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1. Introduction

La dorade rose (Pagellus bogaraveo) était la quatrieme espéce de poissons démersaux dans les
débarquements en poids du golfe de Gascogne et probablement la deuxiéme en valeur au cours des
années 60 et 70. Le stock du golfe de Gascogne s'est effondrée du fait de la surpéche au cours des
années 1980 et les captures internationales sont restées a un niveau bas depuis, d'environ 100 tonnes
ces dernieres années. La dorade rose est une espece sensible a I'exploitation qui ne peut soutenir
gu'une mortalité par péche modérée du fait de son cycle de vie ol l'espece est hermaphrodite
protandre, male puis femelle, ce qui a pour conséquence que la biomasse de femelles fécondes décroit
fortement méme pour sous une pression de péche modérée. De plus la croissance individuelle est
lente ce qui conduit a une productivité biologique des stocks faible. Enfin, le comportement agrégatif
de cette espéce a pour conséquence que des captures élevées peuvent avoir lieu méme lorsque
I'abondance totale est basse tandis que sa grande qualité organoleptique lui confére une haute valeur
marchande et donc un fort intérét pour les pécheries.

Malgré I'effondrement du stock de dorade rose dans les années 1980, aucune gestion n'a contraint les
captures jusqu'en 2003 ou des quotas européens ont été introduits pour ce stock considéré couvrir les
sous-région 6, 7 et 8 du CIEM. Ces quotas ont été graduellement réduits a 105 tonnes depuis 2020. Il
n'y a ni données pour évaluer quantitativement la biomasse du stock ni indicateur pour évaluer sa
tendance de sorte que l'application par le CIEM du cadre pour les stocks a données limitées conduit a
une recommandation de captures nulles. Le tres faible quota francais de 4 tonnes depuis 2020 semble
bien inférieur a la fraction réellement inévitable des captures accessoires réelles. Les organisations de
producteurs (OPs) ont pris des mesures pour s'adapter a ce faible quota, notamment l'interdiction des
débarquements par les engins actifs et un systeme de licences. Néanmoins, l'interdiction des
débarquements est problématique dans le cadre de I'obligation a débarquer.

Au cours de son cycle de vie la dorade rose passe de nourriceries situées dans la zone littorale au
plateau cotier avec un hivernage dans les zones plus profondes de la pente continentale habitées par
les adultes (Olivier, 1928; Mytilineou et al., 2013). Pour le stock du le golfe de Gascogne, des
marquages ont montré des migrations saisonnieres de |'ordre de 1000 km entre des zones d'hivernage
profonde et Méridionales, en Mer Cantabrique et des zones de reproduction et d'alimentation estivale
au nord du golfe de Gascogne (Guéguen, 1974). 'analyse génétique a montré une distinction
génétique entre les populations de dorade rose des Agores et celles de la céte Portugaise et de Madeére
(Stockley et al., 2005). En revanche, aucune différentiation génétique n'a été trouvée autour de la
Péninsule Ibérique (Pifiera et al., 2007). Une nouvelle étude, publiée pendant le projet DynRose par
une équipe portugaise et utilisant des échantillons collectés a la pointe Bretagne en 2019 (Robalo et
al., 2021) a montré la méme structure et en particulier a confirmé I'absence de différence significative
entre les dorades roses de la mer Cantabrique et celles de la Pointe Bretagne. Cela confirme la
pertinence d'une seule unité de gestion pour la dorade rose du golfe de Gascogne (y compris mer
Cantabrique) et de la mer Celtique.

Dans le cadre du projet européen H2020 Pandora, ifremer a réalisé une campagne acoustique
d'estimation de la biomasse de dorade rose en 2019 et |'espéce a aussi été choisie comme cas d'étude
dans un projet sur fonds propres, sur le développement des approches par ADN environnemental
(eDNA). Dans ce contexte, le projet Dynrose avait pour objectif général de contribuer a la collecte et
I'analyse des données nouvelles sur cette espece par des études portant sur : (i) la distribution
géographique actuelle de la dorade rose sur la c6te Atlantique ; (ii) I'évolution des pécheries et (iii)
I'évaluation de stock et la stratégie de gestion. Il est apparu au cours du projet que des résultats



tangibles sur ce dernier objectif étaient hors de portée et le travail a été reporté sur une approche du
budget énergétique de stock de dorade rose.

2. Principaux résultats

Les principaux résultats du projet DynRose portent sur trois aspects : la distribution spatiale et les
habitats de I'espéce a I'échelle de I'Atlantique Nord-Est et de la Méditerranée, le budget énergétique
de I'espece et les relations entre les quantités débarquées et les prix au cours des 50 dernieres années.

Une analyse de la distribution spatiale de la dorade rose a été réalisée avec une approche de
modélisation de distribution d'espéce conjointe (ensemble Species Distribution Modelling, eSDM), qui
met en ceuvre plusieurs catégories de modéle d'habitat et une procédure statistique pour estimer des
cartes d'habitat (habitat suitability maps) puis des cartes de présence-absence binaire. Les facteurs
d'habitats de la dorade rose sélectionnés pour tracer des cartes d'habitat sont au nombre de neuf.
Cette analyse a été réalisée sur I'ensemble de I'Atlantique Nord-Est et du bassin occidental de le
Méditerranée sur des cellules spatiales de 0.05 degrés. Les neuf prédicteurs en termes d'habitat pour
la dorade rose, a I'échelle de ces cellules sont (1) région, (2) type de fond, (3) moyenne et (4) écart-
type de la profondeur, (5) maximum de la température de surface, (6) moyenne et (7) minimum de la
vitesse du courant, 8) écart-type de la salinité, (9) écart-type de la température au fond. Les facteurs
5 a 9 concernent les minimum, maximum, moyenne et écart-type au cours de I'année. Les cartes de
présence-absence binaire sont des projections qui reposent sur des sous-ensembles optimisés de six
prédicteurs. L'habitat potentiel de la dorade rose inclut les cOte et pentes insulaires des Acores, le
plateau continental et la pente continentale supérieure du Nord-Est Atlantique, principalement au sud
de 48°nord (golfe de Gascogne) et, pour une extension moindre, dans le sud des mers Celtiques ainsi
que les plateaux et pentes nord de la Méditerranée occidentale, avec des zones plus étendues au
Détroit de Gibraltar, dans le golfe du Lion et le long des cOtes italiennes. L'importance du prédicteur
région, qui revient a estimer des parameétres différents pour les zones des Agores, de I'Atlantique et
de la Méditerranée, est interprétée comme liée a I'état des stocks de dorade rose dans les trois régions,
avec les stocks des cotes Atlantique européennes dans un état d'abondance plus réduite que ceux de
Méditerranée ou des Acores. Par suite, dans le golfe de Gascogne I'habitat potentiel couvre I'essentiel
du plateau continental tandis que I'habitat actuellement occupé (realised habitat dans la modélisation)
représenté par les cartes de présence-absence binaire est beaucoup plus réduit. Enfin, I'estimation de
I'habitat potentiel couvrant I'ensemble du golfe de Gascogne, suggere que cette zone reste adéquate
pour l'espece, qui devrait donc étre capable de la recoloniser, et ce malgré les changements
environnementaux survenus depuis les années 1980. Les détails de cette étude peuvent étre trouvés
en annexe 1 de ce rapport.

La dynamique du budget énergétique (modele Dynamic Energy Budget, DEB) est une approche basée
sur les principes de la thermodynamique. L'étude menée sur la dorade rose a permis de compiler un
grand nombre de données physio-écologiques de I'espece. Comme classiqguement dans ce type
d'étude, certaines données ne sont pas disponibles pour I'espéce et ont été remplacées par des
pseudo-données correspondant a un organisme généralisé qui permettent d'assurer la cohérence de
du paramétrage du modele pour I'espéce. Le rapport technique fournit en annexe 2 détaille I'état
d'avancement du modele développé. La poursuite de ce travail permettra d'étudier plusieurs aspects
non compris de la biologie et la dynamique de la dorade rose dont les facteurs du changement de sexe
et du cycle migratoire.



Les relations entre les quantités débarquées et les prix au cours des 50 dernieres années ont été
traitées dans une approche comparative ou les variations observées pour la dorade rose ont été
comparées a celles d'autres espéces exploitées dans le golfe de Gascogne. Trois catégories d'espéces
exploitées dans le golfe de Gascogne et pertinentes pour des comparaisons avec la dorade rose ont
été sélectionnées : les principales espéces bentho-démersales (merlu, baudroies, sole), les especes a
prix élevés (bar, saint-pierre, dorade royale, pagre, maigre, turbot, barbue, lieu jaune, rouget barbet
et thon rouge) et des espéces de la méme famille (Sparidae) que la dorade rose (pageot acarné, pageot
commun, dorade grise, sar commun). A I'exception du thon rouge, I'étude est limitée a des espéce
bentho-démersales plus pertinentes pour comparaison avec la dorade rose en terme de prix et
marchés auxquels elles sont destinées. Les données de prix disponibles ont été corrigées de l'inflation
en utilisant les indices de I'INSEE. L'effondrement du stock de dorade rose dans les années 1980 a été
associée a une augmentation de son prix tandis que pour d'autres especes dont les débarquements
ont diminué, mais sans connaitre un effondrement similaire, la baisse des débarquements de I'époque
a été accompagnée d'une baisse des prix (corrigés de l'inflation).

Dans la période 2000-2020, les débarquements de dorade rose ont d'abord augmenté puis ont diminué
sous |'effet des quotas limitant et son prix corrigé de l'inflation a augmenté de 0.42 €/an. Aucune autre
espece étudiée n'a connu une telle augmentation au cours de la méme période et la plupart des prix
au débarquement des especes étudiées ont, au contraire, faiblement baissé. Depuis 2010, la dorade
rose est devenue |'espéce de poisson démersale la plus chere débarquée par les bateaux actifs dans le
golfe de Gascogne. Sur le long terme, la diminution des débarquements de dorade rose pourrait avoir
conduit au report éventuel des consommateurs vers d'autres espéces de qualité similaire et prix
élevés, mais les variations observées des prix et débarquement ne permettent pas d'estimer
clairement de tels report. Il est probable que I'augmentation de la disponibilité de poisson produit par
I'aquaculture au cours des derniére décennies perturbe |'effet des relations offre (débarquement) et
demande sur les prix. Les détails de cette étude peuvent étre trouvés en annexe 3 de ce rapport.

3. Déroulement du projet

Trois objectifs étaient définis dans le document de projet soumis a FFP en mars 2020 : i) Etude de la
distribution géographique actuelle de la dorade rose sur la c6te Atlantique; ii) Analyse de I'évolution
et de I'état des pécheries et du stock ; iii) Mise a jour du modeéle d'évaluation de stock et simulation
de sa dynamique selon la stratégie de gestion en tenant compte de I’hermaphrodisme protandre de la
dorade rose. Le projet prévoyait de concrétiser ces objectifs par quatre livrables :

(1) Manuscrit scientifique sur les aspects (i) Comparaison de la distribution géographique
historique et actuelle de la dorade rose dans le golfe de Gascogne et (ii) Description de
I’évolution des pécheries et du stock de dorade rose du golfe de Gascogne

(2) Manuscrit scientifique sur I'aspect (iii) Dynamique de reconstitution démographique en
fonction de différentes stratégies de gestion et de l'incertitude sur les traits d'histoire de vie

(3) Présentation des résultats a un colloque international

(4) Présentation des résultats a la profession

Au cours du projet, il est apparu que les données disponibles, notamment les données d'acoustique,
ne permettaient pas d'estimer une trajectoire de reconstitution suffisamment fiable pour faire des
projections sous des scénarios de gestion. Une étude de cette dynamique serait donc restée sous une
forme de simulation ou hypothétique sans amener de réponse d'intérét pour la pécherie en terme
d'état du stock et d'options de gestion. Afin de produire un travail plus utile, un avenant au projet a



été signé pour le prolonger et remplacer le livrable 2 par un manuscrit sur une approche de la
dynamique du budget énergétique (dynamic energy budget, DEB) de I'espéece. L'avenant au projet
précisait que cette modélisation DEB ne serait pas finalisée pendant la durée du projet, mais sera
poursuivie par IFREMER aprés la cl6ture du projet DynRose. Ceci en raison de la complexité d'une
modélisation DEB, en particulier sur une espéce migratrice.

Le livrable 1 a donné lieu a un article dans la revue Ecological modelling (Annexe 1). La seconde partie
de ce livrable "Description de I'évolution des pécheries et du stock de dorade rose du golfe de
Gascogne" a été concrétisée par une analyse de I'effet de I'effondrement du stock de dorade rose dans
les années 1980 sur son prix au débarquement. Cette étude porte sur les année 1973 a 2020 et traite
donc aussi des variations de prix au cours de la période récente. Elle constitue un second manuscrit
qui reléve du livrable 1. L'étude est en cours de finalisation pour soumission a une revue scientifique
et présentée en annexe 2.

Comme prévu par l'avenant au projet, un modele DEB de la dorade rose a été paramétré et le rapport
correspondant, est présenté en annexe 3. Cette modélisation requiert un travail additionnel pour
rédiger un article a soumettre a une revue scientifique.

Les livrables 3 et 4 correspondent aux présentation dans des colloques internationaux et nationaux. Il
s'agit de deux colloques scientifiques internationaux : ISOBAY 2021 (colloque golfe de Gascogne, avec
une forte présence de scientifique francgais et espagnols) et conférence scientifique du CIEM 2021
(suivie par la communauté scientifique halieutique et environnement européenne) et d'un colloque
francais (Rencontres de l'ichtyologie en France, 2022). Le projet a donc donné lieu a des présentations
dans trois colloques. Les travaux ont aussi été présentés a I'OP partenaire pécheurs de Bretagne.

Enfin, I'échantillonnage par acoustique pour estimer I'abondance de la dorade rose qui avait été initiée
avant le début du projet a été abandonnée suite aux analyses de données réalisées au cours du projet.
En revanche, un échantillonnage de la zone de la pointe Bretagne par ADN environnemental (ADNe),
dont I'objectif est d'estimer la distribution spatiale et I'abondance des poissons en échantillonnant les
traces d'ADN qu'ils laissent dans |'eau a été mis en place. Cet échantillonnage requiert une campagne
de trois a cinqg jours de mer a bord d'un petit bateau de péche. Une telle campagne a déja été réalisée
trois fois en 2020, 2021 et 2022 et sera poursuivi au moins quelques années dans le cadre d'une
collaboration avec I'Université de Zurich (Suisse). Cette méthode permet d'étudier I'ensemble de la
biodiversité a partir d'un type d'échantillonnage unique. Pour la zone étudiée, cette approche a été
appliquée aux poissons. Le potentiel de I'ADNe pour suivre la distribution et I'abondance de la dorade
rose a partir de I'ADNe sera évalué grace aux travaux engagés lors du projet européen PANDORA et de
Dynrose.

4. Conclusion

Le projet DynRose a produit des résultats nouveaux sur trois aspects du stock de dorade rose du golfe
de Gascogne : la distribution spatiale et I'habitat du stock, le budget énergétique de I'espece et
I'évolution des pécheries et des prix a la premiere vente. L'étude de I'habitat a abouti au résultat
important que I'habitat potentiel de la dorade rose couvre I'essentiel du plateau continental dans le
golfe de Gascogne et plus au nord en mer Celtique tandis que |'habitat réalisé est actuellement
beaucoup plus réduit. Par conséquence, la dorade rose devrait pouvoir recoloniser plus largement son
habitat potentiel, et ce malgré les changements environnementaux survenus depuis les années 1980.
L'étude de la dynamique du budget énergétique (modele Dynamic Energy Budget, DEB) a permis de
compiler un grand nombre de données physio-écologiques de I'espéce et de paramétrer le modéle. La



poursuite de ce travail permettra d'étudier plusieurs aspects non compris de la biologie et la
dynamique de la dorade rose dont les facteurs d'un changement observé de croissance. Les pécheries
qui débarquent de la dorade rose ont fortement changé avec un déclin des débarquements issus des
engins actifs et des filets fixes. Les métiers de I'hnamecons restent pratiquement les seuls a débarquer
I'espece ces derniéres années. Parmi les espéces de poisson exploitées dans le golfe de Gascogne, la
dorade rose est celle dont le prix moyen est le plus élevé. Bien que le quota et les débarquements
francais de dorade soient trés faibles, le méme type de relations prix-débarquements s'établit
généralement pour la dorade rose et 17 autres espéces quelque soient leur caractéristiques (especes
principales en quantité débarquée, haute valeur, existence d'une production aquacole et proximité
taxonomique avec la dorade rose). Les prix de ces espéces répondent en général a un systeme inverse
de la demande (ou les prix dépendent de la quantité mise sur le marché) plutét que d'une classique loi
de I'offre et de la demande. Enfin, le projet a ouvert de nouvelles perspectives, avec la mise en place
d'un suivi de la zone de la pointe Bretagne par ADN environnemental, dans le cadre d'une collaboration
avec I'Université de Zurich

5. Dissémination et communication

5.1 Revue de presse

Le projet DynRose fait I'objet d'une page dans le numéro spécial du Marin « Le Marin avec France
Filiere Péche : 10 ans d’actions au service de la filiere » paru le 01.09.2022 (
https://www.francefilierepeche.fr/le-marin-x-fffp-10-ans-dactions-au-service-de-la-filiere/).

5.2. Communication vers la communauté scientifique

Le projet a donné lieu a deux présentations dans des colloques internationaux ISOBAY 2021, ICES ASC
2021 et au colloque national RIF 2022 (Rencontre de I'lchtyologie en France). Les diapositives de ces
présentations sont incluses en annexe 4.

Un article est publié sur I'aspect distribution spatiale et habitat (annexel), un second (impact de
quantité débarquées sur les prix) est en cours de finalisation (annexe 2) et un troisieme (annexe3)
requiert des analyses complémentaires.

5.3. Communication avec la profession

La communication avec la profession a été faite tout au long du projet. Le projet a été monté en
relation avec la profession, I'OP Les Pécheurs de Bretagne. Cette communication était initiée avant le
projet DynRose dans le cadre du projet H2020 PANDORA. Une campagne acoustique sur un bateau de
péche avait été faite en 2019 et financée par ce projet PANDORA. Les résultats des analyses ont été
présentés lors de réunions. Cette collaboration sera poursuivie au-dela du projet, au moins a I'occasion
de la poursuite de I'échantillonnage par ADNe.



