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Executive Summary 51 

 52 
PTI = Parasiticide Treatment Index 53 
ASC Standard = Salmon standard Version 1: June 2012 54 
 55 
Five stakeholders provided comments on the need to include PTI in the operational review of the 56 
ASC salmon standard (see Annex A). 57 
 58 
Aquaculture Stewardship Council (ASC) farm audit information, Global Salmon Initiative (GSI) 59 
company information on PTI scores and parasiticide use in 2013 and 2014 and stakeholder 60 
comments were reviewed and form the basis of the summary analyses contained in this paper.  61 
 62 
The ASC salmon standard requires that ASC-certified farms perform under the PTI limit of 13 63 
(indicator 5.2.5) and reduce PTI towards a level of 6 by 15% a year (starting 2017, indicator 5.2.6). 64 
Levels of ovigerous sea lice densty are also prescribed in Indicator 3.1.7. The full ASC standards along 65 
with the calculation methodology for PTI are provided in Annex B to this report. 66 
 67 
Currently 6.9% of global salmon production has been certified, the majority of this from Norway. Of 68 
all the ASC standards salmon has attracted more requests for clarifications and variance requests 69 
from CABs. This partly reflects the complexity of the standard but also that some of the 70 
requirements appear inconsistent with existing regulatory frameworks and current industry best 71 
practice. The analysis contained in this paper highlight these issues and a series of changes to the 72 
current requirements are proposed. 73 
 74 
Policy Options 75 
Four options are proposed for consideration, two recommended for further development one of 76 
which is preferred.  77 
 78 

Purpose 79 

 80 
The purpose of this paper is to present relevant background information, stakeholder submissions 81 
received through the operational review, analyses that help clarify potential revision options and to 82 
set out a number of potential revisions. Further work anticipated and the future process for pubic 83 
consultation regarding these revisions, including the development of a coherent response to the 84 
stakeholder submissions received are also set out. 85 
 86 

Background 87 

 88 
Amongst the impacts of salmon aquaculture on the environment identified by the Salmon 89 
Aquaculture Dialogue (SAD) in the development of the ASC Salmon Standard was that of the 90 
potential for the medicines used in treating the common problem of infestations of sea lice upon the 91 
surrounding natural communities sharing the environment. The problem for the SAD was to devise 92 
an indicator which would reflect the probable magnitude of that impact and requirements which 93 
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would minimise the probability of a significant impact on those communities. The SAD proposed an 94 
index (The Parasiticide Treatment Index), which was made up from four constituent indicators 95 
relating to: 96 

 The therapeutant used 97 

 The frequency of use 98 

 The method of application 99 

 The presence of lobsters 100 
 101 

The PTI is a completely new index; which combined indicators for all the factors thought to be 102 
involved in creating the potential impact on the wider natural communities. It is an innovative 103 
approach in reflecting potential environmental impacts resulting from salmon culture. In devising 104 
the numeric requirement for PTI the SAD arrived at a value of 13 or less to indicate treatment 105 
procedures unlikely to cause significant damage to the surrounding environment. 106 
 107 
PTI is an indicator of the potential impact of the treatment and not on the efficacy of the treatment 108 
itself. Never the less it does have a bearing on the efficacy of the treatment in Principle 3 concerned 109 
with the reduction of the impact of culture on wild salmonid populations. Indicator 3.1.7 requires 110 
that the sea lice load be kept under 0.1 mature female ‘lep’ per fish during the period of wild 111 
salmonid smolt outmigration. Thus there is the inverse interaction when a producer reduces 112 
parasiticide treatments to meet the PTI requirement they becomes less likely to meet the lep 113 
requirement and more likely to have detrimental impacts on fish welfare. Interactions with 114 
effectiveness do, therefore, exist within the Standard. 115 
 116 
While innovative, the development of the PTI was also challenging, not least because it was 117 
developed with an almost complete paucity of information related to the actual performance of 118 
salmon farms regarding their use of parasiticides and as such was essentially untested. It also 119 
sought, despite the obvious challenges, to develop a methodology applicable to all countries where 120 
salmon was farmed. Recent information submitted by the salmon industry involved with the Global 121 
Salmon Initiative presents a unique, collective insight into the challenges the industry are tackling. It 122 
also provides important information about how the ASC standards could evolve in support of 123 
industry innovation.  124 
 125 
This information was not available to the SAD when the standard was devised and is therefore a 126 
valuable addition in support of the operational review of the salmon standard.    127 
 128 

Considerations 129 

Aquaculture Stewardship Council (ASC) farm audit information, Global Salmon Initiative (GSI) 130 
company information on PTI scores and parasiticide use and stakeholder comments were reviewed 131 
by and form the basis of the summary analyses contained in this paper.  132 
 133 
The Global Salmon Initiative report provides new information based on 585 data returns from 134 
individual participating companies (at the time representing some 70% of global salmon production) 135 
of their annual PTI calculations in 2013 and 2014 and additional observations on the consistency of 136 
the existing requirements with industry best practice and with the feasibility of meeting the 137 
environmental objectives set out in the standard. 138 
 139 
Key points are summarized and presented below in the following Sections. 140 
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 141 

Country Overview 142 
 143 
Sorting the data by country, which has the implication also of by ecological region, gives the picture 144 
presented by Figure 1 and detailed in Table 1. 145 
 146 
Figure 1  Distribution of PTI scores by country. 147 

 148 
 149 

Country N of records Mean PTI PTI range 

W. Canada 61 4.4 0 – 30 

Chile 80 41.7 0 – 240 

Faeroes 35 24.8 0 – 100  

Ireland 13 7.6 0 – 150  

Norway 312 25.8 0 – 260  

Scotland 84 55.4 0 – 400  

New Zealand  All 0 0 

Table 1. Mean PTI score and range by country 150 
 151 
The distribution of PTI scores by country shows considerable variation around the mean and range.  152 
The resulting distributions are not normal and are either skewed or uniform. The differences 153 
between countries are suggestive of fundamental differences in the epidemiology of sea lice and 154 
highlights the challenge of devising a single PTI score applicable globally. A brief review of underlying 155 
environmental and ecological differences is considered below (Table 4) but there are also 156 
fundamental differences between the types of sea lice found in different regions. Firstly, there are 157 
several species of lice involved. In the Atlantic, Lepeophtheirus salmonis and Caligus elongatus are 158 
the biggest threats (Pike and Wadsworth 1999)1 whilst in the Pacific several species of Caligus have 159 
                                                           
1
 Pike, A.W and Wadsworth, S.L. (1999). Sea lice on salmonids: their biology and control. Advances in Parasitology, 44: 234-
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been implicated although C. clemensi has most specifically been associated with outbreaks (Beamish 160 
et al 20052, Bravo 2003 3). In terms of hosts, L. salmonis is known as the salmon louse because it is 161 
specific to salmonids, in particular the Atlantic salmon whilst Caligus is much less host specific with 162 
C. elongatus being reported on 80 different species of fish.  This means that Caligus always has an 163 
extensive wild reservoir of sea lice whereas for L. salmonis the reservoir only exists where there are 164 
wild salmonids or even, more specifically, wild Atlantic salmon or Salmo species.  165 
 166 
The lice species present affects the dynamics of the interaction with salmon and equally they have 167 
somewhat different ranges. Thus, major outbreaks of the more temperate water Caligus are rare in 168 
Norway but outbreaks of both Caligus and L. salmonis have occurred in Scotland, Ireland and Canada 169 
(Boxaspen 2006)4.  The lowest temperature for L. salmonis to complete its life history is thought to 170 
be 40C although temperatures <70C are considered to be inhibitory and the upper temperature may 171 
be 180C. The temperature sensitivity leads to a seasonal effect. Off southern Norway the prevalence 172 
increased from 20% occurrence in March to 100% in late summer whilst in north Norway the peak 173 
was a month or two later in autumn (Rikardsen 2004)5. Considerable reduction in sea lice numbers 174 
were also noted in the Skaggerak in winter which was attributed to both low temperatures and 175 
salinities (Heuch et al 2002)6. This seasonal variance in occurrence is attributed to a decline in 176 
reproduction and survival during winter followed by growth of sea lice populations under warmer 177 
conditions in the summer (Boxaspen, 2006). 178 
 179 
Despite these differences that have consequences for the types and patterns of treatments needed 180 
the salmon standard does not differentiate between genera, nor to the different species within a 181 
region.  182 
 183 

