COVERING LETTER
Operational review – Salmon standard V.1.0
Policy options to make changes to indicators 3.1.7, 5.2.5 & 5.2.6
The Terms of Reference (TOR) for the Operational Review of the ASC
standards (Salmon, Tilapia and Pangasius) received many public comments.
A number of them are related to the Salmon standard, particularly how the
standard deals with the control of sea l ice through the use of parasiticides.
The submission of new information not previously considered by the Salmon
Aquaculture Dialogue was considered sufficient to trigger a formal revi sion
process. The attached paper was considered by the ASC’s Technical A dvisory
Group (TAG) at its recent meeting (September 16 th and 17th).
This paper reviews information received during the public consultation of the
TOR for Operational Review and sets out a number of policy option s that seek
to simplify the current Parasit icide Treatment Index (PTI) and associated
performance indicators and to better align them with best practice . Four main
options are presented: two present an improved approach to assessing the
environmental impact of the chemicals used in treatments ; only one, which
combines elements calculating load and frequency, presents the preferred
option as detailed in this paper.
The paper also considers the regional implications of the standard’s
promotion of Norwegian practice regarding trigger limits that prescribe when
sea lice treatment should be conducted. A new approach to more regionally
sensitive, but progressive, trigger limits is proposed.
To make sensible changes to PTI related requirements in the ASC Salmon
standard v.1.0, public input is sought on:




Additional information of relevance to th ese options that should be
considered;
The assumptions and conclusions drawn from the information presented
in the paper; and,
Perspectives on the policy options presented .

This public comment round runs from 05 Nov 15 to 06 Dec 15.
Revision to the mentioned Salmon standard requirements based on public
comments will be proposed to the TAG for final approval.

Proposed Revisions to the Salmon Standard Related to the Management of Sea Lice
Version No: v1

Executive Summary
PTI = Parasiticide Treatment Index
ASC Standard = Salmon standard Version 1: June 2012
Five stakeholders provided comments on the need to include PTI in the operational review of the
ASC salmon standard (see Annex A).
Aquaculture Stewardship Council (ASC) farm audit information, Global Salmon Initiative (GSI)
company information on PTI scores and parasiticide use in 2013 and 2014 and stakeholder
comments were reviewed and form the basis of the summary analyses contained in this paper.
The ASC salmon standard requires that ASC-certified farms perform under the PTI limit of 13
(indicator 5.2.5) and reduce PTI towards a level of 6 by 15% a year (starting 2017, indicator 5.2.6).
Levels of ovigerous sea lice densty are also prescribed in Indicator 3.1.7. The full ASC standards along
with the calculation methodology for PTI are provided in Annex B to this report.
Currently 6.9% of global salmon production has been certified, the majority of this from Norway. Of
all the ASC standards salmon has attracted more requests for clarifications and variance requests
from CABs. This partly reflects the complexity of the standard but also that some of the
requirements appear inconsistent with existing regulatory frameworks and current industry best
practice. The analysis contained in this paper highlight these issues and a series of changes to the
current requirements are proposed.
Policy Options
Four options are proposed for consideration, two recommended for further development one of
which is preferred.

Purpose
The purpose of this paper is to present relevant background information, stakeholder submissions
received through the operational review, analyses that help clarify potential revision options and to
set out a number of potential revisions. Further work anticipated and the future process for pubic
consultation regarding these revisions, including the development of a coherent response to the
stakeholder submissions received are also set out.

Background
Amongst the impacts of salmon aquaculture on the environment identified by the Salmon
Aquaculture Dialogue (SAD) in the development of the ASC Salmon Standard was that of the
potential for the medicines used in treating the common problem of infestations of sea lice upon the
surrounding natural communities sharing the environment. The problem for the SAD was to devise
an indicator which would reflect the probable magnitude of that impact and requirements which
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would minimise the probability of a significant impact on those communities. The SAD proposed an
index (The Parasiticide Treatment Index), which was made up from four constituent indicators
relating to:
 The therapeutant used
 The frequency of use
 The method of application
 The presence of lobsters
The PTI is a completely new index; which combined indicators for all the factors thought to be
involved in creating the potential impact on the wider natural communities. It is an innovative
approach in reflecting potential environmental impacts resulting from salmon culture. In devising
the numeric requirement for PTI the SAD arrived at a value of 13 or less to indicate treatment
procedures unlikely to cause significant damage to the surrounding environment.
PTI is an indicator of the potential impact of the treatment and not on the efficacy of the treatment
itself. Never the less it does have a bearing on the efficacy of the treatment in Principle 3 concerned
with the reduction of the impact of culture on wild salmonid populations. Indicator 3.1.7 requires
that the sea lice load be kept under 0.1 mature female ‘lep’ per fish during the period of wild
salmonid smolt outmigration. Thus there is the inverse interaction when a producer reduces
parasiticide treatments to meet the PTI requirement they becomes less likely to meet the lep
requirement and more likely to have detrimental impacts on fish welfare. Interactions with
effectiveness do, therefore, exist within the Standard.
While innovative, the development of the PTI was also challenging, not least because it was
developed with an almost complete paucity of information related to the actual performance of
salmon farms regarding their use of parasiticides and as such was essentially untested. It also
sought, despite the obvious challenges, to develop a methodology applicable to all countries where
salmon was farmed. Recent information submitted by the salmon industry involved with the Global
Salmon Initiative presents a unique, collective insight into the challenges the industry are tackling. It
also provides important information about how the ASC standards could evolve in support of
industry innovation.
This information was not available to the SAD when the standard was devised and is therefore a
valuable addition in support of the operational review of the salmon standard.

Considerations
Aquaculture Stewardship Council (ASC) farm audit information, Global Salmon Initiative (GSI)
company information on PTI scores and parasiticide use and stakeholder comments were reviewed
by and form the basis of the summary analyses contained in this paper.
The Global Salmon Initiative report provides new information based on 585 data returns from
individual participating companies (at the time representing some 70% of global salmon production)
of their annual PTI calculations in 2013 and 2014 and additional observations on the consistency of
the existing requirements with industry best practice and with the feasibility of meeting the
environmental objectives set out in the standard.
Key points are summarized and presented below in the following Sections.
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Country Overview
Sorting the data by country, which has the implication also of by ecological region, gives the picture
presented by Figure 1 and detailed in Table 1.
Figure 1

Distribution of PTI scores by country.
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Country
N of records
W. Canada
61
Chile
80
Faeroes
35
Ireland
13
Norway
312
Scotland
84
New Zealand
All
Table 1. Mean PTI score and range by country

Mean PTI
4.4
41.7
24.8
7.6
25.8
55.4
0

PTI range
0 – 30
0 – 240
0 – 100
0 – 150
0 – 260
0 – 400
0

The distribution of PTI scores by country shows considerable variation around the mean and range.
The resulting distributions are not normal and are either skewed or uniform. The differences
between countries are suggestive of fundamental differences in the epidemiology of sea lice and
highlights the challenge of devising a single PTI score applicable globally. A brief review of underlying
environmental and ecological differences is considered below (Table 4) but there are also
fundamental differences between the types of sea lice found in different regions. Firstly, there are
several species of lice involved. In the Atlantic, Lepeophtheirus salmonis and Caligus elongatus are
the biggest threats (Pike and Wadsworth 1999)1 whilst in the Pacific several species of Caligus have
1

