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This report was commissioned by the Salmon Aquaculture Dialogue. The Salmon Dialogue is a 

multi-stakeholder, multi-national group which was initiated by the World Wildlife Fund in 

2004. Participants include salmon producers and other members of the market chain, NGOs, 

researchers, retailers, and government officials from major salmon producing and consuming 

countries.  

The goal of the Dialogue is to credibly develop and support the implementation of 

measurable, performance-based standards that minimize or eliminate the key negative 

environmental and social impacts of salmon farming, while permitting the industry to remain 

economically viable 

The Salmon Aquaculture Dialogue focuses their research and standard development on seven 

key areas of impact of salmon production including: social; feed; disease; salmon escapes; 

chemical inputs; benthic impacts and siting; and, nutrient loading and carrying capacity.  

Funding for this report and other Salmon Aquaculture Dialogue supported work is provided 

ōȅ ǘƘŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ 5ƛŀƭƻƎǳŜΨǎ ǎǘŜŜǊƛƴƎ ŎƻƳƳƛǘǘŜŜ ŀƴŘ ǘƘŜir donors. The steering 

committee is composed of representatives from the Canadian Aquaculture Industry Alliance, 

Coastal Alliance for Aquaculture Reform, Fundación Terram, Marine Harvest, the Norwegian 

Seafood Federation, the Pew Environment Group, Skretting, SalmonChile, and the World 

Wildlife Fund.  

More information on the Salmon Aquaculture Dialogue is available at:  

http://www. worldwildlife.org/ salmondialogue 



Sea Lice Working Group Report 

 

3 
 

 

Table of Contents  

 

Extended SummaryΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 9 

 

Chapter 1: Sea Lice as Disease OrganismsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ. 14 

 1.1 IntroductionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 14  

 1.2 Defining diseaseΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ. 16 

1.2.м /ŀƴ ŦƛǎƘ ƛƴŦŜǎǘŜŘ ōȅ ǎŜŀ ƭƛŎŜ ōŜ ŎƻƴǎƛŘŜǊŜŘ άŘƛǎŜŀǎŜŘέ? ΧΧΧΧΧΧΧΧΧΧ 16 

1.2.2 The wider perception of sea lice as benign parasites/disease organismΧΦ мт 

1.2.3 The salmon louse, Lepeophtheirus salmonis: Pacific & AtlanticΧΧΧΧΧΧΦ нл 

1.2.4 Establishment of parasitic diseaseΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ нм 

Phase I: Initial ColonizationΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 22 

Phase II: InfectionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ нр 

Phase III: DiseaseΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ нс 

1.2.5 {Ŝŀ ƭƛŎŜ ƛƴŦŜǎǘŀǘƛƻƴ ŀƴŘ άǇǊŜƳŀǘǳǊŜ ƳƛƎǊŀǘƻǊȅ ǊŜǘǳǊƴέΧΧΧΧΧΧΧΧΧΧΧ нс 

1.3 Health, Disease and Sustainability ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 27 

1.3.1 Stability of the host-parasite association and epizootic outbreaksΧΧΧΧΦΦнт 

1.3.2 Sustainability of sea lice disease of salmonidsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦ 33 

1.4 Range as a determinant of impactΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ оп 

 

 

Chapter 2: Avoiding InfectionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ о8 

 2.0 IntroductionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ оу 

 2.1 What do we mean by avoid? ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ пр 

2.2 Different avoidance scenarios ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ пс 

 2.2.1 Endemic in the region but not on farm ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ пс 

 2.2.2 Endemic in the country but not in regionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ пс 

2.2.3 Exotic diseases that are known elsewhereΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ пс 

2.2.4 New, emerging infections ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ п7 

 2.3 What must be in place to avoid a disease? ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ пт 

  2.3.1 Herd and individual immunity ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ пт 

2.3.2 Preventing exposure (of wild fish) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ пт 

2.3.3 Knowledge of what might be coming (prediction)ΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ пу  

2.4 Prediction: Knowing what to avoid ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ пф 

2.5 Promoting Resistance ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ рл 

2.6 Preventing exposure (or transmission to wild fish) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ рл 



Sea Lice Working Group Report 

 

4 
 

2.7 Legislation ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ пт 

 

Chapter 3: Can we prevent disease/ infestation? ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 51 

 3.0 Introduction ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ рм 

 3.1 What are the tools for prevention (farmed)? ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ. 51 

  3.1.1 Vaccination ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ 51 

  3.1.2 Non-specific immune moderators ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ рн 

  3.1.3 Risk factors for modification ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ рн 

  3.1.4 Genetics ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ рн 

  3.1.5 Nutrition ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ ро 

3.1.6 Water quality environment ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ 53 

3.1.7 Treatment (not prophylactic, except from perspective of the wild fish)ΧΦ ро 

3.1.8 Culling/depopulation (compulsory slaughter) of high risk groupsΧΧΧΧΦ.. 54 

3.1.9 Screening plus actionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ рп 

3.2 Herd health and HAACP on farm ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ рп 

 

    

Chapter 4: Can we reduce disease impacts? ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ р5 

 пΦл LƴǘǊƻŘǳŎǘƛƻƴΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ рр 

4.1 Can we reduce impacts on farmed fish? ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ рр 

 4.1.1 Monitoring/surveillance (presence, levels and patterns)ΧΧΧΧΧΧΧΧΧ..  57 

 4.1.2 Treatment/control options for sea lice ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 60 

 4.1.3 Measuring effects of sea lice control ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ 69 

4.2 Can we reduce impacts on wild fish? ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ тл 

 4.2.1 Monitoring/surveillance ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ.. 73 

  Effects on populations of sea trout, Arctic charr and Pacific salmonΧΧΦ тп 

  Effects running Atlantic salmon post-smolt populationsΧΧΧΧΧΧΧΧΧ 75 

4.2.2 Treatment/control options (all interventions)ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ... 76  

4.2.3 Measuring effects of disease and disease controlΧΧΧΧΧΧΧΧΧΧΧΧΧΧ тт  

4.2.4 The issue of farms as a potential bio-magnifier of pathogens in waterΧΧ ту 

  Escaped salmon and rainbow trout ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ ту 

  Density of fish farms ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ тф 

  Cod farming (Norway) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ тф 

Marine fish species as potential sources of sea lice to wild/farmed fish. 80 

 

Chapter 5: Disease management systemsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 81 

 5.0 IntroductionΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ 81 

5.4 Systems managementΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ ун 



Sea Lice Working Group Report 

 

5 
 

 5.4.1 Sea lice modeling and empirical dataΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ ун 

  Limitations in sampling proceduresΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦ уо 

  Applying quantitative epidemiological approaches to lice dynamicsΧΧΦ 85 

 5.4.2 Minimizing the impacts of disease requires collaborationΧΧΧΧΧΧΧΧΧΦ фм 

 

Chapter 6: Framework for assessing risk ς sea lice case studiesΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧ 92 

 

[N.B. This ǊŜǇƻǊǘ ƻƴ ǎŜŀ ƭƛŎŜ ƛǎ ŀ ΨǇŀǊǘƴŜǊΩ ŘƻŎǳƳŜƴǘ ǘƻ ŀ ƳƻǊŜ ƎŜƴŜǊŀƭ 5ƛǎŜŀǎŜ ǊŜǇƻǊǘ όIŀƳƳŜƭƭ 

et al. 2009) and was developed in tandem as part of the WWF Salmon Aquaculture Dialogue. 

For this reason it was decided to follow, where sensible, the same section/sub-section layout in 

both reports.] 

 

 

ReferencesΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ фо 

 

GlossaryΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ ммо 

 

AcknowledgementsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΦΦ ммт 

 

 



Sea Lice Working Group Report 

 

6 
 

 

List of Tables and Figures  

 
Figure 1.1 Abundance of sea lice (Lepeophtheirus salmonis, Caligus elongatus) on individual 

wild, one sea-winter, adult Atlantic salmon (Salmo salar) (n = 430; length, weight 

ranges: 49-77.5 cm, 1.1-4.6 kg) captured in fully marine seawater at Strathy Point, N 

Scotland 1999-2006ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ му  

Figure 1.2  Adult female Lepeophtheirus salmonis occupying the skin adjacent to the anal fin of 

an adult two sea-winter Atlantic salmon (~7 kg) captured in fully marine seawater at 

Strathy Point, N Scotland. Note the (pink) erosion of the epidermis and associated 

bleeding of the lesion. [Photo: C.D. Todd] ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ му 

Figure 1.3 Adult female Lepeophtheirus salmonis (most with paired eggstrings) occupying the 

dorsal midline between the dorsal fin and adipose fin of a wild, one sea-winter adult 

Atlantic salmon (2.80 kg) captured in fully marine seawater at Strathy Point, N 

Scotland.  The sea louse abundance όΨƳƻōƛƭŜΩ ǎǘŀƎŜǎ ƻƴƭȅύ ƻn this fish was 52 L. 

salmonis and 2 Caligus elongatus. [Photo C.D. Todd]ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ мф 

Figure 1.4 Adult two sea-winter Atlantic salmon (~8 kg), captured in estuarine conditions in 

the Firth of Tay, E Scotland, showing the typical lesions caused by adult female 

Lepeophtheirus salmonis on the scales and skin adjacent to the anal fin. [Photo C.D. 

Todd]ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ мф 

Figure 1.5 The molt stages and life cycle of Lepeophtheirus salmonis. The gravid female 

extrudes a pair of eggstrings containing the developing embryos and these are 

retained to the hatching stage (Nauplius I). After two planktonic larval molts host 

infestation occurs at the final free-swimming, copepodid stage and the subsequent 

four chalimus stages all are attached to the host fish by a thread (frontal filament). 

The pre-adult and final adult stages all are mobile over the host fish.  No further 

molts occur after the adult status is attained (from Schram 1993)ΧΧΧΧΧΧΧΧΧΦ но 

Figure 1.6 (Attached) chalimus stages of Lepeophtheirus salmonis infesting a wild post-smolt 

sea trout (Salmo trutta, ~60 g), captured in brackish water in Wester Ross, W 

Scotland. The chalimi here are attached to the bones of the fin rays of the dorsal fin 

and their restricted feeding area has led to erosion of the dermal tissue and 

exposure of the fin ray bones. [Photo: C.D. Todd]ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ нс 

Figure 1.7 The 18 Scottish Area Management Agreements (AMAs) signed as at September 

2008. (Un-signed areas are shown in hatch)ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ ос 



Sea Lice Working Group Report 

 

7 
 

Figure 2.1 Map of the Broughton Archipelago, BC, Canada (Courtesy of Google)ΧΧΧΧΧΧΧ оф 

Figure 2.2 A Broughton Archipelago, BC pink salmon (Oncorhynchus gorbuscha) smolt with 

several adult Lepeophtheirus salmonis attached. The topmost individual is a gravid 

female louse with paired eggstrings (courtesy of Alexandra Morton)ΧΧΧΧΧΧΧΦ пл 

Figure 2.3 Total number of sea trout caught by rod angling in the Connemara district between 

1974 and 2001 [From report of the Sea Trout Review Group (2002); their Fig. 1]Χ 42 

Figure 2.4 Photograph of a closed containment net-bag being used by Marine Harvest as part 

of an experimental trial at the Cusheon Cove site in British ColumbiaΧΧΧΧΧΧΧΦ 46 

Table 4.1 Typical sea lice sampling regimes in the major salmon-ǇǊƻŘǳŎƛƴƎ ŎƻǳƴǘǊƛŜǎΧΧΧΦ.. 58 

Figure 4.1 The prevalence and abundance profile, with associated 95% confidence intervals, 

for Lepeophtheirus salmonis mobile sea lice over two-year production cycles on 

Scottish farms between 2002 and 2006.ΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 60 

Table 4.2 Strategies for reducing sea lice infestation on salmon farms which do not involve 

the use of chemical treatments, as adopted by various countries. ΧΧΧΧΧΧΧΧΧ. 61 

Table 4.3 Treatments that have been, or are being, used to reduce sea lice infestation on 

salmon farms in various countries ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ 66 

Table 4.4 Treatment trigger levels which exist in various salmon-producing countries. (In 

some cases these are legislative requirements while in others they are guidelines 

adopted by industry.) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ. 68 

Figure 4.2 Sea lice on sea trout (Salmo trutta) [Photo: Bengt Finstad, NINA]ΧΧΧΧΧΧΧΧΧΧ 70 

Table 4.5 References for the geographical distribution of Lepeophtheirus salmonis on 

different species of wild salmonids (Salmo and Oncorhynchus) listed by country. 

