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Tórshavn
THE
NORDIC HOUSE
HOTEL
GARDEN INN
HOTEL
BRANDAN

HOTEL
FØROYAR
HOTEL
DJURHUUS
HOTEL 62°N
HOTEL HAFNIA

HOTEL
HAVGRÍM

MÜLLERS
PAKKHÚS

Viking settlers established Tórshavn (Harbour of Thor, god of
lightning and strength, etc.) in the early 9th century. The Faroese
parliament (the Ting) was established here in 825. Tórshavn’s
town council was founded in 1866. Today, about 22,000 citizens
populate this small, but beautiful, vibrant and exciting of world
capitals. See also https://visittorshavn.fo/en/.
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Welcome to the Sea Lice 13 th
International Conference
All’s well that ends well!
I know that the 13 th Sea Lice International
Conference was supposed to be here in
Tórshavn in September 2020, and we all
know why it didn’t happen.
In response, we first organised the very
successful Sea Lice Online Conference in
September 2021. This provided a platform for
bringing the international sea lice community
back together again. And now: This is it!
There is, however, a fundamental difference
today. Here, we can to sit together, in person,
putting results and data from international
sea lice research to good use. This is important
from several different perspectives: science,
industry, authorities and society at large.
It is a win-win situation. We must keep bringing
researchers together to discuss and share
knowledge. To build on previous research
efforts. This progress is fundamental for
managing and controlling sea lice.
The ever-present sea lice, then, represents
a fierce adversary. This may not be a fight
we stand to win definitively, but by piecing
together research results from around the
globe, we accumulate knowledge about
and understanding of sea lice biology. This
conference, then, is instrumental in achieving
these ends, generating better understanding
of sea lice, their biology, and their environment
– and how fish welfare may be incrementally
improved to allow them to further thrive under
aquaculture conditions.
Fiskaaling is very proud to host the 13th
Sea Lice International Conference and I am
so happy to see all of you here in Tórshavn.

Our guiding vision for our operations at
Fiskaaling is: Knowledge for Sustainable
Aquaculture. I believe that this also applies
to the Sea Lice vision. Together, we are able
to forge important bonds across national
borders, and our common goal for knowledge
compels us to meet and share our research
and experiences. This is an essential instrument in our efforts to bringing sustainability
into the nature of aquaculture worldwide.
I am sure you will be professionally stimulated
during the Sea Lice Conference. This is also
the time and place where you meet with old
friends, and you make new friends, too. I hope
you will enjoy the environment we offer you
here in Tórshavn and that your stay will be
thoroughly rewarding and exciting.
With the Conference now at hand, I think
we can say, in the words of the Bard, that
all ended well after all.
Jóhanna Lava Køtlum
CEO
Fiskaaling
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Sea Lice 13th International Conference in Tórshavn, Faroe Islands
Hosted by P/F Fiskaaling – the Aquaculture Research Station of the Faroe Islands.

Committees
NATIONAL ORGANIZING COMMITTEE
Jóhanna Lava Køtlum, CEO, Fiskaaling
Gunnvør á Norði, Fiskaaling
Kirstin Eliasen, Fiskaaling
Tróndur J. Kragesteen, Fiskaaling
Ólavur í Geil, Advent
Ernst S. Olsen, Fiskaaling
INTERNATIONAL ORGANISING AND SCIENTIFIC COMMITTEE
Bengt Finstad, Norwegian Institute for Nature Research, Norway
Crawford Revie, University of Strathclyde, Scotland
Cristian Gallardo, University of Concepción, Chile
Gunnvør á Norði, Fiskaaling, Faroe Islands
Ian Bricknell, University of Maine, USA
James Bron, University of Stirling, Scotland
Kirstin Eliasen, Fiskaaling, Faroe Islands
Mark Fast, Atlantic Veterinary College, Canada
Rolando Ibarra, Monterey bay Aquarium Seafood Watch, Chile
Sandra Bravo, Universidad Austral de Chile, Chile
Sandra Marín, Universidad Austral de Chile, Chile
Tor Einar Horsberg, Norwegian School of Veterinary Science, Norway
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MONDAY

MONDAY, 9 MAY
EXCURSIONS
17:00-19:00

Welcome reception and registration
Host: The Mayor of Tórshavn. Address: Müllers Pakkhús

TUESDAY

TUESDAY, 10 MAY
08:00

Registration

08:45

WELCOME AND OPENING
Ms Jóhanna Lava Køtlum, CEO of Fiskaaling
Mr. Magnus Rasmussen, Minister of Environment, Industry and Trade

09:00

SEA LICE BIOLOGY SESSION

09:05

Assessing the Evolution of Virulence of the Salmon Louse (Lepeophtheirus
salmonis) in the Bay of Fundy.
Mark Fast (placeholder), Professor of Fish health and Immunology, Atlantic
Veterinary College – UPEI, CANADA

09:25

Linking abundance of free-swimming sea lice to fish farming activity and
environmental cues.
Gunnvør á Norði, Researcher, Head of Department, Fiskaaling, FAROE
ISLANDS

09:45

Energy consumption of the free-living stages of sea lice.
Stine Østerhus, PhD student, Norwegian University of Science
and Technology (NTNU), NORWAY

10:05

BREAK

10:35

Larval Salmon Lice (Lepeophtheirus salmonis) exhibit behavioral responses
to pre-adult and adult conspecific cues.
Robert Morefield, PhD student, University of Maine, USA

10:45

A novel study on sea lice (Lepeophtheirus salmonis) settlement success
during Atlantic salmon (Salmo salar) encounters.
Eleanor Glahn, Graduate research student, Aquaculture Research Institute
and School of Marine Sciences, University of Maine, USA

10:50

Frontal filament formation in copepodids of the salmonid specialist
Lepeophtheirus salmonis and the generalist Caligus elongatus: trade-offs
and impact on the rate of parasitic development.
Lars Are Hamre, Cand. Scient., University of Bergen, NORWAY

11:10
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PANEL: Q&A I
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TUESDAY

11:25

Nicotinic Acetylcholine Receptors in Lepeophtheirus salmonis.
Constance M. Bakke, PhD student, Norwegian University of Life Sciences,
NORWAY

11:30

The effect of temperature on the interaction between salmon lice
(Lepeophtheirus salmonis) and Atlantic salmon (Salmo salar).
Mathias Stølen Ugelvik, Postdoc. Institute of Marine Research, NORWAY

11:35

Immune modulation – a comparison between the generalist Caligus
elongatus and the specialist Lepeophtheirus salmonis.
Aina-Cathrine Øvergård, Associate professor, University of Bergen,
NORWAY

11:55

Antiparasitic susceptibility profile of Caligus rogercresseyi facing different
temperature and luminosity conditions.
Margarita P. González Gómez, Senior Researcher, Instituto de Fomento
Pesquero, CHILE

12:15

Gene silencing by RNAi of voltage gated sodium channels in salmon lice
(Lepeophtheirus salmonis)
Julie M. Falken, Veterinary student, Norwegian University of Life Sciences,
NORWAY

12:20

PANEL: Q&A II

12:35

LUNCH

13:35

Keynote Speaker
Living conditions in the future Northeastern Atlantic under climate change
Bogi Hansen, senior scientist, Faroe Marine Research Institute,
FAROE ISLANDS

14:05

MODELLING AND EPIDEMOLOGY SESSION

14:10

Designing a Decision Support System to inform “beyond best practice” farm
management
Emma McCall, Engineer, BMT

14:30

Exploring the interaction between environmental conditions and control
measurements on the population dynamics of Caligus rogercresseyi
(Boxshall & bravo 2000): a modelling approach in Atlantic salmon
(Salmo salar)
Jorge Mancilla Schulz, Fish Health & Nutrition Manager, Mowi Chile
& Programa de Doctorado en Ciencias de la Acuicultura Universidad
Austral de Chile.

14:40

Coupling hydrodynamic simulations to salmon lice population dynamics in
Norway
Tróndur J. Kragesteen, PhD, Post Doc, Fiskaaling, FAROE ISLANDS
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TUESDAY

15:00

Location- and time-dependent lice control effects
Leif Christian Stige, Senior researcher, Norwegian Veterinary Institute,
NORWAY

15:20

Developing a framework for assessing spatial and temporal variability in
parasite density in Scottish waters – implications for wild salmon smolt
migration
Alexander G Murray, Fish Health & Welfare group leader, Marine Scotland
Science, SCOTLAND

15:40

PANEL: Q&A I

15:55

BREAK

16:25

The effect of a warmer climate on the salmon lice infection pressure from
Norwegian aquaculture
Dr. Anne D. Sandvik, PhD, Institute of Marine Research, Bergen, NORWAY

16:45

Towards ensemble models for predicting sea lice distributions: Evaluation of
multiple coupled biophysical models in Loch Linnhe, Scotland
Dr. Meadhbh Moriarty, Senior Aquatic Epidemiological Modeller, Marine
Scotland Science, SCOTLAND

16:50

Refining enumeration of planktonic sea louse larvae detected by ddPCR;
calibration by serial spiking.
Nathan Mertz, Stipendiat/PhD Research Fellow, Norwegian University of
Science and Technology (NTNU), NORWAY

16:55

Combining population models and larval dispersal – a tool for sea lice
management
John P. Phelan, PhD student, Scottish Association for Marine Science, UK

17:15

A metapopulation model reveals hotspots in the evolution of treatment
resistance in salmon lice
Andrew Coates, PhD, University of Melbourne, AUSTRALIA

17:35

PANEL: Q&A II
RECEPTION
Host: The Ministry of Environment, Industry, Aquaculture and Trade
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WEDNESDAY

WEDNESDAY, 11 MAY
08:00

GENETICS AND GENOME

08:05

Advances in Salmon Louse Genomics
Frank Nilsen, Professor, Sea Lice Research Centre, University of Bergen,
NORWAY

08:25

Co-expression network analysis identifies modules and genes relevant for
molting and development in the Atlantic salmon louse (Lepeophtheirus
salmonis)
Michael Dondrup, Researcher, The Sea Lice Research Centre & Department
of Informatics, University of Bergen, NORWAY

08:45

Identification of semiochemicals associated with resistance of Atlantic
salmon to the salmon lice and assessment of their effects on lice
Bjarne Gjerde, Senior scientist, Nofima, Rothamsted Research, Bencmark
Genetics, NORWAY

09:05

Molecular responses of salmon lice to reduced salinity
Andreas Borchel, Researcher, University of Bergen, NORWAY

09:25

Nicotinic acetylcholine receptors in salmon lice
Kiranpreet Kaur, Scientist / Director R&D salmonids, Norwegian University of
Life Sciences (NMBU), NORWAY

09:45

PANEL: Q&A I

10:00

BREAK

10:30

Alteration of the gene expression in the skin of Atlantic salmon after
experimental down-regulation of a salmon louse salivary gland protein
Christiane Eichner, PhD, University of Bergen, NORWAY

10:50

A chromosome-level genome assembly reveals the genetic basis of a
Lepeophtheirus salmonis colour mutant
Armin Sturm, Senior Lecturer, University of Stirling, Institute of Aquaculture,
UK

11:10

CrispResist with NoLice: Developing tools for boosting Atlantic salmon host
resistance to sea lice
Nick Robinson, Senior Scientist, Nofima and The University of Melbourne,
AUSTRALIA

11:30

Does the salmon louse have an immune dampening effect on Atlantic
Salmon?
Helena Marie Doherty Midtbø, PhD Candidate, University of Bergen,
NORWAY
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WEDNESDAY

11:35

LsNaV1.3-SNP in Norwegian populations of L. Salmonis
Sine A. H. Hansen, PhD candidate, Norwegian University of Life Sciences
(NMBU), NORWAY

11:40

A de novo full-length mRNA transcriptome for Lepeophtheirus salmonis
Nadezhda Lekanova, Senior Engineer, Norwegian University of Life Sciences
(NMBU), NORWAY

11:45

PANEL: Q&A I

12:00

LUNCH – TECHNICAL PRESENTATION
Host: Benchmark Animal Health

13:10

NON-MEDICINAL TREATMENT SESSION

13:15

Traveling resistance: rapid development and dispersal of lice resistant to
delousing agents throughout the north Atlantic
Helene Børretzen Fjørtoft, PhD-student, Norwegian University of Science
and Technology (NTNU), NORWAY

13:35

Spatial heterogeneity in the distribution of the effectiveness of peroxide
bath treatments in Chile
Daniel Jimenez, Veterinarian, Aquabench SA, CHILE

13:40

Monitoring sensitivity of Caligus rogercresseyi to lufenuron through larval
bioassays: preliminary results
Sandra Marín, Professor of Instituto de Acuicultura, Instituto de Acuicultura,
Universidad Austral de Chile, Puerto Montt, CHILE

14:00

Bioassays in microtiter plates
Linas J.H. Hauge, Veterinary student, Norwegian University of Life Sciences
(NMBU), NORWAY

14:05

The electrophysiological properties of salmon lice ion channels and drug
exposure – a frog eggs view
Marit J. Bakke, Associate Professor, Norwegian University of Life Sciences
(NMBU), NORWAY

14:10

PANEL: Q&A

14:25

BREAK

15:15

Investigation of potential increased tolerance to low salinities in salmon lice
(Lepeophtheirus salmonis) as a consequence of freshwater delousing
Anna S. Båtnes, Researcher, Norwegian University of Science and Technology
(NTNU), NORWAY

16
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WEDNESDAY

15:35

Sea lice (Lepeophtheirus salmonis and Caligus elongatus) during freshwater
treatment.
Maria Guttu, PhD student, Institute of biology, Norwegian University of
Science and Technology (NTNU), NORWAY

15:55

Efficacy of SCAIS as inhibitor of infestation behavior of Lepeophtheirus
salmonis copepodid in Atlantic salmons (Salmo salar) with altered olfactory
system.
Patrick Pageat, Professor Titular of the Chair of Ethology and Animal Welfare,
IRSEA – E.I. Purpan, CHILE

16:15

The Salmon-Nest-Appeasing-Pheromone (SNAP) effects on skin mucous
cells development
Pietro Asproni, Head of Department, IRSEA (Research Institute in
Semiochemistry and Applied Ethology), CHILE

16:20

The intraspecific semiochemical SNAP (Salmon-Nest-AppeasingPheromone) influences the skin gene expression and mucus composition
of Atlantic salmon
Cécile Bienboire-Frosini, Head of research department, IRSEA (Research
Institute in Semiochemistry and Applied Ethology), CHILE

16:30

PANEL: Q&A I

16:45

Comparing mechanical and thermal delousing methods: effects on salmon
lice (Lepeophtheirus salmonis) hatching success
Cecilie Miljeteig, Researcher, Norwegian University of Science and
Technology, NTNU, NORWAY

17:05

Use of cleaner fish and optical laser in combination with depth-based
prevention (snorkel sea cages)
L. Geitung, Postdoc, Institute of Marine Research, NORWAY

17:15

The influence of biofouling on lumpfish welfare and cleaning efficacy
Kirstin Eliasen, Biologist (PhD), head of department, Fiskaaling, FAROE
ISLANDS

17:20

Personality assessment as a predictor of cleaning behaviour in lumpfish
Ása Johannesen, Researcher (PhD), Fiskaaling, FAROE ISLANDS

17:25

Delousing behavior of ballan wrasse (Labrus bergylta) studied by a sea lice
model in commercial sea cages.
Håvard Kaland, PhD, Norwegian University of Science and Technology,
(NTNU), NORWAY

17:30

PANEL: Q&A II

19:30

CONFERENCE BANQUET
Sponsored by Signs Labs
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THURSDAY

THURSDAY, 12 MAY
08:30

FISH WELFARE SESSION

08:35

Solving sea lice with data management and predictive analytics
Anthony Chen, Co-Founder and CEO, Manolin AS, NORWAY

08:55

Efficacy of single and combined non-medicinal delousing treatments in a
laboratory setting
Sussie Dalvin, Senior Researcher, Institute of Marine Research, NORWAY

09:00

How do medicinal bath treatments fit into the Integrated Pest Management
(IPM) toolbox?
Catrine Smørås, Strategic Sea Lice Manager, Benchmark Animal Health

09:20

Prolonged and significant decrease in attachment and development of sea
lice following pro-microbial enhancement with Aliivibrio spp.
Kira Salonius, Managing director, Previwo AS, NORWAY

09:35

Field experience with pro-microbial enhancement for lice prevention
Ragnhild Hanche-Olsen, Technical manager, Previwo AS, NORWAY

09:45

Lumpfish welfare and nutrition in on-growing farms
Jessica Di Toro, PhD student, Institute of Aquaculture, University of Stirling/
Fiskaaling, UK/FAROE ISLANDS

09:50

PANEL: Q&A

10:05

BREAK

10:40

Bid presentations for the 14th Sea Lice International Conference

11:10

WILD FISH INTERACTION SESSION

11:15

Mortality thresholds for salmon lice infections in Atlantic salmon
Sussie Dalvin, Senior scientist, Havforskningsinstituttet, NORWAY

11:35

Critical lice loadings to protect wild Atlantic salmon smolts
Stephen C Ives, Researcher in fish health, Marine Scotland Science, UK

11:40

Wild Juvenile Salmon and Sea Lice Monitoring in British Columbia Canada
Lance Stewardson, Registered Professional Biologist, Mainstream Biological
Consulting, CANADA

12:00

Are farmed salmon the progenitors of lice on wild Pacific salmon?
Jim Powell, Director, Fidelis Aquaculture Management, CANADA

12:20

PANEL: Q&A I

12:35

LUNCH
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THURSDAY

13:45

Sea trout (Salmo trutta) in the Faroe Islands
Unn V. Johannesen, Biologist (MSc), Fiskaaling, FAROE ISLANDS

13:50

Development of a risk assessment method for sea trout in coastal areas
exploited for aquaculture
Bengt Finstad, Professor, Norwegian University of Science and Technology
(NTNU), Department of Biology, NORWAY

14:10

Increased sea lice infestation affect individual sea trout life history traits
Ola H. Diserud, Senior researcher, Norwegian Institute for Nature Research,
NORWAY

14:15

Effects of sea lice infestation on long-term sea trout population dynamics
Richard Hedger, Research Scientist, Norwegian Institute for Nature
Research, NORWAY

14:20

PANEL: Q&A II

14:35

FHF – Funding sealice research
Kjell Maroni, R&D director aquaculture & environment, FHF – The Norwegian
Seafood Research Fund, NORWAY

14:55

BREAK

14:25

MANAGEMENT; POLICY AND LEGISLATION SESSION

15:30

Combination of science, advice, and regulation towards a new system for
sustainable growth of salmonid aquaculture – The Norwegian experience of
implementing a regulatory system based on effect of salmon lice from fish
farms on wild salmonid fish.
Karin Kroon Boxaspen, Research Director, Institute of Marine Research,
NORWAY

15:50

Surveillance strategies of sea lice – assessing environmental infection
pressures
Berit Rabe, Inshore Physical Oceanographer, Marine Scotland Science, UK

15:55

Marine spatial planning tool for digital environmental impact assessment:
Case study application for Scottish salmon aquaculture.
Harrison Carmody, Marine Environmental Consultant, BMT

16:15

Gender differences in the abundance of Caligus rogercresseyi after the
application of an anti-sea lice treatment
Sandra Bravo, Universidad Austral de Chile, CHILE

16:20

Breeding for lice resistance in Norwegian farmed atlantic salmon: What are
the main barriers to this path for sustainable innovation?
Kristin Rosendal, Research professor, The Fridtjof Nansen institute,
NORWAY

19
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THURSDAY

16:40

Physical prevention of sea lice
Frode Oppedal, Researcher, Institute of Marine Research, NORWAY