Analysis of Variance 184 
  185 
Various analyses of variance were considered in the report to try and unpick the contribution that 186 
country, year, site and company had. When nested analyses of variance were undertaken over 80% 187 
of the variance was explained attributed to site (43.3%), country (21.5%) and company (17.7%). 188 
 189 
Further analysis to explore the impact of company and site to see if company variation is also 190 
attributable to site was undertaken. For this the data were sorted by regions identified from the 191 
original company data (Table 2).  192 
 193 

Country and sub- region N Mean PTI 15th percentile of PTI 

W Canada 61 4.4 0.7 

Chile_Aysen 28 27.6 8.0 

Chile_LosLagos 52 52.0 15.6 

Faroes 35 24.8 7.1 

Ireland_Cork 5 1.7 -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 

Table 2. Means and 15th percentile of PTI sorted by country and sub-region 194 
 195 
Western Canada and the Faeroes are treated as single entities. Norway’s regions mostly follow the 196 
terminology used by Marine Harvest, except a distinct “Very North” category was added taking a 197 
distinct cohort of farms from the far north.  198 
 199 
There are notable differences amongst regions to be seen. There are fairly clear trends in increasing 200 
PTI, north to south in Scotland, Norway and Chile with the proviso that in the southern most region 201 
of Norway the PTI tends to decline again. This has been noted in other Norway data sets. Given the 202 
sea lice also have an upper temperature limit of around 180C (Boxaspen 2006), warmer water may 203 
be inhibiting lice reproduction. 204 
 205 
A nested ANOVA model indicates a significant amount of variation is explained by region within 206 
country. Of the total variation in PTI, 21% is explained by country (P<0.01). After accounting for this, 207 
a further 13% of variation is explained by region (P<0.01; noting region is a fairly arbitrary division 208 
and the divisions are of unequal number between countries). Much of the remaining variation is 209 
explained by  site, as country, region, and site explain 82% of variation overall. Company effect and 210 
error make up the remainder. 211 
 212 
Thus since country, region and site are beyond the existing management influence of the companies 213 
and explain most of the observed variation in PTI scores, a basic premise that PTI would drive 214 
improved management of the status quo is questionable. The current recourse for most farms when 215 
challenged by sea lice infestation is to use parasiticides (as evidenced from the PTI information 216 
submitted). Given that PTI is essentially a measure of treatment frequency and is used also in the 217 
construction of treatment load, the current salmon standard does not establish a means of 218 
accurately calculating treatment load and its related environmental impact. 219 
 220 
To underline this point it was possible to look at one company with a centralised management 221 
system with farms in each of the major regions. The PTI ranges varied from 6 to 12 in Canada to 59- 222 
117 in Chile and 82-128 in Scotland with Norway intermediate thus giving further indication that 223 
there are regional factors which influence the differences in PTI rather than the management 224 
system. Management practices are clearly not able to replicate the lowest PTI values across all of 225 
their operations. 226 
 227 
Inter-Annual Variation.  There is a relatively small effect of year (calendar year as opposed to site- 228 
level variability across cycles), however when stratified by country, a larger effect is revealed, as one 229 
might expect if the effect of year is not even across countries (Table 3). The analysis is complicated 230 
by the fact that year is patchily represented across different countries. 231 
 232 
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Term ω2 P 

Model 1   

Country 22.4 % <0.001 

Year (nested) 9.7 % <0.001 
Table 3 Variation accounted for by year within country 233 
 234 
The actual magnitude of the regional differences and yearly changes was illustrated by a comparison 235 
of country records over three years using data from a single company in each case (Figure 2). Whilst 236 
the major differences are indeed from country to country there are still marked difference from year 237 
to year in which external environmental and ecological factors governing the epidemiology of the 238 
sea lice will play a significant role, with the implication that sites which may meet the PTI standard 239 
one year may not the next. 240 
 241 
 242 
 243 

 244 
Figure 2 Annual and regional variation in PTI based on single companies in each country 245 
 246 
 247 
Environmental Variability.  The environmental differences between the countries were briefly 248 
reviewed in the report and these included sea temperature, seasonality, salinity, ocean currents and 249 
patchiness in distribution of the mobile larval forms. There are also related ecological differences 250 
between the regions (Table 4) sufficient to suggest the regional differences reflect different sea lice 251 
problems. In combination collectively determine the observed variability in PTI.  252 
 253 

 Caligus ‘lep’ Wild 
Salmon 
reservoir 

Seasonal Above 
11.40C* 

Below 
11.40C* 

‘Lobsters’ 
present 

Salmon 
spp 

Norway    X   X       X       X      X      X Atlantic 

Faeroes    X   X     
limited 

      X      X       Atlantic 

Scotland    X   X       X       X     X       X Atlantic 

Ireland    X   X       X       X     X       X Atlantic 

W. 
Canada 

   X   X   Very  
large  

      X      X  Atlantic 

Chile    X        X   Atlantic 

New 
Zealand 

       Coho 

 Being the mean of the means of collected seawater temperatures to indicate ‘warmer’ or ‘colder’ conditions 254 
Table 4. Some ecosystem variables of main regions.  255 
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 256 
 257 
The differences between the ratio of farmed:wild salmon were further explored in a brief analysis 258 
(Annex D) from published sources was undertaken. The reported ratio from Norway was 100:1 and 259 
in Canada it was 2:3. It is speculated that the large wild reservoir of sea lice in Canada has helped 260 
reduce the frequency of the development of parasiticide resistance. Similarly speculated is that the 261 
potential impact of sea lice of farmed origin is also likely to be higher in Norway when compared to 262 
Canada. 263 
 264 

PTI Calculation Anomalies 265 
  266 
Partial Pen Treatments. Increasingly producers are moving to a treatment regime where only pens 267 
with a sea lice infestation are treated. This differs from previous practice where all pens in a farm 268 
were treated, often when regulatory triggers related to sea lice density were reached. However, in 269 
the calculation of the PTI all such partial treatments would be included as a single complete 270 
treatment. It is suggested that, in review, the PTI would be more accurate if it were proportionate to 271 
the pens treated.  272 
 273 
Lobster Factor.  When sea lice treatment is carried out during the months of July and August in 274 
regions where the European or American lobster exists, the treatment score is multiplied by a factor 275 
of 4.5. This multiplier is used in calculation of scores in all countries apart from West Coast Canada 276 
and Chile (Table 5).  277 
 278 

Country % of repeat 
treatments 

% treatments 
affected by Sensitive 

time factor  

Mean PTI 
 

W Canada 27.7% Not applicable 4.4   

Chile 71.4% Not applicable 41.7  

Faroe Isl 22.1% 5.3% 24.8   

Ireland 12.2% 7.3% 7.6   

Norway 40.8% 12.7% 25.8   

Scotland 55.4% 23.3% 55.4   
Table 5: Percentage of treatments carried out that involved repeated use of a medicine within a 12 month 279 
period or use of a medicine during which a ‘Sensitive Time’ factor would be applied  280 
 281 
To test the influence of the lobster factor, data samples were taken from Norway and Scotland 282 
where treatments were carried out between July 1st and August 31st from the complete data 283 
collected during the GSI study.  284 
 285 

Sample 
data 

Number Mean 
Mean (no 
lobster) 

