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Abbreviations 
 

CAB: Conformity Assessment Bodies, i.e. the organisation which is contracted by the unit of 

certification to conduct an ASC audit of their site(s). 

FS: Farm submissions, i.e. data submitted by farms in fulfilling the obligations detailed in Appendix VI. 

AR: Audit Report 

UoC: Unit of certification. The farm site(s) which are audited and certified as part of a single audit 

event. This will be one site in the casŜ ƻŦ ŀ ǎƛƴƎƭŜ ǎƛǘŜ ŀǳŘƛǘΣ ƻǊ ǎŜǾŜǊŀƭ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ŀ άŎƭǳǎǘŜǊέ audit 

PC: Production cycle, here defined as the time from first stocking of the fish to the audited site to the 

final day of harvest from the audited site. 

IA: initial audit, the first audit a site undergoes in order to become certified 

SA1: first surveillance audit, the first of 2 annual surveillance audits that a site must undergo once 

certified, in order to maintain their certification 

SA2: second surveillance audit, the second of 2 annual surveillance audits that a site must undergo 

once certified, in order to maintain their certification 

RC: recertification audit, the audit a farm must undergo a year after SA2 in order to renew their 

certificate 

 

 

Executive Summary 
 

The Aquaculture Stewardship Council (ASC) is a rapidly growing aquaculture certification scheme, 

certifying around 600 farms across 8 species standards as of April 2018. Of these, the salmon standard 

is the most comprehensive in terms of requesting the submission of data to ASC as part of the 

certification process. The work presented here was undertaken as part of the TAPAS project (Tools For 

Assessment and Planning of Aquaculture Sustainability; http://tapas-h2020.eu/) in order to appraise 

the data submitted since the salmon standard was implemented, with the aim of improving its 

usability through the creation of a database tool. Work started in October 2016: initially organising 

the data stored ƻƴ !{/Ωǎ ǎŜǊǾŜǊǎΣ ǘƘŜƴ ƛƴŎǊŜƳŜƴǘŀƭƭȅ ŘŜǾŜƭƻǇƛƴƎ ŀ ŘŀǘŀōŀǎŜ ƛƴ aƛŎǊƻǎƻŦǘ !ŎŎŜǎǎ as a 

ƳƻǊŜ ŘŜǘŀƛƭŜŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎǳōƳƛǘǘŜŘ ŘŀǘŀΩǎ ŦƻǊƳŀǘ ŀƴŘ ŀǾŀƛƭŀōƛƭƛǘȅ was developed. Data was 

then entered for key indicators of relevance to TAPAS and ASC, drawing on data available either from 

farm submissions or from the audit reports themselves. Data has been entered relating to: benthic 

state (redox/sulphide levels; biotic indices; copper concentrations; counts of macrofaunal taxa); feed 

use (forage fish dependency ratio or FFDR; eFCR; total feed use); mortalities; therapeutant use; and 

the parasiticide treatment index (PTI). This report aims to present the key findings in relation to data 

availability; the functioning of the database; and preliminary analyses of the data stored.  

http://tapas-h2020.eu/
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Farms that were certified before Christmas 2016 were included in the database, though their audit 

reports and farm data submissions were included up until mid-July 2017 and mid-March 2017 

respectively. This means a total of 160 farms across 6 countries (Canada, Chile, Faroe Islands, Ireland, 

Norway and the United Kingdom) were included; accounting for a total of 214 production cycles (of 

which 91 were finished and 123 ongoing at the time of data collection). Norway, Chile and Canada 

accounted for the majority of the 214 production cycles logged, with 139, 50 and 15 respectively. The 

scope for analysis for Ireland, the Faroe Islands, and the United Kingdom was very limited, with only 

3, 4 and 3 production cycles and 3, 3, and 2 farms logged respectively. For this reason they have been 

excluded from further analysis. Australian sites have also been excluded from data collection, due to 

the difficulty in recording data for a distinct batch of fish on-site: VR 116 allows the stocking of more 

than one year class per site, but kept at opposite ends of the site and with other biosecurity measures 

in place.  

Of 214 production cycles logged, the vast majority (193) produced Salmo salar, with 13 producing 

Oncorhynchus kisutch and 8 producing Oncorhynchus mykiss (both only in Chile). Given that most of 

the metrics measured in the ASC standard are measured against a complete production cycle, only 

those production cycles for which a harvest date was known (n=91) were considered in further 

analyses: 64 from Norway; 6 from Canada; and 19 from Chile.  

A key limitation of the work has been the availability and reliability of data for independent variables. 

Data was mostly available for stocking and harvesting dates and site location; but was lacking both 

availability and reliability for production volumes, site capacity (number of production units and/or 

maximum licenced biomass), stocking and harvesting counts and average fish sizes.  

Benthic independent variables were similarly mixed: sampling locations in relation to the AZE were 

mostly reported according to national monitoring methodologies, with this being a particular problem 

in Norway where the equivalence of the MOM-C sampling stations with those prescribed by ASC 

requires further work to establish. GPS locations were also reported in many cases (but in a variety of 

formats), with the main deficiency being in Norway where 45% of benthic sampling events did not 

report any GPS data. Owing to the lack of biomass data and extra location data (such as distance from 

cages and residual currents), the best comparisons available for benthic sampling were by the 

percentage of the production cycle that had elapsed at the time of sampling (calculated by comparing 

sampling dates to stocking and harvesting dates), and by classifications of sampling location in relation 

to the AZE.  