Annexes et supports de communications
Les résultats détaillés du projet sont présentés dans les annexe suivantes:

Annexe 1

Version preprint de |'article publié, référence ci-dessous (online version disponible depuis le
06.01.2023) :

Lola De Cubber, L., Trenkel, V.M., Diez, A., Gil-Herrera, J.,Novoa Pabone A.M., Em, D., Lorance, P.
(2023). Robust identification of potential habitats of a rare demersal species (blackspot seabream) in
the Northeast Atlantic. Ecological modelling. 477.

Annexe?2
Article en préparation sur les relations entre prix et quantité débarquées de 1973 a 2020.

Effects of stock collapse on price dynamics of blackspot seabream in the Bay of Biscay, Lorance P; et
Trenkel, V.M.

Annexe 3
Rapport sur la paramétrisation d'un modele DEB

DynRose : Paramétrisation d’un modele Dynamic Energy Budget model sur la Dorade rose (Pagellus
bogaraveo). Fabri-Ruiz, S., Lorance, P., Trenkel, V.

Annexe 4
L'annexe 4 fournit une version imprimée des communications présentées lors de colloques. Les
diaporamas correspondant sont fournis a FFP par fichier séparés.

XVIl international Symposium on Oceanography of the Bay of Biscay (ISOBAY 17) [17eme
symposium d'océanographie du golfe de Gascogne], 1-4 Juin 2021

ICES 2021 Annual Science Conference [Conférence Scientifique Annuelle du CIEM 2021], 6-
10 Septembre 2021

Huitiemes Rencontres de |'lchtyologie en France, Paris, 14-18 mars 2022



Annexe 1

Article publié

Lola De Cubber, L., Trenkel, V.M., Diez, A., Gil-Herrera, J.,Novoa Pabone A.M., Em, D., Lorance, P.
(2023). Robust identification of potential habitats of a rare demersal species (blackspot
seabream) in the Northeast Atlantic. Ecological modelling. 477
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Abstract

Species distribution models (SDM) are commonly used to identify potential habitats.
When fitting them to heterogeneous, opportunistically collated presence/absence data,
imbalance in the number of presence and absence observations often occurs, which could
influence results. To robustly identify potential habitats for blackspot seabream (Pagel-
lus bogaraveo) throughout its distribution area in the Northeast Atlantic and the western
Mediterranean Sea, we used an ensemble species distribution modelling (eSDM) approach,
modelling gridded presence-absence data with environmental predictors for two types of
occurrence data sets. The first data set displayed the observed unbalanced spatially het-
erogeneous presence/absence ratio and the second a balanced presence/absence ratio. The
data covered the full distribution area, including the European Atlantic shelf, the Azorean
region and the Western Mediterranean Sea. Across these regions, populations display vari-
able status. The main environmental predictors for potential habitats were bathymetry
and annual maximum SST. The fitted ensemble compromise (eSDM) was projected over
the whole grid to create a habitat suitability map. This map exhibited higher probabilities
of presence for the balanced-ratio data set. A binary presence-absence map was then gen-
erated using optimised presence probability thresholds for four validation indices. Using
the true skill statistic to optimise the threshold, the surface areas of the binary presence-
absence map was 53% smaller for the balanced data set than for the observed unbalanced
data set. However, the choice of validation index had an even greater impact (up to 15
000 %). This indicates that studies using opportunistic data for SDM fitting need to pay
attention to the effects of presence/absence data imbalance and the choice of validation
index to fully evaluate uncertainty.

Keywords

Pagellus bogaraveo, species distribution models, ensemble modelling, heterogeneous
data set, presence-absence imbalance
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1. Introduction

Actual and potential areas of species distribution can be investigated via eco-
logical niche modeling (Soberon and Nakamura, 2009). A species’ niche is defined
as a subset of environmental conditions under which populations of a species have
positive growth rates (Soberon and Nakamura, 2009). The habitat is then the ge-
ographical translation of these environmental conditions. The fundamental niche is
the theoretical combination of environmental variable that allows for physiological
processes (feeding, growth, reproduction) to take place (Hutchinson, 1978). Essen-
tial fish habitats, defined as areas or volumes of water and bottom substrates that
provide the most favourable habitats for fish populations to spawn, feed and mature
throughout their full life cycle, are thus the geographical translation of the optimal
part of the fundamental niche of a species (Helaouet and Beaugrand, 2009; Vala-
nis et al., 2008). The realised niche is the subset of environmental conditions the
species is actually using (Soberon and Nakamura, 2009). Species may occur outside
the fundamental niche during migrations. In contrast, the realised niche might be
reduced when densities are low because of intensive predation or fishing (Helaouet
and Beaugrand, 2009). The realised habitat of a species can then be defined as
the geographical translation of the realised niche of a species. It differs from the
species’ distribution since all locations displaying the environmental conditions of
the realised niche might not be occupied simultaneously, especially if the species’
distribution is wide.

Species distribution models (SDMs) have been used in conservation biology to
describe the habitat distribution of organisms in both marine and terrestrial sys-
tems (Laman et al., 2018; Elith & Leathwick, 2009; Valanis et al., 2008). They are
grounded in the concept of ecological niche (Hutchinson, 1957). They have been
widely used since 2005 and have reached high statistical sophistication in recent
years (Schickele et al., 2020; Jiménez & Soberédn, 2020; Robinson et al., 2017). Eco-
logical assumptions implied when using SDMs are that there is niche conservatism
(Crisp et al., 1981) and unlimited dispersal abilities (Wiens et al., 2009) and that
biotic interactions do not influence large-scale distributions (Gleason, 1926; Guisan

and Thuiller, 2005; Schickele et al, 2020). Among the numerous statistical SDMs
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approaches developed to map fish habitats, ensemble species distribution modelling
(eSDM), also referred to as ensemble niche modelling (Thuillier et al, 2016), which
combines the use of several SDM categories, appears to be a good compromise in
terms of programming skills required, computation time and consistency of the re-
sults (Schickele et al., 2020; Mateo et al., 2019).

Data availability is often opportunistic, so that neither the fundamental habitat
nor the realised species’ habitat is entirely represented by SDMs. Indeed, the the-
oretical entire range of fundamental environmental conditions of a species is never
fully known and available presence records will never cover the full habitat. Ecol-
ogists thus generally refer to SDM output as potential niche and habitat of the
species of interest (Schickele et al., 2020; Helaouet and Beaugrand, 2009). Several
data filtration and selection processes, as well as physiological prospects (for exam-
ple, optimal environmental ranges for spawning or egg development) can then help
approaching the species’ realised or essential habitat (Schickele et al., 2020; Helaouet
and Beaugrand, 2009).

Implementing SDMs, especially in the case of widely distributed species such as
the blackspot seabream Pagellus bogaraveo (Brinnich, 1768), often requires combin-
ing heterogeneous multiple data sets (Schickele et al., 2020; Fithian et al., 2015).
In the case of presence/absence data, two types of biases have then to be taken
into account. First, detectability might vary among sampling techniques used to
collect data (Kellner and Swihart, 2014). Second, variations in prevalence (i.e. the
number of presence records among sampled points) might reflect primarily varia-
tions in abundance rather than habitat suitability. When data are missing on the
detection probability of sampling techniques, taking into account detection might
not always improve SDM performance (Welsh et al., 2013), and these two biasing
effects (detectability and variations in prevalence) might be difficult to disentangle.
In the case of presence-only data, a common practice is to generate pseudo-absence
data (Schickele et al., 2020). In this case, the number of generated pseudo-absences
is generally set equal to the number of presences (Montgomery, 2005). For actual
presence-absence data, prevalence will vary in space, in particular for large study

areas. This raises questions given spatial predictions from SDMs are known to be
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sensitive to sample prevalence (Jimenez-Valverde et al., 2021).

The general aim of this study was to investigate the potential habitat of the
blackspot seabream and its occupancy level in three regions in the Northeast At-
lantic: Atlantic European shelf, the Azorean region and the Mediterranean Sea.
Occupancy levels were presumed to differ between regions because of the contrasted
population status and variable degree of fishery exploitation. To evaluate the im-
pact of heterogeneous prevalence in the data and obtain robust results we compared
eSDM models using 1) all available presence/absence records, i.e. prevalence varying
over the distribution area of blackspot seabream; 2) the same number of presence

and absence record, i.e. constant prevalence over the distribution area.

2. Material and methods

2.1. Case study

The blackspot seabream used to be a widely distributed and abundant species
of the North Eastern Atlantic shelf from the Faroe Islands down to Gibraltar, the
Azores and the Western Mediterranean Sea (Desbrosses, 1932; Sanz-Fernandez et
al., 2019; Pinho et al., 2014; Erzini et al., 2006; Spedicato et al., 2002; D’Onghia et
al., 2010;2012). In fact, it was also referred to as "la dorade commune" (understand
"the common seabream") by French authors in the early 1900s (Desbrosses, 1932;
Olivier, 1928). Increase in fishing effort in the Bay of Biscay (North Eastern Atlantic
shelf) in the 1960s linked to stock declines of other species of fisheries interest such
as hake, associated to its susceptibility to overexploitation, led to a brutal collapse
of this blackspot seabream stock 20 years later in 1975-1985 and low stock size ever
since (see Fig.la, Lorance, 2011; Guichet et al., 1971; Dardignac, 1988).

Blackspot seabream displays three characteristics that make it susceptible to
over-exploitation (Francis and Clark, 2005). First, its biological productivity is low,
individuals reaching 70 cm long in 25 to 30 years and females being mostly the
older individuals since the species is hermaphroditic protandrous, with changing sex
from male to female (Guéguen, 1969, Lorance, 2011). Second, blackspot seabream is
easy to capture during its seasonal migrations because of its aggregative behaviour

(Afonso et al., 2012; 2014).
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Figure 1: Commercial landings of blackspot seabream between 1950 and 2020 in the three
regions investigated in this study as total catch (a) and relative to the highest year per
region (b), where dots are individual values and lines are smoothed time trends with 95%
confidence intervals. Data before 2000 from Lorance (2011) and from ICES and FAO catch
statistics thereafter.

Indeed, adults carry out geographic and depth seasonal migrations from coastal
waters, where they reproduce and where juveniles are found, down to 700 m and
up to several hundreds of km away from the coast (Morato et al., 2001; Mytilineou
et al., 2005). Accordingly, in the Bay of Biscay, individuals present to the West of
Brittany (48°N) were found to overwinter in the Cantabrian Sea (43°N) (Guéguen,
1974). In Azorean waters, juveniles which are only found in coastal areas migrate to
isolated seamounts when reaching adult stage, sometimes more than 400 km away
(Hareide and Garnes, 2001). Lastly, the species has a high commercial value owing
to its organoleptic quality, comparable to gilthead seabream and sea bass (Rincon
et al. 2016).

Overall, available stock assessments and landings of commercial fisheries sug-
gest that populations from the European shelf are at low level with small recent
catches (2018-2021) compared to past levels (anterior to 1980), while populations
from the Azorean region are in better condition with current fisheries being sustain-
able (ICES, 2021, Fig. 1). Historically (before 1980), catches from the Northeast
Atlantic shelf constituted the bulk of landings, reaching up to more than 20000
In

t per year (Fig. 1la), with the Bay of Biscay being the main fishing area.

comparison, levels of gilthead seabream catches were similar back then, while cur-
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rently, hake is the most fished species in the Bay of Biscay with around 30000 t
landed per year, followed by monkfish (8000 t per year), sole (3000 t per year) and
seabass (2000 t per year) (Official Nominal Catches 2006-2019. Version 15-10-2021.
Accessed 05-05-2022 via https://ices.dk/data/dataset-collections/Pages/Fish-catch-
and-stock- assessment.aspx., ICES). From the 1990s, catches from the Northern At-
lantic came mostly from the Iberian coast and the Strait of Gibraltar and were at
similar level than catches from the Azorean area (Fig. la). Reported catches from
the Mediterranean Sea are probably not realistic, because in this region 5000 to
10000 tonnes of fish have been landed as unidentified sparid fish or similar labelling
and this might have comprised catch statistics of blackspot seabream (FAO-GFCM,
2021). Therefore, the increased reported landings in recent years (Fig. 1b) may
be due to improved reporting of landings by species. Quotas as well as other man-
agement measures such as minimum landing size and closed fishing seasons are
implemented in all areas (Pinho et al., 2014; Lorance, 2011). Indeed, fishing has
been shown to be the main factor accounting for variations in the species’ stock
abundance, with values reaching up to 73% of the variations in stock abundance
nowadays around Gibraltar (Sanz-Fernandez et al., 2019). In the case of poor stock
status, the species distribution might contract within its essential habitats, that thus
needs to be identified to enable targeted conservation management measures to be

implemented.

2.2. Data

2.2.1. Species observations

Presence/absence records of blackspot seabream were compiled from trawling
and longline scientific surveys (EVHOE, SP-NORTH, SP-ARSA, PT-IBTS, MED-
ITS, ARQDACO) available on the DATRAS portal (https://datras.ices.dk/Data__
products/Download /Download_Data_ public.aspx) or held by national research In-
stitutes, from commercial fisheries data from the Voracera fleet in Gibraltar and from
on-board observations of fishing activities in the Bay of Biscay and the Mediter-
ranean Sea, as well as from the Global Biodiversity Information Facility (GBIF,

https://www.gbif.org/) (see Fig.2).
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Figure 2: Presence-absence data for blackspot seabream compiled in this study. Black dots
represent absence records. Coloured dots correspond to presence records from different
data sets: Azores_popa (Fisheries Observer Program, 1998-2013), Azores_survey (ARQ-
DACO longline survey, 1996-2013), Baleares (Marine Biodiversity Atlas of the Balearic Sea,
GBIF, 2001-2008), EVHOE (scientific bottom-trawl survey, 1997-2019), MEDITS (sci-
entific bottom-trawl survey, 2004-2019), obsmer atl and obsmer med (French onboard
observation program), PT-IBTS (scientific bottom-trawl survey, 2002-2017), SP-ARSA
(scientific bottom-trawl survey, 1996-2019), SP-NORTH (scientific bottom-trawl survey,
2001-2019), StraitGibraltar (Commercial fisheries data, 2009-2011). light grey area is the
model domain composed of three regions: Azores, NE Atlantic region and Mediterranean
Sea.

2.2.2. Environmental data

Environmental variables consisted of topographic data, sea bottom type and sea-
water parameters. We extracted bathymetry at a 0.0003° resolution from GEBCO
(https://www.gebco.net /data_and_ products/gridded_ bathymetry data) and the
R terrain function (raster package, Hijmans et al., 2011) enabled the calculation of
bottom slope. Seabed habitat data were extracted from EMODnet (https://www.
emodnet.eu/en/seabed-habitats) at a 250 m resolution. Homogenization of substrate
type according to EMODnet categories among all regions led to 14 sea bottom type

categories: unknown, rock or other hard substrata, coarse substrate, coarse and
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mixed sediment, mixed sediment, sediment, sand, sandy mud, muddy sand, sandy
mud or muddy sand, fine mud or sandy mud or muddy sand, fine mud, Posidonia
oceanica, and dead mattes of Posidonia oceanica. Monthly values of Sea Surface
Temperature (SST), bottom temperature, surface current velocity and salinity be-
tween January 1994 and December 2018 at a 0.083° resolution were extracted from
Copernicus Marine Service (GLOBAL_REA NALYSIS PHY 001 030 product,
https://resources.marine.co pernicus.eu/). An overview of environmental variables
investigated is provided in Sup. Mat. 1. The mean, maximum, minimum and stan-
dard deviation of environmental variables were computed for each grid cell (n =

6465).

2.8. Methods

The general workflow used in this study is presented in Fig. 3. Model reporting

was done following recommendations by Zurell et al. (2020).

1. Data compilation, aggregation and selectionv 5. Presence / absence maps

| Presence / Absence observations ‘ ‘ Environmental variables ‘ ‘ Binary presence absence (cells) maps

| Gridded presence / absence cells ‘ ‘ Gridded environmental variables ‘

L2
‘ Selected environmental variables ‘

( i 4, eSDM validation in view of binary|presence/absence maps

i <mm) i
16 calibration presence / 16 calibration predictors
absence cells data sets combination data sets

Validation indices for each data set type per number of predictors
& optimized thresholds

¥ ¥
| Habitatsuitability maps for the 8 SDM types x 16 data sets ‘
T

1
‘ 16 Habitatsuitability maps obtained of each eSDMs

Ad
| SDM types kept for each data set for further projection %

2. SDMs calibration and selection

Figure 3: General workflow of the procedure used for identifying blackspot seabream habi-
tats: (1) compilation, gridding and selection of environmental and occurrence data, (2)
statistical Species Distribution Models (SDM) calibration (for each category) and selection,
(3) Projection of the ensemble (eSDM) model (habitat suitability map), (4) Validation of
projections based on maximization of various indices and determination of threshold value
for (5) binary presence/absence mapping.



203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

2.3.1. Study area

Three regions were modelled corresponding to the three main areas of distribution
of the blackspot seabream: The Northeast Atlantic shelf, the Azorean region and the
western Mediterranean basin (Fig. 2). A spatial grid of 0.1° x 0.1° cells (44851 in
total) was created covering the three regions. This resolution was chosen accounting
for the need for local and general overviews of species habitat, as well as computation

time.

2.3.2. Occurrence data compilation, gridding and selection

For each grid cell with data (n = 6465), the number of presence and absence
records was counted. The occurrence data set displayed over- and under-sampled
areas (Fig. 2). In order to take into account this heterogeneity, occurrence records
were compiled into presence/absence records: cells with at least one presence were
considered as presence cells, cells with only absence records were considered as ab-
sence cells and the remaining cells were considered as non-sampled cells and were not
used for model fitting. In order to maintain an homogeneous distributions of sam-
pled cells along environmental gradients, continuous environmental variables were
discretised into 60 classes each (which appeared to be a good compromise to create
relevant classes for all environmental variables) over the whole grid domain. When
a given combination of environmental variable classes corresponded to several pres-
ence cells, only one presence cell was kept, similarly for absence cells. When a given
combination corresponded to several presence and absence cells, one presence and
one absence cell was kept. Thus the number of data points used for model fitting
depended on the environmental predictors included in a particular model (Table 2).