[Revised version of Boxaspen et al. (2007)] ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦ 72 

Figure 4.3 A fish farm in Norway [Photo: Eva B. Thorstad, NINA]ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦ то 

Figure 5.1 Graph illustrating the output of three models which attempt to relate salmon skin 

surface area to fish weightΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ фл 



Sea Lice Working Group Report 

 

8 
 

Comments regarding the combined approach to General Disease and Sea Lice reports 

¢ƘŜ ǘŜǊƳ άŘƛǎŜŀǎŜέ ŎŀǇǘǳǊŜǎ ŀ ǿƛŘŜ ŀǊǊŀȅ ƻŦ ǇƘȅǎƛŎŀƭΣ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ǇƻǇǳƭŀǘƛƻƴ 
abnormalities. An exhaustive review of the state of knowledge on fish disease would require an 
evaluation of multiple disciplines, ranging from molecular biology to pathology to epidemiology 
as well as the consideration of a range of relevant species. Once the issues of how disease 
might affect conservation goals or ecosystem functions are added, additional information on 
ecology and the means to manage disease impacts, including legislation, open up for review. 
The breadth of such a suite of information is daunting. It is further complicated by the many 
contradictory findings and important uncertainties that exist around the issue of diseases of 
farmed salmon and their potential environmental impacts.  

The General Disease Technical Working Group (TWG) consisted of 4 scientists from 4 different 
locations (Hammell from Eastern Canada, Stephen from Western Canada, Evensen from 
Norway, Bricknell from Scotland/Maine) and the Sea Lice TWG consisted of 4 more scientists 
(Revie from Scotland/Eastern Canada, Dill from Western Canada, Finstad from Norway, Todd 
from Scotland).  The two groups initially met jointly to outline the breadth of the report and to 
further define the approach to evaluating sea lice issues in depth. The decision to cover general 
disease broadly and sea lice as the in-ŘŜǇǘƘ ŎŀǎŜ ǎǘǳŘȅ ǿŀǎ ǘƘŜ ƎǊƻǳǇΩǎ ŀǘǘŜƳǇǘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ 
seemingly impossible task of adequately describing the state of knowledge and research gaps 
for an area of research that spans many different disciplines and diseases across many areas of 
the world in which salmon is farmed. The Sea Lice report adopted the same basic outline except 
for specific headings that were irrelevant. The final chapter 6 (Addressing Unknowns in Disease 
Risk Management) of the General Disease Report contains comments contributed by both 
groups. 

Our approach was based on answering the questions of 1) what is the risk of disease transfer 
from farmed to wild salmon (i.e. should we be concerned)? 2) can salmon farms avoid disease 
in their fish? 3) assuming that farms cannot avoid disease, can salmon farms adequately reduce 
the level of disease in their fish to a level that would reduce the risk of transfer to wild salmon? 
And lastly, 4) what are the gaps in knowledge regarding the risk of disease in farmed and wild 
ŦƛǎƘ ǿƘŜƴ ŎƻƴǎƛŘŜǊŜŘ ǎŜǇŀǊŀǘŜƭȅ ŀƴŘ ǿƘŜƴ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ŜŀŎƘ ƻǘƘŜǊΩǎ ǇǊŜǎŜƴŎŜΚ ²Ŝ ǘƘŜƴ 
decided that there were 2 important reasons to take sea lice as the one disease to consider in 
greater detail using the same risk based approach: 1) sea lice issue has had a great deal of 
attention in peer-reviewed literature paid to ecology and the risk of interactions between 
farmed salmon and the environment, and 2) sea lice was identified by the Steering Committee 
(Salmon Aquaculture Dialogue) as a particular issue for focus.  Essentially, the reports were 
generated as stand-alone reports but our combined approach provides breadth (general 
disease) and depth (sea lice) on which establishment of measurable standards can be discussed 
in the next stages of the process. 
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Extended Summary 

 

¢ƘŜ ŎƻƭƭŜŎǘƛǾŜ ǘŜǊƳ άǎŜŀ ƭƛŎŜέ ƛǎ Ŏƻƭƭƻǉǳƛŀƭƭȅ ǳǎŜŘ ǘƻ ǊŜŦŜǊ ǘƻ ƴǳƳŜǊƻǳǎ ǎǇŜŎƛŜǎ ƻŦ ŎƻǇŜǇƻŘ 
crustaceans of the family Caligidae that are externally parasitic on the skin of marine and 
anadromous fishes. The most intensively studied species - Lepeophtheirus salmonis - is, as its 
specific name implies, a specialist parasite of salmonid fishes.  It is commonly associated with a 
total of 12 host salmonid fish species of the genera Salmo, Oncorhynchus and Salvelinus in the 
Pacific and Atlantic Oceans. Along the Pacific coasts of Alaska and British Columbia, L. salmonis 
as well as Caligus clemensi and Lepeophtheirus cuneifer (both host generalist lice species) have 
been recorded on wild and farmed salmonids. In British Columbia, Chile and Tasmania Atlantic 
salmon (Salmo salar) is the principal salmonid species in culture. While the Tasmanian industry 
apparently suffers no especial problems from caligid infestation, the Chilean industry has been 
heavily impacted by Caligus species, initially C. teres but more recently and significantly C. 
rogercresseyi (both of which are host generalists). In Japan, Caligus orientalis is the most 
pathogenic sea louse on cultured Pacific salmon, although L. salmonis also remains a problem. 
L. salmonis is associated with wild chum and pink salmon in Japan, but also infests cultured 
coho salmon and rainbow trout. C. orientalis ς like C. elongatus in the North Atlantic ς is a host 
generalist; C. orientalis occasionally impacts salmonids, and it is an especial problem to cultured 
rainbow trout. 

The current scientific literature refers to Lepeophtheirus salmonis Krøyer as occurring 
on salmonids in both the North Pacific and North Atlantic Oceans.  At first sight it might appear 
curious that the same species should occur in two separate and geographically distant oceans, 
but there is convincing geological, molecular and ecological evidence of past trans-Arctic 
connectivity of the marine fauna of the North Pacific and North Atlantic basins τ and 
specifically of Pacific species having tended to colonize the North Atlantic rather than vice versa 
τ following the recent opening of the Bering Strait (~5 million years ago). The presently 
available molecular (DNA) results cannot provide conclusive evidence regarding the specific 
status of Pacific and Atlantic L. salmonis, but recent DNA sequence analyses do indicate clear 
genetic distinction between the Atlantic and Pacific lineages. Similarly, there now is a body of 
mitochondrial DNA sequence and ecological (host association) data indicating that the host 
generalist parasite, Caligus elongatus, actually comprises taxonomically separable entities. It is, 
however, too early to affirm that there are definitely two (or more) species of either ά/Φ 
ŜƭƻƴƎŀǘǳǎέ ƻǊ άL. salmonisέΤ ŦƻǊ ŎƭŀǊƛǘȅ ŀƴŘ ŎƻƴǎƛǎǘŜƴŎȅ ǿƛǘƘ ǘƘŜ ŎƻƴǘŜƳǇƻǊŀǊȅ ǎŎƛŜƴǘƛŦƛŎ 
literature we continue in the present report to refer to single species in both cases. 

All female caligids undergo internal fertilization of the eggs prior to their extrusion into a 
ǇŀƛǊ ƻŦ ŜȄǘŜǊƴŀƭ ŜƎƎ ǎŀŎǎ ƻǊ άŜƎƎǎǘǊƛƴƎǎέΦ ¢ƘŜ ƴŀǳǇƭƛǳǎ L ƛǎ ǘƘŜ ƘŀǘŎƘƛƴƎ ǎǘŀƎŜ ŀƴŘ ŀǘ ǘƘƛǎ Ǉƻƛƴǘ 
the eggstring disintegrates and the larvae are released to become planktonic.  The nauplius I 
molts into a nauplius II and then again into the infective copepodid stage. None of the three 
planktonic stages feed; all the reserves the larvae require to complete development to the 
infective copepodid are provided by the parent female.  Initial attachment for the copepodid 
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typically occurs on the fins of the host fish (especially the dorsal, ventral and anal fins) or to the 
scales. Several chalimus stages follow, attached to the host by a sort of tether. Depending upon 
the species of caligid there then may be two, one, or no pre-adult stages between chalimus IV 
and the mature adult. The pre-adult and adult stages are all mobile, i.e., able to move about on 
ǘƘŜ Ƙƻǎǘ ŦƛǎƘΩǎ ōƻŘȅΦ 

When large numbers of farmed salmon are introduced to the marine environment in open net 
cage salmon farms, three things are virtually inevitable for these fish: 

 they will become hosts to sea lice (Lepeophtheirus spp. and/or Caligus spp.) since these 
occur naturally on wild host species in the vicinity of most farms;  

 they will become part of a dynamic host-parasite system involving wild hosts, because 
they can produce large numbers of infective larvae in a restricted spatial area if gravid 
females are allowed to develop; and 

 because they carry sea lice, and because some of these fish may escape from the 
farms, the dispersal of parasites is likely to be even more widespread on occasion. 

Given the above, it may be concluded that it is next to impossible to (1) avoid infection of 
farmed fish, all of which go into the pens as clean smolts, and (2) also subsequently avoid 
ƛƴŦŜŎǘƛƻƴ ƻŦ ǿƛƭŘ ŦƛǎƘ ǘƘŀǘ ŀǊŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǾƛŎƛƴƛǘȅ όάƛƴŦŜŎǘƛǾŜ ŦƛŜƭŘέύ ƻŦ ŀƴ ƻǇŜƴ ŎŀƎŜ ŦŀǊƳΦ 

A parasitic infection becomes a disease when host behavior and physiology (and 
ultimately host health, survivorship and fitness) are altered or compromised to an exceptional 
extent. For example, the increased metabolic demand exerted by the parasite may cause 
slower host growth, making the wild fish more likely to be captured by predators, or conversely 
causing them to take greater risks to feed, with the same end result. Reduced host condition 
also can affect swimming ability, with several negative ecological consequences ranging from 
reduced competitive ability to slower migration. Slower migration rates through coastal waters 
might elevate the risk of infestation by sea lice copepodids.  Skin damage caused by the feeding 
behavior of sea lice can increase the physiological cost of osmotic regulation, or provide sites 
for secondary bacterial or fungal infection. ContǊŀǊȅ ǘƻ ǘȅǇƛŎŀƭ ǇŜǊŎŜǇǘƛƻƴǎ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ άƛƴ ǘƘŜ 
ƛƴǘŜǊŜǎǘέ ƻŦ ǇŀǊŀǎƛǘŜǎ ǘƻ ƪƛƭƭ ǘƘŜƛǊ ƘƻǎǘΣ ƛǘ ƛǎ ǿƻǊǘƘ ƴƻǘƛƴƎ ǘƘŀǘ ǎǳŦŦƛŎƛŜƴǘƭȅ high sea lice loads will 
kill individual wild fish, but the definition of άhighέ will depend on sea louse stage, fish size and 
developmental stage.  While not exhaustive, this list illustrates some of the direct and more 
subtle indirect ways that sea lice may cause disease, as defined above.  

Sea lice abundance on farmed salmon only rarely attains levels where the health or 
welfare of these fish is negatively affected. When this occurs there are legal and regulatory 
requirements in many countries that demand treatment, but it is clearly also in the economic 
interests of the farmer to treat the infection promptly and effectively. For wild fish, disease is 
likely to be an issue whenever sea lice intensity on individual hosts is sufficiently high as to 
cause significant stress, or to increase their vulnerability to secondary pathological infection or 
other mortality agents, as noted above. For example, newly-migrated smolts exposed to the 
challenge of osmoregulating in saline waters will be physiologically stressed by that 
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environmental challenge and will be more vulnerable than post-smolts that are older and fully 
adapted to seawater.  

Sea lice disease of wild salmonids is potentially problematic in areas with intensive 
Atlantic salmon aquaculture in British Columbia, Canada, on the west coasts of Ireland and 
Scotland, and throughout Norway (Chile lacks endemic species of anadromous salmonids). In 
British Columbia, the focus of attention has been on the much studied and discussed Broughton 
Archipelago region, where there is particular concern regarding the impact of Lepeophtheirus 
salmonis on wild stocks, particularly juvenile pink (Oncorhynchus gorbuscha) and chum (O. 
keta) salmon. 