Data on therapeutant use and PTI was mostly available, with methodologies being explored to 

calculate the total amounts of active substance used for both antibiotics and parasiticides. The 

reliability of these measures at this stage again remains to be seen, with uncertainty mostly arising 

from the variety of formats in which dosages, quantities of product, and amount of fish treated were 

reported: quantities of product were often not explicitly for the active substance only and the quantity 

of fish treated was often not available. Data relating to treatment timing and frequency was also 

mixed: it was often not clear whether submitted dates referred to the actual date of application or 

ǘƘŜ ŘŀǘŜ ƻŦ ǇǊŜǎŎǊƛǇǘƛƻƴΣ ŀƴŘ ŀƳōƛƎǳƛǘȅ ƻǾŜǊ ǘƘŜ !{/Ωǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ άǘǊŜŀǘƳŜƴǘέ ƳŜŀƴǘ ƛǘ ǿŀǎ ŘƛŦŦƛŎǳƭǘ 

to establish the appropriate level of aggregation (some treatment events occurred back to back but 

were reported separately), and thus the frequency of treatments.  

Data has been collected on the total mortalities; total viral mortalities; and total unexplained 

mortalities per production cycle. More detailed data has been submitted in many cases, but difficulties 

in classifying the multitude of mortality causes and extracting this data from difficult submission 

formats (e.g. PDF) means this was not collected in the current work.  
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Feed usage was also addressed, with data collected on the forage fish dependency ratio (FFDR), eFCR 

and total feed used per production cycle. An alternative to the FFDR for fish oil is the level of wild 

sourced EPA/DHA inclusion (g kg feed-1), however only one production cycle submitted data for this.  

Analyses of FFDR values ǎǳǇǇƻǊǘ ǘƘŜ !{/Ωǎ revision of FFDR limits (in April 2017), showing that all 

country averages were below both the previous and new limits. 

Nitrogen and phosphorous monitoring is required by ASC at sites for which there is no national or 

regional classification of water body quality, which was the case for Chile and Canada. The resulting 

data has been submitted to ASC and is closely aligned with the topic areas under the TAPAS project. 

However, upon appraisal of the data submitted it was evident that extracting this data would be too 

time consuming, given the volume and formats of submission.  Sampling was weekly, at 4 sampling 

stations per week, measuring 5-7 parameters per station, with this data submitted mostly in PDFs and 

Microsoft Excel files of varying structure. Whilst not currently collected, it may be possible to revisit 

this with automated methods of data extraction. 

The variety in independent variable data availability and reliability is perhaps not surprising given the 

primary purpose of data submission is seen as being in order to show compliance against certain 

indicators, none of which explicitly ask for such detailed production data. Furthermore, whilst some 

of this data is currently asked for in audit reports, many of the audits surveyed in this project were 

wrƛǘǘŜƴ ǇǊƛƻǊ ǘƻ ǘƘŜ ǇǳōƭƛǎƘƛƴƎ ƻŦ ǘƘŜ !{/Ωǎ ŀǳŘƛǘ ǊŜǇƻǊǘ ǘŜƳǇƭŀǘŜΣ ƳŜŀƴƛƴƎ the level of detail included 

ǿŀǎ ŀǘ ǘƘŜ /!.ǎΩ ŘƛǎŎǊŜǘƛƻƴΦ Lastly, even for those audits that used the template, there is a lack of 

guidance on what the relevant fields are asking for. This has been recognised by ASC and is in the 

process of being addressed. 

The structure of the database produced has been dictated by the data for which it was being built: 

there is a degree of extra complexity necessitated by the variability in the data collected. As a result, 

it is likely that a future version for use by ASC can be simplified to some extent: as lessons from this 

work are carried through to improving data collection and guidance for farms and auditors, it is likely 

that the consistency of data collected will be improved. This may therefore form the basis of future 

work for ASC as part of both the TAPAS project and internally. As well as this, there is now almost a 

ȅŜŀǊΩǎ ǿƻǊǘƘ ƻŦ Řŀǘŀ ǿƘƛŎƘ Ƙŀǎ ƴƻǘ ōŜŜƴ ŎƻƭƭŜŎǘŜŘ ŘǳŜ ǘƻ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǳse of cut-off dates for this 

initial project. Future work could therefore focus on updating the data stored, but perhaps taking a 

different approach: engaging with producers using a structured survey to ensure more consistent data 

collection. Lastly, the ASC certifies other species that are of potential interest to TAPAS work partners, 

such as freshwater trout. Whilst these do not have the same level of data submission requirements as 

for salmon, there may be some water quality monitoring data available from trout farms.  
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1. Background 
 

The Aquaculture Stewardship Council was formed in 2010, with the first farm certified in 2012. An 

overview of the ASC system is given in Annex 1. Since the publishing of the salmon standard in June 

2012, the scheme has grown to certify 600 farms across 8 species standards (as of April 2018). Within 

this, farms certified to the salmon or trout standards are of primary interest to TAPAS, given their 

ƛƳǇƻǊǘŀƴŎŜ ƛƴ 9¦ ŀǉǳŀŎǳƭǘǳǊŜ ŀƴŘ ǘƘŜ ¢!t!{ ǇǊƻƧŜŎǘΩǎ focus on facilitating improvements in EU 

aquaculture. This fits well with the current composition of the ASC scheme, with 240 Salmon farms 

and 53 Trout farms certified (just under 50% of all certified farms, as of April 2018). Furthermore, 

salmon farms currently submit the greatest amount of farm performance data directly to ASC as part 

of the certification process.  

The main farm performance data requirements are laid out in appendix VI of the salmon standard. 

This constitutes 37 data items, the full list of which are given in Annex III of this document. These are 

of varying data types (written declarations; time series data; calculated metrics values) and 

ƳŜŀǎǳǊŜƳŜƴǘ ŦǊŜǉǳŜƴŎƛŜǎ όάƻƴƎƻƛƴƎέΤ ǿŜŜƪƭy; annually; per production cycle) and as such are not all 

of interest to the TAPAS project. The key metrics identified as being of use to TAPAS are given in table 

1. However prior to the work undertaken for TAPAS, little had been done to organise and use the data 

submitted. Therefore the work undertaken as part of the TAPAS project represents a vital first step in 

appraising data collected by the ASC thus far, as well as generating tools and recommendations that 

can be adapted for future use as the scheme continues to mature. 

