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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 Farmsubmissionsi.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 benesiteinthecaS 2F | &Ay3fS aAdS | dzRA Gandit2 NJ S 3S

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 aite undergoes in order to become certified

SAL: first surveillance audithe first of2 annual surveillance audits that a site must undergo once
certified, in order to maintain their certification

SA2: second surveillance audhgetsecondof 2 annual arveillance audits that a site must undergo
once certified, in order to maintain their certification

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

Executivesummary

The Aquaculture Stewardship Council (ASC) is a rapidly gregiragulturecertification scheme,

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

is the most comprehensive in terms of requesting the migsion of data to AS@s part of the
certification processThe work presented here was undertaken as part of the TAPAS projas(For
Assessment and Planning of Aquaculture Sustainalbility;//tapas-h2020.eu) in order to appraise

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

usability through the creation of a database to@lork started in October 2@t initially organising
thedatastorel2y ! {/ Qa4 &aSNBSNBR>X (KSYy AYyONBYSylldaeé RSQ
Y2NBE RSGFAfT SR dzyRSNRERUGIFYRAY 3 27F WakdsveldpmiDdtawias SR R
then entered for key indicators of relevance to TAPAS and ASC, dawitaga availableither from

farm submissions dirom the audit reports themselve®ata has been entered relating to: benthic

state (redoXsulphide levels; biotic indices; copper concentratioosiints of macrofaunal taxajged

use (forage fish dependew ratio or FFDR; eF(Btal feed usg mortalities; therapeutant useand

the parasiticide treatment index (PTI).i§lheport aims to present the key findings in relation to data
availability the functioning of the databas andpreliminary analyses of the data stored.

N U
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Farms that were certifiedbefore Christmas 2016vere included in the dabase though their audit
reports and farm data submissions were included up until-goily 2017 and mitlarch 2017
respectivelyThis means total of 160 farms acrogscountries (Canada, Chilearoe Islands, Ireland,
Norway and the United Kingdomere included; accounting for a total of 214 production cycles (of
which 91 were finishednd 123 ongoing at the time of data collectiohorway, Chile and Canada
accounted for the majority of the 214 production cycles logggth 139, 50 and 15 respectiveljhe
scope for analysis for Ireland, the Faroe Islands, and the United Kingdenery limited, with only
3, 4 and3 production cycles an8, 3, and 2 farms loggeadspectivelyFor this reason they have been
excluded from further analysidustralian sites have also been excluded from data collectioa to
the difficulty in recording data for a distinct batch of fish-site: VR 11@llowsthe stocking of more
than one year class per site, but kept at opposite ends of the sitevithcbther biosecurity measures
in place.

Of 214 production cycles loggeiihe vast majority (193) produce8almo salgrwith 13 producing
Oncorhynchugisutchand 8 producingOncorhynchus mykigboth only in Chile)Given that most of
the metrics measured in the ASC standard are measured against a complete productioordycle,
those production cycles for which a harvest date was known (hw&te consideredn further
analyses64 from Norway; 6 from Canada; and 19 from Chile.

A key limitation 6the work has been the availability and reliabilitydsta for independen variales.
Data wasmostly available forstocking and harvestindatesand site location but waslackng both
availability and reliability for production volumesite capacity (number of production units and/or
maximum licenced biomassjtocking and harvesting counts and average fish sizes.

Benthic independent variablesere similarly migd: sampling locations in relation to the AZE were
mostly reportedaccording to national monitoring methodologies, with this being a particular problem
in Norway where the equivalence of the MG& sampling stations with thogarescribed by ASC
requires futher work to establish. GPS locations were also reported in many (fasiga a variety of
formats), with the main deficiency being in Norway where 45% of benthic sampling events did not
report any @S dataOwing to the lack of biomass dadad extra loation data (such as distance from
cages and residual currenisthe best comparisanavailable for benthic sampling ere by the
percentage of the production cycle that had elapsed at the time of samfaaigulated by comparing
sampling dates to stockirand harvesting datgsand by classifications of sampling locaiiorelation

to the AZE.

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

calculate the total amounts of active substance used for baritibiotics andparasiticides. The

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

from the variety of formats in which dosagguantities of productand amount of fish treatedvere

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

of fish treated was often not availabl®ata relating to treatment timing and frequency was also

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

GKS RIFGS 2F LINBAONARLIIAZ2YS YR | YOoAIdzAGe 20SN) KS
to establish theappropriate level of aggregatiofsome treatment eventeccurred back to backut

were reported separadly), and thus thefrequency of treatnents.