17:00

PANEL: Q&A

17:15

Conference wrap-up

17:35

Reception
Host: Hiddenfjord
Sea Lice Conference Awards and 14th Sea Lice Conference Bid Results

FRIDAY

FRIDAY, 13 MAY
EXCURSIONS
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ABSTRACTS
ORAL PRESENTATION
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Sea lice biology session

Assessing the Evolution of Virulence of
the Salmon Louse (Lepeophtheirus salmonis)
in the Bay of Fundy
Dylan Michaud, PhD Student, University of Prince Edward Island, CANADA
Laura Braden, Brent Weeks, Marc Trudel and Mark Fast
An unintended consequence of fish farming
is the production of an environment which may
be more conducive for the evolution of virulence in pathogens to the host in production.
Rearing conditions used in salmon aquaculture
such as high densities, compressed rearing
cycles, limited genetic diversity of broodstock
as well as the practices used to control infectious disease such as vaccination, breeding
for disease resistance and therapeutants, may
all lead to increased virulence in parasites and
pathogens. The emergence of highly virulent
strains of pathogens in salmon aquaculture
not only cause concern for further economic
impacts to the industry but may also result in
more severe disease spillover and subsequent
greater risk for wild salmon populations.
To our knowledge, changes in the virulence
of Canadian louse populations have not yet

22

been assessed, despite having been identified
as crucial knowledge gaps to understand the
interactions between farmed and wild hosts.
We developed a virulence challenge model
by rearing lice originating from wild and farm
sources for 4 generations in a common garden
experiment and compared virulence on their
host, testing the hypothesis that lice originating from farms were more virulent than those
from wild sources. RNA sequencing was completed for copepodid, chalimus II and adult
stages of the louse as well as their respective
attachment sites on the host to determine
responses at the host-parasite interface.
Additionally, high resolution photos were taken
of attachment sites and scored based on
lesion size and colouration. Lastly, additional
skin, louse and gill tissues were taken for
further RT-qPCR analysis.
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Gunnvør á Norði, Researcher, Head of Department, Fiskaaling, FAROE ISLANDS
Sissal V. Erenbjerg
Observations of free-swimming sea lice
typically find the highest abundances of
salmon lice in the vicinity of fish farms while
observed numbers typically are low and
highly fluctuating further away from the farms.
In laboratory trials, planktonic sea lice have
shown behavioral traits related to environ
mental cues such as light, salinity, and
temperature. Still, the effect of such cues
on the sea lice distribution in coastal waters
has not been intensively studied in situ.
Here we attempt to linkage the free-swimming
sea lice abundances in the surface waters
of the strait Sundalagið, to temperature and
salinity changes in the area, as well as the
fish farming activity. However, the sea-lice
abundance is also influenced by the tidal

currents in the strait, which agrees well with
a recent study where circulation in the strait
has been modelled and validated against
measurements. Data were collected during
two production cycles of Atlantic salmon,
where sea lice abundances were investigated
at four locations in two to three weeks intervals. All sea lice samplings were accompanied
by a salinity and temperature depth profile.
In addition, the abundances of salmon lice
and Caligus elongatus have been investigated
at depths up to 40 m, and both species were
observed at all depths. These sea lice investigations were also accompanied by salinity
and temperature depth profiles enabling
studies on the vertical sea lice distribution in
relation to these environmental parameters.

23

Sea lice biology session

Linking abundance of free-swimming
sea lice to fish farming activity and
environmental cues
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Sea lice biology session

Energy consumption of the free-living
stages of sea lice
Stine Østerhus, PhD student, Norwegian University of Science and Technology (NTNU), NORWAY
Maria Guttu, Cecilie Miljeteig, Anna Solvang Båtnes, Dag Altin, Yngvar Olsen and Atle M. Bones
stine.osterhus@ntnu.no
Lepeophtheirus salmonis and Caligus elongatus are common species of sea lice known
for decreasing the welfare of both farmed
and wild Atlantic salmon. In the first three
life-stages these sea lice are not attached
to a host, do not feed, and depend on endogenous energy reserves. We have investigated
how the energy state and the activity level
of the free-living stages changed with time
from hatching until near exhaustion of
reserves. The experiments were carried out
at 10 °C using three strains of L. salmonis of
different origin: one laboratory strain, one with
salmon farm origin and one with a wild salmon
origin, as well as one strain of C. elongatus
with salmon farm origin. The energy level
was estimated by measuring carbon content.
Samples were taken at five time points ranging
from newly hatched (0 days after hatching) to
close to exhaustion (12 days after hatching).

24

Carbon content declined at a rate of 0.14-0.18
µg/individual/day for the three strains of
salmon lice of which the laboratory strain had
the highest initial carbon content. C. elongatus
showed a lower initial carbon content than the
L. salmonis species. However, the carbon
content declined at a slower rate of 0.07 µg/
individual/day. The activity of the copepods
was investigated by filming and analyzing the
movements of 10 individuals for two minutes
both in the vertical and horizontal plane at
2 days post hatching (nauplii II), 5 days post
hatching (early copepodite) and 12 days post
hatching (late copepodite). These experiments
are in process of analysis and form part of
a study of the basic biology of sea lice and
their interaction with the host salmon. Energy
resources and decline rates may also provide
valuable input data for infestation models,
fallow practice, and potential spread risk.
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Robert Morefield, PhD student, University of Maine, USA
In the larval stage of the parasitic copepod
Lepeophtheirus salmonis, the free living
copepodid must locate and settle on a salmonid host. Chemosensory mechanisms appear
to play a role in identifying potential sexually
mature mates, yet the full suite of chemical
cues and resulting behavioral mechanisms
used for conspecific aggregation are unknown.
After maturing, evidence has shown pre-adult
females and adult male sea lice emit sex
pheromones while gravid females reduce
their production of these cues. Typically, sex
specific cues are used for reproduction and
rarely have they been shown to be utilized
by larval conspecifics.
The aim of this study was to investigate
the potential that cues from pre-adult female

and adult male sea lice influence copepodid
behavior. Behavioral bioassays were conducted with copepodids exposed to water
conditioned with three stages of conspecific
lice (pre-adult female, adult male, and gravid
female), and Atlantic salmon (Salmo salar, L.)
conditioned water. Experiments demonstrated
that copepodids exposed to water conditioned
with the salmon host, pre-adult female or adult
male sea lice elicited behaviors characteristic
of arrestment, whereas sea lice exposed to
gravid female conditioned water did not. These
results may suggest that L. salmonis larvae
respond to the cues of lice stages known to
produce sex pheromones, and we conjecture
that they may serve to aggregate conspeci
fics and amplify infestations.
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Larval salmon lice (Lepeophtheirus salmonis)
exhibit behavioral responses to pre-adult
and adult conspecific cues
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A novel study on sea lice (Lepeophtheirus
salmonis) settlement success during
Atlantic salmon (Salmo salar) encounters
Eleanor Glahn, Graduate research student, Aquaculture Research Institute and School of Marine
Sciences, University of Maine, USA
It is hypothesized that current velocity
influences the settlement success of sea lice
(Lepeophtheirus salmonis) on its preferred
host, Atlantic salmon (Salmo salar), however
this has not been demonstrated experimentally. The aims of this study were to determine
the settlement success of sea lice in current
speeds that are frequently encountered in
net-pens. Gravid females were collected from
naturally infected farmed fish from commercial
salmon farms in Cobscook Bay Maine, USA.
Egg strings were removed from females,
hatched in vitro, and raised to the copepodid
stage. Forty-three Atlantic salmon, mean
weight 415g. were challenged with 100
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copepodids per fish in 14 replicate experiments
at a current velocity of 206 mm/sec-1. Lice
were counted when they had reached the
chalimus stage approximately 7 days later.
A settlement success rate of 0.28% (13 chalimus were found from the 4650 copepodids
used), with a mean abundance of 0.30 lice/fish
and mean intensity of 1.08 lice/fish. The data
collected in this study will have significant
implications for future research, including
sea lice models of louse distribution and
risk for industry, and the development of
risk mitigation strategies for restoration
of wild Atlantic salmon populations.
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Frontal filament formation in copepodids of the
salmonid specialist Lepeophtheirus salmonis and
the generalist Caligus elongatus: trade-offs and
impact on the rate of parasitic development
Lars Are Hamre, Cand. Scient., University of Bergen, NORWAY
Christiane Eichner, Egil Karlsbakk, Hanne Log Person and Aina Cathrine Øvergård
The frontal filament is a key structure formed
by caligid copepods to enable host attachment. The filament secures the juveniles to
the host during development until the typical
suction cup shaped body of mobile stages
have been developed and, from this point of
development, during all molts. In the genus
Caligus a long and slender frontal filament is
produced by the copepodid, a filament that
remains attached to the host, but is extended
at each molt and holding the animal until
preadult or adult. In Lepeophtheirus, on the
other hand, a shorter and thicker filament
is produced and renewed before each molt.
While this is well known, there are however
other differences between the two genera that

has received little attention, namely the onset
of frontal filament production, the origin of
resources for its construction. This study
describes and compares frontal filament
development in copepodids of the two species
Lepeophtheirus salmonis and Caligus elongatus and measure the concurrent expression
of digestive trypsin and salivary gland genes
as well as the impact on further parasitic
development. The results provide information
important for understanding and modeling
the rate of parasitic development, but also
shows that there are important life-history
differences between these species already
at the copepodid stage.
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Nicotinic Acetylcholine Receptors
in Lepeophtheirus salmonis
Constance M. Bakke, PhD student, Norwegian University of Life Sciences, NORWAY
Tor E. Horsberg, Nadezhda Lekanova, Kiranpreet Kaur, Marit J. Bakke
Nicotinic acetylcholine receptors (nAChRs) are
ligand-gated ion channels of great importance
for signal transduction throughout the nervous
system, both in vertebrates and invertebrates.
Because of its critical function for viability,
it has been a target for pesticides such as
neonicotinoids. This group of pesticides have
been widely used on terrestrial pests, and
there are concerns regarding resistance and
unwanted effects on non-target organisms.
This study is part of a larger project aiming to
acquire more knowledge about the nAChRs in
arthropods, including the pertinent Lepeophtheirus salmonis. In 2021, imidacloprid (Ectosan
Vet) was marketed for delousing of salmon
and rainbow trout in Norway. This was the first
neonicotinoid licensed for use against salmon
lice. Successful expression of two functional
nAChR subtypes in a Xenopus laevis oocyte-
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model was published in 2020, using only genes
from the salmon louse. One receptor subtype
consisted of the subunits α1, α2, ß1 and ß2,
while the other consisted of α3, ß1 and ß2.
The function was verified using electrophysiological measurements to detect currents
across the membrane. Our aim is to further
determine the stoichiometry of these pentamers, using a combination of bioinformatics
and experimental methods such as the
Xenopus laevis oocyte model. Bioassays will
be performed both ex-vivo and in-vivo using
several nAChR ligands. An attempt will also be
made to determine the importance of each
individual subtype for survival of the parasite
by using RNA interference. Lastly, the expression of these receptors will be mapped in
the salmon louse, using in-situ hybridization
and qPCR.
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Mathias Stølen Ugelvik, PostDoc, Institute of Marine Research, NORWAY
Temperature affects fundamental physiological processes, such as metabolism, wound
healing and immune responses. For ectotherms that are unable to self-regulate their
body temperature, it is controlled by the
environment. Hence, water temperature could
affect the ability of the fish to respond to
parasites (immune responses) and how efficiently they can repair damages caused by
parasites (wound healing). Temperature is also
likely to affect the parasite, but since the
effect of temperature could be species specific and non-linear it is difficult to predict how
it will influence the host-parasite interaction.

Here this was investigated by infecting Atlantic salmon (Salmo salar) with salmon lice
(Lepeophtheirus salmonis) at four different
temperatures (4,8,12 and 16°C). We found that
at low temperatures transcription of several of
the investigated immune genes in lice infested
fish was lower than at higher temperatures,
which could imply a reduction in host immune
response towards the lice at low temperatures.
However, despite the effect of temperature on
host immune responses, low temperatures
appeared more detrimental to the louse and
resulted in a reduction of lice infestation
success and/or on host survival.
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The effect of temperature on the interaction
between salmon lice (Lepeophtheirus
salmonis) and Atlantic salmon (Salmo salar)

13 T H | TÓ R S H AV N | 9 -1 3 M AY 2 0 2 2

Sea lice biology session

Immune modulation – a comparison between
the generalist Caligus elongatus and the
specialist Lepeophtheirus salmonis
Aina-Cathrine Øvergård, Associate professor, University of Bergen, NORWAY
Christiane Eichner, Helena Marie Doherty Midtbø, Andreas Borchel and Lars Are Hamre
Both the salmon louse (Lepeophtheirus
salmonis) and Caligus elongatus possess
glands with secretory ducts ending at the
host-parasite interface assumed to produce
immunomodulatory and anti-coagulant substances. As knowledge of these substances
and their effects can result in new and better
counter measures against lice, we conducted
morphological and functional studies on these
glands in both the salmon louse and C. elongatus. Both lice species have the same gland
types, where the salivary glands are of special
interest. The salivary glands are developed at
the copepodid stage when the lice are ready
to infest a host. Upon feeding, these glands
secrete their products distally in the mouth
tube near the mandible teeth. The saliva is
thus expected to be deposited onto the site
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of feeding. We have confirmed the expression
of several genes in the salmon lice’s salivary
glands, and many of these are also identified in
the salivary glands of C. elongatus. Functional
studies in both species have been performed
to elucidate the function of these salivary
gland proteins. We have also looked at the
salmon’s immune response when co-infested
with salmon lice and C. elongatus at different
stages. Here C. elongatus seemed to induce a
milder inflammatory response than the salmon
louse, surprising as C. elongatus is known to
cause significantly more skin irritation than
the salmon louse. However, an important
morphological difference between the two
louse types was found that possibly explains
the difference in the level of skin irritation.
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Margarita P. González Gómez, Senior Researcher, Instituto de Fomento Pesquero, CHILE
Claudia Spinetto, Mylena Menanteau, Cristian Oyarzo, Danny Álvarez, Mario Rivas, Renato
Oyarzún, Sergio Contreras-Lynch
It is well known that the biology of Caligus
rogercresseyi is strongly affected by environmental conditions such temperature. However,
it is unknown if these parameters can influence
susceptibility to antiparasitics. In this context,
the aim of the study was to determine how
the parameters of temperature (controlled and
non-controlled) and luminosity can influence
the parasite susceptibility profile. Seven
experiments were set up in which temperatures
of 9, 12, and 15°C were evaluated, along with
summer photoperiod and 100% of darkness.
Parasites were exposed to the active principle
azamethiphos through bioassays considering
concentrations of 0, 3, 10, 30, 100 and 300
ppb. It was possible to determine a technical
and a biological result. Regarding the technical
result, it was estimated that the susceptibility
profile was not altered by using environmental
temperature conditions if the mean tempera-

ture is around 12° C. Regarding the biological
result, it was possible to estimate that 100%
of darkness during incubation and after
exposure, reduces parasite mortalities at low
concentrations (10 ppb), and also, that a
temperature of 9°C induces higher effective
concentrations (EC50%) along an increase
in the condition and survival of the parasite,
suggesting that the susceptibility to azamethiphos decreases. Maybe, physiology mechanisms could explain these susceptibility
variations when the parasite faces different
temperatures. We consider these results as
relevant, since strong temperature variations
among seasons occurs at field conditions (to
which both fish and parasites are permanently
exposed), variations that could impact the
effectiveness of treatments applied by
industry.
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Antiparasitic susceptibility profile of
Caligus rogercresseyi facing different
temperature and luminosity conditions
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Gene silencing by RNAi of voltage gated
sodium channels in salmon lice
Julie M. Falken, Veterinary student, Norwegian University of Life Sciences, NORWAY
Nadezhda Lekanova, Tor E. Horsberg, Marit J. Bakke
Pyrethroids’ mode of action affects the voltage gated sodium channels (NaV) in mammals
and arthropods. The salmon louse (Lepeophtheirus salmonis) possesses three NaV channel
genes, and the mode of action of pyrethroids
is currently assumed to apply to the salmon
louse as well. However, the individual importance of the three different NaV channels
for survival after pyrethroid exposure, or
the different pharmacological properties of
the variants, is still unknown. In this project,
the importance of each ion channel is sought
examined with RNA interference (RNAi),
a gene silencing technique. Briefly, the lice
are exposed to double stranded RNA (dsRNA)
during molting from nauplii I to nauplii II, which
initiates a cellular enzymatic cascade resulting
in gene silencing by messenger RNA (mRNA)
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degradation. The sequence of the dsRNA
determines what gene will be silenced.
Thus, the three NaV genes can be silenced
separately or simultaneously by exposing the
nauplii I to a dsRNA cocktail, and the voltage
gated sodium channels can be compared
regarding significance for survival. The effect
and degree of gene silencing are measured
both through observations of phenotypic
changes in the louse, and assessment of
gene expression using qPCR. Securing a stable
setup for hatching of nauplii, establishing
an effective method for exposing the lice
to dsRNA in a non-harmful way, as well as
determining adequate conditions for the lice
to successfully develop to nauplii II and
copepodites in a lab setting, are important
aspects and challenges that will be discussed.
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Emma McCall, Engineer, BMT
Rohan King, Cemlyn Barrow, David Vale, Harrison Carmody, Meadhbh Moriarty, Alexander Murray,
Tom Adams, Louise Bruce
Worldwide demand for protein is predicted to
double by 2050 and the aquaculture industry
is well positioned to meet this demand. The
Scottish seafood industry plans to increase
productivity through sustainable growth and
management practices. By investing in an
industry ready Digital Support System (DSS)
that integrates hydrodynamic, water quality,
and particle tracking software to support
sustainable management, the Scottish Government wants to drive future food security
through “beyond best practice” farming.
The DSS was designed in collaboration with
farm operators to provide innovative solutions
to reducing cumulative impacts, targeting
effective lice treatment practices and minimising environmental impacts while lowering
treatment costs and production losses.
This approach used site specific farm data

to develop a tool that was responsive to a
range of different treatment practices, bath
and in-feed treatment, physical, mechanical,
and biological treatments.
As part of the integrated DSS, a numerical
model of the Scottish west coast was developed to incorporate a large number of farms.
The system considered discharges into the
marine environment (medicinal treatments),
ecosystem dynamics (such as currents, temperature, salinity, dissolved oxygen, nutrients,
phytoplankton, and benthic habitats) and the
fate and transport of biologically active sea
lice (responding to light, temperature, salinity,
and medicinal treatments) based on the latest
scientific knowledge and data. The DSS support tool utilises real world data and advanced
numerical modelling to inform “beyond best
practice” farm management.
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Designing a Decision Support System to inform
“beyond best practice” farm management
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Exploring the interaction between environmental
conditions and control measurements on the
population dynamics of Caligus rogercresseyi
(Boxshall & bravo 2000): a modelling
approach in Atlantic salmon (Salmo salar)
Jorge Mancilla Schulz, Fish Health & Nutrition Manager, Mowi Chile & Programa de Doctorado
en Ciencias de la Acuicultura Universidad Austral de Chile, CHILE
Sandra Marín
Jorge.mancilla@mowi.com
Caligus rogercresseyi is one of the principal
restrictions for the development of the Chilean
salmon industry. To understand the patterns
of abundance variations and interactions
between salmon – parasite – farming practices and environmental variables a population
dynamics model for C. rogercresseyi was
developed. The objective of this research
was to assess the effect of environmental
variables and different control strategies
for C. rogercresseyi and their impact on
the population dynamics of the parasite.
The model includes four submodels: a) development times for each developmental stage,
b) the free-living phase, c) infestation in host
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and d) parasite development in the host.
The model is capable of simulating development times, survival rates, reproducing cycles
and changes in the abundance patterns of
the parasite, based on the environmental
conditions of the Salmon Neighborhood Areas
(SNA) under study, the effect of treatments
with different efficacies, and use of trigger
levels for the application of therapies. This
model can be used to propose alternative
strategies, project scenarios, and better
understand “the sea lice – salmon farming
system” as part of Caligidosis integrated pest
management in Chile.
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Tróndur J. Kragesteen, Post Doc, Fiskaaling, FAROE ISLANDS
Tróndur T. Johannesen, Ingrid Askeland Johnsen, Ken Haste Andersen
trondurk@fiskaaling.fo
In modern marine salmonid aquaculture
managing infestation of salmon lice (Lepeophtheirus salmonis) is fundamental. To manage
this notorious exodermic parasite farmers use
various treatment methods, as mechanical
and chemical treatments and cleaner fish.
The treatment are associated with environmental impact and decreased fish welfare,
and a transfer from reactive treatments to
preventing the infestation by spatial and
temporal strategic planing is believed to be
beneficial for the environment, economic yield
and fish welfare.
Modelling and predicting salmon lice population dynamics on a per-farm basis has proven
challenging. However, this ability will substantially increase the scientific foundation of
management strategies.
Here, we propose a new model approach with
a mechanistic cohort-based model explicitly
accounting for the development of lice in