 

Table 1. Indicators identified as being of primary interest to TAPAS 

Indicator number Indicator 

2.1.1 Redox potential/Sulphide levels 

2.1.2 Biotic indices (Shannon-Weiner; AMBI; BQI; ITI) 

2.1.3 Count of macrofaunal taxa 

2.2.1 Dissolved oxygen (% saturation) 

2.2.2 Dissolved oxygen (mg/L) 

2.2.4 Nitrogen & phosphorous monitoring 

4.7.1 Copper concentrations in sediment 

5.2.1 
Therapeutant use (inc. amount of active ingredient used, timing, amount of 
fish treated, reason for treating) 

 

2. Work to date 
 

2.1 Overview  
 

Farms have been submitting data in emails (as attachments of different file formats), with these then 

being saved to a folder in an unstructured manner, so initial work focused on reorganising these to 

speed up later use. From these, attached data files were then extracted and organised by submission 

date per farm. Throughout the work, data has been considered from both farm submissions (FS) and 
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audit reports (ARs), with this allowing a degree of triangulation in some instances, whilst generating 

confusion in others where the values differ.  

Data from several producers was appraised and attempts made to organise this into a uniform 

structure (in Excel). This gave a good idea of the kinds of data available, the main submission formats 

used and some of the key issues around data availability and submission timing. Following this, a 

database has been designed in MS Access. This has been an iterative process, with the design being 

adapted as a result of further findings relating to data availability as the work has progressed.  

With the database structure now relatively set, data has been entered for several indicators (table 2).   

 

 

Table 2. Indicators for which data has been entered in the database to date. 

Indicator number Indicator 

2.1.1 Redox potential/Sulphide levels 

2.1.2 Biotic indices (Shannon-Weiner; AMBI; BQI; ITI) 

2.1.3 Count of macrofaunal taxa 

4.2.1/4.2.2 FFDR (inc. amount of feed used) 

4.7.1 Copper concentrations in sediment 

5.1.4/5.1.6 Total mortalities (inc. % unexplained) 

5.2.1 
Therapeutant use (inc. amount of active ingredient used, timing, amount of 
fish treated, reason for treating) 

5.2.5 Parasiticide treatment index (PTI) 

 

 

Of note in table 2 is the omission of nitrogen and phosphorous monitoring data. Firstly, data is only 

available from Chilean farms, as Chile is the only jurisdiction for which there are no national water 

quality classifications available (thereby obligating the monitoring of N & P levels). Secondly, this data 

is only available in PDFs or awkwardly structured Excel files for the majority of farms, with a level of 

detail that would make extraction too time consuming to undertake at this stage.  

 

3. Sample details 
 

3.1 Criteria for inclusion during data collection 
 

The ASC program has of course continued to operate during the study period and has grown 

considerably in this time. It was therefore necessary to set a cut-off date beyond which farms and 

their data would not be included in the project. These differ for the inclusion of farm sites themselves, 

their data submissions (FS) and their audit reports (ARs), and are detailed in table 3.  
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Table 3. Cut-off dates and the reason for their selection for each of the 3 main inputs into the database 

Item for analysis 
Cut-off date 
for inclusion 

Reason 

Farm sites 25/12/2016 
The first cut-off date to be set, work was underway 
around Christmas time and was an easy date to 
remember 

Farm data submissions 
(FS) 

16/03/2017 
The date by which a separate TAPAS file directory had 
been established on the ASC server 

Audit reports (AR) 12/07/2017 
The date by which key details of audits, sites and 
production cycles had been entered into the database 

 

This has been done for salmon farms from all countries (i.e. not limited to within the EU/EEA), with 

the exception of Australia. This is due to the difficulty in tracking metrics on a per production cycle 

basis (as recorded in the database, see 3.2 below) following the approval of a variance request (VR 

116, 2015) allowing Australian sites to host multiple year classes at the same time.  

 

3.2 Determination of the base unit of sampling 
 

The smallest unit against which data is recorded is influenced by both the scope of the unit of 

certification (UoC) and the timing of audits in relation to each production cycle (itself influenced by 

the length of a typical salmonid production cycle, commercial considerations and data submission 

requirements). 

Firstly, the unit of certification (UoC) consists of the site which is being audited and certified in a single 

audit event. ¢Ƙƛǎ Ƴŀȅ ōŜ ŀ ǎƛƴƎƭŜ ǎƛǘŜ ƻǊ ŀ άŎƭǳǎǘŜǊέΣ ǿƛǘƘ a cluster certificate covering two or more 

farm sites. If the UoC is a cluster, data has been recorded separately in the database for each site 

within the cluster.     

Secondly, salmonid marine production stages typically last at least a year and producers want to be 

able to benefit from selling ASC-certified product from the first audited production cycle, meaning 

audits often occur before a production cycle is completed (though product can only be sold as ASC 

certified once the results from a full production cycle have been checked by the auditor). Furthermore, 

audits occur annually, so data has predominantly been submitted at audit time each year. Both of 

these factors result in partial data being submitted for production cycles that are ongoing at the time 

of audit, with complete cycle data only being available in the audit following the end of the production 

cycle. Whilst this is of limited importance for those indicators measured on a continual basis, such as 

dissolved oxygen and lice counts, it has a bearing on the majority of indicators where measurement is 

once per cycle and requires data from a complete cycle (or sampling at or near peak biomass as is the 

case for benthic indicators). As a result, data has been collected on a per production cycle basis for 

each site, with data being recorded separately for each site within a UoC.  
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3.3 Sample Composition 
 

3.3.1 Production cycle length and country/cultured species spread 
 

A summary of the total number of producers and production cycles included in the database is given 

in table 4. However, due to the nature of the sampling undertaken (i.e. the necessary use of cut-off 

dates for data inclusion), many of the production cycles were incomplete at the time of sampling. This 

has been exacerbated further by the lack of consistency in reporting in both FS and ARs, with the likely 

situation that some production cycles have actually finished, but with no final harvest date being 

clearly reported. The main source of harvest dates has been indicator 5.4.1, which requires evidence 

that all fish on site are a single year class (through the reporting of fallowing dates for example). 

