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Summary 

Approaches to sea lice control vary considerably from one country to another; however 

all rely on monitoring schemes. To ensure the future sustainability of both wild salmonid 

stocks and the Scottish aquaculture sector, it is essential that the monitoring schemes in 

place operate at their most effective. To meet this need, the Tripartite Working Group 

(TWG) process has encouraged commercial salmon farmers and those with wild fish 

interests to work together to establish 18 Area Management Agreements (AMAs) along 

the West Coast of Scotland. Area Management Groups have a high degree of autonomy 

and the opportunity to make decisions which all stakeholders deem appropriate to the 

local situation.  

This report uses a case study based method to assess the extent to which datasets 

currently generated within AMAs can be used to evaluate the impact of coordinated 

management on sea lice infections. An in-depth study was undertaken using data 

provided by the West Loch Tarbert Area Management Group. A further, less detailed, 

analysis was performed using data made available through some partner members of the 

Linnhe/Lorn/Etive/S.Mull/Sunart AMA. 

Key findings are summarised along with twelve recommendations on how data collection 

and management should be improved in the future. 
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Introduction 

Patterns of sea lice infestations on farmed salmon populations in Scotland have changed 

considerably in the last decade (Lees et al. 2008c). These changes have been brought 

about by a variety of factors including the availability and use of new sea lice medicines 

(Lees et al. 2008c); an increased understanding of sea lice populations arising from 

improved data collection systems and epidemiological research (Wootten et al. 1982, 

Bron et al. 1993a, Revie et al. 2002a, Revie et al. 2002b); the development of integrated 

health management programmes and improved farm management practices (Bron et al. 

1993b, Grant et al. 1993, Rae 2002, Revie et al. 2003); and notably the establishment of 

the Tripartite Working Group (TWG) process, resulting in a number of successfully 

implemented Area Management Agreements (AMAs) along the West Coast (Scottish 

Government 2008).  Further changes can be expected in years to come as a result of 

environmental changes and the threat to existing therapeutants posed by evolving sea 

lice populations. 

Approaches to sea lice control vary considerably from one country to another, but all rely 

on monitoring schemes. To ensure the future sustainability of both wild salmonid stocks 

and the Scottish aquaculture sector, it is essential that the monitoring schemes in place 

operate at their most effective. The approach currently advocated by the TWG is very 

different to that adopted in other countries. AMAs have a high degree of autonomy and 

the opportunity to make decisions which all stakeholders deem appropriate to the local 

situation, within broadly accepted guidelines. While this approach is not without its 

limitations, initial anecdotal evidence suggests that it is producing positive results. The 

main alternative, which involves legislatively controlled monitoring and intervention, has 

shown to be problematic in Ireland and recent evidence from British Columbia (which has 

adopted many aspects of the 'Irish' model) is far from encouraging. However, it is 

important that Scottish stakeholders do not become complacent.  

This report critically assesses the outcomes of AMA strategies to date, particularly those 

relating to sea lice treatment and control. It also addresses growing concerns related to 

chemotherapeutic resistance and examines the role of sea lice monitoring systems. 

 



AMAs and Strategic Sea Lice Control  

Epi-informatics Research Group - University of Strathclyde 2009 4  

Datasets Generated within AMAs - Past, Present and Future 

To assess the extent to which datasets currently generated within AMAs can be used to 

evaluate the impact of coordinated management strategies on sea lice infections, 

including synchronised stocking, fallowing and strategic treatment, an in-depth case 

study was undertaken using data provided by one of the 18 AMAs presently implemented 

along the West Coast of Scotland.  

West Loch Tarbert was selected for a number of reasons, the first being that it has a well 

established AMA with good representation from both farmed and wild fish interests. 

Secondly, data were available for farmed and wild salmonids populations within the loch. 

The final and most important reason was that all concerned parties gave consent to their 

data being used within the study – a stumbling block for several other AMAs that were 

considered for inclusion.  

In order to further explore some of the issues arising from the West Loch Tarbert case 

study, a second less detailed analysis using data provided by members of the 

Linnhe/Lorn/Etive/S.Mull/Sunart Area Management Group was performed. This analysis 

examined data on wild fish returns over a much longer time frame, specifically from the 

River Lochy. 

Key findings are summarised at the end of each section along with recommendations as 

to how data collection can be improved in the future. 
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The West Loch Tarbert AMA 

In the spring of 2000, one of the first AMAs in Scotland was established in West Loch 

Tarbert - a large sea inlet lying between North and South Harris in the Outer Hebrides 

(Figure 1). The agreement covers all Crown Estate leases for finfish farming within the 

water body of the loch, between Rubha Huisinis (OS: NA 980 111) and Aird Nisabost (OS: 

NG 045 976), and all freshwater catchments discharging into it.  

 
                                          Source: www.openstreetmap.org 

Figure 1: Location of West Loch Tarbert, Harris, Outer Hebrides.  

The Outer Hebrides Fisheries Trust (formerly the Western Isles Fisheries Trust) is a 

charitable organisation that conducts scientific research into wild fish stocks in the area. 

The Trust employs a Regional Development Officer (RDO), who is responsible for 

facilitating the local Area Management Group. Borve Lodge Estate and Amhuinnsuidhe 

Castle Estate represent wild fish interests within the loch, while Marine Harvest 

(Scotland) operates three Atlantic salmon farms (Figure 2).    
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                                                                               Source: www.openstreetmap.org 
Key:   

Salmon Farms Sweep-net Locations Fisheries 

 1   Ardhasaig  4  Borve  7  Amhuinnsuidhe Castle Estate 

 2   Soay Sound  5  Halladale  8  Borve Lodge Estate   

 3   West Loch  6  Miavaig  

 Hamanavay (outside loch)  

Figure 2: Position of salmon farms, sweep-net locations and fisheries in West Loch Tarbert. 

Borve Lodge Estate is located on the South side of the loch. Its main sea-trout and 

salmon fishery is centred around two fresh-water lochs on the River Laxdale – Loch 

Fincastle which is just above sea level at the head of the Luskentyre Estuary, and Loch 

Laxdale which is another mile up-stream. Amhuinnsuidhe is a larger estate on the 

Northern edge of the loch. Its fishery consists of six river systems, including nine 

freshwater lochs, however some flow into Loch Resort which is further around the coast 

and not included within the AMA. The Miavaig River (Loch Scourst), the Leosavay River 
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(Loch Halladale / Loch Thaladal), and the Abhainn Mhor/Eaval/Leosaid system (Loch 

Leosaid / Castle River) flow into West Loch Tarbert.  

Two of the salmon farms, Ardhasaig and West Loch, are located in fairly sheltered 

positions near the head of West Loch Tarbert. The third farm, Soay Sound, is located in 

the lee of the Soay Islands further towards the mouth.   

 

Available Datasets 

All analyses undertaken for the West Loch Tarbert AMA were based on three sets of data. 

The first and most substantial dataset was farm production data recorded by Marine 

Harvest and stored in the company’s central production database. Farm stocking, sea lice 

count and sea lice treatment records between 1996 and 2007 were available for analysis.  

From 2002 onward detailed stocking data, showing specific stock and harvest dates, were 

available for all farms in West Loch Tarbert. Prior to this data were less specific, showing 

only a four week period in which the site was stocked or harvested. For the purposes of 

the analysis presented within this report, the midpoint of each four week period was 

selected. Stocking records also gave details of the types of smolts that were stocked at 

each site in each year and the numbers of fish / pens stocked at any one time. 

Where possible, farmers performed weekly lice counts for the duration of each production 

cycle. However, because monitoring can at times be logistically difficult, e.g. due to 

adverse weather conditions, farms sometimes deviated from this protocol. Five fish from 

each of one to six pens were randomly monitored for lice at each sample point. Fish were 

removed by dip net and anaesthetised before being visually inspected for lice. Lice counts 

were classified according to species - Lepeophtheirus salmonis, Krøyer 1837, or Caligus 

elongatus, Nordmann 1832. L. salmonis were further differentiated by one of five 

gender/life-stages: chalimus, pre-adult, adult male, non-gravid female and gravid female. 

In the analyses presented here the pre-adult, adult male, non-gravid female and gravid 

female stages of L. salmonis have been aggregated and are reported as L. salmonis 

mobiles. No farm lice count data for the years 1996 and 2001 were available in a format 

that could be used in this analysis. No analysis has been undertaken for Caligus elongatus 

as this species was never observed on any of the associated wild salmonid samples. 