Data has been collected on the total mortadg total viral mortalites; and total unexplained
mortalitiesper productioncycle. More detailed data has been submitted in many cdsgddifficulties
in classifying the multitude of mortality causes and extracting this diaden 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 dependencyriaR), EHT
and total feed used per production cyclén alternative tothe FFDRor fish oilis thelevel of wild
sourced EPA/DHA inclusion (g kg f&edhowever only one production cycle submitted déda this.
Analysesof FFDR values dzLJLJ2 NIi  révkién of RFDRianitin(April 2017), showing that all
country aveages were below both the previous and new limits

Nitrogen and phosphorous monitoring is requirbg ASGat sites fo which there is no nationadr
regionalclassification of water bodguality, whichwasthe case for Chile and Canada. The resulting
data has been submitted to ASC and is closely alignedthettopic areas undethe TAPAS project.
However, upon appraisal of the data submittiédvas evident that extracting this data walbe too
time consuminggiven the volume and formats of submissid®ampling was weekly, at 4 sampling
stations per week, measuringbparameters per statigrwith this data submitted mostly in PDFs and
Microsoft Excel files of varying structul/hilst not currently collected, it may be possible to revisit
this with automated methods of data extraction.

The variety inndependent variablelata availability and reliability is perhaps not surprising given the

primary purpose of data submissias seen adeing in order toshow compliance against certain

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

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

WA GGSY LINR2NJ G2 GKS Lzt AaKAy 3 the Bvellofd&ail indludedd | dzR A
g a i G§KS /Lasthy €venRok tadSeNdhdits\ tBay ubed the template, there is a lack of
guidance on what the relevant fields are askfng This has been recognised by ASC and is in the

process of being addressed.

Thestructure of the database produced has bedintated by the data for which it was being built

there is adegree of extra complexity necessitated by the variability in thedollected. As a result,

it is likely that a future ersion for use by ASC can be simplified to some extstessons from this

work are carried through to improving data collection and guidance for farms and auditors, it is likely
that the consisteng of data collected wlilbe improved.This may therefore form the basis of future
work for ASC as part of both the TAPAS project and internally. As well dbdtgsis now almost a
8SINRAa ¢2NIK 2F RFEGlF ¢KAOK KI & sepolcitoffadies fortis2 £ £ SOG
initial prgect. Future work could therefore focus on updating the data stored, but perhaps taking a
different approach: engaging with producersing a structured survey to ensure more consistent data
collection.Lastly, the SC 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 salmonthere may be some water quality monitoring data availablerfriibout farms.
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1. Background

The Aguaculture Stewardship Council was formed in 2010, tvéHirst farm certified in 2012 An

overview of the ASC system is given in AnneSirice the publishing of the salmon standard in June

2012, the scheme has grown to certf0 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,thygien
AYLRNIFYOS Ay 9! I 1j dzI O dzffodudzdidfacilitafirig imprisvBmerttsd in EY LINE «
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 certifienintg as of April 2018). Furthermore,

salmon farmsurrentlysubmit the greatest amount of farm performance datiaectly to AS@s part

of the certification process.

The main farm performance dataquirements ardaid out in appendix \f the salmon stadard.

This constitutes 3data items, the full list of which are given inexlll of this document. These are

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

YSI adzZNBYSy i ¥FNBI dzS y;@inGaly; péripmdididh kyfland as suctSagenét all

of interest to the TAPAS project. The key metrics identified as being of use to TAlgASrane table

1. However prior to the work undertaken for TAPAS, little had been done to organise atiteutsa
submitted. Therefore thework undertakeras 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 beadapted for future use as the scherentinues to mature.

Tablel. Indicators identified as being of primary interest to TAPAS

2.1.1 Redox potential/Sulphide levels
2.1.2 Biotic indices (ShanneWeiner; AMBI; BQI; ITI)
2.1.3 Count ofmacrofaunal 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
Therapeutant uséinc. amount of active ingredient used, timing, amount
5.2.1 : :
fishtreated, reason for treating)

2. Work to date

2.1 Overview

Farms have been submitting data in emégals attachments of different file formatsyith these then
being saved to a folder in an unstructured manner, so initial work focused on reorgathiegegto
speed up later usd=rom these, attached data files were then extracted and organised by submission
date per farm.Throughout the work, data has been considered frooth farm submissions (FS) and
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audit reports (ARs), with this allowing a deg@driangulation 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 ofadaitable, the main submission formats
used and some of the key issues around data availability and submission. thoilf@wing this, a
database has been designed in MS Access. This has been an iterative process, with tHeeaegsign
adapted as aresult offurther findings relating to data availabilinsthe workhas progressed.