relation to temperature. Further, a new method
to couple hydrodynamic particle simulations
of lice to salmon lice population model is
presented.
The model is able to produce realistic simulation of the salmon epidemic development by
validating the model to scientific lice counts.
However, the model has a limited ability to
resolve realistic temporal salmon lice dynamics on a per-farm basis. We show that the
central processes are the connectivity input
and knowledge of lice mortality of both the
planktonic and attached stages.
The proposed salmon lice dynamic model can
be used to test various general lice strategies
and if improved the model can test strategies
on specific farming areas significantly increasing our chances to substantially control
salmon lice in aquaculture.
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Coupling hydrodynamic simulations to salmon
lice population dynamics in Norway
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Location- and time-dependent
lice control effects
Leif Christian Stige, Senior researcher, Norwegian Veterinary Institute, NORWAY
Magne Aldrin, Ragnar Huseby, Kari O. Helgesen, Peder Jansen, Lars Qviller, Hildegunn Viljugrein
Salmon lice dynamics in fish farms depend on
factors such as external lice pressure and
temperature, which vary geographically and
seasonally. To balance optimally the costs and
benefits of lice control measures, this variation
needs to be accounted for. A lice skirt has for
example little benefit when the risk of a lice
outbreak is very low. We here use a stage-
structured Bayesian hierarchical model for
salmon lice populations to investigate how the
effects of lice control measures depend on
area and time of production start. The model
was estimated from farm data sets that
covered most of the Norwegian coast, with
temperatures typically varying seasonally
between around 6 and 15 °C in the south and
between 4 and 10 °C in the north. The model
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also accounts for counting errors. Simulating
alternative strategies for how a farmer can
control lice levels in the farm, we investigate
questions such as: How long can lice skirts
and/or cleaner fish delay the time to first
treatment dependent on area and time of
production start? How does a lower treatment
threshold influence lice abundance and treatment needs? When in the production cycle can
additional lice counts reduce unnecessary
treatments the most? When is it needed to
treat rapidly after observing a high lice count
in order to suppress an outbreak, and when is
it less important? Such quantification is a step
towards locally adapted and dynamic control
strategies for salmon lice.
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Alexander G Murray, Fish Health&Welfare group leader, Marine Scotland Science, SCOTLAND
Steven C. Ives, Joanne Murph, Meadhbh Moriarty
Parasite transmission between farmed and
wild fish is affected by various components
such as abiotic, biotic, spatial-temporal, and
management factors. If Scottish salmon aquaculture is to expand in a sustainable way it is
necessary to identify areas where sea lice may
have a population level impact on wild salmonids. Here we develop and describe the various
steps within a deterministic modelling framework that are required to objectively assess
if the predicted patterns of lice are likely to
lead to an unacceptable level of exposure on
out-migrating salmon in Scotland’s coastal
waters, i.e. what is the risk of migrating smolts
reaching a critical lice load while migrating
through Scottish waters, based on modelled

inference of wild fish trajectories and modelled
lice patterns during migration period? Three
scenarios are presented for three different
sized smolts. Inference from modelling suggests smaller size classes have a higher risk
when leaving inshore areas of intense salmon
farming, due to their small size for the lice
loads they encounter. Additionally modelling
highlights that the route migrating fish take in
the coastal zone may be critical to their survival. This study highlights the need for more
data to better parametrise both the smolt
model and the sea lice model. This work may
help inform on potential factors impacting wild
juvenile salmon infection levels and informs
spatial patterns of aquatic epidemiology.
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Developing a framework for assessing
spatial and temporal variability in parasite
density in Scottish waters – implications
for wild salmon smolt migration
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The effect of a warmer climate on the salmon lice
infection pressure from Norwegian aquaculture
Dr. Anne D. Sandvik, PhD, Institute of Marine Research, Bergen, NORWAY
Sussie Dalvin, Rasmus Skern-Mauritzen, and Morten D. Skogen
Climate change can hamper sustainable
growth in the aquaculture industry by amplifying and adding to other environmental challenges. In Norway, salmon lice-induced mortality in wild salmonid populations is identified
as a major risk factor for further expansion.
Higher temperatures will induce increased
production of salmon lice larvae, decreased
developmental time from non-infective nauplii
to infectious copepods, and higher infectivity
of copepodids. In a warmer climate, a modelling exercise shows how these three factors
lead to a significant increase in the infection
pressure from farmed to wild salmonids,
where the infectivity of copepodids is the term
with the highest sensitivity to temperature
changes. The total infection pressure gradually
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increases with increasing temperature, with an
estimated twofold if the temperature
increases from 9°C to 11°C. Thus, making
it even harder to achieve a sustainable
expansion of the industry with rising water
temperature.
This study demonstrates how bio-hydrodynamic models might be used to assess the
combined effects of future warmer climate
and infection pressure from salmon lice on wild
salmonids. The results can be used as an early
warning for the fish-farmers, conservation
stakeholders and the management authorities,
and serve as a tool to test mitigation strategies before implementation of new management plans.
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Dr. Meadhbh Moriarty, Senior Aquatic Epidemiological Modeller,
Marine Scotland Science, SCOTLAND
Sea lice are ubiquitous, endemic ectoparasites
of salmonids, in the North Atlantic Ocean, that
feed on the skin, fat and mucus of salmonid
fish. The potential negative effects of sea lice
on wild salmonid fish populations are regarded
as one of the most serious limitations to
sustainable growth of salmon aquaculture.
Due to their planktonic larval stages, lice
can be transmitted over distances of several
kilometres, so they require area rather than
farm level management. To understand area
interactions, in order to mitigate negative
effects of sea lice on aquaculture and wild
salmonids, coupled biophysical models are
used to calculate dispersal rates of sea lice
from farms. State-of-the-art hydrodynamic
models have been developed, which, when
coupled with a biological model, can be
used to inform on dispersal rates of sea lice.
One such model describes Scotland’s larg-

est fjordic system, Loch Linnhe. We evaluated
three coupled bio-physical models, describing
sea lice dispersion in Loch Linnhe, carrying
out physical model validation and biological
inter-model comparison, through comparison
with field data. We assess use of ensemble
modelling techniques to provide better estimates of uncertainty within the Loch Linnhe
system. Relative within-model between-scenario changes resulting from different control
strategies or resource constraints in different
scenarios will be presented. Although there are
differences between the models in absolute
outcomes, model comparisons with the field
data provided similar results. This consistency
implies that the assumptions made by each of
the modelling teams were appropriate, which
in turn serves to increase end-user confidence
in predictions made by these models.
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Towards ensemble models for predicting sea
lice distributions: Evaluation of multiple coupled
biophysical models in Loch Linnhe, Scotland
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Refining enumeration of planktonic
sea louse larvae detected by ddPCR;
calibration by serial spiking
Nathan Mertz, Stipendiat/PhD Research Fellow, Norwegian University of Science and Technology
(NTNU), NORWAY
Hege Brandsegg, Rachel Paterson, Bengt Finstad, Frode Fossøy
Lepeophtheirus salmonis and Caligus elongatus cause significant economic and environmental damage to both the Norwegian
salmonid aquaculture industry and the country’s wild salmonid populations. Understanding
the dispersal and infectivity of their larvae
remains a challenge to researchers and
regulators due to a limited availability of louse
monitoring methods suitable for broad-scale
use. Rapid accurate quantification of lice
larvae from within plankton samples remains
the greatest bottleneck to generating high
resolution coastwide louse density and
dispersal data from their earliest life stages,
which are currently only produced by models.
However, in recent years molecular methods
have shown considerable promise due to their
heightened sensitivity, increased accuracy,
and decreasing costs. To further refine digital
droplet PCR for use as an absolute quantification method, we spiked samples at five
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densities (1-30 individuals) for two planktonic
stages (Nauplii II, Copepodid) of both louse
species. Results generated by two species-specific amplification runs of COI
fragments extracted from the 60 samples
showed a clear linear relationship between the
quantity of positive droplets detected and the
number of spiked louse individuals for both life
stages. A lower number of positive detections
per louse was observed in the copepodid than
the nauplii II stages of C. elongatus but no
difference was detected between the stages
of L. salmonis. Furthermore, by testing a
10x dilution of extracted DNA on secondary
runs of all samples, it was confirmed that no
inhibition occurred within the PCR reaction
due to saturation in any of the groups. These
results showcase another step towards establishing higher accuracy estimates of louse
larval abundance using a calibrated and highly
precise molecular quantification method.
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John P. Phelan, PhD student, Scottish Association for Marine Science, SCOTLAND
Michael T. Burrows, Keith Davidson, Alexander G Murray, Philip A Gillibrand, Thomas Adams
Control of sea lice, Lepeophtheirus salmonis,
is one of the key environmental priorities for
salmon aquaculture operators. The dispersal of
sea lice larvae is driven by local hydrodynamic
conditions. Understanding this movement
is essential when looking at how aquaculture
sites may be connected, with consequent
impacts on the population dynamics of sea
lice on their salmon hosts.
We developed a sea lice population model
which integrates on-farm dynamics with
dispersal driven by local hydrodynamics, with
the goal of investigating and disentangling
the many factors affecting population development. Connectivity between sea lice populations on farms is driven in part by dispersal
patterns and biological constraints. Infection
rates derived from this dispersal model have

been included in models of sea lice populations at farms at three interconnected sites
as an example of a small network. The abundances of sea lice at each stage on farm sites
were used to calculate the daily number of
viable larvae being released from each site.
The total number of larvae and the relative
abundances of infective lice arriving in the
vicinity of each site were used to infer an
absolute infection pressure. Analysis of deviance gives insight into model performance,
estimating development rates of stages,
mortalities, and successful attachment rates
for sites. Understanding the rates of arrival
(and subsequent attachment) of larvae using
quantitative predictions will help identify key
points in the production cycle where preventative measures would be best applied.
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Combining population models and larval
dispersal – a tool for sea lice management
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A metapopulation model reveals hotspots in the
evolution of treatment resistance in salmon lice
Andrew Coates, PhD, University of Melbourne, AUSTRALIA
The evolution of pesticide resistance presents
a major challenge for the control of salmon
lice. To better understand the evolutionary
dynamics of lice in aquaculture, we constructed a metapopulation model representing
lice across an interconnected farm network.
This model incorporated between-farm larval
dispersal (using a particle-tracking model),
genetic variation in the louse population, and
selection imposed by delousing treatments
on farms. To see it in action, we parameterised
the model to simulate the evolution of resistance to the pesticide azamethiphos in southern Norway. The model successfully reproduced the rapid (within 10 years) evolution of
azamethiphos resistance following extensive
delousing on Norwegian farms. The genotype
frequencies predicted by the model matched
those from louse surveys in the area. The
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model also captured the seasonal trends in
louse abundance and treatment frequency
observed in farm data. Our simulation identified strong spatial patterns in the increase
and spread of resistance, with the south-west
of Norway – a high-density farming region
– being a potential hotspot of adaptation.
The high farm density (and hence connectivity) in this region increased treatment frequency and, in turn, selection for louse resistance. Metapopulation models can be valuable
tools for unearthing such effects, and for
exploring how a range of farm management
scenarios might influence the spatial and
temporal patterns of pest evolutionary
dynamics. In particular, such models can help
to identify ways that pest management can
be coordinated across farms at a regional
scale to slow or halt the spread of resistance.
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Frank Nilsen, Professor, Sea Lice Research Centre, University of Bergen, NORWAY
Michael Dondrup, Rasmus Skern-Mauritzen, Ketil Malde, Christiane Eichner, Tomasz Furmanek,
Francois Besnier, Anna Zofia Komisarczuk, Michael Nuhn, Sussie Dalvin, Rolf B. Edvardsen, Sven
Klages, Bruno Huettel, Kurt Stueber, Sindre Grotmol, Egil Karlsbakk, Paul Kersey, Jong S. Leong,
Kevin A. Glover, Richard Reinhardt, Sigbjørn Lien, Inge Jonassen, Ben F. Koop and Frank Nilsen
Parasitism is a very successful lifestyle that
has evolved independently countless times
throughout the tree of life. How parasitism
shapes the genome evolution of both host
and parasite is a field of ongoing research.
We have recently published the annotated
genome sequence of the Atlantic salmon louse
Lepeophtheirus salmonis and showed that it
combines critical features of parasitism and
the crustaceans as its taxonomic group. The
hybrid LSalAtl2s draft assembly is 695 Mb in
size and over 90% complete. The sequence
and annotation were validated by BUSCO
analysis, linkage-mapping, and RNA-sequencing. The genome sequence harbors the largest
proportion of repetitive elements (>60%) of all

crustacean genomes sequenced thus far.
In contrast, the gene set of the salmon louse
is compact, indicating widespread loss-
of-function, a finding typical for parasite
genomes, and only a few expanded gene
families. The hallmarks of parasitic adaptations are the apparent lack of peroxisomes,
a reduced set of olfactory receptors, and
incomplete heme biosynthesis and degradation pathways. Despite the rapid emergence of
resistance in the population, gene families with
detoxification and stress resistance functions
are compact. The genome holds potential for
identifying new drug targets, mapping resistance alleles, and finally, genes with completely
novel physiological roles.
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Advances in Salmon Louse Genomics
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Genetics and Genome session

Co-expression network analysis identifies
modules and genes relevant for molting and
development in the Atlantic salmon louse
Michael Dondrup, Researcher, The Sea Lice Research Centre & Department of Informatics,
University of Bergen, NORWAY
Zhaoran Zhou, Christiane Eichner, Frank Nilsen, and Inge Jonassen
Co-expression network analysis identifies
modules and genes relevant for molting and
development in the Atlantic salmon louse
(Lepeophtheirus salmonis)
Molting, the shedding and replacement of the
exoskeleton, is a crucial developmental process in Arthropods. Finding new anti-parasitic
strategies and drug targets for managing
salmon lice is increasing demand. To accomplish this, we require a deeper understanding of
the molecular players that drive developmental processes, such as molting, in the parasite.
However, the parasitic lifestyle of the louse
impedes performing functional studies by
RNA-interference mediated gene knock-down
(RNAi) to identify such candidates. Unlike in
model organisms, whole-genome screens are
impractical. The characterization of develop-
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mental processes by high-throughput
sequencing has recently gained traction in the
salmon louse. Here, we describe an approach
to identify novel candidate genes by gene
co-expression networks (GCN) by reanalyzing
a developmental whole-transcriptome shotgun
time-series dataset. We combined GCN
analysis, annotated traits, and external annotation from public databases to find relevant
modules and hub genes within our networks.
We propose high-scoring candidates such as a
RAB1A-like GTPase and FOXO-like transcription factors. We used RNAi to assess our
findings, and knock-down of the RAB1A-like
gene was lethal. We propose that our rational
GCN-based approach has a higher phenotypic
success rate than historical gene prioritization
has had and could help guide future target
selection.
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Bjarne Gjerde, Senior scientist, Nofima, Rothamsted Research, Bencmark Genetics, NORWAY
Aleksei Krasnov, Lene Sveen, Mike Birkett, Sarah Foster, John Caulfield, John-Erik Haugen, Olafur
H. Kristjansson, Nicholas Robinson
A random sample of 1+ smolts (~100 g) from
50 nucleus families of Benchmark Genetics
were infected with salmon lice (Lepeophtheirus
salmonis) copepodids in two replicate tanks
(90 fish/tank) at VESO Vikan, Norway. A
sample of skin mucus was obtained from all
the fish fifteen days pre-infection (day -15)
and from a random sample of 30 of the fish
(that were killed) from each tank seven days
prior to the lice infection (day -7). Eleven days
post-infection (day +11) the lice count per fish
was obtained from all the fish, while a skin
mucus sample was obtained from a random
sample of 30 of the fish (that were killed).
Similarly, eighteen days post-infection (day
+18) lice count and a skin mucus sample was

obtained from each of the 30-remaining fish
per tank. The average lice count per fish was
19.3 (SD=13.1) at day +11 and 15.9 (SD=5.9)
at day +18. The mucus samples obtained
pre- and post-infection from seven of the fish
with the highest lice count and the seven fish
with the lowest lice count at day +11 and day
+18 are being screened for semiochemicals
with association to lice infection; after which
all the collected mucus samples will be analyzed for the most promising of these semiochemicals. Estimated associations between
these semiochemicals and the lice counts at
day +11 and day +18 will be presented at the
meeting.
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Identification of semiochemicals associated
with resistance of Atlantic salmon to the salmon
lice and assessment of their effects on lice
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Molecular responses of salmon
lice to reduced salinity
Andreas Borchel, Researcher, University of Bergen, NORWAY
Frank Nilsen
Freshwater is used as a salmon louse treatment. At the same time, lab experiments show
that adult salmon lice can survive in fresh
water when attached to a fish or in brackish
water without a host for several days.
We analyzed the molecular adaptation mechanisms that allow salmon lice to cope with
sudden reductions in environmental salinity.
We used molecular biology methods like
RNA-sequencing and quantitative PCR to
measure the expression of salmon lice genes
upon brackish- and freshwater treatment.
We could identify several candidate genes
that react strongly to a reduction in salinity.
Several of these genes were functionally
analyzed by RNAi-mediated gene knockdown,
evaluating their importance in osmoregulation.
We studied the expression of these genes
in the earliest (eggs) and latest (adults) life
stages of the salmon louse and found many
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parallels in the reaction to reduced salinity
between the life stages. Even the unhatched
embryos react to their environment by modifying their gene expression.
Additionally, we could show that the egg
strings which contain the eggs offer a certain
level of protection against the detrimental
effects of brackish and freshwater treatments
compared to naupliar stages. While freshwater
kills hatched nauplii within minutes, embryos
within egg strings can tolerate freshwater for
at least an hour.
Finally, we used artificially modified seawater
to understand the proximate cause for the
observed gene regulation in response to low
salinity. Thereby, we could exclude most ions
present in natural seawater as causative
agents of the hyposalinity response.
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Kiranpreet Kaur, Scientist / Director R&D salmonids, Norwegian University of Life Sciences
(NMBU), NORWAY
Lucien Rufener, Anouk Sarr, Stian M. Aaen, Tor E. Horsberg
Nicotinic acetylcholine receptors (nAChRs)
are ligand-gated ion channels mostly located
in the post-synaptic membrane of cholinergic
synapses. The natural neurotransmitter is
acetylcholine. The receptors are indirect
targets for organophosphates like azamethiphos, and direct targets for neonicotinoids like
imidacloprid. Functional nAChRs are homoor hetero-pentameric complexes, consisting
of five homologous subunits arranged around
a central ion channel. In-depth studies on the
function of these channels in arthropods are
sparse, as so far, no groups managed to reconstitute functional nAChRs made of subunits
using genes only from the target arthropod.
The current study aimed to fill this crucial
void by obtaining the successful assembly
of non-hybrid, fully functional nAChRs using
only genes from Lepeophtheirus salmonis, to
characterize these receptors and study their

modulation. Genes encoding α and β subunits
of the nAChRs and three ancillary proteins,
RIC-3, UNC50 and UNC-74 were identified
in the L. salmonis genome, subjected to
RACE-PCR, cloned into an expression vector
and the cRNA produced was then injected into
Xenopus laevis oocytes. We demonstrated
that fully functional, non-hybrid nAChRs from
an arthropod could be reconstituted in Xenopus laevis oocytes and this was only possible
with co-injection of genes encoding ancillary
proteins. These results will significantly
improve the current ways of obtaining nAChRs
from arthropods, with a switch from hybrid
nAChRs to species-specific native nAChRs,
and would be valuable tool for in-depth studies
on effects by neonicotinoids and other compounds on target pests, as well as for studies
of adverse effects on non-target arthropods.
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Nicotinic acetylcholine receptors in salmon lice
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Genetics and Genome session