Sea lice treatment records provided the date of each treatment episode in addition to the 

type of medicine applied. An earlier study carried out by the University of Strathclyde 
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(Revie et al. 2002b) found that sea lice treatments administered prior to 2002 were not 

always recorded within the central production database, however the information was 

available via paper records held by individual farm offices. These paper records stored 

treatment data relating to the ‘cage-groups’ that were treated across the loch, and where 

this information was omitted it was implied that all ‘cage-groups’ (i.e. all farms in the 

loch) had been treated. The pre-2002 treatment data presented within this report is 

based on information gathered from the paper records at the time of the previous study 

(Revie et al. 2002b) and is thought to be a fair representation of sea lice treatments 

given in this period. 

The second dataset consisted of wild post smolt sweep-netting data, captured at strategic 

locations around the loch. In late May / early June of each year the RDO, in collaboration 

with other fisheries trust staff, estate workers and fish farmers, performed sea lice 

monitoring surveys based on the wild sea trout and salmon secured by the sweep-nets. 

Sampling was timed to coincide with the smolt run, but also to monitor sea trout 

returning prematurely to freshwater. As with the farm data, lice counts were classified 

according to species with L. salmonis lice further categorised as copepodid/chalimus, pre-

adult/adult or gravid female. In addition to lice burden, the length of each fish was 

recorded along with details of any dorsal fin or predator damage. The absence or 

presence of black spots was also documented. In some years details of the equipment 

used, the personnel involved and the weather conditions in which the sweep-netting took 

place were documented. Data of variable quality and for a variable number of sweep-

netting sites between 2003 and 2007 were available for analysis. The wild post smolt 

sweep-netting data was provided by the RDO for the area. 

The final dataset consisted of rod-catch statistics gathered by the two fisheries within the 

AMA. The number of salmon/grilse and sea trout caught in each month of the fishing 

season (Feb - Oct), in each year between 2000 and 2008, was available for the Borve and 

Amhuinnsuidhe fisheries. No differentiation was made between grilse i.e. young Atlantic 

salmon that return from sea to fresh or brackish waters after one year, and multi-sea 

winter (MSW) salmon. No data were available as to how many of the fish were released 

and how many were retained. Rod-catch data were provided by the RDO and is also 

available via the Fish Hebrides website (www.fishhebrides.com). 
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Data Management and Statistical Analysis 

Data were stored and managed using a set of structured tables in Microsoft Access 2003. 

All figures were constructed using Microsoft Excel 2003 while statistical analyses were 

performed within Minitab 15.1. 

Prior to 2002 all farm lice count data were recorded at the cage level, with each data 

point representing mean louse abundance on five randomly selected fish per cage. From 

2002 onwards, all counts were recorded at the fish level, again typically with five fish 

randomly selected per pen. To allow proper comparison between the two datasets, all 

mean abundance figures were summarized to the cage level prior to analysis.  

A statistical model to determine the factors affecting monthly L. salmonis abundance at 

each of the farms within the loch was investigated using a General Linear Model (GLM) 

procedure. Interactions between factors were also examined. Attempts to improve 

normality and equalise variances within the monthly lice count data proved unsuccessful 

and it should be noted that the data used in this analysis did not always follow a normal 

distribution. However, results were checked using equivalent non-parametric statistical 

tests and were found to concur with the findings presented herein.    
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Farm Production Data 

Stocking 

The three salmon farms in the loch operate an even-year cycle i.e. farms are initially 

stocked between the fourth quarter of an odd year (Oct-Dec) and/or the first quarter of 

an even year (Jan-Mar), and harvested toward the second half the following odd year 

(Table 1). Where farms were stocked in Q4, sea lice sampling did not begin until Q1 of 

the following year. 

The AMA for West Loch Tarbert was signed on 3rd March 2000, however the 2000 year 

class went to sea in November of the previous year. For the purposes of this analysis, the 

1996, 1998 and 2000 year classes were classified as pre-AMA, whereas 2002, 2004 and 

2006 were categorized as post-AMA year classes.  

Year 
Class 

Farm Stock 
Type* 

First Stock 
Month 

Final Harvest 
Month 

Weeks 
Stocked 

Weeks Fallow 
Post-harvest 

1996 Ardhasaig Q1 Feb-96 Aug-97 80 12 

1996 Soay Sound Q1 Feb-96 Sep-97 84 8 

1996 West Loch Q1 Feb-96 Sep-97 84 12 

1998 Ardhasaig Q4 Nov-97 Aug-99 90 14 

1998 Soay Sound Q4 Nov-97 Aug-99 90 14 

1998 West Loch Q4 Dec-97 Jul-99 81 19 

2000 Ardhasaig Q4 Nov-99 Sep-01 94 8 

2000 Soay Sound Q4 Nov-99 Sep-01 94 8 

2000 West Loch Q4 Nov-99 Sep-01 94 8 

2002 Ardhasaig Q4 Oct-01 Sep-03 97 11 

2002 Soay Sound Q4 + Q2 Oct-01 Aug-03 96 12 

2002 West Loch Q4 Oct-01 Aug-03 94 14 

2004 Ardhasaig Q4 + Q1 Nov-03 Sep-05 93 82 

2004 Soay Sound Q4 + Q1 Nov-03 Sep-05 94 9 

2004 West Loch Q4 Nov-03 Aug-05 91 15 

2006 Ardhasaig Q4 Apr-07 Jun-07 9 Not re-stocked yet 

2006 Soay Sound Q4 Nov-05 Aug-07 93 11 

2006 West Loch Q4 Dec-05 Sep-07 92 25 
* Quarter of year in which smolts were first transferred to sea. 

Table 1: Stocking and harvest schedule for salmon farms in West Loch Tarbert, between 1996 

and 2007. 

For the six year classes stocked between 1996 and 2007, production was synchronised 

across the loch, with all sites being stocked and harvested within a few weeks of each 

other. The only exception to this was Ardhasaig which was left fallow in 2006 and used as 

a grow-out site for second year fish from West Loch in 2007. In some years there were 

two separate intakes of fish (i.e. Q4s followed by Q1s or Q2s), however both intakes 
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belonged to the same generation and only one year class was ever stocked in the loch at 

any one time. Farm stocking patterns and the number of weeks that each farm was 

stocked per production cycle did not change notably in the period studied (median = 90 

weeks pre-AMA, 93 weeks post-AMA), nor did the number of weeks that each site was 

fallowed (median = 12 weeks pre-AMA, 13 weeks post-AMA).  

 

Sea Lice Abundance 

The mean annual abundance of L. salmonis chalimus and mobiles across all three farms 

in West Loch Tarbert is shown in Figure 3. Overall, annual L. salmonis abundance was 

observed to be higher amongst the year classes stocked pre-AMA.  
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Figure 3: Mean annual L. salmonis abundance (±SE) across the three West Loch Tarbert 

salmon farms between 1996 and 2007. No lice count data were available for the years 1996 

and 2001. 

Earlier studies describing typical sea lice infection patterns in Scotland (Revie et al. 

2002b, Lees et al. 2008c) show that relatively low levels of lice infestation in the first 

year of production are generally followed by higher burdens in the second. Although lice 
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data were only available for one full production cycle pre-AMA, it would appear that this 

pattern existed in West Loch Tarbert prior to 2002. From 2002 onward this pattern was 

less marked and did not hold for the 2004 year class (years 2004 and 2005). In addition, 

2003 was the only year in which chalimus abundance was greater than mobile abundance 

– a somewhat unusual phenomenon when considering typical lice infection patterns on 

Scottish farms.  

In order to further examine the trends presented in Figure 3, a statistical model of 

monthly L. salmonis abundance was investigated using a General Linear Model (GLM) 

procedure. As lice count data were not available for the whole of each production cycle or 

for every farm in every year, two models were investigated – one examining lice 

abundance in the first year of the production cycle and another examining it in the 

second. Both models investigated the effect that each year, month and farm had on L. 

salmonis abundance (Table 2). 

  Production Year 

 1st 2nd 

Factor p p 

Year 0.01 0.00 

Month 0.01 0.15 

Farm 0.21 0.90 

Year x Farm - 0.97 

Year x Month - - 

Month x Farm - 0.86 
 

Table2: Results of the GLM analysis  

of L. salmonis abundance in the first 

and second years of the production 

cycle in West Loch Tarbert. 
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In the first year of production, year and month were found to be statistically significant (p 

< 0.05), whereas farm was not. L. salmonis abundance was significantly higher in 2000 

than in 2002 and 2004, but no other differences were found between years. Lice levels 

were also found to be higher in the month of November when compared to those in 

March, April, May and June. As the dataset was incomplete it was not possible to test for 

interactions between the factors, however L. salmonis abundance in each of the years at 

each of the farms is shown in Figure 4(a). 

