et al. (2014) showed their 
environmental quality value is lowest for benthic habitats near the farms at the head of the 
fjord (as noted above), the condition is still well within the “Good” category, and they conclude 
there is no evidence in sediments or benthic communities (in the salmon farming areas and in 
the broader Skjerstadfjorden) that nutrient discharges from farm sites are having a significant 
ecological impact. 

 
Conclusions and Final Score 
Environmental surveys of the Skjerstadfjorden show some nutrient-related impacts in areas 
with salmon farms; however, the fjord is also subject to inputs from domestic wastes and 
agricultural runoff which are considered to dominate. Mandatory site monitoring under the 
MOM-B surveys show the sites are in Class 1 “Very Good” condition with only a small number 
of sites with Class 2 “Good” condition. Data loggers at Salten Aqua sites show little variation of 
oxygen levels (i.e., indicative of no increase in phytoplankton biomass), and studies elsewhere 
in Norway indicate the potential for aquaculture enrichment is low, even in areas with much 
higher densities of production. The carrying capacity for salmon farming in the Skjerstadfjorden 
has been estimated to be many times higher than the current production, all of which is 
controlled by Salten Aqua; overall, the available information shows no evidence that effluent 
discharges cause or contribute to cumulative impacts at the waterbody or regional scale. The 
score for Criterion 2 – Effluent is 8 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  8 

F3.2a Content of habitat regulations 4  

F3.2b Enforcement of habitat regulations 4  

F3.2 Regulatory or management effectiveness score  6.4 

C3 Habitat Final Score (0-10)  7.47 

Critical? NO GREEN 

 

Brief Summary 
As discussed in Criterion 2 – Effluent, regulatory monitoring under the MOM-B and MOM-C 
surveys in the immediate farm areas show Salten Aqua sites are in Class 1 “Very Good” 
condition with only a small number of sites with Class 2 “Good” condition in current and recent 
production cycles (since 2008). This indicates the habitats at the site level are temporally stable 
and maintaining functionality with only minor impacts. The four main production sites 
cumulatively cover a very small area of the fjord, and with a minimum separation between 
them of approximately 4.3 km (2.7 mi), there appears to be no significant potential for 
cumulative and/or overlapping impacts. Regulatory control under the MOM surveys appears 
effective, and although there is no inclusion of other waste sources such as agriculture, industry 
or domestic production in a formal area management system, Salten Aqua has control of all 
salmon production in the fjord. Broader assessments at the fjord level that do take these other 
inputs into account have shown no evidence of stress effects in sediments or benthic 
communities of soft bottoms stations in the salmon farming areas, and in the broader 
Skjerstadfjorden. The final score for Criterion 3 – Habitat is 7.47 out of 10. 

 

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). While the Effluent Criterion assessed impacts beyond 
the immediate farm area, the Habitat Criterion considers impacts within it. 
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Factor 3.1 Habitat conversion and function 
While 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 resulting from 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, 2015). 

 

The location of every site in Norway is available from Fiskeridirektoratet Kartverktøyet (e.g., 
see Figure 8), and as discussed in Criterion 2 – Effluent, the benthic impact of all sites is 
monitored by MOM-B surveys, with some sites also having less-frequent MOM-C surveys. 

 

 
Figure 8. Example of detail in the Fiskeridirektoratet Kartverktøyet showing a screenshot of Salten Aqua’s Storvika 
site on the left, and a Google Earth image of the same area on the right showing the net pens and the feed barge. 

 
The most recent MOM-B results from the immediate farm areas show four of the six Salten 
Aqua sites have “Very Good” conditions (Class 1), while the fifth (Øksengård) is currently 
“Good” (Class 2), and the sixth (Kvalnesbukta) has not had recent MOM-B surveys due to very 
low production volumes. Previous MOM-B survey results from all Salten Aqua sites dating back 
to 2008 show only two occasions when a single site was not in “Very Good” Class 1 condition. 
On these two occasions, the sites were still in “Good” Class 2 condition. Figure 9 shows the 
majority of sites throughout Norway are in Class 1 condition (2015 data), including Nordland; 
although there are also some Class 3 “Poor” sites, none are currently in the Skjerstadfjorden. 
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Figure 9. MOM-B results for 2016. Category 1 = Very good, 2 = Good, 3 = Poor, 4 = Very Poor. Image copied from 

Svasand et al. (2017) 

 
Typical benthic impacts in the immediate area of salmon farms are considered to be relatively 
rapidly reversed with cessation of production or fallowing (e.g., Keeley et al. 2015); however, 
Svasand et al. (2017) referencing Husa9 et al. (2016) highlighted an increasing focus on how 
aquaculture wastes can affect special habitats 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 
currently that a number of aquaculture facilities in Norway are located in such a way that they 
potentially may adversely affect red-listed natural habitats and species. Yet, they do not specify 
what that number is, and Svasand et al. (2017) highlight an acute shortage of knowledge of 
specific locations and potential species-specific impacts from aquaculture wastes. In regard to 
Salten Aqua, the focused assessment of Husa et al. (2016) on the deep-water coral Lophelia 
pertusa showed there were no known locations in Nordland where salmon farms were within 2 
km of deep-water coral. Studies specific to the Skjerstadfjorden (i.e., Busch et al. 2014) 
conclude there is no evidence in sediments or benthic communities in the salmon farming 
areas or in the broader Skjerstadfjorden that nutrient discharges from farm sites are having a 
significant ecological impact. 

 
Further, an analysis of fallowing periods at Salten Aqua sites indicate an extended all-site 
average for multiple production cycles of 148 days (the shortest being 46 days under a 
dispensation from the Environment Agency; i.e., less than the mandatory 60 days). Although 
the same authors (Keeley et al.) describe a potentially complex cycle of impact and partial 
recovery, the maintenance of “Very Good” or “Good” conditions over successive MOM-B 
surveys at all Salten Aqua sites shows the impacts are temporally stable, and indicate that the 
habitats are maintaining functionality with only minor impacts. Also, as noted in Criterion 2 – 
Effluent, Salten Aqua’s production is much lower than the estimated carrying capacity of the 

 
 

9 Note: Vivian Husa is a co-author of Svasand et al. (2017). 
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 fjord (Barlindhaug, 2008). The score for Factor 3.1 Habitat Conversion and Function is 8 out of 
10 based on the apparent maintenance of habitat functionality with only minor-moderate 
impacts. 

 

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)10 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,11 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 of 1 
km between sites 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). 

 

In addition to regulatory management, Salten Aqua group has control over all salmon 
production in the Skjerstadfjorden. The minimum distance between adjacent production sites 
(the closest being Storvika and Leivsethamran) is approximately 4.3 km, and given the Class 1 
benthic conditions at both sites, overlapping habitat impacts are not considered to be a 
possibility. The combined areas of the sites in the fjord is small in relation to the fjord as a 

 
 

10 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 
11 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
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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whole, and the current production is low compared to the estimated carrying capacity of the 
fjord (Barlindhaug, 2008). As the only producer in the fjord, Salten Aqua is able to manage 
aquaculture production, and a joint statement has been signed with local fishermen to 
manage both pursuits; this includes an agreement not to license more sites in the area. With 
control of production in the fjord, in addition to the regulatory monitoring requirements, an 
area-based cumulative management system is in place. It is not clear that there is full 
integration with other industries in the fjord, but the management addresses future expansion 
at least according to the number of sites in the inner fjord. The score for Factor 3.2a is 
therefore 4 out of 5. 

 

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 Class 1 
(“Very Good”) benthic conditions also shows that the regulatory process is implemented and 
effective. It must be noted that the frequency of MOM-C surveys is limited as demonstrated by 
the most-recent survey taken in 2009; however, this is likely due to good results and therefore 
a lower concern for more frequent MOM-C monitoring. 

 

Figure 6 in Criterion 2 – Effluent showed the maximum permitted biomass in the 
Skjerstadfjorden is very low compared to other deep fjords in Norway. Taking all impacts into 
account (e.g., agriculture runoff and domestic/industrial wastes), the environmental survey of 
the fjord by Busch et al. (2014) concluded there is no evidence of “stress effects” in sediments 
or benthic communities of soft bottoms stations in the salmon farming areas, or in the broader 
Skjerstadfjorden. Though not a regular or routine assessment of impacts in the 
Skjerstadfjorden, this is further evidence that the current production is managed within suitable 
levels and the management system is effective. 

 

Considering the details presented above, the enforcement of habitat management measures is 
considered effective, with the limiting factor being an apparent lack of multi-industry 
management. Therefore, the score for Factor 3.2b is 4 out of 5. 

 

When the score for Factor 3.2 of 4 out of 5 is combined with the Factor 3.2a score of 4 out of 5, 
the final Factor 3.2 score is 6.4 out of 10. 

