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1 Introduction générale 



 

 

 



 

 

1.1 Quelques généralités sur la régulation des populations et des communautés au 

sein des écosystèmes : principaux mécanismes et enjeux de leur compréhension 
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1.2 Différents mécanismes affectent les populations au cours de leur cycle de vie : 

exemple des espèces nourricerie-dépendantes en domaine marin tempéré 
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1.3 Quelle approche utiliser pour tester l’hypothèse de limitation trophique comme 

mécanisme potentiel de régulation ? 
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1.4 Cadre méthodologique utilisé : approche directe bioénergétique 



 

 



 

 



 

 

1.5 Cas d’étude : les nourriceries côtières du golfe de Gascogne et de la Manche 
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1.6 Questions de recherche et démarche scientifique adoptée 



 

 

 



 

 



 

 



 

 

2 Quantifier l'effet de la période 

d'échantillonnage sur les estimations de 

production macrobenthique 

 



 

 

 



 

 



 

 



 

 

Seasonality in coastal macrobenthic biomass 

and its implications for estimating secondary 

production using empirical models 



 

 

Abstract 



 

2.1 Introduction 



 

2.2 Materials and methods 

2.2.1 Study sites 



 

2.2.2 Data collection and selection 



 

2.2.3 Modeling the seasonal pattern in macrobenthic invertebrate biomass 



 



 

2.2.4 Estimating production-to-biomass ratio and production 

http://www.thomas-brey/science/virtualhandbook
https://www.itis.gov/
http://www.marlin.ac.uk/biotic/biotic.php
http://www.marinespecies.org/
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2.2.5 Assessing the effect of sampling period on production estimates 

 PE = (𝜃 − 𝜃)/𝜃 𝜃 𝜃
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2.3 Results 

2.3.1 Seasonal patterns in biomass of macrobenthic invertebrates 

Seasonal patterns at the community level 



 

Seasonal patterns at the population level 



 





 



 

2.3.2 Estimating the bias and accuracy of production estimates for each sampling period 



 

2.4 Discussion 



 

2.4.1 Seasonality in biomass of macrobenthic invertebrates 



 



 

2.4.2 Bias and accuracy of production estimates 
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2.6 Supplement 

2.6.1 Seasonal pattern in biomass of macrobenthic invertebrates at the community level 



 



 



 

Investigating pairwise differences in seasonal pattern among sites at the community level. 
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2.6.2 Seasonal pattern in biomass of macrobenthic invertebrates at the population level 



 



 



 



 



 

2.6.3 Bias and accuracy in annual production estimates 



 



 

3 L'offre alimentaire des proies limite-t-elle la 

production des juvéniles dans les 

nourriceries ? La partie orientale de la baie 

de Seine comme cas d'étude 



 



 



 



 

Food limitation for juvenile marine fish 

investigated in a temperate coastal nursery, 

Western Europe 
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3.1 Introduction 



 



 

3.2 Materials and methods 

3.2.1 Study area 

3.2.2 Data collection and selection 



 

Grab sampling survey 

𝐵𝑖 =

𝐴𝑖 ∙ 𝑊𝑖 𝐵𝑖 𝐴𝑖 𝑊𝑖



 

Trawl sampling survey 

3.2.3 Estimating macrobenthic Food Production 
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3.2.4 Estimating Food Consumption by epibenthic predators  
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3.2.5 Exploitation Efficiency and uncertainty analysis  

EE =

(FC FP⁄ ) ∙ 100 

FP



 

3.3 Results 

3.3.1 Macrobenthic Food Production 



 

3.3.2 Food Consumption by epibenthic predators 



 



 

3.3.3 Exploitation Efficiency 



 

3.4 Discussion 

3.4.1 Food production: a temporally variable but spatially stable pattern 



 

3.4.2 Linking Food Production to Food Consumption by epibenthic predators 



 



 

3.4.3  Including predatory invertebrates doubled the Food Consumption estimates 

3.4.4 Food limitation: what have we learnt from Exploitation Efficiencies? 
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3.6 Supplement 

3.6.1 Supplement S3.1: Sensitivity of Food Production estimates (FP) to the method used for 

estimating macrobenthic biomass. 
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3.6.2 Supplement S3.2: Selection of macrobenthic prey 



 

3.6.3 Supplement S3.3: Accounting for seasonal variations in macrobenthic prey biomass 
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3.6.4 Supplement S3.4: Estimating P:B ratios of macrobenthic invertebrates 
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3.6.5 Supplement S3.5: Estimating total abundance and mean length of G0 and G1 fish for 

Pomatoschistus minutus and Callionymus lyra. 
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3.6.6 Supplement S3.6: Data collection for estimating parameters involved in computing Food 

Consumption of epibenthic predators. 