Pike, A.W and Wadsworth, S.L. (1999). Sea lice on salmonids: their biology and control. Advances in Parasitology, 44: 234337.
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been implicated although C. clemensi has most specifically been associated with outbreaks (Beamish
et al 20052, Bravo 2003 3). In terms of hosts, L. salmonis is known as the salmon louse because it is
specific to salmonids, in particular the Atlantic salmon whilst Caligus is much less host specific with
C. elongatus being reported on 80 different species of fish. This means that Caligus always has an
extensive wild reservoir of sea lice whereas for L. salmonis the reservoir only exists where there are
wild salmonids or even, more specifically, wild Atlantic salmon or Salmo species.
The lice species present affects the dynamics of the interaction with salmon and equally they have
somewhat different ranges. Thus, major outbreaks of the more temperate water Caligus are rare in
Norway but outbreaks of both Caligus and L. salmonis have occurred in Scotland, Ireland and Canada
(Boxaspen 2006)4. The lowest temperature for L. salmonis to complete its life history is thought to
be 40C although temperatures <70C are considered to be inhibitory and the upper temperature may
be 180C. The temperature sensitivity leads to a seasonal effect. Off southern Norway the prevalence
increased from 20% occurrence in March to 100% in late summer whilst in north Norway the peak
was a month or two later in autumn (Rikardsen 2004)5. Considerable reduction in sea lice numbers
were also noted in the Skaggerak in winter which was attributed to both low temperatures and
salinities (Heuch et al 2002)6. This seasonal variance in occurrence is attributed to a decline in
reproduction and survival during winter followed by growth of sea lice populations under warmer
conditions in the summer (Boxaspen, 2006).
Despite these differences that have consequences for the types and patterns of treatments needed
the salmon standard does not differentiate between genera, nor to the different species within a
region.

Analysis of Variance
Various analyses of variance were considered in the report to try and unpick the contribution that
country, year, site and company had. When nested analyses of variance were undertaken over 80%
of the variance was explained attributed to site (43.3%), country (21.5%) and company (17.7%).
Further analysis to explore the impact of company and site to see if company variation is also
attributable to site was undertaken. For this the data were sorted by regions identified from the
original company data (Table 2).
Country and sub- region
W Canada
Chile_Aysen
Chile_LosLagos
Faroes
Ireland_Cork

N
61
28
52
35
5

Mean PTI
4.4
27.6
52.0
24.8
1.7

15th percentile of PTI
0.7
8.0
15.6
7.1
-0.2

2

Beamish, R.J., Neville, CM., Sweeting, R.M. and Ambers, M. (2005). Sea Lice on adult Pacific salmon in the coastal waters
of British Colombia, Canada. Fisheries Research 76: 198-208
3
Bravo, S. (2003). Sea lice in Chilean salmon farms. Bulletin of the European Association of Fish Pathologists, 23: 197-200.
4
Boxaspen, K. (2006). A review of the biology and genetics of sea lice. ICES Journal of Marine Science, 63: 1304-1316.
5
Rikardson, A.H. (2004). Seasonal occurrence of sea lice, L. salmonis on sea trout in two Norwegian fijords. Journal of Fish
Biology, 65: 711-783.
6

Heuch, P.A., Knutsen, J.A., Knutsen, H. and Schram T. (2002). Salinity and temperature effects on sea lice
overwintering on sea-trout (Salmo trutta) in coastal areas of the Skegerrak. Journal of the Marine Biological
Assoc UK, 82:887-892.
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Ireland_Donegal
4
26.3
7.5
Ireland_Mayo
4
10.6
2.6
Norway_VeryNorth
19
4.1
0.6
Norway_North
55
13.4
3.5
Norway_Mid
76
53.5
16.1
Norway_West
55
36.8
10.8
Norway_South
107
24.1
6.9
Scotland_Shetland
27
35.5
10.4
Scotland_North
32
61.3
18.5
Scotland_South
25
78.2
23.8
th
Table 2. Means and 15 percentile of PTI sorted by country and sub-region
Western Canada and the Faeroes are treated as single entities. Norway’s regions mostly follow the
terminology used by Marine Harvest, except a distinct “Very North” category was added taking a
distinct cohort of farms from the far north.
There are notable differences amongst regions to be seen. There are fairly clear trends in increasing
PTI, north to south in Scotland, Norway and Chile with the proviso that in the southern most region
of Norway the PTI tends to decline again. This has been noted in other Norway data sets. Given the
sea lice also have an upper temperature limit of around 180C (Boxaspen 2006), warmer water may
be inhibiting lice reproduction.
A nested ANOVA model indicates a significant amount of variation is explained by region within
country. Of the total variation in PTI, 21% is explained by country (P<0.01). After accounting for this,
a further 13% of variation is explained by region (P<0.01; noting region is a fairly arbitrary division
and the divisions are of unequal number between countries). Much of the remaining variation is
explained by site, as country, region, and site explain 82% of variation overall. Company effect and
error make up the remainder.
Thus since country, region and site are beyond the existing management influence of the companies
and explain most of the observed variation in PTI scores, a basic premise that PTI would drive
improved management of the status quo is questionable. The current recourse for most farms when
challenged by sea lice infestation is to use parasiticides (as evidenced from the PTI information
submitted). Given that PTI is essentially a measure of treatment frequency and is used also in the
construction of treatment load, the current salmon standard does not establish a means of
accurately calculating treatment load and its related environmental impact.
To underline this point it was possible to look at one company with a centralised management
system with farms in each of the major regions. The PTI ranges varied from 6 to 12 in Canada to 59117 in Chile and 82-128 in Scotland with Norway intermediate thus giving further indication that
there are regional factors which influence the differences in PTI rather than the management
system. Management practices are clearly not able to replicate the lowest PTI values across all of
their operations.
Inter-Annual Variation. There is a relatively small effect of year (calendar year as opposed to sitelevel variability across cycles), however when stratified by country, a larger effect is revealed, as one
might expect if the effect of year is not even across countries (Table 3). The analysis is complicated
by the fact that year is patchily represented across different countries.
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Term
Model 1
Country
Year (nested)

ω2

P

22.4 %
9.7 %

<0.001
<0.001

Table 3 Variation accounted for by year within country

The actual magnitude of the regional differences and yearly changes was illustrated by a comparison
of country records over three years using data from a single company in each case (Figure 2). Whilst
the major differences are indeed from country to country there are still marked difference from year
to year in which external environmental and ecological factors governing the epidemiology of the
sea lice will play a significant role, with the implication that sites which may meet the PTI standard
one year may not the next.

Figure 2 Annual and regional variation in PTI based on single companies in each country

Environmental Variability. The environmental differences between the countries were briefly
reviewed in the report and these included sea temperature, seasonality, salinity, ocean currents and
patchiness in distribution of the mobile larval forms. There are also related ecological differences
between the regions (Table 4) sufficient to suggest the regional differences reflect different sea lice
problems. In combination collectively determine the observed variability in PTI.
Caligus ‘lep’ Wild
Seasonal Above
Below
‘Lobsters’ Salmon
Salmon
11.40C* 11.40C* present
spp
reservoir
Norway
X
X
X
X
X
X
Atlantic
Faeroes
X
X
X
X
Atlantic
limited
Scotland
X
X
X
X
X
X
Atlantic
Ireland
X
X
X
X
X
X
Atlantic
W.
X
X
Very
X
X
Atlantic
Canada
large
Chile
X
X
Atlantic
New
Coho
Zealand
 Being the mean of the means of collected seawater temperatures to indicate ‘warmer’ or ‘colder’ conditions
Table 4.
Some ecosystem variables of main regions.
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The differences between the ratio of farmed:wild salmon were further explored in a brief analysis
(Annex D) from published sources was undertaken. The reported ratio from Norway was 100:1 and
in Canada it was 2:3. It is speculated that the large wild reservoir of sea lice in Canada has helped
reduce the frequency of the development of parasiticide resistance. Similarly speculated is that the
potential impact of sea lice of farmed origin is also likely to be higher in Norway when compared to
Canada.