Range 

Norway all 312 25.8 11.8 0-260 

Lobster 
only 

63 89.1   24-252 

Scotland all 84 55.4 28.5 0-400 

Lobster 
only 

45 64.5   14.4-283.2 

 286 
      Table 6. Comparison of mean and range of data with lobster factor and all data        287 
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 288 
Clearly the lobster only data is higher in both cases. It is notable that in Scotland the whole data 289 
means and the lobster only means are not that far apart. The reason for this is that a much higher 290 
proportion of the Scottish farms have to use medicine in the sensitive period, therefore the 291 
influence on the whole data is much greater. The extrapolated means for farms not using the lobster 292 
factor are estimated at 11.8 for Norway and 28.5 for Scotland. 293 
 294 
The lobster factor in the multiplier of 4.5 is the largest factor used in the calculation of PTI. However, 295 
there has been very little systematic work on the actual harm that can be done to lobster 296 
populations through the use of parasiticides. There is also a degree of double counting within the PTI 297 
calculation by adding this factor since the toxicity element of the therapeutic factor is already taking 298 
into account in the toxicity of the agent used. The dose recommended by manufacturers is based on 299 
efficacy, but also takes into account the potential impacts on other crustacean and sometimes 300 
marine crustacean larvae as well as Daphnia, in the risk assessments required before the product is 301 
licensed. The heavy additional weighting to the lobster appears to be on a relatively arbitrary basis. 302 
Nevertheless there is a perception issue between salmon ‘pesticides’ and the lobster industry but 303 
the extent to which this addresses it remains to be seen.  304 
 305 
There is also an ecosystem issue in as much as those regions outside the range of the ‘European’ 306 
lobster, presumably Homarus gammarus and the ‘American’ lobster, H. americanus, do not have to 307 
apply this factor for reasons of location not management, despite there being other, commercial and 308 
non-commercial species present. 309 
 310 
Another way of looking at this is that, if the lobster factor was considered unjustified because of 311 
double counting and lack of evidence and was therefore to be discounted, this would result in a 312 
mean of 28.5 for Scotland and 11.8 for Norway. This would bring the Western Europe farm PTI into a 313 
more homogenous range and would bring certification into the realms of the possible and 314 
manageable for a larger number of farms that the ASC strives to influence. 315 
 316 
One further important consideration is that the ASC salmon standard is not silent on requiring the 317 
benthic impacts of salmon farming to be monitored and for these results to be made public. 318 
Principle 2 is intended to address potential impacts from salmon farms on natural habitat, local 319 
biodiversity and ecosystem function. Specifically, the key impact areas of benthic impacts, siting, 320 
effects of chemical inputs and effects of nutrient loading are addressed within this principle. 321 
Performance Indicators (PI) requires that a site-specific AZE (Allowable Zone of Effect) is defined 322 
based on a robust and credible modeling system (PI 2.1.4). A faunal index score (PI 2.1.2) must be 323 
calculated that indicates a defined and high ecological quality of sediment outside the AZE. An 324 
associated sampling methodology is also defined. Further, the number of macrofaunal taxa in the 325 
sediment sample from the within the AZE must be established, again following a prescribed 326 
sampling methodology (PI 2.1.3).  327 

It is not without justification that it can be claimed that farmed impacts on small and medium sized 328 
benthic crustacean would be established when considering the combined approach of Performance 329 
Indicators 2.1.2, 2.1.3 and 2.1.4. It is unlikely that macro crustaceans (lobsters and large crabs) 330 
would be collected with sufficient frequency with the prescribed sampling methodology (grabs). 331 
However, crustaceans are the most species rich group and many small benthic crustaceans such as 332 
amphipods and isopods, and medium sized shrimps are common. Some sessile barnacles are also 333 
found in deeper water on suitable substrate.  334 

 335 
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Parasiticide Load: Indicator 5.2.6 336 
 337 
Indicator 5.2.6 of the Standard is concerned with the parasiticide load of the fish. It has no specific 338 
requirement but states that if the PTI is 6 or over then the parasiticide load must show a reduction 339 
of 15% compared to the two previous cycles. It is defined as:  340 
 341 
Parasiticide load = Sum (kg of fish treated x PTI). 342 
 343 
Reduction in load is required regardless of whether production increases on the site.  344 
 345 
Load implies amount, as in the antibiotic load (indicator 5.2.10), whilst here it uses the PTI, which is 346 
a measure of frequency. This is something of a contrast to the index for antibiotic load which simply 347 
requires the farm to sum the total weight of active ingredient added to the production unit and 348 
relate this to the weight of fish in production. The parasiticide load, in contrast uses the PTI alone 349 
which then should be multiplied by the weight of the fish. It is difficult to understand the rationale of 350 
multiplying up this compound dimensionless index as an indication of reduced chemical usage. The 351 
PTI is constructed from 7 independent components each with its own simplifying assumptions and 352 
variability, when these are then multiplied by a factor of at least ‘000 the random ‘noise’ from these 353 
variables is equally magnified. The prospect of this giving a meaningful indication of reduced use 354 
must be doubted. 355 
 356 
A more direct approach might be to use the cumulative weight of active agent, which is already 357 
available from the manufacturer and a number of refinements to this approach are considered 358 
within the following ‘Policy Options’ section. 359 
 360 

PTI and Allowable Sea Lice Levels – Indicator 3.1.7 361 
 362 
The timing and frequency of sea lice treatment is principally governed by fish welfare and the 363 
national requirements to demonstrate that average lice numbers per fish are managed to within or 364 
below a trigger or threshold level (Table 7). 365 
 366 

Country Treatment Threshold 
(average per fish) 

Mean PTI 
(range) 

Mean No 
Treatments/cycle 

W Canada 3 motile lice ((March – June) 4.4  (0-30) 1.1 

Chile* 1.5 ovigerous females (winter) 
6 adult lice (remainder of year 

41.7 (0-240) 8.2 

Faroe 
Islands 

2 ovigerous lice or 10 motiles 24.8  (0-100) 6.2 

Ireland 0.3-0.5 ovigerous lice (March-May) 
2 ovigerous lice (remainder of year) 

7.6  (0-150) 4.0 

Norway 0.1 ovigerous lice (5 week period,regional 
variance between March-June) 

0.5 ovigerous lice (remainder of year) 

25.8  (0-260) 2.9 

Scotland 0.5 adult female lice (Feb-June) 
1.0 adult female lice (July-Jan) 

55.4  (0-400) 8.2 

* refers to Caligus spp of lice, all other thresholds are in respect of Lepeophtheirus 367 
 368 
Table 7: Treatment thresholds compared with Mean PTI and Mean number of sea lice treatments per 369 
production cycle. 370 
 371 
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Frequency of treatment can also be influenced through regional or national treatment strategies, 372 
such as ‘winter de-lousing’ in Norway. Local area management agreements can impose additional 373 
treatments in an attempt to manage lice load within a defined body of water. The control of lice 374 
abundance within management areas or barrios in Chile has led to the development of recognised 375 
treatment windows, generally one 7-day treatment window per month.  376 
 377 
Clearly treatment thresholds vary between countries but this inevitably can influence the mean PTI.   378 
Data returns from west coast Canada, demonstrated the lowest mean PTI with the smallest range in 379 
values, this is coupled with very few medicines being licensed. While low PTI scores may be 380 
characteristic of a number of factors specific to the farms location on the Canadian Pacific coast. It is 381 
important to note however, that there is a large recruitment of lice from the wild stocks during the 382 
migration season, which makes it very difficult to be compliant with the 0.1 female lice indicator 383 
3.1.7. 384 
 385 
Farms in Chile are not affected by Lepeoptheirus salmonis but by Caligus rogercressyi. Threshold 386 
levels for treatment are based on adult lice throughout the year and on ovigerous females during 387 
the winter. Whole region treatments are required when a threshold of 1.5 ovigerous females is 388 
exceeded during the winter. Mandatory treatments must be undertaken if the threshold is 389 
exceeded.  390 
 391 
Farms located in the Faroe Islands must treat within 14 days when numbers of lice exceed 2 392 
ovigerous or 10 motile lice per fish. Countrywide strategic spring delousing was implemented within 393 
the most recently completed production cycle. 394 
 395 
The figures quoted for Norway are regulatory limits, rather than treatment triggers and they are the 396 
only country where the regulations are in line with the requirements of the ASC’s Standard 3.1.7, to 397 
maintain on-farm lice levels at or below 0.1 mature female lice during outmigration of wild juvenile 398 
salmonids. Financial and production penalties (early harvest; reduction in biomass, increased 399 
fallowing) can be imposed on farmers exceeding the limits.  400 
 401 
Scotland’s treatment threshold is not as low as Norway’s and is voluntary rather than mandatory 402 
and there is no immediate production or financial levy for failure to meet the target. Environmental 403 
regulations can limit the amount of medicine available for use on a site during treatment and limit 404 
the frequency with which it can be used. The limitations will act as a contributory factor in the 405 
frequency of treatment and in the PTI score. Regional average abundance of adult female lice, 406 
recorded within the producer database71 exceeded the ASC requirement of 3.1.7 for a significant 407 
proportion of the outmigration period.  408 
 409 
There can be other regulatory influences.   For example, in Chile, Caligus is highly mobile thus even 410 
with the best management practices one farm can readily be affected by neighbours so that lice 411 
levels reach trigger a few weeks after a transfer. Chile legislation also says that once one farm within 412 
a barrio ABM is at trigger levels all others within a prescribed perimeter must also treat which then 413 
adds to the PTI of each farm irrespective of it being affected. 414 
 415 
Summary.  There are marked differences in trigger or threshold limits for sea lice treatments 416 
between salmon farming countries.  417 
 418 