DC: Gravimetric proportion of macrofauna in diet (in %). 



 

E: Energy density (in kJ.g-1) 

K: Gross conversion efficiency (unitless) 



 

q: Catch efficiency (unitless) 

G: Daily growth rate (mm.day-1) 



 

Z: Daily mortality rate (day-1) 
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3.6.7 Supplement S3.7: Data sources and categorization of variables and parameters involved in 

computing Exploitation Efficiencies (EE) and performing Monte-Carlo simulations. 
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3.6.8 Supplement S3.8: Food production of dominant prey taxa in the Seine nursery. 



 

3.6.9 Supplement S3.9: Food Consumption by the dominant epibenthic predators and Exploitation 

Efficiencies estimated in each stratum of the Seine nursery (E14, E4, FN and FS) during 2008-

2010. 
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4 Variabilité inter-sites de la production des 

proies et de sa consommation par les 

prédateurs épibenthiques 



 



 



 



 

Site-specific variability in food supply and 

consumption among contrasting coastal fish 

nurseries 
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4.1 Introduction 



 

4.2 Materials and Methods 

4.2.1 Study sites 



 



 

4.2.2 Data collection 

http://hydro.eaufrance.fr/
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4.2.3 Prey and predator selection 



 



 

4.2.4 Estimating Food Production 

FP = ∑ CR ∙ Bj ∙ P: Bj ∙ (1 + Rj)

j ∈ 1:Jth prey species

∙ Ej
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4.2.5 Estimating Food consumption by epibenthic predators 
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4.2.6 Computing the Exploitation efficiency 

EE = (FC FP⁄ ) ∙ 100  

FP



 

4.3 Results 

4.3.1 Variations in Food Production and in Food Consumption 



 



 

4.3.2 Exploitation efficiencies  

4.4 Discussion 
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5 Discussion générale : synthèse, limites & 

perspectives 
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5.1 Synthèse des principaux résultats 
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5.2 Discussion, limites & perspectives 
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5.2.1 Principales limites de l’approche bioénergétique et de ses cas d’application 
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5.2.2 Face à l’absence de séries temporelles … utiliser des proxys constitue-t-il une solution ? 
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5.2.3 Explorer plus finement la distribution spatiale des prédateurs et de leurs proies. 



 

 

5.2.4 L’échelle spatio-temporelle d’analyse est-elle adaptée à l’hypothèse que l’on teste ? 



 

5.2.5 Quid de la prédation et des maladies ? 



 



 

5.2.6 Prédation vs compétition : réconcilier deux hypothèses en apparence opposées grâce à 

l’écologie comportementale. 
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5.2.7 Après tout, est-ce vraiment si important d’étudier les mécanismes densité-dépendants ? 
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5.3 Conclusion 
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Annexe I : Code permettant d’utiliser le modèle empirique de Brey (2012) directement 

dans l’environnement R.  

 

# Author: Erwan Saulnier, PhD candidate (May 2018) 

# R version 3.3.3 (32 bit) 

 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

#                                                            R code for calculating annual production estimates  

#                using the Brey (2012) model. 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

 

# Developed by and used in: 

# Erwan Saulnier, Anik Brind’Amour, Adrien Tableau, Marta M. Rufino, Jean-Claude Dauvin, Christophe Luczak, Hervé Le Bris 

# Seasonality in coastal macrobenthic biomass and its implications for estimating secondary production  

# using empirical models 

# Limnology and Oceanography 

 

### Main goal: Estimating secondary production using the Brey model directly in R ### 

# This R code quickly returns an estimate of P:B and P for each species/station/site/year. 

# No need to fill in a different Excel spreadsheat for each station/site/year. 

# This allows to save time if your study involves several years and/or stations/sites. 

 

### How to cite this code: Please cite both the present study (Saulnier et al. xxxx) and the original paper of Brey (2012)  

# Feel free to contact the authors for any additional information.     

 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

#                                                                                            Preliminaries 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

 

# This R code requires to load 3 different data files to work: 

# 1) your main data frame (or the example data frame supplied as Supp. Info. online) 

# 2) the file called "biological_traits_matrix.csv" (supplied as Supp. Info. online) 

# 3) the file called "Brey_5ANN_parameters.rds" (supplied as Supp. Info. online). 

 