PTI Calculation Anomalies
Partial Pen Treatments. Increasingly producers are moving to a treatment regime where only pens
with a sea lice infestation are treated. This differs from previous practice where all pens in a farm
were treated, often when regulatory triggers related to sea lice density were reached. However, in
the calculation of the PTI all such partial treatments would be included as a single complete
treatment. It is suggested that, in review, the PTI would be more accurate if it were proportionate to
the pens treated.
Lobster Factor. When sea lice treatment is carried out during the months of July and August in
regions where the European or American lobster exists, the treatment score is multiplied by a factor
of 4.5. This multiplier is used in calculation of scores in all countries apart from West Coast Canada
and Chile (Table 5).
Country

% of repeat
treatments

% treatments
affected by Sensitive
time factor
Not applicable
Not applicable
5.3%
7.3%
12.7%
23.3%

Mean PTI

27.7%
4.4
71.4%
41.7
22.1%
24.8
12.2%
7.6
40.8%
25.8
55.4%
55.4
Table 5: Percentage of treatments carried out that involved repeated use of a medicine within a 12 month
period or use of a medicine during which a ‘Sensitive Time’ factor would be applied

W Canada
Chile
Faroe Isl
Ireland
Norway
Scotland

To test the influence of the lobster factor, data samples were taken from Norway and Scotland
where treatments were carried out between July 1st and August 31st from the complete data
collected during the GSI study.
Sample
data
Norway all
Lobster
only
Scotland all
Lobster
only

Number

Mean (no
lobster)

Mean
312

25.8

63

89.1

84

55.4

45

64.5

Range

11.8 0-260
24-252
28.5 0-400
14.4-283.2

Table 6. Comparison of mean and range of data with lobster factor and all data
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Clearly the lobster only data is higher in both cases. It is notable that in Scotland the whole data
means and the lobster only means are not that far apart. The reason for this is that a much higher
proportion of the Scottish farms have to use medicine in the sensitive period, therefore the
influence on the whole data is much greater. The extrapolated means for farms not using the lobster
factor are estimated at 11.8 for Norway and 28.5 for Scotland.
The lobster factor in the multiplier of 4.5 is the largest factor used in the calculation of PTI. However,
there has been very little systematic work on the actual harm that can be done to lobster
populations through the use of parasiticides. There is also a degree of double counting within the PTI
calculation by adding this factor since the toxicity element of the therapeutic factor is already taking
into account in the toxicity of the agent used. The dose recommended by manufacturers is based on
efficacy, but also takes into account the potential impacts on other crustacean and sometimes
marine crustacean larvae as well as Daphnia, in the risk assessments required before the product is
licensed. The heavy additional weighting to the lobster appears to be on a relatively arbitrary basis.
Nevertheless there is a perception issue between salmon ‘pesticides’ and the lobster industry but
the extent to which this addresses it remains to be seen.
There is also an ecosystem issue in as much as those regions outside the range of the ‘European’
lobster, presumably Homarus gammarus and the ‘American’ lobster, H. americanus, do not have to
apply this factor for reasons of location not management, despite there being other, commercial and
non-commercial species present.
Another way of looking at this is that, if the lobster factor was considered unjustified because of
double counting and lack of evidence and was therefore to be discounted, this would result in a
mean of 28.5 for Scotland and 11.8 for Norway. This would bring the Western Europe farm PTI into a
more homogenous range and would bring certification into the realms of the possible and
manageable for a larger number of farms that the ASC strives to influence.
One further important consideration is that the ASC salmon standard is not silent on requiring the
benthic impacts of salmon farming to be monitored and for these results to be made public.
Principle 2 is intended to address potential impacts from salmon farms on natural habitat, local
biodiversity and ecosystem function. Specifically, the key impact areas of benthic impacts, siting,
effects of chemical inputs and effects of nutrient loading are addressed within this principle.
Performance Indicators (PI) requires that a site-specific AZE (Allowable Zone of Effect) is defined
based on a robust and credible modeling system (PI 2.1.4). A faunal index score (PI 2.1.2) must be
calculated that indicates a defined and high ecological quality of sediment outside the AZE. An
associated sampling methodology is also defined. Further, the number of macrofaunal taxa in the
sediment sample from the within the AZE must be established, again following a prescribed
sampling methodology (PI 2.1.3).
It is not without justification that it can be claimed that farmed impacts on small and medium sized
benthic crustacean would be established when considering the combined approach of Performance
Indicators 2.1.2, 2.1.3 and 2.1.4. It is unlikely that macro crustaceans (lobsters and large crabs)
would be collected with sufficient frequency with the prescribed sampling methodology (grabs).
However, crustaceans are the most species rich group and many small benthic crustaceans such as
amphipods and isopods, and medium sized shrimps are common. Some sessile barnacles are also
found in deeper water on suitable substrate.

9

Parasiticide Load: Indicator 5.2.6
Indicator 5.2.6 of the Standard is concerned with the parasiticide load of the fish. It has no specific
requirement but states that if the PTI is 6 or over then the parasiticide load must show a reduction
of 15% compared to the two previous cycles. It is defined as:
Parasiticide load = Sum (kg of fish treated x PTI).
Reduction in load is required regardless of whether production increases on the site.
Load implies amount, as in the antibiotic load (indicator 5.2.10), whilst here it uses the PTI, which is
a measure of frequency. This is something of a contrast to the index for antibiotic load which simply
requires the farm to sum the total weight of active ingredient added to the production unit and
relate this to the weight of fish in production. The parasiticide load, in contrast uses the PTI alone
which then should be multiplied by the weight of the fish. It is difficult to understand the rationale of
multiplying up this compound dimensionless index as an indication of reduced chemical usage. The
PTI is constructed from 7 independent components each with its own simplifying assumptions and
variability, when these are then multiplied by a factor of at least ‘000 the random ‘noise’ from these
variables is equally magnified. The prospect of this giving a meaningful indication of reduced use
must be doubted.
A more direct approach might be to use the cumulative weight of active agent, which is already
available from the manufacturer and a number of refinements to this approach are considered
within the following ‘Policy Options’ section.

PTI and Allowable Sea Lice Levels – Indicator 3.1.7
The timing and frequency of sea lice treatment is principally governed by fish welfare and the
national requirements to demonstrate that average lice numbers per fish are managed to within or
below a trigger or threshold level (Table 7).
Country
W Canada
Chile*
Faroe
Islands
Ireland
Norway

Scotland

Treatment Threshold
(average per fish)
3 motile lice ((March – June)
1.5 ovigerous females (winter)
6 adult lice (remainder of year
2 ovigerous lice or 10 motiles
0.3-0.5 ovigerous lice (March-May)
2 ovigerous lice (remainder of year)
0.1 ovigerous lice (5 week period,regional
variance between March-June)
0.5 ovigerous lice (remainder of year)
0.5 adult female lice (Feb-June)
1.0 adult female lice (July-Jan)

Mean PTI
(range)
4.4 (0-30)
41.7 (0-240)

Mean No
Treatments/cycle
1.1
8.2

24.8 (0-100)

6.2

7.6 (0-150)

4.0

25.8 (0-260)

2.9

55.4 (0-400)

8.2

* refers to Caligus spp of lice, all other thresholds are in respect of Lepeophtheirus