Unlike Atlantic salmon, sea trout (the anadromous form of the brown trout, Salmo 
trutta) spend extended periods of time in nearshore or coastal waters, and this feature may 
render them particularly vulnerable to sea lice infestation. As has been the case in British 
Columbia, analyses concerning the potential interaction between farmed and wild salmonids in 
Irish bays, Scottish sea lochs and Norwegian fjords subject to intensive aquaculture have not 
been without controversy. The circumstantial evidence of farm-produced larval sea lice 
contributing to parasite loadings on wild sea trout in Ireland is considerable. Correlations have 
been drawn between abundances of sea lice on wild sea trout and on Irish farms up to 30 km 
distant. As is the case for sea trout, Arctic charr (Salvelinus alpinus) are effectively confined to 
coastal waters (often in narrow fjord systems) and these areas commonly are home to a high 
density of captive farmed salmon.  Sea trout and Atlantic salmon are also the species of most 
concern with regard to detrimental effects of sea lice in Norway, although Arctic charr also are 
impacted by these parasites there.  

It has been demonstrated that salmon within a given farm site can be self-reinfesting 
(because hatched nauplii drift back into the net pens having completed their development to 
the infective copepodid stage); it is also intuitive that nauplii exported from one farm site will 
infect salmon being grown in neighbouring farms or free-ranging wild fish in the vicinity. 
Similarly, wild fish may well infect other wild fish or, if they are resident in coastal waters, 
adjacent farmed fish. The absolute abundances of farm and wild fish, the absolute abundances 
of sea lice on those fish and the relative strengths of farm-farm and farm-wild interactions (and 
any seasonal or annual variation thereof) will determine the overall infestation pressure on 
individual fish in a given locality.   

It is far easier to monitor and assess the outcome of interventory treatment for sea lice 
infestations for farmed fish than it is for wild fish, and there are potentially many more 
strategies available to control sea lice on farmed fish. For example, in addition to medicinal 
treatments, a variety of management (and even informed environmental) decisions can be 
made which can have impacts on the control of sea lice on farms. The challenges in managing 
sea lice on farmed and wild fish in an integrated manner should not, however, be under-
estimated. 

As we outline, the evidence is largely indirect or circumstantial that sea lice emanating 
from salmon farms can and do exert detrimental effects on wild salmonids. It is practically 
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impossible to track larvae from release to host colonization and therefore to precisely quantify 
wild-to-farm versus farm-to-wild and wild-wild infestation interactions.  Furthermore, in view of 
the diversity of life-history strategies and differential vulnerability of host species associated 
with sea lice in both the Pacific and Atlantic Oceans, as well as the geographic differences in the 
intensity of the industry and its regulation, it is not plausible to draw a single over-riding 
conclusion regarding the potential negative impacts of sea lice on all wild fish stocks world-
wide.  Nevertheless, we believe that the weight of evidence is that sea lice of farm origin can 
present, in some locations and for some host species populations, a significant threat.  Hence, a 
concerted precautionary approach both to sea lice control throughout the aquaculture industry 
and to the management of farm interactions with wild salmonids is expedient. 

It is arguably the case that sea lice are one of the most studied diseases of aquaculture 
ŀƴŘΣ ŀǎ ǎǳŎƘΣ ǘƘƛƴƪƛƴƎ ƛƴ ǘŜǊƳǎ ƻŦ ΨǎȅǎǘŜƳ-ǿƛŘŜΩ ƳŀƴŀƎŜƳŜƴǘ Ƙŀǎ ōŜŜƴ ǊŜƭŀǘƛǾŜƭȅ ǿŜll 
developed. The principles of Integrated Pest Management (IPM) have been taken from the 
terrestrial setting and attempts made to apply them to sea lice in an inclusive and 
comprehensive fashion. In addition, as mentioned earlier, sea lice infestation on salmon farms 
has been a matter not only of control on farms to maximize cultured fish health and well-being, 
but of significant public and scientific controversy; these issues arose initially and most notably 
with respect to wild sea trout populations in Ireland and Scotland, Atlantic salmon and sea trout 
in Norway and, more recently, for the case of wild Pacific salmon in British Columbia. 
Management of wild-farm and farm-farm infestation interactions is not a simple challenge, if 
only because of our present inability to reliably quantify them.  Given the impossibility of 
directly observing and tracking individual sea lice larvae from release by the adult female to 
ultimate settlement on a host fish, alternative indirect analytical approaches have proven 
necessary to specifically assess farm-wild interactions. The utility and limitations of these 
various empirical methods (e.g. molecular genetics and stable isotope markers) has been 
reviewed. A conceptually different, but complementary, analytical approach has been the 
development of mathematical models to enable both a better understanding of infection 
dynamics and to aid decision makers in exploring assumptions regarding underlying 
management parameters and the effectiveness of potential intervention strategies. Once again, 
these models are much more diverse and complex than is typical for most pathogens within the 
aquatic setting. However, in further complicating the debate as to the importance of farm 
sources of infestation to wild fish, in a number of cases the models themselves have become a 
ǎƻǳǊŎŜ ƻŦ ŎƻƴǘǊƻǾŜǊǎȅΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ŀ άōŀŘ ǘƘƛƴƎέ ŀǎ ƛǘ ƛǎ ŀǊƎǳŀōƭȅ ƴƻǘ ǘƘŜ ǇƭŀŎŜ ƻŦ 
mathematical modeling to produce answers/solutions, but rather to encourage policy makers, 
commercial farmers, sport fishery managers, and scientists to think more carefully about their 
assumptions and the likely impact of various types of intervention.  

Another important issue relates to the optimal location of salmon farms; establishment 
ƻŦ άǎŀŦŜ ǎƛǘŜǎέ ǎƘƻǳƭŘ ƭŜŀŘ ǘƻ Ƴƛƴƛmizing risks and maximizing benefits to all concerned parties. 
Indeed, research in this area has led to a number of recent projects ς for example, the 
Hardangerfjord project in Norway or the Finite Volume Coastal Ocean Model in British 
Columbia ς which have attempted to tackle aspects of the problem through the use of fjord/sea 
loch/archipelagoςwide hydrographic modeling to improve our understanding of dispersal and 
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colonization of sea lice larvae. This has also led to changes in policy, for example, in Scotland 
the Location/Relocation Working Group (LRWG) of the Scottish Government has the remit to, 
άǇǊŜǇŀǊŜ criteria to assess whether or not any finfish aquaculture site is poorly located, and 
make an assessment of the likely benefits and effectiveness of relocation of those farms that 
are sited close to rivers important for migratory fishέ όhttp://cci.scot.nhs.uk/Topics/Fisheries/ 
Fish-Shellfish/whatwedo/whatwedo5). 

http://cci.scot.nhs.uk/Topics/Fisheries/
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Chapter 1: Sea Lice as Disease Organisms 

This report on sea lice was written in conjunction with a more general disease report 

(Hammell et al. 2009) as part of the WWF-coordinated Salmon Aquaculture Dialogue. The 

authors of both reports decided to follow, where sensible, a common report structure with this 

document developing in more detail general themes laid out in the main disease report for the 

ŎŀǎŜ ƻŦ ǎŜŀ ƭƛŎŜΦ ώ{ŜŜ ǘƘŜ ΨtǊƻƭƻƎǳŜΩ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ƎŜƴŜǊŀƭ ŘƛǎŜŀǎŜ ǊŜǇƻǊǘ ŦƻǊ ƳƻǊŜ ŘƛǎŎǳǎǎƛƻƴΦϐ 

 

1.1 Introduction 

Disease in the human context generally is considered in terms of bacterial or viral 

infection, which is itself often manifested by the host as recognizable and specific symptoms. 

Parasites can be considered as pathogens, or organisms capable of causing disease, if the 

behavior or physiology (and ultimately the health and/or survivorship) of the host organism is 

altered or compromised to an exceptional extent. The difficulty lies in defining the extent of 

that impairment. Sea lice are natural parasites of many marine fish species. Can a large, healthy 

adult fish of several kilograms weight, bearing a single parasitic sea louse (weighing a few 

ƳƛƭƭƛƎǊŀƳǎύ ōŜ ŎƻƴǎƛŘŜǊŜŘ άŘƛǎŜŀǎŜŘέΚ 

 Lƴ ŘŜŦƛƴƛƴƎ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ǇŀǊŀǎƛǘƛŎ ǎŜŀ ƭƛŎŜ ǇǊŜǎŜƴǘ ŀ άŘƛǎŜŀǎŜέ ǇǊƻōƭŜƳ ǘƻ ǿƛƭŘ ŀƴŘ 

farmed fish, it is necessary to assess the infection intensity in relation to the size and species of 

the host fish. Lepeophtheirus salmonis is exceptional among parasite species in infecting adult 

wild Atlantic salmon (Salmo salar) with 100% prevalence. In most host-parasite associations, 

prevalence typically is much below 100%; random chance effects alone dictate that some 

individual hosts in a given population will never be encountered or successfully infected by the 

parasite species. Shaw & Dobson (1995) reviewed quantitative studies for 211 parasite species 

and of these only 15 species showed prevalence >90% and only two (both endoparasites of 

grouse and reindeer) displayed 100% prevalence. The infective planktonic larval phase of L. 

salmonis is therefore extraordinarily effective at locating and infecting wild Atlantic salmon, 

even in the open North Atlantic Ocean. For this reason alone, it is highly likely that L. salmonis 

has the potential to present a disease threat to salmonid fish. 

Adult one sea-winter Atlantic salmon returning to the British Isles typically weigh 

between one and four kilograms at the completion of their marine migration. Not only is the 

prevalence of Lepeophtheirus salmonis at 100%, but their mean abundance typically is high and 

varies between 17 and 31 L. salmonis per fish (Todd et al. 2006).  Can these fish be considered 

άŘƛǎŜŀǎŜŘέΚ Mean values can be misleading in this context because, as is typical of host-

parasite associations, L. salmonis ǎƘƻǿǎ ΨƻǾŜǊ-ŘƛǎǇŜǊǎƛƻƴΩ ŀƳƻƴƎǎǘ ǘƘŜ ŦƛǎƘ ƘƻǎǘǎΤ ǘƘŀǘ ƛǎΣ Ƴƻǎt 

hosts carry a low abundance of parasites, but a few individual hosts can carry extremely high 
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burdens and at the population level the variance in abundance exceeds the mean. As an 

illustration, seven years of monitoring data for L. salmonis on return-migrant wild Atlantic 

salmon in Scotland showed maximum abundances ranging up to 117 (horizontal axis, Figure 

1.1). But it is important to note also that, in some years, mean abundance of Caligus elongatus 

(a host generalist sea louse that also infests salmonids) can equal that of L. salmonis (Todd et al. 

2006); wild salmon typically are infested by both species because C. elongatus prevalence itself 

ranges from 90 to 100%. Figure 1.1 shows, for example, that certain individual fish carried high 

burdens of both species (e.g. 63 L. salmonis + 37 C. elongatus, 55 L.s.+83 C.e.; 45 L.s.+107 C.e.; 

40 L.s.+100 C.e. etc). As a generalization, when both species are relatively abundant on the 

sampled fish (e.g. 2001, 2002, 2003) fish that carried a high abundance of one species tended 

also to carry a high abundance of the other, perhaps reflecting that individual salmon are 

similarly vulnerable to either species of sea louse. 
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Figure 1.1   Abundance of sea lice (Lepeophtheirus salmonis, Caligus elongatus) on individual 

wild, one sea-winter, adult Atlantic salmon (Salmo salar) (n = 430; length, weight 

ranges: 49-77.5 cm, 1.1-4.6 kg) captured in fully marine seawater at Strathy Point, N 

Scotland 1999-2006. ώ5ŀǘŀ ŀǊŜ ŦƻǊ ΨƳƻōƛƭŜΩ ǎǘŀƎŜǎ ƻƴƭȅ ŀƴŘ Řƻ ƴƻǘ ƛƴŎƭǳŘŜ ŎƘŀƭƛƳǳǎ 

larval stages.] 
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1.2 Defining disease  

1.2.1 /ŀƴ ŦƛǎƘ ƛƴŦŜǎǘŜŘ ōȅ ǎŜŀ ƭƛŎŜ ōŜ ŎƻƴǎƛŘŜǊŜŘ άŘƛǎŜŀǎŜŘέΚ 

¢ƘŜ Ƴƻǎǘ ǎǘǊŀƛƎƘǘŦƻǊǿŀǊŘ ƻǇŜǊŀǘƛƻƴŀƭ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ άŘƛǎŜŀǎŜŘέ ƛƴŘƛǾƛŘǳŀƭ ŦƛǎƘ ƛǎ ƛŦ ǘƘŜ 

host is behaviorally or physiologically compromised by sea louse infestation. Physiological 

compromise can be measured objectively as suppression of the immune system, 

osmoregulatory dysfunction, or stress. Several recent studies have focused on either the 

characterization or quantification of the immune response to sea lice infestation (e.g. Fast et al. 

