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Distribution, frequency and intensity of harmful phytoplanktonic species are impacted by changes in environmental conditions. In the Bay of Brest, Alexandrium minutum has been responsible for several harmful algal blooms (HABs) associated with toxin production causing paralytic shellfish poisoning (PSP). Additionally, Lepidodinium chlorophorum causes green water and hypoxia locally in the Bay of Biscay. Previous studies revealed that L. chlorophorum's success was related to possible competitive exclusion. Therefore, the phytoplankton composition and the environmental conditions should be taken into account. This study aims to assess the combined effect of changes in habitat conditions and community structure with the occurrence of HAB species, on a spatial-temporal scale. For the investigation we first used the Hutchinson's niche concept by means of the Outlying Mean Index (OMI) analysis. The OMI analysis enable us to observe the environmental variables defining the ecological niche of the harmful species among the community. Secondly, we used the subniche theory to highlight the environmental variables defining the subniches in cases of high and low abundance of HABs with an estimation of the biological constraint restricting the species' subniche. This was undertaken using the Within Outlying Mean indexes (WitOMI) calculated under environmental conditions promoting high (H) and low (L) abundance bloom. Thirdly, we used the Indicator Species Concept from the Indicator Species Analysis (ISA) to link the biological restriction with potential competing or indicator species. We combined a data set from the French National Phytoplankton and Phycotoxin Monitoring Network (REPHY), the Velyger network (oyster monitoring program) and satellite imagery. A total of 44 stations, over the period of 1998 to 2017 using 50 taxonomic units. 36 taxa had significant niche and were mostly distributed along nutrient and salinity gradients. The two species of interest L. chlorophorum and A. minutum seemed to have similar affinity for summer-like environmental conditions and both used a marginal habitat compared to the rest of the community. A. minutum had a larger niche due to a greater affinity to the estuarine-like conditions. The subniche of the two species had a similar response to the environmental variation; their respective abundance was partly caused by greater environmental restrains. Their success

Introduction

A subset of phytoplankton species can be harmful to human health or to the ecosystem services used by humans and the term "Harmful Algal Bloom" (HAB) refers to their occurrence and effect [START_REF] Davidson | Harmful algal blooms: How strong is the evidence that nutrient ratios and forms influence their occurrence? Estuarine[END_REF]. HABs are a worldwide phenomenon raising the concern for human health and environmental conservation [START_REF] Mcpartlin | Biosensors for the monitoring of harmful algal blooms[END_REF]. Two types of harmful algae exist [START_REF] Anderson | Harmful algal blooms and eutrophication: nutrient sources, compositions, and consequences[END_REF]. The first group produces toxins or harmful metabolites, such as toxins linked to wildlife mortality or human intoxication through seafood [START_REF] Anderson | Harmful algal blooms and eutrophication: nutrient sources, compositions, and consequences[END_REF]. Our case study focuses on the cyst-forming dinoflagellate (Alveolata) Alexandrium minutum which is responsible for several harmful algal blooms (HABs) associated with toxin production causing paralytic shellfish poisoning (PSP) [START_REF] Klouch | Historical records from dated sediment cores reveal the multidecadal dynamic of the toxic dinoflagellate Alexandrium minutum in the Bay of Brest (France)[END_REF]. The second type of harmful species is nontoxic but becomes threatening when highly productive [START_REF] Anderson | Harmful algal blooms and eutrophication: nutrient sources, compositions, and consequences[END_REF]. Depending on the species involved in the HAB, it can create foam or scums, deplete oxygen as the bloom collapses, and can be responsible for the destruction of fish and shellfish habitat by shading the submerged vegetation [START_REF] Davidson | Harmful algal blooms: How strong is the evidence that nutrient ratios and forms influence their occurrence? Estuarine[END_REF]. In our case study, this group is represented by Lepidodinium chlorophorum which is a bright-green dinoflagellate which causes colored waters with possible hypoxia when intense blooming occurs [START_REF] Cochennec-Laureau | Rapport d'activités 2017 du laboratoire environnement ressources du Morbihan Pays de Loire[END_REF][START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF].

Concerns in the event of an upsurge of A. minutum are well documented [START_REF] Anderson | The globally distributed genus Alexandrium: Multifaceted roles in marine ecosystems and impacts on human health[END_REF]. According to the literature and models the main variables influencing the HAB initiation of A. minutum, in France, are temperature and dilution rate. [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF] revealed that A. minutum flourished into bloom when in situ temperatures were above 14.4 °C. On the other hand, the dilution rate is controlled not only by hydrodynamic variables such as currents, tides and wind but also rivers [START_REF] Anderson | The globally distributed genus Alexandrium: Multifaceted roles in marine ecosystems and impacts on human health[END_REF][START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF][START_REF] Laanaia | Wind and temperature controls on Alexandrium blooms (2000-2007) in Thau lagoon (Western Mediterranean)[END_REF][START_REF] Raine | A review of the biophysical interactions relevant to the promotion of HABs in stratified systems: The case study of Ireland[END_REF][START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF]. The dilution from the river outflow has a direct influence on the dispersion of the phytoplankton and indirectly by influx of nutrients as resources for their growth [START_REF] Chapelle | The Bay of Brest (France), a new risky site for toxic Alexandrium minutum blooms and PSP shellfish contamination[END_REF][START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF]. Among other suppositions, the nutrient concentrations present in the water at the time of A. minutum HAB, were measured as being limiting in phosphate [START_REF] Frangópulos | Toxin production and competitive abilities under phosphorus limitation of Alexandrium species[END_REF][START_REF] Lim | Growth and toxin production of tropical Alexandrium minutum Halim (Dinophyceae) under various nitrogen to phosphorus ratios[END_REF][START_REF] Maguer | Nitrogen and phosphorus requirements of an Alexandrium minutum bloom in the Penzé Estuary, France[END_REF][START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF] but with more available nitrogen [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF][START_REF] Maguer | Nitrogen and phosphorus requirements of an Alexandrium minutum bloom in the Penzé Estuary, France[END_REF]. On the other hand, little is known about the environmental conditions triggering L. chlorophorum occurrence despite becoming increasingly frequent [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. The blooms were suspected to be fueled by regenerated ammonium derived from degraded organic matter in turbid water during the summer months. Inspite of the lack of knowledge on the subject, a detailed description of the ecology of the two species is required as the environmental conditions endorsing,or not, HAB occurrences still remain speculative [START_REF] Wells | Harmful algal blooms and climate change: Learning from the past and present to forecast the future[END_REF].