                                                           
7 SSPO Fish Health Management Summary Q2 2014; ref  http://scottishsalmon.co.uk/fish-health-management-report-april-june-2014 
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Where regional and company lice counts were available, the requirement to maintain abundance of 419 
mature females at or below an average of 0.1 per fish during out-migration was not routinely met. 420 
Weekly levels can fluctuate considerably due to sample sizes from cage populations. The 421 
consequences the requirement to maintain the abundance of mature female lice at 0.1 or below per 422 
fish is regionally insensitive. While increasingly all of the salmon farming countries have recognised 423 
that early intervention offers the best chance of effective sea lice management, when this 424 
intervention is triggered reflects both the regulatory environment and the epidemiology of sea lice 425 
within a particular region. Trigger level of 3 mobile lice in Canada are not likely to be effective in 426 
Norway, for example, and requiring Canada to comply with the Norwegian trigger (0.1 ovigerous 427 
louse/fish) would simply inflate PTI scores unnecessarily. 428 
 429 
 430 

Summary 431 
 432 
The analysis shows that there are significant differences between the PTI scores attainable within 433 
salmon producing regions, and that those differences are largely due to ecological and 434 
environmental features rather than management.  435 
 436 
The single reference bar of 13, whilst it may be achievable by the top 20% of sites in some countries 437 
and some regions within countries, the gap between the requirement score and the mean and 438 
maximum of what is currently found in all countries except perhaps Canada suggests that there is a 439 
serious risk of the bar being beyond the reach of the bulk of farms even with improved 440 
management. The real problem with the PTI single requirement is shown by how far the mean and 441 
the mode of PTI distribution within the countries are from this requirement (Table 1). The intent is 442 
to encourage the farms to improve their management so they can eventually match the top 20%, 443 
but given the very significant contribution of external factors over company factors in the variance of 444 
PTI scores the extent which management can achieve this, at least by pharmaceutical mean, is 445 
probably limited in the regional context. The single reference point raises the strong possibility  446 
of screening for compliant locality than compliant management. The compliance with the PTI should 447 
be a challenge to certification not a barrier.  448 
 449 
PTI is therefore a single measure for a complex and variable problem, and there are a number of 450 
possible amendments, which could be made to improve its effectiveness in measuring the impact of 451 
parasiticides upon the wider environment. These include: 452 
 453 

1. Need for a proportional adjustment when a partial treatment is employed 454 
2. There is no indication of amount of bioactive compound added to the water 455 
3. The unproven factor of 4.5 for ‘lobster’ is ecosystem partial and involves double counting. 456 
4. The requirements of national regulations on target lice levels in response to local conditions 457 

are not consistent with the uniform requirement of Indicator 3.1.7, which tends to be 458 
counteractive to the PTI score. A more ecosystem related view of this requirements should 459 
be adopted.  460 
 461 

The fixed requirement for the PTI of 13 or less does not recognise the predominant influence of 462 
different ecological conditions. As a measure to drive best practice management is unknown, but the 463 
analysis suggests this is unlikely given that environmental and location factors drive the observed 464 
variance in PTI scores. The results suggest the ASC has four possible options to improve the 465 
requirements in the salmon standard to better direct industry innovation to achieve the objectives 466 
intended from the standard. 467 
 468 
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1. To maintain the present bar at 13 but adjust the calculation to account for single-cage 469 
treatments and eliminate the double counting regarding crustaceans toxicity 470 

2. To set a fixed bar with a progressive improvement element once an entry gate score is 471 
achieved. This would require operational improvements to meet the regional limits in terms 472 
of percentage decrease in PTI over the previous two cycles or the cumulative mean as 473 
reported to ASC until a value can be derived based on evidence  474 

3. Reformulate PTI to calculate Parasiticide Load, with a progressive improvement element* 475 
4. In addition to the option above also develop a requirement related to the frequency of 476 

paraciticide use and combine this with a reformulated Parasiticide Load on a progressive and 477 
cumulative mean improvement basis* 478 

 479 
* In these options the degree of improvement possible due solely to management may have to be 480 
refined through time as these need to be calibrated. This would be done by compiling the recorded 481 
improvements in the ASC database for review in the light of experience. 482 
 483 

Policy Options 484 

 485 
There appears to be sufficient new information that questions the consistency and coherence of 486 
existing sea lice requirements in the salmon standard with current industry best practice and the 487 
changes ASC desires to drive. Four policy options setting out potential revisions are considered 488 
below.  489 
 490 

1. Retain the Existing Parasiticide Treatment Index (PTI) but Adjust the Calculation Method 491 
 492 
Likely Impact.  493 
The proposed revisions would allow partial treatments of farms to be calculated and remove 494 
the ‘lobster factor’ which would allow respectively an important refinement and remove a 495 
factor that considerably prejudices a company’s ability to meet the PTI requirements. The 496 
basis of which is not established from systematic study.  497 
 498 
The effect of the calculation changes would bring the ‘new’ PTI requirement within reach of 499 
a greater proportion of farms, but a single reference bar based around the PTI index would 500 
still largely be selecting a farm on the basis of site location rather than its management 501 
ability. It would still place the bar beyond the reach of the remaining farms as previously 502 
noted. While the recalculation methodology would essentially move the mean further to the 503 
right, the intent is to encourage all farms to improve their management so they can 504 
potentially match those meeting the requirement. But given the very significant contribution 505 
of external factors over company factors in the variance of PTI scores the extent which 506 
management can achieve this, at least by pharmaceutical mean, is probably limited in the 507 
regional context. The single reference point even involving recalculation will still screen for 508 
compliant locality.  509 
 510 
There will also be a concern by stakeholders that the standard has been lowered, without 511 
addressing the fundamental problems identified from the new information. 512 
 513 
Policy recommendation. This policy option while simple to implement is not recommended. 514 
 515 
 516 

2. Retain the Existing Parasiticide Treatment Index (PTI), Adjust the Calculation Method and 517 
Establish and Entry Gate and Improvement Requirements 518 
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 519 
Likely Impact.  520 
This policy option builds on the changes detailed above but addresses the challenge of 521 
developing a requirement which takes into account regional baselines and is more sensitive 522 
to the principle commitment of the ASC to incentivize improved management rather than 523 
site specific compliance.   524 
 525 
In order to provide a stimulus for all countries to realistically improve It should be possible 526 
to find a regional score that accounts for the differing ecological systems shown to exist 527 
(Table 1). Although using different country scores would have an arbitrary element just as 528 
much as a single reference point.    529 