Since the ratio between the number of presence and absence grid cells still varied
among regions after the gridding process, two approaches were tested. In the first
case (observed-ratio data set), all available presence / absence grid cells were kept
in the next steps of the analysis. In the second case (balanced-ratio data set), the
same number of absence and presence grid cells was used for all regions by randomly
selecting absence grid cells among all available absence cells. The second approach

corresponds to the common practice for presence-only data for which pseudo-absence
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data are created (Montgomery, 2005)(See Fig. 3, step 1).

2.3.3. Selection of environmental predictors

Given the observation of heterogeneous responses to some of the environmental
variables according to the region (Azores, Atlantic shelf and Mediterranean Sea, see
Sup. Mat. 2), a categorical predictor was added for region. To identify the most par-
simonious environmental data set explaining the blackspot seabream distribution,
pairwise correlations between all environmental variables were investigated with a
Pearson’s correlation test using as correlation threshold r > 0.7 (Schickele et al.,
2020; Dormann et al. 2013). When several environmental variables were highly cor-
related, we retained the environmental variable with the highest relative importance
(Schickele et al., 2020; Leroy et al., 2014)(Sup. Mat. 3). As the previous selection
step led to a high number (9) of remaining environmental predictors for both occur-
rence data sets, multiple models were fitted with decreasing number of predictors
(9 to 2 predictors), removing sequentially the predictor with the smallest relative
importance to balance model fit and model complexity (Meynard et al., 2019) (See
Fig. 3, step 1). Next, for each of the eight combinations of predictors and each
occurrence data set type (observed-ratio and balanced-ratio), one occurrence data

set was created for calibration (16 data sets).

2.3.4. Species distribution model categories and settings

The following eight SDM categories were implemented in R using the BIOMOD2
package (Thuillier et al., 2003;2016) with default parameter settings: generalised lin-
ear model (GLM), generalised boosting model (GBM), generalized additive model
(GAM), artificial neural network (ANN) model, flexible discriminant analysis (FDA),
random forest (RF), classification tree analysis (CTA) and surface range envelope
(SRE) model (Valanis et al., 2008; Thuiller et al., 2009; Albouy et al., 2012; Clair-
baux et al., 2019; Pecchi et al., 2019). For each SDM category and data set, a 3-fold

cross validation procedure was performed.

10



260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

2.3.5. SDM category selection and compromise

We used the True Skill Statistics index (TSS, Allouche et al., 2006) to quantify
the performance of each of the eight fitted SDMs for each calibration data set (See
Fig. 3, step 2). It was calculated as T'SS = sensitivity (proportion of presence cells
classified correctly) + specificity (proportion of correct absence cells) - 1. A SDM was
selected for ensemble modelling if it had TSS > 0.5. A compromise (the ensemble
Species Distribution Model, eSDM) of the presence probability was then calculated
as the mean of probabilities of retained SDMs weighted by their T'SS value. Presence
probability uncertainty was quantified using the coefficient of variation from cross-
validation results. Individual SDM response curves to environmental predictors as
well as the eSDM resulting presence probabilities according to the different predictors

(Schickele at al., 2020) are presented in Sup. Mat. 4 and 5.

2.3.6. Binary habitat maps and predictors selection

To define habitat suitability maps, for each of the 16 calibrated ensemble models
(2 data sets x 8 predictors combination with 2 to 9 predictors), presence probabilities
were projected over the whole domain, including the cells not included in the cali-
bration process (extrapolation for the non sampled cells). Then, in order to create
binary presence/absence maps, the habitat suitability maps (presence probabilities)
were compared to all observed presence and absence compiled cells (not only those
used for model fitting). Threshold values for binary projections of presence and
absence were calculated based on a set of indices as recommended by Robinson et
al. (2017), namely the hit rate (proportion of correctly classified presence cells),
the True Skill Statistics (T'SS, Allouche et al., 2006), the CBI (computed with the
ecospat.boyce function of the ecospat package on R, Hirzel et al. 2006), and the
overall accuracy (sum of the proportion of correctly classified presence and absence
cells, Allouche et al., 2006). More precisely, each validation index was maximized
varying threshold values for binary projections of presence and absence (from 0 to 1
with a 0.001 interval) with the optimize function in R. Each maximized index value
thus corresponded to a distinct optimized threshold value.

For each data set type, the best calibrated eSDM was chosen as the one showing

11
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the lowest number of predictors and the highest validation index values. To combine
validation index values, their values were re-scaled between 0 (lowest index value
obtained across eSDM outputs with 2-9 predictors) and 1 (highest index value). In
the case of the balanced-ratio data set, as absence cells selection might have impacted
ensemble model performance in the previous steps, 10 data sets with the chosen
number of predictors and varying absence cells were randomly selected and the
average of habitat suitability maps (re-calibration) was used for further validation.
Lastly, for each data set type and validation index, the surface of potential habitat

was calculated.

3. Results

3.1. Data characteristics

In total, 106 457 occurrence records were compiled, among which 6465 presence
records, corresponding to 782 cells where the species was present and 5683 cells

where it was recorded as absent (Fig. 2, Table 1).

Table 1: Summary of blackspot seabream occurrence data by region. Domain per region as in
Fig. 2. Records correspond to point observations of presence or absence of the species while cells
correspond to grid cells of the domain where one or several presence or absence point observation
was made. One presence observation was sufficient to qualify as presence cells.

Total area Atlantic Azores Mediterranean

records cells rec./cell records cells rec./cell records cells rec./cell records cells rec./cell
N presence 6928 782 8.8 639 389 1.6 4872 165 29.5 1417 228 6.2
Proportion 1.7 % 1.7 % 1.8 % 1.9 %
N absence 99529 5683 17.5 74556 4626 16.1 13906 376 37 11067 681 16.3
Proportion 12.7 % 20 % 4% 5.6 %
N sampled 106457 6465 16.5 75196 5015 15 18778 541 34.7 12484 909 13.7
Proportion 14.4 % 21.6 % 5.8 % 7.4%
N presence 6.5 % 12 % 0.8 % 7.8 % 25.9 % 30.5 % 11.4 % 25 %
/ N sampled
N cells per region 44851 23209 9392 12250
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The proportion of presence cells among sampled cells was highly heterogeneous
between regions, as well as the number of records per cell (respectively 7.8 to 30.5 %

and 14 to 35 records per cell, see Table 1).

3.2. eSDM outputs and habitat suitability maps

After predictor selection using pairwise correlation analysis, nine predictors were

retained for the ensemble modelling procedure: region (NE Atlantic, Azores, Mediter-
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ranean Sea), sea bottom type, mean and standard deviation of bathymetry (m), an-
nual maximum Sea Surface Temperature (SST, °C), annual mean and minimum ab-
solute current velocity (m.s '), annual standard deviation of salinity (%o) and annual
standard deviation of bottom temperature (°C) (Sup. Mat. 3). Mean bathymetry
and maximum SST had the highest explanatory power for both data sets, both vari-
ables contributing equally (Table 2). The main difference between ensemble models
for the two data set types was that for the observed-ratio data set (heterogeneous
ratios of presence and absence over the model domain), the categorical predictor "re-
gion" had a high relative importance, which was not the case for the balanced-ratio
data set (balanced number of presence and absence grid cells in each region) (Table
2, Sup. Mat. 6).

SDM categories ANN, GBM and RF were selected in most cases (T'SS > 0.5),
while the selection of the other SDM categories varied according to the number of
predictors and the data set type used (Table 2, Sup. Mat. 6). TSS values were higher
for the observed-ratio data set for all models (two to nine predictors), with values
around 0.7 for the balanced-ratio data set, and around 0.9 for the observed-ratio data
set (Table 2, Sup. Mat. 6). As a result of the data selection procedure, the data set
size decreased with decreasing number of predictors, leading to low data set sizes
for models with less than five predictors (Table 2). Comparing projected habitat
suitability maps (presence probabilities per grid cell over the whole domain) between
data set types, it appeared that a balanced ratio between presence and absence
data led to overall higher presence probabilities and hence a much wider potential
habitat in the NE Atlantic region and in the Mediterranean Sea region compared to
the results obtained with the observed-ratio data set, while the projected presence
probabilities appeared rather similar for the Azores region (Figs. 4 and 5). The
visual difference was confirmed by the mean projected presence probability over the
whole domain being 0.16 + 0.19 for the balanced-ratio data set and only 0.07 + 0.09
for the observed-ratio data set (Fig. 4).

13
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Figure 4: Presence probabilities (mean and sd) of the blackspot seabream per region and on the
whole grid according to the data set type used for ensemble species distribution modelling with 6
predictors.
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Figure 5: Habitat suitability maps for blackspot seabream for the main distribution area (a, c)
and associated coefficients of variation (b, d) obtained with an ensemble species distribution model
performed using a data set with a balanced number of presence and absence data (balanced-ratio,
a, b) and a data set with the observed and heterogeneous number of presences and absences
(observed-ratio, ¢, d), for models including six predictors (see Table 2 and Sup. Mat. 6).
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Differences between projected presence probabilities obtained with the balanced-
ratio data set and the observed-ratio data set were the highest in the NE Atlantic
(with respective values of 0.19 + 0.21 and 0.06 + 0.07) and the lowest in the Azores
(with both values equal to 0.07 + 0.10) (Fig. 4). For both data set types, coefficients
of variation of presence probabilities did not exceed 0.25 (Fig. 5).

Overall, the choice of data set type impacted presence probability values, but
did not impact consistently which predictors were selected, except for the region
predictor, nor the general shape of the response curve for each predictor, except for
maximum annual SST for which the relationship was dome-shaped for balanced-
ratio data set and more flat for the observed-ratio data set (Table 2 and Sup. Mat.
4).

3.3. Binary habitat maps
3.3.1. Predictors

Comparison of the three validation index values between eSDMs using 2 to 9
predictors normalized between 0 an 1 (0 being the smallest index value across the
set of of predictors and 1 being the highest) led to select the eSDM with six predictors
for both data set types. Indeed, these models displayed among the best index values
for the smallest number of predictors (Fig. 6).
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Figure 6: Normalized values of validation indices (accuracy, Allouche et al., 2006; hit rate, Allouche
et al., 2006; True Skill Statistics, Allouche et al., 2006, Continuous Boyce Index, Hirzel et al. 2006)
of the models according to the number of predictors used, for the balanced-ratio data set type (same
number of absences and presences cells) (a) and the observed-ratio data set type (all records) (b).

The best predictors for the balanced-ratio data set were mean bathymetry, annual

maximum SST, standard deviation (sd) of bathymetry, sd of mean annual bottom
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temperature, sd of mean annual bottom salinity and minimum annual absolute cur-
rent velocity. For the observed-ratio data set, predictor region was selected instead
of minimum annual absolute current velocity (Table 2, Sup. Mat. 6). The region
predictor had a 9% contribution to the explained variance and, compared to the
balanced-ratio data set, contribution of other variables was lower for bathymetry

and higher for all other variables.

3.3.2. Indices and threshold optimization

Validation index values (accuracy, hit rate, CBI and TSS) were slightly higher
for the observed-ratio data set than for the balanced-ratio data set (Sup. Mat. 8).
Variations in estimated habitat area between validation indices were higher than
between data set types (Fig. 7). Overall, the choice of threshold value used for
transforming presence probabilities into binary habitat maps strongly influenced
results for the whole area and for each of the regions (Fig. 8). For regional habitat
area estimation, separate threshold values were obtained by maximising index values
regionally. Maximizing the hit rate led to the lowest threshold values for the whole

area and each region, and subsequently the largest habitat areas.
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-e- Mediterranean
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400004
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Figure 7: Blackspot seabream potential habitat area using the best model (6 predictors) and
different validation indices for setting the presence/absence threshold value: accuracy, hit rate,
Continuous Boyce Index and True Skill Statistics. Results for observed- and balanced-ratio data
sets, when models were optimized for the whole model domain (black), the NE Atlantic region
(green), the Azores region (blue), the Mediterranean Sea region (red).

CBI and accuracy led to the smallest habitat areas, especially for the NE Atlantic
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region for which the observed presence / absence ratio was low. For the whole area,
averaged across the two data types, the habitat areas for hit rate and TSS were
14849% and 1280% larger than for CBI respectively. Comparing results between the
two data sets showed that the balanced data set let to smaller habitat areas for the
majority of indices for the whole area and each of the three regions (Figs. 7 and 8).
For the whole area, the difference ((balanced-observed)/observed) ranged between
-53% for TSS and 4% for CBI. For the Azores the difference ranged between -3% for
accuracy and 27% for TSS, for the Mediterranean Sea between -36% for TSS and
0% for CBI, and for the NE Atlantic region between -28% for accuracy and 23 %
for CBI. Thus, the choice of validation index had a much greater impact than the

data set type, though the later was also important for certain indices.
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Figure 8: Area of the potential habitat of the blackspot seabream as a function of the threshold
value used for binary presence/absence predictions for the balanced-ratio data set (dotted line)
and the observed-ratio data set (solid line) and results obtained using different validation indices
(accuracy, hit rate, CBI and TSS) for the whole area (a), NE Atlantic region (b), Azores region
(c) and Mediterranean Sea region (d).
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3.3.3. Binary habitat maps

Visual comparison of binary (presence / absence) habitat maps (threshold opti-
mized according to TSS index) between data set types showed that for the balanced-
ratio data set some locations from which the species had been reported were missed,
particularly to the West of Ireland and along the Mediterranean coast (Figs. 2 and
9). Overall, it appears that the potential habitat of the species covers a large area
around seamounts in the Azores region, a wide area on the NE Atlantic shelf and a

narrower are on the Mediterranean shelf (Fig. 9).

4. Discussion

In this study, to obtain robust estimates of the potential habitat of blackspot
seabream across its wide distribution area exhibiting varying exploitation status, an
ensemble species distribution modelling approach and two data sets with different
prevalence levels were used. The identified potential habitats included islands con-
tours and seamounts in the Azores region, the NE Atlantic shelf south of 48°N, with
smaller areas further North, and the Northern shores of the western Mediterranean
Sea, with more extended areas in the Strait of Gibraltar, in the Gulf of Lions and
along the Italian coast.

Potential habitats of blackspot seabream were best explained by bathymetry
(down to 700 - 1000 m) and SST (annual maximum SST generally greater than
16°C), as well as bottom temperature, salinity and region as secondary predictors,
independent of the prevalence level in the data set except for region. Further, the
general shape of the response curves for each predictor were similar for the two data
sets except for max SST (see response curves in Sup. Mat. 4). Other studies have
reported the same main factors influencing the species’ distribution and abundance,
with occurrences reported in areas with bottom depths between 100 m and 700 m
(Mytilineou et al., 2014; Burgos et al., 2013; Menezes et al., 2013; D’Onghia et
al., 2010; Gueguen, 1974) and environmental conditions linked to temperature and

salinity influencing stock variations (Sanz-Fernandez et al., 2019).
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Figure 9: Map of estimated potential habitats with six predictors (yellow) for blackspot seabream
over its whole area of distribution using the balanced-ratio data (a) or the observed-ratio data set
(b) maximizing the TSS index for presence threshold estimation, and difference between the two
potential habitat maps (c, red).
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The general importance of the region predictor can be explained by regional
differences in biophysical conditions while the difference in importance of this pre-
dictor for the two prevalence data sets is most likely caused by differences in the
prevalence in the observed-ratio data sets (Table 2). These regional discrepancies
in prevalence might be explained by the differences in population status, with the
Northeast Atlantic population being most depleted. It is less likely caused by dif-
ferences in detectability by the employed sampling methods, which could however
be explored by comparing several methods for the same area and using models in-
tegrating detectability (Fithian et al., 2015; Fletcher et al., 2016; 2019).

In the Bay of Biscay, which is in the center of the Northeast Atlantic region, the
eSDM suggested that the potential habitat covered a large part of the continental
shelf. Indeed, the species used to occur over most of this shelf before the population
collapsed in the late 1970s. In the Azorean region, which has been termed an
oceanic seamount ecosystem (Silva and Pinho, 2007), the species occurs around
islands, with juveniles distributed in near coast habitats as in the Bay of Biscay
and adults spread from the coast to island slopes and isolated seamounts; juveniles
never occur at sea mounts (Pinho et al., 2014). Depth was identified as the main
factor for explaining blackspot seabream abundance and size composition on Azorean
seamounts (Santos et al., 2021). In the same area, Morato et al. (2001) showed that
the species feeds on both pelagic and benthic preys and suggested that its food supply
on seamounts may depend upon oceanic production that drifts past seamounts,
which in turn makes bottom slope a factor for the species distribution as current
strength and therefore the amount of prey advected increase with slope. At the scale
of the environment perceived by individual fish, similar hydrological conditions,
in particular strong and variable tidal currents resulting from the interaction of
oceanic water masses (Koslow, 1996; Lorance et al. 2002) prevail at seamounts
and along the continental slope, where blackspot seabream also occurs. At this fine
scale, the species shows diel vertical migrations (Afonso et al., 2012), which may
suggest a behavior similar to that of deeper living "seamount aggregators' which
share with blackspot seabream a high lipid content and strong swimming abilities,

which are both related to high metabolism (Koslow, 1996). Overall, the habitat
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characteristics of fish displaying this type of behavior include sloping sea bottom
and related variations in current speed, which generate also temperature variations
and is in-line with habitats variables found to be predictors of blackspot seabream
presence-absence in this study.

The ratio between presence and absence cells in the data impacted strongly the
projected probabilities of presence. Imposing a balanced-ratio between the number of
presence and absence cells for model calibration led to higher presence probabilities
on average compared to using the observed-ratio data set with a large majority of
absence cells (0.16 £ 0.19 and 0.07 £ 0.09 respectively). Thus, including primarily
absence cells in model calibration reduced estimated presence probabilities.