A large number of experimental studies have individually tested the relationship between an environmental variable and HAB species but the combination of interacting parameters are known to create unexpected outcomes [START_REF] Mohlin | Interspecific Resource Competition-Combined Effects of Radiation and Nutrient Limitation on Two Diazotrophic Filamentous Cyanobacteria[END_REF][START_REF] Mohlin | Interaction Effects of Ambient UV Radiation and Nutrient Limitation on the Toxic CyanobacteriumNodularia spumigen[END_REF][START_REF] Pattanaik | Production of the cyanotoxin nodularin-A multifactorial approach[END_REF]. The list of known interactions is rather small and can sometimes lead to conflicting results. For instance, the combination of stratification and low nutrient concentration can enhance toxic HABs [START_REF] Raine | A review of the biophysical interactions relevant to the promotion of HABs in stratified systems: The case study of Ireland[END_REF] and inversely prevent it according to [START_REF] Mcgillicuddy | Suppression of the 2010 Alexandrium fundyense bloom by changes in physical, biological, and chemical properties of the Gulf of Maine[END_REF]. The opposing results highlight the need for multifactorial studies. In addition to the abiotic factors, the biotic factors which can potentially affect HAB are poorly studied [START_REF] Wells | Harmful algal blooms and climate change: Learning from the past and present to forecast the future[END_REF]. [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF] highlighted the possibility of competitive exclusion being a potential mechanism for the success of Lepidodinium chlorophorum over Karenia mikimotoi. Moreover, [START_REF] Karasiewicz | Realized niche analysis of phytoplankton communities involving hab: Phaeocystis spp. As a case study[END_REF] had already characterized the impact of biotic factors upon the appearance of Phaeocystis spp. These recent studies show the importance of biotic interactions and should therefore be considered. Although Lepi and Alex are classified as harmful organism, they should still be studied as part of the phytoplankton community.

The structure of a phytoplankton community depends on species' performance and requirements and is closely linked to seasonal activities [START_REF] Reynolds | The ecology of phytoplankton[END_REF][START_REF] Winder | Spring phenological responses of marine and freshwater plankton to changing temperature and light conditions[END_REF][START_REF] Winder | The annual cycles of phytoplankton biomass[END_REF]. The succession, primarily between the diatoms anddinoflagellates [START_REF] Roelke | Phytoplankton succession in recurrently fluctuating environments[END_REF], is driven by different environmental factors (e.g. temperature, nutrients and light availability) [START_REF] Barbosa | Environmental forcing of phytoplankton in a Mediterranean estuary (Guadiana estuary, south-western Iberia): A decadal study of anthropogenic and climatic influences[END_REF][START_REF] Cushing | Controlling factors of phytoplankton seasonal succession in oligotrophic Mali Ston Bay (south-eastern Adriatic)[END_REF][START_REF] Pulina | Long-term phytoplankton dynamics in a Mediterranean eutrophic lagoon (Cabras Lagoon, Italy)[END_REF]. The biotic interactions occurring within the community are consequently sensitive to environmental variations [START_REF] Edwards | Impact of climate change on marine pelagic phenology and trophic mismatch[END_REF][START_REF] Thackeray | Long-term change in the phenology of spring phytoplankton: Species-specific responses to nutrient enrichment and climatic change[END_REF][START_REF] Winder | Climatic effects on the phenology of lake processes[END_REF]) causing a spatial [START_REF] Mcquatters-Gollop | Non-linearities, regime shifts and recovery: The recent influence of climate on Black Sea chlorophyll[END_REF][START_REF] Pratt | The Phytoplankton of Narragansett Bay[END_REF][START_REF] Scheffer | Should we expect strange attractors behind plankton dynamics-and if so, should we bother[END_REF] and a temporal [START_REF] Cloern | Complex seasonal patterns of primary producers at the land-sea interface[END_REF][START_REF] Garcia-Soto | Spring and summer blooms of phytoplankton (SeaWIFS/MODIS) along a ferry line in the Bay of Biscay and western English Channel[END_REF][START_REF] Paerl | Blooms like it hot[END_REF] variability in the community and by extension in HAB occurrence. The complex relation between the environmental variables, phytoplankton community and HAB species, requires a multifactorial approach which takes into account the variations in biological interactions.

The ecological niche concept (i.e. species habitat) has been reactivated due to increasing concern over global environmental change and investigating the possible niche shift and/or conservatism has become an important field of study [START_REF] Peterson | Ecological niches and geographic distributions (mpb-49)[END_REF]. The ecological niche is composed of two related components [START_REF] Hutchinson | Concluding remarks[END_REF]. First, the fundamental niche is the n-dimensional hypervolume within which the species' population can persist, survive, and reproduce indefinitely, because there are no biological interactions. The fundamental niche cannot be measured by observation, but estimated with extensive examination or modelling of species' physiological requirements using a mechanistic approaches [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF][START_REF] Peterson | Ecological niches and geographic distributions (mpb-49)[END_REF]. Secondly, the realized niche is the fraction of the fundamental niche within which the species actually prevail even though the biological interactions (e.g. competition, predation, parasitism, etc) are considered.