 

 

Table 4. The number of producer companies, sites and production cycles that have been included in the database, per country. 
άCƛƴƛǎƘŜŘέ ƳŜŀƴǎ ŀ ƘŀǊǾŜǎǘ ŘŀǘŜ ǿŀǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀ ǇǊƻŘǳŎǘƛƻƴ ŎȅŎƭŜ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΤ άhƴƎƻƛƴƎέ ƳŜŀƴǎ ǘƘŜǊŜ 
was none.  

Country 
Count of 

producers 

Number of sites Production cycles 

Total 

With at least 
one finished 
production 

cycle 

No finished 
production 

cycles 
Total Finished Ongoing 

Canada 2 12 6 6 15 6 9 

Chile 7 42 18 24 50 19 31 

Faroe 
Islands 

2 3 1 2 4 1 3 

Ireland 1 3 0 3 3 0 3 

Norway 10 98 60 38 139 64 75 

United 
Kingdom 

1 2 1 1 3 1 2 

TOTAL 23 160 86 74 214 91 123 

 

 

From table 4 It can be seen that at the time of sampling there were very few sites and companies 

certified by the ASC in the Faroe Islands, Ireland and the United Kingdom. As a result, these have been 

excluded from further analysis. 

Where possible, a distinction has been made between the date that smolt were first stocked to the 

sea and the date on which they were stocked to the audited site (i.e. the site for which data has been 

submitted). As a result, both the total time that the fish spend on the audited site and the total time 

that they spend at sea can be calculated (table 5 & figure 1). This shows that the total time that fish 

of each species are spending both at sea and on audited sites is relatively equal between countries. 

However, it is evident from the error bars in figure 1 that there is a large degree of uncertainty in some 

of these values. This is likely due to the small sample sizes and the level to which some dates had to 

be imputed, with several harvest dates being defaulted to the start of a month (n=9) or start of a week 

(n=2) as only the month or week of harvest were given. In reality, harvest may take place over several 
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days anyway, so using an exact date as a measure of cycle length may be slightly arbitrary. 

Furthermore, being able to fully account for the movements of fish prior to their stocking into the 

audited site may be an unrealistic ambition, given the potential complexity of fish movements. Indeed 

this may not have been captured effectively, given that the mean total time at sea and total time on-

site are so similar: either the producers were all stocking straight from freshwater smolt sites into the 

audited site, or the intermediate sites used between the two were not fully reported. 

 

Table 5. Mean length of time on-site (days) and total time at sea (days) per production cycle (n) for each country and 
cultured species combination 

 

 

 

Figure 1. Graph showing the mean time on-site (days) and mean total time at sea (days) per production cycle for each country 
and cultured species combination. Length of time on-site : Canada, S. salar (n=6); Chile, O. kisutch (n=3), O. mykiss (n=4), S. 
salar (n=12); Norway, S. salar (n=64). Total time at sea sample sizes are the same for all but Canada (S. salar), where there 
was no date of first transfer to sea available for one production cycle. Error bars = ±1 SD

 

 

Whilst it may have been interesting to compare the performance of the same sites over consecutive 

production cycles, only 5 sites had completed a second production cycle by the time of sampling. This 

Country Species 
Length of time on-site (days) Total time at Sea (days) 

n Mean (±SD) n Mean(±SD) 

Canada Salmo salar 6 572.17 (±67.56) 51 645.60 (±114.46) 

Chile 

Oncorhynchus kisutch 3 331.67 (±54.99) 3 353.33 (±45.98) 

Oncorhynchus mykiss 4 376.50 (±177.92) 4 376.50 (±177.91) 

Salmo salar 12 563.50 (±89.57) 12 563.50 (±89.57) 

Norway Salmo salar 64 575.95 (±132.63) 64 621.14 (±98.47) 
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is again a reflection of the relative youth of the ASC program, having only certified the first salmon 

farm in 2014. The spread of production cycles according to the year of stocking (to the audited site) is 

shown in figure 2.  

 

 

 

Figure 2. Graph showing the count of finished production cycles by country, cultured species and year of stocking to the 
audited site.

 

 

3.3.2 Audit Reports 
 

A summary of the total number of audit reports included in the database is given in figure 3. Those 

values shown with green bars represent the audits which are relevant to the final sample of sites (i.e. 

the 86 sites with at least one completed production cycle), with audits only being counted if they 

started after the stocking date for the relevant production cycle, as only then could they potentially 

contain any data relevant to that production cycle. IƻǿŜǾŜǊ ǘƘƛǎ ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŀǘ ŜŀŎƘ ŀǳŘƛǘ 

counted actually contains data relevant to the finished production cycle, as it has sometimes proven 

very difficult to attribute the data contained in audits to a specific production cycle due to a lack of 

specific production cycle identification in reports.  
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Figure 3. Graph showing the number of audits included in the database by country, audit type and whether they apply to a 
site which has at least one finished production cycle. IA = initial audit; SA1 = first surveillance audit; SA2 = second 
surveillance audit;  RC = recertification audit.