Alteration of the gene expression
in the skin of Atlantic salmon after
experimental down-regulation of a
salmon louse salivary gland protein
Christiane Eichner, PhD, University of Bergen, NORWAY
Aina-Cathrine Øvergård
A mild inflammation of the skin in response to
salmon louse (Lepeoptheirus salmonis) is seen
in susceptible salmonids like Atlantic salmon
(Salmo salar), but this response is not sufficient to remove the lice. It has therefore been
postulated that secretory products are important to down modulate immune responses to
enable the salmon louse to infest susceptible
hosts. We have identified various proteins from
the salivary gland of the lice, which could be
important in immune suppression, and through
functional studies we have identified one gene
that seems to be of high importance called
Lepeoptheirus salmonis labial gland protein
2 (LsLGP2). By RNA sequencing, the skin gene
expression of the salmon under the lice and
away from the lice was measured, and differences in the level of immune related genes
in response to control lice and LsLGP2 knock
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down lice were investigated. While non-attachment site resembles the skin of fish not
infested with salmon louse, a large number
of genes is expressed differentially between
attachment site and non-attachment site.
Down-regulating LsLGP2 changes the expression pattern of a few hundred genes in the
salmon’s skin compared to infestation with
control lice, leading to a stronger immune
response underneath the lice. These are
among others inflammatory cytokines and
cytokine-receptors, cell adhesion molecules
of cells belonging to the immune system, and
phagocytosis promoting receptors. Although
this is still not sufficient to reject lice, it shows
that LsLGP2 is likely to contribute to the
suppression of the immune response in the
skin of Atlantic salmon.
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Armin Sturm, Senior Lecturer, University of Stirling, Institute of Aquaculture, SCOTLAND
The control and prevention of salmon louse
(Lepeophtheirus salmonis) infestations
encountered during the commercial mariculture of Atlantic salmon (Salmo salar) increasingly involves co-culture with different species
of cleaner fish that remove ectoparasites.
As these fish are visual feeders, the wide use
of this biological pest control technique could
potentially select for cryptic L. salmonis colour
phenotypes escaping cleaner fish predation.
The present study provides a genetic analysis
of an L. salmonis colour mutation stably
expressed in a strain in culture at the University of Stirling. Mutants are characterised
by a transparent appearance, pigmentation
deficits in eyes and chromatophores. PacBio
single molecule real-time (SMRT) sequencing
was used to generate a 632.1 Mb chromosome-level L. salmonis genome assembly
containing 17,100 predicted protein-coding

genes. Following double-digest restriction
associated DNA sequencing (ddRAD-Seq)
of mutant and wild colour lice derived from a
crossing experiment, a genome-wide association study (GWAS) of single nucleotide polymorphisms (SNPs) for the colouration deficit
phenotype was performed, which identified
two genome regions containing significantly
associated markers. The L. salmonis genome
was scanned for homologues of fruit fly genes
involved in the biosynthesis and subcellular
trafficking of ommochromes, a class of
arthropod pigments derived from tryptophan.
An L. salmonis homologue of the tryptophan
transporter karmoisin mapped to one of
the above genome regions and was found to
contain a missense mutation homozygously
present in colour mutants. Heterozygous
animals showed a wild-type colouration
phenotype.
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A chromosome-level genome assembly
reveals the genetic basis of a
Lepeophtheirus salmonis colour mutant
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CrispResist with NoLice: Developing
tools for boosting Atlantic salmon
host resistance to sea lice
Nick Robinson, Senior Scientist, Nofima and The University of Melbourne, AUSTRALIA
Robledo D., Krasnov A., Gjerde B., Sveen L., Østbye T-K., Dagnachew B., Kurian D., Bron J.,
Monaghan S., Dempster T., Phillips B., Fast M., Braceland M., Mohammed H., Birkett M., Lillehammer
M., Haugen J-E., Caulfield J., Foster S., Fields D.M., Skiftesvik A., Browman H., Kettunen A., Rye M.,
Baranski M., Ritchie G., Aslam L., Difford G., Doeschl-Wilson A., Norris A., Skugor S., Bui S., Tengs
T., Coates A., Ruiz-Daniels R., Salisbury S., Gulliksen S., Burgerhout E. and Houston R.
Atlantic salmon are susceptible to sea lice
infection, however substantial genetic variation in resistance exists within farmed Atlantic
salmon populations. Certain Pacific salmon
species (e.g. coho) are highly resistant to
sea lice and can kill lice in the early stages
of parasitisation. There is a need to improve
our understanding of the genetic mechanisms
involved and to develop tools that can be
applied to boost host resistance and reduce
infection or infestation by sea lice. The CrispResist and NoLice projects use the latest
technologies to investigate potential genetic
mechanisms underlying inter- and intra-species variation affecting host resistance to sea
lice and explore how the knowledge derived
could be applied to boost resistance and
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reduce transmission through gene editing,
genomic selection and/or targeted feed treatments. Future application of these genetic
strategies will need to enable concurrent
improvement of other important traits at an
acceptable rate of inbreeding and minimise
the risk of sea lice evolving to overcome the
host resistance. The application of these
genetic technologies and approaches has
potential to improve our knowledge of mechanisms affecting genetic resistance and provide
effective pathways for implementation that
could lead to infection outcomes in Atlantic
salmon more closely resembling resistant
Pacific species, and thus solve the greatest
challenge in the farming of Atlantic salmon.

13 T H | TÓ R S H AV N | 9 -1 3 M AY 2 0 2 2

Helena Marie Doherty Midtbø, PhD Candidate, University of Bergen, NORWAY
Gyri Teien-Haugland, Craig Morton, Gro E. K. Bjerga, Øivind Larsen and Aina-Cathrine Øvergård
Salmon louse (Lepeophtheirus salmonis) has
salivary glands with secretory ducts leading to
the oral cavity of the louse close to the mandible teeth. We have identified and characterized
several proteins that are expressed in the
salivary glands that are most likely secreted
on salmon skin at the infestation site. Some
of these proteins are involved in the host-
parasite interaction, especially one of these
proteins Lepeophtheirus salmonis labial gland
protein 3 (LsLGP3), demonstrated to dampen
the immune response in the mobile stages.
We have produced LsLGP3 recombinantly to
identify which immune cells the salmon louse
salivary gland proteins dampen, and how this
occurs. After 4 hours stimulation with LsLGP3
on primary head kidney leucocytes the relative
mRNA transcript levels of igd, igt, cd8α and
ifnγ decreased. After 20 hours stimulation we

did not obtain a sufficient RNA yield from
the stimulated leukocytes. To determine
if LsLGP3 affects the adaptive immune
response, we isolated primary blood leukocytes from Atlantic salmon and used Fluorescence-activated cell sorting (FACS) to obtain
separate populations enriched for monocytes,
granulocytes, B-cells and T-cells/NCC.
We stimulated the cell fractions with LsLGP3
and measured cell viability. These results
are important to understand more about the
host-parasite interaction between salmon
and salmon louse. By identifying which immune
cells are affected, this gives an indication
of which factors the louse can dampen. This
work can contribute to identify what has to be
edited to produce a resistant salmon and give
insight into whether LsLGP3 is a potential
vaccine candidate.
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Does the salmon louse have an immune
dampening effect on Atlantic Salmon?
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LsNaV1.3-SNP in Norwegian
populations of L. Salmonis
Sine A. H. Hansen, PhD candidate, Norwegian University of Life Sciences (NMBU), NORWAY
Linas J. H. Hauge, Tor E. Horsberg, Marit J. Bakke
In other arthropods, pyrethroid resistance
is commonly associated with mutations in
the Nav gene, which is usually only found as
one genomic variant. The salmon louse harbor
three variants of the NaV gene. No resistance-related SNPs have been detected in two
of them, whereas one non-synonymous SNP
in the Nav1.3 has previously been identified.
To further investigate the contribution of this
SNP to resistance, 125 individuals from 14
different field and lab populations in Norway
and one from the Faroe Islands, were investigated by Sanger sequencing. In general, the
SNP was not found in the sensitive popula-
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tions, whereas it was observed in some, but
not all, of populations with reduced sensitivity.
Thus, this SNP cannot be the sole cause
of pyrethroid resistance, although some
contribution cannot be ruled out. Pyrethroid
resistance in the salmon louse is maternally
inherited and several non-synonymous SNPs
in the mitochondrial (mt)DNA has previously
been associated with resistance. Follow-up
studies are therefore in progress to screen
for SNPs in Nav1.3 together with mtDNA in
copepodites from field populations with
established sensitivity, to further shed light
on their relative contribution.
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Nadezhda Lekanova, Senior Engineer, Norwegian University of Life Sciences (NMBU), NORWAY
A good transcriptome is an important tool to
study which cell processes occur at a specific
time in an organism. The currently available
transcriptomes for Lepeophtheirus salmonis
are mainly based on in silico predictions from
genome sequencing data. In addition, de novo
transcriptomes based on second-generation
sequencing (SGS) data producing short-reads,
have later been created by several groups.
Disadvantages with those strategies are
identification difficulties of gene isoforms and
possible errors with short-reads assemblies,
like repetitive sequences and gaps in sequencing coverage. Third generation sequencing
has opened a possibility for long-read single
mRNA-molecule sequencing. Using this technology, we have created a full-length de novo
transcriptome for salmon lice using the PacBio
platform. One adult female parasite and its

progenies in the copepodite stage were used
for this approach, to cover differences in gene
expression during life stages. The PacBio
technology allows sequencing of each single
mRNA-molecule converted to cDNA several
times without amplification, which can result in
a relatively high error rate and low throughput
compared to SGS. To circumvent these disadvantages, the PacBio results were corrected by
short-read sequencing data using the Illumina
platform, providing a hybrid assembly of
sequencing data from both platforms. By this
hybrid strategy, it is possible to avoid erroneous short-read assembly problems, identify
novel full-length splice variants, even when
they are many kb long or show a low expression, and create a high-quality transcriptome
that can be a valuable resource in further
salmon lice research.
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A de novo full-length mRNA transcriptome
for Lepeophtheirus salmonis
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Non- Medicinal Treatment session

Traveling resistance: rapid development
and dispersal of lice resistant to delousing
agents throughout the north Atlantic
Helene Børretzen Fjørtoft, PhD-student,
Norwegian University of Science and Technology (NTNU), NORWAY
Traveling resistance: rapid development and
dispersal of lice resistant to delousing agents
throughout the north Atlantic
For three decades, medical treatment was the
most important tool to combat sea lice in
open cage aquaculture. However, one by one,
the chemicals lost their effect as salmon lice
lost sensitivity, and then became resistant.
Interestingly, this pattern was observed in
geographically distant regions of intensive
aquaculture throughout the north Atlantic. The
discovery of genetic markers for organophosphate and pyrethroid resistance enabled us to
map development and dispersion of resistance
in both time and space. We did this by genotyping more than 10 000 lice collected from
the entire North Atlantic, from wild and farmed
hosts, and spanning three decades in time.
Our analyses demonstrated resistance to
organophosphates in lice sampled from
the entire North Atlantic, while resistance
to pyrethroids only was found in lice from
the European side. From the reintroduction
of these two compounds around 2008, the
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frequency of resistant lice in the samples
increased dramatically in almost all regions.
In the most intensive aquaculture areas,
almost all sensitive lice were eradicated,
leaving only resistant lice. In samples from
wild sea trout from Norway, there were no
statistical differences in the frequency of
resistant lice compared to samples from fish
farms within the same regions, indicating
that farmed and wild salmonids within a fjord
cross-infect each other continually. Wild
Atlantic salmon returning from ocean migrations also carried resistant lice, and may
therefore act as vectors of resistant lice to
new areas also outside farming regions. This
was supported by the finding of resistant lice
in areas where no chemicals have been used.
Extensive multi-resistance was also observed.
These extensive analyses clearly demonstrate
that this parasite rapidly develops resistance
to delousing agents, and, that resistance is
dispersed effectively among countries and
regions. Therefore, management of resistance
development needs to be conducted on an
ocean-wide scale.
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Daniel Jimenez, Veterinarian, Aquabench SA, CHILE
Joel Leal, Alejandra Morales, Isabel Pineda, Aldo Cariman, Natalia Moraga, Daniel Woywood
Use of peroxide became popular in Chile after
2018 following a marked loss of sensitivity
to azamethiphos. Since then, the volume
of peroxide treatments has increased more
than a 50-fold and it is currently the preferred
pharmacological for the control Caligus rogercresseyi in large fish. However, resistance is
an issue of great concern as peroxide has
been used in Chile for more than a decade
and resistance to hydrogen peroxide has been
previously reported in the Northern hemisphere. For this reason and to delay resistance,
80% of companies in Chile have agreed to a
minimum dose and exposure times in peroxide
bath treatments. In this study, we have
assessed the effectiveness of bath treat-

ments against all Caligus stages from indi
vidual pens by comparing the counts of Caligus 24 hours before and 24 after treatment.
We have observed spatial differences in
hydrogen peroxide effectiveness and studied
its relationship with treatment frequency
and bioassay sensitivity. Results showed that
despite some loss of sensitivity, the effectiveness of peroxide against adult stages has
remained above 85% for the last two years.
We found differences in the spatial pattern of
treatment effectiveness which was positively
associated with the frequency of treatments.
Peroxide is a good and sustainable alternative
for the control of Caligus rogercresseyi.
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Spatial heterogeneity in the distribution
of the effectiveness of peroxide
bath treatments in Chile
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Monitoring sensitivity of Caligus
rogercresseyi to lufenuron through
larval bioassays: preliminary results
Sandra Marín, Professor of Instituto de Acuicultura, Instituto de Acuicultura,
Universidad Austral de Chile, Puerto Montt, CHILE
Marín, S.L., Mancilla, M., Lopez, J.P., Friton, G., Rodríguez, J.F., Macdonald, A.M.
IMVIXATM (lufenuron) has been licensed since
2016 in Chile for prevention and control of
Caligus rogercresseyi on salmonids, with a
mode of action inhibiting chitin synthesis and
interrupting molting of parasitic louse stages.
There is currently no established in vitro
protocol to monitor the sensitivity of sea
lice to the benzoylphenyl urea compounds
(teflubenzuron, diflubenzuron, lufenuron or
hexaflumuron). Thus, the objective of this
study was to develop such a bioassay targeting the free-living stages of the parasite
which can be sustained through molts in
vitro. An initial experiment exposed Nauplius
I individuals to one of six lufenuron concentrations or an untreated control (NC) for 24hrs.
Parasite response was evaluated after exposure and at the time when the NC reached
the copepodid stage. Tested concentrations
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affected the two molts, but EC50 could not
be estimated. A second experiment evaluated
a NC and ten new nauplii exposure protocols
(modified duration of 2 or 24 hrs, and/or exposure concentrations) and collected images
of NC and exposed individuals by optic and
scanning microscopy. Results suggested that
two of the eleven protocols were successful
in calculating an EC50 endpoint and could
be considered to monitor sensitivity of C.
rogercresseyi. Changes in body shape,
pigmentation pattern and absence of antenna
were additionally observed in exposed individuals indicating the chitin of exposed individuals may have structural damage. Future work
will perform six additional bioassays to assess
repeatability and select a final bioassay
protocol for proposed use as a tool for monitoring sensitivity of C. rogercresseyi.
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Linas J.H. Hauge, Veterinary student, Norwegian University of Life Sciences (NMBU), NORWAY
Marit J. Bakke, Tor E. Horsberg
Excessive use of insecticides has caused
salmon lice to become increasingly resistant
against many compounds. The current diagnostic methods are bioassays using preadult
and adult parasites, and molecular methods.
In this study we aimed to develop a new
bioassay method to evaluate the effects
of pyrethroids and other compounds on the
copepodite life stage. A bioassay using
microplates was developed to test multiple
compounds at the same time. Approximately
ten copepodites were used per concentration,
the total volume per well was 350 µl. Copepodites from a sensitive lab strain were subjected
to twofold dilutions of 11 different pyrethroids
and were after 24 hours classified as either
mobile or immobilized. A dose-response curve
was generated based on the relationship

between the fraction of immobilized copepodites and the dose. Fluvalinate was selected as
a suitable candidate to differentiate between
sensitive and resistant strains of lice because
of its high potency and narrow confidence
intervals for the response. Two strains of wild
salmon lice from the coast of Trøndelag and
Troms were subjected to a twofold dilution
series of fluvalinate, and a resistance ratio was
calculated. The copepodites from Troms were
38 times more resistant against fluvalinate
than the sensitive laboratory strain. To better
separate live and dead parasites, Neutral red,
which stain living copepodites red, was added
to the bath treatment after 24 hours of pyrethroid exposure. The staining confirmed that
the copepodites were indeed only immobilized
and not dead, as they were stained red.
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Bioassays in microtiter plates
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The electrophysiological properties
of salmon lice ion channels and drug
exposure – a frog eggs view
Marit J. Bakke, Associate Professor, Norwegian University of Life Sciences (NMBU), NORWAY
Sine A. H. Hansen, Nadezhda Lekanova, Tor E. Horsberg
Ion channels, responsible for rapid transfer
of electrical signals in living organisms, are
targets for more than 700 drugs in human and
veterinary medicine. Traditional anti-lice drugs
such as deltamethrin and emamectin benzoate
act directly on sodium and chloride channels,
respectively. Azamethiphos has an indirect
effect on synaptic transmission via another
group of sodium channels, which is also the
direct target for imidacloprid, newly approved
as an anti-lice substance. Traditionally, drug
sensitivities in salmon lice have been tested
with bioassays. The underlying mechanisms
have largely been explained by the modes of
action described in other arthropods or mammals, without further examination in salmon
lice. Recent understanding of deltamethrin
resistance in L. salmonis challenges the direct
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adaptation of such mechanisms for drugs
in use. In addition, there might be alternative
compounds with greater effect, or ion channels more suitable as drug targets yet to be
described.To evaluate the effect of pharmacologically active substances on ion channels,
species specific genes of these channels can
be injected into frog (Xenopus laevis) oocytes,
where they are translated to functional channels on the cell membrane. With two electrode
voltage clamping, the electrophysiological
properties of the over-expressed ion channels
can be tested with normal stimulation (ligand
or voltage), in addition to effects of a large
panel of agonists and antagonists. What can
the frog eggs tell us about the mode of action
of available anti-lice drugs and the potential
of other ion channels as drug targets?
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Anna S. Båtnes, Researcher, Norwegian University of Science and Technology (NTNU), NORWAY
Sondre S. Hansen, Cecilie Miljeteig, Mikael H. Furberg, and Yngvar Olsen
Exposure to freshwater is used as a delousing
method where the salmon are kept in fresh
water in wellboats for up to 10 hours. Fresh
water treatment is a promising delousing
method as alternative to medicinal treatments. However, as delousing is a highly
effective selection process, it has been
suggested that salmon lice potentially could
increase their tolerance towards freshwater,
as observed for medicinal treatments. It has
also been questioned if an increased tolerance
could be heritable to offspring. In this project
we collected egg strings at set time intervals
through freshwater treatments (before treatment, 2h, 4h and 6h exposure) at three separate locations and hatched them in individual
containers in the laboratory with flow-through
water. Number of mobile and immobilised
individual larvae was registered through
development. Salinity tolerance of the

copepodites (F1 generation) was assessed
using a bioassay testing mobility after
exposure to 10 salinity levels, ranging from
32 to 2 ‰. Furthermore, the copepodites
(F1 generation) were used to infest salmon
in the laboratory facilities and were allowed
to develop to adults, producing egg strings
(F2 generation). These eggstrings were collected and hatched, and salinity tolerance was
assessed using the bioassay protocol used for
the F1 generation. The salinity tolerance over
time was then compared during delousing and
between F1 and F2 generations to investigate
whether freshwater tolerance had increased
and if this in case may be heritable. Preliminary
results suggest that egg strings collected
after 4 h treatment time had very limited
hatching and development, and those
collected after 6 h did not hatch.
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Non- Medicinal Treatment session