The realized niche, in opposition to the fundamental niche, can be estimated by a correlative approach and is defined as the habitat preference of a species [START_REF] Braak | Canonical correspondence analysis and related multivariate methods in aquatic ecology[END_REF][START_REF] Peterson | Ecological niches and geographic distributions (mpb-49)[END_REF]. The Outlying Mean Index (OMI) analysis allowed us to quantify the species realized niche, of an entire community, within an environmental space [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF]. The niche concept should reveal the distribution of the community and the affinity of Alexandrium minutum and Lepidodinium chlorophorum to environmental conditions found in the North and West coastal waters of France. Hutchinson's niche concept (1957) can be used to investigate the prevention of HABs as the species realized niche is the consequence of the abiotic and biotic constraint [START_REF] Hutchinson | Concluding remarks[END_REF][START_REF] Jackson | Responses of Plant Populations and Communities to Environmental Changes of the Late Quaternary[END_REF]. Further analyses are still required to quantify the implication of the biological interaction exerted upon the species realized niche.

More recently, the niche concept has been revisited, making the abiotic and biotic constraint observable with the subniche concept [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. The Within Outlying Mean indexes (WitOMI) go further by calculating the species' realized subniches according to given time period or region. This aspect allows us to study the niche dynamics by highlighting the influence of atypical habitat conditions on species at a given time and/or space. Furthermore, the biological constraint exerted on the species subniche becomes observable within the Euclidean space as the difference between the potential subniche (i.e. corresponding to the existing fundamental subniche in [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]) and the realized subniche [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. The subniches of the harmful species, representing the high and low abundance bloom could give a detailed description of their respective sub-environmental conditions. The comparison between the two sub-environmental conditions should reveal the environmental parameters supporting HABs. The analysis exposes the differences and similarities in habitat conditions within which the two different types of harmful species can occur. Moreover, the biotic constrains exerted on the harmful species' subniche would highlight clues upon species interactivity. This method has already been applied successfully on a phytoplankton community, focusing on a harmful algae genus, Phaeocystis spp. on one sampling station, and has also been used for Dinophysis acuminata and Protoceratium reticulatum in a Chilean fjord [START_REF] Alves-De-Souza | Interannual variability of Dinophysis acuminata and Protoceratium reticulatum in a Chilean fjord: Insights from the realized niche analysis[END_REF][START_REF] Karasiewicz | Realized niche analysis of phytoplankton communities involving hab: Phaeocystis spp. As a case study[END_REF].

Our study also investigates in greater detail the sub-community present under each sub-environmental conditions in greater detail. The study emphasizes herein the idea that not only abiotic factors come into play, but biotic interaction within the local community should also be considered. The Indicator Species Analysis (De [START_REF] De Cáceres | Associations between species and groups of sites: Indices and statistical inference[END_REF]ISA;[START_REF] Dufrêne | Species assemblages and indicator species: The need for a flexible asymmetrical approach[END_REF] was performed on the sub-community to expose species assemblages which are the most emblematic to the sub-environmental conditions. The sub-communities of the ISA were compared to the biological constraint estimation of the WitOMI to assess their complementarity. Furthermore, the ISA results should reveal the sub-community accompanying the two species under each condition The investigation will elucidate: a. The environmental variables defining the ecological niche of the harmful species.

b. The environmental variables defining the subniches in cases of high and low abundance bloom of harmful algae.

c. An estimation of the biological constraints exerted on the harmful species' subniches, with potential competing or indicator species.

The abiotic and biotic factors resulting from the different statistical analysis will be discussed by confronting them with previous hypothesis on the environmental conditions causing Alexandrium minutum and Lepidodinium chlorophorum HAB occurrence. The methodological limitations and perspectives on the use of additional physical parameters will also be discussed for future investigation.

Materials and Method

Data

The French REPHY-IFREMER network (Réseau de Surveillance du Phytoplancton et des Phycotoxines) has been collecting, on a bimonthly basis, information on the phytoplankton community and water chemical composition since 1987 (REPHY, 2017;[START_REF] Srn | Regional observation and monitoring program for phytoplankton and hydrology in the eastern English Channel[END_REF]. The environmental variables measured and used in the study, were water temperature(°C), salinity (measured using the Practical Salinity Scale), and dissolved inorganic nutrient concentrations (µmol.L -1 ) which consist of ammonia (NH 4 + ), nitrate plus nitrite (NO 3 -+NO 2 -noted NO hereafter), silicate (Si(OH) 4 ), and phosphate (PO 4 3-).

The phytoplankton abundance data were also extracted from the REPHY. Organisms were identified to the lowest taxonomic level. Furthermore, phytoplankton experts identified and counted organisms whose size was >20 µm and also smaller size species if forming a chain structure or a colony. Smaller species were also counted if they were considered potentially toxic/noxious (e.g. Chrysochromulina, Phaeocystis).