 530 
An emphasis of the ASC Standard is to promote progressive improvement rather than just 531 
meeting a fixed standard for certification. For Indicator 5.2.6, the parasiticide load, the 532 
existing requirement sets a bar at a PTI of 6 but then requires all farms above this but under 533 
13 to show a 15% improvement over successive production cycles in reducing the PTI in 534 
relation to farm incremental production. Whilst there may be problems with the indicator 535 
itself the progressive nature of the requirement recognises improvement as do several 536 
others.  537 
 538 
Using a similar approach to setting entry-level limits on the PTI with a requirement of 539 
improvement would make improvement the goal and also test the capacity for 540 
management. The entry gate could be put within reach of (for instance) at least 50% of 541 
farms denoted by the mean country PTI in Table 1, by (perhaps) taking the score achieved by 542 
35% of farms currently. After this, following the 5.2.6 requirement, the farm should show a 543 
percentage improvement on the average of the two previous cycles. The farm would be 544 
compliant by improvement until the bar is reached. The bar could be kept at 13. A 545 
reformulated requirement for the PTI indicator with a bar and an entry gate could read: 546 
 547 
For farms with a cumulative PTI ≥ 13 and <X* in the most recent production cycle, 548 
demonstration that PTI is at least Y% less that of the average of the two previous production 549 
cycles  550 
  * will vary regionally.  551 
 552 
By referencing the previous two production cycles the effects of year-to-year variability are 553 
dampened. Factor X would vary regionally and Y% remains to be determined. The 554 
management effect needs to be calibrated since any fixed percentage improvement may not 555 
be sustainable. A preliminary target can be developed following consultation. Thus, as with 556 
other indicators, the results can be collected in the ASC database against a future review for 557 
realistic management improvement.  558 

 559 
This policy option presents some benefits over the previous proposal, but it is still based 560 
around an index that selects for locality. It does however have the potential to introduce 561 
incentives to farms to make realistic improvement to maintain ASC certification, although 562 
the ability of farms to do so is currently unknown. It should be noted that this uncertainty is 563 
addressed within a number of other indicators in the salmon standard by collecting and then 564 
validating information collected once the farm is certified. 565 
 566 
While the requirement would take into account regional variability associated with the 567 
epidemiology of sea lice it would also establish different levels of compliance for different 568 
regions. In essence the ASC would have different salmon standards for a country or region. 569 
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 570 
There may still be a continued perception that the bar has been reduced but this will be 571 
likely mitigated since the requirement framework establishes a clearer pathway to test and 572 
monitor farm improvement. 573 
 574 
Policy recommendation. This policy option while simple to implement is not recommended. 575 

 576 
 577 

3. Reformulate PTI as a Parasiticide Load Requirement, which incorporates Phased 578 
Improvements 579 

 580 
Likely Impact.  581 
In the Salmon Standard the Parasiticide Load is given as: Parasiticide load = Sum (kg of fish 582 
treated x PTI). Load implies amount, as in the antibiotic load (indicator 5.2.10), whilst here it 583 
uses the PTI, which is a measure of frequency. In addition it is multiplied by up to ‘000 so 584 
that all the approximations inherent in the PTI are greatly magnified making it a very ‘noisy’, 585 
insensitive indicator. 586 

 587 
The Rationale for initially calculating PTI in this way is described in the standard (see Annex 588 
B) as “the purpose of the PTI in requirement 5.2.5 is to place a cap on the number of 589 
treatments of parasiticides”. However the new data provided does not seem to indicate that 590 
capping treatment frequency is possible (see policy option 4 below) in certain locations. And 591 
in actual fact the Rationale goes on to admit that “The PTI does not directly address the 592 
issue of total amount of parasiticide used in an area because it does not factor in the size of 593 
the farm or the amount of fish being treated”. On the basis of the new information received 594 
it seems that we now have the basis for a solution to addressing the amount of parasiticide 595 
used with the new calculation option. 596 
 597 
Introducing a calculation based on load rather than frequency would also address the 598 
stakeholder comment regarding partial treatments (see Annex B). Currently use of 599 
parasiticide in one cage is considered as a treatment and does not take in to account the 600 
amount (or load) of chemical used. Calculating load by replacing frequency of fish treated by 601 
weight of fish treated would then address the problem. 602 
 603 
A more direct approach to estimating load would be to use the cumulative weight of active 604 
agent, which is already available from the. Of course not all agents will have the same 605 
impact on the surrounding wild communities but we do have some indication of this from 606 
the 0-2 toxicity factor within the PTI.  Therefore multiplying the toxicity factor with the 607 
amount of active agent added and the weight of fish should give a more responsive indicator 608 
of the total load of active parasiticide added irrespective of the frequency of use. Thus 609 

 610 
Parasiticide load = Sum (total active agent used x toxicity factor)  611 

                                             612 
where Sump is the sum of this factor for all applications during the whole production cycle.  613 
Some examples of the calculation of this factor are given in Annex C. 614 

 615 
This factor could be used on its own or in relation to the: 616 

 617 

 weight of fish harvested (per tonne) 618 

 area of cages in the farm unit in the production cycle (per M2) 619 

 volume of cages in the farm unit in the production cycle (per M3) 620 
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 frequency of treatment (per treatment) 621 
    622 
Since the ecological effect is related to quantity released into the water or sediment perhaps 623 
the area or volume of the cages may be more relevant?  624 

 625 
Any of the above would take into account the single pen issue since the only element 626 
summed into the total load index would be the amount used in relation to the whole. The 627 
quantity released may also be a better indicator of the potential impact on lobsters or other 628 
wild species in the area, than frequency and could provide the basis for future informed 629 
intervention in this regard. 630 

 631 
The requirement for this indicator could be the same as that for the current Indicator 5.2.6 632 
that requires a fixed percentage improvement (currently 15%). However, establishing an 633 
improvement against a moving baseline of the previous to years or a cumulative average 634 
would dampen the year on year environment variation.  635 
 636 
This approach would provide a scientifically robust requirement based on the most up to 637 
date data, which would explicitly calculate the environmental impact of salmon farming due 638 
the chemical usage and a basis to drive reductions.  639 
 640 
Policy recommendation.  This policy option is recommended, but the further refinement 641 
below is the preferred option. 642 

 643 
 644 

4. In addition to Reformulate PTI as a Requirement for Parasiticide Load, also develop a 645 
Frequency of Use Requirement, both incorporating the need for Phased Improvements 646 

 647 
A rationale for developing PTI as an indicator of frequency was to address the concern of 648 
growing sea lice resistance to parisiticides.  649 
 650 
The formulation of a simple indicator to calculate Parasiticide Load allows the possibility that 651 
it may be used alongside a simple indicator of frequency of treatments.  652 

 653 
A consideration of such a treatment frequency indicator also raises the issue of what can be 654 
scored as a ‘treatment’. The single pen treatment has already been raised and the need for 655 
some proportional allowance. However, there is also the nature of the agent that should be 656 
taken into account. For example, within the PTI the therapeutant factor for hydrogen 657 
peroxide is zero, hence the contribution of H2O2 to the PTI will always be zero so why count 658 
it in the treatment frequency when it impact is zero? 659 
 660 
The data provided does show a considerable difference in the frequency of treatments 661 
applied in each region and is a reflection on the severity of the problem (Table 8). 662 

  663 

Country Mean number 
of treatments 

Median  

Canada 1.38 1 

Chile 9.71 9 

Faeroes 5.94 6 

Ireland 5.92 2 

Norway 4.77 5 

Scotland 8.55 7 
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Table 8   Mean frequency of treatments per cycle per country 664 
 665 
 666 

With regard to parasiticide resistance, risk increases when the agent is used more than once 667 
in a cycle. Yet there is little evidence available to determine the optimal frequency. 668 
However, as long as any treatment regime is fully and correctly completed, any reduction in 669 
treatment frequency would reduce the risk of resistance. It is therefore proposed to develop 670 
an agreed schedule of reductions for this requirement post consultation. 671 
 672 
Policy recommendation.  This policy option is the recommended and preferred option to 673 
develop requirements addressing concerns about the amount and frequency of use of 674 
parasiticide treatment. 675 
 676 
 677 
Further Proposed and Related Revisions Regarding Indicator 3.1.7: Adopting Reduced 678 
Regional Treatment Triggers 679 
 680 
Summary 681 
Requirement 3.1.7 requires farms seeking certification to maintain on-farm lice levels at 0.1 682 
mature female lice (leps) during and immediately prior to sensitive periods, particularly 683 
outmigration of wild juvenile salmon.  684 