In the second year of production, year was the only factor found to be statistically 

significant (p = 0.00). L. salmonis abundance was observed to be higher in 1999 than in 

all other years. The only other difference was between 1997 and 2005, where lice levels 

were found to be higher in the earlier year. Lice count data in 2007 were not suitable for 

inclusion within the model as counts were unevenly distributed amongst farms and 

months. With the second year dataset it was possible to test for interactions between 

year and farm and month and farm, but no significant interactions were observed. 

Second year L. salmonis abundance in each of the years at each of the farms is shown in 

Figure 4(b). The change in the y-axis scale between Figures 4(a) and 4(b) should be 

noted. 

 

Sea Lice Treatments 

Prior to 2002 all medicines were topical i.e. administered as bath treatments (Table 3). In 

1996 and early 1997 the organophosphate dichlorvos (Aquagard®: Novartis Animal 

Health) was used to reduce infestations of sea lice. From May 1997 until the end of 1999, 

hydrogen peroxide (Salartec®: Brenntag) was used exclusively in both the first and 

second years of the production cycle. In 2000, cypermethrin (Excis®: Novartis Animal 

Health) replaced all other bath treatments, until 2002, when azamethiphos (Salmosan®: 

Novartis Animal Health) also came into use.  

The oral formulation of emamectin benzoate (SLICE®, Schering-Plough Animal Health) 

was first recorded as being used in September 2002. Unfortunately no treatment data 

were available for 2001, so it is possible that Salmosan® or SLICE® were first used in 

2001 rather than 2002. Salmosan continued to be administered in 2003, but from 2004 

onwards the farms began to rely almost exclusively on the in-feed medicine SLICE® to 

resolve sea lice infestations.  
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Year Production Year Month Ardhasaig Soay Sound West Loch 

1996 1st Jul  Aquagard Aquagard 

1997 2nd Apr Aquagard   

  May H. Peroxide H. Peroxide H. Peroxide 

  Jun H. Peroxide H. Peroxide  

  Jul H. Peroxide H. Peroxide H. Peroxide 

  Aug H. Peroxide H. Peroxide H. Peroxide 

  Sep H. Peroxide  H. Peroxide 

1998 1st Sep H. Peroxide   

  Nov H. Peroxide   

  Dec H. Peroxide H. Peroxide H. Peroxide 

1999 2nd Feb H. Peroxide H. Peroxide H. Peroxide 

  Mar H. Peroxide H. Peroxide H. Peroxide 

  Apr H. Peroxide H. Peroxide H. Peroxide 

  Jun H. Peroxide H. Peroxide H. Peroxide 

  Jul H. Peroxide H. Peroxide H. Peroxide 

2000 1st Jul Excis Excis Excis 

  Aug Excis Excis Excis 

  Oct Excis Excis Excis 

  Nov Excis Excis Excis 

  Dec Excis Excis Excis 

2001 2nd - - - - 

2002 1st Sep SLICE SLICE SLICE 

  Nov Salmosan   

2003 2nd May Salmosan   

  Jun   Salmosan 

  Jul Salmosan Salmosan Salmosan 

  Aug Salmosan Salmosan Salmosan 

  Sep Salmosan   

2004 1st Sep SLICE SLICE SLICE 

2005 2nd Apr SLICE   

  May  SLICE SLICE 

2006 1st Jun  Excis  

  Sep  SLICE  

  Oct   SLICE 

2007 2nd Apr SLICE  SLICE* 

  May  SLICE  

  Jul   SLICE 

* Two pens at West Loch were treated with Excis rather than SLICE in April 2007, however the remaining 20 were 
treated with SLICE® 

Table 3: Types of sea lice medicines used and the months in which treatments were 

administered, by site, between 1996 and 2007. No treatment data were available for 2001. 
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Figures 5 and 6 plot mean monthly L. salmonis abundance, observed across all farms in 

the loch and broken down by development stage, against the number of farms treated in 

each month. As full lice count and treatment data only exist for one full production cycle 

before 2002 (Figure 5), it is difficult to build up a clear picture of the treatment strategy 

employed, and its success, prior to the AMA being implemented. Nevertheless, it is 

apparent that in most months in which treatments did occur, all three farms were treated 

in an attempt to reduce lice levels across the loch. It also appears that topical sea lice 

treatments did reduce lice levels, but all stages of L. salmonis recovered quickly after 

such interventions. 

Post-AMA, a much clearer pattern of treatment emerges (Figure 6). In all three post-AMA 

production cycles, a SLICE® treatment was administered to all stocked farms in 

September/October of the first year. It appears that these strategic treatments were 

highly effective in reducing all stages of L. salmonis and led to low lice abundance 

throughout the following winter/spring months. However, in 2002 an additional 

Salmosan® treatment was required in November at Ardhasaig to maintain this situation. 

In 2003 (second year of the 2002 year class) Salmosan® was applied in at least one farm 

every month between May and September, and all three in July and August. Despite 

these repeated interventions, lice populations recovered quickly and chalimus, pre-adult 

and adult male lice abundance continued to rise. It is unclear why adult female L. 

salmonis appeared to remain extremely low while other lice stages increased. 

In both 2005 and 2007, second years of 2004 and 2006 year classes respectively, a 

strategic SLICE® treatment was administered to all stocked farms in April/May. In 2005 

this intervention was highly effective and all stages of L. salmonis remained low until the 

end of the production cycle. The strategic treatment in 2007 did not appear to be quite as 

effective, with one farm requiring an additional SLICE® treatment in July. However, it is 

difficult to assess the full impact of treatments given in 2007 due to lack of lice count 

data in the second half of the year. 
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Figure 5: Mean monthly L. salmonis abundance and number of farms treated in each month 

for each of the three pre-AMA year classes. 
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Figure 6: Mean monthly L. salmonis abundance and number of farms treated in each month 

for each of the three post-AMA year classes. 
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Farm Production Data Conclusions 

Over the 12 year period studied, stocking and harvesting practices on the salmon farms 

in West Loch Tarbert did not change markedly. The slight increase in the number of 

stocked weeks per production cycle and the length of the fallow period observed amongst 

post-AMA year classes may be related to the increased accuracy of the stocking data 

available from 2002 onward. The shortest fallow period recorded at the end of any of the 

production cycles was 8 weeks – double that recommended by the industry’s Code of 

Good Practice (CoGP Working Group 2005) and specified within the terms of the AMA. 

As no significant changes took place in stocking practices in the period studied, it is not 

possible to state what impact they had on sea lice infection levels. Furthermore, to assess 

the true impact of stocking practices, changes in numerous other farm management 

techniques (e.g. pen types, stocking density, grading frequency) would have to be 

explored in tandem. Analysis of these additional factors was outside the scope of this 

study, although details of some are available within Marine Harvest’s production 

database. The practice of using Ardhasaig as a ‘grow-out’ site for second year fish could 

not be assessed due to limited data.  

Sea lice abundance patterns were similar to those observed throughout the West Coast of 

Scotland during the same period and the reversal of the typical first/second production 

year lice pattern in 2004 / 2005 was a phenomenon observed across the Western Isles 

region (Lees et al. 2008c). While annual L. salmonis abundance was generally observed 

to be higher amongst pre-AMA year classes, not all post-AMA years had significantly 

lower lice levels when compared to the earlier production cycles. In the first year of 

production, lice abundance was significantly lower in 2002 and 2004 than in 2000, but in 

2006 it was not.  Month was also found to be a significant factor in determining first year 

lice levels, however this was likely due to the high levels of lice observed in November of 

1998 and 2000 and does not appear to be the case in other production cycles. Year was 

the only factor found to be significant in the second year of production, but again not all 

post-AMA production years were significantly lower than pre-AMA ones. 

The introduction of the AMA coincided with the availability and use of SLICE® as a sea lice 

therapeutant and it would appear that this medication played a large part in the general 

decline in L. salmonis abundance on farms in West Loch Tarbert post-AMA. Strategic 

treatments given in September / October of the first year had the desired effect and the 

timing of them, in combination with the more powerful in-feed treatment, led to reduced 

levels of lice between September of the first production year and March of the second. It 

is known from earlier studies that lowering L. salmonis levels between July and December 
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of the first production year can lead to significantly lower mobile levels in the first 6 

months of the second year (Revie et al. 2003).  

Strategic treatments were also applied in April / May of the second year and, where 

SLICE® was used, appeared to be successful. In 2003, the use of Salmosan® to control 

second year lice populations did not seem to be particularly efficient, however treatments 

were less co-ordinated between sites and lice abundance had already begun to rise 

sharply before any treatments were administered. Furthermore, modelling work carried 

out at the University of Strathclyde shows that the timing of, and between, topical 

treatments significantly affects their effectiveness in controlling lice populations (Revie et 

al. 2005b, Robbins et al. in prep.). 