The habitat suitability map for the balanced-ratio data set indicated wide po-
tential habitats over the NE Atlantic shelf and along the western Mediterranean
and Azores coasts, while potential habitats were smaller using the observed-ratio
data set. The habitat size was reversed between the two data sets for the corre-
sponding presence/absence maps, with larger binary habitats for the observed-ratio
data set due to a smaller optimized threshold value. These binary maps obtained
by applying a optimized presence probability threshold are probably closer to the
realised habitat of the species as it involved the full presence/absence data to set the
threshold values. The binary presence habitat was notably smaller over the Euro-
pean shelf, where one regional population is depleted. The past high abundance of
the species throughout the Bay of Biscay (Olivier, 1928; Desbrosses, 1932; Guichet
et al., 1971) indicates that this area was suitable for the species 100 to 50 years ago.
The increase of fishing effort on the species at the same period (Lorance, 2011) must
indeed have been the main trigger for the species’ decreased abundance, leading to
a concentration of the remaining individuals into the most suitable habitats in this
region (along the coast around isobath -100m and on the continental slope). The
present study suggests that current environmental factors remain suitable for the
species, although environmental changes have occurred since, notably a tempera-
ture rise of 0.2 °C/decade for the period 1965 - 2004 in the 0 - 200 m water column
layer (Michel et al., 2009, Valencia et al., 2019). The observed presence-absence
ratio data set had higher validation indices for the fitted model compared to the
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balanced ratio data set. Further, the corresponding binary habitat map included
more areas outside the sampled area. For example, it predicted the species’ presence
close to the West of Ireland, where the species did indeed occur in the past (Guégen,
1974) and more widely along the western Mediterranean coast where it is present
nowadays (Spedicato et al., 2002).

The use of different validation indices (hit rate, TSS, CBI and accuracy) led to
different threshold values for transforming the probability of presence into binary
habitat and subsequently different habitat surface areas. Overall, the difference
in the size of estimated habitat area was larger between validation indices when
between data set types. Differences in predicted habitat areas according to the
selected thresholding method have been reported by various authors (Nenzen and
Araujo, 2011; Jimenez-Valverde and Lobo, 2007; Liu et al., 2005;2016). In our case,
given the species’ low prevalence, absence cell records had a large impact on the
estimated threshold when maximizing using the accuracy index, leading to habitats
mostly restrained to the cells where species observations had been made, hence
being closer to the (only partial) observed distribution. Although its use has been
recommended in the case of unbalanced prevalence (Leroy et al., 2018), the use of
the CBI index led to the same effect. In contrast, using the T'SS index for setting the
probability threshold value involved balancing correct predictions of both presence
and absence cells, and hence seemed more likely to lead to binary habitats closer to
the species’ potential habitats.

The difference between habitat areas derived using T'SS optimized threshold val-
ues for balanced and observed unbalanced data sets depended strongly on the region
used for optimization. The largest negative difference was observed for the whole
area (-53%), while it was negligible (-2%) for the NE Atlantic region and positive
(27%) for the Azores. Unbalanced prevalence has been reported to artificially in-
crease the TSS value (Leroy et al., 2018), which implies that the balanced data set
should have provided a better understanding of blackspot seabream potential habi-
tats. Contrary to this expectation it seems that in our case using a bigger data set
with unbalanced presence/absence cells was more informative than using a smaller

data set with a selected number of balanced presence/absence cells.
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Several studies have shown that the use of presence-true absence data are gen-
erally better than presence-only data with or without using pseudo absences, and
that presence-only models generally under-estimate the species’ presence in loca-
tions where is has not been sampled (Dorazio, 2014; Meynard et al., 2019; Wisz
and Guisan, 2009). Our study is in accordance with this general result. In addition
it showed that the proportion of absences data matters. The difference between
the estimated area of the blackspot seabream potential habitat obtained with the
observed-ratio data set and the balanced-ratio data set for the same threshold value
increased with the decreasing proportion of presence data in the observed data, from
the Azores to the NE Atlantic, which in turn corresponds to decreasing stock status
of blackspot seabream. In summary, the results of this study provided evidence that
when using opportunistic data for SDM fitting attention needs to be paid to the
effects of presence/absence data imbalance as well as the choice of validation indices

to fully evaluate uncertainty of estimated habitat maps.
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6 Supplementary Material 1: Environmental variables extracted
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757 Sup. Mat. 1.1: Annual mean, maximum, minimum, and standard deviation of the bottom
758 temperature over the blackspot sea bream main area of distribution between January 1994 and

750 December 2018 extracted from Copernicus.
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$d SST (°C)

760 Sup. Mat. 1.2: Annual mean, maximum, minimum, and standard deviation of the sea surface
761 temperature (SST) over the blackspot sea bream main area of distribution between January 1994

762 and December 2018 extracted from Copernicus.
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763 Sup. Mat. 1.3: Annual mean, maximum, minimum, and standard deviation of the absolute
764 currents velocity over the blackspot sea bream main area of distribution between January 1994 and

765 December 2018 extracted from Copernicus.
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766 Sup. Mat. 1.4: Mean and standard deviation of the bathymetry over the blackspot seabream
767 main area of distribution extracted from GEBCO.

Slope (%)

sd

768 Sup. Mat. 1.5: Mean and standard deviation of the slope over the blackspot seabream main
760 area of distribution extracted from GEBCO.
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770 Sup. Mat. 1.6: Percentage of cell occupied by each of the 14 Emodnet sea bottom categories:
771 unknown, rock or other hard substrata, coarse substrate, coarse and mixed sediment, mixed sed-
772 iment, sediment, sand, sandy mud, muddy sand, sandy mud or muddy sand, fine mud or sandy
773 mud or muddy sand, fine mud, Posidonia oceanica, dead mattes of Posidonia oceanica. Each cell

774 was attributed the value corresponding to the most present category.
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Supplementary Material 2: Data exploration
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Sup. Mat. 2.1: Comparison of the distributions in mean, sd, maximum and minimum annual
currents velocity of presence records over sampling cells in the whole area and in Azorean region,
Mediterranean Sea, and Atlantic shelf.

36



<
§ °
2 2 B & » B
] £ 1N
g 5 H =
< -4 2
3
H
. .2 o
2
]
T
8
13
2
E
s -
H
~ ~8
=
3
i
< .
8
4 s £ =
o m 3 S <
— ﬂ? 3 <
=] - - = =]
suognquisip pezjewou suonnquisip pezjewou suonnquisip peziewiou suonnquisip peziewiou suonnauisip peziewiou suonnquisip peziewiou Suonnquisip peziewiou suognquisip pezjewiou
UooMieq S0UBIBYIA Usomieq S0UsIaYa UsBmIeq 50UBIEHA [y e usaMiaq oUBIBHA UoaMisq oUBIBHIA UoaMisq 50UBIBA UsaMiaq S0UBIaA
g d
2
2
3
g q
2
e o E
2 25
13
2
8 T
<
8
=
g w w
c
§
g £ §
g & H] H P g o
P [ 2 z 4 s 2 -
| 4 13 g § K
| 3 5 3 s
| = 5 <
1 o
o ° = o
suognquisip pozieliou suonnquisip pozjeliou suonnquisip pezjewiou suounquisip peziewiou suonnauisip peziewiou suonnquisip peziewiou suounquisip pozjewou suounquisip pozjewou
15 20UI0}Q Uoomieq 20URIaa [ras g ey UBomeq 20UBIBA UoaMIaq aURIBHA UooMIaq 0URIBHA UooMIaq 0UBIBHA UooMaq 23uBsaYq

8
Minimum bottom temperature (°C)

20

10

Maximum bottom temperature (“C)

Sup. Mat. 2.2: Comparison of the distributions in mean, sd, maximum and minimum annual

779

bottom temperature of presence records over sampling cells in the whole area and in Azorean

780

, Mediterranean Sea, and Atlantic shelf.

region

781

37



Ju
B - - q - - w_ h h h
= F
— o
=] <
E st
1
3
°
3
nr
< <
§ §
2 ) P 2 g —
§ & g L 8 § £ -
Mn s S < m 3 s <
2 2 2 E
H H
- 2 - - - 2
Suognquisip peziiewsiou Suonnquisip peziewiou suonnquisip peziieuiou’ suonnquisip pezewiou suonnquisip peziewiou suonnquisip peziewiou suonnquisip peziewiou suonnquisip pezjewiou
Uoamoq B0UBIBH Uoamoq B0URIBHIT Uoamaq SoURIBHIA UoaMIaq BoUBIEYI usaneq s0URIBH uoaoq B0URIBHIA usamoq B0UBIBHIA Usamoq B0URIBHA
<
g
] 2 °
8 g £ z
m 151 s I
2 H
H g H H g
8 = B < ] % . . .
i B O
Pt P ﬂ
=
- - - wb
= 1 1 =0
e
8
=
c L
§
g
— - 4 § g
g 5 s 2
2 -] 2
H
=
S 8 8 § 3 S 8 8 % 3 S 8 8 % % S 8§ %8 % § 8 § 3 § 8 5 3 § 8 %5 3 § 8 % 3
suonnauisip poziewiou suonnquisip poziewsou suonnquisip poziewso suonnquisip poziewsou suognquisip poziewou suonnquisip peziewoy suonnquisip poziewsou suonnquisip poziewsou
usamiag 8ouBJexIa uoamiag ouaIaYIa uoamiaq 9ousIBYIa usamiaq 9ousIaYIa UsamIaq B0UBJBYIA UBaMlaq 80UBIBHIA usamiaq 8ouBIHIA usamiaq ousIaHIa

150 175
Minimum SST (°C)

125

38

25

Maximum SST (°C)
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Supplementary Material 3: Groups of correlated environmental variables

BottomT.mean

BottomT.max

BottomT.min

-
——

Slope.sd

BottomT.sd

|

SST.mean

SST.max

SST.min

1

\\_____/

SST.sd

Velocity.min

Sup. Mat. 3.1: Groups of correlated variables (Pearson’s correlation, r > 0.7) in red, and vari-

able selected among each group, in green, selected according the percentage of explained variance.

BottomT is bottom temperature, Bathy is bathymetry, SST sea surface temperature, So salinity

and Velocity surface current velocity.
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Supplementary Material 5: Distribution of presence cells of the blasckspot sea
bream in the model domain of distribution (based on the presence threshold obtained
with TSS indices: presence respectively for a presence probability p > 0.62 for the
balanced-ratio data set and p > 0.12 for the observed-ratio data set) according to
the predictors values when using 6 predictors with the balanced- (a, c, e, g, i, k) and

observed-ratio (b, d, f, h, j, 1) data sets. High densities of values appear yellow on

the scatter plots.
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sor  Supplementary Material 7: Maps of the presence (a,b, green) and absence (c,d,
ss  blue) data cells used for calibrating eSDMs with the balanced-ratio (a,c) and the

s0 observed-ratio (b,d) of presence and absence.
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sio  Supplementary Material 8: Maximized index values when comparing the blackspot
su  seabream eSDM habitat estimates for best model (6 predictors) to occurrence data and

s corresponding probability threshold values for presence/absence for building binary

=

s13  habitat maps.

Validation index  Region Data set ~ Maximized index  Optimised threshold
all balanced  0.45 0.62
all observed  0.57 0.12
Azores balanced  0.57 0.12
TSS Azores observed  0.56 0.14
Atlantic balanced  0.45 0.46
Atlantic observed  0.53 0.09
Mediterranean  balanced  0.54 0.62
Mediterranean  observed  0.62 0.25
all balanced  0.90 0.77
accuracy
all observed  0.91 0.33
Azores balanced 0.78 0.25
Azores observed  0.79 0.23
Atlantic balanced  0.93 0.80
Atlantic observed  0.93 0.34
Mediterranean  balanced  0.82 0.67
Mediterranean  observed  0.84 0.3
CBI all balanced  0.98 1
all observed 1 0.98
Azores balanced  0.75 0.96
Azores observed  0.97 0.82
Atlantic balanced  0.97 0.79
Atlantic observed  0.65 0.42
Mediterranean  balanced  0.89 1
Mediterranean  observed  0.93 0.98
hit rate all balanced 1 0.04
all observed 1 0.01
Azores balanced 1 0.03
Azores observed 1 0.02
Atlantic balanced 1 0.04
Atlantic observed 1 0.01
Mediterranean  balanced 1 0.03
Mediterranean  observed 1 0.01

48



Annexe 2

Article en préparation sur les relations entre prix et quantité débarquées de 1973 a
2020.
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Abstract

The blackspot seabream stock in the Bay of Biscay collapsed in the late 1970s due to
overexploitation. The resulting drastic decrease in landings drove ex-vessel prices up sharply,
making it the most valuable species landed by French fleets in Atlantic French harbours in recent
years. The overall relationship between prices and landings was negative for blackspot seabream
during two considered time periods, 1973-2003 and 2000-2020, indicative of an inverse demand
system. A similar negative relationship was found for around half of species among a list of 17
teleost marine species selected for comparison based on price and stock abundance criteria and
taxonomic relatedness. Negative relationships between interanual variations in blackspot price
and landings were only found for the first period, while such a relationship occurred for more
than half of the compared species during both periods, indicating rapid adjustments to market
availability. Potential for consumer switch from blackspot seabream to the other species was
studied considering correlations in prices and landings. Positive correlations of prices were found
during the first time period and some negative correlations during the second period.

Introduction

Blackspot seabream is one of the higher priced demersal fish species in France, Spain and
Portugal owing to its firm and flavourful flesh (Rincon et al., 2016). Although no study on the
market of this fish species has been published, there is anecdotal evidence that in recent years it
has been sold to gourmet restaurants and retailed in wealthier areas in France. Until the mid
1970s, blackspot seabream was an abundant species in the Bay of Biscay (Lorance, 2011) and
available all year round on French fish markets. Considering the period posterior to the stock
collapse, international landings (Spain and France) of blackspot seabream from the Bay of Biscay
(ICES Subarea 8) from 1990 to 2020 varied between 500 tonnes in some years in the early 1990s
to less than 200 in the past decade (ICES catch data downloaded on 18.10.2022. Compared to
more than 20 000 in some years in the 1960s-1970s (Lorance,2011).

The size distribution of marketed fish changed over time as a result of reduced consumer demand
for portion-sized fish and legislation changes. In the late 1960s before the stock collapse, a
commercial category for blackspot seabream <100 g existed (Lorance, 2011). Individuals <500 g
might have represented 20-24% of the landings in 19661968 (Guichet et al., 1971). Smaller
blackspot seabream were marketed under specific commercial names (pirono and pelon). In
addition to changes in consumption habits increasing the size of landed blackspot seabream in
recent years, legislative measures have also been put into place. A TAC for ICES subareas 6-8
was set to 350 tonnes in 2003 and gradually reduced to 105 tonnes in 2020. Since 2017, the
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species has been subject to a Minimum Conservation Reference Size (MCRS) of 33 cm both in
the Atlantic and the Mediterranean Sea (regulation (EU) 2019/1241 of the European Parliament
and of the Council). This MCRS corresponds to a weight of 475 g. A larger minimum landing
size of 35 cm applied between 2010 and 2012. In France, to the best of our knowledge, the
species has always been sold as whole fresh fish. In recent years, the small quantities landed have
been mostly sold to markets for high-quality products such as used by gourmet restaurants. These
restaurants serve fish fillets, which are prepared in the restaurant and not at a distant fishmonger
workshop.

In several studies, fish ex-vessel sale prices have been found to decrease with increasing landed
volume (Barten and Bettendorf, 1989; Lesur-Irichabeau et al., 2016; Burgess et al., 2017), though
the opposite, that is higher landings and higher prices have also been reported (Magnusson and
Dekker, 2021). A negative relationship between quantity sold and price corresponds to an inverse
demand system (Barten and Bettendorf, 1989), which might occur on different temporal scales,
from the daily (Lesur-Irichabeau et al., 2016; Maynou, 2022) to the annual level (Fryxell et al.,
2017). Fryxell et al. (2017) identified a negative relationship between total annual landings and
mean annual price of North American cod and pollock as the fishery degraded. In addition to a
global negative relationship between prices and landed quantities found for many species, price
changes in time have been found to be driven by temporal changes in landings (Pincinato et al.,
2020).

This study aimed at investigating trends in ex-vessel prices of blackspot seabream starting before
the stock crash and compared these trends to selected fish species to appraise the effects of the
decreasing abundance and decreasing landings driven by regulation of blackspot seabream on its
price and the potential for consumer switch to other species. The species selected for comparison
were teleost marine fishes, mostly demersal species, based on price and stock abundance criteria,
as well as taxonomic relatedness. All selected species were sold fresh in French auction markets
of Atlantic harbours.

Material and Methods

Species selection

The price of blackspot seabream and its relationship with landings was compared to selected
species caught by French fleets in the Bay of Biscay and which are mostly consumed fresh by
households (FranceAgrimer, 2021). The list excluded all small pelagic fishes, for which a large
proportion of landings goes through the fish processing industry, as well as lower value species,
which may also be distributed through catering companies. For the comparison, three species
categories were created: (1) the main benthic and demersal fish species in terms of quantities
landed, referred to as major species: hake (Merluccius merluccius), sole (Solea solea) and two
species of anglerfish sold together (Lophius piscatorius and L. budegassa). (2) Teleost species
fetching high prices, (> 5 €/kg in 2020) and which are regularly landed in French ports of the Bay
of Biscay, referred to as high-value species. These species are of similar or larger size than
blackspot seabream. The list included European seabass (Dicentrarchus labrax), John Dory (Zeus
faber), gilthead seabream (Sparus aurata), red porgy (Pagrus pagrus), and meagre (Argyrosomus
regius), the two high price flatfishes turbot (Scophtalmus maximus) and brill (S. rhombus),
pollack (Pollachius pollachius), and red mullet (Mullus surmuletus). The large pelagic bluefin
tuna (Thunnus thynnus) was also included in the list. Only half of these high-value species are
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currently managed by a TAC. (3) Species taxonomically related to the blackspot seabream,
referred to as related species. These species included the axillary seabream (Pagellus acarne) of
flesh quality similar to that of blackspot seabream but of smaller size, the lesser priced black
seabream (Spondyliosoma cantharus) and white seabream (Diplodus sargus), and the common
pandora (Pagellus erythrinus). The species in this group fetched lower prices (< 5 €/kg in 2020)
and are not subject to a TAC. Though related to blackspot seabream, gilthead seabream and red
porgy were included in the group of high-value species due their higher sale prices. However,
they had the lowest landings in this group (Table 1).

Data

Two data sets for ex-vessel prices and landings were used with different resolutions. For the
years 1973-2002, a data set from the French national committee of marine fisheries (CNPM) was
available. For this data, meagre was missing and the axillary seabream and the common pandora
were combined and it is unclear whether data reported under this combination did not also
include some red porgy. The three species were therefore not considered for this data set. Further,
the data set contained only mean annual prices across all French ports for all studied species
except for bluefin tuna and hake for which mean overall prices and prices for landings in Bay of
Biscay ports were available and the later were used. For the period 2000-2020, data were
extracted from the French national database of fisheries statistics and prices refer to Atlantic
landing ports only. Mean annual prices were calculated as the sum of landed value divided by the
sum of landings.