 

Conclusions and Final Score 
The Salten Aqua sites in Skjerstadfjorden have good regulatory monitoring results for the 
habitats in the immediate farm areas, and in combination with the group’s control of 
production in the fjord and the broader assessments of the fjord’s condition and carrying 
capacity, there is a low concern regarding habitat impacts. Factors 3.1 and 3.2 combine to give 
a final Criterion 3 – Habitat score of 7.47 out of 10 (see the Seafood Watch Aquaculture 
Standard for further details on all scoring tables and calculations). 
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Criterion 4: Evidence or Risk of Chemical Use 
 

Impact, unit of sustainability and principle 
 Impact: Improper use of chemical treatments impacts non-target organisms and leads to 

production losses and human health concerns due to the development of chemical-resistant 
organisms. 

 Sustainability unit: non-target organisms in the local or regional environment, presence of 
pathogens or parasites resistant to important treatments 

 Principle: limiting the type, frequency of use, total use, or discharge of chemicals to levels 
representing a low risk of impact to non-target organisms. 

 
 
Criterion 4 Summary 

Chemical Use parameters Score  

C4 Chemical Use Score (0-10) 9 

Critical? NO GREEN 

 

Brief Summary 
Chemical use at Salten Aqua sites is very low; antibiotic treatment is minimal, with two 
prescriptions for production fish in the last ten years (in 2008 and 2016 for winter ulcer 
disease). There has been no use of chemical sea lice treatments due to low lice levels in the 
upper Skjerstadfjorden (due to lower salinity). Copper-based antifoulants have not been used 
since 2014, and although elevated levels of copper are present in a small number of samples in 
environmental surveys in the fjord, these are shown to be associated with historic mining in the 
watershed. As such, chemical use is much less frequent than once per production cycle, but is 
not zero. The final numerical score for Criterion 4 – Chemical Use is 9 out of 10. 

 

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). In salmon aquaculture, including in Norway, antibiotics and sea lice 
pesticides are the dominant veterinary chemicals applied, with other types of chemicals (e.g., 
antifoulants, anesthetics) occasionally used. 

 

Antibiotic Use 
Norway’s track record of antibiotic use has frequently been used 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 time period (Midtlyng et al. 2011). Figure 10 
from NORM/NORM-VET (2015) shows the ongoing minimal use in Norway as a whole, with 273 
kg used in 2015, of which 93 to 95% was for salmon. 
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Figure 10. Annual total antibiotic use in Norwegian aquaculture (all species) up to 2015 (blue bars) with total 

salmon production (green line). Graph copied from NORM/NORM-VET (2015). 

 
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.” 

 

At Salten Aqua sites in Skjerstadfjorden, company-supplied data show antibiotic use in 
production has been very low, with only two treatments on production fish in the last ten years: 
once in 2008 and most recently in 2016 for winter ulcer disease caused by Moritella viscosa (in 
early seawater stage smolts). In addition, there were two treatments on broodstock fish in 
2013. These treatment records can be confirmed using the site-specific BarentsWatch website, 
in addition to the ASC audit reports that confirm the lack of recent treatments (note all four 
current audit reports were from prior to the single treatment in winter 2016). The data from 
Norway as a whole (i.e., Figure 10) indicate the low use at Salten Aqua sites should not be 
considered unusual. 

 
The treatments used were oxytetracycline and florfenicol, both listed by the WHO as highly 
important for human medicine (WHO 2017). However, with such infrequent treatments, the 
concerns regarding contributions to the development of antimicrobial resistance are low, and 
the risk of significant impacts to the ecosystem in which the farm is sited appear minimal. 
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Sea Lice Chemical Treatments 

As discussed in Criterion 7 – Disease, Salten Aqua sites in Skjerstadfjorden have very low sea 
lice numbers, and site-specific data from BarentsWatch show there have been no sea lice 
treatments of any kind (nor use of cleaner fish) in the 5-year data period provided from 2012 to 
date in 2017. 

 

Antifoulants 
MOM-B reports at Salten Aqua sites show measurable levels of copper in sediments, but the 
company reports no use of copper-based antifoulants on any nets or structures in 
Skjerstadfjorden. Busch et al. (2014, and references therein) note the fjord continues to be 
impacted by runoff from the Sulitjelma mining operations even though the mine closed in 1991. 
The detailed study by Kristensen et al. (2012) shows moderate levels of all metals measured 
(copper, cadmium, lead, zinc) at some sampling locations in the northern area of the 
Skjerstadfjorden close to the seawater entry of the mine runoff. With no use of copper-based 
antifoulants, there is not considered to be any antifoulant-related impact due to the Salten 
Aqua farming operations. 

 

Conclusions and Final Score 
Chemical use at Salten Aqua sites is very low; antibiotic use is minimal, with two treatments on 
production fish in the last ten years, no use of sea lice treatments, and no use of copper-based 
antifoulants. As such, chemical use is much less frequent than once per production cycle, but is 
not zero. The final numerical score for Criterion 4 – Chemical Use is therefore an intermediate 
score12 of 9 out of 10 (see the Seafood Watch Aquaculture Standard for further details on all 
scoring tables and calculations). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

12 A score of 8 out of 10 is appropriate when “data show that chemical treatments are used on average less than 
once per production cycle or once per year for longer production cycles,” and a score of 10 out of 10 when “data 
show chemical treatments have not been used over multiple production cycles.” As the chemical use at Salten 
Aqua is markedly less than once per production cycle, an intermediate score of 9 out of 10 is most appropriate. 
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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) 1.13 7.19 

F5.1b Source fishery sustainability score –4.00  

F5.1: Wild fish use score  6.29 

F5.2a Protein IN (kg/100kg fish harvested) 34.42  

F5.2b Protein OUT (kg/100kg fish harvested) 26.91  

F5.2: Net Protein Gain or Loss (%) –21.80 7 

F5.3: Feed Footprint (hectares) 4.95 8 

C5 Feed Final Score (0-10)  6.89 

Critical? NO GREEN 

 

Brief Summary 
Detailed feed data for Salten Aqua feeds were provided by the feed company, Biomar. The 
weighted average fishmeal and fish oil inclusion levels over a complete Salten Aqua production 
cycle are 6.7% and 10.6% respectively, but substantial amounts (8.8% and 48.4% respectively) 
come from byproduct sources. The average economic feed conversion ratio (eFCR) is 1.03, and 
the calculated Feed Fish Efficiency Ratio (FFER) was 1.13 for fish oil, meaning from first 
principles, 1.13 tons of wild fish must be caught to provide the oil required to produce one ton 
of farmed salmon. The fisheries sourced are predominantly those in the North Atlantic, though 
globally significant fisheries such as Peruvian anchovy, Gulf of Mexico menhaden, and South 
Atlantic krill are also sourced; overall, the marine ingredients used are considered to be of 
moderately-good sustainability and the Factor 5.1 Wild Fish Use score is 6.29 out of 10. There is 
a net loss of edible protein of 21.8%, resulting in a score of 7 out of 10 for Factor 5.2, and a total 
feed footprint of 4.95 ha per MT of production, resulting in a score of 8 out of 10 for Factor 5.3. 
Overall, the final score for Criterion 5 – Feed is 6.89 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.13 

 

Complete feed data were provided by the feed company supplying Salten Aqua sites (Biomar). 
Other associated parameters (e.g., economic feed conversion ratio – eFCR) were calculated 
using data on feed inputs and harvests for multiple production cycles utilized in MOM-B 
assessment reports. 

 

Factor 5.1 Wild fish use 
 
Factor 5.1a – Feed fish efficiency ratio (FFER) 
According to Biomar, the weighted average fishmeal and fish oil inclusion levels for feed inputs 
over a complete Salten Aqua production cycle are 6.7% and 10.6% respectively, and 8.8% and 
48.4% of these come from byproduct sources. An eFCR value of 1.03 was calculated from data 
available for production and feed use data in MOM-B reports. 

 

The calculated Feed Fish Efficiency Ratio (FFER) for fish meal and oil are 0.28 and 1.13 
respectively. The higher of the two values, 1.13 for fish oil, means from first principles, 1.13 
tons of wild fish must be caught to provide the fish oil required to produce one ton of farmed 
salmon. This value is in accordance with published records available in ASC audit reports.14 This 
results in an FFER score of 7.19 out of 10. 

 
Table 1: The parameters used and their calculated values to determine the use of wild fish in feeding farmed 
Salten Aqua salmon. 