2004) or physiological biomarkers of stress (e.g. Grimnes & Jakobsen 1996, Bjørn & Finstad 

1997, 1998; Wells et al. 2006, 2007). Harmful infestation levels of Lepeophtheirus salmonis to 

host smolts and post-smolts have been estimated both in the laboratory (Bjørn & Finstad 1997) 

and in the laboratory and field (Finstad et al. 2000).  Finstad et al. (2000) showed that once L. 

salmonis attained the pre-adult and adult stages this led to an osmoregulatory imbalance for 

sea trout (Salmo trutta) and salmon (Salmo salar) smolts and to the mortality of sea trout 

smolts. Bjørn & Finstad (1997) estimated that infestations exceeding 90 attached chalimi or 50 

pre-adult or adult (colloquially ΨƳƻōƛƭŜΩύ L. salmonis could kill 60 g sea trout post-smolts. Finstad 

et al. (2000) reported that >30 chalimus stage larvae could kill 40 g salmon smolts once they 

developed into pre-adults and became mobile over the host body surface; the relative intensity 

of ~0.75 (lice.g-1 fresh weight) therefore indicated that only 11.3 chalimus larvae may have a 

detrimental effect on a wild salmon smolt of 15 g. This level of infection also caused mortality 

of wild salmon smolts in aquarium experiments (Finstad et al. 2000). Note, however, that mass 

of salmonids increases approximately as the cube of body length so for larger fish beyond the 

smolt stage this detrimental weight-specific loading will probably differ markedly with 

increasing size. Because in the natural environment only survivors generally remain available 

for capture and sampling by observers, Holst et al. (2003) suggested that a lack of wild smolts 

with >11 lice in Norway may be explained by mortality of more heavily-infested hosts.  

In subsequent physiological studies, and utilizing a suite of stress markers and empirical 

measurements, Wells et al. (2006) concluded that 13 mobile sea lice per fish was the critical 

abundance which elicited sub-lethal stress responses in wild post-smolt sea trout (Salmo trutta) 

in the weight range 19-70 g (mean 37 g). Thus, while juvenile sea trout with a burden of 14 sea 

ƭƛŎŜ ŎƻǳƭŘ ǘƘŜƴ ōŜ ƻōƧŜŎǘƛǾŜƭȅ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǎǘǊŜǎǎŜŘΣ ŀƴŘ ƘŜƴŎŜ άŘƛǎŜŀǎŜŘέΣ ǘƘŀǘ 

argument would not extend to a 4 kg adult Atlantic salmon also infected with 14 sea lice, but 

which would not be significantly stressed. However, even though at the individual fish level that 

п ƪƎ Ƙƻǎǘ ǎŀƭƳƻƴ ǿƻǳƭŘ ƴƻǘ ōŜ ŎƻƴǎƛŘŜǊŜŘ άŘƛǎŜŀǎŜŘέ ƛǘ ƛǎ ŎƭŜŀǊ ǘƘŀǘΣ ƛƴ ŀƴ ŜǇƛŘŜƳƛƻƭƻƎƛŎŀƭ 

context, at the population level that fish should be considered diseased because the sea lice it 

carries have the capacity to infect other farmed and wild salmonids. Thus, the categorization of 

ǎŜŀ ƭƛŎŜ ŀǎ ŀ άŘƛǎŜŀǎŜέ Ŏŀƴ ǾŀǊȅ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŎƻƴǘŜȄǘ ƛƴ ǿƘƛŎƘ ǘƘŜ ǘŜǊƳ ƛǎ ōŜƛƴƎ ŀǇǇƭƛŜŘΦ 
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None the less, it must be acknowledged that even a single sea louse infecting an otherwise 

ƘŜŀƭǘƘȅ ŀŘǳƭǘ ǎŀƭƳƻƴ ǎǘƛƭƭ Ŏŀƴ ŎŀǳǎŜ ŘŀƳŀƎŜ ǘƻ ǘƘŜ Ƙƻǎǘ ǎƪƛƴΣ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ǇŀǊŀǎƛǘŜΩǎ 

feeding activity. The skin and its mucus covering is a critically important barrier to ion exchange 

with the surrounding water and while that damage might not in itself induce osmoregulatory 

compromise or dysfunction, such lesions of the fish epidermis can expose the host fish to 

pathological secondary bacterial infection. Furthermore, there are indications and reports that 

sea lice themselves may also be vectors of microbial and bacterial diseases (e.g. Infectious 

Salmon Anaemia (ISA), Nylund et al. 1993; Pancreatic Disease (PD), Marian McLoughlin, pers. 

comm. 2008) though this has yet to be demonstrated conclusively. 

An additional concern when assessing whether or not a sea louse-infected salmonid is 

diseased is that there is clear evidence that different species of salmonids vary in their 

susceptibility to infestation by Lepeophtheirus salmonis (e.g. Fast et al. 2002). Nagasawa (1987) 

and Nagasawa et al. (1993) reported on differences in prevalences and abundances of L. 

salmonis infecting six Pacific species of salmonids captured in the open ocean: pink salmon 

(Oncorhynchus gorbuscha) showed the highest prevalence and abundance of L. salmonis, 

followed by chinook salmon (O. tshawytscha) and steelhead trout (O. mykiss). Whereas they 

recorded relatively high levels of infestation on coho (O. kisutch) and chum (O. keta) salmon, 

they did find sockeye (O. nerka) to be relatively rarely infected (cf. Atlantic salmon; Section 1.0 

ŀōƻǾŜύ ōǳǘ ǿƘŜǘƘŜǊ ǘƘŜǎŜ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŎƻƳǇǊƻƳƛǎŜŘ ƻǊ άŘƛǎŜŀǎŜŘέ ǊŜƳŀƛƴǎ ǳƴŎƭŜŀǊ. 

.ŜŀƳƛǎƘ Ŝǘ ŀƭΦ όнллрύ ǊŜŎƻǊŘŜŘ άǎŜŀ ƭƛŎŜέ όƛΦŜΦ L. salmonis plus Caligus clemensi) at high 

intensities and 98-100% prevalence on pink (Oncorhynchus gorbuscha), chum (O. keta), sockeye 

(O. nerka), chinook (O. tshawytscha) and coho (O. kisutch) salmon in coastal waters of British 

Columbia.  However, because Beamish et al. (2005) did not numerically distinguish the two 

caligids within hosts in their tabulations it is not possible to derive the prevalences or 

abundances of either parasite on particular host species.  On the basis of the relative 

abundances of the various host species, and their typical parasite loadings, Nagasawa et al. 

(1993) considered pink and chum salmon to be the most important host species in the North 

Pacific. Multiple host species laboratory infestation trials also have indicated clear differences 

in susceptibility of salmonid species, and coho are seemingly relatively resistant to initial 

infection (Fast et al. 2003); Atlantic salmon appear to be more susceptible than Pacific species 

(e.g. chinook and coho salmon; Johnson & Albright 1992) and Salmo trutta  may be more 

susceptible than is S. salar (Dawson et al. 1997). 

 

1.2.2 The wider perception of sea lice as benign parasites or as a disease organism 

In terms of deǎŎǊƛōƛƴƎ ǎŜŀ ƭƛŎŜ ŀǎ ŀ άŘƛǎŜŀǎŜέ ǘƘŜ ǾŜǊȅ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǘŜǊƳ ŘƛǎŜŀǎŜ Ƙŀǎ 

negative connotations, in the sense that we conceptualize disease as having a detrimental or 
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debilitating effect on the host organism. It is pertinent, therefore, to note that sport anglers still 

consider the occurrence of sea lice on a fish captured in freshwater as being a positive indicator 

ƻŦ ǘƘŜ άŦǊŜǎƘƴŜǎǎέ ŀƴŘ όŀǎǎǳƳƛng only a moderate number of parasites) the quality of the fish. 

This is because female caligids rapidly lose their eggstrings when the host fish re-enters 

freshwater, and the occurrence of so-ŎŀƭƭŜŘ άƭƻƴƎ-ǘŀƛƭŜŘ ǎŜŀ ƭƛŎŜέ ƻƴ ŀ ŎŀǇǘǳǊŜŘ ǎŀƭƳƻƴ ǎǘƛƭƭ ƛǎ 

widely considered to be the ultimate indicator of freshness.  

Infestations of Lepeophtheirus salmonis can cause visibly obvious skin erosion and 

lesions if the intensity of the infestation is moderate to high. For moderately to heavily infested 

fish these lesions are especially obvious along the dorsal midline between the dorsal fin and the 

tail, and on the skin adjacent to the anal fin, where the adult females tend to aggregate (Todd 

et al. 2000; Figures 1.2, 1.3 and 1.4). 

 

Figure 1.2  Adult female Lepeophtheirus salmonis occupying the skin adjacent to the anal fin of 

an adult two sea-winter Atlantic salmon (~7 kg) captured in fully marine seawater at 

Strathy Point, N Scotland. Note the (pink) erosion of the epidermis and associated 

bleeding of the lesion. [Photo: C.D. Todd] 

 

Many sport anglers today still erroneously interpret the erosion adjacent to the anal fin 

όŜΦƎΦ CƛƎǳǊŜ мΦпύ ŀǎ ōŜƛƴƎ άǊǳƴƴƛƴƎ ƳŀǊƪǎέ ǿƘŜǊŜ ǘƘŜ ŦƛǎƘ Ƙŀǎ ōŜŜƴ ǎŎǊŀǇƛƴƎ ƛǘǎ ōƻŘȅ ƻǾŜǊ ǎǘƻƴŜǎ 

and rocks as it ascends the river. Again, as with the presence of adult females still bearing their 

ŜƎƎǎǘǊƛƴƎǎΣ ŎŀǇǘǳǊŜ ƻŦ ŀ ŦƛǎƘ ǿƛǘƘ άǊǳƴƴƛƴƎ ƳŀǊƪǎέ ŎƻƳƳƻƴƭȅ ƛǎ ǾƛŜǿŜŘ ǇƻǎƛǘƛǾŜƭȅ ŀǎ ŀƴ ƛƴŘƛŎŀǘƻǊ 

of freshness and quality.  
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Figure 1.3   Adult female Lepeophtheirus salmonis (most with paired eggstrings) occupying the 

dorsal midline between the dorsal fin and adipose fin of a wild, one sea-winter adult 

Atlantic salmon (2.80 kg) captured in fully marine seawater at Strathy Point, N 

Scotland.  The sea louse abundance όΨƳƻōƛƭŜΩ ǎǘŀƎŜǎ ƻƴƭȅύ on this fish was 52 L. 

salmonis and 2 Caligus elongatus. [Photo C.D. Todd] 

 

 

Figure 1.4   Adult two sea-winter Atlantic salmon (~8 kg), captured in estuarine conditions in the 

Firth of Tay, E Scotland, showing the typical lesions caused by adult female 

Lepeophtheirus salmonis on the scales and skin adjacent to the anal fin. [Photo C.D. 

