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SUPPLEMENT 1: MODEL GRID IMPLEMENTATION 

 

Fig. S1: Bathymetry and extension area of the ECO-MARS3D model with location of the Bourgneuf 

Bay. 
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SUPPLEMENT 2: MODEL VALIDATIONS 

Evaluation of ECO-MARS3D outputs  

Temperature and chlorophyll-a simulated by ECO-MARS3D were used to feed the DEB 
model. A first step was to ensure that these two parameters are satisfactorily simulated in 
Bourgneuf Bay. The simulations were therefore compared to data available in 2005 and 2006 
at two locations in the bay: Coupelasse in the north and Graisselous in the south (see Figure 
S2). As confirm by the Taylor diagram (r2 ~ 0.96, p-value < 2.2 10-16), the model rather well 
reproduces the annual cycle of temperature for the two years and two stations considered 
despite à low underestimation in spring and summer. Chlorophyll-a measurements clearly 
show a very strong spatial gradient, with higher concentrations in the north (Coupelasse) 
reaching up to 40 μg l-1, and much lower concentrations in the south (Graisselous) with 
maximum values reaching 10 μg l-1. The model does not reproduce exactly observations but 
remains satisfactorily (r2 = 0.2-0.3, p-value = 1.79 10-12 for Coupelasse and p-value =1.47 10-7 
for Graisselous). Nevertheless, it well reproduces the spatial gradient and seasonal variations 
on both locations. 
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p-value < 2.2 10-16 

B

 
 
p-value = 1.79 10-12                  p-value = 1.47 10-7 
 

Fig. S2: Temperature (A) and chlorophyll-a (B) time series (year 2005-06) simulated (line) and 
observed (dot) and respective Taylor diagrams in two locations in Coupelasse (north) and 
Graisselous (south) of Bourgneuf Bay (see Figure 1 for location). 
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Oysters growth validation 

To validate the oyster DEB model, measurements of oyster total weight monitored from 2000 
to 2010 by the national shellfish observation network (RESCO) at Coupelasse station (north 
of the bay) are used. ECO-MARS3D model is run over the same period and the daily 
simulated chlorophyll-a and temperature, as well as the daily PIM concentration observed by 
satellite, are used to feed the DEB model. The parameters associated with the ingestion 
function are highly dependent on local conditions (Alunno-Bruscia et al., 2011). A first step 
was therefore to calibrate the ingestion function (respectively Xk = 310 µg.l-1 C and Xky = 
0.01 g.l-1) based on measurements taken in 2005-2006, before performing simulation from 
2000 to 2010 (Figure S3). Except for year 2000 and 2003 where simulated growths are 
overestimated, the growth and especially the final weight are rather well reproduced over the 
ten years simulated. The linear regression between simulated and measured final weight 
shows a r-squared of 0.74 that confirms the significance of model results. 

 
 

 
Fig. S3: Model simulations vs. observations of the total mass (W, g) for 18-month old oysters, 
cultivated yearly in Bourgneuf Bay, from 2000 to 2010. 
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SUPPLEMENT 3: SCENARIO BUILDING 

Oyster mortality scenarios 

 
Fig. S4: Actual cumulative mortality rate used for the reference scenario of low mortality and for the 
high mortality rate scenario. Data are shown for the two cohorts: C1 (left) and C2 (right). (Coupelasse; 
RESCO network) 
 

Climatic scenarios 

 
Fig. S5: Loire River discharge for years 2005 (red) and 2008 (blue) and averaged from 1950-2011 
(black). 
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SUPPLEMENT 4: RESPONSE FUNCTION 

Empirical model of individual weight 

We first postulated that individual growth in each grid cell can be represented by an 
allometric equation: 

𝑑𝑊
𝑑𝑡 = 𝐴	𝑊!	(𝐸𝑞. 𝑆1)	

where A only depends on input data and n must be calibrated. 
The above equation yields: 

𝑊" = (𝐴	𝑡 +𝑊#
$%!)

!
(!#$)	(Eq.	S2)	

where Wt is the individual weight at time t and W0 the initial weight. The individual weight 
of cohort 1 individuals was noted W01 (initial weight) and Wf1 (final weight after one year 
growth). For cohort 2 individuals, initial weight (resp. final weight) was noted W02 (resp. Wf2). 