Parameter Data 

Fishmeal inclusion level 6.7% 

Percentage of fishmeal from byproducts 8.8% 

Fishmeal yield (from wild fish) 22.5%15 

Fish oil inclusion level 10.6% 

Percentage of fish oil from byproducts 48.4% 

Fish oil yield (from wild fish) 5.0%16 

Economic Feed Conversion Ratio (eFCR) 1.03 

Calculated Values  

Feed Fish Efficiency Ratio (FFER) (fishmeal) 0.28 

Feed Fish Efficiency Ratio (FFER) (fish oil) 1.13 
  
13 http://www.seafoodwatch.org/seafood-recommendations/our-standards 
14 http://www.asc-aqua.org/index.cfm?act=tekst.item&iid=4&iids=204&lng=1 
15 From the Seafood Watch Aquaculture Standard, 22.5% is a fixed value based on global values of the yield of 
fishmeal from typical forage fisheries. Yield estimated by Tacon and Metian (2008). 
16 From the Seafood Watch Aquaculture Standard, 5% is a fixed value based on global values of the yield of fish oil 
from typical forage fisheries. Yield estimated by Tacon and Metian (2008). 

http://www.seafoodwatch.org/seafood-recommendations/our-standards
http://www.asc-aqua.org/index.cfm?act=tekst.item&iid=4&iids=204&lng=1


36  

 

 
 

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 byproduct 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 Biomar showed a wide range of fishery sources for whole-fish fishmeal and 
fish oil primarily from the North Atlantic (e.g., herring, blue whiting, capelin, sand eel, and 
sprat), but also from key global sources such as Peruvian anchovy and Gulf of Mexico 
menhaden. With 80 to 90% of feed compliant with ASC certification requirements, which 
requires all FishSource17 scores for each source fishery to be ≥6, the score for Factor 5.1b – 
Sustainability of the Source of Wild Fish is –4 out of –10 and results in a deduction of –0.9 from 
the FFER score above. When combined, the Factors 5.1a and 5.1b result in a final Factor 5.1 
score of 6.29 out of 10. 

 
Factor 5.2 Net protein gain or loss 
The breakdown of ingredient groups in the data provided by Biomar shows some protein is 
supplied by marine ingredients (i.e., fishmeal), but the dominant source is terrestrial crop 
ingredients. Land animal feed ingredients are not currently used in Norway, including at Salten 
Aqua sites. Although some of the marine protein is supplied by both “whole fish” fishmeal 
(considered “edible” in the Seafood Watch Aquaculture Standard) and byproduct fishmeal 
sources (considered “non-edible”), a significant amount of the total protein (11.6%) also comes 
from krill meal, which for the purposes of this assessment, is also considered “non-edible.” The 
terrestrial crop sources (e.g., soy, wheat, maize, canola, legumes, and sunflowers) are all 
considered to be “edible” ingredients in the Seafood Watch Aquaculture Standard. 

 

The weighted average protein content of feed is 38% over a typical production cycle and 5.4% 
of total protein comes from fishmeal, of which 8.8% is considered to come from byproducts 
(see Factor 5.1 above); 11.6% of total protein comes from krill meal, and the remainder (83%) 
is considered to come from edible crop sources. With an eFCR of 1.03, the edible protein input 
is 344.2 kg per ton of salmon produced. 

 
Table 2: The parameters used and their calculated values to determine the protein gain or loss in the production of 
farmed Salten Aqua salmon. 

Parameter Data 

Protein content of feed 38% 

Percentage of protein from edible sources (whole fish FM, edible crops) 87.9% 

Percentage of total protein from non-edible sources (byproducts, etc.) 12.1% 
Economic feed conversion ratio 1.03 

Edible protein INPUT per ton of farmed salmon 344.2 kg 
  

17 www.fishsource.org 

Seafood Watch FFER Score (0-10) 7.19 

http://www.fishsource.org/
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Protein content of whole harvested salmon 18.5% 

Percentage of farmed salmon byproducts utilized 100% 

Utilized protein OUTPUT per ton of farmed salmon 269.1 kg 

Net protein loss –21.8% 

Seafood Watch Score (0-10) 7 
 

The whole-fish protein content is 18.5% (Boyd 2007) and Salten Aqua reports all harvesting 
byproducts are utilized in secondary processes (similar to the situation in Norway in general 
according to Ramirez (2007). After the adjustment for the conversion of crop protein to farmed 
fish protein, the calculated utilized protein output is 269.1 kg per ton of farmed salmon 
production, and a net edible protein loss of 21.8%. This results in a score of 7 out of 10 for 
Factor 5.2 – Net Protein Gain or Loss. 

 

Factor 5.3 Feed footprint 
The feed data provided by Biomar show, on average, that feeds contain 17.3% marine 
ingredients and 82.7% terrestrial crop ingredients (allowing a minor error for inclusion of 
vitamins, minerals, etc.). 

 
Table 3: The parameters used and their calculated values to determine the ocean and land area appropriated in 
the production of farmed Salten Aqua salmon. 

Parameter Data 

Marine ingredients inclusion 17.3% 
Crop ingredients inclusion 82.7% 

Land animal ingredients inclusion 0.0% 

Ocean area (ha) used per ton of farmed salmon 4.63 

Land area (ha) used per ton of farmed salmon 0.32 
Total area (ha) 4.95 

Seafood Watch Score (0-10) 8 
 

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 4.63 ha and 0.32 ha respectively. The total area of 4.95 ha results in a score of 8 out of 10 
for Factor 5.3 – Feed Footprint. 

 

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 (6.29 out of 10), 5.2 (7 out of 10), and 5.3 (8 out of 10) combine to result 
in a final score of 6.89 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 6  

F6.1 Recapture adjustment 2  

F6.1 Final escape risk score  8 

F6.2 Competitive and genetic interactions  2 

C6 Escape Final Score (0-10)  4 

Critical? NO YELLOW 

 

Brief Summary 
There have been no major escape events at Salten Aqua sites, and reported escapes are very 
low (one escaped fish reported in 2014); however, the potential remains for significant 
undetected “trickle” escapes. As part of a national monitoring program, salmon populations in 
rivers leading into the Skjerstadfjorden are surveyed annually, and the results show escaped 
farmed salmon are present as a very low percentage of the total salmon population in these 
rivers. Investigations conducted to detect the specific origin of escapees present in these rivers 
showed the fish had not come from Salten Aqua sites. Monitoring studies of the rivers show 
approximately half of the escaped fish detected in the rivers are subsequently reported to be 
caught by anglers. Therefore, despite the inherent vulnerability of the net pen production 
system as demonstrated by ongoing large escapes in Norway as a whole, specific information 
relating to the Skjerstadfjorden shows the risk of escape at Salten Aqua sites appears to be low. 
Nevertheless, due to many years of selective breeding and domestication, Atlantic salmon are 
sufficiently differentiated genetically from wild populations that genetic introgression, should 
an escape occur, would impact the genetic integrity of wild native salmon. Therefore, the low 
apparent escape risk (score of 8 out of 10 for Factor 6.1) and the high potential impact of the 
species farmed (score of 2 out of 10 for Factor 6.2) combine to give a final numerical score of 4 
out of 10 for Criterion 6 – Escapes. 

 

Justification of Rating 
This criterion assesses the risk of escape (Factor 6.1) with the potential for impacts according to 
the nature of the species being farmed (Factor 6.2). Evidence of recaptures is a component of 
Factor 6.1. While key aspects are covered below, the recent review (Half a century of genetic 
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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 regardless of whether the fish have 
escaped from their own or other production units or facilities. Fiskeridirektoratet18 provides 
information on every reported escape event, including the number, location (county), 
company, species, size, date, and number recaptured. In the case of Salten Aqua group in 
Skjerstadfjorden, reported escapes in the last ten years include two events at the Hundholmen 
site, in 2008 (2,500 fish) and 2010 (4 fish), under previous management of White Ocean, and 
one escape (i.e., a single fish) in 2014. Despite the lack of recent significant escapes, net pen 
production systems are considered vulnerable to escape, and Figure 11 shows the total number 
of reported escapes each year from 2001 to 2016 across all salmonid (i.e., salmon and trout) 
farm sites in Norway. 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 11 are important in absolute terms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Annual total reported escapes (in thousands of fish) in Norway from 2001 to 2016. Data from 
Fiskeridirektoratet. 

 

Escape statistics are usually based on reports by the farms themselves and are likely to 
underestimate, significantly in some circumstances, the actual number of fish escaping from 

 
 

 

18 http://www.fiskeridir.no/ 
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farms (Glover et al. 2017). Though isolated, large-scale catastrophic escape events are now 
limited to a very small proportion of the reported escapes in Norway (e.g., data from 
Fiskeridirektoratet show that 57% of reported escapes from 2010 to 2016 were of <1,000 fish, 
and an additional 22% were of 1,000 to 2,000 fish). The small-scale, so-called “trickle losses” of 
tens or dozens of fish can also be significant and, from a pen of tens of thousands, likely to be 
undetected and therefore unreported (Taranger et al. 2011). Importantly, Skilbrei and 
Wennevik (2006) note small-scale unreported escape events may make up a large portion of 
the total escaped farmed fish, and a recent modelling 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. 

