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Current Practices and Challenges for the 
Control of Sea Lice on Salmon Farms

The salmon louse, Lepeophtheirus salmonis, is a 
crustacean ectoparasite of Atlantic salmon and other 
marine salmonid fish. L. salmonis is one of several 
parasitic copepods which cause disease in farmed 
fish and probably the most economically significant 
fish pathogen in the major salmon farming regions of 
the northern hemisphere, which include Norway, Faroe 
Islands, Scotland, Iceland, Ireland and east and west 
coast Canada. In Chile, currently the second largest 
producer of farmed salmon, Caligus rogercressyi, is 
the main sea louse species. Sea louse epizootics are a 
major concern for salmon farmers due to the financial 
cost, impact on fish health, difficulties of the technical 
challenge and, fairly or unfairly, the reputational fallout 
due to public concern over the effect of sea lice on 
the welfare of farmed salmon, the risks to wild salmon 
and the environmental threat from sea lice medicines. 
The cost of sea lice to the Norwegian industry alone, 
which is responsible for ca. 60% of global farmed 
salmon production, is estimated to be approximately 
NOK 5.2 billion (£440m) per annum1. Costs are due to 
reduced harvest weight, increased mortality as a result 
of secondary disease, downgrading or rejection of 
carcasses and the costs of monitoring and control. 

Wild Atlantic salmon hatch from eggs laid in freshwater 
streams and rivers. Fry develop rapidly in freshwater to 
become smolts which are physiologically able to survive in 
saltwater. During the seawater phase they feed and grow, 
typically undergoing extensive marine migrations before 
returning to their home river to spawn. Sea trout, likewise, 
spawn and hatch in freshwater and migrate to sea but tend 
to remain in coastal areas close to their freshwater origin. 

The salmon louse is well adapted to the migratory 
behaviour of its host. It has a free-living larval phase which 
moults through microscopic nauplius and copepodid 
stages. The copepodid larva has an astonishing ability to 
locate, manoeuvre into position and attach to its fish host 
in an environment where its location is largely controlled 
by large-scale effects of tide and weather-driven water 
movement. It does this by exhibiting positive swimming 
response to light (positive phototaxis), which bring it toward 
the surface, and to chemical signals (semiochemicals) 
produced by the salmon, which draw it to the fish. The larvae 
attach using appendages which bear large hooks and, 
once firmly attached, they moult to sessile, chalimus larvae 
which are anchored into the skin of the fish. Once attached, 
the larvae are able to suppress the host defence response, 
enabling them to survive, feed and grow. The larvae develop 
through two chalimus stages to pre-adult and then adult 
stages which are motile and able to move across the body 
surface of the host, and indeed to jump from one fish to 
another. Adult male and female lice pair and, during mating, 
the female receives a spermatophore which provides a 
reservoir of spermatozoa to fertilise multiple batches of 
eggs. These fertilised eggs are extruded as egg strings, which 
remain attached or are shed by the female and hatch to 
release larvae to begin the cycle again. In ideal conditions, 
the cycle can be completed within around six weeks, so that 

large numbers of parasites can amass within a relatively 
short time.

Inevitably, much of the sea louse life-cycle is concentrated 
in coastal lochs, fjords and estuaries. These relatively 
sheltered areas are the natural habitat of sea trout and 
provide a protective staging post for juvenile salmon on their 
outward journey and returning adult fish. Traditionally, these 
sheltered, marine locations have also been the preferred sites 
for seawater salmon farms and sea lice represent a potential 
health and welfare risk to both wild and farmed salmonids. 

Most farmed salmon are produced in floating cages 
in which fish are retained using nets which are open to the 
environment. Cages typically contain tens of thousands of 
fish and these grow from smolt to harvest weight in around 
18 months. This method of production is relatively low-cost 
and relies on the natural flow of water through the cage 
to provide oxygen and remove dissolved waste products 
(carbon dioxide, ammonia). Particulate waste (uneaten feed 
and faeces) falls to the sea bed where its impact is monitored 
to ensure it remains within acceptable levels.

Sea lice numbers on farms are surveyed on a regular basis, 
typically weekly, and this information supports management 
decisions to fallow, stock, treat or harvest a site. The 
information is made publicly available and is monitored by 
the responsible fish health authorities to ensure that average 
lice numbers remain at acceptable levels (i.e. below an 
average of 0.2 to 1.0 gravid female lice per fish, depending on 
geographical location and time of year). Collection of sea lice 
data is valuable but time-consuming. Traditionally, a sample 
of fish from each pen is captured and anaesthetised and 
sea lice counted by eye. This is a skilled process, since it is 
important to accurately recognise and record different sea 
lice species and life stages. Automated sea lice monitoring 
systems are being developed using image acquisition and 
analysis and machine learning to identify and count sea lice 
in situ2,3,4. This technology has potential to save labour and 
increase the counting accuracy. 