Further details about the phytoplankton physico-chemical parameters sampling and processing are available in the literature (Aminot andKérouel, 2007, 2004;[START_REF] Belin | Cahier de procédures REPHY[END_REF][START_REF] Neaud-Masson | Observation et dénombrement du phytoplancton marin par microscopie optique photonique -Spécifications techniques et méthodologiques appliquées au REPHY[END_REF][START_REF] Lefebvre | Long-term hydrological and phytoplankton monitoring (1992-2007) of three potentially eutrophic systems in the eastern English Channel and the Southern Bight of the North Sea[END_REF]. The taxa with an occurrence less than 5% relative to the total number of samples were excluded [START_REF] Anneville | Long-term study ( 1974 -1998 ) of seasonal changes in the phytoplankton in Lake Geneva : a multi-table approach[END_REF]. The taxa that are difficult to discriminate with optical microscopy were grouped into taxonomic units. This was the case for multiple species or even genus (e.g. Pseudo-nitzschia seriata complex, Gymnodinium-Gyrodinium) (See Table 1). The method aims to limit the difficulties in discriminating between species or genera using optical microscopy (Table 1). The taxonomic units guarantee a homogeneity in a time-series between different sampling sites [START_REF] Hernández-Fariñas | Temporal changes in the phytoplankton community along the French coast of the eastern English Channel and the southern Bight of the North Sea[END_REF]. Herein, the study area covers the French Atlantic Coast and English Channel (Figure 1). The stations selected were the ones where Alexandrium minutum and/or Lepidodinium chlorophorum were present.

In addition to the REPHY data, a station from the Velyger network [START_REF] Pouvreau | VELYGER database: The oyster larvae monitoring french project[END_REF] was merged to improve the coverage of the Bay of Brest. In 2012, the high abundance blooms of A. minutum were first detected at "la pointe du château" (Station 30, Figure 1), despite the REPHY having a nearby station "Lanvéoc Large" (Station 31, Figure 1). The environmental variables measured as well as the phytoplankton identification follow the same procedures as for the REPHY network [START_REF] Pouvreau | VELYGER database: The oyster larvae monitoring french project[END_REF] which facilitates the merging of the two data sets [START_REF] Chapelle | The Bay of Brest (France), a new risky site for toxic Alexandrium minutum blooms and PSP shellfish contamination[END_REF].

The daily photosynthetically active radiation (PAR, W.m -2 ) and suspended particulate matter (SPM)

was derived from METEOSAT visible imagery (Le Borgne and Legendre, 2006;Le Borgne et al., 2006) as they are not measured by REPHY. The stations located inside bays or estuaries made the direct assignation of satellite data difficult due to the unsuitability of the satellite imagery. In order to overcome this limitation, a 6 km square zone was delimited around each sampling station. The median of all available pixels within the zone was allocated to the station.

In order to homogenize the different temporal resolution from the different data set, the monthly median was calculated across all stations, for the environmental parameters, while the monthly 90 th percentile was calculated for each taxonomic unit. Prior to statistical analysis, the data needed to be normalized and reduced from the different units. The environmental and taxonomic data were both log10(x + 1)-transformed.

The remaining samples with missing data were removed as the following statistical analysis cannot include them. At the end, a total of 4117 samples were used from 44 stations (Figure 1) over a 20-year period, from 1998 to 2017 included. A total of 50 taxonomic units were used for the analysis (Table 1). The processed data are available in open access 10.17882/69703 [START_REF] Karasiewicz | Harmful algae niche response(s) to environmental and community variation along the French coast[END_REF].

Statistical analysis and graphical display

Niche concept and analysis

In this study, the results of the multivariate statistical analysis, the Outlying Mean Index (OMI) analysis [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF], provides a graphical display of the species realized niche (N R , the dark pink polygon)

bounded by the environmental space (E, the light blue polygon in Figure 2) defined by two environmental gradients (OMI1 and OMI2, gray arrows in Figure 2).

The Outlying Mean Index (OMI) analysis is a multivariate statistical analysis which characterizes the species realized niche distribution of an entire community in response to environmental gradients [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF]. The analysis estimates three niche parameters for each taxonomic unit of the community, the OMI (from which the analysis is based on), tolerance (TOL) and the residual tolerance (Rtol). The OMI parameter, or marginality, corresponds to the distance of the mean habitat used by a species to the mean habitat conditions of an hypothetical ubiquitous species [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF]. The niches with high marginality value imply that the species occurs in an atypical habitat compared to the one with a low value, expressing an average condition. The tolerance (TOL), or niche breadth is a parameter that evaluates the environmental range within which the species occurs. A high tolerance value is related to a species occurring in a wide range of environmental conditions (generalist species). In contrast, a low tolerance value suggests a species with a restricted environmental range (specialist species) [START_REF] Hernández-Fariñas | Assessing phytoplankton realized niches using a French national phytoplankton monitoring network[END_REF]. The last parameter is the residual tolerance (Rtol), which quantifies the variance lost after the dimensional reduction.

Rtol evaluates the suitability of the environmental variables used to define the species niche [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF]. The niche parameters estimated with the OMI analysis describe the response of the harmful species to the environment. Their respective habitat was compared with the ones used by the rest of the phytoplankton community. The OMI analysis provided an insight into the environmental variables defining the ecological niche of the harmful species. In order to obtain a more detailed description of the harmful species response to environmental and biotic variations, two contrasting events of high and low abundance bloom need to be defined to study the subniche dynamics.

Subniche concept and analysis

The Within Outlying Mean Indexes (WitOMI) was developed to decompose the OMI analysis [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF]. The indexes gives an estimation of the community niche shift and/or conservatism undergoing different environmental conditions [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. The different environmental conditions can be of temporal and/or spatial scale. The WitOMI calculates the species niche (from the OMI analysis) occupation within a subset of environmental conditions enabling the study of the realized subniche dynamics. Therefore the first step is to decompose the data into different subsets of environmental conditions and sub-communities.