 

To help address the somewhat unavoidable uncertainty in actual escape numbers from 
undetected or unreported escapes at Salten Aqua sites, specific monitoring data from the 
Skjerstadfjorden can be used to indicate the actual numbers of farm-origin fish entering rivers, 
and also the specific source of those fish. The Skjerstadfjorden has one large river, the 
Saltdalselva (the fourth largest river in Nordland), and a number of smaller rivers, and some 
(including the Saltdalselva) are part of the national program for registrations of Atlantic salmon 
population size and escaped salmon; these monitoring sites have annual counting of salmon 
every year (Kanstad-Hanssen et al. 2017). Figure 12 shows the percentage of farmed salmon 
relative to all salmon counted in Saltdalselva reported by Kanstad-Hanssen et al. (2016 and 
2017) from their surveys from 2009 to 2016. The values show the percentage of farm-origin 
escaped salmon in the total population is low, varying between 0.3% and 2.4%, with the value 
in 2015 being the lowest in the series. Data from angling catches reported in the same study 
show 0.5% of farm-origin salmon in the total catch in 2015. 

 

 
 

Figure 12. Percentage of escaped farmed salmon amongst wild salmon in spawner surveys in Saltdalselva. Data 
from Kanstad-Hanssen et al. (2016 and 2017). 
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The actual number of salmon represented by these percentages is low; for example, counting 
of three rivers in Skjerstadfjorden in 2016 (Kanstad-Hanssen et al. 2017) showed the following: 

 Lakselva i Valnesfjord reported 1 farmed fish (1.4%) of the population 

 Lakselva Misvær reported 2 farmed fish (1.3% of the population) 

 Saltdalselva reported 10 farmed fish (1.3% of the population) 
 

Prior to this most recent data set, a five-year project (Jensen et. al 2013) determined the 
specific origin of the escapees in the Saltdalselva (river) using genetic profiles, and none of the 
sampled fish were identified to Salten Aqua productions units. While it could be argued that 
this study is now moderately dated, it is further evidence supporting a low risk of escape at 
Salten Aqua sites. 

 
While net pen production systems are inherently vulnerable to escape, as demonstrated by 
Norway-wide escapes data, the available monitoring data show only occasional detection of 
low numbers of escapees in the rivers leading into the Skjerstadfjorden. Previous studies have 
shown these fish did not come from Salten Aqua sites, but due to the periodic nature of the 
river monitoring, it cannot be assured that it would identify all farm-origin fish that have 
escaped net pens. As such, the initial Escape Risk score for Factor 6.1 is 6 out of 10. 

 

Recaptures 
The fishery data in Kanstad-Hanssen et al. (2016) show that approximately half of the estimated 
escaped farmed fish are caught by anglers in rivers; an average 55% of the observed farmed 
salmon escapees were reported recaptured over the period 2009 to 2014 (with a range of 
18.8% to 72.7% over that period). Therefore, an adjustment of 2 out of 10 is made to the initial 
Escape Risk score of 6 out of 10 to reflect the apparent recapture of half of the escaped fish (2 
is half of the risk mitigation (i.e., recapture) between a score of 6 and a score of 10). 

 
Overall, while the high numbers of aggregated escapes reported in Norway imply a high risk of 
escape, the specific data available from Salten Aqua sites and more importantly, the specific 
studies of escaped farmed salmon in the rivers leading into the Skjerstadfjorden, allow a more 
specific assessment of risk, and the score for Factor 6.1 is 8 out of 10. 

 

Factor 6.2 Competitive and genetic interactions 
In regions where aquaculture activities and native salmon populations overlap, farm escapees 
may migrate into rivers where native populations spawn (Hansen 2006) (Skilbrei 2010 a, b in 
Heino et al. 2015). In a review of major threats to Atlantic salmon in Norway, Forseth et al. 
(2017) concluded 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. In their risk 
assessment of the environmental impact from salmon farming in 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 of concern of “Changes 
observed in the genetic characteristics of wild salmon populations.” Hjeltnes et al. (2016) 
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describe this 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. 

 

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 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). Although many studies continue in Norway, 
earlier proceedings by Hansen and Windsor (2006) noted 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 them. Following the lead of Norway’s Institute of Marine Research (in 
Taranger et al. 2015), the primary concern is therefore focused on the genetic interactions 
describe above. 

 

In their classification of genetic introgression in 104 rivers in Norway, the Norwegian Institute 
for Nature Research (NINA) shows that Nordland has less than 40% of rivers in “Good” 
condition, with the Saltdalselva listed as “Moderate” condition for genetic integrity (Anon. 
2016). Also, the Norwegian Environment Agency Salmon Register (Lakseregisteret – 
Miljødirektoratet)19 shows the salmon populations in several local rivers bordering the 
Skjerstadfjorden (Saltdalselva, Sulitjelmavassdraget including Laksåga, Lakselva in Valnesfjord, 
and Børelvvassdraget) are in “Moderate” or “Poor” condition, and escaped farmed salmon are 
listed as important factors in the classification of Saltdalselva and Lakselva i Valnesfjord 
populations. The specific basis of these condition statuses is not immediately clear, and they 
contradict the most recent direct monitoring reports from the same rivers, which show very 
low numbers of escaped farmed salmon being detected in the rivers; for example, Kanstad-
Hanssen et al. (2016 and 2017) report the number of escapes in this river has been low 
(between 0.3% and 2.4%) since 2009. Taranger et al. (2015) articulate 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 

 
 

19         http://lakseregister.fylkesmannen.no/a3_laksekart/Lakseregisteret 

http://lakseregister.fylkesmannen.no/a3_laksekart/Lakseregisteret
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 Moderate risk of genetic change: 4 to 10% incidence of farmed salmon 

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

According to these values, the risk for genetic changes as a result of farmed salmon 
introgression in the rivers of the Skjerstadfjorden is very low or close to zero. Nevertheless, 
Factor 6.2 is intended to assess the potential impact of the farmed species (or strain) if it were 
to escape; thus, the domestication and selective breeding of Atlantic salmon for multiple 
generations (e.g., Heino et al. 2016) means that the current farm stock is considered “Native – 
genetically distinct from wild conspecifics (e.g., clear evidence of selected characteristics) with 
evidence or potential for genetic introgression” according to the Seafood Watch Aquaculture 
Standard. This results in a score of 2 out of 10 for Factor 6.2. 

 

Conclusions and Final Score 
There have not been any major escape events at Salten Aqua sites in the Skjerstadfjorden, and 
reported escapes are very low, but the potential remains for significant undetected “trickle” 
escapes. As part of a national monitoring program, salmon populations in rivers leading into the 
Skjerstadfjorden are surveyed annually. The results showing escaped farmed salmon represent 
a low percentage of the total salmon population in these rivers, which confirms the lack of 
significant escapes. In addition, previous genetic identification studies to detect the origin of 
escapees in the rivers showed the fish had not come from Salten Aqua sites. Approximately half 
of the escaped fish detected in the rivers are subsequently caught by anglers. Therefore, 
despite the inherent vulnerability of the net pen production system as demonstrated by 
ongoing large escapes in Norway as a whole, the risk of escape at Salten Aqua sites appears 
low. Nevertheless, due to many years of selective breeding and domestication, Atlantic salmon 
are sufficiently differentiated genetically from wild populations that there is a risk of genetic 
introgression should an escape occur. Therefore, the low apparent escape risk (score of 8 out of 
10 for Factor 6.1) and the high potential impact of the species farmed (score of 2 out of 10 for 
Factor 6.2) combine to give a final numerical score of 4 out of 10 for Criterion 6 – Escapes (see 
the Seafood Watch Aquaculture Standard for further details on all scoring tables and 
calculations). 
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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) 8  

Critical? NO GREEN 

 

Brief Summary 
Mortality rates at Salten Aqua sites (of which disease is a contributor) are low, and reported 
disease outbreaks are also low, but viral and bacterial pathogens are present and have 
occasionally increased mortality and required treatment. Atypical to salmon aquaculture in 
Norway, parasitic sea lice levels are extremely low due to high freshwater inputs and low 
salinities in the upper fjord. As an indication of the low lice levels, Salten Aqua sites have a 
dispensation from the Norwegian Food Safety Authority for less frequent sea lice monitoring 
than is required for other farms. The Norwegian Environment Agency’s Salmon Register 
indicates sea lice are a factor affecting the condition of wild salmon and sea trout in the rivers 
of the Skjerstadfjorden; however, the low salinity in the locations of Salten Aqua sites indicates 
any impacts to wild fish from sea lice are likely to occur nearer the mouth of the fjord. Wild 
salmon populations are generally improving in the area, but sea trout populations are in a 
marked decline with little appropriate fisheries management. It is difficult to attribute any 
potential impact to Salten Aqua sites because they have had zero or close to zero sea lice in 
every reported sample over at least the last five years (for which there is detailed data). 
Overall, due to the low levels of lice on the Salten Aqua farms, it is concluded that while there 
may be some transmission of on-farm pathogens or parasites to wild fish, the levels are 
amplified above background levels. The final numerical score for Criterion 7 – Disease is 8 out 
of 10. 