Prices in both data sets were standardised to 2001 values using the consumer price index of
French fresh food products extracted from the French institute for statistical and economical
studies (www.insee.fr; value 100 in 2001). Due to the structural differences, the data sets for the
two time periods were analysed separately.

Analyses

The relationship between inflation corrected mean annual prices and total annual landings was
investigated on two levels for each species and compared to group-specific hypotheses detailed
below. First, for each species and period, the overall relationship between prices and landings
was investigated using Pearson’s correlation coefficient. Second, the interannual relative
variation in price AP; ; for species i was related to the interannual relative variation in its landings
AL; . fitting the linear model:

APit = a; +bl ALit where APit =M, ALit =M
’ ’ ' Pit—1 ’ Lit—1
The slope b; was used to quantify relative price changes with respect to relative changes in
landings. We hypothesised that price of the highly sought after blackspot seabream increased
with decreasing landings following an inverse demand system (negative value for b;). Similarly,
we expected a negative slope for all high-value species, except for gilthead seabream. Gilthead
seabream is also produced by aquaculture in larger quantities than fisheries landings (FAO, 2022)
In the Northeast Atlantic aquaculture production in recent years was 3 to 5 times as much as
fisheries landings whilst aquaculture production from the Mediterranean and Black Sea was
about 50 times more than fisheries landings. This is expected to lead to fisheries landings not
playing an important role in price formation as these are driven by aquaculture production as
observed in Australia in a similar situation (Pascoe et al., 2022). In contrast, for three major
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species we assumed demand being able to adjust to changes in landings, which means prices
would fluctuate independent of landings (b close to zero). Lastly, for the group of related species,
we expected price also to be unrelated to landings, because they are of lesser flesh quality (black
seabream, white seabream) or smaller size (axillary seabream, common pandora) and hence less
demanded by consumers.

To investigate the potential for consumer switch from blackspot seabream to the other selected
species, we calculated the Pearson correlation between blackspot seabream prices and the price
time series of the selected species, similarly for landings. Incentives for consumer switch could
come from both prices and landings. Price has been identified as a barrier to fish consumption
and availability was found to impact the frequency of fish consumption (see review in Carlucci et
al., 2015). Thus, we hypothesized that negative correlation between prices or landings with those
of blackspot seabream could indicate the existence of an incentive for consumer switch to the
given species in years blackspot seabream landings were low and/or prices high. Further, for
switching, the perception of the degree of similarity of the species to blackspot seabream was
expected to play a role. In a consumer survey on factors affecting the decision to purchase
different fish species, taste was one of the major factors (Nauman et al., 1995). Hence, negative
correlations of landings with one of the high-value species as well as with axillary seabream
because of similar flesh quality were interpreted as signs of potential for consumer switching. All
calculations were carried out using the R programming language.

For the last 15 years (2006-2020) landings data by size category were available. Size
category of fish catches landed in the European Union are defined by regulation for 38
species or groups of species (COUNCIL REGULATION(EC) No 2406/96 of 26 November
1996 laying down common marketing standards for certain fishery products) allowing to
analyse the relationship between inflation corrected prices and landings at different levels.
The correlation between price per landings event and quantity landed was estimated for
every species. As all blackspot seabream was landed as whole fresh fish, only fish sold in the
same state was considered for all species.

Results

Mean inflation corrected ex-vessel prices for blackspot seabream during 1973 and 2002 were
similar to the prices fetched for the most valuable major species (European hake), while they
were average compared to the list of high-value species (top row in Figure 1). For the period
2000 to 2020, price information for a larger number of species was available and the data were
considered much more reliable than for the previous period. During this period, the ex-vessel
price fetched by blackspot seabream was comparable to those of the highest priced species in the
three considered species groups (bottom row in Figure 1). Since 2010, blackspot seabream has
become the highest priced species landed by French vessels from the Bay of Biscay. This
position might be due to its small availability on markets despite continuous high demand as
French landings of blackspot seabream from the Bay of Biscay were typically less than 100
tonnes per year. Blackspot seabream becoming the most expensive species is an important
change from the previous three decades during which most of the species in the high-value group
fetched higher prices than blackspot seabream.

Annual landings for the period 1973-2002 reflected the well known rapid collapse of the
blackspot seabream stock in the late 1970s (Figure 2). The collapse led to an increase in price of
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blackspot seabream up to 1990 (0.47 €/year). European hake, pollock and white seabream
landings also showed a strong decrease around fifteen years later than blackspot seabream in the
mid 1980s. However, contrary to blackspot seabream, prices decreased parallel to landings for
hake and white seabream. Several species in all species groups showed increasing landings
during the period while prices increased, decreased or fluctuated with no clear trend depending
on species. A notable case is common sole for which price increased steadily until the mid 1980s
while landings remained more or less stable.

Considering the period 2000 to 2020, blackspot seabream landings first increased and then
decreased again from the mid 2000s, following the introduction of a TAC in 2003, which was
subsequently reduced. Since 2003, inflation corrected blackspot seabream prices increased
steadily by 0.42 € per year (Figure 3). This is the strongest increase among all studied species for
this period during which on average prices decreased slightly (mean -0.02 €/year). Decreasing
landings in parallel to those of blackspot seabream were observed for the major species common
sole and several of the high-value species (brill, pollock, red mullet, Atlantic bluefin tuna). Only
for Atlantic bluefin tuna and pollock did prices increase however (0.16 €/year and 0.06 €/year
respectively) while they decreased slightly for brill (0.05 €/year) and red mullet (0.03 €/year).
The landings of related species, except black seabream, were increasing other the whole period
while prices decreased (maximum -0.46 €/year for common pandora).

During the period 1973 to 2002, an overall significant negative relationship between prices and
landings as seen for blackspot seabream was only found for three high-value species, while the
correlation was positive for two species (brill and turbot) and not significant for the three
remaining species (Figure 4a). Thus the results did not provide much evidence for our hypotheses
for this period. The results were similar for the three major species, with one significant negative
correlation, one positive and one species without correlation between prices and landings, not
providing much evidence for the hypothesis of no relationship for this species group. The related
species black seabream had a negative relationship between prices and landings, while white
seabream showed a positive relationship (Figure 4a). Thus, the prices for these two species were
not independent of landings as hypothesised, showing a classical price demand relationship for
the white seabream and an inverse demand for black seabream. In summary, only five out of the
13 (38%) considered species showed evidence for an inverse demand system, independent of
species group.

During the two decades 2000 to 2020, ex-vessel prices and landings and were negatively
correlated for most species (59%), including blackspot seabream, and irrespective of group
(Figure 4b). This provides evidence for an overall inverse demand system during this period and
contradicts the hypotheses for major and related species, for which no relationship was
hypothesized. No relationship between price and landings was only found for common sole,
axillary seabream and white seabream. For brill, the relationship was significantly positive during
this period; it had also been positive during the first study period. Note that brill prices and
landings both increased during the first study period and decreased during the second period
(Figure 2 and 3).

The slope for the linear relationships between interannual relative changes in prices and
interannual relative changes in landings and was significantly negative for ten species (71%)
during 1973 to 2002 and again ten species (58%) between 2000 and 2020, with seven species in
common for the two periods (Table 1). Thus, for these species, years with higher interannual
relative decrease in landings had lower relative increase in prices. For blackspot seabream, the
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relationship was significantly negative only during the first study period. During the first period,
the strongest negative relationship was found for angler and black seabream with price increases
around 50% of landing decreases, i.e. a 1% landings decrease led to a 0.5% price increase on
average (slopes -0.49 and -0.51). During the second period, the strongest negative relationships
were found for common sole, red mullet and again black seabream, similarly with a smaller
relative change in price compared to landings (slopes -0.56, -0.55, -0.53 respectively).

The correlations between blackspot seabream price and the price of other species during the
period 1973-2002 was positive for most species, irrespective of species group (Figure 5a). Thus,
there might not have been much price incentive for consumers to switch from blackspot seabream
to these other species. In contrast, during the later period (2000-2020), blackspot seabream prices
were significantly negatively correlated with all three major species, three high-value species out
of ten (brill, red porgy and turbot), as well as the related axillary seabream and common pandora
(Figure 5c). Hence, there might have been price incentives to switch to these species for
consumers looking for alternatives to blackspot seabream. Considering correlations in landings, a
change in the sign of relationships was observed between the two study periods, similarly to
prices. During the first period, the correlation between blackspot seabream landings and those of
the selected species were primarily negative for high-value species as well as two major species
(Figure 5b). This means higher landings of these other species coincided with lower landings of
blackspot seabream, in particular during the second half of the period, and hence might have
provided scope for consumer switch. During the second period, correlations of blackspot
seabream landings with those of high-values species were primarily positive for high-value
species and two major species, except red porgy (Figure 5d). With relatively lower prices and
higher landings during the period 2010-2020, the high-value related red porgy might have offered
an alternative to blackspot seabream for consumers looking for a similar product. However, its
price was above that of blackspot seabream from 2000 to around 2010 (Figure 1). Further, the
average annual landings of red porgy during the second period were only 29 t, which is even less
for than blackspot seabream for which it was 54 t (Table 1). Hence, taken together, these facts
probably reduced the likelihood of red porgy having been a relevant alternative.

Discussion

In this study, the inflation corrected ex-vessel price for the currently small stock of blackspot
seabream was compared to three groups of species also landed by French vessels from the Bay of
Biscay, including the three major demersal species in terms of volume, ten high-value species
and four less valuable taxonomically related species. Several of the selected species, though
landed in moderate quantities, are of high importance, if not vital, to some local fisheries (Daures
et al., 2009). Indeed, European small-scale fisheries depend economically on fewer species than
large scale fisheries (Guyader et al., 2013). Separate analyses were carried out for two time series
(1973-2002 and 2000-2020) as the databases differed in resolution and structure. For the former
period, landings and price data were more aggregated and less reliable, with some species being
probably confounded. Some species were therefore removed from the first data set.

In recent years, blackspot seabream was among the few higher priced species landed in French
Atlantic ports. Until the 2000s, the decline in blackspot seabream stock abundance had a direct
effect by reducing landings (Lorance, 2011). In more recent years, landings were constrained by
TACs and hence most likely less directly linked to availability to fisheries. As the stock trend
since 2000 is not known, the variation of price during this period can be considered an effect of
management on landings rather than directly driven by stock abundance as in the early period.
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Surprisingly, the inflation corrected price of blackspot seabream increased in recent years in a
general context of overall stable or decreasing fish prices, considering all major commercial,
high-value and taxonomically related species landed from the Bay of Biscay. Part of this may
come from change in the size of blackspot seabream caught, as the proportion of larger
individuals in landings increased in recent years.

Overall, we found that for blackspot seabream sale prices were higher in years with lower
landings as expected in an inverse demand system often observed for fish (e.g. Barten and
Bettendorf, 1989) but also bivalves (Lesur-Irichabeau et al., 2016). The same pattern was found
for the majority of species selected for comparison during the second study period, irrespective of
species group and in contradiction to our hypotheses. No dominant pattern emerged for the first
study period, possibly due to the data being less reliable. Data from the historic period might
have shown fluctuations which did not represent actual price variations. In particular, at the time,
the same commercial name may have been used for different species, blurring any relationships
between prices and landings. We tried to account for this by not analysing certain species, but the
problem might have remained to some degree.

On the time scale of interannual changes, blackspot seabream prices did only increase between
years when landings decreased during the period 1973-2002, but not after 2000. In contrast, such
a relationship was found for the majority of other selected species, independent of species group.
Thus, this provides some evidence for an inverse demand system operating in the Bay of Biscay
also at the annual scale.

We also investigated the potential for consumer switch from the rarefying blackspot seabream to
the other selected species by looking at the correlations between their prices and their landings.
We interpreted negative correlations in prices or landings as potential for switching as price can
be a barrier to fish consumption and lack of availability impact fish consumption (Carlucci
et al,, 2015). The negative correlations between blackspot seabream prices and those of some of
the other species during the second study period might indicate the existence of price incentives.
However, interpretation is hampered by the fact that no study evaluating the similarity in terms of
consumer preference for the different studied species in comparison to blackspot seabream exists.
In an older Scottish study, participants did not express any preference among nine common white
fish species (Hamilton and Bennett, 1983). In this study, flavour was the most significant positive
determinant of acceptability, while texture was neutral. Rickertsen et al. (2017) studied consumer
attitudes and preferences of 276 French consumers using questionnaires and sensorial trials for
farmed salmon and pangasius, and wild cod and anglerfish. In terms of taste, the participants’
first preference was for salmon, followed by anglerfish. In terms of willingness-to-pay, anglerfish
received the highest value, followed by cod. Thus, the negative correlation of anglerfish price
with blackspot seabream, as well as the generally lower price, might have provided purchase
incentives in recent decades. However, given blackspot seabream has fetched the highest prices
of all species since 2010, price sensitive consumers will have had ample alternative choices
cheaper than blackspot seabream.

Given the lower data quality for the first study period, attempts to compare prices presented here
with other estimates of ex-vessel prices were made. The Sea around us (SAU) project has
published reconstructed landings and prices (Pauly et al., 2020). Estimated landings of blackspot
seabream for the Bay of Biscay from SAU were in the same range as landings reconstructed by
Lorance (2011) but prices were very different from those estimated here because SAU estimated
prices of groups of species where all seabream were included in. No explanation for this

7



difference could be found. The attempt to compare out data with the data made available by the
Food and Agricultural Organisation (FAO) (Melnychuk et al., 2017) was not anymore successful,
because numerous demersal species were attributed the same price in this database, while they
clearly fetched very different prices in French Atlantic harbours. Given these results, we stuck to
the data for which we knew the source despite the shortcomings for the earlier period.
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Table 1 Mean landings (t) and results for linear relationships between interannual relative
changes in landings and interannual relative changes in ex-vessel prices for selected species in

the Bay of Biscay. Negative slopes mean prices decreased as landings increased. Species groups:
1 major species; 2 high-value species; 3 related species.

Name
Blackspot
seabream

Angler
Common sole

European hake
Atlantic bluefin
tuna

Brill
European
seabass
Gilthead
seabream
John dory
Meagre
Pollack
Red mullet
Red porgy
Turbot
Axillary
seabream

Black seabream
Common
pandora

White seabream

Group TAC

W NN NN [T NC QNN

w

w

2003

none

none
none

none

none

none
none

none

1973-2002
Landings

1054
14536
6386
15242

496
363

2438

143
634

4903
1746

707

2767

161

Slope

-0.24
-0.49
-0.11
-0.25

-0.15
0.04

-0.21

-0.06
-0.19

-0.27
-0.37

-0.11

-0.51

-0.22

Pval
vue

0.03
0

0.38
0.03

0.01
0.75

0.03

0.45
0.04

<0.01
<0.01

0.13

<0.01

0.04

0.17
0.41
0.03
0.16

0.31

0.17

0.02
0.15

0.32
0.8

0.08

0.54

0.19

2000-2020
Landings

54
20213
7914
24984

639
522

4568

409
1606
807
3337
3110
29
728

46
3506

29
202

Slope

-0.11
-0.37
-0.56
-0.16

-0.3
0.02

-0.42

-0.25
-0.31
-0.18
-0.36
-0.55
-0.01
-0.03

0.08
-0.53

-0.04
0.01

Pvalvue r2
0.07 0.17
0.01 0.35
<0.01 0.44
0.23 0.08
0.05 0.2
0.89 0
<0.01 0.37
0.01 0.36
0.04 0.22
<0.01 0.57
0.01 0.31
<0.01 0.79
0.90 0
0.83 0
0.28 0.06
0.01 0.34
0.22 0.08
0.76 0.01
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Figure 1: Time series of mean inflation corrected ex-vessel prices for blackspot seabream and
selected species from the Bay of Biscay for the period 1973 to 2002 (top row) and 2000 to 2020
(bottom row).
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Figure 2: Time series of standardised annual French landings and mean ex-vessel prices for
selected species in the Bay of Biscay for the period 1973 to 2002.
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Figure 3: Time series of standardised annual French landings and mean ex-vessel prices for
selected species in the Bay of Biscay for the period 2000 to 2020.
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Figure 4: Pearson correlation coefficients between mean prices and landings in the Bay of Biscay
for blackspot seabream and selected species from three species groups. a) 1973 to 2002. b) 2000-
2020. Significant correlations (p<0.05) in darker colour.
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Figure 5: Pearson correlation coefficients between blackspot seabream mean prices and those of
selected species (a and c) and blackspot seabream landings and those of selected species (b and c)
in the Bay of Biscay. a) & b) 1973 to 2002. ¢) & d) 2000-2020. Significant correlations (p<0.05)
in darker colour.
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Annexe3

Rapport sur la paramétrisation d'un modele DEB



DynRose : Paramétrisation d’un modele Dynamic Energy Budget model sur la
Dorade rose (Pagellus bogaraveo)

Fabri-Ruiz, S., Lorance, P., Trenkel, V
Introduction

Le modele DEB fournit une description mécanistique et quantitative des flux d'énergie dans un
organisme qui assimile et utilise I'énergie pour sa maintenance, sa croissance et sa reproduction
tout au long de son cycle de vie (Kooijman, 2009). La théorie DEB vise a décrire comment les flux
d'énergie des espéces changent en fonction des conditions environnementales (ici la disponibilité
en nourriture et la température). Elle s’appuie sur des hypothéses tirées des principes de la
thermodynamique et plus spécifiquement des lois de la conservation de la masse et de I'énergie
(Jusup et al., 2017). Le modele DEB a été appliqué a de nombreux taxons aussi bien marins que
terrestres ainsi qu’a des espéces présentant de vastes distributions géographiques (van der Meer,
2006). L'un des principaux avantages d'un modele DEB est qu'il est basé sur une théorie générique,
ce qui signifie que la méme structure de modele peut étre appliquée a différentes espéces, ou seules
les valeurs des paramétres différent (Marques et al., 2018). Compte tenu de sa non-spécificité, la
théorie DEB a été largement appliquée et testée avec succes pour un grand nombre d'especes de
poissons pour répondre a des questions de recherches variées. Parmi les applications, on pourra
citer la simulation de la croissance et de la reproduction des poissons plats (van der Veer et al., 2009,
2003) et de I'anchois (Pecquerie et al., 2009) dans des conditions environnementales variables, la
prévision des effets métaboliques des radionucléides (uranium) sur des individus de poissons zébres
(Augustine et al., 2012), la description des facteurs biologiques influengant la bioaccumulation des
polluants organiques persistants (PCBs) dans le merlu européen (Bodiguel et al., 2009) et la sole
commune (Eichinger et al., 2010) a travers I'ontogénese des poissons et, la description du cycle de
vie complet des especes de poissons migrateurs écologiquement et économiquement importants
tels que le saumon du Pacifique (Pecquerie et al., 2011) et le thon rouge du Pacifique (Jusup et al.,
2011).