Legislated and voluntary treatment thresholds vary between countries. The distribution of 685 
PTI scores by country suggest fundamental differences in the epidemiology of sea lice. 686 
Information from a single company with farms in each of the major regions demonstrated 687 
PTI scores characteristic of the country underlining that management practices are not able 688 
to replicate the lowest PTI values across all of their operations. More troubling in terms of 689 
establishing appropriate levels of performance within the salmon standard the ability to 690 
maintain abundance of mature females at or below an average of 0.1 per fish during out- 691 
migration was not routinely met.  692 
 693 
It is argued that the requirement to maintain the abundance of mature female lice at 0.1 or 694 
below per fish is regionally insensitive. While increasingly it is recognised that early 695 
intervention offers the best chance of effective sea lice management, this intervention 696 
needs to reflect the epidemiology of sea lice within a particular region. Trigger level of 3 697 
mobile lice in Canada are not likely to be effective in Norway, for example, and requiring 698 
Canada to comply with the Norwegian trigger (0.1 ovigerous louse/fish) would simply 699 
require unnecessary parasiticide use. 700 
 701 
Likely Impact 702 
The proposed changes would increase the threshold levels of sea lice within the standard to 703 
reflect the regional differences outlined in the paper. While the changes would not require 704 
the adoption of limits derived from Norway into the immediate future, it is proposed that 705 
they would reflect a lower trigger limit than currently legislated for or adopted through 706 
voluntary control. These new triggers would also be adopted within lice loads for the AZEs 707 
established by the salmon standard. 708 
 709 
A driving concern behind the adoption of the Norwegian limits within the standard was from 710 
stakeholders concerned about the potential impact of sea lice on outmigrating smolts. The 711 
assumption being that lower triggers would be more effective.  This was an assumption 712 
made in the absence of understanding the differences between regional epidemiology. 713 
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 714 
Recent research from Canada supports the contention that current sea lice monitoring 715 
requirements, thresholds and management actions ensure that the intent of the standard in 716 
protecting wild salmonid populations during outmigration – is being met. Rogers’ et al. 2013 717 
research paper, found that careful timing of sea lice control on salmon farms reduced 718 
parasite loads when wild juvenile salmon are nearby. 719 

The potential impact of sea lice infestation on outwardly migrating Atlantic salmon smolts 720 
has been investigated (Jackson et al., 2011) by treating populations of ranched salmon, prior 721 
to release, with a prophylactic sea lice treatment conferring protection from sea lice 722 
infestation, for up to 9 weeks. Established populations of ranched Atlantic salmon with well 723 
described rates of return were chosen to investigate the potential contribution of early 724 
infestation with the salmon louse, Lepeophtheirus salmonis to mortality in Atlantic salmon. 725 
Against a backdrop of a declining trend in survival rates of Atlantic salmon many studies are 726 
attempting to elucidate potential causes for this decline. Results from this study over a 727 
period of 9 years point to infestation with the salmon louse (L. salmonis) as being a minor 728 
component of marine mortality in the stocks studied. The results over the study period 729 
would suggest that the level of infestation pressure by L. salmonis experienced by the 730 
outwardly migrating smolts was not of a level to be a consistently significant source of 731 
additional marine mortality because no significant difference in survival rates was found 732 
between treated and unprotected groups.  733 

Skilbrei and Wennevik (2006) found similar survival rates in treated and untreated groups of 734 
smolts released in western Norway in May 2003 but found significantly better survival in the 735 
treated group released in June of the same year and some sites. Glover et al. (2004) 736 
suggested that there may be a genetic susceptibility component to differences in infestation 737 
rate observed between five different stocks of Atlantic salmon, three wild and two farmed. 738 
Finstad and Jonsson (2001) have reported very large differences between treated and 739 
untreated groups in Norway. They reported treated groups having recapture rates of 0.9% 740 
as against 0.03% in unprotected fish. Differences of this magnitude were not recorded in this 741 
study and minimum survival levels were always in excess of 1%.  742 

However in a review by Costello (2009) it was suggested that there is increasing evidence 743 
that lice from farms can be a significant cause of mortality on nearby wild fish populations 744 
highlighting the need to balance aquaculture and fisheries resource management.  745 
 746 
While it is clear that the literature on sea lice has expanded considerably since how best to 747 
manage sea lice was debated within the salmon dialogue. But the conclusions of sea lice 748 
impact on wild salmon populations is still debated and contrary views are postulated. It is 749 
proposed that a more detailed review of this literature will be commissioned and the results 750 
used to inform the development of the performance measures in the standard concerned 751 
with how best to manage sea lice, associated environmental consequences and potential 752 
impacts on wild populations. 753 
 754 
However, the information set out in this report and the brief literature review above clearly 755 
establishes that sea lice infestation has many regional characteristics and variability and is 756 
largely driven by environmental and epidemiology variables. With this better understanding 757 
it is not unreasonable to take regionally determined thresholds as having some basis and 758 
require the ASC standards to set increasingly challenging targets over time that are informed 759 
by related research. This will be the basis, at this point in time, on which future development 760 
of performance indicator 3.1.7 will focus. 761 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0060096
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0060096
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 762 
Despite the increase in published literature available there are still perceived gaps in 763 
understanding. With increasing transparency of information about sea lice treatments being 764 
made by farms (www.globalsalmoninitiative.org) there is an important role to play by 765 
industry in promoting further understanding of the problems as they search for better 766 
control measures. To this last point it is also proposed that new requirements will also be 767 
established to encourage and support such participate in research aimed at promoting 768 
better understanding of the problem and innovation to reduce the environmental and 769 
ecological impacts of sea lice treatment. 770 
 771 

Future Process and Consultation 772 

At the last Technical Advisory Group meeting the members discussed the content of this 773 
paper and proposed revisions that the policy options set out in this paper be submitted for 774 
public consultation to solicit broader public input into this paper, particularly as to the scope 775 
and direction of the proposed revisions. The future development of revised requirements 776 
will consider the comments received. 777 

Any proposed revisions will be made in compliance with ISEAL’s Standard Setting Code. 778 

 779 
 780 

         FOR DECISION 781 
 782 
 783 
 784 
 785 
  786 

http://www.globalsalmoninitiative.org/
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Annex A Stakeholder Comments Received During the Operational Review of the 787 
Salmon Standard as related to PTI 788 
 789 

StH 
group 

Organisation Ind. Comment in detail Rationale Stakeholder proposal 

Industry GSI 5.2.5 Initiate review of PTI 
(Parasiticide 
Treatment Index) 
criterion 

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

Revision to PTI 

Industry  GSI   • 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? 

    

Industry 
and Non 
industry 

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

5.2.5 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 

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

N/A (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 

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 

Non 
industry 

New 
England 
Aquarium 

5.2.6 Comment on farms 
with a cumulative 
PTI>6 in the most 
recent production 

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

Clarify how these criteria 
will work 

 790 
 791 
 792 
 793 
 794 
  795 
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Example of stakeholder submission on PTI (from GSI): 796 
 797 

 798 

  799 
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Annex B Relevant Sections of the ASC Salmon Standard as related to PTI 800 
 801 
Indicator Requirement 

5.2.5 Maximum farm level cumulative parasiticide 
treatment index (PTI) score as calculated according 
to the formula in Appendix VII  

PTI score ≤ 13  

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  

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

 802 
*Parasiticide load = Sum (kg of fish treated x PTI). Reduction in load required regardless of whether 803 
production increases on the site. Farms that consolidate production across multiple sites within an 804 
ABM can calculate reduction based on the combined parasiticide load of the consolidated sites.  805 
 806 
Rationale for PTI: 807 
 808 
“The purpose of the PTI in requirement 5.2.5 is to place a cap on the number of treatments of 809 
parasiticides, while taking into account differences in risk associated with each treatment option 810 
(the parasiticide), the treatment method and treatment timing (both in term of repeated use of a 811 
single parasiticide during a given period of time and the time or year with regard to risk to wild 812 
species). In essence, it addresses the frequency of use of the therapeutant on certified farms and key 813 
risk factors related to its use. The PTI does not directly address the issue of total amount of 814 
parasiticide used in an area because it does not factor in the size of the farm or the amount of fish 815 
being treated, and it does not address use on neighboring farms that are not certified. 816 
 817 
Since environmental risk from parasiticides is closely linked to total release of active therapeutant 818 
into the environment, the SAD requires that, within five years of the publication of the requirement, 819 
farms with a cumulative PTI greater than six demonstrate a reduction over time of the parasiticide 820 
load from treatments on the farm. Parasiticide load is calculated by multiplying the PTI scores for 821 
each parasiticide treatment by the weight of the fish treated. This requirement is consistent with 822 
industry efforts to reduce both frequency and amount of parasiticide used, as well as with initiatives 823 
to develop treatment methods that do not release active parasiticides into the environment. To 824 
encourage thinking about cumulative use across a broader area, tracking of total use of parasiticides 825 
is required under the ABM.” 826 
 827 