 
Justification of Rating 
At the country level, the primary source of information on fish diseases in aquaculture in 
Norway is the Norwegian Veterinary Institute’s 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 of Svasand et al. (2017) and other key scientific 
publications described below provide useful analysis, and with regard to sea lice impacts, the 
annual monitoring program of the Institute of Marine Research (Nilson et al. 2016) and studies 
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such as Vollset et al. (2017) provide a comprehensive (although not complete) understanding. 
Furthermore, an understanding of company- and site-specific disease challenges and the 
potential risk they pose to the surrounding ecosystem are available through company-provided 
data, ASC audits, and BarentsWatch. Therefore, because the data score for the Disease category 
in Criterion 1 is high (7.5 out of 10), the Evidence-Based Assessment is used. 

 

Mortality 
The average production cycle mortality (Figure 13) across Salten Aqua sites from 2011 to 2016 is 
low at 4.7% (or 0.4% per month), of which disease is a contributor. The highest annual mortality 
level for any site between 2011 and 2016 was 12.47%, and the increase was caused by a single 
outbreak of winter ulcer disease in spring 2016. The second-highest peak mortality of 6.93% 
was caused by the same disease three years earlier in 2013. For all other sites and all years, 
mortality rates are close to the average (4.7%), with a range of 0.33% to 5.67%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Total production cycle and per-month mortality rate at Salten Aqua sites. Bars are range bars, indicating 
minimum and maximum mortality across all sites each year. Data from Salten Aqua. 

 
Bacterial & Viral Pathogens 
According to Hjeltnes et al. (2016), viral diseases and parasitic sea lice characterize the health 
challenges of salmonid aquaculture in Norway, while 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. Small quantities of antibiotics are 
currently used in Norwegian salmon farming to treat infections by the bacterial pathogens 
Yersinia ruckeri and Tenacibaculum spp. (Hjeltnes et al. 2016), but industry-wide, treatments 
are demonstrably less than once per production cycle. The very low level of antibiotic use at 
Salten Aqua sites indicates this situation is similar in the Skjerstadfjorden. 
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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 to the 
Norwegian 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 on fish 
farms, or if there exist any grounds for suspecting the existence of notifiable diseases in farmed 
fish. 

 
Data on notifiable diseases in BarentsWatch for every site in Norway shows pathogenic ISA was 
reported at one Salten Aqua site in 2013, but PD has not been detected or confirmed at any site 
since 2012 (BarentsWatch data show PD outbreaks are confined to southern and mid-Norway 
with warmer temperatures). Salten Aqua reports the only disease occurring at present in the 
farms is Piscine Reovirus (PRV) with a small number of detected cases of HSMI. 

 

Regarding potential impacts to wild fish from these pathogens, winter ulcer disease (caused by 
the bacterium Moritella viscosa) is not notifiable in Norway, and Hjeltnes et al. (2016) do not 
associate it with any impacts to the health situation of wild fish. The same authors (Hjeltnes et 
al.) show ISA occurs in a very small number of wild fish in Norway (1 positive sample from 
1,137 fish in 2015), and it has not been demonstrated to cause mortality of any wild fish 
globally (APHIS, 2016). PRV occurs in a higher number of wild fish (130 positive samples from 
512 fish), but Taranger et al. (2015) also note that this virus has never been documented to 
cause disease in wild Norwegian salmonids. In regard to potential impacts of viral diseases on 
wild fish in Norway as a whole, 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 and HSMI] 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), which detects very low numbers of wild fish with any of these 
pathogens in large samples, and also 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” as a result of ongoing knowledge gaps. 
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It is clear that bacterial and viral and pathogens can affect production, but mortality rates at 
Salten Aqua sites are low, and the evidence suggests that their presence on-farm presents a 
low concern of significant impacts to wild fish.  This position is supported by the review and risk 
assessments of Taranger et al. (2015) and Svasand et al. (2017) who consider sea lice to be the 
most significant risk factor for ecological impact in Norway as a whole. 

 

Parasitic Sea Lice 
It is clear from reviews such as Taranger et al. (2015) and other key sea lice research (e.g., 
Nilsen et al. 2017) that sea lice numbers on farmed and wild fish are variable throughout 
Norway, but a major production challenge for the industry as a whole. The Salten Aqua sites in 
Skjerstadfjorden appear to be unusual in terms of a low prevalence of lice, due primarily to low 
salinity caused by significant freshwater input to the fjord. Salinity data loggers available 
online20 show values throughout the year varying from 12 parts per thousand (ppt) to typical 
full seawater salinities of 33 to 35 ppt. An example from the Skysselvika site21 near the head of 
Valnesfjord (within Skjerstadfjorden) shows values mostly ranging between 14 and 22 ppt 
throughout July 2016 (Figure 14). More recent data downloads in May 2017 for the Strovika site 
show more stable salinities around 23 ppt, while the Øksengård site shows more typical 
salinities of 33 ppt with frequent and large drops in salinity presumably associated with variable 
freshwater flows in the Saltdal River. 

 

 
Figure 14. Salinity datalogger results (in ppt) at Skysselvika site in Skjerstadfjorden for July 2016. Monthly graph 

supplied by Salten Aqua as the data logger results format is maximum weekly charts. 
 
 
 
 

 

20 http://saltenaqua.no/miljo/ 
21 Currently used for broodstock. 

http://saltenaqua.no/miljo/
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It is well established that sea lice are not successful at lower salinities, even for short periods; 
for example, according to Bricknell et al. (2006), survival of free-swimming sea louse 
copepodids was found to be severely compromised at salinity levels below 29 ppt, and in 
salinity gradients, copepodids demonstrated avoidance of salinities below 27 ppt. 

 

Data from BarentsWatch show sea lice numbers on all Salten Aqua sites are very low, and 
sufficiently low for a special dispensation from the Norwegian Food Safety Authority, which 
states that the farms are only required to count lice every 8 or 12 weeks, in contrast to every 
week on other farms in Norway. These sampling results in BarentsWatch for all Salten Aqua 
sites show the majority of samples at each site since 2012 show zero lice per fish. The following 
are maximum lice levels since 2012: 

 

 Leivsethamran: no lice detected/reported in all samples since 2012 

 Storvika: 0.1 lice per fish in week 43 of 2013 

 Daumannsvika: the only lice detected/reported since 2012 were 0.2 lice per fish in week 

2 of 2017 

 Øksengård: the only lice detected/reported since 2012 were 0.11 lice per fish in week 17 

of 2017, and 0.07 lice per fish in week 2 of 2017 

 Hundholmen: no lice detected/reported in all samples since 2012 

 Kvalnesbukta: the only lice detected/reported since 2012 were 0.11 lice per fish in week 

22 of 2016 

The lice limit in Norway is 0.5 lice per fish, and none of the sites have approached this number 
since 2012. The majority of samples (every sample for two sites) have had zero lice per fish 
since 2012. 

 

Sea Lice on Wild Fish 
Despite the low levels of lice on farms, Nilsen et al. (2017, in Norwegian) shows significant 
numbers of lice on wild salmon in Skjerstadfjorden in summer 2016 (88% of fish had at least 
one louse, and 38% of fish had an intensity of >0.1 lice per gram of fish weight). However, it 
must be noted that Nilsen et al. (2017) did not specify the sampling location; therefore, the lice 
levels may not apply to the low salinity regions near the head of the fjord where the Salten 
Aqua sites are located. Furthermore, these average intensity levels (i.e., the percentage of fish 
with >0.1 lice/g) during peak periods are lower than the majority of the locations sampled 
throughout Norway in this study (13 locations elsewhere in Norway have lower levels, 31 
locations have higher); for example, other study sites in Nordland are shown in Figure 15 with a 
comparison to Møre og Romsdal in southern Norway). For wild salmon, translating these sea 
lice numbers into concrete impacts (mortality or otherwise) is complex, but the Lakseregisteret 
from the Norwegian Environment Agency (Miljødirektoratet) considers sea lice to be an 
important aspect affecting the condition of salmon populations in Skjerstadfjorden 
(Saltdalselva, Lakselva i Valnesfjord, and Børelvvassdraget); however, it is difficult to attribute 
any of these lice to Salten Aqua sites due to low sea lice counts on all sites. In summer 2016, 
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there were zero lice in all counts at all Salten Aqua sites in Skjerstadfjorden (according to 
BarentsWatch records). 

 

 
Figure 15. Sea lice intensity on wild salmon in July 2016 in Nordland county including Skjerstadfjorden (left panel) 
and Møre og Romsdal county in southern Norway as a comparison. Images copied and modified from Nilsen et al. 

(2017). 

 
According to Kanstad-Hanssen et al. (2016 and 2017) the salmon populations in 
Skjerstadfjorden are currently above the spawning stock biomass targets (e.g., the main 
population in the Saldalselva was 129% of target in 2016), however they were below 100% for 
the previous three years. More broadly, the estimated spawning stock has remained well within 
the range for spawning target in recent years, and data show the population size has increased 
over the last 8 to 10 years (Kanstad-Hanssen et al. 2016 and 2017). 