Todd] 
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1.2.3 The salmon louse, Lepeophtheirus salmonis: Pacific and Atlantic populations 

The current scientific literature refers to Lepeophtheirus salmonis Krøyer as occurring 

both in the North Pacific and North Atlantic Oceans and infesting salmonids (Salmo spp., 

Oncorhynchus spp., Salvelinus spp.). There is convincing geological, molecular and ecological 

evidence of past trans-Arctic connectivity of the marine fauna of the North Pacific and North 

Atlantic basins (e.g. Dodson et al. 2007) τ and specifically of Pacific species having tended to 

colonize the North Atlantic rather than vice versa τ following the recent opening of the Bering 

Strait (~5 million years ago; Marincovich & Gladenkov 2001). There have been repeated re-

openings of the Bering Strait but many trans-Arctic invasions apparently occurred ~3.5 million 

years ago. The predominance of Pacific species invading the Atlantic seems to be explained by 

the bulk of water flowing through the Strait to the north, perhaps with concomitant effects on 

planktonic larval transport. Morphologically, Pacific and Atlantic L. salmonis are apparently 

indistinguishable, but certainly there are genetic differences at the ocean basin level. 

Microsatellite DNA loci include tandem repeat sequences of the four nucleotide bases (T,A,G,C) 

of the DNA molecule.  These loci typically are highly variable and are generally considered to be 

selectively neutral (i.e. not adaptive); they offer a powerful and commonly used means of 

assessing and comparing the genetic structure of populations.  Analyses of microsatellite DNA 

variation (Todd et al. 2004) showed no significant differentiation of L. salmonis populations 

sampled from wild and farmed salmonids throughout the North Atlantic (E. Canada to N. 

Norway). There were, however, significant differences in microsatellite allele frequencies at all 

the loci studied, and hence overall population genetic structure, for L. salmonis from a Pacific 

(British Columbia) farm population compared to the pooled data from all sites and all three 

host species sampled for the North Atlantic population. Very closely related, but distinct, 

species can share microsatellite loci and it is relevant that C. elongatus shares none of these six 

L. salmonis microsatellite DNA sequences.  

Those DNA results cannot provide conclusive evidence regarding the specific status of 

Pacific and Atlantic Lepeophtheirus salmonis, but recent DNA sequence analyses (Yazawa et al. 

2008) do indicate clear genetic distinction of the Atlantic and Pacific lineages. Together with 

other evidence, Yazawa et al. (2008) conclude that the reduced genetic diversity specifically of 

the 16S rRNA and COI gene sequences for Pacific L. salmonis are indicative of an Atlantic origin 

for this species. Whether or not North Pacific and North Atlantic L. salmonis lineages have 

diverged sufficiently to now comprise closely-related and morphologically similar, but 

taxonomically distinct species remains unclear. But the likelihood is that genetic differences 

between Pacific and Atlantic ά[Φ ǎŀƭƳƻƴƛǎέ might well be sufficient to warrant taxonomic 

separation into two distinct species. Similarly, there now is a body of genetic (mitochondrial 
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DNA sequence) and ecological (host association) data to indicate that the host generalist 

parasite, Caligus elongatus, actually comprises taxonomically separable entities (Øines & Heuch 

2005, 2007). It is, however, perhaps too early to affirm that there definitely are two (or more) 

species of ά/ŀƭƛƎǳǎ ŜƭƻƴƎŀǘǳǎέ and we have, for the purposes of the present report, continued 

to refer to the one species of C. elongatus. 

 

Host associations of Lepeophtheirus salmonis and other caligids 

While recognizing that there are probably two species of ά[ŜǇŜƻǇƘǘƘŜƛǊǳǎ ǎŀƭƳƻƴƛǎέ in 

the North Pacific and North Atlantic Oceans here we assume only the one species in the 

interests of clarity and in order to remain consistent with the published scientific literature to 

date. Whether Pacific and Atlantic L. salmonis are one and the same species is not simply of 

semantic importance.  For example, much of the apparent among-host species variability in 

susceptibility of salmonids to L. salmonis infestation may be explained by Atlantic and Pacific L. 

salmonis being distinct species. However, given the assumption of the one species, L. salmonis 

is associated with a total of 12 host salmonid fish species of the genera Salmo, Oncorhynchus 

and Salvelinus (Costello 2006). Along the Pacific coasts of Alaska and British Columbia, L. 

salmonis, Caligus clemensi (a host generalist), and Lepeophtheirus cuneifer (also a host 

generalist) all have been recorded on wild and farmed salmonids. In British Columbia, Chile and 

Tasmania (Australia) Salmo salar is the principal salmonid species in culture. While the 

Tasmanian industry apparently suffers no especial problems from caligid infestation of farmed 

salmon (but is impacted significantly by Amoebic Gill Disease, AGD), the Chilean industry is 

heavily impacted by Caligus teres and especially Caligus rogercresseyi (both host generalists). In 

Japan, Caligus orientalis is the most pathogenic sea louse on cultured Pacific Salmon, although 

L. salmonis also remains a problem (Nagasawa 2004; Costello 2006). L. salmonis is associated 

with wild chum and pink salmon in Japan, but also infests cultured coho salmon and rainbow 

trout. C. orientalis ς like C. elongatus in the North Atlantic ς is a host generalist which 

occasionally impacts upon salmonids but it is an especial problem to cultured rainbow trout 

(Nagasawa 2004). 

 

1.2.4 Establishment of parasitic disease 

In the General Disease Report, the distinction is made between infectious (bacterial, 

viral, fungal) disease and parasitic disease (their Section 1.2). Three phases of infectious disease 

(1, initial colonization; 2, infection; 3, pathological disease manifestation) are distinguished. The 

same three criteria, or phases, can be extended to sea lice as pathogens and their 

establishment (and categorization) as disease organisms on host fish. 



Sea Lice Working Group Report 

 

22 
 

 

Phase I: Initial colonization 

All female caligids undergo internal fertilization of the eggs prior to their extrusion into a 

ǇŀƛǊ ƻŦ ŜȄǘŜǊƴŀƭ ŜƎƎ ǎŀŎǎ ƻǊ άeggǎǘǊƛƴƎǎέ for further embryonic development towards hatching 

(Figure 1.5). The female retains the eggstrings as the embryo develops to the hatching stage. 

The nauplius I is the hatching stage and at this point the eggstring disintegrates and the larvae 

become planktonic. Planktonic organisms, by definition, cannot swim directionally against the 

current; they drift passively but do have the ability to adjust their vertical depth in the water 

column. Caligid larvae do not feed in the plankton and all energetic requirements for planktonic 

development to the infective stage are provided by the female during vitellogenesis and pre-

fertilization maturation of the egg.  The free-swimming nauplius I molts into a nauplius II and 

then again into the infective planktonic copepodid stage.  Planktonic development from 

hatching to the copepodid takes 2-14 days according to species and ambient temperature. 

During this planktonic phase the larvae drift on currents and may migrate vertically in the water 

column, perhaps with a diurnal rhythm (e.g. Heuch et al. 1995; Aarseth & Schram 1999; 

Flamarique et al. 2000; Hevrøy et al. 2003). There is evidence that suggests Lepeophtheirus 

salmonis also may modulate its vertical migratory behavior in response to changing salinity (e.g. 

Heuch 1995). 
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Figure 1.5 The molt stages and life cycle of Lepeophtheirus salmonis. The gravid female 

extrudes a pair of eggstrings containing the developing embryos and these are 

retained to the hatching stage (Nauplius I). After two planktonic larval molts host 

infestation occurs at the final free-swimming, copepodid stage and the subsequent 

four chalimus stages all are attached to the host fish by a thread (Ψfrontal filamentΩ). 

The pre-adult and final adult stages all are mobile over the host fish.  No further 

molts occur after the adult status is attained (from Schram 1993). 

 

Typically, planktonic organisms reside at greater depths during daylight hours and 

migrate upwards at night. However, in general the vertical migratory behavior of the planktonic 

stages of sea lice (and their responses to, for example, salinity changes) is poorly understood 

and also probably critical to an understanding of the infestation dynamics between host and 

parasite (e.g. Heuch et al. 1995; Hevrøy et al. 2003). DƛǾŜƴ ǘƘŜ άǘƘǊƻǳƎƘ-Ŧƭƻǿέ ƴŀǘǳǊŜ ƻŦ ǎŀƭƳƻƴ 

farm pens and net cages, it clearly is not possible for the larval stages of sea lice to be retained 

throughout their planktonic development period within their cage of origin (but see Costelloe 

et al. 1996 for heavily-fouled net meshes) τ the planktonic larvae will be uncontrollably 

exported from the cage and they therefore have the potential to infect (1) host fish in other 

cages within the same farm, (2) other farms within drift-distance of the farm of origin, and (3) 
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wild fish passing sufficiently close to the farm. By the same token, larvae emanating from free-

ranging wild fish clearly have the potential to infect caged farm populations if those larvae are 

released in coastal waters. Because of their finite longevity and being limited by maternally-

provided reserves of energy, larvae hatching from salmonids occupying their offshore oceanic 

feeding areas will be able to infect only other wild hosts and will not impact farmed salmonids 

held in sheltered or semi-enclosed coastal waters. In this sense it is inescapable that the initial 

infestations of cultured salmonids in the earliest days of the industry must have been 

attributable to wild fish resident in, or migrating through, coastal waters. Taking the specific 

example of the Scottish industry, this was initially developed during the 1960s by Unilever at a 

site near Lochailort. The first commercial smolts were put to sea in 1972, and by a date as early 

as 1976 it became apparent that Lepeophtheirus salmonis was problematic to the industry (Rae 

2002). 

Initial colonization by sea lice in the natural environment and in farm pens is very poorly 

understood. In fjordic systems, in NW Europe the infective copepodids appear to concentrate 

ŀǘ ǎŀƭƛƴƛǘȅ ŘƛǎŎƻƴǘƛƴǳƛǘƛŜǎ όάŦǊƻƴǘǎέ, or sharp discontinuities in temperature or salinity) near to 

the outfall of rivers (e.g. McKibben & Hay 2004; Penston et al. 2004), and it is here that coastal 

sea trout (Salmo trutta) and Arctic charr (Salvelinus alpinus) τ which remain in inshore waters 

throughout their marine residence τ are perhaps especially vulnerable to initial colonization. 

However, Bricknell et al. (2006) have proposed that colonization of newly-migrating smolts 

occurs in the coastal zone away from river outfalls, and at salinities that are closer to oceanic 

levels, and >27 practical salinity units (psu). Certainly, this seems to extend to fish in sentinel 

cages in the Norwegian Hardangerfjord system (Finstad et al. 2007). Whether it be for wild 

smolts first entering salt water, or farmed fish held within net pens, or even free-ranging wild 

adult fish in offshore waters and the open ocean, the likelihood is that it is the host fish that 

άŦƛƴŘǎέ ǘƘŜ ǇŀǊŀǎƛǘŜ όƛƴŦŜŎǘƛǾŜ ŎƻǇŜǇƻŘƛŘύ ŀƴŘ ƴƻǘ ǘƘŜ ǇŀǊŀǎƛǘŜ ǘƘŀǘ άŦƛƴŘǎέ ǘƘŜ ŦƛǎƘ όǎŜŜΣ ŜΦƎΦΣ 

Hevrøy et al. 2003). That is, as a result of diurnal vertical migration, and perhaps also responses 

to local changes in salinity, the infective copepodid probably positions itself at the appropriate 

depth in the water column where the host salmonid tends to forage or migrate and thereby 

enhances the potential for encounter.  

 Less is known about how the copepodid attaches initially in the natural environment but 

it is likely from laboratory investigations that the infective larva can respond to physical stimuli 

(light, shadow, vibration changes), and perhaps biological cues (e.g. Ingvarsdóttir et al. 2002; 

Genna et al. 2005), indicating the proximity of a potential fish host and to attach itself 

temporarily. In the case of Lepeophtheirus salmonis, the copepodid clearly has the capacity to 

chemically distinguish between a salmonid and a non-salmonid fish once it has initially attached 

(e.g. Ingvarsdóttir et al. 2002). Although no published laboratory observations are available of 

settlement and attachment responses of L. salmonis copepodids to non-salmonid hosts, 
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semiochemical studies with adult male L. salmonis (e.g. Ingvarsdóttir et al. 2002; Genna et al. 

2005) do indicate a clear ability for L. salmonis to distinguish salmonid from non-salmonid fish.  

