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* Background
* Finite Volume Coastal Ocean Model (FVCOM)

- setfup
- forcing (tides, runoff and winds)
- evaluation

*Sea Lice Models

i) farm lice production
i1) development, mortality and behaviour of planktonic stages

* Particle tracking simulations (March-April 2008)

- comparison with plankton sampling data
- single farm simulations

* Summary/Future Work
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26 finfish farm tenures in the Broughton Archipelago

In 2002, Broughton farms produced about 20,000 tonnes of
Atlantic salmon or about 257% of BC farmed salmon production



Sea Lice Controversy

Figure 3 Sea lice abundance on out-migrating juvenile salmon in

the Broughton Archipelago 2003-2008

BC Pacific Salmon Forum recommendation:
No more than 3% of juvenile wild pink &
chum salmon of less than 0.5 grams should
have more than one pre-adult or later stage
L. salmonis between March 1 and May 31.
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Project Objectives

e Create biophysical models to
simulate the production,
development, behaviour, and
transport of sea lice in the
Broughton Archipelago

o Use the models to:
- hindcast lice concentrations

- investigate farm
management strategies

- understand sea lice
dynamics in the Broughton
Archipelago



Finite Volume Coastal Ocean Model (FVCOM):
6rid & Forcing Details
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Active River Gauging Stations
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Atmospheric Forcing

No atmospheric meteorological model & terrain too
mountainous to interpolate winds from nearest
airport (Port Hardly)

Installed 9 weather stations in May 2007
Winds recorded every 30min (when working)

Winds interpolated to model elements via Bennett's
(1992, 2002) ‘representer” data assimilation
approach



Average surface flows: March 13 - April 3, 2008

25.0 cm/s



KIWO05 EW currents at 4.5m
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Life cyc/e (Lepeophtheirus salmonis)



Sea Lice Mode/

Calculation of Sea Lice (L. salmonis) Eqg Production

P E - * E * pE
Where

Pc is the rate of viable egg production (i.e. produce active naupli) of an adult
female louse [eqgs/day]

Ps is the rate of egg string production [egg string pairs/day]
- temperature dependent (Stien et al. 2005)

Es is the number of eggs per eqg string pair

- 580 eqgs/string pair - unpublished data from salmon farms in the
Broughton

PE is the proportion of viable eqgs (i.e. produce active nauplii)

- salinity dependent
Salinity  pg (Johnson & Albright 1991)
<15 0
20 02
25 0.51

30 0.55



Rate of eqg string production [eqg string pairs/day]

Ps = [B/AT-10 + 3, 85)] 2 (Belehradek's function)

Where
T is temperature and
Biand B, are parameter determined from the best fit to the data in the graph below.
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Minimum eqgg development times to hatching (Stien et al. 2005)



Farm Production of Active Nauplii

- * o*
7-N = F E AF NFish

Where
Ty /s the farm’s daily production of active nauplii
Pc /s rate of viable eqg production (i.e. active nauplii) of an adult female

Jouse [eggs/female-day]

Cir is the average number of adult females/farm fish
(farm monitoring data based on sampling of 60 fish)

Nr, /s the number of fish on the farm (fish inventory provided by farm)



March 2008
Daily Egg Production at Farm sites

8,000,000




Total Daily Egg Production for the Broughton Archipelago
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Development, Mortality and Behaviour
of Planktonic Stages

» Duration of naupliar and copepodid stages are
temperature dependant

* Mortality of naupliar stages determined from
laboratory rearing studies and strongly influenced
by salinity (<30 psu)

- Diel vertical migration documented in Norwegian
study but was not observed in Broughton
experiments



Post Hatch Relative Abundance
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Particle Tracking details

® Particles (nauplii) are released at random locations within defined-volume
box (farm). The box is specified by the center position and its length,
width and depth.

® At each of 20 farms, 20 randomly located ‘particles” are released hourly
for 10 days starting March 18 (96000 total) and tracked for 10 days.

®  MNumber of active nauplii represented by each ‘particle” is scaled by
salinity dependent eqg viability and farm eqg production.

®  Nauplii mortality controlled by salinity and time to molt dependent on
temperature. Copepod mortality not dependent on salinity

® Copepodid behaviour (two types)
1) passive or
2) diel vertical migration - aggregate at the surface in daytime and at
10m depth during the night. Copepodids avoid salinities <20 psu.

® Coastal boundary condition: when the particle hits a coastal boundary, it
stays there until the direction of the current changes or random-walk
brings it away from the coast



Passive Behaviour

March 25 March 26 March 27

March 28 March 29 March 30
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DFO Plankton Sampling Program
25-29 March 2008
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Progress/Summary

FVCOM has provided reasonable simulation of circulation , temperature,
salinity in Broughton Archipelago for March 13 - April 3, 2008

Have created sea lice models that includes:

- farm sea lice eqq production

- development, behaviour and morfa//7'7_‘y of planktonic stages that are
controlled by environmental factors (7,5 and daylight).

Have created ac f/'ve7aa/‘7‘/'(:/e tracking code that uses stored FVCOM
(u,v,w, T,5,Kv) variables to transport and develop lice from nauplii to
copepodid stages.

Mode/ produces spatial and temporal quantitative estimates of lice
concentrations (copepods m>)

Model predictions of copepodid concentrations are lower than observed
concenftrations.

Have the modelling tools and observational data to investigate wild/farmed
salmon - sea lice interactions and examine ecosystem scale management
sfrafegies

Low prevalence of lice on juvenile salmon where lice eqg production is low or
absent (i.e. area around Knight- Tribune junction)



Future Work

» Incorporate surface heat flux forcing (solar radiation, sensible and
latent heat)

- Conduct simulations for:

May 20-30, 2008
June 18-27, 2008
February 2008

- Compare sea lice model concentrations with data from planktonic sampling
and wild fish monitoring data

- 2009 simulations
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