 

Kanstad-Hanssen et al. (2017) showed the following results from the most-recent 2016 river 
surveys: 

 Lakselva i Valnesfjord: the population was at 112% of spawning biomass target 

 Lakselva Misvær: the population was at 219% of spawning biomass target 

 Saltdalselva: the population was at 129% of spawning biomass target 
 

Therefore, in addition to data showing that any sea lice on wild fish are likely not associated 
with on-farm lice at Salten Aqua farms, these analyses showing overall health and stability of 
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local population status is further evidence that the farms are not causing a decline in wild 
populations. 

 

Importantly, according to the “Status of Norwegian Salmon Stocks in 2015” (Anon. 2015), many 
Norwegian sea trout stocks have declined dramatically over the last 15 years, and infestation 
from salmon lice has most likely contributed to their reduction. Kanstad-Hanssen et al. (2016) 
show there has been a marked reduction in trout stocks in the past few years in Saltdalselva, 
and (similar to salmon), the Lakseregisteret shows sea lice are an important aspect in the 
condition of sea trout populations in local rivers leading into the Skjerstadfjorden; however, 
Kanstad-Hanssen et al. (2015) and Lamberg et al. (2014) report unregistered capture and 
limited management of sea trout in the fjord most likely played an important role in the decline 
in sea trout in the area. It is difficult to attribute any potential sea lice mediated mortality to 
Salten Aqua sites due to the low sea lice counts over at least the last five years for which 
detailed data are available (also as noted in previous sections, the data used in the 
Lakseregisteret appear to be from 2014). Kanstad-Hanssen et al. (2016) note that interactions 
between wild salmon and wild sea trout may be significant, with data showing declines in sea 
trout correlated with increases in salmon in the Saltdalselva River; similarly, approximately 10% 
of the sea trout population was harvested by anglers in 2015 (340 fish caught, with 2,991 
registered in the watercourse). 

 

Conclusions and Final Score 
Although there is a substantial amount of data available on both pathogens and parasites on 
Salten Aqua sites and on the status of wild salmon and sea trout in the Skjerstadfjord, there is 
little conclusive evidence regarding any direct interactions between the sites and wild fish, 
particularly sea trout. Overall mortality rates at Salten Aqua sites (of which disease is a 
contributor) are low, and reported disease outbreaks are also low. Sea lice levels are extremely 
low due to high freshwater inputs and low salinities in the upper fjord, and the Salten Aqua 
group has dispensation for less frequent sea lice monitoring as a result. Wild salmon 
populations are generally improving in the area, while sea trout populations are in a marked 
decline; however, it is difficult to attribute any impact to Salten Aqua sites, particularly in light 
of poor fishery management. Overall, because of the low levels of lice on the Salten Aqua 
farms, it is concluded that although there may be some transmission of on-farm pathogens or 
parasites to wild fish, the levels are not amplified above background levels. The final numerical 
score for Criterion 7 – Disease is 8 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, the Salten Aqua group uses 
domesticated broodstock for its egg and smolt production through Salten Stamfisk AS 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. 

 
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). The Salten Aqua group through Salten Stamfisk AS has its own 
broodstock program with broodstock held at sites in Skjerstadfjorden, and smolts produced in 
hatcheries bordering it. Therefore, 100% of eggs, juveniles, and smolts in Salten Aqua 
production are considered independent of wild salmon populations. 

 
Conclusions and Final Score 
With no use of wild caught fish, the final score for Criterion 8X – Source of Stock 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) –2 

Critical? NO GREEN 

 

Brief Summary 
Independent biodiversity risk assessment reports show a small risk of mortality to several types 
of birds and marine mammals at Salten Aqua sites (seagulls, crows, herons, cormorants, other 
birds, otter, mink, seals, and whales). Mortality data from the company and from ASC audit 
reports show entanglements lead to occasional mortalities of seagulls (a maximum of five 
during a production cycle at one Salten Aqua site), although most sites have zero. These are 
considered limited to exceptional circumstances, and the score for Criterion 9X – Wildlife and 
Predator Mortalities is –2 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” 
have failed. Culling under this exception requires the immediate reporting to the Directorate of 
Fisheries; however, no official data appears to be available on the numbers 
killed. 
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Salten Aqua provided biodiversity risk assessment reports for sites in Skjerstadfjorden certified 
to the ASC salmon standard. These show a “small” or “very small” risk of mortality to several 
types of birds and marine mammals (seagulls, crows, herons, cormorants, other birds, otter, 
mink, seals, and whales). Salten Aqua reports 1 to 2 lethal bird entanglements per site per 
production cycle. Lethal control is not permitted by the ASC salmon standard. Partial evidence 
in ASC audit reports show the majority of sites have zero bird or mammal mortalities, but one 
site (Storvika) had five seagull mortalities in the audited cycle. No marine mammal mortalities 
have been reported. 

 
Conclusions and Final Score 
The information available in independent risk assessments, self-reported mortality data from 
the company, and ASC audit reports indicate mortalities are limited to exceptional 
circumstances; the final score for Criterion 9X – Wildlife and Predator Mortalities is a deduction 
of –2 out of –10 (see the Seafood Watch Aquaculture Standard for further details on all scoring 
tables and calculations). 
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Criterion 10X: Escape of secondary 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 secondary species parameters Score  

F10Xa International or trans-waterbody animal shipments (%) 10  

F10Xb Biosecurity of source/destination N/A  

C10X Escape of secondary species Final Score –0.0 GREEN 

 

Brief Summary 
Although movements of eggs and/or fish between broodstock sites, hatcheries, and growout 
sites are a fundamental aspect of the production cycle, all Salten Aqua locations are within the 
Skjerstadfjorden, and there is not considered to be any international or trans-waterbody animal 
shipments. Therefore, introducing non-native organisms during movements of fish is not 
considered to be a risk, and the final numerical score for Criterion 10X – Escape of Secondary 
Species is a deduction of –0 out of –10. 

 

Justification of Rating 
This criterion provides a measure of the escape risk (introduction to the wild) of invasive alien 
species other than the principal farmed species unintentionally transported during animal 
shipments. 

 

According to the UN FAO (2012), the expanded and occasionally irresponsible global 
movements of live aquatic animals have been accompanied by the transboundary spread of a 
wide variety of pathogens. In some instances, these pathogens have caused serious damage to 
aquatic food productivity and resulted in serious pathogens becoming endemic in culture 
systems and the natural aquatic environment. 

 

Factor 10Xa International or trans-waterbody animal shipments 
As Salten Aqua is vertically integrated such that all production is self-reliant, there is no 
importation of fish from international sources. The map of production sites (Figure 2) shows 
Salten Aqua’s broodstock, hatchery/smolt production (Salten Stamfisk AS), and growout sites 
are all located in Skjerstadfjorden. They are all therefore demonstrably within the same 
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waterbody.  Therefore, although movements of fish between these units is a fundamental 
aspect of the production cycle, there is not considered to be any international or trans- 
waterbody live animal shipments. The score for Factor 10Xa is 10 out of 10. 

 

Factor 10Xb Biosecurity of source/destination 
As Factor 10Xa is 10 out of 10 (i.e., there are no international or trans-waterbody shipments of 
animals, Factor 10Xb is not applicable, and is not assessed. 

 
Conclusions and Final Score 
Although movements of eggs and/or fish between broodstock sites, hatcheries, and growout 
sites are a fundamental aspect of the production cycle, all Salten Aqua locations are within the 
Skjerstadfjorden, and there is not considered to be any trans-waterbody animal shipments. 
Therefore, introducing non-native organisms during movements of fish is not considered to be 
a risk, and the final numerical score for Criterion 10X – Escape of Secondary Species 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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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. 
 

Salten Aqua AS farmed salmon from Skjerstadfjorden, Norway. 

Criterion Score Rank Critical? 

C1 Data 8.86 GREEN  

C2 Effluent 8.00 GREEN NO 

C3 Habitat 7.47 GREEN NO 

C4 Chemicals 9.00 GREEN NO 

C5 Feed 6.89 GREEN NO 

C6 Escapes 4.00 YELLOW NO 

C7 Disease 8.00 GREEN NO 

    

C8X Source 0.00 GREEN NO 

C9X Wildlife mortalities -2.00 GREEN NO 

C10X Secondary species escape 0.00 GREEN  

Total 50.22   

Final score (0-10) 7.17  

 
OVERALL RANKING 

Final Score 7.17   

Initial rank GREEN  

Red criteria 0  

Interim rank GREEN  FINAL RANK 

Critical Criteria? NO 
 GREEN 



57  

Acknowledgements 
 

Scientific review does not constitute an endorsement of the Seafood Watch® program, or its 
seafood recommendations, on the part of the reviewing scientists. Seafood Watch® is solely 
responsible for the conclusions reached in this report. 

 

Seafood Watch would like to thank the consulting researcher and author of this report, Peter 
Bridson of Seagreen Research, as well as Ørjan Wenberg of Salten Aqua, Øyvind Kanstad 
Hanssen, as well as two anonymous peer reviewers for graciously reviewing this report for 
scientific accuracy.