Table 7: Treatment thresholds compared with Mean PTI and Mean number of sea lice treatments per
production cycle.
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Frequency of treatment can also be influenced through regional or national treatment strategies,
such as ‘winter de-lousing’ in Norway. Local area management agreements can impose additional
treatments in an attempt to manage lice load within a defined body of water. The control of lice
abundance within management areas or barrios in Chile has led to the development of recognised
treatment windows, generally one 7-day treatment window per month.
Clearly treatment thresholds vary between countries but this inevitably can influence the mean PTI.
Data returns from west coast Canada, demonstrated the lowest mean PTI with the smallest range in
values, this is coupled with very few medicines being licensed. While low PTI scores may be
characteristic of a number of factors specific to the farms location on the Canadian Pacific coast. It is
important to note however, that there is a large recruitment of lice from the wild stocks during the
migration season, which makes it very difficult to be compliant with the 0.1 female lice indicator
3.1.7.
Farms in Chile are not affected by Lepeoptheirus salmonis but by Caligus rogercressyi. Threshold
levels for treatment are based on adult lice throughout the year and on ovigerous females during
the winter. Whole region treatments are required when a threshold of 1.5 ovigerous females is
exceeded during the winter. Mandatory treatments must be undertaken if the threshold is
exceeded.
Farms located in the Faroe Islands must treat within 14 days when numbers of lice exceed 2
ovigerous or 10 motile lice per fish. Countrywide strategic spring delousing was implemented within
the most recently completed production cycle.
The figures quoted for Norway are regulatory limits, rather than treatment triggers and they are the
only country where the regulations are in line with the requirements of the ASC’s Standard 3.1.7, to
maintain on-farm lice levels at or below 0.1 mature female lice during outmigration of wild juvenile
salmonids. Financial and production penalties (early harvest; reduction in biomass, increased
fallowing) can be imposed on farmers exceeding the limits.
Scotland’s treatment threshold is not as low as Norway’s and is voluntary rather than mandatory
and there is no immediate production or financial levy for failure to meet the target. Environmental
regulations can limit the amount of medicine available for use on a site during treatment and limit
the frequency with which it can be used. The limitations will act as a contributory factor in the
frequency of treatment and in the PTI score. Regional average abundance of adult female lice,
recorded within the producer database71 exceeded the ASC requirement of 3.1.7 for a significant
proportion of the outmigration period.
There can be other regulatory influences. For example, in Chile, Caligus is highly mobile thus even
with the best management practices one farm can readily be affected by neighbours so that lice
levels reach trigger a few weeks after a transfer. Chile legislation also says that once one farm within
a barrio ABM is at trigger levels all others within a prescribed perimeter must also treat which then
adds to the PTI of each farm irrespective of it being affected.
Summary. There are marked differences in trigger or threshold limits for sea lice treatments
between salmon farming countries.
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Where regional and company lice counts were available, the requirement to maintain abundance of
mature females at or below an average of 0.1 per fish during out-migration was not routinely met.
Weekly levels can fluctuate considerably due to sample sizes from cage populations. The
consequences the requirement to maintain the abundance of mature female lice at 0.1 or below per
fish is regionally insensitive. While increasingly all of the salmon farming countries have recognised
that early intervention offers the best chance of effective sea lice management, when this
intervention is triggered reflects both the regulatory environment and the epidemiology of sea lice
within a particular region. Trigger level of 3 mobile lice in Canada are not likely to be effective in
Norway, for example, and requiring Canada to comply with the Norwegian trigger (0.1 ovigerous
louse/fish) would simply inflate PTI scores unnecessarily.

Summary
The analysis shows that there are significant differences between the PTI scores attainable within
salmon producing regions, and that those differences are largely due to ecological and
environmental features rather than management.
The single reference bar of 13, whilst it may be achievable by the top 20% of sites in some countries
and some regions within countries, the gap between the requirement score and the mean and
maximum of what is currently found in all countries except perhaps Canada suggests that there is a
serious risk of the bar being beyond the reach of the bulk of farms even with improved
management. The real problem with the PTI single requirement is shown by how far the mean and
the mode of PTI distribution within the countries are from this requirement (Table 1). The intent is
to encourage the farms to improve their management so they can eventually match the top 20%,
but given the very significant contribution of external factors over company factors in the variance of
PTI scores the extent which management can achieve this, at least by pharmaceutical mean, is
probably limited in the regional context. The single reference point raises the strong possibility
of screening for compliant locality than compliant management. The compliance with the PTI should
be a challenge to certification not a barrier.
PTI is therefore a single measure for a complex and variable problem, and there are a number of
possible amendments, which could be made to improve its effectiveness in measuring the impact of
parasiticides upon the wider environment. These include:
1.
2.
3.
4.

Need for a proportional adjustment when a partial treatment is employed
There is no indication of amount of bioactive compound added to the water
The unproven factor of 4.5 for ‘lobster’ is ecosystem partial and involves double counting.
The requirements of national regulations on target lice levels in response to local conditions
are not consistent with the uniform requirement of Indicator 3.1.7, which tends to be
counteractive to the PTI score. A more ecosystem related view of this requirements should
be adopted.

The fixed requirement for the PTI of 13 or less does not recognise the predominant influence of
different ecological conditions. As a measure to drive best practice management is unknown, but the
analysis suggests this is unlikely given that environmental and location factors drive the observed
variance in PTI scores. The results suggest the ASC has four possible options to improve the
requirements in the salmon standard to better direct industry innovation to achieve the objectives
intended from the standard.
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1. To maintain the present bar at 13 but adjust the calculation to account for single-cage
treatments and eliminate the double counting regarding crustaceans toxicity
2. To set a fixed bar with a progressive improvement element once an entry gate score is
achieved. This would require operational improvements to meet the regional limits in terms
of percentage decrease in PTI over the previous two cycles or the cumulative mean as
reported to ASC until a value can be derived based on evidence
3. Reformulate PTI to calculate Parasiticide Load, with a progressive improvement element*
4. In addition to the option above also develop a requirement related to the frequency of
paraciticide use and combine this with a reformulated Parasiticide Load on a progressive and
cumulative mean improvement basis*
* In these options the degree of improvement possible due solely to management may have to be
refined through time as these need to be calibrated. This would be done by compiling the recorded
improvements in the ASC database for review in the light of experience.

Policy Options
There appears to be sufficient new information that questions the consistency and coherence of
existing sea lice requirements in the salmon standard with current industry best practice and the
changes ASC desires to drive. Four policy options setting out potential revisions are considered
below.
1. Retain the Existing Parasiticide Treatment Index (PTI) but Adjust the Calculation Method
Likely Impact.
The proposed revisions would allow partial treatments of farms to be calculated and remove
the ‘lobster factor’ which would allow respectively an important refinement and remove a
factor that considerably prejudices a company’s ability to meet the PTI requirements. The
basis of which is not established from systematic study.
The effect of the calculation changes would bring the ‘new’ PTI requirement within reach of
a greater proportion of farms, but a single reference bar based around the PTI index would
still largely be selecting a farm on the basis of site location rather than its management
ability. It would still place the bar beyond the reach of the remaining farms as previously
noted. While the recalculation methodology would essentially move the mean further to the
right, the intent is to encourage all farms to improve their management so they can
potentially match those meeting the requirement. But given the very significant contribution
of external factors over company factors in the variance of PTI scores the extent which
management can achieve this, at least by pharmaceutical mean, is probably limited in the
regional context. The single reference point even involving recalculation will still screen for
compliant locality.
There will also be a concern by stakeholders that the standard has been lowered, without
addressing the fundamental problems identified from the new information.
Policy recommendation. This policy option while simple to implement is not recommended.