With the database structure now relatively set, data has been entered for several indi¢ataes?2).

Table2. Indicators for which data has been entered in the database to date.

2.1.1 Redox potential/Sulphide levels
2.1.2 Biotic indices (Shanneweiner; AMBI; BQI; ITI)
2.1.3 Count of macrofaunal taxa
4.2.1/4.2.2 FFDR (in@mount offeed used)
4.7.1 Copper concentrations in sediment
5.1.4/5.1.6 Total mortalities (inc. % unexplained)
Therapeutant us€inc. amount of active ingredient used, timing, amount
5.2.1 : .
fish treated, reason for treating)
5.2.5 Parasiticide treatment index (PTI)

Of notein table 2 is the omission of nitrogen and phosphorous monitoring data. Firstly, data is only
availablefrom Chilean farms, as Chile is the only jurisdiction for which there are no national water
guality classifications available (thereby obligating monitoring of N & P levels). Secondly, this data

is only available in PDBs awkwardlystructured Excel filekor the majority of farms, witha level of
detail that would make extraction too time consuming to undertake at this stage.

3. Sample details

3.1 Criteria for inclusion durirdatacollection

The ASC program has of course continuedoperate during the study period and has grown
considerably in this timet wastherefore necessary to set a cuiff date beyond which farms and
their data wouldnot be included in the projeciThese differ fothe inclusionof farm sites themselves
their data submissions (F&)dtheir audit reports (ARspand are detailed in table 3.
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Table3. Cutoff dates and the reason for their selection for each of the 3 inaints into the database

The first cutoff date to be set, work was underway

Farm sites 25/12/2016 | around Christmas time and was an easy date to
remember
Farm data submission 16/03/2017 The dateby which a separate TAPAS file directory had
(FS) been established on the ASC server

The date by which key details of audits, sites and

Audit reports(AR) 12/07/2017 production cycles had been entered into the database

This has been done faalmon farmgrom all countries (i.e. not limited to within the EU/EEA)th

the exception of Australia. This is due to the difficulty in tracking metrics on a per production cycle
basis (as recorded in the databasee3.2 below following the approval of a variaaaequest(VR

116, 2019 allowingAustraliansites to host multiple year classes at the same time.

3.2 Determination of the ba&wnit of sampling

The smallestunit against which data is recorddd influenced byboth the scope of the nit of
certification (UoC) and the timing of audits in relation to each production cytdelf{influenced by

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

Firstly, the unit of certification (UoCgonsists ofte site whictisbeing auditecand certifiedin a shgle
auditevent¢ KA & YIF & 0SS | &Ay 3faSlustericértBicatd dhvakgtwa @ indei S NE =
farm sites If the UoC is a clustedata has been recorded separately in the databéseeach site

within the cluster.

Secondlysalmonid marine production stagaypically last at least a yeand producers want to be

able to benefit from selling ASgertified product from the firstaudited production cycle meaning
audits often occur before a production cycle is completgmugh poduct can only be sold as ASC
certified once the results from a full production cycle have been checked by the aullitdf)ermore,
audits occur annuallyso data hagpredominantlybeen submitted at audit time each yeaBoth of
these factors resulin partial data being submitted for production cycles that angoing 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 limitedmportance for those indicators measured on a continual basis, such as
dissolved oygen 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, dates beencollectedon 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 Gmpositin

3.3.1Production cycle length and countryltured species spread

A summary of théotal number ofproducess and production cycles included in the database is given
in table 4.However, die to the nature of the sampling undertaken (itee necessary use of coff

dates for data inclusionjnany of the production cycles were incomplete at the time of sampling. This
has beerexacerbated furtherbythe lack of consistency in reporting inthd=S and ARs, with the likely
situation that some production cycles have actually finished, but with no final harvestbedatg
clearly reported.The main source of harvest dates has been indicator 5.4.1, which requires evidence
that all fish on site ara single year clagghrough the reporting of fallowing dates for example).