Investigation of potential increased
tolerance to low salinities in salmon
lice (Lepeophtheirus salmonis) as a
consequence of freshwater delousing
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Sea lice (Lepeophtheirus salmonis and Caligus
elongatus) during freshwater treatment.
Maria Guttu, PhD student, Institute of biology, Norwegian University of Science and Technology
(NTNU), NORWAY
Maria Gaasø, Anna Solvang Båtnes, Yngvar Olsen
Delousing by freshwater is a method used
by the salmon industry to remove sea lice.
The knowledge on the effects of freshwater
treatment on the sea lice is limited, and a field
study was conducted to assess the results of
the freshwater delousing method undertaken
on a specially designed well boat. The numbers
of parasitic sea lice (L. salmonis and C. elongatus) were registered at five sampling points
during freshwater treatments lasting for
approximately 10 hours: during crowding of
the salmon in the net pens, three samplings
in each well during the treatment time, and
during the unloading of salmon to cages.
C. elongatus (all stages combined) and L.
salmonis eggstrings showed the fastest
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reduction rate with a total reduction of 99.6 %
and 97.9 %, respectively. L. salmonis adult
females and males showed the lowest reduction compared to the other lice stages with
77. 7 % and 89.5 %, respectively. The overall
reduction of total numbers of L. salmonis for
five replicate treatments was 86.3 %. A very
limited reduction was found for L. salmonis
beyond 5 hours treatment. The mechanical
effect caused by crowding, pumping and
grading may cause the louse to detach from
the salmon and these processes may have
contributed to parts of the rapid initial
decrease in lice numbers. There is a further
need for investigating mechanisms and variation in freshwater tolerance for the parasitic
sea lice and their fate after being removed.
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Patrick Pageat, Professor Titular of the Chair of Ethology and Animal Welfare,
IRSEA – E.I. Purpan, CHILE
Asproni P., Bienboire-Frosini C., Chabaud C., Teruel E., Cozzi A.
In 2014, we have described the effects of
a salmon nest semiochemical, SCAIS (Sealice
Copepodits Attachment Inhibiting Semiochemical), to reduce the infestation by Lepeophtheirus salmonis copepodits. The present
study was conceived to compare the number
of attached copepodids between 4 groups of
8 smolts: smolts with altered olfactory system
(AOSS) non-treated, AOSS treated with SCAIS,
non-altered olfactory system smolts (NAOSS)
non-treated, NAOSS treated with SCAIS.
This controlled trial was performed using the
procedure published by Delfosse et al. (2017).
The AOSS fish were obtained by administering
0.5 ml of zinc sulphate/procaine solution
in each nostril of anesthesized fish. After
exposition to copepodits (60 per fish), the
smolts were euthanized and the attached
copepodits counted. The nasal cavities were
placed in formalin for histological, to assess

the severity of the lesions, scored from level 0
(no lesion) to level 3 (full destruction). Data
were analyzed using 9.4 SAS. The significance
threshold was 5%. The parameters “Lesions”
and “Lesion score” will be compare between
NAOSS and AOSS without consideration of
SCAIS. Regarding the lesions, a significant
difference is observed between AOSS and
NAOSS (p<0.0001). Regarding the number of
copepodits, there was no difference between
AOSS treated and not-treated groups but
significantly less copepodits attached on
NAOSS treated compared to not-treated
group (p=0.024). Such data suggest that
the effects of SCAIS, is mediated by the
activation of chemical receptors located in
the olfactory mucous. Such result leads to
consider SCAIS as a pheromone and to prefer
the denomination SNAP (Salmon Nest
Appeasing Pheromone).

61

Non- Medicinal Treatment session

Efficacy of SCAIS as inhibitor of infestation
behavior of Lepeophtheirus salmonis
copepodid in Atlantic salmons (Salmo
salar) with altered olfactory system.
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The Salmon-Nest-Appeasing-Pheromone (SNAP)
effects on skin mucous cells development
Pietro Asproni, Head of Department, IRSEA (Research Institute in Semiochemistry
and Applied Ethology), CHILE
Violaine Méchin, Cécile Bienboire-Frosini, Camille Chabaud, Marion Boutry, Eva Teruel,
Estelle Descout, Alessandro Cozzi, Patrick Pageat
The salmon louse (Lepeophtheirus salmonis)
has a heavy impact on salmon aquaculture.
In previous works, we proved that the exposure
to the intraspecific semiochemical SNAP
(Salmon-Nest-Appeasing-Pheromone)
reduced lice infestation in Atlantic salmon.
The present study was conceived to explore
the SNAP effects on skin mucous cells development to better understand the mechanisms
at the base of SNAP-induced lice infestation
reduction. A controlled trial was performed
during 6 days on two parallel groups, in which
the tank was the experimental unit (3 tanks/
group; 25 salmon smolts/tank). From each tank,
1 salmon was humanely euthanized before
SNAP administration (T0), 1 hour (T1h), 3 (T3d)
and 6 days after (T6d), and skin biopsies were
sampled in the head, back, fin and tail zone.
To better explore mucous function, also histo-
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logical samples from the pyloric caeca and
midgut were collected. Samples were routinely
processed and stained in Alcian Blue (AB) to
count mucous cells, to measure their size and
AB positivity in treated and control salmon.
The statistical analysis revealed that the
number of skin mucous cells/mm2 (p=0.049)
and skin AB positivity percentage (p=0.0058)
significantly increased in SNAP group compared to controls. Concerning midgut samples,
the SNAP group tended to have a higher AB
positivity percentage and more mucous cells/
mm2 (p=0.0809). Moreover, midgut and pyloric
caeca cells tended to be larger than in controls
(p=0.0809). Our data suggest that SNAP
administration may activate mucous cells
development and mucous production, a
mechanism that could be at the base of the
SNAP-induced reduction of lice infestation.
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Cécile Bienboire-Frosini, Head of research department, IRSEA (Research Institute
in Semiochemistry and Applied Ethology), CHILE
Camille Chabaud, Pietro Asproni, Guillaume Vinck, Violaine Méchin, Eva Teruel, Estelle Descout,
Lucie Pageat, Alessandro Cozzi, Patrick Pageat
Salmon lice (Lepeophtheirus salmonis) causes
severe damage to Atlantic salmon (Salmo
salar) aquaculture in the Northern hemisphere.
We previously demonstrated that Atlantic
salmon exposed to the intraspecific semiochemical SNAP (Salmon-Nest-Appeasing-Pheromone) were less infested by lice.
This study aimed to investigate the SNAP
mechanisms of action that cause sea lice
attachment reduction. A 6-days controlled
trial was performed on two parallel groups,
the experimental unit being the tank (3 tanks/
group; 25 salmon smolts/tank). Skin and mucus
parameters were studied as they are at the
parasite-fish interface: mucous total protein
concentration, mucous global enzymatic
profiles using the API-ZYM® system, and
mucous specific enzymatic activities of
phosphatase alkaline, β-galactosidase,
peroxidase, and chitinase. Transcriptomic
analyses (RNA-Seq) of skin samples were also
performed. About mucus composition, total
protein concentrations tended to be lower in

SNAP-treated salmon (p=0.0809) and assessment of global enzymatic activities showed
a trend on the Naphtol-AS-BI-phosphohydrolase activity, higher in SNAP-treated salmon
(p=0.1000). Phosphatase alkaline and β-galactosidase activities tended to decrease in
the SNAP group 1h after the treatment application (p=0.0809). In SNAP-treated salmon,
descriptive data also showed a decrease in
peroxidase activity and an increase in chitinase activity after the treatment application,
compared to their baselines. RNA-Seq analyses revealed that, in the SNAP group, several
genes involved in the immune system and
the locomotion were overexpressed, whereas
peroxiredoxin and several genes involved
in lipid and carbohydrate metabolism were
underexpressed. Despite the low number of
experimental units, these preliminary results
suggest interesting hypotheses on the mechanisms of action of the intraspecific semiochemical SNAP.
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The intraspecific semiochemical SNAP
(Salmon-Nest-Appeasing-Pheromone)
influences the skin gene expression and
mucus composition of Atlantic salmon
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Comparing mechanical and thermal
delousing methods: effects on salmon lice
(Lepeophtheirus salmonis) hatching success
Cecilie Miljeteig, Researcher, Norwegian University of Science and Technology, NTNU, NORWAY
Mikael H. Furberg, Anna S. Båtnes, Sondre S. Hansen, Yngvar Olsen
The aquaculture industry performs delousing
operations with different methods, effects and
cost. The most used non-medicinal treatments
are mechanical, where the lice are removed
by either brushing or flushing the lice off the
salmon, and thermal delousing, where the
salmon is exposed to warm water (28-34 ºC)
causing disengagement of the lice. However,
as delousing treatments are not 100% effective, some lice will remain attached to the
salmon throughout the treatment. The aim of
this study was to investigate the potential of
re-infestation of salmon lice larvae hatching
from egg strings that have been through
these types of treatments. Egg strings were
collected from adult female salmon lice
attached to salmon before and immediately
after delousing treatments, as well as from lice
that disengaged during treatment. The egg
strings were hatched in individual containers in
a flow-through laboratory system. The number
of eggs in the egg strings were estimated,
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and number of active and inactive larvae were
determined for the nauplii and the copepodite
stages. The number of larvae were compared
between groups (before and after delousing,
and lice dislodged by treatment) and between
types of treatments (mechanical and thermal).
Preliminary results show high hatching success
in egg strings that have been through both
types of treatments (average 58-67%).
For mechanical treatments, there was no
significant difference in the survival to the
copepodite stage between before and after
treatment. However, for thermal treatments,
the survival to copepodite stage was lower
for egg strings sampled after treatment when
compared to the egg strings sampled before
treatment. Nonetheless, the survival to
copepodite stage was high (average 40-58%)
for both types of treatments, indicating a
potential for rapid re-infestation from salmon
lice that remain attached throughout the
treatment.
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L. Geitung, Postdoc, Institute of Marine Research, NORWAY
Tina Oldham, Samantha Bui, Luke T. Barrett and Frode Oppedal
Depth-based prevention technology reduce
salmon lice infestation on farmed salmon by
exploiting the lice copepodites position in the
upper part of the water column to minimize
contact between salmon lice and their hosts.
While the effects of these prevention technologies can be significant, there are instances
where copepodites occur deep enough to
bypass their barriers and infest salmon.
Treatment in these cage types are often more
strenuous and time consuming, thus finding
effective options for continuous removal of
lice in these cage types would be beneficial.
At a commercial farm on the west coast of
Norway optical lasers were used in combination with a preventive method where laser
nodes were deployed in 3 out of 6 cages. Using
optical lasers in combination with 16 m deep

snorkel cages for 54 days during winter did not
lower the infestation density of mobile salmon
louse stages compared to snorkel cages
without laser nodes installed. For the continuation of the trial cleaner fish were added to
cages without lasers and preliminary results
show no clear difference between cages with
cleaner fish and cages with optical lasers.
In a commercial trial ending in February,
cleaner fish have been stocked in 3 out of
6 snorkel cages (20 m deep) to observe their
welfare, behaviour and lice-eating efficiency
throughout the year. Spatial overlapping
between salmon and cleaner fish is important
to increase lice-eating events, therefore
PIT-antennas are used to observe depth
distribution of both cleaner fish and salmon
in snorkel cages. Results will be presented.
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Use of cleaner fish and optical laser
in combination with depth-based
prevention (snorkel sea cages)
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The influence of biofouling on lumpfish
welfare and cleaning efficacy
Kirstin Eliasen, Biologist (PhD), head of department, Fiskaaling, FAROE ISLANDS
Since late 2015 Fiskaaling has been conducting monitoring of lumpfish used as cleanerfish
in the Faroese salmon farming industry. More
than 17,000 lumpfish have been examined so
far. On each sampling day 10 lumpfish were
collected from at least six pens. All lumpfish
were weighed and length measured, external
physical damage graded, and after dissection,
stomach content analysed and liver colour
scored. During sampling, the nets of the pens
were graded into one of four categories, i.e.,
clean, light biofouling, occasional macroalgae
and heavy with macroalgae.
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Here we present the influence biofouling
seems to have on lumpfish welfare regarding
external physical damage such as skin, eye
and tail lesions, as well as on the nutritional
condition of the lumpfish indicated by the
colour of their liver. As well as the influence
biofouling might have on the lumpfish diet,
and to what degree biofouling might influence
their cleaning efficacy, i.e., the proportion
of lumpfish with sea lice in their stomachs in
relation to the biofouling grade of the pen.
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Ása Johannesen, Researcher (PhD), Fiskaaling, FAROE ISLANDS
Lumpfish have been used as cleaner fish
in salmon farming for almost a decade, yet
very little is known about their behaviour and
why they clean salmon. One hypothesis is that
lumpfish are opportunistic feeders and therefore will consume salmon lice if they happen
to come across one. This requires behaviour
conducive to encountering salmon lice including boldness, high activity levels and low
aggression. Additionally, due to the seasonal
variability of prey, we expect that lumpfish
hatched in different seasons also vary in their
behaviour including cleaning. Here, we studied
the personality of lumpfish in order to understand how different coping styles might
contribute to louse consumption. Lumpfish

hatched between February and August were
sampled in batches of 50 and tested for
baseline activity levels and the appearance
of any behavioural syndromes. Lumpfish had
highly repeatable activity levels and those fish
with higher activity levels also responded to
behavioural test stimuli in more active ways
than other fish. Part of the variation in baseline
activity levels could be explained by month
of likely hatch. No behaviours correlated with
each other to form behavioural syndromes
and this includes louse consumption, which
did not correlate with any other behaviour. This
indicates that while some lumpfish were active
and not aggressive, these fish did not have
a greater inclination to consume lice.
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Personality assessment as a predictor
of cleaning behaviour in lumpfish
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Delousing behavior of ballan wrasse
(Labrus bergylta) studied by a sea lice
model in commercial sea cages
Håvard Kaland, PhD, Norwegian University of Science and Technology, (NTNU), NORWAY
Grete Hansen Aas, Trond Amundsen, Lars Christian Gansel and Stig Atle Tuene
havard.kaland@ntnu.no
The management of sea lice is one of the
major challenges in the farming of Atlantic
salmon in Norway.
Different methods are in use to remove sea
lice from farmed salmonids during the growout phase in the sea, including mechanical,
chemical and biological treatments. The use
of cleaner fish, mainly farmed lumpfish and
ballan wrasse, are considered less stressful for
salmon compared to mechanical or chemical
treatment. Documenting delousing behavior in
commercial sea cages is difficult and includes
several practical challenges. In this study,
we used artificial sea lice models and camera
to examine the delousing behavior of farmed
ballan wrasse (Labrus bergylta) in commercial
sea cages during summer and autumn 2021.
Artificial sea lice dummies, 11-12 mm in length,
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and 26-27 mm total length including eggstrings, were attached to fixed positions on
a dead salmon and placed within a sea cage.
A go-pro camera placed above the salmon,
facing downwards, was filming continuously for
one hour. A total of 74 hours of video recordings from three different cages were analyzed,
for behaviors of ballan wrasse categorized as
“inspection” and “bite”. Inspection of salmon
occurred more often than bite on lice, and
ballan wrasse was also observed biting on
the dead salmon. This experimental model
allowed us to use a non-invasive method to
study cleaner fish behavior and can be used
to investigate how different environmental
factors impacts cleaner fish behavior. Results
are under processing and will be presented
in detail.
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Anthony Chen, Co-Founder and CEO, Manolin AS, NORWAY
It’s becoming more expensive to farm salmon,
and sea lice mitigation is a main contributor to
rising production costs. Strict de-licing strategies, often driven by regulatory pressure, are
causing fish welfare to decline and increasingly
linked to higher mortality rates. Now, farmers
are using smart data management and technology to deploy fewer, more effective treatments in order to save cost and protect fish
health.
This presentation will center on a case study
with an innovative Norwegian salmon farming
company that achieved a 50% reduction in
mortality year-over-year.
The farm had seen a troubling rise in mortalities across its sites after deploying a more
aggressive sea lice strategy. Lice improved,
but fish health and welfare had suffered as a

result. It brought on data services from sustainable aquaculture technology company
Manolin to help understand the core issues.
This process built data pipelines to automatically bring all farm information into one central
platform, which then points to historic trends,
tracks progress, and sends alerts to high-risk
events in real time.
With an upfront investment in digital strategy,
the farm reduced employee labor for reports
and analyses while integrating a more holistic,
data-driven view of farm health into production decisions.
The talk will discuss how to automate data
collection, integration, and analysis, as well as
the potential to predict and benchmark sea
lice treatment efficacy for benefits across the
industry.
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Fish Welfare session

Solving sea lice with data management
and predictive analytics
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Efficacy of single and combined non-medicinal
delousing treatments in a laboratory setting
Sussie Dalvin, Senior Researcher, Institute of Marine Research, NORWAY
Angelico Madaro, Jonatan Nilsson, Lars Helge Stien, Samantha Bui
With the paradigm shift away from chemotherapeutant treatments to control sea lice in
salmon farms, there have been a number of
methods developed to acutely remove lice on
fish at commercial farm sites. Among these
include applying mechanical disturbance,
exposure to heated water for short durations,
or exposure to freshwater for longer periods.
We conducted a study in the tank environment
to directly compare these methods in their
delousing efficacy, and impact on fish welfare.
Delousing methods tested included 28°C or
34°C thermal exposure for 30 sec, mechanical
disturbance, and a 20h freshwater bath. These
were applied individually and in combinations
of two or three methods, and included negative and procedural controls. Salmon underwent delousing while harbouring sessile, preadult, and adult stages. Fish were assessed for
lice abundance and welfare status (using the
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FISHWELL scoring system) before, 24h, and 3
weeks after treatment. Blood plasma was
sampled to determine any short- or long-term
effects of delousing methods. Efficacy in
removal of lice stages and influence on welfare
indicators were compared among treatments;
essentially, the singular or combined use of
freshwater exposure was the most effective,
with thermal treatments following freshwater
baths inducing the highest loss of mobile lice
stages. All methods (single or combined) had
similar effects on individual welfare indicators
and overall welfare status, while blood plasma
parameters were also similar among treatment
groups. These results indicate the comparative
delousing effect of these methods under
controlled, experimental conditions, and give
evidence for best practice recommendations
for commercial applications.
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How do medicinal bath treatments fit into the
Integrated Pest Management (IPM) toolbox?
Catrine Smørås, Strategic Sea Lice Manager, Benchmark Animal Health
catrine.smoeraas@bmkanimalhealth.com
Sea lice are one of the greatest challenges
the salmon aquaculture industry faces. The
problem affects not only production, leading
to substantial economic loss for the industry,
but also – and arguably more importantly
– the welfare of both farmed and wild fish.
Highly efficacious, sustainable and welfare
friendly medicinal bath treatments are a key
tool to controlling sea lice as part of an overall
integrated pest management (IPM) plan,
together with biological and non-medicinal
treatments.
Benchmark® Animal Health has strong expertise and a depth of knowledge in providing
solutions for sea lice management. Since
Benchmark® Animal Health was established,
we have supported farmers throughout the
world to manage sea lice utilising our recognised gentle and effective azamethiphos
treatment, Salmosan® Vet.