# The 3 files must be in the same folder (same working directory) 

 

# 1) Note that your main data frame should include the following variables: 

# species, year, site, station 

# J.mgAFDM = J/ [mg AFDM] -> ratio converting biomass (mg AFDM) in energy (J). Source = Brey et al. (2010) 

# mean_biom = mean annual biomass in g AFDM/m2 

# W = mean individual weight  in g AFDM (= mean annual biomass divided by mean annual abundance) 

# M = mean individual body mass in J (M = W * J.mgAFDM * 1000) 

# D = depth in meters 

# T = mean annual temperature in °C 

 

# WARNING: Use the same column names in your data frame and in this R code (e.g. the name of the temperature  

# variable should be "T") 

# Or change them both in your data frame and in this R code. 

  



 

# --> See the data file supplied online or the example below 

# Example dataset: Macrobenthic data collected in 1980 & 1981 at 'Pierre Noire' (PN)  

# & at 'Rivière de Morlaix' (RM), Bay of Morlaix, France 

 

 

 

 

#> head(data) 

#          species year    site station J.mgAFDM  mean_biom            W         M  D        T 

#1       Abra alba 1980 morlaix      PN   19.997 1.54033446 0.0051276114 102.53684 17 12.07917 

#2       Abra alba 1980 morlaix      RM   19.997 0.57932556 0.0091956438 183.88529 10 12.07917 

#3       Abra alba 1981 morlaix      PN   19.997 0.64467226 0.0066188117 132.35638 17 11.76250 

#4       Abra alba 1981 morlaix      RM   19.997 0.05544413 0.0041376218  82.74002 10 11.76250 

 

 

# 2) The data file "biological_traits_matrix.csv" refers to the 17 categorical variables  

# of the Brey model (taxonomic and lifestyle information).  

# WARNING: This csv file should include all species of your study. 

# If not, fill in all categorical variables for each missing species with the binary code "1 or -1" 

# The value "1" means "YES" and the value "-1" means "NO" 

# Example: Abra alba is a bivalve so that the value of the "Mollusca variable" should be 1, and the values 

# of the 4 other taxonomic variables (Annelida, Crustacea, Echinodermata, Insecta) should be -1 

# The variable "Exploited" refers to exploited populations, usually set to -1 

 

#3) The file called "Brey_5ANN_parameters.rds" refers to the numerical parameters' values of the Brey model. 

 

 

# Note that the P/B estimates calculated with this R code slightly differ from the P estimates  

# you get using the Brey model as an Excel spreadsheet. 

# The differences come from the way to back-transform log(P/B). 

# In the Excel spreadsheet, P:B ratios are estimated from 10^(log10(x)) and thus are slightly biased. 

# With the compute_PB() function, P/B ratio are estimated from exp(log(10)*mean(x) + 0.5*log(10)*(sd(x))^2)) 

# and are thus considered more accurate. 

# Anyway, the differences between the 2 back-tranformation methods are marginal (~ 1%). 

 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

#                                                                                         Load data 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

 

# Load macrobenthic data 

path <- "C:/Users/esaulnie/Documents/Ph.D.E_SAULNIER/Data/Brey_ANNmodel_2012/Brey_model_in_R" # Don't forget to 

change the working directory 

setwd(path) 

data <- read.csv('morlaix_data.csv', header=T, sep=';',dec=',') ; data$year <- as.factor(data$year) 

 

# Load the biological traits (inputs of the Brey model) 

bio_trait <- read.csv("biological_traits_matrix.csv",header=T, sep=';',dec=',') 

 

# Merge the 2 datasets 

data <- merge(data,bio_trait) 

  



 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------#                           

#                                                                           Load the compute_PB() function 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

 

# This function computes the P/B ratios using the Brey (2012) model  

# WARNING - UNITS : M in J, T in °C, D in meters 

 

compute_PB = function (x){ 

   

  param <- readRDS("Brey_5ANN_parameters.rds") 

  logPB_vector <- c() 

   

  for (i in 1:5){ 

    # NB : temperature in Kelvin   

    ANN <- param[i,] 

    H1 = tanh(0.5*(ANN$b0 + ANN$b1*log10(x$M) + ANN$b2*(1/(273.15+x$T)) + ANN$b3*log10(x$D) + ANN$b4*x$Mollusca 