Table4. The number of producer companies, sites and production cycles that have been included in the database, per country.
GCAYA&aKSRE YR3IMYSa ol akK HNIBSE G 6t S F2NJ I LINRBRdAzOGAz2zYy O0edt S i

was none.

Canada 2 12 6 6 15 6 9
Chile 7 42 18 24 50 19 31
Faroe 2 3 1 2 4 1 3

Islands

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

Fom table 4It can be seerthat at the time of sampling there were very fesites and companies
certified by the ASC in the Faroe Islands, Ireland and the United Kingdom. As a result, these have been
excluded from furtheanalysis.

Where pasible, 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 sgesn the audited site and the total time

that they spend at seaan be calculated (tablg & figure 1).This showshat the total time that fish

of each species are spending both at sea and on auditedisitekatively equal between countries.
However, it is evident from the error bairsfigure 1that 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 severdiarvestdates 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 meastireyde length may be slightly arbitrary.
Furthermore being able to fully account for the movements of fish prior to their stocking into the
audited sie may be an unrealistic ambition, given the potential complexity of fish movemedtsed

this may nothave been captured effectively, given that the mean total time at sea and total time on
site are so similar: eithehe producers were all stocking straight frdreshwater smolt sites into the
audited site, or the intermediate sites used between the twere not fully reported.

Table5. Mean length of time osite (days) and total time at sea (day®r production cycle (fipr each country and
cultured species combination

Canada Salmo salar 6 572.17 £67.56) 5t 645.60 £114.46)
Oncorhynchus kisutclf 3 331.67 £54.99) 3 353.33 £45.98)

Chile 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)

800 4
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600 4

Time (Days)
& w
=] =]
=] =]

w
=}
o

200 4

100

Salmo Salar Oncorhynchus kisutch Oncorhynchus mykiss Salmo Salar Salmo Salar

Canada Chile Norway
Country and Cultured Species

@ Length of time on-site @ Total time at sea

Figurel. Graph showing the mean tinan-site (days) and mean total time at sea (days) per production cycle for each country
and cultured species combination. Length of timesite : Canada, S. salar (n=6); Chile, O. kisutch (n=3), O. mykiss (n=4), S.
salar (n2); Norway, S. salar (n=64ptdl time at sea sample sizes are the same for all but Canada (S. salar), where there
was no date of first transfer to sea availaliée one production cyclérror bars =1 SD

Whilst it may have beemteresting to compare the performance of the same sit@er consecutive
production cyclespnly 5sites had completed a second productionleyay the time of sampling. This
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is again a reflection of the relatiyouth of the ASC program, having only certified the first salmon
farm in2014.The spread of production cycles according to the year of stofldrte audited sitg¢is
shownin figure 2.

B .

=
o

w
<4

Countof production cycles

¥
5]

Salmo Salar

Oncarhynchus kisutch Oncorhynchus mykiss Salmo Salar

Canada Chile Faroe Islands Norway United Kingdom

Salmo Salar ‘ Salmo Salar ‘ Salmo Salar ‘

Country and cultured species

@2012 ®2013 02014 m2015

Figure2. Graph showing the count of finished production cycles by country, cultured species andsteekiof to the
audited site.

3.3.2 Audit Reports

A summary of thedtal number of audit reports included in ttadatabase is given ifigure 3. Those

values shown with green bars represent the audits which are relevant to the final sample ¢f sites

the 86 sites with at least oneompleted production cyclewith audits onlybeing counted if they

started afterthe stocking date for the relevant production cyches only thercould they potentially

contain any data relevant to that production ¢gcl 2 6 SOSNJ GKAa R2SayQid YSty
countedactuallycontainsdata relevant to thdinishedproduction cycleasit hassometimesproven

very difficult to attributethe data contaied in auditsto a specific production cycle due a lack of

specific production cycle identificatidn reports.
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Figure3. 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 cyéles initial audit; SA1 = first surveillance audit; SA2 = second
surveillance auditRC =ecertification audit.