The investigation of the subniche dynamics requires the identification of two sub-environmental spaces K H and K L supporting two opposing abundance levels of bloom. Herein, the term "bloom" is used in the phenological sense which is defined as the seasonal abundance growth, peak and decline of a species [START_REF] Winder | The annual cycles of phytoplankton biomass[END_REF]. K H and K L were the environmental conditions within which the subniche of each species will be calculated with the Within Outlying Mean Indexes (WitOMI) [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. The two sub-environmental conditions K H and K L were determined with the corresponding samples of abundance of the two species of interest.

First the maximum abundance was calculated for every station of every year (station/year) for both Alexandrium minutum and Lepidodinium chlorophorum. The peak abundance of each station/year, which is the equivalent of the maximum, was used to split the data into three categories: high, intermediate and low abundance bloom. The three categories were divided by: the upper and lower threshold. The upper threshold for A. minutum was set to 10 4 cell.L -1 , as it is the sanitary threshold alert used by REPHY [START_REF] Belin | Qualité du milieu marin littoral[END_REF]. L. chlorophorum upper threshold was set to 10 6 cell.L -1 after consultation with experts and as described in [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. For both species, the lower threshold was set to 10 3 cells.L -1 . The maximum abundance values of each station/year which were higher than the upper threshold were considered as station/year with high abundance bloom. Similarly, the maximum abundance values which were lower than the lower threshold were considered as station/year of low abundance bloom. The station/year which had an intermediate maximum abundance value (therefore under the upper threshold and above the lower threshold) were omitted for the rest of the study. This classification allowed us to compare two contrasting events of blooms of high and low abundance peak. After classification with the environmental data, the station/year were grouped together in order to create the subset of environmental conditions K H and K L , which had led to blooms with high and low abundance peak respectively. Within each subset, the samples of the entire year of each station/year were used, not just the maximum value. The subset K H and K L therefore includes the seasonal environmental variation which led to the growth, peak and decline of the high and low abundance bloom (dark blue and dark yellow polygons respectively, Figure 2). Similarly to the environmental data, the phytoplankton data were also following the same classification in order to obtain the sub-communities abundance under K H and K L subsets. The sub-environmental conditions K H and K L will be named subsets hereafter. This method allows us to study the impact of biotic and abiotic factors under two extreme events of high and low abundance bloom of A. minutum and L. chlorophorum defined by the subsets K H and K L . After the subsets creation ,the subniches were calculated for the two species.

The WitOMI estimates the realized subniches, S H and S L (red and light green polygon representing High and Low abundance subniches respectively) which are bounded by the same environmental gradients (OMI1 and OMI2, gray arrows, Figure 2) [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. The OMI analysis being used as the reference ordination technique, the subniches coordinates are therefore projected onto the OMI factorial plane.

The OMI parameters are calculated from the plane center, G, which represents the average environmental condition encountered in the entire data set [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF]. Similarly to the OMI analysis, the WitOMI calculates subniche parameters from the origin. Therefore, for each subniche, a marginality (WitOMIG), tolerance (TOL) and residual tolerance (Rtol) are calculated [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. This characteristic enables the direct comparison of the species' niche and subniches within the same reference factorial plane and origin G [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. The parameters calculated with the WitOMI were only estimated for the taxonomic units which were significant to the OMI analysis. Further parameter and details on the mathematical procedure and significant test of the WitOMI can be found in [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF].

The WitOMI decomposition of the niche into subniches contributes to the observation and quantification of the biological constraints B (e.g. the unused part, black striped, of the predicted subniche S P bright yellow bordered polygon, Figure 2). The biological constraints can be of a different nature such as competition, predation, mutualism, dispersal and colonization [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF]. The WitOMI indexes calculation is well suited to investigate the harmful algae responses to environmental and community changes along the French coast, as it makes the distinction between the environmental and the biotic effect. Even though there is an estimation of B, its source remains unknown but the following analyses can complement the results.

Indicator species concept and analysis

The Indicator Species Analysis (ISA; [START_REF] Dufrêne | Species assemblages and indicator species: The need for a flexible asymmetrical approach[END_REF] requires two elements: i) A sampleby-species abundance or occurrence species table and 2) a division of the samples into subsets [START_REF] Cáceres | Using species combinations in indicator value analyses[END_REF]. The ISA examines the abundance table to reveal the most representative taxonomic unit of each subset (De [START_REF] De Cáceres | Associations between species and groups of sites: Indices and statistical inference[END_REF]. The ISA determines the persistence of each taxonomic units by comparing its frequency of occurrence found within the subsets to the overall conditions, the Indicator Species Value (ISV). It seeks for a sub-community which best indicates the subset. A robust indicator is a singular or a group of taxonomic units that should be restricted to the subset of interest and frequent within the sub-environment [START_REF] Dufrêne | Species assemblages and indicator species: The need for a flexible asymmetrical approach[END_REF]. The Indicator Species Value (ISV) scales from 0 (absent) to 1

(present in all samples of the subset). The taxonomic units with an ISV close to 1 were the "best" indicators of the sub-community and did not occur in other sub-communities. The taxonomic units with a resulting ISV inferior than 0.25 were omitted as the taxonomic units were considered too weak to be conclusive [START_REF] Dufrêne | Species assemblages and indicator species: The need for a flexible asymmetrical approach[END_REF]. The ISV of a taxonomic unit is equal to the product between the species positive predictive value (A) and its sensitivity (B). A corresponds to the probability of the site sampled belonging to the subsets K considering that the taxonomic unit S has been found. B corresponds to the frequency of the taxonomic unit S within the subset. The concept allows us to define a potential group of indicator taxonomic units relevant to K H and K L subsets. The sub-communities (S ind in Figure 2) resulting from the analyses are representative of each subset and can improve the understanding of the previously estimated B with the WitOMI. The members of the sub-communities in K L can reveal the possible competitors for the harmful species. Whereas the sub-community in K H may represent potential indicators for HAB.