2. Retain the Existing Parasiticide Treatment Index (PTI), Adjust the Calculation Method and
Establish and Entry Gate and Improvement Requirements
13

Likely Impact.
This policy option builds on the changes detailed above but addresses the challenge of
developing a requirement which takes into account regional baselines and is more sensitive
to the principle commitment of the ASC to incentivize improved management rather than
site specific compliance.
In order to provide a stimulus for all countries to realistically improve It should be possible
to find a regional score that accounts for the differing ecological systems shown to exist
(Table 1). Although using different country scores would have an arbitrary element just as
much as a single reference point.
An emphasis of the ASC Standard is to promote progressive improvement rather than just
meeting a fixed standard for certification. For Indicator 5.2.6, the parasiticide load, the
existing requirement sets a bar at a PTI of 6 but then requires all farms above this but under
13 to show a 15% improvement over successive production cycles in reducing the PTI in
relation to farm incremental production. Whilst there may be problems with the indicator
itself the progressive nature of the requirement recognises improvement as do several
others.
Using a similar approach to setting entry-level limits on the PTI with a requirement of
improvement would make improvement the goal and also test the capacity for
management. The entry gate could be put within reach of (for instance) at least 50% of
farms denoted by the mean country PTI in Table 1, by (perhaps) taking the score achieved by
35% of farms currently. After this, following the 5.2.6 requirement, the farm should show a
percentage improvement on the average of the two previous cycles. The farm would be
compliant by improvement until the bar is reached. The bar could be kept at 13. A
reformulated requirement for the PTI indicator with a bar and an entry gate could read:
For farms with a cumulative PTI ≥ 13 and <X* in the most recent production cycle,
demonstration that PTI is at least Y% less that of the average of the two previous production
cycles
* will vary regionally.
By referencing the previous two production cycles the effects of year-to-year variability are
dampened. Factor X would vary regionally and Y% remains to be determined. The
management effect needs to be calibrated since any fixed percentage improvement may not
be sustainable. A preliminary target can be developed following consultation. Thus, as with
other indicators, the results can be collected in the ASC database against a future review for
realistic management improvement.
This policy option presents some benefits over the previous proposal, but it is still based
around an index that selects for locality. It does however have the potential to introduce
incentives to farms to make realistic improvement to maintain ASC certification, although
the ability of farms to do so is currently unknown. It should be noted that this uncertainty is
addressed within a number of other indicators in the salmon standard by collecting and then
validating information collected once the farm is certified.
While the requirement would take into account regional variability associated with the
epidemiology of sea lice it would also establish different levels of compliance for different
regions. In essence the ASC would have different salmon standards for a country or region.

14

There may still be a continued perception that the bar has been reduced but this will be
likely mitigated since the requirement framework establishes a clearer pathway to test and
monitor farm improvement.
Policy recommendation. This policy option while simple to implement is not recommended.

3. Reformulate PTI as a Parasiticide Load Requirement, which incorporates Phased
Improvements
Likely Impact.
In the Salmon Standard the Parasiticide Load is given as: Parasiticide load = Sum (kg of fish
treated x PTI). Load implies amount, as in the antibiotic load (indicator 5.2.10), whilst here it
uses the PTI, which is a measure of frequency. In addition it is multiplied by up to ‘000 so
that all the approximations inherent in the PTI are greatly magnified making it a very ‘noisy’,
insensitive indicator.
The Rationale for initially calculating PTI in this way is described in the standard (see Annex
B) as “the purpose of the PTI in requirement 5.2.5 is to place a cap on the number of
treatments of parasiticides”. However the new data provided does not seem to indicate that
capping treatment frequency is possible (see policy option 4 below) in certain locations. And
in actual fact the Rationale goes on to admit that “The PTI does not directly address the
issue of total amount of parasiticide used in an area because it does not factor in the size of
the farm or the amount of fish being treated”. On the basis of the new information received
it seems that we now have the basis for a solution to addressing the amount of parasiticide
used with the new calculation option.
Introducing a calculation based on load rather than frequency would also address the
stakeholder comment regarding partial treatments (see Annex B). Currently use of
parasiticide in one cage is considered as a treatment and does not take in to account the
amount (or load) of chemical used. Calculating load by replacing frequency of fish treated by
weight of fish treated would then address the problem.
A more direct approach to estimating load would be to use the cumulative weight of active
agent, which is already available from the. Of course not all agents will have the same
impact on the surrounding wild communities but we do have some indication of this from
the 0-2 toxicity factor within the PTI. Therefore multiplying the toxicity factor with the
amount of active agent added and the weight of fish should give a more responsive indicator
of the total load of active parasiticide added irrespective of the frequency of use. Thus
Parasiticide load = Sum (total active agent used x toxicity factor)
where Sump is the sum of this factor for all applications during the whole production cycle.
Some examples of the calculation of this factor are given in Annex C.
This factor could be used on its own or in relation to the:




weight of fish harvested (per tonne)
area of cages in the farm unit in the production cycle (per M2)
volume of cages in the farm unit in the production cycle (per M3)
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frequency of treatment (per treatment)

Since the ecological effect is related to quantity released into the water or sediment perhaps
the area or volume of the cages may be more relevant?
Any of the above would take into account the single pen issue since the only element
summed into the total load index would be the amount used in relation to the whole. The
quantity released may also be a better indicator of the potential impact on lobsters or other
wild species in the area, than frequency and could provide the basis for future informed
intervention in this regard.
The requirement for this indicator could be the same as that for the current Indicator 5.2.6
that requires a fixed percentage improvement (currently 15%). However, establishing an
improvement against a moving baseline of the previous to years or a cumulative average
would dampen the year on year environment variation.
This approach would provide a scientifically robust requirement based on the most up to
date data, which would explicitly calculate the environmental impact of salmon farming due
the chemical usage and a basis to drive reductions.
Policy recommendation. This policy option is recommended, but the further refinement
below is the preferred option.

4. In addition to Reformulate PTI as a Requirement for Parasiticide Load, also develop a
Frequency of Use Requirement, both incorporating the need for Phased Improvements
A rationale for developing PTI as an indicator of frequency was to address the concern of
growing sea lice resistance to parisiticides.
The formulation of a simple indicator to calculate Parasiticide Load allows the possibility that
it may be used alongside a simple indicator of frequency of treatments.
A consideration of such a treatment frequency indicator also raises the issue of what can be
scored as a ‘treatment’. The single pen treatment has already been raised and the need for
some proportional allowance. However, there is also the nature of the agent that should be
taken into account. For example, within the PTI the therapeutant factor for hydrogen
peroxide is zero, hence the contribution of H2O2 to the PTI will always be zero so why count
it in the treatment frequency when it impact is zero?
The data provided does show a considerable difference in the frequency of treatments
applied in each region and is a reflection on the severity of the problem (Table 8).
Country
Canada
Chile
Faeroes
Ireland
Norway
Scotland

Mean number
of treatments
1.38
9.71
5.94
5.92
4.77
8.55

Median
1
9
6
2
5
7
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Table 8 Mean frequency of treatments per cycle per country

With regard to parasiticide resistance, risk increases when the agent is used more than once
in a cycle. Yet there is little evidence available to determine the optimal frequency.
However, as long as any treatment regime is fully and correctly completed, any reduction in
treatment frequency would reduce the risk of resistance. It is therefore proposed to develop
an agreed schedule of reductions for this requirement post consultation.
Policy recommendation. This policy option is the recommended and preferred option to
develop requirements addressing concerns about the amount and frequency of use of
parasiticide treatment.