Figure4 shows the timing of audits in relation to harvést those audits where theycle was not yet
finished at the time o&uditing calculatedas

OOWING w06 QY L Qi O0I VWO QUV £ i WO VWA WO Q

Given that the harvest date is required to be able to calculate this, only those dhalitsook place
during afinished prodution cyck have beerounted.It is not immediately clear why audits are taking
place around 20800days before the harvest of the cycldowever this may be a result of the method
of calculation, which takes thiaal day of harvest as the harvest datehen in fact harvest may take
place over a longer pird.
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Figure4. Box and whisker plot showing the number of days before harvest that audits took place, in casabevhere
production cycle was ongoing at the time of audit. This can only be calculated for completed production cycles. The Faroe
Islands and United Kingdh have been excluded as they each had only one eligible audit. Canada (n=6); Chile (n=19);
Norway (n=69).

4. Benthiclndicators

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

& | &al Y LWithiyedch Sahfliigliesemt there can be several sampling stations, within
which there may be severreeplicates.

4.1 Data avadlbility
4.1.1Contextual dta stored per sampling station

The followingcontextualdata has potentially been stored for each sampling statieith varying
levels of availability per data point)

1 Sample Date

Location in relation to the AZE/farm
Onsite biomass (mT)

Distance from the cages (m)

Water depth (m)

= =4 =4 =4
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Type ofsamplinggrab used

Volume of sample taken (L)

Whether the station had a hard substrate
GPS coordinates

=A =4 =4 =4

More details o the availability of sample dassand locatiors (including GP%re given in sections
6.1.2 and 6.1.3 respectivelifhese have been addressed separately as they have the most data
available from both repored and impued sourcesWhether or not a station had a hard substrate
(i.e. too hard to sample) is also excluded, given that this was recordeall fout 15stations and is
easilyimputable from whether metrics data as even submitted ér a station.For theremaining
contextual data pointstable 7 details thenumberof sanplingevents orstations for which this data

was avdable

Table6. The number of records for benthic sampling that reported different types of contextuahdathe total number
of units for the respective level of datellecte y = LIS NJ O ZdzyYiNBypa aDIS yail YLI Ay JareS @Sy G =
severalsampling locatios> 2 NJ s &0 | GA 2y

Onsite
biomassmT) Evens 5 0 36 0 64 | 21[32.81]
Distance from | o ios | 53 0 392 0 414| 31[7.49]
the cagegm)
Watfrrn?epth Statiors | 53 0 392| 23[5.87] |414| 30[7.25]
Typjszzgrab Statims | 53 0 392| 35[8.93] |414| 57[13.77]
Volume of
sample taken Statiors 53 0 392 0 414 18[4.35]
L)

4.1.2 Spread of sampling everiy indicatorand production cycle

Figure 5 details thpercentageof sampling events repdrig data for each indicatgeer country Of
interest here is théow 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 submissionAs a result, GPS data was only available if the full hestirvey report had been
submitted, whereas it was often the case that sites would just submitriemum valuesrequired

to show compliance witkeach of the indicators (e.g. just the redox measuremgiotshow they were

all >0mV) It is also worthnoting 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 coppebasednet antifoulants
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Macrofaunal taxa count {2.1.3)
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Country and indicator

Figure5. Thepercentageof 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 TAB@&Bnumber of reported sampling even®anada (n=5);
Chile (n=8); Ireland(n=3); Norway (n&4).

Figure 6 showghe number of production cycles that have reported benthic sampling dataher
divided by the number of sampling events per cyold whether the cycle was finished at the time of
data collection or notThe oneproduction cycle that was sampled three times may be an error caused
by theway farm data was submittedf three separate reports submitted,is unclear whethetwo
were from the same sampling event (but with different laboratories undertaking difteaspects of

the analysek as only one gae exact dates of samplingor thoseproduction cycles where two
sampling events have been reported, this is most likely due toAB&equirement for sampling at
peak biomassf the first sampling event did na&atisfy this requiremet then a second one would be
necessary in order to address the relevant soamformity. It therefore makes sense thiatr the most

part only finished production cycldsave been sampled twice.
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Figure6. Graph showing the number of production cycles for which a benthic sampling event has been reported, further
categorised by how margsampling events were reported for each production cycle, and whether the production cycle was
finished @ 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 aniching 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 obamplinghas not been submitted. Figuiplots the percentages cfamplingdates that

KI 88 688y A Y LldeRuked toStagofdie dmyhtiNBADY L&E A & GKFG | REGS
to the precision of anontk Tdaté¥ N2 Y &adzoYAaaAzy RFEGS¢éE YSIya GKS R
taken as thesample dated FANBR G RFGS 2F | &F YL Ay3 LISNR2RE Y

several days (but less than a weesd the first date of that period was used as the sample ;date

GRIGS 2F NBLER2NIE YS! yaof thkdenihic 2port (@.9. Writtéd loyiaSenthi€  LJdzo
sampling contractor or governmental body) wasaidable It is also important to note here that
GSEIFOGé¢ R2SayQid 3AdzaA NryiGSS GKIFIG GKS RFEGS A& O2NNZ
submission and/or auditeport.
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Figure7. The percentage of sampling events that submittedample dateto different levels of precision, by country.