Throughout the period studied, the farms tended to rely on one sea lice treatment at a 

time. In the early years there was a strong reliance on Hydrogen Peroxide to resolve sea 

lice infestations, followed by significant use of Excis® a few years later, then Salmosan® 

and currently the in-feed therapeutant SLICE®. While it is acknowledged that farms often 

have a limited choice as to which treatment they can use, due to discharge consents or 

availability of licensed medicines, over-reliance on one medicine may lead to the 

development of resistance amongst sea lice populations (Denholm et al. 2002). Indeed, 

reduced sensitivity to dichlorvos (Jones et al. 1992) and Hydrogen Peroxide (Treasurer et 

al. 2000b) was reported following widespread use on salmon farms and recent reports 

from Scotland and Chile (Lees et al. 2008a, Lees et al. 2008b, Bravo et al. 2008) suggest 

that tolerance to emamectin benzoate may become an issue. Unless new medicines 

become available and/or existing treatments are carefully managed resistance amongst 

lice populations are likely to become an increasing problem.  

In general the quality of the farm production data was high and has improved markedly 

in the last five years. Stocking and treatment records in particular are now fairly 

comprehensive and provide a rich source of information. The move to collecting lice count 

data at the level of the fish is also welcome as it allows prevalence as well as abundance 

to be calculated, however it would appear that fish were taken from fewer cages at each 

sample point post-AMA. Recent work by Revie et al. (2005a, 2007) reported that 

significant levels of clustering can occur within and between cages. It is therefore 

important that health observers continue to sample as many cages as feasible in order to 

obtain a precise estimate of mean lice abundance. Lack of lice count data in 1996 and 

2001, and sparse data in 2007 prevented a fuller analysis of pre- and post-AMA year 

classes, as did the missing count data for some months in which fish were stocked.  
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However, it is recognised that lice counting sometimes cannot take place for logistical 

reasons. 

To fully assess the impact of an AMA on farmed fish lice infestation patterns, a full risk 

factors analysis including key environmental, farm management and sea lice treatment 

data would be required. 

 

Sweep-netting Data 

Between 2003 and 2007, sweeping-netting exercises were performed at four separate 

locations (Figure 2). The Borve sweep-netting took place in the Luskentyre Estuary in the sea 

pool just below Loch Fincastle. Borve was the only location at which sweep-netting took 

place consistently and which sampled more than 50 fish in each year (Table 4). Of the 

three sweep-netting sites located within West Loch Tarbert, Borve is the furthest away 

from the salmon farms. 

  Fish Sampled  
Copepodids / 

Chalimus 
Pre-Adult / 

Adult 
Gravid   
Female 

Year Location 
Sea 

Trout Salmon 
Mean Fish 

Length (mm) Mean SD Mean SD Mean SD 
2003 Borve 62 5 210 1.0 2.1 0.2 0.6 0.0 0.0 

  Halladale - - - - - - - - - 

  Hamanavay - - - - - - - - - 

2004 Borve 52 10 197 0.1 0.5 0.4 1.2 0.0 0.0 

 Halladale - - - - - - - - - 

 Hamanavay 3 0 164 0.0 0.0 0.0 0.0 0.0 0.0 

2005 Borve 22 29 174 0.7 4.2 0.3 1.4 0.0 0.0 

  Halladale - - - - - - - - - 

  Hamanavay - - - - - - - - - 

2006 Borve 58 0 195 10.6 37.7 0.1 0.4 0.0 0.0 

 Halladale - - - - - - - - - 

 Hamanavay 10 0 165 0.5 1.6 0.6 1.9 0.0 0.0 

2007 Borve 57 0 188 5.4 19.1 4.3 12.7 0.0 0.2 

  Halladale 12 0 186 68.7 26.4 21.9 22.2 0.0 0.0 

  Hamanavay 3 0 190 0.0 0.0 0.3 0.6 0.0 0.0 

Table 4: Mean abundance (SD) of L. salmonis observed on fish captured during sweep-netting 

exercises, by year and location of capture, between 2003 and 2007.   

The Halladale fish were captured in the estuary of the Leosavay River, near 

Amhuinnsuidhe Castle, but sweep-netting only took place here in 2007. On this occasion 

the survey had to be abandoned after only 12 fish had been sampled because the 
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weather was so hot that the captured fish were in danger of dying before they could be 

returned to the sea. The third site, Miavaig, was at the mouth of the Miavaig River. 

Sweep-netting was attempted at this location in 2006, but despite employing various 

methods, only one sea trout smolt was captured and no further attempts to sweep-net in 

this area were made. No data have been presented for Miavaig. The final location was a 

‘control’ site located further round the coast in Loch Hamanavay. Loch Hamanavay lies 

outside the boundary of the AMA in an area where no fish farming takes place. In 2004 

and 2007 only three fish were sampled and in 2006 ten were captured. 

Due to the limited sweep-netting data available for Halladale, Miavaig and Hamanavay, 

no further analysis was possible. However, it is worth noting that in the five year period 

studied, no Caligus elongatus and only two L. salmonis gravid females were ever 

observed in any of sea lice monitoring surveys carried out at any of the sweep-netting 

locations. All but three fish sampled were 260mm or shorter in length. 

To illustrate the differences observed in prevalence, intensity and abundance, the sweep-

netting data recorded at Borve between 2003 and 2007 was analysed according to each 

type of summary measure (Table 5).   

Copepodids / Chalimus 

Year Fish 
Sampled 

Prevalence* 95% CI Intensity# 95% CI Abundance$ 95% CI 

2003 67 0.39 [0.27 – 0.51] 2.5 [1.4 – 3.6] 1.0 [0.5 – 1.5] 

2004 62 0.11 [0.05 – 0.22] 1.3 [0.7 – 1.8] 0.1 [0.0 – 0.3] 

2005 51 0.10 [0.03 – 0.21] 7.6 [0.0 – 18.6] 0.7 [0.0 – 1.9] 

2006 58 0.10 [0.04 – 0.21] 102.3 [46.1 – 158.6] 10.6 [0.9 – 20.3] 

2007 57 0.56 [0.42 – 0.69] 9.6 [1.0 – 18.2] 5.4 [0.4 – 10.3] 

Mobiles 

Year Fish 
Sampled 

Prevalence* 95% CI Intensity# 95% CI Abundance$ 95% CI 

2003 67 0.16 [0.08 - 0.27] 1.4 [0.8 - 1.9] 0.2 [0.1 - 0.4] 

2004 62 0.16 [0.08 - 0.28] 2.2 [0.9 - 3.5] 0.4 [0.1 - 0.6] 

2005 51 0.12 [0.04 - 0.24] 2.7 [0.0 - 5.6] 0.3 [0.0 - 0.7] 

2006 58 0.10 [0.04 - 0.21] 1.3 [0.9 - 1.7] 0.1 [0.0 - 0.3] 

2007 57 0.39 [0.26 - 0.52] 11.3 [3.5 - 19.1] 4.4 [1.1 - 7.6] 

 
*  Prevalence: the proportion of sampled fish infected with at least one louse. 
#  Intensity: the mean number of lice per infected fish. 
$  Abundance: the mean number of lice per sampled fish. 

 

Table 5: Prevalence, intensity and abundance, with associated 95% confidence intervals, of L. 

salmonis chalimus and mobiles observed on fish captured during sweep-netting exercises at 

Borve between 2003 and 2007.   
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Between 2003 and 2005, no information relating to the dates on which sampling was 

performed at Borve was available, making it impossible to investigate differences 

between sampling points or months. Nevertheless, it is assumed that, as in other years, 

sampling took place in either May or June.  

Several studies have suggested that sea lice originating from farms are detrimental to 

wild salmonid populations and that high levels of infestation during the smolt run result in 

lower fish returns the following year (Butler 2002, Penston et al. 2008). 
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Figure 7: Mean abundance of L. salmonis found on wild post-smolt salmonids at Borve and on 

farmed salmon on each of the three farms in West Loch Tarbert in the months of April, May 

and June, each year between 2003 and 2007. 

The sweep-netting results were examined by plotting the numbers of L. salmonis observed 

at Borve against mean L. salmonis abundance observed at each of the three salmon farms 

around the time of each sweep-netting exercise i.e. in the three month period between April 

and June each year (Figure 7).  