The expectation is, therefore, that the specificity of the L. salmonis-salmonid host association is 

maintained by positive responses of the larval and post-larval stages to salmonids only.  Initial 

attachment for the copepodid typically occurs on the fins of the host fish (especially the dorsal, 

ventral and anal fins) or the scales.  If the host fish is of an appropriate species the copepodid 

clasps the host tissue and then undergoes a molt to the first sessile stage in the life cycle. At 

this stage the parasite attaches itself typically to a bony fin-ray or a calcified scale by means of a 

ΨŦǊƻƴǘŀƭ ŦƛƭŀƳŜƴǘΩ όpenetrative thread) which punctures the epidermis. This stage is termed the 

chalimus and successful molting of the copepodid and permanent larval attachment of the 

chalimus stage can be considered the completion of initial colonization. 

 

Phase II: Infection 

 Penetration of epidermal tissues by the frontal filament can elicit a localized 

inflammatory response by the host fish, and this may be the reason some Oncorhynchus spp. 

can successfully reject attached chalimi (Wagner et al. 2008). For juvenile Salmo trutta the site 

of attachment can be visibly recognizable as a small black spot. Host tissue responses to 

attachment and feeding of sea lice appear to be limited, although the details of the host 

immune response to sea lice infestation do vary among Salmo spp. and Oncorhynchus spp. and 

only now are beginning to emerge (Wagner et al. 2008). Pink and chum salmon appear to differ 

in their susceptibility to initial infestation by copepodids (e.g. Jones et al. 2007) and non-

specific, localized immune responses of both of these species to initial colonization can be 

effective in ridding experimental single-pulse infestation before the larvae molt on to the fourth 

and final chalimus stage (Wagner et al. 2008). However, this resistance does not appear to be 

fully developed until the fish exceed about 0.7 g in weight (Jones et al. 2008). Single-pulse 

challenge is the simplest and most typically used experimental protocol, whereby copepodids 

are introduced to the experimental tank just once.  This will differ from the natural 

environment in that fish there generally will be exposed to much lower densities of larvae but 

perhaps repeatedly so and over an extended period of time. Depending upon the species of 

caligid there may be two, one, or no pre-adult stages between chalimus IV and the mature 

adult. Lepeophtheirus salmonis, for example, undergoes two pre-adult stages, Caligus clemensi 

has one pre-adult stage, while C. elongatus has none and molts directly from the chalimus IV to 

the mature adult. Irrespective of the presence/absence or number of pre-adult stages, the key 

aspect of this point in the sea louse life-cycle is that the chalimus attachment now is 

permanently lost and the parasite becomes free-ranging (colloquially, άƳƻōƛƭŜέύ ƻǾŜr the body 
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of the host fish. The potential for parasite-induced damage of the host epidermis as a result of 

ŦŜŜŘƛƴƎ ŀŎǘƛǾƛǘȅ ƛǎ ƳŀǊƪŜŘƭȅ ƛƴŎǊŜŀǎŜŘ ƻƴŎŜ ǘƘŜ ǇŀǊŀǎƛǘŜ ōŜŎƻƳŜǎ ΨƳƻōƛƭŜΩ ƻǾŜǊ ǘƘŜ Ƙƻǎǘ ōƻŘȅΦ 

Phase III: Disease 

Although attached chalimi can cause severe erosion of host fins and scales if infection 

intensity is especially high (e.g. Figure 1.6), it is generally at the so-ŎŀƭƭŜŘ άƳƻōƛƭŜέ ǎǘŀƎŜǎ ǘƘŀǘ 

pathological effects of sea lice become especially profound for the host fish. This is attributable 

to both the degree and extent of epidermal and dermal damage caused by the feeding activity 

of the mobile stages of the parasite (e.g. Figure 1.4). As skin damage and lesions develop and 

extend, the fish is liable to suffer osmoregulatory dysfunction and physiological stress, and also 

to become increasingly vulnerable to secondary microbial infection. Depending upon the 

species and size of the host fish, and the number of established sea lice, it is at this point that 

ǘƘŜ ŦƛǎƘ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ άŘƛǎŜŀǎŜŘέΦ 

 

 

Figure 1.6  (Attached) chalimus stages of Lepeophtheirus salmonis infesting a wild post-smolt 

sea trout (Salmo trutta, ~60 g), captured in brackish water in Wester Ross, W 

Scotland. The chalimi here are attached to the bones of the fin rays of the dorsal fin 

and their restricted feeding area has led to erosion of the dermal tissue and 

exposure of the fin ray bones. [Photo courtesy of Sally Northcott] 

 

1.2.5 {Ŝŀ ƭƛŎŜ ƛƴŦŜǎǘŀǘƛƻƴǎ ŀƴŘ άǇǊŜƳŀǘǳǊŜ ƳƛƎǊŀǘƻǊȅ ǊŜǘǳǊƴέ 

For wild fish, return to freshwater results in the loss of all attached and mobile stages 

because of the inability of sea lice to survive long-term in freshwater (e.g. Connors et al. 2008). 
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Adult female Lepeophtheirus salmonis initially drop the eggstrings in response to fresh water 

but attached chalimus larval stages can survive a few further days depending on host species 

and temperature (Finstad et al. 1995). For Salmo trutta in NW Europe the phenomenon of 

άǇǊŜƳŀǘǳǊŜ ƳƛƎǊŀǘƻǊȅ ǊŜǘǳǊƴέ ƻŦ ƛƴŦŜǎǘŜŘ ŦƛǎƘ ǘƻ ŦǊŜǎƘǿŀǘŜǊ Ƙŀǎ ōŜŜƴ ǊŜŎƻǊŘŜŘ ŜȄǘŜƴǎƛǾŜƭȅ ƛƴ 

recent years (e.g. Tully et al. 1993a; Birkeland 1996; Birkeland & Jakobsen 1997; MacKenzie et 

al. 1998; Bjørn et al. 2001), and has been attributed to be a behavioral response of the host fish 

to excessive sea lice burdens. For juvenile S. trutta this behavior may result in a short-term 

improvement in survival, but growth potential inevitably is compromised by the reduced period 

at sea and the fish also is exposed to the increased risk of secondary infection of lesion-exposed 

tissue by micro-organisms in freshwater (Wells et al. 2007). So, while there may well be a short-

term benefit (in terms of osmoregulatory function and reduced stress) of premature return 

(e.g. Birkeland 1996; Bjørn et al. 2001; Wells et al. 2007), the longer-term benefits in relation to 

survivorship and fitness are uncertain. Irrespective of that uncertainty, from a management 

perspective such disruption of behavior is sufficiently extreme to warrant the deduction that 

sea lice can and do present a clear disease problem to juvenile salmonids in these 

circumstances. 

 

1.3 Health, Disease and Sustainability 

1.3.1 Stability of the host-parasite association and epizootic outbreaks 

Salmonids infested with sea lice can show clear pathological damage and bleeding of the 

epidermis in areas where the sea lice tend to aggregate on the host fish (Figures. 1.2 and 1.4). 

As far as can be judged, however, the natural salmonid host-sea lice association is stable: for 

example, adult one sea-winter Atlantic salmon (~1-4 kg) returning to Scotland from the open 

ocean have been recorded with sea lice burdens (Lepeophtheirus salmonis plus Caligus 

elongatus) as high as 150 (Figure 1.1) and yet appear to be in good physiological condition. Wild 

salmonids were associated with sea lice prior to the development of the salmon aquaculture 

ƛƴŘǳǎǘǊȅ ŀƴŘ ƛƴǘŜƴǎƛǾŜ ŀǉǳŀŎǳƭǘǳǊŜ Ƙŀǎ ƴƻǘ ƛƴǘǊƻŘǳŎŜŘ ΨƴŜǿΩ ǎŜŀ ƭƛŎŜ ǎǇŜŎƛŜǎ ǘƻ ǿƛƭŘ ǎŀƭƳƻƴƛŘǎ 

within the bounds of their natural geographic distribution. In the North Atlantic, for example, it 

is very likely that L. salmonis and C. elongatus have been associated with Atlantic salmon, sea 

trout and Arctic charr since at least the last glacial maximum. In the Pacific, the introduction of 

farmed Atlantic salmon has undoubtedly extended the potential host range for indigenous 

Pacific sea lice (e.g. L. salmonis, Lepeophtheirus cuneifer, Caligus clemensi, Caligus 

rogercresseyi) but, with the exception of C. rogercresseyi, those same sea lice species probably 

already were variously associated with the native Pacific species of Oncorhynchus. For example, 

before the establishment of salmon aquaculture in British Columbia, the host generalist, C. 

clemensi, had been recorded from about 14 species of pelagic fish in British Columbia, including 
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Oncorhynchus spp. (Parker & Margolis (1964). The debate is therefore not about aquaculture 

extending the host range of sea lice impacting wild salmonids, but of possible amplification of 

the quantitative elements of these natural host-parasite associations, perhaps to the extent of 

them comprising exceptional epizootic outbreaks.  

 The mobile adult male and pre-adult male and female stages of Lepeophtheirus salmonis 

tend to prefer the head and anterior dorsal areas of the skin of wild Atlantic salmon; by 

contrast, the adult females tend to occupy the skin areas adjacent to the anal fin (Figures 1.2 

and 1.4), and the dorsal midline between the dorsal and caudal fins (Figure 1.3) (Todd et al. 

2000). For salmonids infested with high numbers of sea lice, the feeding activity of the parasites 

can be locally intensified to the point that muscle tissue, fin rays or skull bone is exposed. 

Infestation of wild juvenile sea trout with large numbers of attached chalimi can result in the 

erosion of dorsal and paired fins and exposure of the fin-ray bones (e.g. Tully et al. 1993b; Fig. 

1.6).  

CƻǊ ƛƴŘƛǾƛŘǳŀƭǎ ǎǳŎƘ ŀǎ ǘƘŜ ŦƛǎƘ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ мΦсΣ ǘƘŜ ŀǘǘǊƛōǳǘƛƻƴ ƻŦ άŘƛǎŜŀǎŜŘέ 

status is visibly obvious. But such instances appear to be rare in Irish, Scottish, and Norwegian 

areas remote from commercial salmon farming, and fǊƻƳ ǘƘŜ ƭŀǘŜ мфулΩǎ ǘƘƛǎ ǿŀǎ ǘƘŜ ǎǘŀǊǘƛƴƎ 

point of the public controversy and scientific debate in Europe concerning the detrimental 

impacts of sea lice on wild salmonid stocks, and the implication of intensive salmon aquaculture 

as a causal or contributory factor (e.g., for Scotland and Ireland see McVicar et al. 1993; Tully et 

al. 1993a, 1999; Whelan 1993; Northcott & Walker 1996; Dawson et al. 1997, 1998; McKenzie 

et al. 1997; McVicar 1997, 2004; Costelloe et al. 1998; Butler 2002). In British Columbia the 

situation is rather different, due largely to the extremely small sizes of juvenile pink and chum 

salmon. For these fish (which are diminutive and weigh <1 g in early spring [Morton et al. 

2005]), short-term mortality rates of juveniles may be elevated by infestations as low as 1-3 

mobile sea lice per fish (Morton & Routledge 2005), although the authors included no fish mass 

data to qualify this lethal loading. Infestation with as few as 10 mobiles certainly appears to be 

potentially lethal, with death commonly occurring before extensive lesions and fin erosion 

develop. Morton et al. (2004) recorded >90% of sampled juvenile pink and chum salmon 

adjacent to farms in the Broughton Archipelago (British Columbia, Canada) as carrying sea lice 

burdens exceeding a lethal limit of 1.6 lice.g-1, but abundances were near zero away from 

farms.  

The debate concerning sea lice infestation interactions between farmed and wild fish in 

British Columbia currently remains unresolved, and to a large extent polarized.  We discuss in 

detail below those studies from British Columbia which focus on detrimental effects of sea lice 

on juvenile Pacific salmonids, and the implication of farmed salmon as the infestation source.  