OSFldzZA GSR (2 adGFINI 2F G(KS Y2y (iKé AYLIE ASGRIGKS GFNR RI &0 ¥i &aa ke
YStrya GKS RIFIGS 2F adoyraaarzy G2 '{/ ¢+a G1r1Sy la G(KS &l YL3X
took place over several days (but less than a week), so the first date of that period was used as th&samfeT | YR a R ¢
2F NBLE2NIé¢ YSIhya GKIG 2yfte | RFEFGS 2F LdzotAaKAy3ad 2F GKS 068
governmental body) was availabl€anada (n5); Chile (n37); Norway (n€4).

Based on the available sample date daitajs possible to test how well farms adhere to the
requirementthat benthic sampling should be undertaken at or near pealsitmbiomass. Figur&
plots thetiming of each sampling event as a percentage of the totadittime (i.e. the timen days
between stockingand harvestindor the audited site) calculated using the formula:

g[?‘ T Y& a NAGD Qe é 0 0BDQ

POOMMEDN NI QO QOO Re—0—— —
d d Yé OOAECKIN0 QEA@ Q0 Q

Excluded from this plot are those samples for which the actual date of sampling is not kmeRd),
and those for which the cycle was not finished at the time of TAPAS data collégiarresult only
record was available for Canada, meaning it was also excluded from the figure.

Despite there being a broad range of sample timjrige median and mean sampgj timesare both
at around 6575% ofthe production cycleThis supports a clarification the ASC standarfpg. 73 of
the standard)that came into effect after the cubff dates fordata colleced for the TAPAS project:
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that site visits(andauditedbenthicdata) can occur from 75% of peak biomass, as long as values from
peak biomass are madavailable before a certification decisions is takdturthermore, the
percentages shown here may be an underestimate given that the harvest date recorded for each
production cycle relateto the last day of harvestpeak biomass will have been reached somags
beforethis, meaning the timing of benthic sampling as a percentage of thetakento reach peak
biomass would actually b@gher.

100%
90% ]
80% |
70% §

60% 1

50% ]

40% 1

30% ]

On-site time elapsed at time of sampling (%)

20%

10% ] .

0% , .
Chile Norway

Country

Figure8. Box and whisker plot of thmercentaye of each production cycle that hathpsed at the time of benthic sampling
Some production cycles may be counted twice if they have had 2 sampling events. Sampling events: Ghieo(wag
(n=36)

4.14 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 | of the salmon standarthis isessettial in judging farm complianc&or example, redox
values must be >0 mdutsidethe AZEdiversity indices are judged for statioastsidethe AZE; and

the number of highly abundant macrofaunal taxa (that are not pollution indicators) mug? eide

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 methode®than those described in the ASC
standard mostly as a result of them using modified versions of governmmaahdated
methodologiesWhilst this is allowed (as long as the methods used maintain sufficient rigour), it has
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complicated further analysis afié equivalence between the sampling locations used and those
described in the ASC standard is not always made clear.

Due to the variation between countrieghe location of sampling was categorised during data
collection with the aim of reodifying thisinto a common set of categories in order &dlow

comparison Initial categorisationused the ASC samplingnethodology, the NorwegianMOM-

B/MOM-C methodologyand2 i KSNJ O 6§ S32NARSa GKIFG FO0OO02dzy i SR F2NJ
A full list of the categorisations is available in annex IV of this docuerh this it became apparent

that the scope for potential comparisons is limited by #wailabiity of data that would allow different
categorisations to be equated with each othsuch asvhether the station was within or outside the

AZEand its position in relation to residual currenihis is mainly a problem for Norwegisaimpling,

where the elation of MOMC/MOMB categorisations to the AZE (and currents) is not easily available