No differentiation is made between pre-adults, adult males and non-gravid females in the 

sweep-netting data, therefore all L. salmonis abundance could only be grouped 

accordingly. As highlighted above, practically no gravid females were observed in any of 
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the sweep-netting exercises.  Further examination also revealed that on all but a handful 

of occasions, no non-gravid females were recorded within the farm sea lice count data. It 

is therefore possible that all adult female lice observed on the farms were recorded as 

gravid females and their presence is over-represented in Figure 7.   

No clear relationship was apparent between L. salmonis abundance observed during the 

sweep-netting exercises and corresponding lice levels on neighbouring farms. Lack of 

data prevented a more rigorous statistical exploration of this relationship and, as no 

sweep-netting data were available from years prior to the signing of the AMA, it was not 

possible to determine the impact it has had on wild salmonid lice burdens.  

The use of shore based sweep-netting to capture wild salmonids in order to monitor lice 

burden has some notable drawbacks. In many areas of Scotland juvenile post-smolt sea 

trout tend to congregate in brackish waters and at the outfalls of small rivers, and it is in 

these locations that the fish are most easily caught by sweep-net. However, the tendency 

of lice, particularly C. elongatus, to detach from host fish in brackish or estuarine water 

has implications for the reliability of sea lice counts observed on wild fish that are 

captured in this way. Indeed no C. elongatus were observed in any of the sweep-netting 

exercises assessed in this report. The validity of sea lice data collected in these reduced 

salinity circumstances is, at best, questionable. One other drawback is that as the net is 

gathered to the shore, the fish tend to flay in the shallow water which can lead to the 

detachment of both mobile and chalimi stages. Both of these factors may lead to a 

considerable under-estimation of lice abundance on wild salmonid populations where 

sweep-netting is used. 

The most reliable means of sampling sea lice on wild salmonids is either to use the 

Norwegian FISH-lift trawl (see, for example, Bjørn et al. 2007 for epipelagic post-smolts) 

or to sample fish from bag-net traps deployed in waters of full marine salinity (Todd et al. 

2000). However, it is recognised that these methods of capture may not currently be an 

option for Area Management Group members. 

Sweep-net monitoring of post-smolts is time consuming and capturing more than a 

handful of fish, particularly at some locations, is sometimes not possible. The successful 

outcome of a sweep-netting exercise is also heavily weather dependent. Nevertheless, 

without meaningful sample sizes it is difficult to assess the impact of coordinated farm 

management practices on wild salmonid populations. The 95% confidence intervals 

associated with the prevalence, intensity and abundance values presented in Table 5 

show that even by sampling around 60 fish each year, the true measure is likely to lie 

within a fairly wide range. 
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While abundance is a useful measure of lice burden, it does not indicate the dispersion of 

lice amongst the host fish population or the intensity of infection on the affected fish. In 

the context of Scottish salmon farms, the adoption of abundance over other measures 

has been motivated by historical observations, where a large proportion of sampled 

farmed fish had at least one louse present (JW Treasurer, personal communication). 

Therefore, prevalence was typically close to 100% and as a consequence was 

uninformative in comparison to abundance in terms of a summary measure (Baillie et al. 

In Press). In recent years, as sea lice populations have decreased and salmon farms have 

begun to record sea lice observations at the level of the fish, prevalence has become a 

more valuable measure in assessing sea lice populations. Indeed, in the context of 

recording lice burden amongst wild populations, prevalence has been used much more 

widely. Those charged with monitoring sea lice burdens on wild salmonid populations are 

often interested in assessing the intensity (abundance of lice on infected fish) of lice on 

host fish and have tried to determine the point at which burdens become lethal. However, 

opinions vary as to what this level is (Grimes & Jakobsen 1996, Wells et al. 2006).  

In order to obtain the most from future sweep-netting data several improvements should 

be made. The first and most obvious is the appropriate selection of sweep-netting sites in 

order to sample the largest possible number of fish, within the limits of project resources. 

This is likely to be an ongoing process, based on local knowledge and will be subject to 

constant review.   

A second improvement would be the development of a standardised sampling protocol to 

be used at all sweep-netting locations in all years. It is imperative that basic information 

such as date of sampling be recorded, not only to allow comparison amongst sweep-

netting exercises, but also to enable proper comparison with lice burden at neighbouring 

salmon farms. In order to make more direct comparisons between sweep-net data and 

lice count data collected by local salmon farms it would also be advisable to differentiate 

L. salmonis lice by the five gender/life-stages currently used by the farms (i.e. chalimus, 

pre-adult, adult male, non-gravid female and gravid female). It is particularly important 

to differentiate adult males and females as non-gravid females can become ovigerous 

(and vice-a-versa) within a short space of time. In Norway no differentiation is made 

between gravid and non-gravid females, based on the rationale that an adult female may 

have egg strings one day but none the next (following hatching), and that the subdivision 

is thus artificial. Recent studies (Penston et al. 2008) have used data on ovigerous 

females from salmon farms to calculate infection pressure within a loch system and a 

clearer picture of total female lice populations on farmed and wild salmonids would 

therefore be useful. 
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The final recommendation relates to the format of collected data. Currently sweep-netting 

results are recorded within MS Excel spreadsheets. While lice and fish damage data follow 

a fairly standard format, details relating to sample date, capture methods, sweep-netting 

equipment, personnel, weather conditions and additional comments are stored in note 

form. Data for individual sites and years can be viewed easily, but performing any 

analysis between sites or years requires further, time-consuming, processing of the data. 

To obtain maximum benefit from sweep-netting data in the future, it is suggested that a 

standardised format for all data be developed, such that spreadsheets can easily be 

imported into more powerful database applications to allow further analysis. It would still 

be possible to record textual comments; they would just have to be recorded in a 

specified location (or column) within the spreadsheet. Better still, a simple database to 

hold the data could be developed, allowing standard queries to be run and reports to be 

generated as and when required.  

In the TWG Project Manager’s most recent report (Griffiths 2008), it was noted that there 

has been much discussion between fisheries biologists and RDOs as to what is the best 

method of selecting sites for sweep-netting and sampling fish to assess lice burdens. The 

report also mentions that the Scottish Fisheries Co-ordination Centre are running a 

workshop to develop an agreed protocol for selecting sites and for sampling – the aim of 

which is to ensure that all sweep netting activities carried out by and on behalf of TWG 

will follow a standardised format. This development is to be welcomed and highlights the 

fact that some of the data shortcomings mentioned in this report have already recognised 

by those gathering the data.  
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Rod-catch Data 

While rod-catch statistics were available for both fisheries, prior to 2007 the data for 

Amhuinnsuidhe Castle Estate were not broken down by river/loch system. Several of the 

systems that form the Amhuinnsuidhe fishery do not flow into West Loch Tarbert, and as 

it was not possible to determine what proportion of fish were caught on the systems that 

did, no further analysis was undertaken in respect of this data.  

Monthly rod-catch statistics for the smaller fishery at Borve Lodge Estate were collated and 

are presented in Table 6. Although the fishing season opens in February, no fish were 

caught before May in any of the years studied and the majority were caught between the 

months of July and September. On average, sea trout were more abundant, but the total 

number caught in each year was more variable than salmon/grilse. 

  Salmon / Grilse Sea Trout  

Year May Jun Jul Aug Sep Oct Total May Jun Jul Aug Sep Oct Total 

2000 0 1 7 14 11 9 42 1 10 27 33 16 6 93 

2001 0 4 15 11 7 2 39 1 3 19 22 7 5 57 

2002 0 6 5 6 7 6 30 0 2 19 17 9 7 54 

2003 0 0 6 6 14 1 27 0 7 20 15 10 3 55 

2004 0 0 4 8 19 3 34 0 4 14 19 7 2 46 

2005 0 0 9 12 18 6 45 1 7 6 7 2 0 23 

2006 0 3 12 10 13 10 48 0 7 8 19 10 3 47 

2007 0 0 13 23 10 9 55 1 14 20 7 2 0 44 

2008 0 1 3 8 14 7 33 0 9 15 17 8 4 53 

Mean 0.0 1.7 8.2 10.9 12.6 5.9 39.2 0.4 7.0 16.4 17.3 7.9 3.3 52.4 

SD 0.0 2.2 4.3 5.3 4.3 3.3 9.1 0.5 3.7 6.5 7.8 4.3 2.4 18.3 

Table 6: Monthly rod-catch statistics, by fish type, for the Borve Lodge Estate between 2000 

and 2008.  

For reasons discussed in the previous section of this report, one of the key aims of the 

AMA was to minimise lice burdens on the farms between February and June each year i.e. 

during the wild smolt run. In particular, farmers were asked to time strategic treatments 

to keep gravid female lice levels as low as possible and thereby reduce infection pressure 

in the loch during this period.  