All the statistical analyses were performed using the R statistical software (R Core Team, 2013), with the package 'ade4 ' [START_REF] Dray | The ade4 Package: Implementing the Duality Diagram for Ecologists[END_REF] for the OMI analysis and 'subniche' [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF] for the WitOMI indexes, 'indicspecies' (De [START_REF] De Cáceres | Associations between species and groups of sites: Indices and statistical inference[END_REF] for ISA .

Results

Niche analysis

The Outlying Mean Index analysis (OMI) revealed that 36 out of 50 taxonomic units had a significant realized niche (see Table S1 in Annex). The first two axis of the analysis encompassed 77% of the total projected inertia (50% for PC1 and 27% for PC2 labeled OMI1 and OMI2 hereafter) (Figure 3A).

Considering the first axis OMI1, the positive side of the OMI plan was characterized by the positive correlation between irradiance (PAR), salinity (SALI) and temperature (TEMP) (Figure 3B). On the other hand, the negative side can be divided into two parts. The positively correlated silicate (Si(OH) 4 ) and nitrate + nitrite (NO) concentration defined the top left part of the OMI plan (Figure 3B). Whereas the bottom left part was characterized by the positive correlation between ammonia (NH 4 + ), suspended particulate matter (SPM) and phosphate (PO 4 3-). The latter group of variables (NH 4 + , SPM and PO 4 3-) was negatively correlated to PAR , SALI and TEMP while the former group (Si(OH) 4 and NO) of variables were weakly correlated to them. The OMI plan can be classified into three different types of habitats within which the niches of the taxonomic units are distributed. The right side can be considered as summer-like environmental conditions with high irradiance, salinity and temperature combined with low nutrient concentration and suspended particulate matter (Figure 3B). The top left of the OMI plan can be categorized as river outflow conditions because the silicate source is of terrigenous origins. Finally, the bottom left can be labeled as estuarine-like conditions as it was characterized by low salinity and high concentration of ammonia, phosphate and suspended particulate matter (Figure 3B).

The position of the taxonomic units was mostly distributed along a diagonal gradient created by PAR, SALI and TEMP rightwards and NH 4 + , SPM and PO 4 3-down to the left side (Figure 3B). Despite creating a vertical distribution, the cloud of taxonomic units tended to avoid conditions of higher Si(OH) 4 and NO concentration at the top left part of the OMI plan (Figure 3B). To a lesser extent, the gradient created by the estuarine conditions dispersed the diatoms and the other group of phytoplankton were all located on the right side, in summer-like conditions (Figure 3B).

The two species of interest Lepidodinium chlorophorum (Lepi) and Alexandrium minutum (Alex) seemed to have similar affinity for summer-like environmental conditions. The realized niche of Alex was larger then the one of Lepi (Figure 3C andD). Alex appeared to have a greater affinity to the estuarine-like conditions, even if its respective occurrence and abundance are relatively low (Figure 3C). Despite having a smaller realized niche breadth, Lepi occurred in greater abundance than Alex (Figure 3D). Lepi abundance could be as high as 1.10 6 cell.L -1 , 100 times higher than Alex. In comparison with the rest of the community the two species mean habitat usedwas marginal (OMI: 0.078 and 0.013 for Alex and Lepi respectively, Figure 3E) with a moderate range (Tol: 2.323 and 2.241 for Alex and Lepi respectively, Figure 3F). No real pattern was found by comparing the marginality and tolerance of the main phytoplankton groups (Figure 3E and F).

Subsets description

The two subsets K H (dark blue polygon) and K L ( dark yellow polygon) representing the subset of high and low abundance bloom of the two species were all significant (P<0.05) (Figure 4A and 5A).

The subset K H of A. minutum was composed of 24 samples, and 1363 samples for K L . The range of K H was much smaller than K L which can be explained by lower variations in environmental values, with the exception of NH 4 + (Figure 4A-I).

There was no difference in temperature (13.2 and 13. The K H and K L subsets for of L. chlorophorum consisted of 37 and 128 sampling units respectively.

There was no difference in temperature (12.3°C and 12.6°C), salinity (33.9 PSU for both subsets), NO (10.3 and 10 µmol.L -1 ) and Si(OH) 4 (7.71 and 7.17 µmol.L -1 ) between K H and K L (Figure 5A, E, H and I). For both species ,the subset K H was mostly impacted by river import and summer-like conditions (Figure 4A and 5A). The difference between the two K H subsets was that in the case of Alex, it is more restrictive (Figure 4A) compared to Lepi (Figure 4A). The larger K H subset of Lepi extended further into the riverine conditions and the summer-like conditions (Figure 5A). The opposite trend was observed when comparing the K L subsets of the two species. The K L was more restraining for Lepi than for Alex (Figure 4A and 5A). The K L of Lepi was defined by the summer-like conditions and by lower variations Si(OH) 4 and NO concentration suggesting a more constant and lower river input into coastal waters (Figure 5A). On the other hand, the K L subset for Alex covers almost the entire range of E (88% of E) revealing the high variability of habitat within which Alex can be found at low abundance (Figure 4A).

Subniche

The subniches of the two harmful species were significant under each of their respective K H and K L subsets (P<0.05). Under the K L subset of Alex and Lepi, the subniche of 36 taxonomic units was significant.

On the other hand, under the subset K H , 27 taxonomic units were significant for Alex whereas 25 were significant for Lepi (Table S2 in Annex). For more detailed descriptions of the taxonomic units' subniche parameters see Table S2 in annex.