Samplingstations from both Chile and Canadee fairly consistent in having reported their locations
in relation to the AZE, whereas Norway has more frequentlpmeg according only to the MONC
station names. A a resultfigures 9 and 10 present the availability of benthic location data for both
Chile and @nada, whereas figurelland 12 showsimilarbut for Norway aloneFor Norwaylocation
classifications have been grouped by where they originate from (i.e. NDDNMDM-B; ASC; TAPAS) as

it better demonstrates the level of reporting that used Norwegian sampling methodologjles
reporting of benhic results and data availabilifpr Norway separatelyrepresents a short term
solution with the ambition to revisit this later once equivalencies between sampling methodologies
have been clarified.
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Adjacent to cage long axis 1 [T

Adjacent to cage

Adjacent to cage long axis 2 [

Within AZE, current direction unclear
Within AZE, 25m from cage edge, upstream  ———

Within AZE, 25m from cage edge, perpendicular
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Outside AZE, not full ASC definition 1
25m outside AZE, current direction unclear |

25m Outside AZE / 55m from cage, upstream |

AZE & samplinglocation classification

QOutside AZE
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n
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Figure9. Count of sampling stations per AZlassificationand initial location classificatiorior Chile(n=392)and Canada
(n=53)

190f 69



Adjacent to cage
Adjacent to cage long axis 1

Adjacent to cage long axis 2

[Adjacent to cage

Within AZE, current direction unclear

Within AZE, 25m from cage edge, upstream

Within AZE

Within AZE, 25m from cage edge, perpendicular

Within AZE, 25m from cage edge, downstream

Outside AZE, not full ASC definition
25m outside AZE, current direction unclear

25m Outside AZE / 55m from cage, upstream

AZE & samplinglocation classification

Outside AZE

[l

25m Outside AZE / 55m from cage, perpendicular

25m outside AZE / 55m from cage, downstream

Site

Reference site, 500-1000m from cage edge, similar substrate and depth

Not |Refer|
n

Know|ence

No location class given

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of reported sampling stations (as percentage of each AZE location class)

@ Chile @Canada

FigurelO. The distribution of sampling station locations for Chile and Canada, given as a percertederespectiveAZE
location classification (i.edjacentto cages; within; outside; etc).
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Figurell. Count of sampling stations per classification origin and initial location classification for Chile (n=414).
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Figurel12. The distribution of sampling statidocations forNorway, given as a percentage of the total sampling stations
reported for eah classificatiororigin (i.e. Norway; ASC; TAPAS

From figures 9 to 12 it is evident thidte current level of classification of sampling locations is in need
of further refinement.This should be possible given more time, as GfilBbe able to provide input

on how they are currently interpreting regional sampling methodologies in relation toARE
requirementswhen judging compliangeand further consultatiorwith TAPAS work partners should
also help.

The ideal location data is GPS, with this also being submiittatifferent formats and availability
between countries (figure 5)able8 and igure 13 give details of the main types of GPS data being
submittedper country. The most difficult format teandleis the Universal Transverse Mercator (UTM)
system, as this is not easily converted tbeiter format for use with digital mapping too(glecimal
degrees, i.e. DD or DD.ddds a result, UTM values werengerted to DD on a oneff basis (i.e. not
automated) using ExpertGPS https://www.expertgps.com/default.asp and  Sumapa
(http://www.sumapa.com)). For the remaining GPS formatsnversionto DD has been automated
using queries in the databaseowever, whilst GPS data has been submittedgigte a few of the
sampling eventsthe utility of this at this stage is perhaps limited, given that furtthetails about the
GPS locationsf the farm unit itself would be required to imput@easures such as thaistanceof
samplingfrom cages.
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Table7. The numbeand percentag®f sampling events reporting in each GPS format, peniry.

Canada 5 0 0 0 5[100]
Chile 36 10[27.78] 0 25[69.44] 1[2.78]
Norway 65 0 36[55.38] 0 29[44.62]

1. One extra sample event is counted hererss sample event submitted 2 types of GPS data.
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@DD MM SS.s @EDD MM.mmm QOUTM B GPS unavailable

Figure13. GPS submission formats as a percentage of sampling events per countncotiatabf sampling events per
country: Canada (n=5); Chile (n=36); Norway (n=65).