58  

References 
 

Anon. 2016. Klassifisering av 104 laksebestander etter kvalitetsnorm for villaks. Temarapport nr 
4,http://www.nina.no/archive/nina/PppBasePdf/Temarapport%20fra%20Vitenskapelig%20r%C 
3%A5d%20for%20lakseforvaltning/2016/Forseth4.pdf 

 

Anon. 2015. Status for norske laksebestander i 2015. Rapport fra Vitenskapelig råd for 
lakseforvaltning nr 8, 300 s. 

 

APHIS. 2016. Questions and Answers: Infectious Salmon Anemia. US Department of Agriculture, 
Animal And Plant Health Inspection Service. 
https://www.aphis.usda.gov/publications/animal_health/2013/faq_isa_pacific_nw.pdf 

 

Asche, F. and K. H. Roll (2013). "Determinants Of Inefficiency In Norwegian Salmon 
Aquaculture." Aquaculture Economics & Management 17(3): 300-321. 

 
Barlindhaug. 2008. Salten Aqua AS, Edelfarm, Wenberg Fiskeoppdrett AS, Salten Havsbruk AS, 
White Ocean Salten AS, Gigante Offshore AS. Vanmiljo og hydrodynamikk I Skjerstafjorden. 
http://www.barlindhaug.no 

 

Black, K., P. K. Hansen, et al. (2008). Working Group Report on Benthic Impacts and Farm Siting, 
Salmon Aquaculture Dialogue, WWF. 

 
Bricknell, I., Dalesman, S. et al. 2006. Effect of environmental salinity on sea lice Lepeophtheirus 
salmonis success.   Diseases of Aquatic Organisms 71(3):201-12 

 

Busch, K., Iversen, K., Nashoug, B., Kiele, M., Gitmark, J., Remen, V., Velvin, R., Krogstad, M. 
2014. Miljøundersøkelse av Skjerstadfjorden. SALT rapport Nt 1006. 

 

Fiskeridirektoratet, (2016). Key figures from Norwegian aquaculture industry 2015 
Statistikkavdelingen.http://www.fiskeridir.no/statistikk/akvakultur/statistiskepublikasjoner/noe 
kkeltall-fra-norsk-havbruksnaering 

 

Fry, J., Love, D., MacDonald, G., West, P., Engstrom, P., Nachman, K., Lawrence, R. 2016. 
Environmental health impacts of feeding crops to farmed fish. Environment International, 
Volume 91, May 2016, Pages 201-214. 

 

Glover KA, Solberg MF, McGinnity P, et al. 2017. Half a century of genetic interaction between 
farmed and wild Atlantic salmon: Status of knowledge and unanswered questions. Fish and 
Fisheries 18(5):890-927. 

http://www.nina.no/archive/nina/PppBasePdf/Temarapport%20fra%20Vitenskapelig%20r%25C
http://www.nina.no/archive/nina/PppBasePdf/Temarapport%20fra%20Vitenskapelig%20r%25C
http://www.nina.no/archive/nina/PppBasePdf/Temarapport%20fra%20Vitenskapelig%20r%25C
http://www.aphis.usda.gov/publications/animal_health/2013/faq_isa_pacific_nw.pdf
http://www.barlindhaug.no/
http://www.barlindhaug.no/
http://www.fiskeridir.no/statistikk/akvakultur/statistiskepublikasjoner/noe
http://www.fiskeridir.no/statistikk/akvakultur/statistiskepublikasjoner/noe


59  

Hansen, L. P. and A. F. Youngson (2010). "Dispersal of large farmed Atlantic salmon, Salmo salar, 
from simulated escapes at fish farms in Norway and Scotland." Fisheries Management and 
Ecology 17(1): 28-32. 

 

Hansen, L. P. and M. L. Windsor (2006). "Interactions between Aquaculture and Wild Stocks of 
Atlantic Salmon and other Diadromous Fish Species: Science and Management, Challenges and 
Solutions: An introduction by the Conveners." ICES J. Mar. Sci. 63(7): 1159-1161. 

 
Heino, M., Svåsand, T. Wennevik, V., Glover, K. 2015. Genetic introgression of farmed salmon in 
native populations: quantifying the relative influence of population size and frequency of 
escapees. Aquacult Environ Interact. Vol. 6: 185–190, 2015 

 

Helland A. & Rygg B. (1990). Resipientundersøk. elser i Fauskevika sommeren 1989. Vannkjemi 
og bunnfauna. Niva-rapport 0-89090 

 

Hjeltnes B, Walde C, Bang jensen B, Haukaas A (red). 2016. The Fish Health Report 2015. The 
Norwegian Veterinary Institute. Fiskehelserapporten 2016. 

 

Husa, V., Kutti, T., Ervik, A., Sjøtun, K., Kupka, P., Aure, H. 2014. Regional impact from fin-fish 
farming in an intensive production area (Hardangerfjord, Norway), Marine Biology Research, 
10:3, 241-252, DOI: 10.1080/17451000.2013.810754 

 
Jensen, Arne Johan; Karlsson, Sten; Lamberg, Anders; Hanssen, Øyvind Kanstad; Jensås, Jan 
Gunnar. 2013.  Beiarelva og Saltdalselva 2008-2012. Bestandsovervåkingav laks og påvirkning 
fra oppdrettsnæringen  (NINA Rapport;951, Research report, 2013-04) 

 

Kanstad-Hanssen, Ø., Lamberg, A., Gjertsen. V., Bakken, M. 2015. Gytefiskregistrering i 
Saltdalselva i 2014 - Resultater fra drivtellinger av laks, sjøørret og sjørøye. Skandinavisk 
naturovervåkning. Rapport nr. 05/2015. http://ferskvannsbiologen.net/Saltdal- 
Gytefisk2014.pdf 

 

Kanstad-Hanssen, O., Sondre Bjørnbet, Vemund Gjertsen, Anders Lamberg. 2016. 
Gytefiskregistrering i Saltdalselva i 2015 - Resultater fra drivtelling av laks, sjøøret og sjørøye. 
Skandinavisk naturovervåkning 

 

Kanstad-Hanssen, O., Sondre Bjørnbet, Vemund Gjertsen, Vidar Bentsen, Anders Lamberg. 
2017. Drivtelling av gytefisk, med registrering av innslag og uttak av rømt oppdrettslaks,  i 
lakseførende elver i Nordland og Troms i 2016. Skandinavisk naturovervåkning. 
http://ferskvannsbiologen.net/Rapport%202017-01%20(gytefisk 
Nordland%20og%20Troms%202016).pdf 

 

Keeley, N., Cromey, C., Goodwin, E., Gibbs, M., Macleod, C. 2013. Predictive depositional 
modelling (DEPOMOD) of the interactive effect of current flow and resuspension on ecological 
impacts beneath salmon farms. Aquaculture Environmet interactions. Vol. 3: 275–291, 2013 

http://ferskvannsbiologen.net/Saltdal-
http://ferskvannsbiologen.net/Rapport%202017-01%20(gytefisk
http://ferskvannsbiologen.net/Rapport%202017-01%20(gytefisk


61 
 

 

Keeley NB, Forrest BM, Macleod CK 2015. Benthic recovery and re-impact responses from 
salmon farm enrichment: Implications for farm management. Aquaculture. Volume 435. Pages 
412-423. 

 

Kristensen, T.; Holen, S.; Garmo, Ø.; Kvassnes, A.; Iversen, Eigil. 2012. Utredning av forhold 
knyttet til gruveavrenning fra Sulitjelma-feltene: Tålegrenser for ferskvannsfisk, effekter på 
marint miljø, samt bruksmønster og holdninger til området hos lokalbefolkningen. Norsk 
institutt for vannforskning. https://brage.bibsys.no/xmlui/handle/11250/215877 

 

A. Lamberg, M. Bakken, S. Bjørnbet, V. Gjertsen, Ø. Kanstad-Hanssen. Gytefiskregistrering i 
Saltdalselva i 2013 - Resultater fra drivtellinger av laks, sjøørret og sjørøye. Skandinavisk 
naturovervåkning. Rapport Nr06/2014 

 
Marine Harvest. 2016. Salmon industry handbook. 
http://marineharvest.com/investor/industry-handbook/ 

 

Midtlyng, P. J., K. Grave, et al. (2011). "What has been done to minimize the use of 
antibacterial and antiparasitic drugs in Norwegian aquaculture?" Aquaculture Research 42: 28-
34. 
 
Nilsen R., et al. 2016. Lakselusinfeksjonen på vill laksefisk langs norskekysten i 2016. En fullskala 
test av modellbasert varsling og tilstandsbekreftelse. ISSN 1893-4536 (online) 

 

Nilsen R., et al. 2017. Lakselusinfeksjonen på vill laksefisk langs norskekysten i 2016. Med veky 
pa modellbasert varsling og tilstandsbekreftelse. ISSN 1893-4536 (online) 

 
NORM/NORM-VET 2015. Usage of Antimicrobial Agents and Occurrence of Antimicrobial 
Resistance in Norway. Tromsø / Oslo 2016. ISSN:1502-2307 (print) / 1890-9965 (electronic). 