In order to monitor farm lice abundance during the smolt run and assess the impact it 

had on wild salmonid populations, annual salmon and trout rod-catch returns for the 

Borve Lodge Estate were plotted against the mean L. salmonis abundance observed on 

the farms between February and June each year (Figure 8).  As previously noted, hardly 



AMAs and Strategic Sea Lice Control  

Epi-informatics Research Group - University of Strathclyde 2009 27  

any non-gravid females were recorded within the farm sea lice data and, as it is likely that 

most adult female lice observed on the farms were recorded as gravid females, non-gravid and 

gravid female lice counts have been aggregated and are reported as adult females in Figure 8. 
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Figure 8: Annual rod-catches of salmon/grilse and sea trout on the Borve Lodge Estate 

between 2000 and 2008 and mean abundance of L. salmonis found on farmed salmon in West 

Loch Tarbert between February and June, each year between 1999 and 2007. No farm lice 

count data were available for 2001.  

In 1999 adult female L. salmonis abundance was 2.9 (Feb – Jun), however it did not 

exceed 0.3 in any of the years between 2000 and 2006. In 2007, adult female abundance 

rose to 1.4 lice per fish, but lice data recorded between February and June were sparse 

and mainly reflects the situation before spring sea lice treatments were administered. 

Over the short period available for analysis, no clear pattern was apparent between L. 

salmonis abundance and observed rod-catch returns the following year. Furthermore, 

annual salmon/grilse and sea trout rod-catches did not follow a similar trend.  

A more rigorous time-series analysis of rod-catch returns and their association with 

farmed fish lice abundance was not possible for several reasons, the main one being that 

rod-catch data were only available for a relatively small number of years – most of which 

occurred after the AMA was established.  
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No differentiation was made between multi-sea-winter fish and grilse. In order to assess 

annual returns properly it is important to make this distinction, particularly when 

examining the impact of farmed fish lice burden. Any (short term) effects of lice 

originating from farmed salmon are more likely to be seen with grilse, given that they 

return within a year, while MSW fish may remain in the open ocean for between two and 

five (see next section). 

Data from the larger fishery at Amhuinnsuidhe Castle Estate were not analysed because 

they were not broken down by river/loch system. This was disappointing given that 

Amhuinnsuidhe’s river/loch systems discharge into the north of West Loch Tarbert i.e. 

closer to the salmon farms than the fishery at Borve. Nevertheless, from 2007 onwards 

these data will be available, a welcome development that should provide a valuable 

source of information in years to come. 

The potential of rod catch return data to assess the impact of AMAs on wild salmonid 

populations is further explored in the following section of this report. 
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River Lochy Association – Wild Fish Returns 

Signed in April 2002, Linnhe/Lorn/Etive/S.Mull/Sunart is the largest AMA established to 

date, spanning the boundaries of Argyll and Lochaber. The agreement covers three 

salmon farming production areas, but for the purposes of this study, only the Northern 

part of one production area surrounding Lochaber was examined (Figure 9). 

 
                                          Source: www.openstreetmap.org 

Figure 9: Location of River Lochy, Lochaber.  

The major river system in Lochaber is the Lochy which is divided into four main fishing 

beats and discharges into Upper Loch Linnhe, just north of Fort William (Figure 10). The 

Rivers Roy and Spean are its main tributaries. The Lochy accounts for a substantial 

proportion of the returning wild salmonids within the Linnhe/Lorn/Etive/S.Mull/Sunart 

AMA.  

Rod-catch return data for the West Loch Tarbert AMA were only available over a relatively 

short period of time. In order to further investigate the potential of this type of data to 

assess the impact of AMAs on wild salmonid populations, a much longer data series, 

provided by the River Lochy Association (RLA), was examined. The RLA have recorded 

annual wild fish returns since 1963 and data for the years 1963 to 2007 were made 

available for analysis. Although data were broken down according to the beat on which 
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fish were caught, for the purposes of this report they have been aggregated and reported 

as total returns to the River Lochy as a whole. Data pertaining to the number of salmon 

caught were subdivided into grilse and multi-sea winter (MSW) salmon. It is unknown 

how many fish were released and how many were retained each year. 

 

                                                       Source: www.openstreetmap.org 
 

Key: 

Salmon Farms 

 1   Eil (no longer stocked – closed in 2005)  4   Leven 

 2   Gorsten  5   Linnhe 

 3   Kingairloch  

Figure 10: Position of salmon farms located near the River Lochy. 

There are currently four active salmon farms in the area studied, two located in Loch 

Linnhe, one in Loch Leven and one in Loch a Choire (Figure 10). A fifth farm was 

operating in Loch Eil until its closure in 2005. Production data, as described for West Loch 

Tarbert, was available for all farms in the area and was provided by the owners Marine 

Harvest (Scotland). 
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Figure 11 illustrates the total numbers of salmon and sea trout caught on the River Lochy 

each year between 1963 and 2007. With the exception of 2003, salmon returns were 

higher than those for sea trout in each of the 44 years examined. Only occasionally did 

the annual number of sea trout caught exceed 500. Although sea trout returns fell below 

100 fish in some of the earlier years (e.g. 1963, 1971 and 1972), since around 1973 

there has been a decrease in numbers with markedly fewer returning between 1985 and 

2001. A notable increase in sea trout was observed between 2002 and 2004, but this has 

not been sustained over the past few years.  

In the period 1963 to 1974, when numbers were high, sea trout returns typically 

oscillated between high and low counts, however they presented a less distinctive cyclical 

pattern in the years following this. This contrasts with salmon returns, which appeared to 

oscillate throughout the 44 year period studied.  
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Figure 11: Annual salmon and sea trout returns for the River Lochy between 1963 and 2007. 

Salmon numbers did not decrease substantially until 1991, when a notable step down in 

returns took place - six years later than the marked decline in sea trout numbers. This 

downward step was reversed around 2001 when the number of salmon returning began 

to increase again.  

In order to formally test the wild fish returns data for the presence of cyclical patterns, a run 

chart was constructed (Minitab 15) for sea trout and all salmon/grilse. Unlike sea trout (p = 

0.91) there was evidence (Table 7) of a statistically significant cyclical pattern with the 

salmon returns (p = 0.03). High returns in one year are typically followed by much lower 
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returns the following year. This cyclical pattern was evident even when the salmon 

returns were low. 

 No. of consecutive 
runs 

Expected no. of 
runs 

Longest run Oscillation           
p-value 

Sea trout 26 29.7 5 0.91 

All Salmon/Grilse 35 29.7 3 0.03 

Table 7: Test for oscillation in the wild fish returns data based on numbers of runs in an 

upward/downward direction. 

Figure 12 shows the relationship between grilse, MSW salmon and year. Although there 

was broad agreement between the cyclical grilse and MSW salmon patterns, it was less 

apparent after 1982. The reduction in MSW salmon numbers appears to have occurred 

earlier than the decline in grilse and the oscillatory behaviour (p = 0.45) is much less 

pronounced, particularly after 1991. However, even at low levels grilse still appear to 

exhibit a strong, although not a statistically significant (p = 0.11), oscillatory pattern. 

These findings reinforce the point that, when considering wild salmon returns, it is 

important to distinguish between grilse and MSW salmon. 
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Figure 12: An overview of the annual grilse and multi sea winter salmon returns to the River 

Lochy. 

As in West Loch Tarbert, one of the key aims of the Linnhe/Lorn/Etive/S.Mull/Sunart AMA 

is to minimise lice burdens on the farms during the smolt run. To monitor farm lice 

abundance during this period and assess its impact on wild salmonid populations 
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originating from the River Lochy, annual returns were plotted against the mean L. 

salmonis abundance observed on the farms between February and June each year (Figure 

13). Farm lice count data was only available from 1997 onward.    
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Figure 13: Annual rod-catches of grilse, MSW salmon and sea trout on the River Lochy and 

mean abundance of L. salmonis observed on surrounding salmon farms between February and 

June each year between 1997 and 2007. 

Abundance of all stages of L. salmonis was observed to be consistently low in the first 

year of each production cycle studied. Lice burdens were notably higher in the second 

year, but have declined since 1997 when mean abundance was 16.2. Abundance was 

particularly low in 2003 and 2007 (1.4 lice per fish) when compared to the earliest 

production cycles. This reduction has undoubtedly been influenced by a greater focus on 

strategic management of lice on farms (the AMA was signed in 2002) and the increased 

use of effective veterinary medicines. However, the downward trend in L. salmonis 

abundance did not hold in 2005 (4.7 lice per fish between February and June). 