Further Proposed and Related Revisions Regarding Indicator 3.1.7: Adopting Reduced
Regional Treatment Triggers
Summary
Requirement 3.1.7 requires farms seeking certification to maintain on-farm lice levels at 0.1
mature female lice (leps) during and immediately prior to sensitive periods, particularly
outmigration of wild juvenile salmon.
Legislated and voluntary treatment thresholds vary between countries. The distribution of
PTI scores by country suggest fundamental differences in the epidemiology of sea lice.
Information from a single company with farms in each of the major regions demonstrated
PTI scores characteristic of the country underlining that management practices are not able
to replicate the lowest PTI values across all of their operations. More troubling in terms of
establishing appropriate levels of performance within the salmon standard the ability to
maintain abundance of mature females at or below an average of 0.1 per fish during outmigration was not routinely met.
It is argued that the requirement to maintain the abundance of mature female lice at 0.1 or
below per fish is regionally insensitive. While increasingly it is recognised that early
intervention offers the best chance of effective sea lice management, this intervention
needs to reflect the epidemiology of sea lice within a particular region. Trigger level of 3
mobile lice in Canada are not likely to be effective in Norway, for example, and requiring
Canada to comply with the Norwegian trigger (0.1 ovigerous louse/fish) would simply
require unnecessary parasiticide use.
Likely Impact
The proposed changes would increase the threshold levels of sea lice within the standard to
reflect the regional differences outlined in the paper. While the changes would not require
the adoption of limits derived from Norway into the immediate future, it is proposed that
they would reflect a lower trigger limit than currently legislated for or adopted through
voluntary control. These new triggers would also be adopted within lice loads for the AZEs
established by the salmon standard.
A driving concern behind the adoption of the Norwegian limits within the standard was from
stakeholders concerned about the potential impact of sea lice on outmigrating smolts. The
assumption being that lower triggers would be more effective. This was an assumption
made in the absence of understanding the differences between regional epidemiology.
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Recent research from Canada supports the contention that current sea lice monitoring
requirements, thresholds and management actions ensure that the intent of the standard in
protecting wild salmonid populations during outmigration – is being met. Rogers’ et al. 2013
research paper, found that careful timing of sea lice control on salmon farms reduced
parasite loads when wild juvenile salmon are nearby.
The potential impact of sea lice infestation on outwardly migrating Atlantic salmon smolts
has been investigated (Jackson et al., 2011) by treating populations of ranched salmon, prior
to release, with a prophylactic sea lice treatment conferring protection from sea lice
infestation, for up to 9 weeks. Established populations of ranched Atlantic salmon with well
described rates of return were chosen to investigate the potential contribution of early
infestation with the salmon louse, Lepeophtheirus salmonis to mortality in Atlantic salmon.
Against a backdrop of a declining trend in survival rates of Atlantic salmon many studies are
attempting to elucidate potential causes for this decline. Results from this study over a
period of 9 years point to infestation with the salmon louse (L. salmonis) as being a minor
component of marine mortality in the stocks studied. The results over the study period
would suggest that the level of infestation pressure by L. salmonis experienced by the
outwardly migrating smolts was not of a level to be a consistently significant source of
additional marine mortality because no significant difference in survival rates was found
between treated and unprotected groups.
Skilbrei and Wennevik (2006) found similar survival rates in treated and untreated groups of
smolts released in western Norway in May 2003 but found significantly better survival in the
treated group released in June of the same year and some sites. Glover et al. (2004)
suggested that there may be a genetic susceptibility component to differences in infestation
rate observed between five different stocks of Atlantic salmon, three wild and two farmed.
Finstad and Jonsson (2001) have reported very large differences between treated and
untreated groups in Norway. They reported treated groups having recapture rates of 0.9%
as against 0.03% in unprotected fish. Differences of this magnitude were not recorded in this
study and minimum survival levels were always in excess of 1%.
However in a review by Costello (2009) it was suggested that there is increasing evidence
that lice from farms can be a significant cause of mortality on nearby wild fish populations
highlighting the need to balance aquaculture and fisheries resource management.
While it is clear that the literature on sea lice has expanded considerably since how best to
manage sea lice was debated within the salmon dialogue. But the conclusions of sea lice
impact on wild salmon populations is still debated and contrary views are postulated. It is
proposed that a more detailed review of this literature will be commissioned and the results
used to inform the development of the performance measures in the standard concerned
with how best to manage sea lice, associated environmental consequences and potential
impacts on wild populations.
However, the information set out in this report and the brief literature review above clearly
establishes that sea lice infestation has many regional characteristics and variability and is
largely driven by environmental and epidemiology variables. With this better understanding
it is not unreasonable to take regionally determined thresholds as having some basis and
require the ASC standards to set increasingly challenging targets over time that are informed
by related research. This will be the basis, at this point in time, on which future development
of performance indicator 3.1.7 will focus.
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Despite the increase in published literature available there are still perceived gaps in
understanding. With increasing transparency of information about sea lice treatments being
made by farms (www.globalsalmoninitiative.org) there is an important role to play by
industry in promoting further understanding of the problems as they search for better
control measures. To this last point it is also proposed that new requirements will also be
established to encourage and support such participate in research aimed at promoting
better understanding of the problem and innovation to reduce the environmental and
ecological impacts of sea lice treatment.

Future Process and Consultation
At the last Technical Advisory Group meeting the members discussed the content of this
paper and proposed revisions that the policy options set out in this paper be submitted for
public consultation to solicit broader public input into this paper, particularly as to the scope
and direction of the proposed revisions. The future development of revised requirements
will consider the comments received.
Any proposed revisions will be made in compliance with ISEAL’s Standard Setting Code.

FOR DECISION

19

Annex A
Stakeholder Comments Received During the Operational Review of the
Salmon Standard as related to PTI
StH
group

Organisation Ind.

Comment in detail

Rationale

Stakeholder proposal

Industry

GSI

Initiate review of PTI
(Parasiticide
Treatment Index)
criterion

New data available analyzing
effectiveness of criterion (and
submitted to ASC).

Revision to PTI

Industry

GSI

Industry
and Non
industry

Living
Oceans
Society,
David Suzuki
Foundation,
Watershed
Watch
Pacific
Salmon
Foundation,
Ecology
Action

5.2.5

A survey of the first 40 certified
farms indicates that meeting the set
PTI score has not been an obstacle
at all. No farms have demonstrated
difficulty with (via Variance
Requests) or nonconformity (minor
or major)regarding PTI scores.
Nearly half of certified farms (19
including several cluster
certifications) did not use any
parasiticides during the production
cycle. Six reports did not include a
PTI score, but three of those list
single treatments that result in a
score of ≤6. Of the remaining
farms, only four exceeded a PTI
score of 6 (3 farms = 6.4,1farm
=7.2).

As stated on page 2 of the
ASC Salmon Standard
“The requirements are
intended to be a starting
point for continuous
improvement and to be
periodically updated
to reflect… the data
collected during the
certification of farms to the
requirements”. In keeping
with this goal, the PTI limit
should be lowered from
13. Audit evidence
demonstrates zero-use is
feasible, but if a 0 limit
cannot be implemented
immediately, it should be
phased in (over the next 3
years) starting with a
lowered limit of ≤7. Only
one farm of the 40
certified would be
ineligible under these
conditions and would
likely be able to meet the
limit by the next
surveillance audit.