The occurrence of Alex appeared to be common at low abundance as opposed to the extremely rare high abundance (<10 5 cell.L -1 ) (Figure 6A andC). The habitat used by Alex in K H was marginal compared to the one used in K L (WitOMIG= 2.791 and 0.032 for S H and S L respectively) (Table 2). The tolerance of Alex was greater in K L than in K H mostly because the sub-environment K L allowed the species to use most of its N R (Tol = 0.591 and 0.816 S H and S L respectively) (Table 2). The subniche of Alex in K L (S L ) was only restricted by its potential subniche S P . S L occupied 96% of its S P under K L conditions.

Whereas its subniche in K H (S H ) was the combined effect of high environmental limitation and biological restriction (Figure 6A andC). K H being already much smaller than K L (18% and 88% of E for K H and K L respectively) the subniche was further affected by a greater biological constraint (B = 4% and 72% of S P in K L and K H respectively) (Figure 6 A, C). The different conditions forced the drastic change in size of Alex subniches between the two subset conditions (63% and 5% of E under K L to K H respectively).

Lepi subniche position in K H conditions was more marginal than in K L (WitOMIG = 0.597 and 0.324

for S H and S L respectively) (see Table 2). Contrastingly, the tolerance of the species was higher for S L than for S H (Tol = 0.91 and 1.99 for S H and S L respectively) (Table 2). The S L subniche was more restrained by biological interaction under summer-like conditions in K L (B= 34% of S P ) (Figure 6 B). On the other hand, the S H was poorly constrained by the biotic interaction under K H (B = 14% of S P ) (Table 2 andFigure 6 D). The biotic interaction seemed to limit the abundance of Lepi in K L subsets whereas in K H conditions, the stronger input from rivers seemed to favor Lepi intense bloom (Figure 6 B and D). Lepi subniches remained relatively stable in size (19% and 25% of E under K L and K H ) despite the more restricting K H upon its realized niche N R (S P = 22% and 38% of E in K L and K H respectively). Moreover, for a similar subniche size, Lepi was subject to different intensity in biotic restriction B (13% and 3% of E under K L to K H ).

The two species subniches had a similar response to variation in environmental conditions, being more restricted by K H than by K L . The size variation in subniche was greater for Alex than for Lepi (Figure 6).

Alex had a 92% reduction whereas Lepi had a 28% increase from K L to K H . On the other hand, the two species responded differently in regards to variations in biological interactions. Lepi was more affected by biological interactions in K L than in K H (Table 2 and Figure 6). Inversely, higher biological constriction occurred for Alex in K H than in K L (Table 2 and Figure 6). Lepi subniche remained relatively stable whereas the ones of Alex greatly altered in size. In order to shed light upon these differences in response to biological factors, the following section assesses the potential competitors of Lepi and Alex.

Indicator Species analysis:

The Indicator Species Analysis revealed four distinct sub-communities significantly relevant to the subset K H and K L of the two species (Figure 7 A and B). The number of significant indicating species was higher for Lepi than Alex (9 and 4 respectively) and also with an overall higher ISV values (Figure 7A andB). (Aste)=0.424, Rhap=0.354 and Diploneis sp. (Dipl)=0.342) (Figure 7 A and B for code see Table 1). It is worth noticing that Rhap was a significant taxonomic unit for the two species K L subsets.

For both species, the sub-communities representing their respective K H subsets were composed of three taxonomic units (blue bars in Figure 7 were significant indicating the K H for Lepi (Figure 7B). Furthermore, Katodinium sp. (Kato) was shown to be an indicator for Alex in K H and for Lepi in K L subsets (Figure 7 A and B).

Discussion

Abiotic conditions

The environmental space E within which the phytoplankton species niches were calculated by the OMI analysis was divided into three different environmental types: summer-like, riverine, and estuarine-like conditions (Figure 3B). They were not surprising as the REPHY stations are mostly located in coastal waters and therefore influenced by the river plumes and estuaries (Figure 1). The correlation between irradiance and temperature was expected. In these latitudes, the ecosystems follow the seasonal cycle which are strongly driven by these two environmental factors [START_REF] Cushing | Controlling factors of phytoplankton seasonal succession in oligotrophic Mali Ston Bay (south-eastern Adriatic)[END_REF][START_REF] Sommer | The PEG-model of seasonal succession of planktonic events in fresh waters[END_REF]. The phytoplankton community was distributed along the gradient created by the estuarine and summer-like conditions, reflecting the seasonal cycle (Figure 3B). The apparent segregation between the diatoms and the dinoflagellates niche positions (which represent 66% and 30% of community respectively) reflected the species seasonal succession [START_REF] Reynolds | The ecology of phytoplankton[END_REF]. This pattern of succession involves the shift in dominance from diatoms towards dinoflagellates. The shift is caused by silicate reduction which becomes more limiting for diatom growth. The dinoflagellates, which have no need for silicate are able to out-compete them [START_REF] Roelke | Phytoplankton succession in recurrently fluctuating environments[END_REF][START_REF] Winder | Spring phenological responses of marine and freshwater plankton to changing temperature and light conditions[END_REF].

The two dinoflagellates, A. minutum and L. chlorophorum have similar niche affinity for summer-like habitat conditions with low nutrient concentration (Figure 3C andD). Their respective niche contrasts in terms of a greater tolerance for estuarine-like conditions for A. minutum, which corroborates previous studies (Figure 3C and D). In these waters, the bloom of A. minutum often starts between April and August with a maximum abundance between May and September and mostly takes place inside estuaries [START_REF] Dia | Spatiotemporal changes in the genetic diversity of harmful algal blooms caused by the toxic dinoflagellate Alexandrium minutum[END_REF][START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF]. L. chlorophorum generally occurs from April to November, with the bloom flourishing from May to November in the Bay of Biscay and the Iroise Sea, and the maximum being reached during the summer months [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. A. minutum and L. chlorophorum niche position were marginal compared to the rest of the community (Figure 3E). Their relative high marginality and tolerance emphasize the idea that the two harmful species have a preference for an unusual habitat despite being able to occupy a wide range of habitats.