Appendix VII: Parasiticide Treatment Index  828 
 829 
The PTI is a function of four components as outlined below: therapeutant used, treatment method 830 
used, timing of treatment with regard to wild species that are at greatest risk from parasiticides, and 831 
the consecutive use of therapeutants that increases risk of resistance developing.  832 
 833 
PTI is calculated as follows:  834 
The PTI for any individual treatment is calculated as:  835 
PTIi= [(therapeutant factor)*(treatment factor)*(resistance factor)*(sensitive time factor)]  836 
The farm level PTI over the production cycle is the sum of individual PTIs from each treatment.  837 
Farm level PTI= Σ (PTI1 …..PTIx)  838 
 839 
Component 1: Therapeutant factor (for the therapeutant used)  840 
Factor per therapeutant is given in the following table. Therapeutant factor = (Toxicity 841 
Factor)*(Persistence Factor)*(Dosage Factor) based on the following rankings:  842 
0 to 2 - toxicity to the environment (based on toxicity data for the indicator species of daphnia)  843 
0 to 3 - persistence in the environment (based on publicly available data)  844 
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1 to 3 - typical dosage per unit of fish treated (based on relative data for the substances used within 845 
their main group and oral vs. bath treatment)  846 
 847 

Parasiticide  Commercial 
Name  

Treatment 
Mechanism  

Toxicity 
Factor  

Daphnia LC50 
(μg/l)  

Persistence 
Factor  

Dosage 
Factor  

Therapeutant 
Factor  

Diflubenzuron  Releeze  Oral  1  Ranked as 
teflubenzuron  

3  3  9  

Teflubenzuron  Ektobann 
vet. /Calcide  

Oral  1  2.8 μg/l  3  3  9  

Cypermethrin  Betamax vet.  Bath  2  0.3 μg/l: high 
concern  

2  1  4  

Deltamethrin  Alpha max  Bath  2  0.56 μg/l: high 
concern  

3  1  6  

Azamethiphos  Salmosan  Bath  2  0.67 μg/l: high 
concern  

1  3  6  

Emamectin 
benzoate  

Slice vet.  Oral  2  0.56 μg/l: high 
concern  

2  1  4  

Hydrogen 
Peroxide  

 Bath  0  Daphnia 
magna 7700 
μg/l  

0  3  0  

 848 
Component 2: Treatment factor (for the method of treatment used)  849 
Treatment methods were assigned weights taking into account risk of that method to the environment 850 
in terms of release of chemical to the environment and the degree to which the method allows greater 851 
precision in dosing.  852 
- Bath treatment with an open skirt – factor 1 (default)  853 
- In-feed treatment – factor 0.8  854 
- Bath treatment in a closed waterbody (wellboat or tarpaulin) – factor 0.8  855 
- Treatment with no active chemical released into environment*– factor 0.2  856 
 857 
*For example, a treatment in a production system where water is not released into the natural 858 
environment, or a bath treatment in a wellboat where the chemical is denatured and rendered inactive 859 
prior to release to the environment.  860 
 861 
Component 3: Resistance factor (for repeat uses of the same therapeutant)  862 
In order to reduce risk of development of resistance of sea lice to treatments, the PTI incorporates a 863 
factor for the repeated use of the same treatment.  864 
Default resistance factor = 1  865 
If the same therapeutant is used for more than one treatment within a period of 12 months, the 866 
resistance factor is 2 (factor of 2 is applied starting with the second treatment)  867 
 868 
Component 4: Sensitive time factor (timing of treatment with regard to wild species)  869 
The factor for timing of treatment with regard to wild species is intended to address concerns about 870 
use of parasiticides at times when populations of species potentially affected by the treatment are 871 
particularly sensitive. As noted in the report of the SAD Technical Working Group on Chemical Inputs, 872 
parasiticides present a greater risk to crustaceans than other species because of their modes of 873 
action. Scientific review and conversations with experts suggest that there is not a clear period that 874 
presents a greater risk at a population level for crustacean species other than lobsters. Therefore, 875 
only lobsters are addressed in this iteration of the PTI within the “sensitive timing” factor. Because 876 
there isn’t a clear “riskier” period for populations of other crustaceans, the best way to address this is 877 
to reduce frequency of treatments by reducing the PTI.  878 
- The default “sensitive timing” factor is 1.  879 
- If the farm area (discharge area) contains lobsters, and if the species is in a time-limited phase 880 
where the population is known to be sensitive or are in a known sensitive period, the “sensitive timing” 881 
factor is 4.5. Whether lobsters are present in the farm area shall be considered in the environmental 882 
impact assessment in requirement 2.4.1, as is outlined in Appendix I-3.  883 
Sensitive time periods for which the higher factor shall be used are:  884 
- For American lobster on the east coasts of the US and Canada: July 1 – August 31  885 
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- For European lobster In Norway and the UK: July 1 – August 31  886 
 887 
Example Calculation  888 
In the example scenario below, the farm used four treatments of parasiticide over the course of the 889 
production cycle. The PTI for each treatment is calculated and then summed to determine the total 890 
PTI. None of the treatments in this scenario took place during a time denoted as especially sensitive 891 
to wild species in the area. The second treatment of emamectin benzoate is given the higher 892 
resistance factor as it, in the example below, took place within 12 months of the prior treatment of the 893 
same therapeutant.  894 
 895 
Treatment  Therapeutant  Therapeutant 

factor  
Treatment 
factor  

Resistance 
factor  

Sensitive 
time  

PTI  

1  Emamectin 
benzoate  

4  0.8  1  1  3.2  

2  Emamectin 
benzoate  

4  0.8  2  1  6.4  

3  Azamethiphos  6  0.8  1  1  4.8  

4  Deltamethrin  6  0.8  1  1  4.8  

Sum PTI  19.2  

 896 
Updating PTI with new information  897 
If new therapeutants become available for sea lice treatment, or if new treatment methods are 898 
developed, the Technical Advisory Group of the ASC may be asked to determine a therapeutant 899 
factor or treatment factor for that new parasiticide or new method, following guidelines for assignment 900 
of factors left by the SAD SC.  901 
 902 
   903 
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Annex C Examples of calculated Parasiticide Loads 904 

Taking modified metric for parasiticide load as: 905 

Parasiticide Load (PL) = Sum (weight of each active ingredient x toxicity factor).  906 

Unit of measurement is g. 907 

Some examples for PL can be calculated, making some general assumptions, from data supplied by 908 
GSI members, where farmers had completed all information (including detail on cage size, no cages, 909 
max biomass) and logged the PL calculation against the site’s PTI and number of treatments for the 910 
particular cycle (Table 1). 911 

 912 

Table 1 Summary of PL calculations (PL in grammes)   913 

A selection of the records received from the frequency of different treatments at different 914 

sites is given in Table 1. Since the actual amounts added are not given we must make some 915 

assumptions. Using the recommended doses from the manufacturer for each agent in terms 916 

of quantity per M2 or M3 (Table 3) this is put together with the known dimensions of the 917 

cages at each site (Table 2) to multiply up and give the PL total for each example (Table 1). 918 

Where the amounts of each agent added to the cages are actually known these assumptions 919 

would not be necessary. It is just to demonstrate the principle. 920 

To clarify further, other relevant details of the sites (max biomass, cage size etc) are given in Table 2. 921 

 922 

Table 2 923 

Table 1, demonstrates the sensitivity of the calculation to the medicine chosen, the size of the 924 
treatment unit and the biomass treated. It also highlights (eg Site X above) where PTI has increased 925 
between year classes, that the choice of medicine actually shows a reduction in Parasiticide Load. 926 
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This may lead to some apparent anomalies, where PTI is compliant, but greater than 6 and a 927 
reduction in Parasiticide Load shows a reduction in agent applied due to choice of medicine and, 928 
therefore, presumably impact on the ecosystem. . I included the other factors used in calculation of 929 
each medicine’s Therapeutic Factor (used in PTI calculation).  930 