Non
industry

WWF

5.2.5

5.2.5

• Within the PTI
rationale there is no
consideration of how
to calculate PTI if
only a single pen in
an array is treated
rather than the whole
unit. Is it one
complete treatment?
The maximum farm
level cumulative
parasiticide
treatment index (PTI)
score should be
opened for review;
This review should
focus on the
possibility of
eliminating
parasiticide use
altogether under the
ASC standard

parasiticide
treatment index (PTI)
in Chile and
elsewhere needs
updating to reflect
reality
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Industry

PHARMAQ
AS

N/A

Non
industry

New
England
Aquarium

5.2.6

(Referring to the
email from
07.08.2014)
Regarding previously
expressed concerns
about the justification
of the assignment of
the persistence
factors for the
different treatment
compound in the PTI
of the salmon
standards.
Additional comment:
No residues and no
indication for ALPHA
MAX accumulating in
the sediments from
sediment monitoring
in Norway
Comment on farms
with a cumulative
PTI>6 in the most
recent production

Previously provided(from
PHARMAQ to the ASC)
experimental data on sediment
degradation for deltamethrin and
compounds from an extensive
literature review convince that this
information is sufficient to justify
lowering the persistence index of
deltamethrin to the same level as
for cypermethrin.

index of deltamethrin to
the same level as for
cypermethrin

It is not clear how to work for newer
farmers that do not have two
previous production cycles

Clarify how these criteria
will work
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Example of stakeholder submission on PTI (from GSI):
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Annex B

Relevant Sections of the ASC Salmon Standard as related to PTI

Indicator

Requirement

5.2.5 Maximum farm level cumulative parasiticide
treatment index (PTI) score as calculated according
to the formula in Appendix VII
5.2.6 For farms with a cumulative PTI ≥ 6 in the most
recent production cycle, demonstration that
parasiticide load* is at least 15% less that of the
average of the two previous production cycles

PTI score ≤ 13

Yes, within five years of the publication of the
ASC Salmon Standard

*Parasiticide load = Sum (kg of fish treated x PTI). Reduction in load required regardless of whether
production increases on the site. Farms that consolidate production across multiple sites within an
ABM can calculate reduction based on the combined parasiticide load of the consolidated sites.
Rationale for PTI:
“The purpose of the PTI in requirement 5.2.5 is to place a cap on the number of treatments of
parasiticides, while taking into account differences in risk associated with each treatment option
(the parasiticide), the treatment method and treatment timing (both in term of repeated use of a
single parasiticide during a given period of time and the time or year with regard to risk to wild
species). In essence, it addresses the frequency of use of the therapeutant on certified farms and key
risk factors related to its use. The PTI does not directly address the issue of total amount of
parasiticide used in an area because it does not factor in the size of the farm or the amount of fish
being treated, and it does not address use on neighboring farms that are not certified.
Since environmental risk from parasiticides is closely linked to total release of active therapeutant
into the environment, the SAD requires that, within five years of the publication of the requirement,
farms with a cumulative PTI greater than six demonstrate a reduction over time of the parasiticide
load from treatments on the farm. Parasiticide load is calculated by multiplying the PTI scores for
each parasiticide treatment by the weight of the fish treated. This requirement is consistent with
industry efforts to reduce both frequency and amount of parasiticide used, as well as with initiatives
to develop treatment methods that do not release active parasiticides into the environment. To
encourage thinking about cumulative use across a broader area, tracking of total use of parasiticides
is required under the ABM.”

Appendix VII: Parasiticide Treatment Index
The PTI is a function of four components as outlined below: therapeutant used, treatment method
used, timing of treatment with regard to wild species that are at greatest risk from parasiticides, and
the consecutive use of therapeutants that increases risk of resistance developing.
PTI is calculated as follows:
The PTI for any individual treatment is calculated as:
PTIi= [(therapeutant factor)*(treatment factor)*(resistance factor)*(sensitive time factor)]
The farm level PTI over the production cycle is the sum of individual PTIs from each treatment.
Farm level PTI= Σ (PTI1 …..PTIx)
Component 1: Therapeutant factor (for the therapeutant used)
Factor per therapeutant is given in the following table. Therapeutant factor = (Toxicity
Factor)*(Persistence Factor)*(Dosage Factor) based on the following rankings:
0 to 2 - toxicity to the environment (based on toxicity data for the indicator species of daphnia)
0 to 3 - persistence in the environment (based on publicly available data)
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1 to 3 - typical dosage per unit of fish treated (based on relative data for the substances used within
their main group and oral vs. bath treatment)
Parasiticide

Commercial
Name
Releeze

Treatment
Mechanism
Oral

Toxicity
Factor
1

Oral

1

Cypermethrin

Ektobann
vet. /Calcide
Betamax vet.

Bath

2

Deltamethrin

Alpha max

Bath

2

Azamethiphos

Salmosan

Bath

2

Emamectin
benzoate
Hydrogen
Peroxide

Slice vet.

Oral

2

Bath

0

Diflubenzuron
Teflubenzuron

Daphnia LC50
(μg/l)
Ranked as
teflubenzuron
2.8 μg/l

Persistence
Factor
3

Dosage
Factor
3

Therapeutant
Factor
9

3

3

9

0.3 μg/l: high
concern
0.56 μg/l: high
concern
0.67 μg/l: high
concern
0.56 μg/l: high
concern
Daphnia
magna 7700
μg/l

2

1

4

3

1

6

1

3

6

2

1

4

0

3

0

Component 2: Treatment factor (for the method of treatment used)
Treatment methods were assigned weights taking into account risk of that method to the environment
in terms of release of chemical to the environment and the degree to which the method allows greater
precision in dosing.
- Bath treatment with an open skirt – factor 1 (default)
- In-feed treatment – factor 0.8
- Bath treatment in a closed waterbody (wellboat or tarpaulin) – factor 0.8
- Treatment with no active chemical released into environment*– factor 0.2
*For example, a treatment in a production system where water is not released into the natural
environment, or a bath treatment in a wellboat where the chemical is denatured and rendered inactive
prior to release to the environment.
Component 3: Resistance factor (for repeat uses of the same therapeutant)
In order to reduce risk of development of resistance of sea lice to treatments, the PTI incorporates a
factor for the repeated use of the same treatment.
Default resistance factor = 1
If the same therapeutant is used for more than one treatment within a period of 12 months, the
resistance factor is 2 (factor of 2 is applied starting with the second treatment)
Component 4: Sensitive time factor (timing of treatment with regard to wild species)
The factor for timing of treatment with regard to wild species is intended to address concerns about
use of parasiticides at times when populations of species potentially affected by the treatment are
particularly sensitive. As noted in the report of the SAD Technical Working Group on Chemical Inputs,
parasiticides present a greater risk to crustaceans than other species because of their modes of
action. Scientific review and conversations with experts suggest that there is not a clear period that
presents a greater risk at a population level for crustacean species other than lobsters. Therefore,
only lobsters are addressed in this iteration of the PTI within the “sensitive timing” factor. Because
there isn’t a clear “riskier” period for populations of other crustaceans, the best way to address this is
to reduce frequency of treatments by reducing the PTI.
- The default “sensitive timing” factor is 1.
- If the farm area (discharge area) contains lobsters, and if the species is in a time-limited phase
where the population is known to be sensitive or are in a known sensitive period, the “sensitive timing”
factor is 4.5. Whether lobsters are present in the farm area shall be considered in the environmental
impact assessment in requirement 2.4.1, as is outlined in Appendix I-3.
Sensitive time periods for which the higher factor shall be used are:
- For American lobster on the east coasts of the US and Canada: July 1 – August 31
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- For European lobster In Norway and the UK: July 1 – August 31
Example Calculation
In the example scenario below, the farm used four treatments of parasiticide over the course of the
production cycle. The PTI for each treatment is calculated and then summed to determine the total
PTI. None of the treatments in this scenario took place during a time denoted as especially sensitive
to wild species in the area. The second treatment of emamectin benzoate is given the higher
resistance factor as it, in the example below, took place within 12 months of the prior treatment of the
same therapeutant.
Treatment