Il n’existe aucun modele paramétré pour la Dorade rose (Pagellus bogaraveo) a I'heure actuelle or
ce type de modeéle permettrait de comprendre quelles sont les mécanismes qui occasionnent une
migration depuis la zone cotiere vers la zone mésopélagique lors du passage a I’age adulte ou encore
d’explorer les raisons du changement de sexe ou non qui se produisent au cours du cycle de vie des
individus. Une étape préalable pour explorer ces questions de recherche est la paramétrisation du
modele DEB. Dans ce rapport technique, une premiere estimation des paramétres du modele DEB
pour I'espece Pagellus bogaraveo est présentée.

Matériel et méthodes

1) Description du modele



Le modele DEB établit les flux d’énergie entre quatre variables d’état : la réserve (E), la structure
(V), la maturation (Ey) et le tampon reproducteur (ER). E, V et Ei sont les variables d’état qui
constituent la biomasse de I'organisme (Figure 1).

L’énergie péneétre dans I'organisme sous la forme de nourriture (X) par ingestion a un taux (Eq.1)

Dx = {Dxm}fL? [Eq. 1]

b'¢ . , . . .
Avec f = Xixe correspondant a la réponse fonctionnelle de type Il de Hollings comprise entre [0,1],

ou 0 correspond a des conditions dites de « famine » and 1 des conditions de nourriture ad libitum.
L’ingestion dépend donc de la nourriture (f), de la surface (L?) et du taux d’ingestion maximale
spécifique a la surface ({pxm}). L'énergie est ensuite assimilée dans la réserve a un taux (p,). Cette
transformation entraine la production de féces et de minéraux. L'énergie sortant de la réserve (p.)
est subdivisée selon la "regle de kappa" (régle k). Une fraction k est allouée et répartie entre la
maintenance somatique (py,), et la croissance, tandis qu’une fraction 1-k est utilisée pour la
maintenance de la maturité (p;) et la maturation (pg). Il n’y a pas de compétition entre les deux
branches, c’est-a-dire qu’un organisme peut continuer de grandir et se reproduire en méme temps.
L’énergie est néanmoins toujours prioritairement allouée a la maintenance (maintenance
somatique et maintenance de la maturité) de telle sorte que, si le taux d’utilisation de I’énergie issue
des réserves E n’est pas suffisant pour «payer» le colt de la maintenance somatique, I'individu
puise alors I'énergie dans son compartiment de reproduction Er puis dans celle allouée a sa
structure l/.

Dans le modele DEB, le cycle de vie est caractérisé par trois étapes qui se distinguent par leur flux
d’énergie : Embryon, Juvénile et Adulte. L'embryon n’assimile pas de nourriture (EH=E5). La
deuxieme étape est la phase juvénile qui a lieu aprés la naissance (EH=E£’,). La transition entre
I'embryon et le stade juvénile se produit une fois que l'individu a atteint un seuil particulier
d’énergie investie dans le développement. A ce moment, I'individu est suffisamment complexe pour
commencer a se nourrir et utiliser I’énergie acquise dans les aliments pour continuer son
développement, sa croissance et sa maintenance, mais il n"accorde pas d’énergie a la reproduction.
Un investissement supplémentaire dans le développement conduit a une deuxieme transition qui
est la transition entre le stade juvénile et adulte, appelée puberté. Lorsque I'organisme devient
adulte, il cesse d’attribuer de I’énergie au développement et redirige I'énergie vers la reproduction
et donc la formation de gametes (EH>EZ). Le niveau de maturité controle les transitions des phases
du cycle de vie complet de I'organisme. La représentation schématique et la description du modele
sont données dans la Figure 1, et la spécification et la dynamique des variables d'état et des flux
d'énergie sont énumérées dans la Table 1, avec les parameétres donnés dans la Table 2.

Le cycle de vie de certains poissons comprend une phase larvaire et une métamorphose en forme
juvénile. La phase larvaire et la métamorphose qui s'ensuit coincident souvent avec une accélération
métabolique, c'est-a-dire une augmentation progressive des valeurs de certains parametres entre
la naissance et la métamorphose (Kooijman et al., 2011). Une telle transition nécessite
généralement une extension du modéle DEB standard (Marques et al., 2018) en modele ici abj.



Somatic maintenance |

Temperature

Maturity
maintenance

Faeces

Maturation
Eq

Reproduction
Buffer

Figure 1 : Représentation conceptuelle des processus métaboliques. Les fleches pleines
représentent les flux d'énergie standard, et les cases marquent les variables d'état. L'énergie est
assimilée de la nourriture dans la réserve et ensuite allouée pour alimenter les processus
métaboliques : une fraction fixe k du flux mobilisé est allouée a la maintenance somatique et a la
croissance, et la fraction restante (1-k) a I'augmentation et au maintien de la maturité, ou vers la
reproduction.

1) Estimation des parametres du modele DEB

Un modele DEB se compose de parametres primaires et de parametres composés. Les parametres
primaires sont intimement liés a un seul processus sous-jacent, tandis que les parameétres composés
dépendent généralement de plusieurs processus sous-jacents. Les paraméetres composés peuvent
étre dérivés des paramétres primaires en utilisant les formulations de la théorie (Kooijman, 2009).
Les parametres primaires de la théorie DEB peuvent étre divisés en parametres principaux et
parameétres auxiliaires (Lika et al.,, 2011a). Ces parametres contrdlent directement les variables
d'état (a I'exception de I'efficacité de la défécation) (Figure 2, Table 2). La théorie DEB suppose que
les variables d’état ne sont pas directement mesurables (empiriquement), mais elle décrit
pleinement leur dynamique par un ensemble d’équations qui caractérisent I’état physiologique de
I'individu a I'aide des parameétres du modele. Les parametres auxiliaires permettent de relier les
variables d’état a des quantités mesurables comme la taille, le poids, la respiration, etc. Tous ces
parametres ne sont pas fournis pas le modele et doivent donc étre estimés grace aux données «
réelles ». C'est ce qu’on appelle I'estimation.



Table 1 : Variables d'état et dynamique pour un individu

Variables d’états (unités)

Description

Dynamiques

EW)

V (cm?)

Ey ()

Er ()

Processus

Assimilation :

Mobilisation :

Maintenance somatique :
Maintenance de la maturité :
Croissance :

Maturation/reproduction :

Energie de la réserve

Volume structurel

Energie investie dans la maturation

Energie investie dans la reproduction

dE
dt
v _ pe

dt T[]

Pa —Pc

dEy

—& = pg (Ey < Ef)

Flux d’énergie (J.d 1)

Da = Pam}fL*(Ey > Ep)
V[EG]L* + ps

bc = TE +kE
ps = [pull?
P} = k]EH
P = KPc — Ds

Pr = (1 —K)pc — P}

(ar 2
ariables forgantes % M 4
onde réel
T*, Nourriture Monde abstrait
Equations Equations
différentielles Auxiliaires
ordinaires
Variables ' . Projection O
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Initiale o
Structure Taille, Poids sec, % : (1
R s Estimation L]
Reserve, poids humide, -
Reproduction Respiration 8‘
buffer §
Maturité v
Parametres Parametres
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Figure 2 : Schématisation de la relation entre le monde abstrait, c’est-a-dire le modele de la théorie
DEB, et le monde réel ol les données proviennent d’études expérimentales, de la littérature ou de
données de terrain (Fabri-Ruiz (2018) modifié de © L. Pecquerie).



Table 2 : Valeurs des parametres primaires et auxiliaires estimées par la méthode de covariation
(Lika et al., 2011a, 2011b; Marques et al., 2018).

Parameétres du DEB Unité Valeurs

Parameétres primaires

z, zoom factor * - 5.942
zm, zoom factor for male * 9.241
{F;n}, maximum specific searching rate Ld*cm™ 6.5
Ky, digestion efficiency of food to reserve - 0.8

v, energy conductance * cmd™? 0.02781
K, allocation fraction to soma * - 0.7524
Kg , reproduction efficiency - 0.95
[pu], volume-specific somatic maintenance * Jem™d™ 20.25
Ié,, maturity maintenance rate coefficient d? 0.002
[E;], specific cost for structure Jem™ 5216
EP, energy maturity at hatching * J 0.04711
ED, energy maturity at birth * J 0.2668
E,g, energy maturity at metamorphosis * J 1.542
ng, energy maturity at puberty for female * J 3.34E+05
Egm, energy maturity at puberty for male * 3.33E+05
}i;z, Weibull aging acceleration * d 1.49E-10
S¢, Gompertz stress coefficient - 0.0001

Parametres auxiliaires

SO .emp, Shape coefficient embryos * = 0.09897
Sy, shape coefficient * - 0.2145
f1 scaled functional response for field data * - 1

f2 scaled functional response (de Almeida Ozério et al., 2009) * - 1.07
3 scaled functional response (Ribeiro et al., 2008) * - 1.291
f4 scaled functional response (Olmedo et al., 2000) * - 1.2
f5 scaled functional response for SilvGal2011 * - 1.18
T,, Température d’Arrhenius * K 5540

* Parameétres estimés par le modele dit “non fixés”.



L'estimation des parametres du modele repose donc sur la qualité et la quantité de données
disponibles. Pour ce faire, le modele requiert deux types de données comprenant les données
réelles et les pseudo-données.

Les données réelles sont de deux types :
- Lesdonnées zero variées qui correspondent a une caractéristique de I’organisme a un temps
unique t.
- Les données univariées qui comprennent des données appariées, ou une variable est
indépendante (par exemple, le temps, la température) et I'autre dépendante (par exemple,
la masse, la consommation d’oxygéne).

Les pseudo-données sont un ensemble de valeurs de parameétres pour un organisme généralisé
obtenu a partir d’'une vaste collection de parameétres estimés pour une grande variété d’espeéces. Le
concept de pseudo-données est utilisé pour éviter une combinaison irréaliste de parametres.
L'ensemble des données utilisées pour paramétrer le modéle DEB sont présentées Table 3.
Compte tenu des données disponibles, certains parametres (Table 2) ne peuvent étre estimés, ils
sont alors dit fixés.



Table 3 : Données zero-variées et univariées utilisées pour I'estimation des paramétres du modéle DEB de la Dorade rose. Les références des données observées,
la valeur modélisée par le modele DEB et I'erreur relative (RE) associées sont précisées.

Zero-Variate data

Age at hatching (14°C) (days)

Age at hatching (18°C) (days)

Age at birth (14°C) (days)

Age at birth (18°C) (days)

Age at puberty for female (days)
Age at puberty for male (days)
Life span (days)

Length at hatching (14°C) (cm)
Length at hatching bis (14°C) (cm)
Length at hatching (18°C) (cm)
Length at birth (14°C) (cm)
Length at birth (14°C) bis (cm)
Length at birth (18°C) (cm)
Length at puberty for female (cm)
Length at puberty for mal (cm)
Ultimate total length (cm)

Wet weight at hatching (14°C) (g)
Wet weight at hatching (18°C) (g)
Wet weight at birth (14°C) (g)
Wet weight at birth (18°C) (g)
Ultimate wet weight (g)

Univariate data
Number of oocytes ~ Length (cm), year 1984

Experimental data

13

2920
2372
7300
0.37
0.34
0.39
0.492
0.49
0.49

36

30

70
0.00025
0.00025
0.00027
0.00033
4616

Modeled data

4.946
3.795

10.2

7.828
1237

1755
3.15E+04
0.3044
0.3044
0.3044
0.2504
0.2504
0.2504
24.57
37.33
58.63
0.0002207
0.0002207
0.0003832
0.0003832
4473

Figure 3.a

Relative Error

0.2366
0.2648
0.215
0.1302
0.5765
0.2603
3.316
0.1774
0.1048
0.2196
0.4911
0.4891
0.4891
0.3174
0.2442
0.1625
0.117
0.117
0.4191
0.1611
0.03101

0.4022

Sources
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Krug, 1998)
(Krug, 1998)
(Gueguen, 1969)
(Peleteiro et al., 1997)
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Peleteiro et al., 1997)
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Krug, 1998)
(Krug, 1998)
(Gueguen, 1969)
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Silva and Galante, 2011)
(Gueguen, 1969)

(Krug, 1990)



Number of oocytes ~ Length (cm), year 1985
Number of oocytes ~ Length (cm), year 1986
Number of oocytes ~ Length (cm), year 1987
Wet weight (g) ~ Time (days), at f= 0.6

Wet weight (g) ~ Time (days), at f= 0.8

Wet weight (g) ~ Time (days), at f=1

Wet weight (g) ~ Length (cm) at 19°C

Wet weight (g) ~ Length (cm) vs)

Change in length (cm.d1) ~ Length at first capture (cm)

Change in weight  (g.d1) ~ Weight at first capture (g)

Length (cm) ~ Time since hatching (days)
Fork length (cm) ~ Time since hatching (days)
Length (cm) ~ Time since hatching (days)
Length (cm) ~ Time since hatching (days)
Length (cm) ~ Time since hatching (days)
Change in length (cm) ~ Time (days) at 19°C
Wet weight (g) ~ Time since hatching (days)
Dry weight (g) ~ Time since hatching (days)

Figure 3.a
Figure 3.a
Figure 3.a
Figure 3.b
Figure 3.b
Figure 3.b
Figure 3.c
Figure 3.c
Figure 3.d
Figure 3.e
Figure 3.f
Figure 3.g
Figure 3.h
Figure 3.i
Figure 3.j
Figure 3.k
Figure 3.1

Figure 3.m

0.405
0.5173
0.3244
0.1616
0.1758
0.1723
0.5371
0.5307
0.8095

0.543
0.4421
0.1326
0.4685
0.3619
0.1076

0.379
0.1232
0.1582

(Krug, 1990)
(Krug, 1990)
(Alcazar et al., 1987)
(de Almeida Ozério et al., 2009)
(de Almeida Ozério et al., 2009)
(de Almeida Ozério et al., 2009)
(Olmedo et al., 2000)
(Sanchez, 1982)
Juan Gil comm pers.

Juan Gil comm pers.
(Fernandez-Pato et al., 1990)
(Higgins et al., 2015)
(Peleteiro et al., 1997)
(Silva et al., 2009)
(Sobrino and Gil, 2001)
(Olmedo et al., 2000)
(Pinho et al., 2014)
(Ribeiro et al., 2008)



La température d’Arrhenius (T,) fournit des informations sur la variation des taux
métaboliques en fonction de la température et peut étre calculée a partir des valeurs
observées du taux métabolique mesuré a différentes températures (Eq.2).

Ta Ta

k(T) = k(Tl).e{T_l‘T} [Eq.2]

k(T) : Taux a la température T (K)

k(T,) : Taux a la température de référence (T:)
T, : Température d’Arrhenius

T;: Température de référence (K)

Les données qui sont liées a des taux, comme I'age a la naissance ou a la puberté, ou la
reproduction a une certaine taille, sont couplées avec des données de température
correspondante. La température des données expérimentales a été indiquée quand
I'information était disponible. Pour les données issues de préléevements réalisées en milieu
naturel, la température a été déterminée en réalisant des climatologies. Les données de
température ont été extraites a partir de réanalyses issues de la base de données Copernicus
(https://resources.marine.copernicus.eu/product-

detail/GLOBAL MULTIYEAR PHY 001 030/INFORMATION, consultée le 28/06/2022). La
profondeur et 'emprise spatiale pour chaque donnée sont indiquées en Table 4. La valeur

moyenne de température a été retenue pour corriger les calculs du modele et tenir compte
de son effet.

Table 4 : Valeurs de températures moyennes associées a I'emprise spatiale et temporelle des
données collectées en milieu naturel

Publications N S 0 E Mois Années Profondeur Température

(m) moyenne (°C)
Gueguen (1969) 49 43 -7 0 Septembre-octobre 1993-2020 200 11.8
Krug (1998) 42 38 -1 6 Tous 1993-2020 200 13.87
Sanchez (1982) 44 43 -5 -1 Septembre 1993-2020 100 12.18
Pinho et al., 2014 41 36 -33  -23  Tous 1998-2010 200 14.36
Sobrino and Gil (2001) 36 36 -6 -5 Tous 1993-2003 100 15.32
Higgins et al., 2015 et 41 36 -33 -23  Tous 1998-2010 200 14.37
Krug (1990)
Alcazar et al., 1987 44 43 -5 -1 Septembre 1993-2020 100 12.18
Juan Gil Comm.pers 36 36 -6 -5 Tous 1993-2020 100 14.36



Pour la paramétrisation du modele, nous avons fait I’hypothése que la valeur de la réponse
fonctionnelle en milieu naturel a f = 1 pour laquelle nous supposons que les animaux sont
nourris en conditions ad libitum. Les données expérimentales ont été non fixées a I'exception
des données d’Olmedo et al (2008) afin d’éviter une valeur de f aberrante.

A partir de ces données, les parametres de la DEB ont été estimés en utilisant la méthode de
covariation (Lika et al., 2011a, 2011b), qui vise a rechercher la combinaison de parametres
(Table 1) qui minimise la différence entre les observations et les prédictions. L'approximation
des valeurs des parametres est effectuée a I'aide d'une optimisation numérique de Nelder-
Mead afin de minimiser la différence entre les valeurs observées et prédites sur la base d'un
critere des moindres carrés pondérés. L'évaluation de I'estimation des parametres est évaluée
en calculant I'erreur quadratique moyenne symétrique (SMSE) variant entre 0 et 1 et I'erreur
relative moyenne (MRE) qui peut varier entre 0 et oo. Pour chaque donnée univariée et zéro-
variée, l'erreur relative a été calculée comme le rapport entre la valeur de I'erreur absolue et
la valeur de la variante.

L'estimation des parametres de parametres a été réalisée avec les modules AmPtool
(https://github.com/add-my-pet/AmPtool) et DEBTool (https://github.com/add-my-
pet/DEBtool M/) sous Matlab 2021b.