Following over ten years of R&D, Benchmark®
Animal Health, Norway received Marketing
Authorisation for Ectosan® Vet on 2nd July
2021. The first medicinal bath treatment
to have been introduced to the Norwegian
salmon market in over a decade. Ectosan®
Vet used together with the water purification
system, CleanTreat® – which removes medicines from treatment water before returning
purified water into the sea – has now been
used in Norway since August 2021.
In this talk we will discuss how to maximize the
benefits of efficacious and welfare focused
treatments within the wider framework of
an effective IPM strategy. All whilst having
a focus on the importance of sustainability.
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Prolonged and significant decrease in attachment
and development of sea lice following promicrobial enhancement with Aliivibrio spp.
Kira Salonius, Managing director, Previwo AS, NORWAY
kira.salonius@previwo.no
Studies were conducted to assess if immersion
in microbial baths containing benign Aliivibrio
spp. could be used as a non-medicinal
approach to preventatively control lice infestations. Several laboratory trials were conducted to test the primary objective and we
further evaluated the effect of strain, delivery
method and concentration of microbial
enhancement and the prolonged effects on
lice attachment, development and fitness.
Significant reduction in sea lice attachment
was observed in response to the use of one
pro-microbial application delivered at 5.5
months (60-65%) and for subsequent generations of lice infection allowed to develop, 8.5
months after application (73%). Further, fish
exposed to the Aliivibrio spp. either directly or
by cohabitant housing, had fewer than 5% of
lice maturing out of chalimus stages and egg
strings appeared under-developed at the time
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of counting, whereas 88% of the lice on
un-enhanced fish had fully matured. Whether
a factor of slowed overall development or
developmental impairment, hatching success
of egg strings harvested were reduced by more
than 90% in eggs taken from pro-microbial
enhanced fish. Hatched lice from egg strings
on pro-microbially enhanced fish reared to
the copepodid stage showed a significantly
reduced ability to attach to naïve fish, indicating a negative effect on offspring.
The laboratory results clearly indicate that a
single bath application with pro-microbial
Aliivibrio spp. has high potential as an effective lice control measure. Further verification
of this non-medicinal approach has been
evaluated in large scale commercial field
applications (R. Hanche Olsen, this conference).
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Field experience with pro-microbial
enhancement for lice prevention
Ragnhild Hanche-Olsen, Technical manager, Previwo AS, NORWAY
ragnhild.hancheolsen@previwo.no
StembiontTM is a composition of Allivibrio spp.
approved in Norway for strengthening of skin
health in Atlantic salmon. This non-medicinal,
preventative product is administered to the
fish during the freshwater phase as a dip in
the anesthetic bath prior vaccination or as a
bath as post smolt. As presented by Salonius
(this conference), laboratory challenges with
Lepeophtheirus salmonis have shown 60-80%
lice reduction up to 8 months post StembiontTM administration.
Although laboratory data shows high potential
against lice, testing in large scale is required.
Since commercialising in Jan 2020, 19 sites

have been followed, and of those, 9 have been
monitored that have controlled site reference
groups. In addition, cases have been compared
to neighbouring sites, and historical incidence
of lice infection on the same sites. Overall,
a 30-50% reduction in lice with microbial
enhancement has been seen, especially on
the mature lice. To date, use of pro-microbial
enhancement shows ability to reduce lice
prevalence up to 14 months in post market
surveillance and will be continued to be
assessed. An overview of the field results using
microbial enhancement strategy for lice
control will be presented.
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Lumpfish welfare and nutrition
in on-growing farms
Jessica Di Toro, PhD student, Institute of Aquaculture, University of Stirling/Fiskaaling,
UK/FAROE ISLANDS
Sea lice represents a major damaging parasite
in salmonid aquaculture. In order to assess
the welfare of salmon, Operational Welfare
Indicator (OWI) assessments are carried out
and these include louse counts.
Although the use of lumpfish (Cyclopterus
lumpus), as biological control, offers a green
alternative against sea lice, high mortalities
are reported. The high mortality is mainly
caused by poor health and welfare, infectious
diseases and the lack of optimal nutritional
requirements and tailored diets. This study
aims to assess the welfare status of deployed
lumpfish and identify nutritional deficits in
the feeds through a survey on wild and farmed
populations.
Lumpfish were collected at salmon farming
sites, hatcheries and from the wild. Wild
specimens were collected along the coast,
while pelagic lumpfish were sampled by pelagic
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fisheries and a research survey conducted by
FAMRI (Faroese Marine Research Institute) in
the Faroe Islands. At each sampling, a suite of
morphometric measurements and OWIs were
recorded for each fish, e.g., body condition,
fin damage, sucker deformities, eye integrity,
skin status, liver colour, and stomach contents.
Furthermore, samples such as liver, intestine,
spleen, feeds, and whole fish were collected
for further histopathological analysis and
nutritional analysis.
Preliminary results showed correlations
between histological changes in the liver
and spleen and OWIs, such as eye and skin
damage, and body condition. Lumpfish
deployed in the sea cages displayed a higher
variability in body condition and nutritional
status compared to the ones in the hatcheries
and from the wild, reflecting access to different feeds, preys, and different environmental
conditions in the salmon cages.
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Sussie Dalvin, Senior scientist, Havforskningsinstituttet, NORWAY
Fjelldal PG, Hvas M, Karlsen Ø, Bui S
Norwegian aquaculture production of salmonids is regulated through permissions of
maximum allowable biomass issued by the
governmental authorities, using the ‘Traffic
Light System’ framework. To ensure sustainability, environmental indicators are considered,
and at present, the incidence of salmon lice is
considered the most critical factor. Evaluation
of the level of salmon lice along the Norwegian
coast indicates the risk for wild migrating
Atlantic salmon post smolt. These risk estimates use dose-dependent mortality associated with the number of salmon louse per fish.
Despite this risk estimate being of great
importance to governing regional production,
relatively little data support the risk limits
currently in use. The goal of the present study
was to determine mortality thresholds for
Atlantic salmon using a laboratory set-up
which resembled conditions in nature: small,

newly-smoltified fish were infected with a wide
range of intensities, subjected to sustained
swimming for 48h, and subsequently returned
to tanks for the infection to develop. Fish were
closely monitored to provide information on
mortality and infection parameters (time and
louse intensity). Mortality did not occur before
development of preadults and was closely correlated with lice intensity, whereas migration
had neither positive nor negative effects on
the survival of the fish. Blood plasma para
meters were similar among infection intensities before mortalities began to occur, and
in surviving fish. Mortality thresholds were
calculated for lice intensities both at the
chalimus stages and for the mobile stages.
Validated mortality limits will provide better
management tools and hopefully contribute
to protection of wild Atlantic salmon.
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Wild Fish Interaction session

Mortality thresholds for salmon lice
infections in Atlantic salmon
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Critical lice loadings to protect
wild Atlantic salmon smolts
Stephen C Ives, Researcher in fish health, Marine Scotland Science, SCOTLAND
John D Armstrong, Catherine Collins, Meadhbh Moriarty, Alexander G Murray
Sea lice from salmon farms have been shown
to have a significant negative impact on wild
and farmed salmonid populations, a key factor
in this is the association between infestation
levels of salmon lice on fish and risk of mortality of these fish. Here we aim to quantify, in the
form of threshold concentrations, the direct
impact of lice on Atlantic salmon (Salmo salar)
physiology and mortality through a meta-
analysis of laboratory based experimental
studies where the weight of salmon and lice
loads have been recorded along with the
occurrence of mortality. Using these data lice
g-1 of host fish were calculated for each study.
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From this the lower threshold (T1) estimates
the level at which lice loads cause systemic
sub-lethal effects on smolts likely to impact
performance and medium-term survival .
These effects, such as reductions in cardiac
output and swimming performance, can
increase the chances of other sources of
mortality such as predation as well as increasing the time taken to migrate to their oceanic
feeding grounds. An upper threshold (T2)
was also derived using statistical modelling
combined with a critical loads approach and
identifies the lice load causing direct mortality.
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Lance Stewardson, Registered Professional Biologist, Mainstream Biological Consulting, CANADA
The interaction between wild juvenile salmon,
sea lice and aquaculture in British Columbia
Canada first entered the spot light in 2004.
Since 2003 the marine finfish aquaculture
industry in British Columbia has supported
wild juvenile salmon monitoring during their
marine outmigration to document the prevalence, intensity, and abundance of sea lice
on primarily juvenile chum and pink salmon
in the vicinity of their operations. Mainstream
Biological Consulting has been involved with
most of the programs since 2004. As part of
the Aquaculture Stewardship Council certification process most the recent monitoring
data has been made publicly available online
but has not received much if any coverage in

mainstream media or on social media. In 2021
the federal government mandated the removal
of 19 marine based finfish aquaculture sites
from the Discovery Islands region in British
Columbia and this has provided an opportunity to monitor wild juvenile salmon sea
lice infestation following the removal of the
aquaculture facilities. This presentation will
endeavor to highlight the where, when, how
and why of the industry’s wild juvenile salmon
monitoring program on the west coast of
Canada. Historical results from several
geographical regions of the coast will be
discussed along with notable trends and
changes over time.
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Are farmed salmon the progenitors
of lice on wild Pacific salmon?
Jim Powell, Director, Fidelis Aquaculture Management, CANADA
The putative paradigm of farm salmon acting
as sole progenitors of sea lice on juvenile
migratory wild Pacific salmon was investigated. The study area is Nootka Sound on the
west coast of Vancouver Island, B.C. Canada.
Sea lice counts from migrating wild salmon
captured near and away from farms was
compared with sea lice counts on farmed
salmon during the spring wild salmon migratory period between 2004–2021. Abundance,
lifestage and rate of infestation were compared between groups. Infestation of wild
salmon occurred rapidly after entering seawater. Sea lice abundance varied between years
and areas for both wild and farmed salmon.
Variability of sea lice abundance level year to
year was similar between wild and farmed fish.
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The absence or low abundance of adult female
lice on farmed fish did not support the
observed infection rate on wild fish. Wild fish
sampled in remote areas had infestation levels
of sea lice similar to fish captured near farms;
abundance and lifestage of sea lice on wild
fish was consistent with a constant external
infection pressure irrespective of capture area.
Re-infestation of farmed fish after de-lousing
treatment was not supported by the recruitment capability of sea lice life stages present
on wild or farmed fish after treatment. Taken
together, the paradigm of farmed salmon as
the sole progenitors of sea lice infestation on
wild fish is not supported by the observations.
However, this does not rule out all infestation
pressure on wild fish from farmed fish.
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Unn V. Johannesen, Biologist (MSc), Fiskaaling, FAROE ISLANDS
Kirstin Eliasen
Knowledge on sea trout in the Faroe Islands
has been very limited. However, over the last
three years a project on this species has been
conducted. The project is divided into three
sections, i.e., 1) river sampling of seaward
migrating smolt in the period from late April to
mid-July, 2) coastal gillnet sampling in June/
July, and 3) sampling of scale and other information on sea trout caught by local anglers.
Here we will present the results from these
projects. For example, how the major bulks
of seaward migration of sea trout smolt were
observed to occur concurrent with occasions

of high precipitation, but where the number
and timing differed somewhat between years.
How the 2021 gillnet sampling, focusing on two
areas where one was in the vicinity of salmon
farming, whilst the other was not, showed
differences in the average number of lice,
as well as in the condition factor (Fulton´s K)
of the specimens caught at each location.
And finally, how the information on sea trout
caught by local anglers indicates a continuous
increase in number of sea lice from spring to
summer, after which it drops, perhaps indicating freshwater delousing activities.
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Development of a risk assessment
method for sea trout in coastal areas
exploited for aquaculture
Bengt Finstad, Professor, Norwegian University of Science and Technology (NTNU),
Department of Biology, NORWAY
Anne D. Sandvik, Ola Ugedal, Knut W. Vollset, Ørjan Karlsen, Jan G. Davidsen,
Harald Sægrov, Robert J. Lennox
The “traffic-light system” for aquaculture
production in Norway is regulated due to the
potential for salmon lice impacts on wild
Atlantic salmon while the anadromous brown
trout at present is not included in this system.
Based on these facts, we suggest a method
related to changes in the marine feeding area
and marine feeding time as sustainability
indicator for first time migrant sea trout
related to salmon lice. This is based on the
facts that high salmon lice densities exclude
sea trout from the otherwise usable marine
habitat. A biophysical lice spread method has
been developed to serve as a proxy for this
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indicator. The method accounts for the size,
migration timing and spatial extent of sea
trout. Spatial and temporal aspects can
greatly influence the potential impacts of
salmon lice on sea trout populations and our
model reveal dramatic potential impacts.
Considering the negative impacts of salmon
lice on sea trout, it is necessary for a holistic
view of the environmental interactions
between aquaculture and wild species that
depend on habitats exploited for production
(Finstad et al. 2021. Aquaculture Environment
Interactions 13: 133–144 -https://doi.
org/10.3354/aei00391 ).
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Ola H. Diserud, Senior researcher, Norwegian Institute for Nature Research, NORWAY
Richard D. Hedger, Arne J. Jensen, Rachel Paterson and Tor F. Næsje
Sea migrating brown trout (sea trout) spend
their marine feeding period in coastal waters,
close to their natal river, and are therefore
more susceptible to sea lice infestation than
Atlantic salmon. Previous research has emphasized additional lice induced mortality on sea
trout individuals and populations. However,
there is a range of other behavioral responses,
such as delousing trips to fresh or brackish
waters, premature river returns, or utilization of
alternative marine habitats with poorer growth
opportunities, of which the consequences on
subsequent individual life history traits are
more difficult to predict. The available
response alternatives will also vary among
populations depending on coastal and river
characteristics such as sea lice density
heterogeneity, estuary properties, and river

discharge and temperatures during the migration period. The direct effects of more sea lice,
besides increased mortality, will be reduced
time and growth at sea, and reduced size and
condition at return to freshwater. Here, we use
long time series data on individual sea trout
migration timing and size from fish traps in the
rivers Halselva and Imsa in Norway, to model
how marine growth, and return size and condition, can be associated with subsequent life
history traits such as age at maturation,
fecundity, winter survival, and transition from
anadromy to stationarity. Leading on from this,
we show (in an additional presentation), how
these effects of reduced marine growth on
life history traits can be used to parameterize
dynamic sea trout population models to
examine long-term population effects.
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Effects of sea lice infestation on longterm sea trout population dynamics
Richard Hedger, Research Scientist, Norwegian Institute for Nature Research, NORWAY
Ola Diserud, Arne Jensen, Rachel Paterson, Tor Næsje
The potential effects of sea lice infestation
on the long-term dynamics of wild sea trout
populations are complex, and often difficult
to predict, being influenced by the interaction
of changes in multiple traits, operating over
a range of time-scales. Here, we examine
aggregate effects of lice infestation on sea
trout population dynamics using a simulation
approach, involving an individual-based model
produced in the agent-based modelling environment NetLogo. In particular, we investigate
how changes in individual life history patterns
affect stock dynamics over multiple generations. We examine how changes in the number
of spawning fish (dependent on maturation
and mortality), and the size distribution of
these fish (dependent on growth), affect smolt
production. We find that aggregate effects of
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lice infestation can potentially lead to long
term sea trout population collapse, but that
the exact effect is specific to the population
under investigation, and may be difficult to
predict accurately. We also find that the effect
of lice on population dynamics is strongly
influenced by the form of the stock recruitment relationship between egg deposition
and smolt production. Negative effects of lice
infestation on population abundance may be
diminished if lice infestation does not cause
egg production to fall below a certain threshold, dependent on the stock recruitment
relationship. Conversely, even relatively small
declines in egg deposition caused by lice
infestation may lead to population collapse
if a minimum threshold is not met.
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Kjell Maroni, R&D director aquaculture & environment, FHF – The Norwegian Seafood Research
Fund, NORWAY
FHF is a state-owned limited company owned
by the Ministry of Trade, industry and fisheries,
and financed by the industry through a levy on
exports of Norwegian Seafood at 0,3 %. FHFs
goal is to create added value to the seafood
industry through industry-based research and
development (R&D).
The Ministry constitutes the general assembly
and appoints the board of directors which is
comprised of representatives of the industry.
The industry anchoring is further strengthened
through three industry advisory groups consisting of industry actors.

In addition, FHF shall take steps to ensure
that results from the R&D projects can be
implemented in the industry and thus create
innovation and value to the industry.
Over the last 10-15 years sealice research has
been top priority to FHF, funding more than
100 small and large projects. The presentation
will give an overview of contaxt and goals for
current sealice research projects funded by
FHF, covering topics from looking for vaccine
possibilities by utilizing CRISPR-technology, to
practical results from studies at farms utilizing
non-chemical control methods, cleanerfish,
area management etc.