Therapeutant

1

Emamectin
benzoate
Emamectin
benzoate
Azamethiphos
Deltamethrin

2
3
4

Therapeutant
factor
4

Treatment
factor
0.8

Resistance
factor
1

Sensitive
time
1

PTI

4

0.8

2

1

6.4

6
6

0.8
0.8

1
1

1
1

4.8
4.8
19.2

Sum PTI

3.2

Updating PTI with new information
If new therapeutants become available for sea lice treatment, or if new treatment methods are
developed, the Technical Advisory Group of the ASC may be asked to determine a therapeutant
factor or treatment factor for that new parasiticide or new method, following guidelines for assignment
of factors left by the SAD SC.
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Annex C

Examples of calculated Parasiticide Loads

Taking modified metric for parasiticide load as:
Parasiticide Load (PL) = Sum (weight of each active ingredient x toxicity factor).
Unit of measurement is g.
Some examples for PL can be calculated, making some general assumptions, from data supplied by
GSI members, where farmers had completed all information (including detail on cage size, no cages,
max biomass) and logged the PL calculation against the site’s PTI and number of treatments for the
particular cycle (Table 1).

Table 1 Summary of PL calculations (PL in grammes)
A selection of the records received from the frequency of different treatments at different
sites is given in Table 1. Since the actual amounts added are not given we must make some
assumptions. Using the recommended doses from the manufacturer for each agent in terms
of quantity per M2 or M3 (Table 3) this is put together with the known dimensions of the
cages at each site (Table 2) to multiply up and give the PL total for each example (Table 1).
Where the amounts of each agent added to the cages are actually known these assumptions
would not be necessary. It is just to demonstrate the principle.
To clarify further, other relevant details of the sites (max biomass, cage size etc) are given in Table 2.

Table 2
Table 1, demonstrates the sensitivity of the calculation to the medicine chosen, the size of the
treatment unit and the biomass treated. It also highlights (eg Site X above) where PTI has increased
between year classes, that the choice of medicine actually shows a reduction in Parasiticide Load.
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This may lead to some apparent anomalies, where PTI is compliant, but greater than 6 and a
reduction in Parasiticide Load shows a reduction in agent applied due to choice of medicine and,
therefore, presumably impact on the ecosystem. . I included the other factors used in calculation of
each medicine’s Therapeutic Factor (used in PTI calculation).
The relative quantity of each agent based on the manufacturers recommended dose is shown in
Table 3 along with other elements of the PTI since a further possibility might be to use the
Therapeutant Factor rather than just toxicity although this also include the dosage factor which,
itself a further measure of amount. However, it is the Toxicity Factor from the PTI which has been
used to arrive at the totals in Table 1.

Table 3
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Annex D: Wild to farmed ratios Norway and W Canada
Indicator 3.1.7 - maximum lice levels during outmigration
Dr. Ian Payne
The analysis of the PTI by different salmon growing regions suggested that the problem of
sea lice in Norway and Western Europe was different to that in Western Canada particularly
with respect to the salmon louse Lepeophtheirus salmonis. A major question is the size of
the wild reservoir of salmon compared to the size of the farmed population since this relates
to the potential impact of the lice from farmed salmon onto the wild population which is the
concern of Principle 3 and 5 of the salmon standard.
Evidence suggests that the numbers of farmed Atlantic salmon exceed the numbers of wild
salmon 100-fold in that an estimate for 2002 showed that there were 231 million farmed fish
as against 2 million wild fish (Heuch eta al 2005)8. The wild salmonids include salmon, which
were in the majority, sea trout and migratory char all of which are susceptible to L salmonis.
It would seem likely that cross infestation between wild and farmed salmon will occur and it
has been possible to use sophisticated isotope techniques for distinguishing between the
origin of sampled sea lice and it is clear that sea lice egg production on farmed fish in
Norway can easily exceed that from wild fish if not controlled (Heuch and Mo 2001)9.
Equally, in Scotland, egg production from salmon lice on farmed salmon accounted for 98%
of the sea lice population (Butler 2002).10
Norway - in summary:
The situation is that the infestation pressure will always be the product of the total number
of hosts in the system (wild and farmed) and the number of lice on each host. Therefore any
increase in the number of hosts will need to be matched by a reduction in the number of
gravid females per host (Boxaspen 2006)11.
In Norway, and probably Scotland, the largest population of hosts by a considerable margin
is the farmed sector thus it there will be a significant effect if the lice numbers can be
controlled and kept low during the reproductive phase.
With regard to Western Canada, essentially British Colombia, estimates of adult salmon
stocks in BC waters put wild salmonid numbers in 2005 at 46.5 million made up of
24.8million Pink Salmon , (Oncorhynchus gorbuscha), 8.3million Chum Salmon
(Oncorhynchus keta) and 13.4million Sockeye, Oncorhynchus nerka (Ruggerone et al
2010)12. These numbers can be variable and have hit more recent peaks in 2010 and 2014.
The numbers of salmon in the farmed population has been estimated on the industry at 31.5
million based on the each of the 63 farms in operation each containing around 500,000 fish
(Cermaq 201513). Another way of estimating this is to take the weight of fish harvested in the
year, 71,000tonnes in 2010 (GoC statistics14) and assume that the average harvest size is
8
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some 5kg – in this case there would be approximately 14.2 million fish taken from the water
during a production cycle. However since it’s a 2year cycle there could be twice as many in
any one year, ie 21.8million.
However this is estimated, it is clear that the numbers of farmed and wild salmonids in the
water are of a similar order with probably a predominance of wild fish. There are other
considerations however.
This number of returning wild adults is derived from a much higher number of smolts
entering the sea during March-June to begin their marine adult phase. Factoring in the
different survival rates from smolt to returning adults enables a back calculation which
suggest that this number of adults were derived from 2.79 billion smolts. During the
outmigration therefore, there must be a considerably higher number of wild hosts in the
water (Cermaq 2015).
An additional angle on this is that there are extremely large stock enhancement programmes
for all Pacific salmon species in Canada and many Asian countries. Now around 20% 0f
returning adults are estimated to be from hatchery origins and that by 2005 4.5 billion
fry/smolts were added to the populations of Pacific salmon (Rugerone et al 2010a15). This
clearly has considerable implications for genetic conservation of the wild stock but raises the
possibility of these hatchery fish bringng other issues in relation to fish lice.
A further consideration is that there is generally a much lower susceptibility of non-Salmo
species to L. salmonis, including those of Oncorhynchus spp pacific salmon (eg. Johnson
and Albright 1992, Boxaspen 2006)16. Thus whilst they may still create a wild reservoir the
lower susceptibility of the Pacific salmons mean they are less likely to be damaged by
infestation which is one of the main considerations of Principle 3. The Pacific lice species
also seem to mature more slowly.
Canada – in summary:
the situation is very different to that in Norway. The number of wild hosts therefore
outnumbers the population of farmed hosts plus the wild fish are less susceptible to attack.
This renders the level of infestation on farmed fish much less under control of the farmer
because of higher risk of re-infection from the wild and the wild fish are less likely to be
heavily infested from the more susceptible farmed fish especially when this is the Atlantic
salmon, Salmo salar. Thus whilst control is necessary from the point of view of the health of
farmed salmon, there is less risk to the larger wild population than the relative time wild
population in the case of Norway. This is recognised by the rather higher trigger levels for
treatment in the legislation of Canada compared to Norway but not recognised by the ASC
standard which requires a target level of 0.1 ovigerous ‘lep’ females (Indicator 3. ..) in both
cases.
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