 

 

Figure 4 shows the timing of audits in relation to harvest for those audits where the cycle was not yet 

finished at the time of auditing, calculated as: 

 

Ὀὥώί ὶὩάὥὭὲὭὲὫ όὲὸὭὰ ὬὥὶὺὩίὸὌὥὶὺὩίὸ ὨὥὸὩὕὲίὭὸὩ ὥόὨὭὸ ίὸὥὶὸ ὨὥὸὩ  

 

 Given that the harvest date is required to be able to calculate this, only those audits that took place 

during a finished production cycle have been counted. It is not immediately clear why audits are taking 

place around 200-300 days before the harvest of the cycle. However this may be a result of the method 

of calculation, which takes the final day of harvest as the harvest date, when in fact harvest may take 

place over a longer period.  
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Figure 4. Box and whisker plot showing the number of days before harvest that audits took place, in cases where the 
production cycle was ongoing at the time of audit. This can only be calculated for completed production cycles. The Faroe 
Islands and United Kingdom have been excluded as they each had only one eligible audit. Canada (n=6); Chile (n=19); 
Norway (n=69). 

 

 

4. Benthic Indicators 
 

Throughout this section, each distinct time that a farm has conducted benthic sampling is referred to 

ŀǎ ŀ άǎŀƳǇƭƛƴƎ ŜǾŜƴǘέΦ Within each sampling event there can be several sampling stations, within 

which there may be several replicates.  

 

4.1 Data availability  

 

4.1.1 Contextual data stored per sampling station 
 

The following contextual data has potentially been stored for each sampling station (with varying 

levels of availability per data point): 

¶ Sample Date 

¶ Location in relation to the AZE/farm 

¶ On-site biomass (mT) 

¶ Distance from the cages (m) 

¶ Water depth (m) 
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¶ Type of sampling grab used 

¶ Volume of sample taken (L) 

¶ Whether the station had a hard substrate 

¶ GPS coordinates 

 

More details on the availability of sample dates and locations (including GPS) are given in sections 

6.1.2 and 6.1.3 respectively. These have been addressed separately as they have the most data 

available, from both reported and imputed sources. Whether or not a station had a hard substrate 

(i.e. too hard to sample) is also excluded, given that this was recorded for all but 15 stations and is 

easily imputable from whether metrics data was even submitted for a station. For the remaining 

contextual data points, table 7 details the number of sampling events or stations  for which this data 

was available.  

 

 

Table 6. The number of records for benthic sampling that reported different types of contextual data. n = the total number 
of units for the respective level of data collectiƻƴΣ ǇŜǊ ŎƻǳƴǘǊȅΦ ά9ǾŜƴǘsέ ƳŜŀƴǎ ǘƘŜ ǎŀƳǇƭƛƴƎ ŜǾŜƴǘΣ ǿƛǘƘƛƴ ǿƘƛŎƘ ǘƘŜǊŜ are 
several sampling locationsΣ ƻǊ άǎǘŀǘƛƻƴsέΦ  

Data field 
Level of data 

collection 

Canada Chile Norway 

n 
# with data 

available [%] 
n 

# with data 
available [%] 

n 
# with data 

available [%] 

On-site 
biomass (mT) 

Events 5 0 36 0 64 21 [32.81] 

Distance from 
the cages (m) 

Stations 53 0  392 0 414 31 [7.49] 

Water depth 
(m) 

Stations 53 0 392 23 [5.87] 414 30 [7.25] 

Type of grab 
used 

Stations 53 0 392 35 [8.93] 414 57 [13.77] 

Volume of 
sample taken 

(L) 
Stations 53 0 392 0  414 18 [4.35] 

 

 

4.1.2 Spread of sampling events by indicator and production cycle 
 

Figure 5 details the percentage of sampling events reporting data for each indicator per country. Of 

interest here is the low reporting of GPS data from Norwegian benthic surveys. This is most likely due 

to the lack of guidance in reporting requirements from ASC, with GPS not being explicitly requested 

for submission. As a result, GPS data was only available if the full benthic survey report had been 

submitted, whereas it was often the case that sites would just submit the minimum values required 

to show compliance with each of the indicators (e.g. just the redox measurements, to show they were 

all > 0mV). It is also worth noting that the presence of copper monitoring data is not directly 

comparable to the other indicators in figure 5, given that monitoring is only required if the farm has 

been using copper-based net antifoulants.  
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Figure 5. The percentage of sampling events reporting data for each indicator. GPS and pH are not explicit indicators in the 
ASC standard, but were collected due to their relevance to TAPAS. Total number of reported sampling events: Canada (n=5); 
Chile (n=36); Ireland (n=3); Norway (n=64).  

 

 

 

Figure 6 shows the number of production cycles that have reported benthic sampling data, further 
divided by the number of sampling events per cycle and whether the cycle was finished at the time of 
data collection or not. The one production cycle that was sampled three times may be an error caused 
by the way farm data was submitted: of three separate reports submitted, it is unclear whether two 
were from the same sampling event (but with different laboratories undertaking different aspects of 
the analyses) as only one gave exact dates of sampling. For those production cycles where two 
sampling events have been reported, this is most likely due to the ASC requirement for sampling at 
peak biomass: if the first sampling event did not satisfy this requirement then a second one would be 
necessary in order to address the relevant non-conformity. It therefore makes sense that for the most 
part only finished production cycles have been sampled twice.  
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Figure 6. Graph showing the number of production cycles for which a benthic sampling event has been reported, further 
categorised by how many sampling events were reported for each production cycle, and whether the production cycle was 
finished at the time of entry into the database. Count of production cycles for which benthic sampling took place: Canada 
(n=5); Chile (n=28); Ireland (n=2); Norway (n=53). 

