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Sea Lice — serious farm concern

undercurrenttnews

seafood business news from beneath the surface
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Marine Harvest takes hit from sealice,
‘extraordinary mortality’ costs

October 22, 2014, 10:10 am
Undercurrent News
Sealice mitigation and extraordinary mortality shaved

NOK 156.5 million ($23.7mDoff Marine Harvest's profit
in the third

quarter of the year.

The world's largest salmon farmer said sealice
mitigation in Norway cost it NOK 81.8 million in the
quarter, taking the total costs so far this year to NOK
238.2m ($36.1m).

The group also incurred NOK 64.7m in costs from
Marine Harvest salmon farms in Scotland. 'exceptional mortality' in Norway, Scotland, Canada

in Il £ I and Chile.



Sea Lice - the wild angle
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Parasites may have large effects on host population dynamics, marine fisheries
and conservation, but a clear elucidation of their impact is limited by a lack of
ecosystem-scale experimental data. We conducted a meta-analysis of repli-
cated manipulative field experiments concerning the influence of parasitism
by crustaceans on the marine survival of Atlantic salmon (Salmo salar L.).
The data include 24 trials in which tagged smolts (totalling 283 347 fish;
1996-2008) were released as paired control and parasiticide-treated groups
into 10 areas of Ireland and Norway. All experimental fish were infection-
free when released into freshwater, and a proportion of each group was
recovered as adult recruits returning to coastal waters 1 or more years later.



Sea Lice - the wild angle
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Potentialfactors affectingsea louse infestations

Community effects:

Lifecycle:
Ewﬂeig?lt:mn m;t;;g strategies,
) persal mode/time
m._rmdan{:e, Evolution:
resistance, resistance to treatment,
tolerance virulence

Interactions between Transmission mode
farmed and wild Generalist/specialist
Lif_ecjc_les: Density effects
nugration, Host range
demography
Reservoirs

Fishing

Abiotic:

Hydrodynamics,
Temperature,

Salimty, Pollution,

Climate change

Biotic:

Management,

Community effects, Non-host species



Simulations and mathematical
models are useful for exploring
hypothetical scenarios, intractable
systems, long term projections, and
testing general theory



PROVIDED YOU HAVE THE RIGHT DATA....




BAMP DATA
Broughton Archipelago Monitoring Plan (BAMP)

- tripartite: eNGOs / Producers / DFO

Data from wild field sampling (2004-2014)
- specific fish-level data (177,152 records)
- individual lice details (198,392 samples)

British
Columbia

Complementary data from farms

BAMP.ca

StAndrews, March 2015



Questions we may want to address
with simulations

How does current and projected environmental
variation influence sea louse populations?

(Temperature, salinity, hydrodynamics)

How can we manage salmon farms to reduce sea
lice infections?

How does sea louse population structure impact
evolutionary processes such as resistance to
chemicals?



Modeling approaches

Factors to Differential | Population | Delay- Individual-

incorporate Equation matrix differential Based Model
model Equation

Sea Lice Growth
and Survival

Dynamic processes
(e.g. density
dependence)

Instantaneous
events (e.g.,
treatments)

Behaviour and
individual variation

Stochastic
processes

Solve for
equilibriums
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Questions we may want to address
with simulations

How does current and projected environmental
variation influence sea louse populations?

How can we manage salmon farms to reduce sea
lice infections?

How does sea louse population structure impact
evolutionary processes such as resistance to
chemicals?



Copepodid mortality
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Salinity influences sea louse
survival, while temperature
alters development
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Quantifying the role of temperature
and salinity on sea lice

Population matrix model

Adult
Ps P

Groner et al. 2014 PLoS one, 2015 MEPS



Influence of ocean conditions on sea lice life history in
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Solving for

equilibriums using £ 1 —16c
population matrix 3% * —sc
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Solving for
equilibriums using
population matrix
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Temperature (Celsius)

Temperature (Celsius)
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How can we evaluate
transmission processes?
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Finite-Volume, primitive equation
Community Ocean Model (FVCOM)



Simulated environmental transport distances of Lepeophtheirus
salmonis in Loch Linnhe, Scotland, for informing aquaculture
area management structures
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iz denofed by redder (biuver) colours. White cellz denofe zero conmechivify.