+ ANN$b5*x$Annelida +  ANN$b6*x$Crustacea + ANN$b7*x$Echinodermata + ANN$b8*x$Insecta + ANN$b9*x$Infauna + 

ANN$b10*x$Sessile + ANN$b11*x$Crawler + ANN$b12*x$FacSwim + ANN$b13*x$Herbivor + ANN$b14*x$Omnivor + 

ANN$b15*x$Carnivor + ANN$b16*x$Lake + ANN$b17*x$River + ANN$b18*x$Marine + ANN$b19*x$Subtidal + 

ANN$b20*x$Exploited)) 

     

    H2 = tanh(0.5*(ANN$c0 + ANN$c1*log10(x$M) + ANN$c2*(1/(273.15+x$T)) + ANN$c3*log10(x$D) + ANN$c4*x$Mollusca 

+ ANN$c5*x$Annelida + ANN$c6*x$Crustacea + ANN$c7*x$Echinodermata + ANN$c8*x$Insecta + ANN$c9*x$Infauna + 

ANN$c10*x$Sessile +ANN$c11*x$Crawler + ANN$c12*x$FacSwim + ANN$c13*x$Herbivor + ANN$c14*x$Omnivor + 

ANN$c15*x$Carnivor + ANN$c16*x$Lake + ANN$c17*x$River + ANN$c18*x$Marine + ANN$c19*x$Subtidal + 

ANN$c20*x$Exploited)) 

     

    output =ANN$a0 + ANN$a1*H1 + ANN$a2*H2 

    logPB_vector <- c(logPB_vector,output) 

  } 

   

  result <- cbind.data.frame(mean_logPB=mean(logPB_vector),SD_logPB=sd(logPB_vector), 

                             PB=exp(log(10)*mean(logPB_vector) + 0.5*log(10)*(sd(logPB_vector))^2)) 

  return(result) 

} 

 

# Outputs are: 

# mean_logPB = log(P:B), expressed as the mean of the 5 ANN model estimates.  

# See Brey (2012) for more details or contact us 

# SD_logPB = Standard deviation of log(P:B) (Deviation from the mean of the 5 ANN model estimates) 

# PB = P:B ratio, corresponding to the back-transformation of log(P:B) 

 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------#                           

#                                                                           Apply the compute_PB() function 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

 

PB_data <- do.call(rbind.data.frame,lapply(split(data,data[,c('year','site','station','species')],drop=T),compute_PB)) 

 

# Re-create the columns 'species', 'year' & 'month' from the rownames 

PB_data$id <- row.names(PB_data) ; PB_data$year <- sapply(as.character(PB_data$id), function(x) strsplit(x, "[.]")[[1]][1]) 

PB_data$site <- sapply(as.character(PB_data$id), function(x) strsplit(x, "[.]")[[1]][2]) 

PB_data$station <- sapply(as.character(PB_data$id), function(x) strsplit(x, "[.]")[[1]][3]) 

PB_data$species <- sapply(as.character(PB_data$id), function(x) strsplit(x, "[.]")[[1]][4]) 

row.names(PB_data)<-1:dim(PB_data)[1]; PB_data <- PB_data[c('year','site','station','species','mean_logPB','SD_logPB','PB')] 

  



 

 

# Calculate the production P of each species 

data <- merge(data,PB_data[,c("year","site","station","species","PB")]) # add the P/B ratio to the dataset 

data <- data[c("species","year","site","station", "J.mgAFDM", "mean_biom", "W", "M", "D", "T", "PB")]  

# remove the biological traits' columns 

data$P <- data$mean_biom * data$J.mgAFDM * data$PB  # P in kJ/m2/y 

 

# Estimate the annual secondary production (P) of the macrobenthic community (final_df) 

final_df <- aggregate(P~year+site+station,data=data,sum) 

 

 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

#                                                                                                  References 

#-----------------------------------------------------------------------------------------------------------------------------------------------------------------# 

 

# This study (Saulnier et al. xxxx). Limnology & Oceanography. 

# Brey, T., 2012. A multi-parameter artificial neural network model to estimate macrobenthic invertebrate  

# productivity and production. Limnol. Oceanogr. Methods 10, 581-589 

 

# Brey, T., Müller-Wiegmann, C., Zittier, Z.M.C., Hagen, W., 2010. Body composition in aquatic organisms - A global  

# data bank of relationships between mass, elemental composition and energy content. J. Sea Res. 64, 334-340 

 



 

Annexe II : Développement et cartographie d’un indicateur global de pressions 
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Appendices 