La paramétrisation fait appel a quatre fichiers différents (Marques et al., 2018) :

- mydata_Pagellus_bogaraveo.m contient les données pour ajuster le modéle (données a zéro
variées et univariées), y compris les références. Ce fichier contient également les coefficients
de pondération pour toutes les données.

- predict_ Pagellus_bogaraveo.m contient le code permettant de relier les données observées
aux résultats du modele, on y retrouve les équations auxiliaires.

- pars_Pagellus_bogaraveo.m contient les valeurs de parameétre au début de la procédure
d'optimisation.

- run_Pagellus_bogaraveo.m : contient les paramétres de la procédure d'optimisation.

Résultats et Discussion
1) Qualité d’ajustement du modele DEB

L'exhaustivité (ou completness) des données réelles dans le modele abj-DEB développé pour
P.bogaraveo était de 3 (Lika et al., 2011a). Les valeurs des paramétres sont résumées en Table
2. L'ajustement global du modeéle a donné une erreur relative absolue moyenne (MRE) de
0.417 et une erreur quadratique moyenne (SMSE) de 0.222. Concernant les données zero-
variées, les données d’age, de poids et de taille a éclosion ainsi que le poids et la taille maximal
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présentes des erreurs relatives faibles (RE<0.27). L’erreur relative pour les dges a la naissance
est également peu élevée (RE <0.215), a l'inverse des tailles pour ce méme stade (RE~0.48).
La durée de vie totale est en revanche trés mal estimée (RE=3.3116). L’écart observé entre les
données prédites et modélisées pour I'age et la taille a la puberté peut s’expliquer par le fait
gue ces données reposent sur des ogives de maturité. Cette derniere établit le pourcentage
d'individus matures en fonction de la taille ou de I'age et définit la taille et I’age de premiere
maturité pour lesquels 50 % des individus sont matures, ce qui implique nécessairement la
présence de variabilité dans ces données.

Concernant les données univariées, les données de poids en fonction du temps (Figure 3b, 3,
3m) sont bien estimées (0.1232 <RE< 0.1758). La Figure 3b présente la taille en fonction du
poids, le basculement des valeurs observé pour des individus de 0.5 cm correspond
certainement a un stade de transition entre I'embryon et la larve qui commence a se nourrir.
Les données apres cette transition de phase sont par contre mal estimée d’ol une erreur
relative de 0.4421. Les données issues de capture, marquage, recapture (Figure 3.d, e), de
changement dans la taille au cours du temps (Figure 3.k) présentes une grande variabilité dans
les données conduisant a des valeurs d’erreur standard relativement élevées (0.379 < RE <
0.8). Le nombre d’oocytes en fonction de la taille (Figure 3a) montrent une différence entre
les données de Krug (1990) et Alcazar et al (1987) qui est lié a la différence de température
utilisée pour corriger les taux métaboliques (les données étant issues de deux zones
différentes) (Table 3). Les données de taille en fonction du temps sont relativement bien
ajustées pour des individus avancés dans le développement avec une RE située entre 0.1 et
0.13 (Figure 3.g, j). En revanche les données d’embryons/juvéniles sont moins bien ajustées
au modeéle (Figure 3.f, h, i), la valeur de RE oscillant entre 0.36 et 0.46.

Pour I'’ensemble des données issue de milieu naturel, la différence entre données observées
et modélisées pourraient étre liée a l'utilisation d’'une température constante et des
conditions alimentaires ad libitum dans le modele bien loin des conditions de terrain qui
présentent une nourriture et une température variables. Par ailleurs, il existe un risque
d'erreur inhérent a la variabilité des sources de données. Par exemple, les données prélevées
sur le terrain varieront probablement d'un endroit a I'autre et peuvent étre affectées par
I’historique des valeurs de température et de disponibilité en nourriture.

2) Parametres estimés

La méthode de covariation utilise de nombreux types d'ensembles de données réelles dans la
procédure d'estimation des parameétres, et généralement, plus le nombre de données utilisées
dans l'estimation est important, plus les parameétres sont fiables. Les valeurs du zoom factor
z et du coefficient de forme §,, peuvent étre considérées comme relativement robustes
puisqu’ils ont pu étre estimés a partir des données zero-variées de tailles et des données
univariées de poids~age ou encore de taille~poids (Lika et al., 2011b). La faible robustesse des
données de taille a la puberté peut limiter I’estimation de kappa x, nous disposons néanmoins
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d’information sur le taux de reproduction en nombre d’ceufs par unité de temps grace aux
données de Krug (1990) et Alcazar et al, 1987 (Figure 3.a). Le parameétre lé] ne peut étre estimé
car des données sur la reproduction a différents niveaux de nourriture sont requis. De méme
pour le coefficient de stress de Gombertz S, la survie en fonction de I’'age est requis pour
pouvoir I'estimer.

Les valeurs de f relativement élevées au-dessus de 1 pour les données expérimentales peuvent
se justifier par des conditions d’acces et de qualité de la nourriture supérieures a celles en
milieu naturel.

Par ailleurs, la température d’Arrhenius a été estimée par le modele et n’a pas pu étre
déterminée a priori. Nous avons donc corrigé les taux métaboliques en utilisant ce seul
parametre. Des expériences en laboratoire basées sur des mesures de consommation
d'oxygene a différentes températures par exemple permettraient d’estimer la température
d'Arrhenius mais aussi de fournir une plage de tolérance de température spécifique a lI'espece
(Kooijman, 2009).
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Figure 3 : Ajustement du modeéle DEB (courbes bleues) et valeurs expérimentales/de terrain (points rouges) pour les
données univariées : a) Nombre d’ceufs en fonction de la taille (Krug, 1990), b) Poids frais en fonction du temps a
différents niveaux de disponibilité en nourriture, en rouge f=0.6, en rose f= 0.8 et en bleu f=1 (de Almeida Ozério et al.,
2009), c) Poids frais en fonction de la taille, en bleue les données d’ Olmedo et al., 2000 et en rouge de Sanchez (1982),
d) Changement dans la taille en fonction de la taille a premiere capture (Juan Gil comm pers), e) Changement dans le
poids frais en fonction du poids frais a premiére capture (Juan Gil comm pers), f) Taille en fonction du temps (Fernandez-
Pato et al., 1990), g) longueur a la fourche en fonction du temps (Higgins et al., 2015), h) Taille en fonction du temps
(Peleteiro et al., 1997) , i) Taille en fonction du temps (Silva et al., 2009), j) Taille en fonction du temps (Sobrino and Gil,
2001), k) Changement dans la taille en fonction du temps (Olmedo et al., 2000), |) Poids frais en fonction du temps

(Pinho et al., 2014), m) Poids sec en fonction du temps (Ribeiro et al., 2008).
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Identifying potential habitats of a locally
overexploited species: case study of the blackspot
seabream in the Bay of Biscay
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Demersal species

Vast spatial distribution with 3 main stocks (Atlantic, Azores, East
Mediterranean Sea)

» Potential habitats probably quite wide (young close to the coast —
adults further, mobile species migrating over long distances)
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> Better status in the Azores and Mediterranean Sea
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- Current spatial distribution and potential habitats ?
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» Demersal species
. > Vast spatial distribution with 3 main stocks (Atlantic, Azores, East
| Mediterranean Sea)
| > Potential habitats probably quite wide (young close to the coast —
adults further, mobile species migrating over long distances)

Methods: Ensemble Species Distribution Model (ESDM)

+ SDM: Estimate the presence probability of a
species according to environmental variables

+ ESDM: Combination of various SDMs
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species according to environmental variables T T

ESDM: Combination of various SDMs 2 | filtering
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SDMs : Generalsed Linear Model (GLM, Generalised Boosting Model
(6BM), Generalised Additive Model (GAM), Artfcial Neural Network
(ANN), )
Classification Tree analysis(CTA), Surface Range Envelope (SRE)
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on the whole geographical area

A Validation on the whole data set, presence thresholds and binary
habitats maps
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Occurrence data
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Stock collapse in the Bay of Biscay
Better status in the Azores and Mediterranean Sea

Lorance (2011) 1

Methods: Ensemble Species Distribution Model (ESDm)

+ SDM: Estimate the presence probability of a 1 | | | |
species according to environmental variables T T

+ ESDM: Combination of various SDMs

SDMs : Generalised Linear Model (GLM), Generalised Boosting Model
(GBM), Generalised Additive Model (GAM), Artificial Neural Network
(ANN), )
Classification Tree analysis(CTA), Surface Range Envelope (SRE)
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Projection of presence probabilities
on the whole geographical area

n Validation on the whole data set, presence thresholds and binary
habitats maps
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On board data +
Trawling scientific
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data
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Occurrence data

Presence / Absence data

Atlantic
On board data +
Trawling scientific
survey + landing
data

Azores
Longline scientific
survey + landing
data
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Presence / Absence data
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On board data +
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Azores
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survey + landing
data
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On board + Trawling
scientific survey
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Aggregated on a 0.1° x 0.1° spatial grid *

Occurrence data

Occurrence

Presence / absence data

Environmental data

v

v

N

Topographic data: depth and slope
(0.02° resolution)
idded_bathymelry_data

Seabottom type (250m résolution)
hitps:/www.emodinet.eu/en/seabed-habitals

Seawater parameters : SST, bottom
temperature, salinity, current velocity,
monthly data 1994-2018 (0.083°
resolution) https:/marine.copernicus.eu/

Synposi um on Qceanography of the Bay of Biscay (I1SOBAY 17)

Occurrence data

Presence / Absence data

Atlantic
On board data +
Trawling scientific
survey + landing
data

- Heterogeneity in
presence / absence
ratios in the 3 regions
Azores

Longline scientific
survey + landing
data

- Heterogenity of the
sampling effort (over-
or under- sampling)

Mediterranean
On board + Trawling
scientific survey

E w - we
Aggregated on a 0.1° x 0.1° spatial grid *
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+ ESDM: Combination of various SDMs 2 fiering ; |
SDMs : Generalsed Linear Model (GLM, Generalised Boosting Model
(6BM), Generalised Additive Model (GAM), Artfcial Neural Network
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Classification Tree analysis(CTA), Surface Range Envelope (SRE)
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Projection of presence probabilities
on the whole geographical area

a Validation on the whole data set, presence thresholds and binary
abitats maps

Methods: Data filtering and selection

Occurrence data filtering

Balanced ratio of
absence /presence

+ 1 «presence » or « absence » per grid cell
+ Comparison between using all absence data or the same number of absence and presence

Observed ratio of
absence /presence

Methods: Data filtering and selection

Occurrence data filtering
+ 1 «presence » or « absence » per grid cell
+ Comparison between using all absence data or the same number of absence and presence

Balanced ratio of Observed ratio of
absence /presence absence /presence

Environmental variables selection

+ Identification of groups of correlated variables (Pearson’s correlation > 0.7)

« Comparison of the relative importance of each within 1 group = 9 remaining environmental variables
« Iftwo cells show the same environmental characteristics, removal of 1

+ Successive removal of the variable with the lower relative importance

Occurrence data filtering
+ 1 «presence » or « absence » per grid cell
« Comparison between using all absence data or the same number of absence and presence

Methods: Data filtering and selection

Occurrence data filtering
+ 1 «presence » or « absence » per grid cell
+ Comparison between using all absence data or the same number of absence and presence

Balanced ratio of Observed ratio of
absence /presence absence /presence

Environmental variables selectior)

+ Identification of groups of correlated variables (Pearson’s correlation > 0.7)

« Comparison of the relative importance of each within 1 group -> 9 remaining environmental variables
« Iftwo cells show the same environmental characteristics, removal of 1

+ Successive removal of the variable with the lower relative importance
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Methods: Ensemble Species Distribution Model (ESDM)

- SDM: Estimate the presence probability of a 1 | | | |
species according to environmental variables T T
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(GBM), Generalised Additive Model (GAM), Artificial Neural Network
(ANN), )
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3-fold Cross validation

Performed on Biomod2 in R on the whole geographical area
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n Validation on the whole data set, presence thresholds and binary
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(GBM), Generalised Additive Model (GAM), Artfiial Neural Network
(ANN), ) )
Classification Tree analysis(CTA), Surface Range Envelope (SRE)

1

Validation on the whole data set, presence thresholds and binary
habitats maps

=

Results: Explaining variables

Balanced ratio Observed ratio

|

| ﬁ |
|

oo |

o

O accuracy
A cal

50
rate

Normalized index value
Normalized index value

x

maxsss
° o Tss

] =

]
|
\
-
\
\
|

R 5 4 5 s8] 7 @
Number of environ Number of environniziital variables

Results: Explaining Variables

Balanced ratio Observed ratio
AL A g

=

]

0

H

g

£, E—

8 s s

.o o b

§o 251

2 X masss
° o T8

]
|
\
-
\
\
|

Normalized index value

I3 5 &) 7 & S04 5 6] 1 &
Number of environmizittal variables Number of environmicittal variables
Mean bathymetry
Max SST ...
Sd bathymetry
Sd bottom temperature
Min current velocity
Sd salinity

Bay of

Bi scay (1 SOBAY 17)

Results: Presence probability maps

N environmental e : N environmental ’

variables =6 variables =6

Results: Explaining variables

Balanced ratio Observed ratio
: SEITH, =
3 3 index
£ 050 £ 050 -
3
. 3 -
g E o .
g y
H H i
Number of environmental variables Number of environmental variables
esults: Habitats area
Al areas considered Atlantic (Bay of Biscay) Azores

1000 x Threshold value



plorance
Machine à écrire
XVII international Symposium on Oceanography of the Bay of Biscay (ISOBAY 17)


XVIl international Synposium on Oceanography of the Bay of Biscay (1SOBAY 17)

esuls: Habilals area

All areas considered Atlantic (Bay of Biscay)

1 é Spatial management scenarios and stock variations

r .E ?
b 4 Ifremer
| | IDORA.

FAN

i
i

Map GG threshold Map GG threshold Map GG threshold Map GG threshold
lap reshol lap reshol
| balanced observed DalEnced giauan é Habitats of small / big individuals ? e

H
H
i

1000 x Threshold value _ X
Biotic interactions ?

- The habitat extent is linked to the ratio between presences and absences é Variations in the habitat « quality ?
> It reflects the level of stocks

Premer

lremer L : i ’ " lremer

Validation and presence thresholds Sélection des variables environnementales Résultats : Equilibrage des données inter et intra-région
- Balar.wed rag\o .. . C;blsivei rio* - Corrélation entre variables Proportion de présence / aire géographique constante
D d‘j e - o Corrélation de Pearson (> 0.7) + Importance relative des variables d'un méme Nombre de présences
i = H o groupe
Azores § ‘?’ ] 4
¥ ] Equilibrage des données intra-région 08452748 =
§oul = § » Discrétisation des variables envi continues en 60 classes 12107160 :
index > Une cellule avec présence / absence est gardée lorsque plusieurs possédent les mémes 2701425 M
b 2 ol @ scouracy caractéristiques 19832 =
Numberof envionmentalvaries. ‘Numberofsovonmental varibies 4 cal 4614686 -
T 1 ® hit_rate N . N 594589
o = “ == s Nombre de variables explicatives 42590438 Nombre de variables expicatves
fonl 1 1 D D N ::: > Comparaison des résultats des modéles en diminuant progressivement le nombre de 66510073
: H variables en enlevant successivement celles possédant le moins de pouvoir explicatif
Atlantic  § “ .
i O i :
& I -
“Number of avionmenal varaies. Numbor of smvonmenta varles. o 2 >

P remer z : " remer (= : " remer
Résultats : Equilibrage des données inter et intra-région Résultats : Equilibrage des données inter et intra-région Résultats : Poids du ratio présence / absence

Proportion de présence / aire géographique constante Proportion de présence / aire géographique constante

Nombre d'absences = Nombre de présences
Nombre de présences Nombre e présences -

Nombre d'absences > Nombre de présences
&ratio différent suivant aire géographique

3o metic 3o metic
08452748 N . 08452748 N .
12107160 g ~ 12107160 g -
2701425 . 5. - 2701425 . 5. -
19832 - 19832 -

4614686 = o0 34614686 =l .
594589 = B T 594589 = B T
42500488 Nombr de variabes exlicates Number of envronmertalvarables 42500488 Nombrde variabes exlicates Number of envronmertalvarables
66510073 66510073 1- bathymétrie moyenne
2- 55T max
3- bathymétrie sd
4- température du fond sd g
5- salinité sd

1 6 vitesse absolue min du courant Habitats « potentiels » Habitats réalisés mais probleme
7- type de fond

1 d’hétérogénéité des données
i ! 8- vitesse absolue moyenne du courant s
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Pireme 207 " Premer

Perspectives

Nombre d'absences = Nombre de présences

> Calcul de la valeur seuil pour une carte de présence absence binaire via le maxsss
(Maximisation de la sensitivité et la spécificité, Liu et al., 2005)

> Adaptation de la valeur seuil pour une carte de présence absence binaire en fonction de

I'aire géographique.

»

Matériels et Méthodes

rran
Ponis _ Cellules  Ponts _ Cellules Points _ Cellules

639 289 4872 165 1017 228

N présences

N absences 99529 5683 4556 4626 13906 376 11067 681
20% % 56%
N total 108057 oae5 76 sons W78 say 1484 opg
T 21,6% 58% 7,4%
Ratio présence/N  6:5% 12% 08% 7,8% 259% 30,5% 14% 25%
échantillon

> Proportion de « cellules de présence » équivalente suivant les aires géographiques

Matériels et Méthodes
-mm—u_

Points Cellules  Points Cellules ~ Points. Cellules
N présences 6928 782 39 389 [“71 165 l [1“7 228 l
[proporten | T % %
N absences 99529 5683 74556 4626 13906 376 11067 681
20% 4% 5,6%
Nt 106457 gags S so15 M8 say s go9
Ratio présence/N  6.5% 12% 08% 7,8% 25.9% 30,5% 11.4% 25%
échantillon
> Proportion de « cellules de présence » équi suivant les aires
> Nombre d’absences et ratio présence / N échantillon variables
> Déséquilibre des données au sein des aires géographiques avec des zones sur- ou sous-

échantillonnées

Premer

Premer
Matériels et Méthodes
| tantiaue | Agores | wiciterranée _|

[ Cellules | Ports  Cellules Poms  Cellules Ponts  Cellules

N présences €% 78 639 38 472 165 W7 28
-- 17% 1,8% 1,9%
N absences 9959 5eg3 M6 466 L6 376 1057 g1
20% % 5,6%
N total 106957 465 519 so15 1875 sap 18 g0
Ratio présence/N 6% 12% 08 7g% B9 305% 14 5y
échantillon

Comment gérer les déséquilibres des données entre les différentes aires géographiques
et au sein de chacune des aires géographiques ?