In 2002 / 2004 sea trout returns showed signs of recovery, which coincided with low sea 

lice levels on salmon farms. However this recovery has not been sustained despite sea 

lice levels remaining reasonably low. Moreover, it should be noted that sea trout numbers 

have been in decline since 1970 – well before salmon farming was practised in Loch 

Linnhe. 
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MSW salmon returns have increased gradually since 1997. However, any changes in MSW 

salmon populations are likely to be gradual as they represent fish that may have been in 

open ocean water for up to five years. 

The most striking change since 1997 was the pronounced recovery in grilse, beginning in 

2001 and continuing until the end of the period studied. Grilse return from sea after one 

year and therefore may provide a more sensitive and immediate measure of salmonid 

population change. If sea lice infestations are detrimental to juvenile salmonids, more 

smolts should survive in the first year of the farm production cycle, leading to higher 

grilse returns in second, when they return to the River Lochy. Conversely, high lice 

infestation in the second year of production may lead to lower returns the following year. 

The patterns of grilse returning to the River Lochy are consistent with this theory with 

grilse more prevalent in the second year of production. Furthermore, it would appear that 

the improvement in grilse returns coincided with a decrease in lice abundance on salmon 

farms in the area. 

However, based on the epidemiological longitudinal study data available from Lochy, and 

the limited number of farm production cycles with associated wild fish returns, it would be 

unsafe to draw any conclusions about the association between sea lice abundance on 

farms and wild fish returns. The oscillatory behaviour of salmonid returns, with high and 

low numbers in successive years, was observed through-out the 44 year studied and long 

before salmon farming began in the area. 

For hypotheses of association between sea lice abundance on farms and wild fish returns 

to be investigated, a different epidemiological study design would be required. Concurrent 

data for farmed sea lice abundance and wild fish returns would have to be available for 

production cycles that start both in even and uneven years. Furthermore, a rigorous 

protocol would have to be put in place to ensure the quality and consistency of data 

collected. Multifactorial data for other key environmental, and potentially explanatory, 

variables would also be required in order to perform a full assessment of risk factors. 

Several other points would have to be considered. Firstly, no indication of fishing ‘effort’ 

is currently available i.e. the returns data does not show how many days an estate was 

fished or how many rods were in use each season. However, it is appreciated that these 

data are commercially sensitive and some fisheries may be unwilling to provide it.  

It would also be important to know how many fish were retained and how many were 

released back to the fishery each season. Furthermore, the proportion of caught fish 

originating from salmon farms would have to be factored into any analysis. Escapes from 
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salmon farms do happen and legislation requires fish farmers to report any such 

episodes. In the dataset provided by the RLA, the number of farmed fish caught was 

documented from 1988 onwards, but not analysed as part of this case study. Annual 

statistics relating to confirmed reported escapes are also available via the Scottish 

Government’s website (www.scotland.gov.uk/Topics/Fisheries/Fish-

Shellfish/18692/escapeStatistics).  

In order to fully assess wild salmonid returns patterns, information relating to weather 

conditions in each year would also have to be examined. Seasonal rainfall patterns and 

river levels affect salmon runs. SEPA collect river level and flow data throughout 

Scotland, and although not all rivers are monitored, river gauging stations have been 

selected to be representative of river conditions in each local area.  

Clearer interpretation of catch trends would require rod catch statistics from the 

River Lochy to be compared with wider datasets. Furthermore, the output of local 

wild fish hatchery operations would need to be accounted for.  
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Strategies for the Effective Use of Sea Lice Treatments  

Lice Resistance and Appropriate Monitoring 

In order to effectively control sea lice infestations on farmed salmon with chemical and/or 

biological treatments it is imperative that treatment efficacy be closely monitored through 

the continued surveillance of sea lice burdens. Ineffective treatments or signs of reduced 

sensitivity to treatment amongst sea lice populations must be detected, and where 

necessary reported to the Veterinary Medicines Directorate (VMD), if resistance is to be 

deterred. 

To date sea lice monitoring on Scottish farms has been widely undertaken, and in a way 

much more rigorous and rational than practiced in some other countries (Revie et al. 

2007). The adopted procedure of sampling five fish from between each of four and six 

cages (Treasurer & Pope 2000), at weekly intervals and counting sea lice to obtain an 

estimate of abundance has played an important part in ensuring sea lice levels do not 

become excessive. Guideline treatment-trigger levels are also based on abundance and 

recommend a mean abundance of no more than 0.5 L. salmonis adult female lice 

between February and June, and 1.0 between July and January (CoGP Working Group 

2005). 

The findings presented for the West Loch Tarbert AMA, illustrate typical changes in the 

epidemiological pattern of sea lice on Scottish farms over the last decade (Lees et al. 

2008c). In the late 1990s high levels of sea lice on farmed salmon were reduced through 

the use of various topical treatments, however as highlighted in West Loch Tarbert, it was 

not until 2001/2002 when a highly effective in-feed treatment (emamectin benzoate) was 

made available, that sea lice levels became decimated. The availability and use of 

emamectin benzoate coincided with the establishment of the West Loch Tarbert AMA. 

However, more recently work by Lees et al. (2008a, 2008b) reported on the observed 

changing efficacy of emamectin benzoate against infestations of L. salmonis on Scottish 

farms. There was evidence of treatment efficacy for the 0 to 83 day period following 

treatment becoming less effective between 2002 and 2006. Further analysis of the 

efficacy of currently available medicines and how they are used in practice is required to 

determine if observed patterns are consistent with resistance developing and what impact 

it has on current lice control practice.  

In addition to the epidemiological evidence that can be gained from monitoring sea lice 

numbers on farms, it is important that regular bioassay monitoring is carried out. Field-

based observations are subject to high levels of ecological ‘noise’ and it is necessary to 
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back-up observations with laboratory findings that can explain underlying mechanisms 

(Westcott et al. 2008). 

Pivotal to the effective use and long term maintenance of treatments is the need for on-

going monitoring. However regular monitoring needs to be efficient and practical.  It also 

needs to take account of recent management practices on farms where many sites 

operate cages containing very large numbers of fish.    

As part of a monitoring strategy consideration should be given to estimating lice 

prevalence as an alternative to abundance. The case for prevalence is set out in Baillie et 

al. (in press) and is based on prevalence being more meaningful when sea lice counts are 

such that not all fish have lice, which since 2001 has typically occurred. There are other 

benefits of using prevalence. Individual fish in a random sample can be rapidly inspected 

for the presence or absence of lice to provide an estimate of prevalence. Recording 

presence or absence decreases the time fish are out of the cage which reduces stress and 

minimises the effort in counting by stage and species. There is generally a strong 

correlation between prevalence and abundance, so recording prevalence provides 

epidemiological patterns of infection during the production cycle similar to those that 

would be obtained using abundance. 

However estimating abundance using small samples of fish can lack accuracy and this is 

also true when estimating prevalence. Point prevalence estimates, such as any sampling 

point for a cage, need to be statistically determined depending on the required accuracy 

of the prevalence estimate and the degree of certainty. For example, for an expected 

prevalence of 10% a sample size of 35 fish would be required to provide an accuracy of 

within 10% with 95% certainty and a sample of 24 fish with 90% certainty.     

For a dynamic monitoring strategy, sampling needs to be undertaken periodically within a 

production cycle. This could be accommodated by considering each sampling point in time 

to represent a sampling event from a series of sampling events from a population of fish 

which should have a maximum acceptable prevalence level. Sampling would not 

guarantee that at an individual sampling event fish within a cage would not exceed the 

acceptable prevalence level, but that on average over a large number of sampling events, 

the prevalence level would apply.   

Statistical calculations could specify the required number of fish to be sampled at each 

sampling event in order to be confident of conforming to the prevalence level required. 

Methods such as that used for quality monitoring of lots and batches in manufacturing 

processes, where the ISO 2859/ BS6001 standard is adopted (ISO 2859-10: 2006), could 
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be employed. This would provide a quality standard on a rigorous statistical basis, using 

the smallest number of fish possible.  

 

Mathematical Sea Lice Infection Modelling 

To date the strategic management of sea lice has largely been informed by sea lice 

patterns observed on commercial salmon farms. Monitoring of sea lice has provided an 

opportunity to undertake epidemiological studies of the effects of treatment 

interventions. When treatments have been veterinary medicines, then the assessment of 

efficacy provides a basis for detecting resistance. Historically, efficacy studies adopted a 

randomised trial approach with fish, cages or farms assigned to control and treatment 

groups. While this works well in a controlled laboratory setting, on a commercial farm, 

untreated cohorts may suffer extensive damage due to lice infestation. For welfare and 

cost reasons, alternative methods to measure treatment efficacy in the field should be 

sought. 