------------------------------------------------------------------------------------------------------------ 
---------------------- Creation de la grille pression_peche ------------------------------------- 
 
create materialized view grille_peche15 as  
select distinct sea_grille15.id, grille_peche3.impact as impact, sea_grille15.geom 
from grille_peche3 inner join sea_grille15 on st_intersects(grille_peche3.geom, st_centroid(sea_grille15.geom)) 
order by id 
 
----------------------------------------------------------------------------------------------------- 
------------- creation de la grille "pression conch" -------------------------------------- 
 
CREATE MATERIALIZED VIEW grille_conch3 as 
(with part1 as 
(selectst_union(geom) as geom_conch from conchyliculture),  -- obtenir un seulpolygone de conchyliculture 
part2 as 
(select sea_grille3.id, sea_grille3.geom, st_area(st_transform(st_intersection(geom_conch,sea_grille3.geom),3035)) as 
conch_area, -- calcul de la surface de conch / carré 
st_area(st_transform(sea_grille3.geom,3035)) as sea_area 
FROM part1 INNER JOIN sea_grille3 on st_intersects(geom_conch,sea_grille3.geom)) 
-- calcul de la surface de l'espace maritime / carré  
select id, (conch_area/sea_area)*100 as impact, geom from part2 order by id) ; 
 
--------------------------------------------------------------------------------------------------------- 
------------- creation de la grille "pression extraction_granulat" ----------------------- 
 
CREATE MATERIALIZED VIEW grille_granulat3 as 
 
(with part1 as 
(select sea_grille3.id, gid, sea_grille3.geom, 
st_area(st_transform(st_union(st_intersection(granulat.geom,sea_grille3.geom)),3035)) as area  
-- area = surface d'extraction / carré de la grille 
FROM granulat INNER JOIN sea_grille3 on st_intersects(granulat.geom,sea_grille3.geom)  
whereetat LIKE 'Extraction'  -- selection des sites en activite 
group by sea_grille3.id, gid, sea_grille3.geom 
order by gid, sea_grille3.id), 
 
part2 as (select gid, quantite_a, st_area(st_transform(geom,3035)) as total_area 
fromgranulat where etat LIKE 'Extraction') 
 
select id, sum((area/total_area)*quantite_a) as impact, geom ::geometry(Polygon, 4030)  
from part1 inner join part2 using (gid) 
group by id, geom 
order by id); 
 
 
----------------------------------------------------------------------------------------------------------------------- 
---------------------- Creation de la grille pression_clapage----------------------------------------------- 
 
create materialized view grille_clapage as 
(select sea_grille3.id, sum(avg_qms/st_area(st_transform(sea_grille3.geom,3035)))*1000 as impact, sea_grille3.geom 
fromn_immersion_p inner join sea_grille3 on st_intersects(n_immersion_p.geom, sea_grille3.geom) 
where avg_qms> 0 
group by id, sea_grille3.geom) 
  



 

------------------------------------------------------------------------------------------------------------ 
---------------------- Creation de la grille pression_crepidule --------------------------------- 
 
CREATE MATERIALIZED VIEW grille_crepidule as 
(with part1 as 
(selectst_union(geom) as geom_crepi from crepidule), 
part2 as (select sea_grille3.id, sea_grille3.geom, st_area(st_transform(st_intersection(geom_crepi,sea_grille3.geom),3035)) 
as crepi_area, -- calcul de la surface de crepidule / carré 
st_area(st_transform(sea_grille3.geom,3035)) as sea_area 
FROM part1 INNER JOIN sea_grille3 on st_intersects(geom_crepi,sea_grille3.geom)) -- calcul de la surface de l'espace 
maritime / carré # 
select id, (crepi_area/sea_area)*100 as impact, geom from part2 order by id) ; 
 
------------------------------------------------------------------------------------------------------------ 
---------------------- Creation de la grille pression_globale--------------------------------- 
 
create materialized view log_global_impact3 as  
 
(with part1 as 
 
(select max(log(grille_conch3.impact+1))::numeric  as max_conch , 
max(log(grille_granulat3.impact+1))::numeric  as max_granulat,  
max(log(grille_clapage3.impact+1))::numeric  as max_clapage,  
max(log(grille_crepidule3.impact+1))::numeric  as max_crepi 
from grille_granulat3, grille_conch3, grille_clapage3, grille_crepidule3), 
 
part2 as 
(select max(log(grille_peche3.impact+1))::numeric  as max_peche --min(grille_peche3.impact)::numeric  as min_peche 
from grille_peche3), 
 