 

Olsen, A. and O. Skilbrei (2010). "Feeding preference of recaptured Atlantic salmon Salmo salar 
following simulated escape from fish pens during autumn." Aquaculture Environment 
Interactions 1: 167-174. 

 

Price C, Black KD, Hargrave BT, Morris JA Jr (2015) Marine cage culture and the environment: 
effects on water quality and primary production. Aquacult Environ Interact 6:151-174. 
https://doi.org/10.3354/aei00122 

 

Skilbrei, O., J. Holst, et al. (2010). "Horizontal movements of simulated escaped farmed Atlantic 
salmon (Salmo salar) in a western Norwegian fjord." ICES J Marine Sci 67: 1206-1215. 

 
Skilbrei, O. and T. Jorgensen (2010). "Reacpture of cultured salmon following a large scale 
escape event." Aquaculture Environment Interactions 1: 107-115. 

 

  

http://marineharvest.com/investor/industry-handbook/
http://marineharvest.com/investor/industry-handbook/


62 
 

Skilbrei, O.,Heino, M.,Svasand, T. 2015. Using simulated escape events to assess the annual 
numbers and destinies of escaped farmed Atlantic salmon of different life stages from farm 
sites in Norway. ICES Journal of Marine Science (2015), 72(2), 670–685. 

 

Skilbrei, O. and V. Wennevik (2006). "The use of catch statistics to monitor the abundance of 
escaped farmed Atlantic salmon and rainbow trout in the sea." ICES Journal of Marine Science 
63: 1190-1200. 

 

Svåsand T., Grefsrud E.S., Karlsen Ø., Kvamme B.O., Glover, K. S, Husa, V. og Kristiansen, T.S. 
(red.). 2017. Risikorapport norsk fiskeoppdrett 2017. Fisken og havet, særnr. 2-2017 
 
Taranger, G. L., Karlsen, Ø., Bannister, R. J., Glover, K. A., Husa,V., Karlsbakk, E., Kvamme, B. O., 
Boxaspen, K. K., Bjørn, P. A., Finstad, B., Madhun, A. S., Morton, H. C., and Sva˚sand, T. 2015. 
Risk assessment of the environmental impact of Norwegian Atlantic salmon farming. – ICES 
Journal of Marine Science, 72: 997–1021. 

 
Taranga, G., K. Boxaspen, et al. (2011). "Risk Assessment - environmental impacts of Norwegian 
aquaculture." Institue for Marine Research, Norway. 

 

WHO (2016). Tackling antibiotic resistance from a food safety perspective in Europe. World 
Health Organization. 

 

WHO (2017). "Critically important antimicrobials for human medicine. 5th revision - 2016." 
Update June 2017. World Health Organization. 



63 
 

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/


64 
 

Guiding Principles 
 

Seafood Watchdefines sustainable seafood as originating from sources, whether fished22 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 
 

 

22 “Fish” is used throughout this document to refer to finfish, shellfish and other invertebrates. 
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practices for some criteria may lead to more energy intensive production systems (e.g. 

promoting more energy-intensive closed recirculation systems) 

 
Once a score and rating has been assigned to each criterion, an overall seafood recommendation 
is developed on additional evaluation guidelines. Criteria ratings and the overall 
recommendation are color-coded to correspond to the categories on the Seafood Watch pocket 
guide: 

 

Best Choices/Green: Are well managed and caught or farmed in environmentally friendly ways. 
 

Good Alternatives/Yellow: Buy, but be aware there are concerns with how they’re caught or 
farmed. 

 
Avoid/Red:  Take a pass on these. These items are overfished or caught or farmed in ways that 
harm other marine life or the environment. 
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Appendix 1 - Data points and all scoring calculations 
 

This is a condensed version of the standard and scoring sheet to provide access to all data 
points and calculations. See the Seafood Watch Aquaculture Standard document for a full 
explanation of the standards, calculations and scores. Yellow cells represent data entry points. 

 

Criterion 1: Data quality and 
availability 

Data Category Data Quality (0-10)  

Industry or production statistics 10  

Management 10 

Effluent 7.5  

Habitats 7.5  

Chemical use 10  

Feed 10  

Escapes 7.5  

Disease 7.5  

Source of stock 10  

Predators and wildlife 7.5  

Secondary species 10 

Other – (e.g., GHG emissions) n/a  

Total 97.5 

 

C1 Data Final Score (0-10) 8.86 GREEN 

 

Criterion 2: Effluent 
Effluent Evidence-Based Assessment 

C2 Effluent Final Score (0-10) 8 GREEN 

Critical? NO  

 

Criterion 3: Habitat 
Factor 3.1 Habitat conversion and function 

 

F3.1 Score (0-10) 8  

 

Factor 3.2 – Management of farm-level and cumulative habitat 
impacts 

3.2a Content of habitat management measure 4  
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3.2b Enforcement of habitat management measures 4  

3.2 Habitat management effectiveness 6.4  

 

C3 Habitat Final Score (0-10) 7 GREEN 

Critical? NO  

 

Criterion 4: Evidence or Risk of 
Chemical Use 

Chemical Use parameters Score  

C4 Chemical Use Score (0-10) 9  

C4 Chemical Use Final Score (0-10) 9 GREEN 

Critical? NO  

 

Criterion 5: Feed 
5.1 Wild Fish Use 

Feed parameters Score 

5.1a Fish In : Fish Out (FIFO)  

Fishmeal inclusion level (%) 6.69 

Fishmeal from by-products (%) 8.78 

% FM 6.102618 

Fish oil inclusion level (%) 10.59 

Fish oil from by-products (%) 48.4 

% FO 5.46444 

Fishmeal yield (%) 22.5 

Fish oil yield (%) 5 

eFCR 1.03 

FIFO fishmeal 0.28 

FIFO fish oil 1.13 

FIFO Score (0-10) 7.19 

Critical? NO 

5.1b Sustainability of Source fisheries  

Sustainability score –4 

Calculated sustainability adjustment –0.90 

Critical? NO 

F5.1 Wild Fish Use Score (0-10) 6.29 

Critical? NO 
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5.2 Net protein Gain or Loss 

Protein INPUTS  

Protein content of feed (%) 38 

eFCR 1.03 

Feed protein from fishmeal (%) 17.00 

Feed protein from EDIBLE sources (%) 87.93 

Feed protein from NON-EDIBLE sources (%) 12.07 

Protein OUTPUTS  

Protein content of whole harvested fish (%) 18.5 

Edible yield of harvested fish (%) - 

Use of non-edible by-products from harvested fish (%) 100 

Total protein input kg/100kg fish 39.14 

Edible protein IN kg/100kg fish 34.42 

Utilized protein OUT kg/100kg fish 26.91 

Net protein gain or loss (%) –21.80 

Critical? NO 

F5.2 Net Protein Score (0-10) 7 

 

5.3 Feed Footprint 
 

5.3a Ocean Area appropriated per ton of seafood 

Inclusion level of aquatic feed ingredients (%) 17.28 

eFCR 1.03 

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) 4.63 

5.3b Land area appropriated per ton of seafood 

Inclusion level of crop feed ingredients (%) 82.72 

Inclusion level of land animal products (%) 0 

Conversion ratio of crop ingredients to land animal products 2.88 

eFCR 1.03 

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

Land area appropriated (ha per ton of fish) 0.32 

Total area (Ocean + Land Area) (ha) 4.95 

F5.3 Feed Footprint Score (0-10) 8 

 

Feed Final Score 

C5 Feed Final Score (0-10) 6.89 GREEN 

Critical? NO  
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Criterion 6: Escapes 
6.1 System escape Risk (0-10) 6  

6.1 Adjustment for recaptures (0-10) 2  

6.1 Escape Risk Score (0-10) 8.0  

6.2 Competitive and genetic interactions score (0-10) 2  

C6 Escapes Final Score (0-10) 4 YELLOW 

Critical? NO  

 

Criterion 7: Diseases 
Disease Evidence-based assessment (0-10) 8  

Disease Risk-based assessment (0-10)   

C7 Disease Final Score (0-10) 8 YELLOW 

Critical? NO  

 

 

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

C8X Source of Stock Final Score (0-10) 0 GREEN 

Critical? NO  

 

Criterion 9X: Wildlife and predator 
mortalities 

C9X Wildlife and Predator Score (0-10) –2  

C9X Wildlife and Predator Final Score (0-10) –2 GREEN 

Critical? NO  

 

Criterion 10X: Escape of secondary 
species 

F10Xa Live animal shipments score (0-10)  10.00  

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

C10X Escape of Secondary Species Final Score (0-10)  0.00 GREEN 

Critical?  n/a  

 