 

 

4.1.3 Sampling date availability and timing of sampling  
 

Each sampling event has to have a sampling date in order to allow it to be recorded in the database 

(to ensure each record is unique). As a result, dates have had to be imputed in some cases where an 

exact date of sampling has not been submitted. Figure 7 plots the percentages of sampling dates that 

ƘŀǾŜ ōŜŜƴ ƛƳǇǳǘŜŘ ǇŜǊ ŎƻǳƴǘǊȅΦ άDefaulted to start of the monthέ ƛƳǇƭƛŜǎ ǘƘŀǘ ŀ ŘŀǘŜ ǿŀǎ ǎǳōƳƛǘǘŜŘ 

to the precision of a montƘΤ άdate ŦǊƻƳ ǎǳōƳƛǎǎƛƻƴ ŘŀǘŜέ ƳŜŀƴǎ ǘƘŜ ŘŀǘŜ ƻŦ ǎǳōƳƛǎǎƛƻƴ ǘƻ !{/ ǿŀǎ 

taken as the sample date; άŦƛǊǎǘ ŘŀǘŜ ƻŦ ŀ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘέ ƳŜŀƴǎ ǘƘŀǘ ǎŀƳǇƭƛƴƎ ǘƻƻƪ ǇƭŀŎŜ ƻǾŜǊ 

several days (but less than a week), so the first date of that period was used as the sample date; and 

άŘŀǘŜ ƻŦ ǊŜǇƻǊǘέ ƳŜŀƴǎ ǘƘŀǘ ƻƴƭȅ ŀ ŘŀǘŜ ƻŦ ǇǳōƭƛǎƘƛƴƎ of the benthic report (e.g. written by a benthic 

sampling contractor or governmental body) was available. It is also important to note here that 

άŜȄŀŎǘέ ŘƻŜǎƴΩǘ ƎǳŀǊŀƴǘŜŜ ǘƘŀǘ ǘƘŜ ŘŀǘŜ ƛǎ ŎƻǊǊŜŎǘΣ ƻƴƭȅ ǘƘŀǘ ƛǘ ǿŀǎ ǊŜŎƻǊŘŜŘ ŀǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ŦŀǊƳ 

submission and/or audit report. 
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Figure 7. The percentage of sampling events that submitted a sample date to different levels of precision, by country. 
άDŜŦŀǳƭǘŜŘ ǘƻ ǎǘŀǊǘ ƻŦ ǘƘŜ ƳƻƴǘƘέ ƛƳǇƭƛŜǎ ǘƘŀǘ ŀ ŘŀǘŜ ǿŀǎ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ ǇǊŜŎƛǎƛƻƴ ƻŦ ŀ ƳƻƴǘƘΤ άŘŀǘŜ ŦǊƻƳ ǎǳōƳƛǎǎƛƻƴ ŘŀǘŜέ 
ƳŜŀƴǎ ǘƘŜ ŘŀǘŜ ƻŦ ǎǳōƳƛǎǎƛƻƴ ǘƻ !{/ ǿŀǎ ǘŀƪŜƴ ŀǎ ǘƘŜ ǎŀƳǇƭŜ ŘŀǘŜΤ άŦƛǊǎǘ ŘŀǘŜ ƻŦ ŀ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘέ ƳŜŀƴǎ ǘƘŀǘ ǎŀƳǇƭƛƴƎ 
took place over several days (but less than a week), so the first date of that period was used as the sample ŘŀǘŜΤ ŀƴŘ άŘŀǘŜ 
ƻŦ ǊŜǇƻǊǘέ ƳŜŀƴǎ ǘƘŀǘ ƻƴƭȅ ŀ ŘŀǘŜ ƻŦ ǇǳōƭƛǎƘƛƴƎ ƻŦ ǘƘŜ ōŜƴǘƘƛŎ ǊŜǇƻǊǘ όŜΦƎΦ ǿǊƛǘǘŜƴ ōȅ ŀ ōŜƴǘƘƛŎ ǎŀƳǇƭƛƴƎ ŎƻƴǘǊŀŎǘƻǊ ƻǊ 
governmental body) was available. Canada (n=5); Chile (n=37); Norway (n=64).

 

 

Based on the available sample date data, it is possible to test how well farms adhere to the 

requirement that benthic sampling should be undertaken at or near peak on-site biomass. Figure 8 

plots the timing of each sampling event as a percentage of the total on-site time (i.e. the time in days 

between stocking and harvesting for the audited site), calculated using the formula:  

 

Ϸ ὧώὧὰὩ ὧέάὴὰὩὸὩὨ ὥὸ ὦὩὲὸὬὭὧ ίὥάὴὰὭὲὫ
ρππὛὥάὴὰὩ ὈὥὸὩὛὭὸὩ ὛὸέὧὯὭὲὫ ὈὥὸὩ

Ὕέὸὥὰ ὰὩὲὫὸὬ έὪ ὸὭάὩ έὲ ίὭὸὩ
  

 

Excluded from this plot are those samples for which the actual date of sampling is not known (n=21), 

and those for which the cycle was not finished at the time of TAPAS data collection. As a result only 1 

record was available for Canada, meaning it was also excluded from the figure.    

Despite there being a broad range of sample timings, the median and mean sampling times are both 

at around 65-75% of the production cycle. This supports a clarification in the ASC standard (pg. 73 of 

the standard) that came into effect after the cut-off dates for data collected for the TAPAS project: 
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that site visits (and audited benthic data) can occur from 75% of peak biomass, as long as values from 

peak biomass are made available before a certification decisions is taken. Furthermore, the 

percentages shown here may be an underestimate given that the harvest date recorded for each 

production cycle relates to the last day of harvest: peak biomass will have been reached some days 

before this, meaning the timing of benthic sampling as a percentage of the time taken to reach peak 

biomass would actually be higher.  