4.15 Reporting pediversity index

Farms have a choice ébur diversity indices to test in order to show compliance with the ASC
standard:AZTI Marine Biotic Index (AMBBhannoAWeiner IndeXSW); Benthic Quality Index (BQI);
or the Infaunal Trophic Index (ITTable 9 gives details of the numbof samplingtationssubmitting
values for diversity indices per country and diversity index typgure 14 givesdetails ofwhich
diversity indices were usefr each countrycount of samplingventsas a percentage of sampling
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events for which at least one diversity index had been reportelre than one diversity index was
used br some sampling events (nNx9

Table8. Count and percentage of sample stations submitting diversity index data, per diversity index and country.

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
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Country

OAMBI @ITI OSW Index

Figureld. Percentage of sampling events that reported a value for each different tygieen$ity index, per countrif.otal
countof sampling events reportin@anada (n=7); Chile (38); Norway (n=75)

Analysis is further complicated by the fact that some sampling events have reported diversity index
valuesonceper station, whereas othersave submitted a value for each replicate at each station. For

values submitted once per station, it is not always clear whether this representsntan of

separately calculatedeplicate values, or thepooled value for bothreplicates(i.e. counting each

distinct species and their abundancesrossseveralreplicates, towards one diversity index valder

the whole station (Table10). For further analysis, stations that have reported a value per replicate

have had the mean diversity index calculatdte d A Y LJdzG SR | @SNIF IS 2F NBLIX A OF |
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Table9. The count and percentage of sample stations that reported diversity indices measurements according to different

formats. "pooled replicates" means that each species and its abuedaas counted acroseveralreplicatestowards one

index value for the statioch a dzy a LISOAFTASRE YSlya 2yte 2yS @l tdzS 6l a adoYAddi
was pooled across replicates or not.

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 §5.02]

4.1.6 Benthic taxa identities

In some cases the identity of benthic taxa sampled has also been submitted, though lgitlgxp
requested in the ASC standatdowever, this data haalmost 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 a$ #tage given the lack of contextual déa described
in section4.1), meaning onlysome basic analyses are presented hiererderto give an idea of what
is possible with the current database design.

4.2.1 Comparison of benthic measures within antside the AZE

Figurel5shows the average ShanndMeiner index score pekZE location class and per counfrpm

both imputed (i.e. mean of individual replicates) and reported (pooled or unspecified averages)
sourcesThe metric limit for SW index i8 ¥or stations outside the AZE; which it appeaisssin Chile

are not always in compliance with. Howevseyveralfarmsin Chile have applied variance requests

(93; 94 and 204Jue to being sited in regions with naturally Identhic diversity which issupported

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. pewb replicates or not) is needed during
submission to ASC, given the sometimes laitference seen between imputeahd reported values.

Figures 1@akes the same approach as for the SW index but for AiiB1 the same caveats attached.

The metric limit for AMBI scores #8.3 for stations outside the AZE this case it appears that
Norwegian farms ar@ot always in compliancén closer inspection, this applies to a single $ite

which SWindex scores were also available. Furthermore, the elevated average may be due to issues
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causd in the database by farms for which more than one type of diversity index is submitted, with
this to be revisited in the future.
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Figurel5. Mean ShannoiWeiner index score pstation, perAZE location and per couy, from either imputed or
reported sources. Error barstt SD.
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Mean AMBI score per station
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Figurel6. Mean AMBI score pstation, perAZE location and per country, from either imputed or reported sources. Error

bars =t1 SD.

Figures 17 takea similar approach as for diversity indices but for retiwels(sulphide has been
excluded due to low data availabilitffhe metric requirement is for redox potentials to be >0mV for
stations outside of the AZ
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Mean redox potential per station {mV)

Figurel?7. Mean redox potential per station, per AZE location and per coufroyn either imputed or reported sources.
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Figure 18 shows a similar output for copper concentrations in the sedimentwititcomparison
between sites that used coppérasedantifoulants and those which did not. However, in both Canada
and Chile aly sites which used copp#asedantifoulants submitted copper concentration data, as it

is only they who are mandated to measuthis by the ASC standarfthe metric limitfor this is<34

mg Cu/kg dry sediment for stations outside of theEAZn the cae 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 theneancopper conentrations for reference sites is also high.

Figurel8. Mean copper concentration in sediments per sampling station, per country, AZE location and whether or not copper
antifoulants wereused for the productionycle Imputed and reported copper concentrations have been pooled where both
were providedError bars =1 SD
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