One approach is the adoption of a mathematical model which can simulate the interaction 

of salmon and sea lice populations during the production cycle. This is a novel approach 

for investigating the optimal use of treatments. A mathematical model of Scottish farms 

has been established (Revie et al. 2005b) and used to demonstrate that gains in 

efficiency can be achieved if veterinary treatments (cypermethrin) are optimally timed 

(Robbins et al. in prep.). The model makes use of existing knowledge to construct a 

mathematical representation of the various lice stages on salmon from which it is possible 

to test the effects of treatments at different times of the year. The model shows that 

timing of treatment is critically important if sea lice are to be effectively controlled and 

suggests that not all treatments are used effectively. 

Since the development of the ‘cypermethrin’ model for Scottish farms in 2005, further 

progress has been slow due to limited resources. However, work is underway to 

parameterise the model for emamectin benzoate treatments. As part of this project, 

typical sea lice production cycle profiles for emamectin benzoate treated farms have been 

constructed. This has required the careful compilation of sea lice patterns over the two 

year production cycle, using farm production data recorded between 2002 and 2006   

along with details of the timing and frequency of emamectin benzoate and cypermethrin 

usage.  
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Currently the model is being calibrated to agree with the observed sea lice profiles. Once 

this has been satisfactorily achieved the model can then be used to investigate effective 

control methods. To date the model has been extensively adapted as a research tool for 

the study of sea lice treatments and also as a software product (SLiDESim software, 

Grallator UK) which has the potential to be parameterised for site/AMA specific use on 

Scottish salmon farms (Figure 14). There has been interest in the development and 

adaptation of the model for use in the Hardangerfjord in Norway. 

 

Figure 14: Sample screenshot from the SLiDESim (Sea Lice Differential Equation Simulation) 

modelling software, developed by Grallator UK and the University of Strathclyde. 

Early findings suggest that there is considerable scope for improving the timing of 

treatments to maximize the effects of sea lice control. This would contribute to the 

deterrence of resistance and provide valuable information on the optimal use of 

treatment rotation strategies to discourage resistance developing to single compounds.    

In the absence of designed trials and with the multi-factorial complexity of the 

relationship between farm, salmon and sea lice, in silico modelling offers the greatest 

opportunity to further inform sea lice control strategies on Scottish farms. The model has 

the potential to assess the development of resistance and the impact of farm production 
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cycles on wild fish using “source” and “sink” adaptations. However, these would be 

advanced features that would need to be researched once a viable model of sea lice 

behaviour on farm production cycles had been assured.  

 

Conclusions / Recommendations 

The case study using data provided by members of the West Loch Tarbert Area 

Management Group shows that sea lice abundance on the local salmon farms has 

generally decreased since the AMA was implemented. This reduction has undoubtedly 

been influenced by a greater focus on strategic management of lice on farms and is 

similar to the trend in farmed salmon lice abundance observed along the West Coast of 

Scotland during the last decade (Lees et al. 2008c). However, the signing of the AMA 

coincided with the use and availability of more effective veterinary medicines and it is 

therefore impossible to quantify the impact of each of the various sea lice control 

measures that have been implemented. 

It should also be noted that sea lice abundance was not consistently lower amongst post-

AMA production years when compared to pre-AMA ones and strategic treatments did not 

always appear to be especially effective. The salmon farming industry currently only has 

access to a limited number of sea lice therapeutants and there is already evidence that 

lice populations may becoming less sensitive to emamectin benzoate (Lees et al. 2008a, 

Lees et al. 2008b). Reliance on such a limited range of therapeutants raises concerns that 

resistance in lice will become an increasing problem unless new medicines become 

available and/or existing treatments are carefully managed (Denholm et al. 2002). 

Assessing the impact of the AMA alone on wild salmonid sea lice burdens was not possible 

based on the available data. No sweep-netting data were available prior to the 

introduction of the AMA and much of what was collected was too limited to be usefully 

analysed. No clear relationship was apparent between L. salmonis abundance observed 

during the sweep-netting exercises and corresponding lice levels on neighbouring farms. 

Nevertheless it is recognised that sampling sea lice in wild salmonid populations can be 

more difficult and time consuming than monitoring abundance in a farm setting. While 

wild salmonid return data were available for the River Lochy over a 44 year period, 

assessing the impact of farmed salmon lice burdens on returns was not straightforward 

and it would be unsafe to draw any conclusions about the association between sea lice 

abundance on farms and wild fish returns based on the data presented within this report. 
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In order to effectively monitor sea lice burdens in farmed and wild salmonid populations 

and collect information that lends itself to meaningful and informative analysis, the 

following recommendations are made in terms of future sea lice control: 

1. While the quality of data collected by salmon farmers is generally high, care should be 

taken to randomly sample a minimum of five fish each from at least four to six cages 

at each sample point. Clustering can and does occur within and between cages and it 

is important to sample as many fish/cages as possible in order to obtain an accurate 

and precise estimate of lice abundance. 

 

2. As part of a farmed and wild fish monitoring strategy, consideration should be given 

to estimating lice prevalence as an alternative to abundance.  

 

3. It is critical that lice are monitored throughout the farm production cycle, particularly 

in the weeks before and following sea lice treatment. The effectiveness of strategic 

treatment interventions, and how available veterinary medicines are used in practice, 

can only properly be assessed if these data are available. This information will play a 

large part in monitoring treatment efficacy / resistance amongst sea lice populations 

in years to come. 

 

4. Field-based observations are subject to high levels of environmental variation and it is 

important to cross reference treatment efficacy / resistance observations with 

laboratory findings in order to explain underlying mechanisms and trends. It is 

therefore important that regular and standardised bioassay monitoring is carried out 

in respect of sea lice treatments. 

  

5. Sweep-netting of post-smolts can be difficult and time consuming, but whatever 

measure of lice burden is used, sample sizes must be large enough to obtain accurate 

estimates of the population as a whole if meaningful analysis is to be performed. 

Consideration must be given to how precise estimates are required to be and sample 

sizes set accordingly. 

 

6. Sweep-netting has some notable drawbacks and may lead to a considerable under-

estimation of lice abundance on wild salmonid populations. At the very least, this fact 

should be highlighted when sweep-netting results are reported. Consideration should 

be given to other more reliable means of sampling sea lice, e.g. bag-net traps 

deployed in water of full marine salinity. 
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7. A standardised sampling protocol for sweep-net monitoring, specifying clear and 

consistent data requirements, should be developed and used across all AMAs. It is 

recommended that L. salmonis lice counts be differentiated by at least four stages i.e. 

copepodid/chalimi, pre-adult, adult male and adult female. It is important to 

differentiate adult males from adult females, regardless of whether the females are 

carrying egg strings or not. 

 

8. Consideration should be given to developing a system to record data from sweep-

netting exercises across all AMA areas and could be facilitated by developing a simple 

database. This would ensure that data were recorded in a consistent manner and 

would allow standard queries and reports to be generated as and when required. The 

value of good data management should not be underestimated. 

 

9. For hypotheses of association between sea lice abundance on farms and wild fish 

returns to be investigated fully, an appropriate epidemiological study design would be 

required. Concurrent data for farmed sea lice abundance and wild fish returns would 

have to be available for production cycles that start both in even and uneven years. 

Furthermore, a rigorous protocol would have to be put in place to ensure the quality 

and consistency of data collected. Multifactorial data for other key environmental, and 

potentially explanatory, variables would also be required in order to perform an 

assessment of risk factors. 

 

10. Data within all AMAs should be recorded as systematically and transparently as 

possible in order that epidemiological patterns can be identified and lice control on 

farmed and wild salmonids improved continuously.  

 

11. Sea lice infestation remains a constant and major threat to wild and farmed 

salmonids, however the control strategies implemented by AMAs and the use of 

effective veterinary medicines have been shown to be part of a solution. In order to 

maintain the downward trend in sea lice infestation, future solutions must take an 

inter-disciplinary approach that encourages co-operation amongst those with wild fish 

interests, the aquaculture industry, policy makers and research scientists. 

 

12. For cost and welfare reasons, alternative methods for measuring treatment efficacy in 

the field should be sought. Mathematical modelling has shown that the timing of 

treatments is important if sea lice are to be effectively controlled and suggests that 

not all treatments are used effectively. Early results from the model, developed at the 

University of Strathclyde, suggest that there is considerable scope for improving the 
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timing of treatments to maximise the effects of sea lice control.  In the absence of 

designed trials, in silico modelling offers the greatest opportunity to inform future sea 

lice control strategies. 
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