part3 as  
 
(select id, (log(grille_conch3.impact+1)/max_conch)::numeric as impact from grille_conch3, part1 
UNION 
select id, (log(grille_granulat3.impact+1)/max_granulat)::numeric as impact from grille_granulat3, part1 
UNION 
select id, (log(grille_clapage3.impact+1)/max_clapage)::numeric as impact from grille_clapage3,part1 
UNION 
select id, (log(grille_crepidule3.impact+1)/max_crepi)::numeric as impact from grille_crepidule3,part1 
UNION 
select id, (log(grille_peche3.impact+1)/max_peche)::numeric as impact from grille_peche3, part2) 
 
select sea_grille3.id, sum(impact)::numeric as glob_impact, sea_grille3.geom 
from sea_grille3 inner join part3 on sea_grille3.id=part3.id 
group by sea_grille3.id, sea_grille3.geom) 
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Titre : Estimer la production macrobenthique et sa consommation pour comprendre la limitation trophique au sein des 

nourriceries côtières 

Mots clés : Nourriceries, Limitation trophique, Macrofaune, Juvéniles, Prédateurs épibenthiques, Bioénergétique 

Résumé : Comprendre les processus qui régulent 

l’abondance des populations sauvages est un objectif de 

recherche majeur en écologie, et un prérequis pour la 

conservation des espèces et la gestion des ressources 

vivantes exploitées. Chez de nombreuses espèces marines, 

la régulation densité-dépendante des populations a lieu au 

stade juvénile, durant lequel les individus se concentrent 

dans des nourriceries côtières et estuariennes spatialement 

limitées. Cependant, les mécanismes sous-jacents restent 

largement incompris. Le rôle de la compétition trophique 

comme mécanisme de régulation est en particulier 

controversé. Dans le cadre de cette thèse, nous nous 

sommes intéressés à l’hypothèse de limitation trophique, qui 

stipule que les ressources alimentaires dans les nourriceries 

limiteraient la production des juvéniles de poissons et in fine 

leur recrutement. 

Pour cela, nous avons utilisé une nouvelle approche 

bioénergétique qui permet d’estimer la part de la production 

des proies macrobenthiques consommée par les juvéniles 

de poissons et les méga-invertébrés, et de déduire de cette 

proportion si la limitation trophique est effective ou non. 

L’application de cette approche à plusieurs cas d’étude 

suggère que les ressources trophiques pourraient limiter la 

production des juvéniles dans les nourriceries françaises, 

au moins lorsque l’offre alimentaire est faible et/ou la 

demande énergétique est forte. Nous soulignons 

également des lacunes qu’il parait indispensable de 

combler afin d’améliorer notre compréhension de la 

limitation trophique au sein des nourriceries, comme par 

exemple une meilleure quantification de l’accessibilité des 

proies. 

 

  

Title: Estimating macrobenthic production and its consumption for understanding food limitation in coastal nurseries 

Keywords:  Nurseries, Food limitation, Macrofauna, Juvenile fish, Epibenthic predators, Bioenergetics 

Abstract: Understanding the processes that regulate the 

abundance of wild populations is a primary goal in ecology, 

and a prerequisite for implementing effective conservation 

and management of exploited living resources. In many 

marine fish, there is strong evidence that density-dependent 

regulation occurs at the juvenile stage when numerous 

individuals concentrate in spatially-restricted coastal and 

estuarine nurseries. However, the underlying mechanisms 

remain poorly understood. In particular, whether competition 

for food limits fish growth and survival is still controversial. In 

this PhD thesis, we focused on the food limitation hypothesis 

for nursery-dependent marine fish, which states that food 

supply limits juvenile fish production and ultimately, 

recruitment to adult populations offshore. 

To do so, we largely relied on a new bioenergetics-based 

approach, which estimates the exploitation rate of 

macrobenthic prey by the epibenthic predator community 

(juvenile fish and predatory invertebrates), and infers from 

this rate to what extent juvenile fish are food-limited. Using 

that approach, we investigated temporal and spatial 

variations in food supply and consumption among several 

coastal and estuarine nurseries located along the West 

coast of France. Overall, this PhD thesis provides new 

findings which indicate that food supply may limit juvenile 

fish production in coastal nurseries, at least when food 

supply is low and/or food demand is high. We also highlight 

some key research gaps that need to be filled to improve 

our understanding of food limitation in coastal nurseries, 

such as prey accessibility. 

 

 