Preme
Matériels et Méthodes

[Points | Cellules | fons  Cellules Ponts  Cellules

Cellules
N présences e 7gp 6% 38 e 16 w7 g0
17% 18% 19%
N absences 959 seg3 M6 4e26 16 376 N0 gy
20% % 56%
N total 08057 gae5 7% sons W7 say 1484 opg
e | 21,6% 58% 7,4%
[Ratlo présence/N  65%  12%  08% 2% % ]
chantillon
» Proportion de « cellules de présence » équi suivant les aires gé
>

Nombre d'absences et ratio présence / N échantillon variables

Matériels et Méthodes

Données de présence / absence > Données de topographie :

bathymétrie et pente
résolution 0,02°
https//wvwnwgebconet/data_an
d_products/gridded_bathymatry
ot

v

Données de nature du
substrat, résolution 250m
hitps://wew.emodnet eu/en/sea
bed-habitats

v

Données physico-
chimiques : SsT,
température du fond,
salinité, vitesse des courants,
données mensuelles 1994-
2018, résolution 0,083"
https://marine.coper

"Agrége sur une grille de 0,1 x0,1°

Premer

Premer
Exploration des données brutes

Pente
it i
i 1
=
] S
i S R

> Des réponses potentiellement contrastées 3 une méme variable
environnementale suivant la localisation

Premer
Matériels et Méthodes

Données de présence / absence > Données de topographie :
bathymétrie et pente
résolution 0,02°

" ? hy
_data

Données de nature du
substrat, résolution 250m

v

bed-habitats

v

Données physico-
chimiques : SST,
température du fond,
salinité, vitesse des courants,
données mensuelles 1994-
2018, résolution 0,083"

Premer
Problématiques méthodologiques
Comment intégrer les réponses potentiellement variables de la distribution

Pagellus I'e suivant l'aire
concernée ?

Comment gérer les déséquilibres générés par les données?
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XVIl international Symposium on Cceanography of

the Bay of Biscay (| SOBAY 17)

Matériels et Méthodes

« Species Distribution Model » :

Filtration des données d’occurrence
Estime la probabilité de présence d'occurrence environnementales

d'une espéce en fonction de

Sélection des variables environnementales
Equilibrage des données inter-région
> Par région, méme proportion de présence par aire géographique pour le modéle
N " Filtration des donné 't sélection d global
variables environnementales R ———————

Corrélation entre variables

Corrélation de Pearson (> 0.7) + Importance relative des variables d’'un méme
groupe

SDMs : Generalised Linear Model (GLM), Generalised
Boosting Model (GBM), Artificial Neural Network (ANN),
Flexible Discriminant Analysis (FDA), Random Forest
(RF), Classification Tree analysis(CTA), Surface Range
Envelope (SRE)

Modéle d’ensemble : sélection des modéles pour

lesquels TSS > 0.5 et/ou AUC ROC > 0.8, compromis
pondéré des modeles

Projection sur Iensemble de laire géographique
considérée (grille spatiale)

Sélection des variables environnementales

Corrélation entre variables
Corrélation de Pearson (> 0.7) + Importance relative des variables d'un méme
groupe

Equilibrage des données intra-région
> Discréti des variables

continues en 60 classes

> Une cellule avec présence / absence est gardée lorsque plusieurs possédent les mémes
caractéristiques
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| CES 2021 Annual Sci ence Conference
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Stock crashed in the 1980s Localised fishery in 2018
| s ABREAM IN ' - = ”}““ -
E BAY OF BISCAY, IS IT B0 ey
RECOVERING? g”-m % France F
g 50w = L
£ ™ i
& 10000 f
g™ /
7:{*»' ;
500 - Spain T
Pascal Lorance, Camille Albouy, Celina Chantre, Lola de ”:@“f‘

@ e m %

Cubber, Pierre Cresson, Inés Farias, Verena Trenkel

Year

How can we get an idea of current stock biomass ?

ICES ANNUAL SCIENCE CONFERENCE, 6-9 SEPTEMBER 2021, OKSNEHALLEN,
COPENHAGEN, DENMARK

Blakspot seaeam in the Bay of

“Acoustic ’ rveys in 2019

o Objectives
[ B | Scay » Cover small rocky plateaus
Acoustics

» Operable by fishers Challenges
£ » Vessels size vs sea roughness
» Echos species ID
(echotyping) Results
TS > likely ~100 t in local
area
» large individuals, up to
>50 cm

Unknown
> Ratio local
biomass/stock biomass

Various approach to follow stock trends ?

~quantita *ltremer
Semi-quantitative species composition
Confounded with

blackspot seabream in
ics [z A
acoustics |~

1 Dedicated survey 2 Evhoe 2019
] bgttom trawl surve

other

s

eDNA copies
e
@*zﬁm

Metabarcoding qPCR
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| CES 2021 Annual

Acoustics vs eDNA

Method Classical Needs developments for
Sensitive to - Post processing

- weather - Link to biomass
-TS - Diffusion & degradation
- Ecotyping standard

Species ID Uncertain Reliable

Size Representativeness? None

Main result Biomass Species distribution

Species composition
nb of DNA copies

Sci ence Conference

1969: 5 years old fish

Guéguen, J. 1969. croissance de la dorade, Pagellus
centrodontus Delaroche. Revue des Travaux de [lnstitut des Péches
Maritimes 33:251-264.

2019: 6 years

Size-at-age 60 years later

50
40 . [
il
£ g
=30
=&
20 N
! Guéguen (1969)
-2019
108
5 1 15 2
Age

Guéguen, J. 1969. Croissance de la dorade, Pagellus centrodontus
Delaroche. Revue des Travaux de I'Institut des Péches Maritimes
33:251-264.

Habitat modelling

> Species distribution models (SDM)
> Atlantic and Mediterranean Sea
> Several stocks/populations

» Species occupies only a fraction of its
habitats in the Bay of Biscay

» Bay of Biscay stock more depleted
than other stocks

Conclusion

» Acoustics
» uncertain estimate of the local biomass
» eDNA

» estimate of spatial distribution
> Reliable species composition

» The two methods could complement each-other

» Bay of Biscay blackspot seabream
> stock trend still unknown
» large/old (50 cm/13 years) fish exists
» low biomass level possibly impacts on life history

Acknowledgement
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Rencontres de |’ lIchtyol ogie en France, Paris, 14-18 mars 2022

“

. Péches maritimes mondiales

“ Tlfremer
A Débarquement de Poissons

70

POISSONS MARINS D’INTERET % il
AQUACOLE ET POPULATIONS £
SAUVAGES EXPLOITEES PAR LA S,
PECHE DANS LES EAUX % %
'EUROPEENNES 2 5

~ - il
Pascal Lorange, UKMR DECOD, Dynamique et durabilité des écosystémes : de la 0 = o = o
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Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022 2
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Contribution de I'UE Aguaculture mondiale
Débarquement de Poissons "
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FAO. 2020. The State of World Fisheries and Aquaculture 2020. Sustainability in action. Rome.
https://doi.org/10.4060/ca9229en
2018: 47 mt poisson, 7 mt poisson marin
04/01/2023 Rencontres de I'Ichtyologie en France, Paris, 14-18 mars 2022 e CRHGYATD Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022 ‘
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Aquaculture de poissons Aquaculture de Poissons
Union Européenne R.U. - Norvege - lles Féroé - Islande
Production aquacole de poissons Production aquacole de poissons, R.U., Norvége, iles Féroé
2500 W Aflantique .5 millions de tonnes 7 I Europe - Eaux continentales | 1.5 millions de to,
g [ Méditerranée et mer Noire £15007 m Atlantique, nord-est
ﬁ 400- I Eaux continentales %
oo £ | 889% de saumon atlantique
%zoo - %
2 £ 500
3 100~ 3
T ] HWHWHWHMHWHHW S il L
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Diversité des espéces péchées

Gadiformes ]

Pewonectfomes \

Perciformes

Muliformes
Lophifformes.
Zoarcoidei
Zeiformes
Angiliformes

|
|
[—
=
=

Scomaeniformes [ ]
=
[ ]
|

Salmoniformes

‘Scombriformes et Carangiformes

Clupeiformes
Rajformes

Carcharhiniformes

ANE 0 2 4 6 8 10 12
Année 2019 Nombre d'espéces
n=70> 1000t / esp, HC
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M

Laquaculture: échelle «industrielle »

Senne de thon rouge

quée vers le site
d’embouche

Image: Tristan Rouyer, Ifremer

=re

s3458 s v
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Dorade rose (P. bogaraveo)

Captures des péches

Débarquements (millers d tonnes)

04/01/2023 Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022

Production aquacole par espéce

‘Sparus aurata ]

Dicontrarchus labrax |

Thunnus thynnus ]
Scophthalmus maximus
agrosomus regus - [
Pogruspogrus [ ]
osoonyes [ ]
Hippogiossus npogiossus [ ]
Solea senegalensis
Gaus mornua [ ]
Serolataari ]
wugicoptaus [
]
0
]

Mugil spp
Mugiidae

Pagellus bogaraveo

T T T T T T 1
200 500 1000 2000 5000 10000 20000 50000

n=15 espéces .
Production (tonnes)

Attention: échelle log
Données FAO 2019, zones 27 & 37
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h Maigre Dorade rose 1

8000 -
IAquaculture 200
6000
8 150
S 4000 1
L 100
2000 + 504
FR: 5-600t/an
0- 0-
000 O Espagne
n ] O France
1500
PeChe B Gréce
” 3000 | [talie
2 1000 4 @ Pays-Bas
E 2000 1 W Portugal
5001 1000
0- 0-
o 0 o e} o n o o 0 o e} o n o
gg8gzc¢c¢2 g888cz2%

_

Intérét aquacole de la dorade rose

Débarquements de dorade rose Débarquements francais et prix

depuis 1950 moyens 1973-1990
4000

10
=300 S
§200 H
g 13
i :
3 z

&

g
]
[
[~ ]
=
=
=]

]
1]
1
]

o)

!
Reproductive [ Differences in proximal and fatty acid profiles, sensory characteristics, e
Pagellus bogaray texiure, colour and muscle cellularity between wild and farmed
Mediterrang blackspat seabream (Fagelius bogaraveo)
e, M Abarez. Mars eores e s Al

e o o e S 1758659/ 2002/ 1503-0172815.0010
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#

o s
Prix récents de la dorade rose ...
... et transition vers le maigre
— Thon rauge de FAdanicue 25
— sanpine
2000
20
1500 s
2 o 15
2 <
8
“émoo s
8 = 10
8 &
500 5
0 0
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Année Année
Captures tendent vers 0, prix, la tendance a la hausse se poursuit
04/01/2023 Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022 13

- Prix aquaculture vs péche al

Péche Aquaculture
25 20 1
20
. 15 -
2 =)
e g
g c
s % 10
§"° g
= =
[
5 5
—— Dicentrarchus labrax
Argyrosomus regius
o Pagellus bogaraveo
2000 2005 2010 2015 2020 0 Sparus aurata

Year 1985 1990 1995 2000 2005 2010 2015 202!
Alechelle des espéces : peu d’intégration entre captures de la péche et production de
aquaculture (Bjgrndal & Guillen, 2017, Aquac. Econ. Mangt)
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Dorade rose - populations et stocks
> Gibraltar: persistance jusqu’aux années 205}

2y
P ,fé_
» Azores: exploitation durable

» Méditerranée Celtique
» Distribution: bassin occidental / |Satsidoilile
» Pas d'unité de stock définie

> Atlantique : 3 stocks (CIEM)
» Migrations annuelles entre mer
Celtique/Gascogne et mer Cantabrique -
» Gascogne : effondré entre 1975-85

> Génétique
> Différentiation Atlantique — Méditerranée (moindre que pour d’autres Sparidae)
> Atlantique : Faible différentiation entre Agores et plateau Européen

04/01/2023 Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022 7

#

Intérét aquacole du maigre

> Espéce de grande taille (> 50 kg)
> Prix élevé mais probablement pas la motivation de
I'élevage

Maturité vers 55 cm

Plus grands individus dans les captures >180
cm (> 50 kg)

Taille maximale 230 cm (FishBase)

Abstract:
Meagre (Argyrosomus regius) have good potential for aquaculture. Culture

characteristics include controlled spawning in captivity, relatively easy larval

ongrowing, Whilst characteristics of the final product include good processing
yield, loo it content, good taste and firm texture, This chapter details the present

photo E. Grondin
Allan, G. and Burnell, G.: 519-

- E:lncan etal. (2013).. Advances in hatchery

Effort de recherche aquacole

1 Seabass, n = 1904

1501 = Meagre, n = 152
W Blackspot seabream, n =29

8

L

T100

bl

I}

2

5

Z 504

ol eanlll HMM I

e w100 oo e 205 207 208 2om  on3 o152 i 2o

Year

TS=((farming OR aquaculture) AND “Argyrosomus regius”)
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Dorade rose Celtique - Gascogne

g

Effondrement dans les années 1980

o M o
1900 1910 1920 1930 1940 1950 1960 1970 1960 1990 2000 2010 2020
Year

Projet en cours pour estimer la biomasse actuelle

Rencontres de Fichtyologie en France, Paris, 14-18 mars 2022 15

Capture frangaises en 2018

<

FEE g

[ E France
[

Espagne " .

Landings (tonnes)
H
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Projet DynRose

Travaux récents en en cours
» suivre les tendances de la populations

Rencontres de I'ichtyologie en France, Paris, 14-18 mars 2022 &

_m
Semi-quantitative species composition

Confusion acoustique bar
dorade rose?

Captures: quelques labres et aucun bar
» Sélectivité ? appats, hamegons,...
» Echotypage : pélagiques et Labridae exclut, bar confondu

Rencontres de I'Ichtyologie en France, Paris, 14-18 mars 2022 2

Taille aux ages — 60 ans plus tard

£
230
=

20 n

! Guéguen (1969)
-2019
10!
5 10 15 20
Age

Guéguen, J. 1969. crofsance de adorade, Pagellus centrodontus
Delaroche.Revue des Travaux e nstitu des Péches Martimes 33:251-
264,

Rencontres de I'chtyologie en France, Paris, 14-18 mars 2022 &
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DynRose : approche acoustique

Objectifs
I Couvrir des zones rocheuses
Mise en ceuvre par pécheurs défis
Sitiooeaws > Petits navires vs mer agitée

> ification des espéces

§ -7 (écotypage) Résultats
<% Index de réflexion > probablement ~100 t in
local area
» Grands individus >50 cm

e

Inconnues
'. > Ratio biomasse
locale/ stock
==, &
Selectivity? Length (cm)
Rencontres de Fichtyologie en France, Paris, 14-18 mars 2022 A0

Biologiey

2019: 6 anneaux

photo Ifremer Boulogne-sur-mer

1969: 5 anneaux de croissance

Guéguen, J. 1969. croissance de Ia dorade, Pogellus centrodontus
Delaroche. Revue des Travaux de ['nstitut des Péches Maritimes 33:251-264.

Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022 2

DynRose : ADN environnemental
{

J\ Campagne dédiée eDNA 2020 . %m

EVHOE 2019

Results
al distribution

Blackspot seabream
(Pagellus bogaraveo)

DNA copies
P

(ﬁ‘%gﬂﬂ
Metabarcoding qPCR
> Limites o el p——
> Pas d'information sur les tailles
» Lien entre nombre de copies et biomasse ?

DNA capies

Rencontres de Fichtyologie en France, Paris, 14-18 mars 2022 e
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Conclusion

» Acoustique

>  Estimation incertaine de la biomasse locale
» ADNe

> Distribution spatiale

» ldentification spécifique fiable

» Domaine en progres rapide

» Stock de Celtique / Gascogne
» Tendance récente inconnue
» Présence de grand/vieux individus (50 cm/13 ans)
» Faible niveau de la biomasse a probablement un impact sur
les traits d’histoire de vie (taille-aux-ages)

Objectif de ’ADNe : observer la dynamique de
reconstitution d’'une population effondrée

Rencontres de I'ichtyologie en France, Paris, 14-18 mars 2022 2

Paris, 14-18 nars 2022

>
>

Il n’y a ni d’évaluation de stocks ni de
régulation de la péche, sauf un taille ]
minimale de 30 cm

Maigre — populations et stocks

#

Travaux a poursuivre
» ADNe

> Projet shift EDNA : ANR franco-Suisse avec I'Ecole
polytechnique de Zurich (ETHZ)

» Point d’échantillonnage Pointe du Raz 2022-2024

» objectif : abondance et distribution

» Modélisation DEB (Dynamic Energy Budget)

» objectif : comprendre la stratégie vitale énergétique

04/01/2023 Rencontres de Vlchtyologie en France, Paris, 14-18 mars 2022 26

golfe de Gascogne

]

> frayére Gironde i [y, B 50t
Autres lieux de capture S i (B
» Méditerranée (Egypte) ar H frifieo
»> Portugal “S\

» Mauritanie

04/01/2023 Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022 27

#

Projet ACOST

Adultes matures
(Parents)

» Objectif pour le maigre*
» estimation d’abondance par marquage
recapture génétique (CKMR)
» Avancement: échantillon collecté

e

Longne e

™ trois autres espéces sont étudiées avec d'autres objectifs

r
(Déscer

04/01/2023 Rencontres de Vlchtyologie en France, Paris, 14-18 mars 2022
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A4 A4 A4

v

Conclusion

Pisciculture marine en augmentation
Elevage porte sur des espéces chéres avec prix des poissons d’élevage inférieurs a ceux
des poissons sauvages
motivation de 'aquaculture
> Dorade rose : haute valeur
» Maigre : caractéristiques biologiques et valeur
succes de 'aquaculture
» Dorade rose : semble compromis
» Maigre : en développement rapide
Abondances des populations sauvages non quantifiée
» Ihalieutique du futur est arrivée!
» dorade rose : suivi par ADNe
> maigre : approche CKMR

04/01/2023 Rencontres de I'lchtyologie en France, Paris, 14-18 mars 2022 2
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projet H2020 PANDORA
projet FFP DynRose
projet FFP ACOST

projet ANR GenoPopTaille
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