The relative quantity of each agent based on the manufacturers recommended dose  is shown in 931 
Table 3 along with other elements of the PTI since a further possibility might be to use the 932 
Therapeutant Factor rather than just toxicity although this also include the dosage factor which, 933 
itself a further measure of amount. However, it is the Toxicity Factor from the PTI which has been 934 
used to arrive at the totals in Table 1. 935 

 936 

Table 3  937 

 938 
 939 
  940 
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Annex D: Wild to farmed ratios Norway and W Canada 941 
 942 
Indicator 3.1.7 - maximum lice levels during outmigration 943 
Dr. Ian Payne 944 
 945 
The analysis of the PTI by different salmon growing regions suggested that the problem of 946 
sea lice in Norway and Western Europe was different to that in Western Canada particularly 947 
with respect to the salmon louse Lepeophtheirus salmonis. A major question is the size of 948 
the wild reservoir of salmon compared to the size of the farmed population since this relates 949 
to the potential impact of the lice from farmed salmon onto the wild population which is the 950 
concern of Principle 3 and 5 of the salmon standard. 951 
Evidence suggests that the numbers of farmed Atlantic salmon exceed the numbers of wild 952 
salmon 100-fold in that an estimate for 2002 showed that there were 231 million farmed fish 953 
as against 2 million wild fish (Heuch eta al 2005)8. The wild salmonids include salmon, which 954 
were in the majority, sea trout and migratory char all of which are susceptible to L salmonis. 955 
It would seem likely that cross infestation between wild and farmed salmon will occur and it 956 
has been possible to use sophisticated isotope techniques for distinguishing between the 957 
origin of sampled sea lice and it is clear that sea lice egg production on farmed fish in 958 
Norway can easily exceed that from wild fish if not controlled (Heuch and Mo 2001)9. 959 
Equally, in Scotland, egg production from salmon lice on farmed salmon accounted for 98% 960 
of the sea lice population (Butler 2002).10  961 
 962 
Norway - in summary: 963 
 The situation is that the infestation pressure will always be the product of the total number 964 
of hosts in the system (wild and farmed) and the number of lice on each host. Therefore any 965 
increase in the number of hosts will need to be matched by a reduction in the number of 966 
gravid females per host (Boxaspen 2006)11. 967 
In Norway, and probably Scotland, the largest population of hosts by a considerable margin 968 
is the farmed sector thus it there will be a significant effect if the lice numbers can be 969 
controlled and kept low during the reproductive phase. 970 
 971 
With regard to Western Canada, essentially British Colombia, estimates of adult salmon 972 
stocks in BC waters put wild salmonid numbers in 2005 at 46.5 million made up of 973 
24.8million Pink Salmon , (Oncorhynchus gorbuscha),  8.3million Chum Salmon   974 
(Oncorhynchus keta)  and 13.4million Sockeye,  Oncorhynchus nerka  (Ruggerone et al 975 
2010)12. These numbers can be variable and have hit more recent peaks in 2010 and 2014. 976 
The numbers of salmon in the farmed population has been estimated on the industry at 31.5 977 
million based on the each of the 63 farms in operation each containing around 500,000 fish 978 
(Cermaq 201513). Another way of estimating this is to take the weight of fish harvested in the 979 
year, 71,000tonnes in 2010 (GoC statistics14) and assume that the average harvest size is 980 

                                                           
8
 Heuch, P.A., Knutsen, J.A., Knutsen H. and Schramm, T. (2005). A review of the Norwegian ‘National Action 

Plan against salmon lice on salmonids: the effect on wild salmonids. Aquaculture 246: 79-92. 
9
 Heuch, P.A. and Mo, T.A. (2001). A model of salmon louse production in Norway: the effects of increasing 

salmon production and public management measures. Diseases of Aquatic Organisms 45: 145-152. 
10

 Butler, J.R.A. (2002). Wild salmonids and sea lice infestations on the west coast of Scotland: sources of 
infection and implications for management of marine salmon farms. Pest Management Science 58: 595-608. 
11

 Boxaspen, K. (2006). A review of the biology and genetics of sea lice. ICES Journal of Marine Sciences 63: 
1304-1316. 
12 Ruggerone, G.T., Peterman, R.M., Dorner B., Myers K.W. and N.J. Mantua (2010). Abundance of Adult Hatchery and Wild 

Salmon by Region of the North Pacific. School of Aquatic and Fishery Sciences, University of Washington report prepared 
for the Gordon and Betty Moore Foundation, SAFS –UW-101. 24pp.  
 
13

 (Cermaq 2015). Comparison of wild salmon population numbers and farmed salmon numbers in BC. 17/3/15 
14

    http://www.dfo-mpo.gc.ca/stats/aqua/aqua10-eng.htm  

http://www.dfo-mpo.gc.ca/stats/aqua/aqua10-eng.htm
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some 5kg – in this case there would be approximately 14.2 million fish taken from the water 981 
during a production cycle. However since it’s a 2year cycle there could be twice as many in 982 
any one year, ie 21.8million. 983 
However this is estimated, it is clear that the numbers of farmed and wild salmonids in the 984 
water are of a similar order with probably a predominance of wild fish. There are other 985 
considerations however.  986 
This number of returning wild adults is derived from a much higher number of smolts 987 
entering the sea during March-June to begin their marine adult phase. Factoring in the 988 
different survival rates from smolt to returning adults enables a back calculation which 989 
suggest that this number of adults were derived from 2.79 billion smolts. During the 990 
outmigration therefore, there must be a considerably higher number of wild hosts in the 991 
water (Cermaq 2015).  992 
An additional angle on this is that there are extremely large stock enhancement programmes 993 
for all Pacific salmon species in Canada and many Asian countries. Now around 20% 0f 994 
returning adults are estimated to be from hatchery origins and that by 2005 4.5 billion 995 
fry/smolts were added to the populations of Pacific salmon (Rugerone et al 2010a15). This 996 
clearly has considerable implications for genetic conservation of the wild stock but raises the 997 
possibility of these hatchery fish bringng other issues in relation to fish lice. 998 
A further consideration is that there is generally a much lower susceptibility of non-Salmo 999 
species to L. salmonis, including those of Oncorhynchus spp pacific salmon (eg. Johnson 1000 
and Albright 1992, Boxaspen 2006)16. Thus whilst they may still create a wild reservoir the 1001 
lower susceptibility of the Pacific salmons mean they are less  likely to be damaged by 1002 
infestation which is one of the main considerations of Principle 3. The Pacific lice species 1003 
also seem to mature more slowly. 1004 
 1005 
 Canada – in summary: 1006 
 the situation is very different to that in Norway. The number of wild hosts therefore 1007 
outnumbers the population of farmed hosts plus the wild fish are less susceptible to attack. 1008 
This renders the level of infestation on farmed fish much less under control of the farmer 1009 
because of higher risk of re-infection from the wild and the wild fish are less likely to be 1010 
heavily infested from the more susceptible farmed fish especially when this is the Atlantic 1011 
salmon, Salmo salar.  Thus whilst control is necessary from the point of view of the health of 1012 
farmed salmon, there is less risk to the larger wild population than the relative time wild 1013 
population in the case of Norway. This is recognised by the rather higher trigger levels for 1014 
treatment in the legislation of Canada compared to Norway but not recognised by the ASC 1015 
standard which requires a target level of 0.1 ovigerous ‘lep’ females (Indicator 3. ..) in both 1016 
cases. 1017 
 1018 
 1019 

                                                           

15 Ruggerone G.T., Randall M. Petermanb, Brigitte Dorner & Katherine W. Myers (2010).     Magnitude and trends in 

abundance of hatchery and wild pink salmon, chum salmon, and sockeye salmon in the North Pacific Ocean. Marine and 
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16   Johnson, S. C., and Albright, L. J. 1992. Comparative susceptibility and histopathology of the response of naive Atlantic, 

Chinook and coho salmon to experimental infections of Lepeophtheirus salmonis (Copepoda: Caligidae). Diseases of Aquatic 
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