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Abstract— Telemac-2D/3D is used here to understand larval 
dispersal of mussels in the Irish Sea. Mussels (mytilus edulis L.) 
represent 40 to 50 % of the total gross turnover of Welsh shellfish 
industries and the industry has been operating sustainably for 
over 50 years in North Wales. In this context, it is in the interest 
for Mussels companies to understand where the larvae go in 
order to manage their stocks efficiently. We study the 
interactions between physical (e.g., tides, currents, temperature, 
weather conditions…) and biological (e.g., vertical migration, 
pelagic larval duration) processes experienced by the larvae. We 
created a variable mesh density for the Irish Sea: very fine scale 
at mussel seed source in the Menai Strait to coarser scale in the 
north and south Irish Sea. The aim was to simulate: 1) a range 
of larval dispersal under present-day natural variability (from a 
calm and cold year to a windy and warm year); and 2) dispersal 
patterns in the future (impact of sea-level rise and temperature 
warming). Telemac in baroclinic mode for the Irish Sea will be 
compared to existing data and models. A range of larval 
behavioural traits will also be simulated (e.g. passive vs. active 
swimmers). Model results will be fed back to the Mussel 
companies, who will then survey the likely settlement regions 
identified by the model, and so help validate the model. 

I. INTRODUCTION 

The accuracy of an oceanographic model is the key to 
explain the best the impact of physical parameters (tide, wind, 
temperature…) on larvae dispersal. However, such model 
may be long to generate and/or to produce files which are too 
big. Furthermore, the creation of a model in a complex 
environment as the Irish Sea (shallow water vs deep water; 
stratified water or not…) can imply a variation of the particle 
dispersal from an area to another (Parker-Humphreys, 2004; 
Hill et al., 1997). 

The aim of this study is to model the mussel larvae 
dispersal in the Menai Strait and the Irish Sea. The 
TELEMAC-2D software was used to simulate the 
hydrodynamics and a Matlab program was used for the 
particle dispersion, modelling only the advection. A 
sensitivity analysis with regards to the time-step size and 
initial particle distribution was performed in order to 
determine optimal parameters for futures simulations. 

II. MATERIAL AND METHODS 

A.  Mesh generation in Blue Kenue 

A variable unstructured triangular mesh density, from 30 
meters to 5000 meters, has been created for the Irish Sea on 
Blue Kenue. The finest scale (30 meters) is in the Menai Strait 
where mussel companies farm Mytilus edulis. The scale is 
getting coarser to the extreme south and north of the Irish Sea 
(5000 meters). Furthermore, several areas of interest, such as 
Morcambe Bay or Liverpool Bay, have a scale of 50 meters. 
Bathymetry has been downloaded from Digimap, changed 
into mean sea level (MSL) and mapped to the mesh (Fig. 1). 

 

Figure 1. Variable density of the two-dimensional unstructured triangular 
mesh of the Irish Sea with bathymetry 
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B. Telemac modelisation and validation 

The model has been run with TELEMAC-2D v7p2r2 with 
only the tide component. It ran during 4 days from the 1st of 
March 00:00:00 to 5th of March 00:00:00 during a neap tide. 
Only the time step has been modified in order to understand 
if there is an impact on the particle tracking model. The time 
steps tested are: 5, 10, 15, 30, 45, 60, 90, 120 and 180 minutes. 
The water elevation validation has been made using tide 
gauge data from the British Oceanographic Data Centre 
(BODC) on 14 sites scattered everywhere on the Irish Sea 
coasts. We also take into account the residuals on the 
validation results for each month of the year 2015 by 
calculating the Root Mean Square Error (RMSE). The 
residuals are the observed elevation of the water minus the 
predicted elevation of the water. Basically, the residuals are 
the effect of the weather on tides. In our case, we subtracted 
the residuals to the observed water elevation in order to 
validate our model only on tide effect on water elevation. 

C. Particle tracking model (PTM) 
The PTM has been run on Matlab for 5000 particles 

located between the Isle of Man and Llyn Peninsula for the 
north and the south boundary respectively (Fredj et al. 2016). 
The east and the west boundary are Anglesey (North wales) 
and Ireland coast respectively. Particles have been disposed 
either perpendicular or parallel to the flow (Fig. 2 and 3 
respectively). The PTM was run only with the advection 
equations in order to minimize the random dispersal from the 
diffusion equations. We used a Lagrangian model and the 
same time-step for the PTM as the one in TELEMAC-2D. 

Only the last position of each particle of the 5000 particles 
was recorded for all time steps. Then, we calculated the 
distance between the results from the 5 min time-step output 
(most accurate) and the other output by using Pythagoras 
theorem. 
 

 

Figure 2. Position of 5000 particles perpendicular to the flow, red crosses 
correspond to 15 individual particles of interest labelled from A to O. 
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and the summer (Hill et al., 1997) and in the east part by the 
current velocity and/or direction along the north coast of 
Anglesey (Borthwick et al., 2013). The next step would be to 
study the residuals to consolidate those results. The 
evaluation of the model accuracy will be done by different 
kind of surveys 1) by the mussel company by recording 
observations like date and places of spawning and settlement 
during spring/summer period (data are already available) and 
2) by water sampling of different areas around Anglesey and 
in the Menai strait to identify the larvae present in the water. 

V. CONCLUSION 

This paper showed the difficulty to run a particle tracking 
model in a variable environment such as the Irish Sea. The 
creation of a varying time step model depending on the 
physical marine conditions (velocity, water depth and/or 
seasonal effect) could be a solution to avoid both heavy files 
problematic and wrong results interpretation. 

VI. ACKNOWLEDGMENTS 

This research is supported by Knowledge Economy Skills 
Scholarships (KESS 2) in collaboration with the commercial 
partner Extramussel ltd. 

VII. REFERENCES 

[1] M. Parker-Humphreys, “Distribution and relative 
abundance of demersal fishes from bean trawl surveys in the 
Irish Sea (ICES Division VIIa) 1993-2001. Sciance Serie 
Technical Report, vol. 120. 
 

[2] A.E. Hill, J. Brown and L. Fernand, “The summer 
gyre in the western Irish Sea: shelf sea paradigms and 
management implications”, Estuarine, Coast and Shelf 
Science, vol. 44, pp. 83-95, 1997. 
 

[3] E. Fredj, D.F. Carlson, Y. Amitai, A. Gozolchiani 
and H. Gildor, “The particle tracking and analysis toolbox 
(PaTATO) for Matlab”, Limnology and Oceanography: 
Methods, vol. 14, pp.586-599, 2016. 
 

[4] A.E. Hill, J. Brown and L. Fernand, “The summer 
gyre in the western Irish Sea: shelf sea paradigms and 
management implications”, Estuarine, Coastal and Shel 
Science, vol. 44, pp. 83-95, 1997. 
 

[5] A. Borthwick, S. Serhadlioglu,TAA Adcock,G.T. 
Houlsby and S. Draper, “Tidal stream energy resource 
assessment of the Anglesey Skerries”, International Journal 
of Marine Energy, vol 3-4, pp. e98-e111, 2013. 

 

 

 

173