How can we evaluate
transmission processes?

Table 2. Pazsive paricle trajectory madelling esfimates of the connectivity among the twenfy farmz shown in Figure 16. Higher [lower) conneciivity

release farm
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ODE models w/ demographic stochasticity

Agent Based Models w/ demographic
stochasticity

Hydrodynamic transmission model- coupled
with ODE model of farm transmission
processes



Questions we may want to address
with simulations

How does current and projected environmental
variation influence sea louse populations?

How can we manage salmon farms to reduce sea
lice infections?

How does sea louse population structure impact
evolutionary processes such as resistance to
chemicals?



Numerous methods are used to
control these parasites
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What are the alternatives to chemicals?

Can we use modeling techniques to quantify
optimal stocking levels for wrasse?

To what extent does using wrasse reduce the
need for chemical treatments?




Individual-based model of sea lice
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Individual-based model of sea lice
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Additional causes of mortality

Treatments

Wrasse Predation

Feed at a constant rate

Wrasse: salmon ratios
0, 1:200, 1:100, 1:50, 1:25, 1:10




So....are these really different?
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Some results from simulations
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Using wrasse can reduce the number of
chemical treatments for all infection scenarios
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Questions we may want to address
with simulations

How does current and projected environmental
variation influence sea louse populations?

How can we manage salmon farms to reduce sea
lice infections?

How does sea louse population structure impact
evolutionary processes such as resistance to
chemicals?



How does a refugia from chemical treatments
impact the evolution of resistance?

Attached

Planktonic

\ Attached
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Modified individual-based model to
understand evolutionary processes

1) Model both the host and the parasite
salmon from farmed and wild
populations

_ 2)Resistance is conferred through a single
gene with resistant and susceptible alleles

3) Genes are transferred through Mendelian
genetics

4) Emergent properties of interest
populations size
population-level resistance




Model Structure

Upper level variables

Genetics
() nSusceptible E)‘ SusceptibleData
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Wild salmon refugia reduces the evolution of
resistance (in review)
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What have we learned about sea lice
from simulations?

Predictions of how salinity and temperature on
influence sea louse population growth

Recommendations for more sustainable
management of sea lice on fish farms

Predictions for how wild refugia influence
evolution of chemical resistance in sea lice

- validation required



Definition

Functions & Goals

Timescale

Statistical inference
Infer unknowns by
connecting models to data
* Parameter estimation
+ Mode] selection

UUNDERSTANDING

— Estimate relationships
between variables
(Revie et al. 2003)

— Test hypotheses

(Krkosek et al. 2013,
Jones et al. 2013)

— Explain underlying
mechanisms
(Krkosek et al. 2006)

past & present

Model simulation
Evaluate realistic scenarios
using the computer and
estimated parameters

Manacme

— Project behaviours of

systems
(Stucch ef al. 2011,
Adams et al. 2012)

— Predict outcomes of
mnterventions
(Groner ef al. 2013,
Rogers et al. 2013)

future

Models

Model analysis
Theoretically investigate
mechanisms of a system

Exrorme

— Find possible
explanations for
patterns and phenomena
(Peacock et al. 2014)

— Generate hypotheses
(Krko3ek et al. 2011a)

— Specify new data needs
(Groner ef al. 2013)

assumed & potential




Questions



Data and modeling

All models are wrong but
some are useful

“It doesn't matter how beautiful your theory is,
It doesn't matter how smart you are.

If it doesn't agree with the experiment [data],
it's wrong.”

(Richard Feyman)

St Andrews, March 2015




Modeling - ‘take home’ message?




Modeling - ‘take home’ message?
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