The industry has invested in the development of an 
integrated approach to sea lice management, using a 
wide range of measures for prevention and control, and this 
strategy is backed by regulation in most salmon-farming 
countries5. Formal area management agreements are in 
place which require sharing of data between companies 
and coordination of stocking and treatment operations to 
minimise lice impacts. Sea lice data is a valuable research 
resource and an understanding of sea lice dynamics within 
farming zones, although rudimentary at present, may in 
time contribute to decisions on suitable farm locations and 
permitted capacities. The majority of farm sites are relatively 
well-sheltered and close to shore, but new sites are required in 
order to achieve production targets. New farming equipment 
is being developed in order to exploit more exposed marine 
sites and these ‘high-energy’ and offshore sites, which are 
more difficult to farm, are expected to be less susceptible to 
sea lice infestations. The impact of sea lice has also driven 
attempts to move more production onto land. Large onshore, 
tank-based farms are being developed to produce larger 
smolts which reach harvest weight within a shorter period 
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and, therefore, are at less risk from sea lice infestations during 
the marine on-growing phase.

Fish welfare concerns relate to the effects of high-level sea 
lice infestations. The industry has worked with animal welfare 
groups to develop externally audited welfare standards 
which include specific standards for sea lice management5. 
Practical measures to reduce infestation success take 
advantage of the positive phototaxis behaviour shown by 
sea lice larvae which results in a concentration of the infective 
larval stages in the top few metres of the water column. The use 
of fine mesh ‘lice nets’ positioned around the circumference 
of a cage is intended to restrict the access of sea lice larvae 
in surface waters into cages containing salmon. Submersible 
cages, in which fish are grown in deeper water away from the 
concentration of larvae on the surface, are in use in some 
locations and sea lice traps, which take advantage of positive 
attraction to light and semiochemical signals to attract larvae 
away from the host, are also available. Floating, semi-closed, 
containment systems, fed by deep water intakes, are also in 
development7. 

Some progress has been achieved in selectively breeding 
stocks with reduced susceptibility to sea lice infestation. 
Genetic markers for high susceptibility have been identified 
experimentally and used to identify and exclude the worst 
performing stock from broodstock populations8. Although 
the incremental benefits are modest, these gains can be 
expected to accrue in successive generations. 

Vaccines against many of the major microbial pathogens 
of farmed salmon are widely and successfully used but no 
effective vaccines against sea lice are currently available. 
Vaccines for ectoparasites are generally challenging but the 
potential benefits are widely recognised. Research efforts to 
identify suitable antigens and delivery systems are underway 
and some promising results have been reported9,10.

Veterinary medicines have been an important tool 
for the control of sea lice. Originally, in the 1970s and 80s, 
control was by bath immersion using the organophosphate, 
dichlorvos, which was subsequently withdrawn. Bath 
immersion treatments currently available include the 
second-generation organophosphate, azamethiphos, the 
pyrethroids, cypermethrin and deltamethrin and hydrogen 
peroxide and, in Chile only, hexaflumuron. Traditionally, bath 
immersion treatments have been administered by reducing 
the depth of the net and surrounding it with a tarpaulin bag 
to reduce water exchange. The treatment is introduced at 
several points and mixed thoroughly. Following exposure 
for the required duration, the tarpaulin is released and 
the medicinal product allowed to disperse. Recently, the 
industry has developed treatment protocols where fish are 
transferred from the cage into the holding tanks of ‘well-
boats’ used for temporary holding and transportation of 

salmon. Fish in these tanks can be exposed to a precisely 
controlled dosage in order to optimise efficacy and minimise 
safety issues and detached sea lice can be collected to 
minimise the risk of re-infestation. The release of bath 
treatments from a farm is strictly controlled by regulations 
which ensure that any use of these products remains within 
the capacity of the environment, but any release of medicinal 
residues into the environment is recognised as a concern to 
the public. New water treatment technology which is able 
to remove the medicinal product (and detached lice) from 
the treatment water prior to discharge back into the sea is 
expected to provide useful benefits by reducing both the 
environmental impact and restrictions on the use of bath 
immersion treatments for control of sea lice11. 