But it is important at this juncture to emphasize also that there are reports which conclude that 
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wild Pacific salmonid populations can co-exist with farmed Atlantic salmon in W Canada 

(Beamish et al. 2006). However, it should also be noted that this conclusion is based on survival 

rates of the 2003 smolts, which went to sea during a period when one their major migration 

corridors was fallowed as part of the Provincial Action Plan. With specific reference to the wild-

farm debate in W Canada, the recent scientific literature has been reviewed for the Pacific 

Salmon Forum in a constructive and balanced manner (Harvey 2008). The present report draws 

no overall conclusion regarding these important issues, but acknowledges that problems with 

sea lice for both wild and farmed salmonids persist and outlines recent progress (for example in 

objectively determining management tools, based upon threshold levels of sea lice infestation 

that can cause significant stress to host fish) which might assist in the application of the 

precautionary principle in conserving and maintaining wild salmonid stocks. As we outline in 

the report, the evidence is largely indirect or circumstantial that sea lice emanating from 

salmon farms can and do exert detrimental effects on wild salmonids.  That is not to denigrate 

or detract from the quality of the various observational, experimental and theoretical 

approaches adopted by scientists in addressing this important environmental issue.  Rather, it is 

an objective acknowledgment that it is practically impossible to precisely quantify wild-to-farm 

versus farm-to-wild and wild-wild infestation interactions (see also Section 5.0).  Given the 

diversity of life-history strategies and differential vulnerability of host species associated with 

sea lice in the Pacific and Atlantic Oceans, as well as the geographic differences in the intensity 

of the industry and its regulation, it is not plausible to draw a single over-riding conclusion 

regarding the potential negative impacts of sea lice on all wild fish stocks world-wide.  

However, on the basis of the range of available information (from the Pacific and Atlantic 

Oceans, and from both Hemispheres), we believe it is clear that the weight of evidence is that 

sea lice of farm origin can present, in some locations and for some host species populations, a 

significant threat.  Hence, a concerted precautionary approach both to sea lice control 

throughout the aquaculture industry and to the management of farm interactions with wild 

salmonids is expedient. 

 Recent physiological studies (Wells et al. 2006, 2007; Finstad et al. 2007b), and advances 

in our understanding of the host immune response of salmonid fish to Lepeophtheirus salmonis 

infestation (reviewed by Wagner et al. 2008), have led to our ability to ascribe sub-lethal 

threshold abundances of sea lice causing significant stress to the host fish. The objective 

derivation of these target levels is seen to be crucial to wild fishery managers in ascribing 

particular populations as being subject to excessive sea lice infestation pressure. Building upon 

the early studies of Grimnes & Jakobsen (1996) and Finstad et al. (2000) on hatchery-reared 

Atlantic salmon smolts, it has proved possible to identify target levels of infestation of L. 

salmonis that define threshold levels for sub-lethal stress of host fish. Two caveats are, 

however, necessary: (1) most experimental studies involving sea lice challenge of naïve hosts 

concern single-pulse infestations (see Section 1.2.4 above) of laboratory fish; and, (2) the stress 
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threshold levels will vary with both species and size of host fish as well as with the conditions 

under which the experiment is conducted. The importance of these caveats is that in the 

natural environment host fish will be exposed to repeated infestation pressure, perhaps at a 

lower level but over an extended period of time.  Stress responses to intense, single-pulse 

infestation are likely to differ from responses to protracted and repeated infestation pressure 

at lower levels. 

Wild fish are vulnerable to repeated infestation of sea lice once they have entered 

seawater, but to experimentally mimic this in a controlled fashion in the laboratory will be 

extremely challenging. Migration from freshwater presents salmonid smolts with the 

demanding and physiologically stressful requirement to osmoregulate in a hypersaline 

environment. Exposure to potentially rapid and intensive infestation by sea lice presents a 

contemporaneous source of additional physiological stress for smolts and juvenile salmonids 

(perhaps especially the diminutive pink and chum salmon) as soon as they enter the marine 

environment. For wild juvenile sea trout post-smolts (weight range 19-70 g; mean 37 g), 

simultaneously challenged by transfer to seawater and a single-pulse infestation of 

Lepeophtheirus salmonis, an abundance of 13 mobile lice.fish-1 was found to be a threshold for 

multiple physiological markers of stress (Wells et al. 2006). But how that target might be 

applied perhaps is a matter for discussion and consideration on a local basis.  For example, as 

an ecological rule, parasites tŜƴŘ ǘƻ ōŜ άƻǾŜǊ-ŘƛǎǇŜǊǎŜŘέ ŀƳƻƴƎ Ƙƻǎǘ ƛƴŘƛǾƛŘǳŀƭǎ ς typically 

many hosts have zero or low intensity infestations but a few individuals carry extremely high 

burdens (Section 1.1).  This inevitably raises the subjective question of what proportion (10%? 

50%?) of a wild population should exceed the target figure in triggering further interventory 

measures on adjacent salmon farms. In the specific case of Norway, an objective of < 10 lice per 

wild salmonid smolt has been recommended to ensure no negative effect of salmon lice on wild 

ǎŀƭƳƻƴƛŘ ǇƻǇǳƭŀǘƛƻƴǎ ό.ƧǄǊƴ Ŝǘ ŀƭΦ нллуΤ нллфύΦ  Lǘ ƛǎ ǊŜƭŜǾŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ άғмл ƭƛŎŜ ǇŜǊ 

ǎŀƭƳƻƴƛŘ ǎƳƻƭǘέ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ƛǎ ƴƻǘ ŀ bƻǊǿŜƎƛŀƴ ƭŜƎƛǎƭŀǘƛǾŜ ǊŜǉǳƛǊŜƳŜƴǘ ōǳǘ ŀ ǎǳƎƎŜǎǘƛƻƴ 

based on experimental results (Wells et al. 2006; Bjørn et al. 2008,2009). Given the scale of the 

Norwegian industry and the size of modern farms (see Section 1.3.2), in order to achieve that it 

would seem to be necessary both to reduce the sea lice level on each farmed fish and to further 

optimise delousing strategies. 

 For somewhat larger farmed Atlantic salmon smolts (weight range 50-160 g) τ the size 

typically transferred to sea for on-growing by the industry τ the comparable threshold sub-

lethal infestation level of Lepeophtheirus salmonis was found to be 20 mobile sea lice (Wells et 

al. submitted). For larger adult sea trout and Atlantic salmon (weighing upwards of 1 kg) the 

threshold levels will undoubtedly be considerably higher, whereas for the very small chum 

(Oncorhynchus keta) and pink salmon (O. gorbuscha) juveniles the comparable thresholds will 

be markedly lower. For example, long-term monitoring of return-migrant, one sea-winter adult 



Sea Lice Working Group Report 

 

31 
 

Atlantic salmon (1-4 kg) captured in coastal marine waters in Scotland has shown that the 

average abundance of Lepeophtheirus salmonis is ~25 mobile sea lice per fish (Todd et al. 

2006): although some individual fish showed abundances of L. salmonis and Caligus elongatus 

in excess of 100 (Figure 1.1) it is most unlikely that any of these fish could be considered 

άŘƛǎŜŀǎŜŘέ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŎǊƛǘŜǊƛŀ ŘƛǎŎǳǎǎŜŘ ƛƴ 1.2.1 above. However, by definition, 

observers generally can sample only surviving fish in the natural environment. The field and 

laboratory study by Morton & Routledge (2005) in British Columbia is especially valuable in this 

context in that they were able to sample free-swimming juvenile salmonids prior to their 

possible death in the natural environment and to retain them and monitor their survivorship in 

experimental facilities. Notwithstanding that particular study, it generally is the case that wild 

fish subject to excessive infestation may simply not survive long enough to be captured and 

assessed. It therefore follows that it is impossible to state with any certainty that sea lice never 

kill hosǘ ŦƛǎƘ ŀǘ άƴŀǘǳǊŀƭέ ƭŜǾŜƭǎ ƻŦ ƛƴŦŜǎǘŀǘƛƻƴ ŀƴŘΣ ŀǎ ²ƘƛǘŜ όмфплύ ǊŜǇƻǊǘŜŘ ƻƴ ǘƘŜ ǎƻǳǘƘŜŀǎǘ 

coasts of Nova Scotia (Canada), epizootic outbreaks have been recorded 30 years prior to the 

development of intensive salmon aquaculture.  

 Scottish catches of wild sea trout (Salmo trutta) have shown a general pattern of long-

term decline since detailed catch records were initiated in the early 1950s. But the late 1980s 

and early 1990s was a period of particularly marked declines, and even crashes in many 

populations. For Scotland as a whole there are important geographic differences in population 

trends for sea trout: whereas eastern Scotland catches have shown short term fluctuations but 

no overall trend over the period 1950 to present, western Scotland has shown a general 

downward trend over this same period and including the marked decline of ~20 years ago 

(Anon. 2008a). Data of comparable duration are not available for Ireland, but in Connemara the 

catches of sea trout were remarkably steady through the 1970s and 1980s before the 

catastrophic collapse in the late 1980s-early 1990s (Sea Trout Review Group 2002). None the 

less, for the Burrishoole system in particular there has been a pattern of progressive decline of 

sea trout smolt production from the early 1970s to the turn of the millennium (Byrne et al. 

2004). The temporal patterns of sea trout stock sizes in Ireland and Scotland are therefore 

somewhat complex, but there can be no doubt that both western Ireland and western Scotland 

showed contemporaneous (and locally catastrophic) decline of certain stocks in the late 1980s 

and early 1990s.  

The observations of heavily lice-infested juvenile sea trout coinciding with the continued 

ǎǿƛŦǘ ŘŜŎƭƛƴŜ ƻŦ ǎǘƻŎƪǎ ƛƴ LǊŜƭŀƴŘΣ {ŎƻǘƭŀƴŘΣ ŀƴŘ bƻǊǿŀȅ ƛƴ ǘƘŜ ƭŀǘŜ мфулΩǎ ŀƴŘ ŜŀǊƭȅ мффлΩǎ ǿŜǊŜ 

ǘƘŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ ƻŦ ǘƘŜ άǿƛƭŘ-ŦŀǊƳέ ŎƻƴǘǊƻǾŜǊǎȅ ƛƴ 9ǳǊƻǇŜΦ The conclusions from several key 

studies in Ireland, Scotland and Norway on sea trout and Atlantic salmon (e.g. Tully et al. 1993a; 

Whelan 1993; Bjørn et al 2001; Butler 2002; Butler & Watt 2003; Gargan et al. 2003) were 

consistent: (1) sea lice were infesting juvenile salmonids to an unusually high extent, (2) 
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ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŀƴŘ ōŜƘŀǾƛƻǊŀƭ ǊŜǎǇƻƴǎŜǎ ŀƭƭ ƛƴŘƛŎŀǘŜŘ ǘƘŜǎŜ ŦƛǎƘ ǘƻ ōŜ άŘƛǎŜŀǎŜŘέΣ ŀƴŘ όоύ 

adjacent salmon farms were deduced to be the likely source of these excessive infestations. 

Because of our inability to directly track individual sea louse larvae from initial hatching through 

planktonic development to ultimate attachment on the host fish, the initial scientific approach 

to assessing wild-farm interactions was correlative: sea lice epizootic outbreaks on wild fish 

apparently occurred only in areas subject to intense salmon farming and therefore the two 

inevitably were connected. It is regrettable that routine monitoring and detailed information on 

sea lice abundances on wild salmonids prior to the development of the salmon farming industry 

are lacking, for both the North Atlantic and North Pacific. The value of such data to informing 

the present debates about wild-farmed interactions for Atlantic salmon and sea trout in 

Europe, and pink and chum salmon in British Columbia would have been considerable.  

Notwithstanding the historical observations of sea lice epizootics of White (1940), and 

ƎƛǾŜƴ ǘƘŜ ƭŀŎƪ ƻŦ ŎƻƳǇǊŜƘŜƴǎƛǾŜ άǇǊŜ-salmon-ŦŀǊƳƛƴƎέ Řŀǘŀ ƻƴ ǎŜŀ ƭƛŎŜ ŀōǳƴŘŀƴŎŜǎΣ ǎŎƛŜƴǘƛǎǘǎ 

and fishery managers are presented with considerable difficulties in ascribing instances of sea 

lice disease specifically to the aquaculture industry. Lƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǎǳŎƘ άōŜŦƻǊŜκŀŦǘŜǊέ ŘŀǘŀΣ 

experiƳŜƴǘŀƭ ŀƴŘ ŀƴŀƭȅǘƛŎŀƭ ŘƛŦŦƛŎǳƭǘƛŜǎ ǊŜƳŀƛƴ ŜǾŜƴ ƛƴ ŎƻƳǇŀǊƛƴƎ άŜȄǇƻǎŜŘέ όҐ ŦŀǊƳŜŘύ ŀƴŘ 

ŎƻƴǘǊƻƭ όҐ άƴƻ ŦŀǊƳέύ ŀǊŜŀǎ ƻǊ ŦƧƻǊŘǎ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ǊŜǇƭƛŎŀǘƛƻƴ ƻŦ ŀǊŜŀǎκŦƧƻǊŘǎΦ A 

comparison of a single farmed fjord with a single unfarmed fjord is flawed by a lack of 

replication and within farmed or non-farmed areas different sea lochs or fjords cannot be 

considered replicates because they will differ in size, depth, hydrography, geology of 

catchment, wind exposure, etc.  