 

 

Figure 8. Box and whisker plot of the percentage of each production cycle that had elapsed at the time of benthic sampling. 
Some production cycles may be counted twice if they have had 2 sampling events. Sampling events: Chile (n=21); Norway 
(n=36).

 

 

4.1.4 Location of sampling 
 

A key component of the ASC benthic sampling requirements is the location of sampling in relation to 

the farm, the allowable zone of effect (AZE) and residual current direction, for which guidance is given 

in appendix I of the salmon standard. This is essential in judging farm compliance. For example, redox 

values must be >0 mV outside the AZE; diversity indices are judged for stations outside the AZE; and 

the number of highly abundant macrofaunal taxa (that are not pollution indicators) must be җ2 inside 

the AZE. As a result, data describing the relative position of sampling is essential for judging 

compliance and for allowing comparisons between sites. However, during data collection it became 

evident that farms have been using different sampling methodologies than those described in the ASC 

standard, mostly as a result of them using modified versions of government-mandated 

methodologies. Whilst this is allowed (as long as the methods used maintain sufficient rigour), it has 
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complicated further analysis as the equivalence between the sampling locations used and those 

described in the ASC standard is not always made clear.   

Due to the variation between countries, the location of sampling was categorised during data 

collection with the aim of re-codifying this into a common set of categories in order to allow 

comparison. Initial categorisation used the ASC sampling methodology, the Norwegian MOM-

B/MOM-C methodology, and ƻǘƘŜǊ ŎŀǘŜƎƻǊƛŜǎ ǘƘŀǘ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ƭƻŎŀǘƛƻƴǎ ǿƘƛŎƘ ŘƛŘƴΩǘ Ŧƛǘ ƛƴǘƻ ŜƛǘƘŜǊ. 

A full list of the categorisations is available in annex IV of this document. From this it became apparent 

that the scope for potential comparisons is limited by the availability of data that would allow different 

categorisations to be equated with each other, such as whether the station was within or outside the 

AZE, and its position in relation to residual currents. This is mainly a problem for Norwegian sampling, 

where the relation of MOM-C/MOM-B categorisations to the AZE (and currents) is not easily available. 

Sampling stations from both Chile and Canada are fairly consistent in having reported their locations 

in relation to the AZE, whereas Norway has more frequently reported according only to the MOM-C 

station names. As a result, figures 9 and 10 present the availability of benthic location data for both 

Chile and Canada, whereas figure 11 and 12 show similar but for Norway alone. For Norway, location 

classifications have been grouped by where they originate from (i.e. MOM-C/MOM-B; ASC; TAPAS) as 

it better demonstrates the level of reporting that used Norwegian sampling methodologies. The 

reporting of benthic results and data availability for Norway separately represents a short term 

solution, with the ambition to revisit this later once equivalencies between sampling methodologies 

have been clarified.  

 

 

Figure 9. Count of sampling stations per AZE classification and initial location classification for Chile (n=392) and Canada 
(n=53).  
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Figure 10. The distribution of sampling station locations for Chile and Canada, given as a percentage of their respective AZE 
location classification (i.e. adjacent to cages; within; outside; etc). 

 

 

Figure 11. Count of sampling stations per classification origin and initial location classification for Chile (n=414). 
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Figure 12. The distribution of sampling station locations for Norway, given as a percentage of the total sampling stations 
reported for each classification origin (i.e. Norway; ASC; TAPAS). 

 

 

From figures 9 to 12 it is evident that the current level of classification of sampling locations is in need 

of further refinement. This should be possible given more time, as CABs will be able to provide input 

on how they are currently interpreting regional sampling methodologies in relation to the ASC 

requirements when judging compliance, and further consultation with TAPAS work partners should 

also help. 

The ideal location data is GPS, with this also being submitted in different formats and availability 

between countries (figure 5). Table 8 and figure 13 give details of the main types of GPS data being 

submitted per country. The most difficult format to handle is the Universal Transverse Mercator (UTM) 

system, as this is not easily converted to a better format for use with digital mapping tools (decimal 

degrees, i.e. DD or DD.ddd). As a result, UTM values were converted to DD on a one-off basis (i.e. not 

automated) using ExpertGPS (https://www.expertgps.com/default.asp) and Sumapa 

(http://www.sumapa.com/). For the remaining GPS formats, conversion to DD has been automated 

using queries in the database. However, whilst GPS data has been submitted for quite a few of the 

sampling events, the utility of this at this stage is perhaps limited, given that further details about the 

GPS locations of the farm unit itself would be required to impute measures such as the distance of 

sampling from cages.  

 

 

https://www.expertgps.com/default.asp
http://www.sumapa.com/


22 of 69 
 

 

Table 7. The number and percentage of sampling events reporting in each GPS format, per country. 

Country 
Total no. 
of sample 

events 

DD MM SS.ss DD MM.mmm UTM 
GPS 

Unavailable 
# with data 

available [%] 
# with data 

available [%] 
# with data 

available [%] 
# with data 

available [%] 

Canada 5 0 0 0 5 [100] 

Chile 36 10 [27.78] 0 25 [69.44] 1 [2.78] 

Norway 651 0 36 [55.38] 0 29 [44.62] 

1. One extra sample event is counted here as one sample event submitted 2 types of GPS data. 

 

 

Figure 13. GPS submission formats as a percentage of sampling events per country. Total count of sampling events per 
country: Canada (n=5); Chile (n=36); Norway (n=65).

 

 

4.1.5 Reporting per diversity index 
 

Farms have a choice of four diversity indices to test in order to show compliance with the ASC 

standard: AZTI Marine Biotic Index (AMBI); Shannon-Weiner Index (SW); Benthic Quality Index (BQI); 

or the Infaunal Trophic Index (ITI). Table 9 gives details of the number of sampling stations submitting 

values for diversity indices per country and diversity index type. Figure 14 gives details of which 

diversity indices were used for each country (count of sampling events as a percentage of sampling 
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events for which at least one diversity index had been reported). More than one diversity index was 

used for some sampling events (n=9). 