FHFs activities and priorities are anchored in
law and regulations as well as main strategies
and annual priorities, both of which are available at www.fhf.no
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Management; Policy and Legislation session

Combination of science, advice, and regulation
towards a new system for sustainable growth
of salmonid aquaculture – The Norwegian
experience of implementing a regulatory
system based on effect of salmon lice
from fish farms on wild salmonid fish
Karin Kroon, Research Director, Institute of Marine Research, NORWAY
K.K, Næsje, T.F. and Biering, E.
karinb@hi.no
The Norwegian white paper “Predictable and
environmentally sustainable growth in Norwegian salmon and trout farming “ from 2016
have resulted in a legislation and regulation
system popularly called “The Traffic light
system” (TLS) for regulation of growth and
potential reduction of biomass in fish farms
in Norway. The system consists of an institutional advisory steering group and a scientific
expert group with mandates from the government in attendance every year. The impact
of salmon lice on wild salmonids is used as an
indicator for production capacity regulation.
The TLS classify the impact into three categories, low, medium, and high, based on the
proportion of salmon post-smolts that dies
due to infestation of salmon lice. The pres-
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entation will explain how development of a
scientifically based indicator (salmon lice and
effect on wild salmonids) along with advisory
processes for development of a threshold for
acceptable effect have been implemented for
the 13 production areas along the coast.
The authors form the present steering group
will address the build-up of the TLS from 2012
until present, and some of the issues arisen
over the last years including two court cases.
A recent international evaluation points out
that the TLS is probably the most sophisticated salmon risk assessment in operation
around the globe in terms of the attempt to
link research evidence to aquaculture policy
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Berit Rabe, Inshore Physical Oceanographer, Marine Scotland Science, SCOTLAND
Alexander G. Murray, Stephen Ives, Meadhbh Moriarty
berit.rabe@gov.scot
Sustainable aquaculture development in
Scotland can only be supported when environmental effects are properly understood and
the appropriate monitoring strategies are in
place. Scientific monitoring and evaluation in
the development of effective Environmental
Management Plans (EMP) are important
components to achieve a healthy environment.
Here we assess the design of different methods for the collection of reliable data for
the estimation of larval lice production, and
strategies for the collection of data in the field.
That data then allows model results to be
validated, and hence infection pressure fields
to be described.
Investigation of sea lice on farms can be
divided into fish population size, adult female
lice per fish and the production of viable larvae
per adult female louse. Sea lice in the environ-

ment investigates larval lice dispersal modelling and sampling methods for lice in the water
column, which includes options such as plankton sampling and sentinel cages. Sea lice on
wild fish makes it necessary to have an understanding of fish migration routes and to be
able to catch salmon smolts and/or sea trout.
Development areas are discussed including
for example eDNA, statistical work, automated
counting or sea lice on farm counts while
future research strands could include work on
theoretical modelling exercises or sampling
campaign.
Because infection pressure is highly variable in
both space and time a flexible approach needs
to be considered to combine sampling and
modelling. Going forward EMPs in Scotland will
bring policy, models and data together to help
the sustainable development of aquaculture.
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Marine spatial planning tool for digital
environmental impact assessment: Case study
application for Scottish salmon aquaculture
Harrison Carmody, Marine Environmental Consultant, BMT
Louise Bruce; David Vale; Emma McCall; Gayan Garunaratne; Kabir Suara; Jason Crisp; Philip
Kindleysides; Kyle Woodborne
Marine spatial planning (MSP), incorporating
multiple factors for consideration in marine
development, is a key tool used in digital
environmental impact assessments (D-EIA)
for marine aquaculture. By accounting for
cumulative impacts from multiple farms and
associated linkages, MSP tools are critical
to ensure the impacts of a new development
are not underestimated. We demonstrate the
application of MSP as a D-EIA tool for site
selection of salmon farms in the west coast of
Scotland with a focus on sea lice infestation
risk and management. With plans to double
production by 2030, the aquaculture industry
in Scotland is developing innovative solutions
to optimise site selection for reduced environmental impact. The MSP tool combines
multiple layers in a GIS workbook to include
sensitive habitats, alternative industry uses,
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base line monitoring, impact maps for sea
lice, treatment toxicants and farm waste.
By integrating spatial mapping, background
data and model output from both existing
and proposed farms into the D-EIA process,
commercial operators as well as regulators can
perform multi-criteria assessments as part
of the site selection process. For example, sea
lice infestation risk from regionally linked farms
as well as the environmental impacts of bath
treatments. The MSP tool supports a holistic,
system scale assessment of environmental
impacts of individual farm operations while
incorporating cumulative impacts associated
with multiple farms within a distinct region.
This allows regulators to understand the
broader impact of multiple farms, while enabling industry to visualise the site selection
process using a virtual environment.
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Sandra Bravo, Universidad Austral de Chile, CHILE
Nike Ponce, María T. Silva
Differences in sensitivity between louse
genders have been reported for Caligus rogercresseyi. Females have been shown to be more
sensitive than males to emamectin benzoate
while females have been more resistant than
males to pyrethroids, azamethiphos and
hydrogen peroxide. This agrees with the gender
differences in the sensitivity level reported
for the sea louse Lepeophtheirus salmonis,
where females are more resistant than males
to azamethiphos and deltamethrin and males
are more resistant to emamectin benzoate.
The same situation seems to occur under field
conditions, where the abundance of females
seems be higher than males after the application of anti-sea lice treatment. Fish were
sampled and the abundance by gender was
recorded for adult lice (male; female with eggs
strings and females without eggs strings) to
assess the abundance of male and females of
C. rogercresseyi after an anti-lice treatment.
The results obtained in the field were similar to
outcomes obtained after a bioassay applica-

tion. The abundance of males and females on
the sampled fish was similar after a treatment
with emamectin benzoate, while the abundance of females was higher than males after
a treatment with azamethiphos, deltamethrin,
hydrogen peroxide and lufenuron. In addition,
the number of females without eggs strings
ranged between 12 to 28% of the total
females. This is an important issue considering
that the regulations implemented by the
Chilean health authority in 2007 and updated
in 2015 require maintaining the number of
gravid females per fish < 3, after the application of any antiparasitic treatment. However,
because the farmers are only mandated to
report the number of gravid females and
mobile adults, which include males and
females without eggs strings, this causes
a mistake by underestimating the real abundance of lice females on the fish, with implications on the epidemiological management of
sea lice in Chile.
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Caligus rogercresseyi after the application
of an anti-sea lice treatment
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Breeding for lice resistance in Norwegian farmed
atlantic salmon: What are the main barriers
to this path for sustainable innovation?
Kristin Rosendal, Research professor, The Fridtjof Nansen institute, NORWAY
Anne Helena Kettunen and Ingrid Olesen
Lice is a persistent and increasing problem
in the aquaculture sector. In this Norwegian
case study, we discuss barriers to breed for
increased lice resistance in farmed Atlantic
salmon, and factors that may explain the
untapped potential of breeding for lice-resistance: market-based factors, regulation of
breeding technologies, and policy instruments.
Methodologically, our data material relies on
the literature on breeding for lice resistance
and in-depth interviews with key actors in
Norwegian salmon farming and breeding
programs.
We found well documented selection response
for lice resistance in salmon. Still, our data
indicates that market-based factors (such as
patenting) will hardly stimulate lice resistance
in breeding, because genetic lice resistance
is predominantly a collective or public good.
Lice resistance does not easily lend itself to
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patenting and a private good, partly due to
the poly-genic nature of the trait. Further, the
regulation of and consumer perceptions of
gene editing technologies is in flux, creating
uncertainty about investing in technologies
handling the poly-genic lice resistance.
Finally, policy instruments have been applied
generously for other types of (mechanical)
innovations to deal with the lice problem.
As the farmed salmon are increasingly and
severely stressed by delousing treatments,
many big fish become susceptible to death
from cardiomyopathy syndrome (CMS). In
effect, farmers may now increasingly demand
CMS-resistant salmon roe, and a paradoxical
situation may arise: More stressful mechanical
treatments of salmon and unchanged threat
to wild salmon. The sum of policy instruments
could also ultimately weaken the competition
of rural aquaculture industries along Norweg
ian fjords.
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Frode Oppedal, Researcher, Institute of Marine Research, NORWAY
Methods to prevent louse infestations, and
thereby reducing or avoiding the need for
reactive delousing, are emerging in modern
louse management. This presentation reviews
how physical methods may prevent louse
infestations, including use of lice barriers and/
or depth mismatching methods to prevent
encounters between infective lice stages
and farmed salmon.
Closed containment can prevent 100% of
infestations, while other cage modifications
such as snorkels, skirts and submergence (with
airdome) can prevent many of the lice-salmon
encounters over a production cycle. Artificial
lights are also widely used, often submerged
together with deep feeding of which allow the
farmers to strategically manipulate salmon
swimming depth with little financial investment. Variable preventative effects are seen,
often linked to the local environmental vertical

stratifications. Specific methods are used from
few to 100’s of sites. Prevention-focused
strategies harness knowledge of salmon and
sea lice behaviour and physiology to maintain
low louse densities without handling salmon
or interrupting production. All methods may
create temporal welfare issues for the salmon
such as restricted surface excess, low oxygen
conditions and unsuitable temperatures; but
mitigating management exists. Additionally,
it will be necessary to understand and improve
the effect of various management strategies
when used in combination (e.g. cleanerfish
and laser), when salmon are small or large
(biomass) and during fluctuating environments
with season. A key challenge for these lice-
resistant sea cages of the future will be
to ensure competitive yield and good fish
welfare across the full range of environmental
conditions, facilitating cost-effective and
widespread use by industry.
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Caligus rogercresseyi loss of susceptibility to
azamethiphos: data from a sentinel salmon center
Dra. Margarita González Gómez, Investigador Senior del Departamento de Salud Hidrobiológica
Instituto de Fomento Pesquero – IFOP, CHILE
Claudia Spinetto, Mylena Menanteau, Cristian Oyarzo, Danny Álvarez,
Mario Rivas, Renato Oyarzún, Sergio Contreras-Lynch
margarita.gonzalez@ifop.cl
Caligus rogercresseyi is one of the main
challenges that Chilean salmon industry must
face continuously, since this parasite induces
negative effects on fish welfare, as well as
economic losses due to the treatments
applied to control it. The loss of susceptibility
to authorized antiparasitics is a strong concern that requires permanent surveillance. The
aim of this study was to evaluate the susceptibility profile over time in a sentinel salmon
center. Parasite were collected from a selected
salmon center (called “sentinel center”) in ten
opportunities between January, 2019 and July,
2021. Parasites were exposed to a gradient of
azamethiphos of 0, 3, 10, 30, 100 and 300 ppb
for 1 hour, and deltamethrin of 0, 1, 3, 10, 20
and 40 ppb for 40 minutes, to later evaluate
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their condition. Indicators EC50%, LC50%,
affected (%) and dead parasites (%) allowed
to determine the susceptibility profile. From
results, it was possible to know how susceptibility evolved over time, suggesting that this
caligid population shows loss of susceptibility
to azamethiphos and deltamethrin, since
evidence of a decrease of antiparasitics effect
on the condition and mortality of the parasite
were observed, and parasite survival above
50% towards the last samplings efforts.
Further, EC50% and LC50% values clearly
indicated the necessity for a concentration
increase to induce mortality in the parasite.
This information is considered relevant, since it
suggests that it is required new strategies or
control measures to control the parasite.
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A novel study on sea lice (Lepeophtheirus
salmonis) settlement success during
Atlantic salmon (Salmo salar) encounters
Eleanor Glahn, Graduate research student, Aquaculture Research Institute and School of Marine
Sciences, University of Maine, USA
Ian Bricknell
It is hypothesized that current velocity
influences the settlement success of sea lice
(Lepeophtheirus salmonis) on its preferred
host, Atlantic salmon (Salmo salar), however
this has not been demonstrated experimentally. The aims of this study were to determine
the settlement success of sea lice in current
speeds that are frequently encountered in
net-pens. Gravid females were collected from
naturally infected farmed fish from commercial
salmon farms in Cobscook Bay Maine, USA.
Egg strings were removed from females,
hatched in vitro, and raised to the copepodid
stage. Forty-three Atlantic salmon, mean
weight 415g. were challenged with 100

copepodids per fish in 14 replicate experiments
at a current velocity of 206 mm/sec-1. Lice
were counted when they had reached the
chalimus stage approximately 7 days later.
A settlement success rate of 0.28% (13 chalimus were found from the 4650 copepodids
used), with a mean abundance of 0.30 lice/fish
and mean intensity of 1.08 lice/fish. The data
collected in this study will have significant
implications for future research, including
sea lice models of louse distribution and
risk for industry, and the development of
risk mitigation strategies for restoration
of wild Atlantic salmon populations.
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LiceBase – An Organism-Specific Database
for Functional Genomics of Salmon Louse
Michael Dondrup, Researcher, The Sea Lice Research Centre & Department of Informatics,
University of Bergen, NORWAY
Christiane Eichner, Sussie Dalvin, Frank Nilsen, and Inge Jonassen
Model organism databases, such as FlyBase
for Drosophila, have long shaped how we
interact with genomic data by allowing large
research communities to gather around them.
Model organism databases enable collaborative research, annotation, and curation processes. We present LiceBase, a web-based
organism-specific database for the salmon
louse and related organisms. We have recently
published the annotated genome of the Atlantic salmon louse (Lepeophtheirus salmonis
salmonis), and LiceBase contains the most
up-to-date annotation of this genome. Gene
knock-down by RNA-interference (RNAi)
has been developed into a standard tool for
functional genomics studies at the Sea Lice
Research Centre (SLRC). Since 2012, approximately 400 RNAi experiments targeting
different genes in the salmon louse at various
developmental stages have been carried out
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at SLRC and made available through LiceBase.
Functional experiments are linked to their
targets; genes, experiments, and associated
images can be searched using a customizable
query interface. Phenotypic changes have
been annotated and can be explored using
a controlled vocabulary. In addition, LiceBase
features a genome browser that contains
tracks with the annotated genes and gene
expression data from all developmental
changes. An easy-to-use BLAST interface
allows searching for sequences in the genome
and proteome. LiceBase is implemented using
open-source software (Drupal, Tripal,
GBrowse), and we are dedicated to the FAIR
Guiding Principles for scientific data management and stewardship. LiceBase is an international service provided by ELIXIR Norway. The
database is available at https://licebase.org.
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Refining enumeration of planktonic
sea louse larvae detected by ddPCR;
calibration by serial spiking
Nathan Mertz, Stipendiat/PhD Research Fellow, Norwegian University of Science and Technology
(NTNU), NORWAY
Hege Brandsegg, Rachel Paterson, Bengt Finstad, Frode Fossøy
Lepeophtheirus salmonis and Caligus elongatus cause significant economic and environmental damage to both the Norwegian
salmonid aquaculture industry and the country’s wild salmonid populations. Understanding
the dispersal and infectivity of their larvae
remains a challenge to researchers and
regulators due to a limited availability of louse
monitoring methods suitable for broad-scale
use. Rapid accurate quantification of lice
larvae from within plankton samples remains
the greatest bottleneck to generating high
resolution coastwide louse density and
dispersal data from their earliest life stages,
which are currently only produced by models.
However, in recent years molecular methods
have shown considerable promise due to their
heightened sensitivity, increased accuracy,
and decreasing costs. To further refine digital
droplet PCR for use as an absolute quantification method, we spiked samples at five

densities (1-30 individuals) for two planktonic
stages (Nauplii II, Copepodid) of both louse
species. Results generated by two species-specific amplification runs of COI
fragments extracted from the 60 samples
showed a clear linear relationship between the
quantity of positive droplets detected and the
number of spiked louse individuals for both life
stages. A lower number of positive detections
per louse was observed in the copepodid than
the nauplii II stages of C. elongatus but no
difference was detected between the stages
of L. salmonis. Furthermore, by testing a
10x dilution of extracted DNA on secondary
runs of all samples, it was confirmed that no
inhibition occurred within the PCR reaction
due to saturation in any of the groups. These
results showcase another step towards establishing higher accuracy estimates of louse
larval abundance using a calibrated and highly
precise molecular quantification method.
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Salmon lice infection pressure from
fish farms: Where is knowledge
lacking and how can we resolve?
Dr. Meadhbh Moriarty, Senior Aquatic Epidemiological Modeller
Salmon lice have a major impact on salmonid
fish in aquaculture and wild stocks. Salmon lice
are difficult to control owing to their planktonic
larval stages, which allows them to disperse
over wide areas and cross between farmed
and wild host populations. To understand
these networks and manage salmon lice on
both farmed and wild stocks requires an
information on the lifecycle of sea lice, their
spatial-temporal population dynamics, and the
processes by which they infect hosts. A 2021
workshop facilitated by Marine Scotland
Science at MASTS ASM involving international
experts and stakeholders identified knowledge
gaps in sea lice dispersal and population
modelling and ranked them by importance.
The focus was on perceived research gaps
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within the bio-physical scientific methods
and associated data provision. We propose
producing a poster to summarise and highlight
these results for the international sea lice
community of researchers at Sea Lice 2022.
This will provide an accessible and useful
summary of the sea lice distribution and abundance research to date, identify the areas of
research where various stakeholder interests
overlap to help them locate relevant research
information efficiently. This may be useful for
guiding the prioritisation of resources in this
field for future research in this area.
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Novel Ex Vivo Approaches to Decode Sea Lice
Resistance Mechanisms in Salmonid Fishes
Mari Austad Brandt, PhD student, Norwegian University of Life Sciences, NORWAY
Sea lice (Lepeophtheirus salmonis) represents
the greatest economically important animal
welfare problem in Norwegian aquaculture,
threatening sustainability and limiting production potential. Sea lice feed on the epidermal
mucous and underlying tissues and blood of its
host fish, resulting in lesions and secondary
infections impacting fish health and viability.
Currently, no effective treatment strategy
exists which is able to combat the full scope of
the sea lice threat. In nature, the heaviest sea
lice burdens are found on Brown trout or
Atlantic salmon as they display a particularly
weak or entirely absent inflammatory
response. Other species, such as Pink and
Coho salmon display high levels of resistance
to infection with Coho salmon displaying a
particularly rapid response and epithelial

hyperplasia leading to louse encapsulation.
As such, the goal is to discover and validate
inflammatory responses and resistance mechanisms diverging in susceptible (Atlantic
salmon) vs. resistant salmonids (Coho salmon)
to accelerate the discovery of the underlying
mechanisms causing differential resistance to
sea lice infestation. This will be conducted
through characterisation of skin tissue in both
Coho and Atlantic salmon using immunohistochemistry and in situ hybridisation at different
stages of lice infestation. Additionally, relevant
findings may be validated trough CRISPR
experiments.
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The use of IIb-RAD-sequencing in conjunction
with random forest classification reveals
regional population structuring and
sex-specific differentiation in salmon
lice (Lepeophtheirus salmonis)
Prashanna Guragain, PhD student, Norwegian University of Science and Technology,
NTNU, NORWAY
The aquaculture industry has been dealing
with salmon lice issues, which have posed
severe threats to salmon farming. Several
treatment methods have been used for
parasite control. Treatment effectiveness
must be optimized to monitor louse species
and improve targeted control measures, and
systematic genetic differences between
subpopulations must be studied. We used
IIb-RAD sequencing in conjunction with a
random forest classification algorithm to
identify the regional genetic structure of
Norwegian salmon lice and important markers
for sex differentiation in this species. We
discovered 19428 single nucleotide polymorphisms (SNPs) in 95 salmon lice. However,
these SNPs could not distinguish the differen-
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tial structure of lice populations. Using the
random forest algorithm, we chose 91 SNPs
important for geographical classification and
14 SNPs important for sex classification. The
geographically significant SNP data significantly improved the genetic understanding of
population structure and classified regional
demographic clusters. We also discovered SNP
markers that may aid in determining the sex of
the salmon louse. Random forest ranked a
large portion of the SNPs identified as being
under directional selection as highly important.
According to our findings, salmon lice have a
regional population structure related to their
geographical location along the Norwegian
coast.
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Design of a complex essential for cRNA
synthesis using the Gibson assembly method
Nadezhda Lekanova, Senior Engineer, Norwegian University of Life Sciences, NMBU, NORWAY
Sine A. H. Hansen, Marit J. Bakke, Tor E. Horsberg
A useful method to study receptors and ion
channels is to express them in Xenopus laevis
oocytes, followed by two-electrode voltage
clamp recordings. To successfully express a
protein, the corresponding capped (c)RNA
must be injected into the oocytes. The cRNA is
produced by cloning the gene of interest into
an expression vector that carries all additional
sequences essential for expression, such as
5′- and 3′-UTR from Xenopus laevis β globin,
poly(A)/poly(c)-tails and T7 promotor site.
Usually, amplification is carried out in competent E.coli cells. A homology-based Gibson
assembly method resulting in ligation of
multiple DNA fragments, with self-designed
primers, was used for cRNA production of the
ion channel LsNav1.3 from Lepeophtheirus

salmonis. Since leakage expression of this
gene results in endotoxin production in E. coli,
an alternative method was warranted. The
whole essential complex with all necessary
sequences was amplified by PCR, using the
Gibson assembly mix as template. In addition
to solving the toxicity problem, avoiding the
use of bacteria culture significantly reduced
the amount of lab work. The Gibson assembly
method can also be used to achieve a site-directed mutagenesis including a single-nucleotide substitution into overlapping primers. This
may be used to study the effect of single
nucleotide polymorphisms of an ion channel or
a receptor. This was also attempted for the
LsNav1.3, which inhabit a possible pyrethroid
resistance related SNP.