We also assumed that A is a decreasing function of total biomass B in each cell: 

𝐴 = 𝑎$ 	
('()&)
('()')

	(Eq.	S3)	

with 3 parameters a1, a2, a3 which must be calibrated. 
Naturally, biomass in each cell varies over time but, since we aimed at building a simple 

empirical response function, we considered a proxy based on input data only. We therefore 
wrote: 

𝐵 = 𝑁#$	(1 − 𝑚$)	𝑊#$ + 𝑁#+	(1 − 𝑚+)	𝑊#+	(Eq.	S4)	

with : 

N01, N02 = initial number of oysters of cohorts 1, 2 

W01, W02 = initial weight of oysters of cohorts 1, 2 

m1, m2 = mortality rates of cohorts 1, 2 

We estimated the four parameters a1, a2, a3, and n by minimizing the average difference 
between the simulated final weights of cohorts 1 and 2 individuals on one hand and the 
weights predicted by equation S2 on the other hand. The function was estimated for years 
2005 and 2008 separately and for every cell. 

To summarize, input data, output predictions and equations for each cell and year (2005, 
2008) are the following: 
Input data = N01, N02, W01, W02, m1, m2  

𝐵 = 𝑁#$	(1 − 𝑚$)	𝑊#$ + 𝑁#+	(1 − 𝑚+)	𝑊#+	

𝐴 = 𝑎$ 	
(𝐵 + 𝑎+)
(𝐵 + 𝑎,)
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Output = Nf1, Nf2, Wf1, Wf2 

Number of cohort 1 individuals at the end of one year: 𝑁-$ = (1 −𝑚$)	𝑁#$ 

Number of cohort 2 individuals at the end of one year: 𝑁-+ = (1 −𝑚+)	𝑁#+ 

Weight of cohort 1 individuals at the end of one year: 𝑊-$ = (𝐴 +𝑊#$
$%!)

!
(!#$) 

Weight of cohort 2 individuals at the end of one year: 𝑊-+ = (𝐴 +𝑊#+
$%!)

!
(!#$) 

We estimated one response function for each cell and for each year and plotted the predicted 
final weights predicted by the response function versus the observed weights (i.e. the weights 
simulated by the 3D model, Figure S6). It is interesting to note that the allometry coefficient 
lies around 0.74 and the average relative difference between predictions and simulations is 
3.48 %.  

 
Fig. S6: Comparison between individual weights (g) simulated by the 3D model and individual 
weights (g) predicted by the response function for all cells and both 2005 and 2008 years. Each point 
represents a calculation for one age class, one cell and one modelled scenario, totalling 6032 data. Red 
points = 2008, Blue points = 2005. 

Management measure 

We considered a management measure based on the seeding of cohort 1 individuals, which 
we defined as the initial number of oysters N01. We applied the response function to a series 
of seedings with the same mortality rates and environment. In each case, we first used 
arbitrary values for W02 and N02 and computed step 1 for each cell: 

Step 1: W01, W02 (arbitrary), N01, N02 (arbitrary), m1, m2, year. Outputs: Wf1, Wf2, Nf1, Nf2 
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We used the predicted Wf1 and Nf1 to define the new initial values W02 and N02 for the next 
year, in the following step: 

Step 2: W01, W02 = Wf1, N01, N02 = Nf1, m1, m2, year. Outputs: Wf1, Wf2, Nf1, Nf2 

As seen above, predicted Wf1 and Wf2 depend on the proxy of biomass which, in turn, 
depends on W02. It takes a few steps to get stable results and we therefore repeated the above 
step for a number of years with the same input data (Step 3).  

At the end of sequence, we computed the annual production as: 𝑁-+	𝑊-+in each cell. We 
summed all the values to get the annual production over the cultivated area. 

SUPPLEMENT 5: MODEL RESULTS 

 
Fig. S7: Map of sea-surface suspended particulate matter measured by satellite and averaged 
from January to March 2005 (A) and 2008 (B); (C) time series of sea-surface suspended 
particulate matter measured by satellite and averaged over the bay for the two years; (D) time 
series of simulated chlorophyll-a averaged over the bay for the years 2005 and 2008. 