Two particular problems thus emerge in terms of informing the current wild-farmed 

debate: the lack of pre-salmon farming data on sea lice prevalences and abundances (or even 

reliable data on present prevalences and abundances on wild adult fish (e.g. Beamish et al. 

2007)), and sample bias due to the fact that observers can generally only sample fish that 

survive infestation to be captured.  In the latter regard, however, progress has been made both 

in British Columbia and Norway. For example, Atlantic salmon smolts have been sampled and 

tracked in Norwegian Fjords (e.g. Sivertsgård et al. 2007; Thorstad et al. 2007), and in British 

Columbia juvenile pink salmon have been sampled extensively in coastal waters along their 

migratory routes (YǊƪƻǑŜƪ et al. 2005a, 2006a; Morton & Routledge 2005; Morton et al. 2004, 

2005). The common outcome of these studies is that coastal migratory transit times for 

juveniles are such that early and rapid infestation in inshore waters can lead to fish that will 

ōŜŎƻƳŜ ǳƴŜǉǳƛǾƻŎŀƭƭȅ άŘƛǎŜŀǎŜŘέΣ ǿƛǘƘƛƴ ŀ ƳŀǘǘŜǊ ƻŦ Řays or weeks of first migration to sea. 

The challenge remains to confirm the interaction strengths between wild fish and salmon farms 

as sources of infestation and sea lice as a population-regulating factor in local declines of wild 

salmonids. This requires progression beyond correlative studies and computer model 
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predictions to affirm direct links (or lack thereof) between larval sea lice production from farms, 

infestation of wild fish, and wild population declines. 

 

1.3.2 Sustainability of sea lice disease of salmonids 

 As discussed in Section 4.2 the question of sustainability of salmon farming must 

embrace sea lice abundances on farmed fish in terms not only of the welfare and husbandry of 

cultured fish, but also in relation to larval sea lice production and export from those farms. 

Larval sea lice production from farm ǎƛǘŜǎ ŎŀƴΣ ƛƴ Ƴŀƴȅ ǎŜƴǎŜǎΣ ōŜ ǾƛŜǿŜŘ ŀǎ ŀƴ άƻǳǘŦŀƭƭέ ƻǊ 

άŜŦŦƭǳŜƴǘέ ǘƘŀǘ ǇŜǊƘŀǇǎ ǎƘƻǳƭŘ ōŜ ǎǳōƧŜŎǘ ǘƻ ǊŜƎǳƭŀǘƻǊȅ ŎƻƴǘǊƻƭΣ Ƨǳǎǘ ŀǎ ŀǊŜ ŎƘŜƳƛŎŀƭ ŀƴŘ ƻǊƎŀƴƛŎ 

pollutants.  The mechanisms by which control is applied differ between countries.  In Scotland, 

for example, the regulatory regime specifies a range of actions to manage the levels of sea lice.  

These include the Aquaculture and Fisheries (Scotland) Act of 2007 which requires farmers to 

take satisfactory measures in relation to the control, prevention and reduction of sea lice 

(Lepeophtheirus salmonis and Caligus elongatus), and is a legal requirement with the provision 

of the Scottish Government to take enforcement action where considered necessary.  In 

addition, farmers must demonstrate satisfactory measures are in place to control sea lice levels.  

This includes maintaining records in accordance with the Fish Farming Businesses (Record 

Keeping) (Scotland) Order 2008; this concerns records in relation to training, weekly counts, 

treatments, other methods of control (other than treatment) and records in relation to 

management area operation.  Sea lice levels and their management must also accord with the 

standards of assessment for satisfactory measures to manage these risks, based upon the Code 

of Good Practice for Scottish Finfish Aquaculture (SSPO 2006; see also Section 4.1.1). This is in 

contrast to the situation in Norway where it is clear that the regulatory levels of sea lice 

abundances on the Norwegian salmon farms (most notably, a mean of 0.5 adult female or <3 

mobile stages of Lepeophtheirus salmonis.fish-1 ; discussed in detail in Section 4.1) are 

ǎǳŦŦƛŎƛŜƴǘƭȅ ƭƻǿ ǘƻ ǇǊŜŎƭǳŘŜ ƛƴŘƛǾƛŘǳŀƭ ŦŀǊƳ ŦƛǎƘ ŦǊƻƳ ŜǾŜǊ ōŜƛƴƎ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ άŘƛǎŜŀǎŜŘέΦ 

Nonetheless, the sheer scale of commercial salmon aquaculture is such that even extremely 

low abundances of gravid females per fish can still result in massive levels of larval sea lice 

export from those cages, given that several hundreds of thousands fish may be stocked in each 

cage (Heuch & Mo 2001). 

The fundamental requirements of fish welfare and husbandry dictate that sea lice 

abundances on salmon farms should be maintained at levels sufficiently low as to preclude 

those fish ever being categorizŜŘ άŘƛǎŜŀǎŜŘέΦ Furthermore, from a precautionary standpoint, 

sea lice abundances (and total larval sea lice production per net pen or per farm) should be 

maintained at even lower levels to minimize possible detrimental effects on adjacent wild 

salmonid populations. While acknowledging the lack of certainty about wild-farm interactions 
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(e.g. Harvey 2008), there is a considerable body of evidence from the North Atlantic and North 

Pacific to indicate that sea lice can be severely detrimental to wild salmonids. This should 

therefore, be very much a case of applying the precautionary principle: in Norway the 

ΨŜƴŎƻǳǊŀƎŜƳŜƴǘΩ ƻŦ ŦŀǊƳŜǊǎ ǘƻ Ŧurther de-louse their fish when infestations of local sea trout 

exceed 10 mobile sea lice per fish (Bjørn et al. 2008) has to be seen as a positive precautionary 

gesture by the industry, and not an overt admission of responsibility or guilt. Total eradication 

of sea lice on salmon farms is impossible, but farms could be enabled and required to minimize 

abundances through interventory treatment especially during periods of seaward migration of 

wild juvenile salmonids (as is an objective of Area Management Agreements [Section 1.4; Figure 

1.7] in Scotland). Migrating smolts of some Atlantic salmon populations in northern Norway 

may be protected from coastal infestation by their natural mis-match of migration timing and 

the peak of larval sea lice production (Bjørn et al. 2007), but these quite probably are the 

exception to the rule.  

Chemotherapeutant treatment is costly to the industry, has other environmental and 

human health implications, and is itself closely regulated in the Northern Hemisphere. In 

Scotland, for example, a given farm is authorized with a prescribed annual discharge consent 

for specific chemotherapeutants and once that amount has been used it cannot be increased 

within that year. That constraint, in addition to concerns of the development of resistance 

through treatment over-use, and the increased reliance in both hemispheres on a single 

treatment, SLICE® (emamectin benzoate), presents real risks and also places practical limits on 

how farms can manage sea lice infestations in a sustainable manner. To date, there is no new 

classes of chemotherapeutant treatments on the worldwide market that are in a position to 

succeed SLICE®. Should resistance to SLICE® develop and become widespread, the industry 

would apparently have no option but to revert to older control agents (e.g. organophosphates, 

pyrethroids, chitin inhibitors, peroxide) though these could perhaps be beneficially utilized 

within a management framework of careful and rational product rotation. 

 

1.4 Range as a determinant of impact 

Unlike many contagious bacterial or viral diseases, infestation of one host fish with sea 

lice by another host fish does not require physical contact. The inclusion of three free-

swimming, planktonic larval stages in the life cycle ς requiring several to many days to attain 

the infective copepodid stage ς dictates that initial colonization and infestation occurs 

remotely. As a consequence, larvae released by adult sea lice infesting a wild salmonid may 

ultimately infect another wild host or a penned salmon in a culture cage, perhaps up to tens of 

kilometres distant from the point of release of the first nauplius stage. For sea lice larvae 

hatching from cultured hosts, the export of larvae from the source cage, and the possibility of 
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farm-wild interaction, is unavoidable and inevitable: the through-flow of seawater in cages and 

duration of larval development time dictates that it is highly unlikely that those larvae will be 

retained within the cage (but see also Costelloe et al. 1996 for heavily fouled net meshes). In 

Scotland, Penston et al. (2008a,b) recorded the greatest planktonic densities of nauplius stages 

adjacent to farms, but found that copepodids were more widely dispersed in the fjord. Direct 

self-reinfestation of a given cage population is therefore highly unlikely because of the low 

probability of the copepodid re-entering that same cage some days later. However, because 

salmon farms have traditionally been located in semi-enclosed fjords and bays (where they are 

sheltered from wind and wave action) the relative lack of hydrographic flushing can result in 

the potential for self-ǊŜƛƴŦŜǎǘŀǘƛƻƴ ŀǘ ǘƘŜ ΨǿƘƻƭŜ ŦŀǊƳΩ ƭŜǾŜƭ ŀǎ ŀ ǊŜǎǳlt of the indirect re-

importation of released larvae (Revie et al. 2003). Similarly, geographically adjacent farms 

within the one fjord are liable to infest each other (www.mattilsynet.no - The Norwegian Food 

Safety Authority - keyword "lakselus"; www.fhf.no - The Fishery and Aquaculture Industry 

Research Fund - keyword "hardangerfjorden", including Salmon Lice Project in the 

Hardangerfjord 2004-2007; Bjørn et al. 2008) and it is this which has led to the range of co-

ordinated actions among adjacent farms in Norway, Ireland and Scotland in particular.  

In Scotland, Integrated Pest Management (IPM) for sea lice led in 1999 to the formation 

of the Tripartite Working Group (STWG; http://www/tripartite workinggroup.com). The STWG 

includes representatives of the Scottish Government, the aquaculture industry and wild fishery 

interests. One of the major achievements of the STWG was the development of formal Area 

Management Agreements (AMAs) involving the industry and wild fishery interests on a local 

scale (Figure 1.7). AMAs include co-ordinated fallowing of cage sites, the stocking of single year-

classes, and synchrony of sea lice treatments within fjords, often involving co-operation 

between different aquaculture companies. These AMAs are undertaken with a view to 

specifically minimizing farm-farm interactions and also reducing the potential impacts of 

farmed sea lice larval production on local wild stocks. In the latter regard, it is important to note 

that the objective of zero ovigerous (egg-bearing) salmon lice on farms during the critical wild 

smolt migration period (February-June) is precisely that ς an objective, but not a statutory 

requirement. In Ireland, the comparable co-operative policy adopted within the industry is 

referred to as 'single bay management'. [Growers in eastern Canada have adopted a similar 

approach creating of a number of Bay Management Areas; these relate to a broader range of 

speciesΦ ¢ƘŜ ǿǊƛǘŜǊǎ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘ ŎƻǳƭŘ ŦƛƴŘ ƭƛǘǘƭŜ ƛƴ ǘƘŜ ΨƎǊŜȅΩ ƻǊ ǇŜŜǊ-reviewed literature on 

the details or impact of this initiative which began around 2001. Personal conversations with 

veterinarian and farm health managers in the area confirmed that these are bays of substantive 

geographical size and involve innovative strategies such as fallowing a given bay for a full year 

so it will be interesting to see what effects this has of sea lice management when data are 

forthcomingΦ ! ōǊƛŜŦ ƻǳǘƭƛƴŜ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴ ǘƘŜ bŜǿ .ǊǳƴǎǿƛŎƪ {ŀƭƳƻƴ DǊƻǿŜǊǎΩ !ǎǎƻŎƛŀǘƛƻƴ 

web site at - http://www.nbsga.com/farmedsalmon.php?view=29.] 
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Figure 1.7 The 18 Scottish Area Management Agreements (AMAs) signed as at September 

2008. (Un-signed areas are shown in hatch) 

http://www.tripartiteworkinggroup.com/content.asp?ArticleCode=25 