99

13 T H | TÓ R S H AV N | 9 -1 3 M AY 2 0 2 2

Re-analysis of the first draft Caligus
rogercresseyi genome assembly
using BUSCO software
Michael Dondrup, Researcher, The Sea Lice Research Centre & Department of Informatics,
University of Bergen, NORWAY
The Pacific sea louse Caligus rogercresseyi is
a major ectoparasite of salmonid aquaculture
in the Southern Hemisphere. Currently, C.
rogercresseyi and the salmon louse Lepeophtheirus salmonis are the only members of the
Caligidae family with published genome
sequences. I have re-analyzed the genome
data for the recently published chromosome-scale assembly of C. rogercresseyi1.
Genome and gene-set completeness were
assessed using BUSCO software, trying
different versions and parameters and by
mapping public nucleotide sequences in
GenBank and RNA-sequencing data from the
same species. The representative GenBank
assembly ASM1338718v1 has a total size of
478.201 million base-pairs (Mb), considerably
smaller than L. salmonis assemblies (637790Mb) and comprises 21 pseudo-chromosomes with approximately 57% repetitive
regions. The annotated gene set contains
19,128 protein-coding genes. The average gene
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length was (548 bp), and most gene models
consist of a single exon. Reanalysis with
BUSCO resulted in genome completeness of
approximately 60% and predicted protein-coding gene-set completeness of <20%.
These results stand in contrast to other
related species where proteome BUSCO score
was comparable to the score of the assembly.
The differing results between the published
genome data and the reanalysis presented
here underscore the need to be cautious when
making conclusions about genome properties
and gene content as differences in bioinformatic analysis can result in conflicting results
for the same dataset.
1 Gallardo-Escárate C, et al. Chromosome-scale
genome assembly of the sea louse Caligus rogercresseyi by SMRT sequencing and Hi-C analysis. Sci. Data. 2021;8:1–12. doi: 10.1038/s41597-02100842-w
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The mitochondrial mutation Leu107Ser
(COX1) confers deltamethrin resistance in
salmon lice (Lepeophtheirus salmonis)
Armin Sturm, University of Stirling, Institute of Aquaculture, SCOTLAND
North Atlantic salmon louse (Lepeophtheirus
salmonis) populations have evolved resistance
to delousing treatments containing the pyrethroid deltamethrin (DTM). Previous studies
have shown that DTM resistance is inherited
maternally and associated with various mitochondrial (mtDNA) single nucleotide polymorphisms (SNPs). The present study combined
different approaches to differentiate mtDNA
SNPs required for resistance from irrelevant
hitchhiking mutations. L. salmonis were collected from Scottish aquaculture sites, phenotyped using DTM bioassays and genotyped at
selected SNP loci. Genotyping further included
archived parasites of known DTM susceptibility status and was complemented by in silico
analyses of L. salmonis mtDNA available
in databases. Based on 18 SNP loci, eleven
mtDNA haplotypes were identified in the
analysed L. salmonis, of which three haplo-

types were associated with DTM resistance.
Phylogenetic analyses of haplotypes suggested that DTM resistance of L. salmonis
evolved at least twice independently. The
newly established L. salmonis strain IoA-10
carries a resistance-associated mtDNA
haplotype that differs strongly from the one
expressed by the previously characterised
DTM resistant strain IoA-02. Both strains show
similar levels (~100-fold) of DTM resistance
and transmit resistance to offspring maternally. Among mtDNA mutations previously
associated with DTM resistance, the missense
mutation Leu107Ser (cytochrome c oxidase
subunit 1, COX1) was the only one detected
in all DTM resistant L. salmonis isolates.
We conclude that Leu107Ser (COX1) is a
main genetic determinant of DTM resistance
in L. salmonis.
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Effectiveness of the non-pharmacologic
Lyptus Plus ™ against Caligus rogercresseyi
Daniel Jimenez, Veterinarian, Aquabench SA, CHILE
Joel Leal, Isabel Pineda, Alejandra Morales, Aldo Cariman, Natalia Moraga, Daniel Woywood
Few tools are available in Chile for the control
of Caligus rogercresseyi in large fish.
Non-pharmacological products are an attractive alternative due to loss of effectiveness of
traditional chemotherapeutants and limited
availability of mechanical treatments. In this
study, we have measured the effectiveness of
Lyptus Plus™ against all parasitic stages of the
sea lice Caligus rogercresseyi 72 hours after
treatment. In total, we have included 696 bath
treatments from individual pens at 80 Atlantic
salmon farms. Results showed that average
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reduction [95% CI] with Lyptus Plus™ was 74%
[72.5-75.3%] in ovigerous females, 70.6%
[68.8-72.2%] in mobiles and 33.2[29.1-36.9%] in
juveniles. Pre-treatment levels of Caligus,
treatment duration, temperatures, salinities,
bath densities and fish weight significantly
affected treatment effectiveness. In 2021, 14
companies from our Caligus project along with
the provider worked in a management protocol
to optimize treatments results. In summary,
use of non-pharmacologic treatments can be
an effective and environmentally friendly tool
for the control of Caligus rogercresseyi.
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Semiochemical deterrence of sea lice
Alexis Slupe (placeholder), Product Manager, W. L. Gore and Associates
Use of a semiochemical dispensing system
aimed at confusing lice in their host seeking
endeavors has been tested. Does it work? As
with all things sea lice, it’s complicated!
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The Salmon-Nest-Appeasing-Pheromone (SNAP)
effects on skin mucous cells development
Pietro Asproni, Head of Department, IRSEA (Research Institute in Semiochemistry
and Applied Ethology), CHILE
Violaine Méchin, Cécile Bienboire-Frosini, Camille Chabaud, Marion Boutry, Eva Teruel,
Estelle Descout, Alessandro Cozzi, Patrick Pageat
The salmon louse (Lepeophtheirus salmonis)
has a heavy impact on salmon aquaculture.
In previous works, we proved that the exposure
to the intraspecific semiochemical SNAP
(Salmon-Nest-Appeasing-Pheromone)
reduced lice infestation in Atlantic salmon.
The present study was conceived to explore
the SNAP effects on skin mucous cells development to better understand the mechanisms
at the base of SNAP-induced lice infestation
reduction. A controlled trial was performed
during 6 days on two parallel groups, in which
the tank was the experimental unit (3 tanks/
group; 25 salmon smolts/tank). From each tank,
1 salmon was humanely euthanized before
SNAP administration (T0), 1 hour (T1h), 3 (T3d)
and 6 days after (T6d), and skin biopsies were
sampled in the head, back, fin and tail zone.
To better explore mucous function, also histo-
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logical samples from the pyloric caeca and
midgut were collected. Samples were routinely
processed and stained in Alcian Blue (AB) to
count mucous cells, to measure their size and
AB positivity in treated and control salmon.
The statistical analysis revealed that the
number of skin mucous cells/mm2 (p=0.049)
and skin AB positivity percentage (p=0.0058)
significantly increased in SNAP group compared to controls. Concerning midgut samples,
the SNAP group tended to have a higher AB
positivity percentage and more mucous cells/
mm2 (p=0.0809). Moreover, midgut and pyloric
caeca cells tended to be larger than in controls
(p=0.0809). Our data suggest that SNAP
administration may activate mucous cells
development and mucous production, a
mechanism that could be at the base of the
SNAP-induced reduction of lice infestation.

13 T H | TÓ R S H AV N | 9 -1 3 M AY 2 0 2 2

Field performance of lufenuron (IMVIXATM)
in Chilean Atlantic salmon, from 2016-2021
Julio Boettiger, Technical Services Manager Aqua, Elanco Animal Health, CHILE
Peña, P., Allen, J., Lopez, J.P., Macdonald, A.M.
IMVIXATM (lufenuron) has been marketed in
Chile since 2016 for the prevention and control
of Caligus rogercresseyi on salmonids. The
product is for oral administration in fresh water
prior to sea transfer, with Chilean clinical
studies and industrial use confirming a long
duration of protection. Since commercialization, Elanco’s technical support program has
monitored field use of the product from different sites, seasons and treatment occasions
through a comprehensive sampling program
conducted across freshwater and seawater.
The time from sea transfer until the first follow
up treatment with a different lousicide (tFUT)
is additionally provided by the fish farm. These
post-marketing data (to 31 Dec 2020) were
filtered to exclude incomplete datasets, populations assessed as potential off-label dosing
or incorrect administration and populations
with concomitant treatment prior to loss of

effect of IMVIXA, resulting in a dataset representing 69 farming cycles and over 67 million
treated fish. Data were analyzed with summary
statistics and for visualization of trends over
time. Under commercial field conditions without negative control populations, tFUTprovides
one indication of product performance however interpretation of tFUT requires due consideration to the significant effect of uncontrolled environmental factors e.g. louse
pressure. Results indicate a median time to
follow up treatment of 2321 dd [Interquartile
range 2116–2725 dd] with no apparent trend
for decreasing product performance (tFUT)
over time, although limitations in sample size
of the included dataset impacted the potential
for statistical analysis. Best practice recommendations to maximize IMVIXA performance
will additionally be discussed.
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Smoltscreen ™ porous semi-close
contained salmon aquaculture system
Andrew Bett, CEO and Lead Innovator, Salar Pursuits Ltd., SCOTLAND
andrew.bett@salarpursuits.co.uk
Salar Pursuits have developed, up to test
research level 6, a Smoltscreen (TM) Salmon
Aquaculture System which we believe is the
first porous close-contained salmon farming
system, 100% excluding sea lice. Other attributes, subject to marine trials, are exclusion
of micro-jelly fish, reduction or elimination of
seal attacks and protection against toxic algal
blooms. Patent granted.
The Smoltscreen ™ consists of 150 micron
nylon woven mesh panels which can be sewn
into any shape or size of enclosure, retrofitting
inside existing salmon cages, anywhere in the
world where Atlantic salmon are farmed and
where sea lice are naturally present. The mesh
enclosure is easily cleaned with existing ROV
cleaners and whenever needed, at times of
higher water temperatures, or algal interfer-
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ence, cold, filtered oxygenated water can be
pumped into the cage from a depth of 20 m
at a rate of 10,000 litres/minute per 50 hp
submersible pump. The system is designed for
two 50 hp pumps per 50 m diameter cage.
The mesh material is currently under production in large quantities for the water treatment
industry, now re-directed exclusively through
Salar Pursuits for the salmon aquaculture
industry and able to scale up quickly to meet
any future demand. The sewn seams of the
Smoltscreen enclosure are re-enforced with
polyester webbing, forming a supporting
skeleton, to which steel rings are sewn and
provide the necessary tensioning inside existing cages. Nylon woven mesh has a strong
tensile strength to weight ratio, adding protection to the enclosed salmon and strength to
the overall cage structure.
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Removing sealice using photonics
Rory Casey, Managing Director, Atlantic Photonic Solutions Limited, SCOTLAND
APS is an award-winning photonics company
located on the West coast of Ireland. APS
specialises in bio-photonics, and has designed
a system to remove sealice from farmed
salmon using only light. The successful early
trials have led to significant EU funding. APS is

now preparing to commericalise their system
and bring it to market. They have assembled
a multi-disciplined experienced team and are
following a defined plan to be market ready
by the end of 2023.
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A tool for predicting areas at risk of
increased future sea lice infestation
due to sea temperature rise
David Vale, Principal Consultant, BMT, SCOTLAND
Sea lice (Lepeophtheirus salmonis) occur in
temperate waters of the northern hemisphere,
where they are a major parasite species of
the Atlantic salmon (Salmo salar). Sea lice
development times for both planktonic and
attached life stages are heavily influenced
by sea temperature. Following attachment to
a host, time taken to reach sexual maturity
ranges from 106 days at 7.5oC to 32 days at
15oC (Heuch et al. 2001), meaning infestations
take hold faster and life cycles are shorter in
higher water temperatures. Scottish summer
sea temperatures are predicted to consistently
exceed 18oC by 2050 under some emissions
scenarios, leading to potential increases in
the threat posed by sea lice infestation to wild
and farmed populations of salmon.
A tool has been developed to map projected
sea surface temperatures under climate
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change. Sea surface temperatures for Scotland’s coastal and ocean waters are simulated
using TUFLOW FV, a 3D flexible mesh hydrodynamic model. The model is simulated using
meteorological and open boundary climate
change data predicting projected changes in
sea temperatures over a range of emissions
scenarios. The mesh resolution can be
adjusted to focus on sites of interest, providing
accurate predictions of sea temperature
changes at a high resolution. This tool can
subsequently aid in appropriate site selection
of salmon farms within Scottish waters and
plan for climate change risk assessments.
We present preliminary results of the predictive modelling tool to map indicative areas
along the Scottish coast at risk of increased
sea lice infestation due to climate change.
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LiceVault – Characterizing the vault complex in
the salmon louse (Lepeophtheirus salmonis)
Malene Skuseth Slinning, PhD candidate, University of Bergen, NORWAY
Thaddaeus Mutugi Nthiga, Frank Nilsen, Michael Dondrup.
malene.slinning@uib.no
The vault is a large, conserved ribonucleoprotein complex found in most eukaryotic organisms. The mammalian vault complex (13 MDa)
has a characteristic hollow barrel-like structure and consists of several copies of the
major vault protein (MVP), telomerase-associated protein 1 (TEP1), vault poly (ADP-ribose)
polymerase (vPARP), and small untranslated
vault RNAs. The functional role of the complex
is not well understood, but it may be involved
in critical cellular functions such as cell signaling, transport, and drug resistance. Interestingly, vaults are absent in some of the most
common model organisms, including Drosophila melanogaster, Caenorhabditis elegans,
Saccharomyces cerevisiae, and Arabidopsis
thaliana. Therefore, we aim to use the Atlantic
salmon louse (Lepeophtheirus salmonis) as a
model to study the functional role of the vault

complex. We have recently identified three
copies of the genes coding for Mvp in the
salmon louse genome and two copies coding
for Tep1 that co-localize with Mvp on the
opposite DNA strand. Sequence analysis
showed over 50% identity between the salmon
louse MVP and human MVP. Protein expression
of MVP was detected by western blot analysis,
while in situ hybridization and immunohistochemistry studies showed that the MVP
transcript and protein localize to the subcuticular tissue and intestine. Moreover, western
blot analysis of microsomal pellet (100,000 x
g) detected MVP, indicating that MVP assembles into vaults in the salmon louse. The conserved features of the vault complex could
indicate a fundamental cellular function that
we would like to investigate further in the
salmon louse.
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KelpRing: A natural habitat for cleanerfish
Martin Welch, Director, KelpRing
With the importance placed on the use of
cleanerfish for sea lice control within salmon
aquaculture, the industry is seeking to
enhance the welfare of cleanerfish to improve
their longevity and efficacy. The KelpRing
introduces a natural kelp forest habitat into
the cages which provides environmental
enrichment for the fish without impacting
standard operational activities.
Designed with fish welfare in mind, KelpRing is
a 24/7 passive protection system: not just
effective during treatment periods. It is a
departure from the high energy, intensive and
expensive treatments, to a non-intrusive
nature based concept, replicating the natural
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shoreline habitat of the cleanerfish in the wild..
It provides shelter, reduces stress and
improves longevity enabling the cleaner fish to
perform their lice reducing duties for the whole
salmon cycle.
With the increased awareness of the need to
reduce salmon aquacultures carbon footprint,
it’s chemical and medicinal usage, stabilise it’s
costs whilst at the same time increasing fish
health/welfare and environmental responsibilities, then this is the moment the industry can
to look towards nature to help fight the sea lice
war and KelpRing is one of the new generation
of systems to do so.
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Considering elements of nature’s
strategies to control salmon lice
infestation in marine cage culture?
Anne Stene, Associate professor, Norwegian University of Science and Technology,
NTNU, NORWAY
H. B. Fjørtoft, C.C. Hellevik & Gaspard Phillis
Salmon lice represent a problem in salmon
aquaculture, also affecting wild salmonid.
Before intensive production of salmonids in
open cages, few hosts were available for
salmon lice during the winter/spring, reducing
the number of lice to a minimum when smolts
were migrating from the rivers. To avoid losing
the constant arm-race against this parasite,
there is a need for a new approach to the
problem. Here we suggest implementing
elements of the natural host/parasite balance
into the existing strategies developed to
control salmon lice in salmonid aquaculture.

distance between farms and generation zones
is too short. Indeed, with the sea current speed
required for cage-based salmon production,
the pathogens with extensive survival in
surrounding seawater may be transported for
extensive distances before they need a host.
Most important is to increase the distance is
using strict slaugtering plans and periodical
barrier technologies in order to decrease hosts
availability for lice during fallowing. Clear and
long-term legislations, together with extensive
cooperation between farmers in each production areas are also crucial.

The mandatory fallowing period of 2 months in
zones and sites is generally enough to exceed
the time period from sea- lice hatch and until
the energy reserve is spent and they die
without a host. Although the length of the
fallowing period is sufficient, the mandatory

By learning from nature and use this knowledge to improve and develop existing relevant
solutions, more sustainable interactions
between farmed and wild salmonids may be
obtained.
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Monitoring sea lice on wild salmonids in Iceland
Margrét Thorsteinsson, Researcher, The Natural Science Institute of the Westfjords, ICELAND
margretth@nave.is
Monitoring sea lice on wild salmonids in Iceland
started in 2014 at a time when the salmon
aquaculture was in its infancy. Since then, the
salmon sea cage aquaculture in Iceland has
been growing fast. It was thought that low sea
temperature by the coast would protect
against sea lice epidemics, but it proves not to
be so. The result of monitoring sea lice on wild
salmonids in the year 2017, showed that
salmon lice infestation and intensity was very
high in aquaculture areas. From that year the

11 2

aquaculture farms in Westfjords have been
using medicinal sea lice treatment, both
against the fish lice (Caligus elongatus) and
the salmon lice (Lepeophteirus salmonis). We
will show the results from the monitoring
program in Iceland and answers to the following questions: Is the infestation rate the same
in all sea basin in Iceland? Is it the same on all
salmonid species? Is it the same between
years?
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Disentangling lice distributions on sea
trout from field data: a case study
Rosa Maria Serra-Llinares, Researcher Institute of Marine Research, NORWAY
Nilsen R, Mohn AM, Fjeldheim PT, Harvey A & Karlsen Ø
Sea trout display a variety of marine migration
patterns and life-history strategies. A major
challenge when analyzing lice distributions
from field data is that fish caught may have
been at sea for varying lengths of time, they
may have used different coastal habitats with
varying density of lice, and they may originate
from different populations with different
migration histories. In addition, salmon lice can
alter the behavior of infested individuals by
inducing premature return to fresh or brackish
water. Catch data may therefore consist of
several subpopulations with possibly very
different lice infestations. Identifying the
different groups that make up a catch sample
is crucial for a robust interpretation of field
data, and finally for the correct evaluation of
the salmon lice impact for sea trout stocks.

In 2021, five sampling areas within the Norwegian Salmon Lice Surveillance Program were
designated as “focus areas”. The aim with
these was to collect as much supplementary
information as possible, in addition to the
standard lice sampling protocol, to reduce
uncertainty in the interpretation of the
observed lice distributions on sea trout. In
Etnefjord, in outer Hardangerfjord (Norway), a
combination of methods was used including
continuous sampling at sea for 6 weeks, an
extensive PIT-tagging effort on both pre- and
postmolts, monitoring of premature return to
freshwater, collection and analysis of scale
samples to determine growth and residence
time at sea, and individual genetic assignment
to native rivers. Results from this focus area
are presented and the prospects of such
multidisciplinary approaches are discussed.

11 3

13 T H | TÓ R S H AV N | 9 -1 3 M AY 2 0 2 2

114

13 T H | TÓ R S H AV N | 9 -1 3 M AY 2 0 2 2

11 5