 

Table 8. Count and percentage of sample stations submitting diversity index data, per diversity index and country. 

Country 
Total sample stations 

reporting 

SW index AMBI ITI 

# with data 
available [%] 

# with data 
available [%] 

# with data available 
[%] 

Canada 30 12 [40.00] 0  18 [60.00] 

Chile 300 151 [50.33] 149 [49.67] 0 

Norway 311 269 [86.50] 18 [5.79] 0 

 

 

 

Figure 14. Percentage of sampling events that reported a value for each different type of diversity index, per country. Total 
count of sampling events reporting: Canada (n=7); Chile (38); Norway (n=75). 

 

 

Analysis is further complicated by the fact that some sampling events have reported diversity index 

values once per station, whereas others have submitted a value for each replicate at each station. For 

values submitted once per station, it is not always clear whether this represents the mean of 

separately calculated replicate values, or the pooled value for both replicates (i.e. counting each 

distinct species and their abundances, across several replicates, towards one diversity index value for 

the whole station) (Table 10). For further analysis, stations that have reported a value per replicate 

have had the mean diversity index calculated: the άƛƳǇǳǘŜŘ ŀǾŜǊŀƎŜ ƻŦ ǊŜǇƭƛŎŀǘŜǎέΦ  
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Table 9. The count and percentage of sample stations that reported diversity indices measurements according to different 
formats. "pooled replicates" means that each species and its abundance was counted across several replicates towards one 
index value for the stationΤ άǳƴǎǇŜŎƛŦƛŜŘέ ƳŜŀƴǎ ƻƴƭȅ ƻƴŜ ǾŀƭǳŜ ǿŀǎ ǎǳōƳƛǘǘŜŘ ŦƻǊ ǘƘŜ ǎǘŀǘƛƻƴ ōǳǘ ƛǘΩǎ ƴƻǘ ŎƭŜŀǊ ǿƘŜǘƘŜǊ ǘƘƛǎ 
was pooled across replicates or not.  

Country 
Total sample stations 

reporting 

Per replicate Pooled replicates Unspecified 

# with data 
available [%] 

# with data 
available [%] 

# with data available 
[%] 

Canada 30 0 0 30 [100] 

Chile 300 85 [28.33] 6 [2.00] 213 [71.00] 

Norway 311 190 [61.09] 150 [48.23] 140 [45.02] 

 

 

4.1.6 Benthic taxa identities 
 

In some cases the identity of benthic taxa sampled has also been submitted, though not explicitly 

requested in the ASC standard. However, this data has almost exclusively been submitted in PDFs as 

long tables giving counts per sampling station, with this being far too time consuming to extract.  

 

4.2 Example queries/outputs 
 

The scope of analyses is relatively limited at this stage given the lack of contextual data (as described 

in section 4.1), meaning only some basic analyses are presented here in order to give an idea of what 

is possible with the current database design.  

 

4.2.1 Comparison of benthic measures within and outside the AZE 
 

Figure 15 shows the average Shannon-Weiner index score per AZE location class and per country, from 

both imputed (i.e. mean of individual replicates) and reported (pooled or unspecified averages) 

sources. The metric limit for SW index is >3 for stations outside the AZE; which it appears sites in Chile 

are not always in compliance with. However, several farms in Chile have applied variance requests 

(93; 94 and 204) due to being sited in regions with naturally low benthic diversity, which is supported 

by the low diversity values also seen at reference sites. From figure 15 it is also clear that greater 

clarity over the type of station value submitted (i.e. pooled replicates or not) is needed during 

submission to ASC, given the sometimes large difference seen between imputed and reported values.  

Figures 16 takes the same approach as for the SW index but for AMBI, with the same caveats attached. 

The metric limit for AMBI scores is Җ3.3 for stations outside the AZE. In this case it appears that 

Norwegian farms are not always in compliance. On closer inspection, this applies to a single site for 

which SW-index scores were also available. Furthermore, the elevated average may be due to issues 
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caused in the database by farms for which more than one type of diversity index is submitted, with 

this to be revisited in the future.  

 

 

 

Figure 15. Mean Shannon-Weiner index score per station, per AZE location and per country, from either imputed or 
reported sources. Error bars = ±1 SD.  
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Figure 16. Mean AMBI score per station, per AZE location and per country, from either imputed or reported sources. Error 
bars = ±1 SD. 

 

Figures 17 takes a similar approach as for diversity indices but for redox levels (sulphide has been 

excluded due to low data availability). The metric requirement is for redox potentials to be >0mV for 

stations outside of the AZE.  
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Figure 17. Mean redox potential per station, per AZE location and per country. From either imputed or reported sources. 
Error bars = ±1 SD. 
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Figure 18 shows a similar output for copper concentrations in the sediment, but with comparison 

between sites that used copper-based antifoulants and those which did not. However, in both Canada 

and Chile only sites which used copper-based antifoulants submitted copper concentration data, as it 

is only they who are mandated to measure this by the ASC standard. The metric limit for this is <34 

mg Cu/kg dry sediment for stations outside of the AZE. In the case of Canada, it may be that 

compliance was granted based on evidence that copper levels are equivalent to those found at a 

reference site, given that the mean copper concentrations for reference sites is also high.  

 

Figure 18. Mean copper concentration in sediments per sampling station, per country, AZE location and whether or not copper 
antifoulants were used for the production cycle. Imputed and reported copper concentrations have been pooled where both 
were provided. Error bars = ±1 SD. 

 






















































