In-feed medicines offer useful advantages over bath 
treatments including ease of administration and reduced 
handling and disturbance of fish. The avermectin, emamectin 
benzoate has been widely used as the method of choice 
for treatment of sea lice infestations and other in-feed 
treatments, including the benzoyl urea chitin synthesis 
inhibitors, teflubenzuron, diflubenzuron and lufenuron which 
are available in some regions. Some in-feed medicines show 
a duration of efficacy of several weeks as a result of slow 
depletion of the active ingredient in the tissues. The risk that 
medicine residues in waste feed and faeces may accumulate 
in sediments, causing environmental damage, has resulted in 
close control over the use of these products. The development 
of systems for control of feeding and collection of waste feed 
and faeces, which are primarily intended to improve feeding 
efficiency and reduce organic enrichment of the sediment, 
will also help to reduce the risk of accumulation of medicine 
residues in the environment.

Resistance of sea lice to many of the available medicines 
has been reported. The short generation time and panmictic 
population structure of sea lice, together with practical 
difficulties in ensuring the effective dose is delivered to 
populations of fish of varying size and feeding rates or in 
cages where the contained volume may vary or be difficult 
to estimate, may promote the development of resistance. 
Methods are available for testing the susceptibility of sea 
lice to the available products using genetic markers and 
bioassay methods in order to assist fish health personnel to 
identify effective medicinal treatments12.

Several new medicinal products are in development, but 
the requirements for demonstration of efficacy and safety for 
the target species, consumer, operator and environment are 
challenging and it has been several years since a product 
containing a novel active ingredient was released into the 
European market. From 2022, Atlantic salmon will no longer 
be considered to be a major species under the EU veterinary 
medicine regulations and allowing products for farmed 
salmon may be authorised through the Minor Use Minor 
Species (MUMS) route13. Where implemented, this change will 
reduce the regulatory burden for marketing authorisation, but 
compliance with local environmental regulations will remain 
challenging. 

The need for alternative control measures has stimulated 
an innovative approach to developing a range of non-
medicinal treatments. Several sea lice removal ‘devices’ have 
been developed which use a variety of approaches, including 
mechanical removal using brushes or turbulent water flow, 
freshwater and temperature-adjusted water, to detach lice14,15. 
Live fish pumps and handling systems are used to deliver fish. 
Whilst these are effective at treating large numbers of fish, the 
capital and operational costs are high. The development and 
marketing of these devices is not subject to formal regulatory 
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licensing and there have been incidents where high losses 
have occurred following treatment. In addition, there is 
speculation that in some cases infectious diseases, such as 
flavobacteriosis and winter ulcer syndrome, may be linked to 
trauma and stress caused by such systems16. These devices 
are in commercial use, but the technology is still relatively 
new, and the design and operation of these systems will be 
refined in the light of experience.

Non-medicinal methods which do not require handling 
of fish offer major benefits. A laser-based system to identify 
and target individual lice on fish swimming in cages is in 
development17 and systems using ultrasound are being 
investigated18 but these systems are not yet widely used.

Biological control by cleaner-fish which cohabit with the 
salmon and remove sea lice is employed on an increasing 
number of sites. In Norway and the UK, the principal species 
used are lumpsucker (Cyclopterus lumpus) and ballan 
wrasse (Labrus bergylta). These can provide effective in situ 
control of sea lice, but the cleaner-fish themselves require 
care and attention and must be provided with hides and 
supplementary feed in cages. The majority of cleaner-fish 
are wild caught and there is concern over the impact on wild 
populations and that their introduction may provide a route 
of entry for pathogens into the farm. Farming systems for 
hatchery production of cleaner-fish have been developed 
and, although some health and welfare challenges have 
been identified, farm reared lumpfish and ballan wrasse are 
becoming available in large numbers. 

In summary, the farmed salmon sector is profitable and 
sales are buoyant. Farming companies are investing to 
achieve substantial increases in production (targeting 5% 
year-on-year growth) but sea lice remain a major challenge. 
Considerable efforts are made to prevent infestations. Gains 
have been made by improved management practices and 
further benefits are likely through breeding programmes 
which target reduced susceptibility of stock to sea lice. New 
vaccine technology has the potential to lead to a major 
breakthrough but sea lice are an extremely challenging target. 

Access to safe and effective medicines is important to 
safeguard fish welfare, and environmental safety is likely to be a 
key consideration in future product development programmes. 
New engineering solutions are being developed which will 
alleviate the environmental impact of these medicines.
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