The number of samples in which A. minutum was identified was higher than for L. chlorophorum (1387 and 165 for A. minutum and L. chlorophorum respectively). Their presence in the samples reflect their respective inter-annual and spatial occurrence. In the data A. minutum was highly present at low abundance due to its high distribution along the French coast (See Figure S3 in Annex). Consequently, the subset K L of A. minutum expresses the diversity of environmental conditions within which the species occurred. On the other hand, the subset K H of A. minutum was rare and appeared at only two stations in 2017 (See Figure S3 in Annex). The small sample size of the events made K H little but revealed the singular conditions necessary for such an event to occur despite the species' wide distribution (Figure 4). These HAB events of A. minutum might also be the cause of cyst germination from the sediment beds. The Bay of Brest and more precisely in the Elorn and Daoulas Estuary (Station 30), has A. minutum dormant cysts in the sediment.

Having found cysts much older than the first detected HAB by the REPHY in 2012, it was suggested that

A. minutum has a long residence period before blooming in an area [START_REF] Klouch | Historical records from dated sediment cores reveal the multidecadal dynamic of the toxic dinoflagellate Alexandrium minutum in the Bay of Brest (France)[END_REF]. Some cysts have been successfully forced to germinate under their experimental optimal germination conditions [START_REF] Klouch | Historical records from dated sediment cores reveal the multidecadal dynamic of the toxic dinoflagellate Alexandrium minutum in the Bay of Brest (France)[END_REF]. Interestingly, even though these conditions used were inconclusive they did not exclude the idea that the optimal germination conditions may vary across the sediment core. In fact, A. minutum is able to germinate over a wide range of environmental conditions [START_REF] Blanco | The germination characteristics of Alexandrium minutum (Dino-phyceae), a toxic dinoflagellate from the Fal estuary (UK)[END_REF]. Therefore, our K H description can potentially reflect optimal germination conditions for some cysts in the sediment of a certain age explaining the rarity of the events. Contrastingly, L. chlorophorum appeared in relative sparse locations but relative to its narrow distribution, K H conditions seemed more common (Figure 5). Each variable was individually tested for significant differences between the two subsets. None of the tests were significant, despite the subset of environmental conditions being significantly different. These results emphasize the necessity for a multifactorial approach to understand the HAB relationship with environmental variations [START_REF] Wells | Harmful algal blooms and climate change: Learning from the past and present to forecast the future[END_REF].

A detailed description of the two A. minutum subsets revealed the similarities and differences for each environmental parameter (Figure 4). The temperature and light intensity have similar values within the two subset (13.2 and 13.1 °C and 4.93 and 4.86 10 3 W.m -2 for K H and K L respectively). It is commonly known that phytoplankton bloom is caused by the seasonal increase in temperature and light availability [START_REF] Cushing | Controlling factors of phytoplankton seasonal succession in oligotrophic Mali Ston Bay (south-eastern Adriatic)[END_REF][START_REF] Sommer | The PEG-model of seasonal succession of planktonic events in fresh waters[END_REF]. [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF] revealed that A. minutum starts its bloom when in situ temperature were above the thermal threshold of 14.4 °C. Our results revealed a lower temperature value because more dates than just the bloom starting dates were included in the analysis. The existence of a thermal threshold seemed to explain the similar temperature values in the two subsets. The thermal threshold determines A. minutum bloom [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF], but not its intensity as for the same value, high and low abundance bloom occurred. In addition, irradiance is always high and non-limiting during the months of A. minutum blooms [START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF]. This presumption appeared to be accurate and irradiance seemed to drive its initiation [START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF] (Figure 4C). However, for the same amount of irradiance, the concentration of SPM was lower in K H than in K L (Figure 4D). Consequently, the diffused light in the water column was higher in K H than in K L and might be less limiting for A. minutum and the community.

The dilution rate is another important factor in A. minutum development [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF][START_REF] Raine | A review of the biophysical interactions relevant to the promotion of HABs in stratified systems: The case study of Ireland[END_REF]. A high dilution rate being the product of hydrodynamic variables such as currents, tides, wind and river flow, can impair A. minutum bloom development [START_REF] Anderson | The globally distributed genus Alexandrium: Multifaceted roles in marine ecosystems and impacts on human health[END_REF][START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF][START_REF] Laanaia | Wind and temperature controls on Alexandrium blooms (2000-2007) in Thau lagoon (Western Mediterranean)[END_REF][START_REF] Raine | A review of the biophysical interactions relevant to the promotion of HABs in stratified systems: The case study of Ireland[END_REF][START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF]. In this study, the dilution rate or proxies (e.g. river flow; [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF] were not used but other parameters reflect its intensity in each subset. As previously mentioned, we qualified the concentration of Si(OH) 4 and NO as proxies for river outflow (See results Niche analysis) (Figure 3B). Their respective low concentration, as well as the lower concentration of SPM and higher salinity expressed a reduced river outflow in K H subset (Figure 4D, E, I andH). The results match with Guallar et al.'s (2017) supposition on the effect of the dilution rate on the abundance of A. minutum.

The main limiting factor for A. minutum HABs is nutrient concentrations. The long-lasting high abundance observed during A. minutum's biggest outbreaks was explained by the population reaching its maximum carrying capacity for the available nutrient concentration [START_REF] Chapelle | The Bay of Brest (France), a new risky site for toxic Alexandrium minutum blooms and PSP shellfish contamination[END_REF]. Our results revealed lower nutrient concentrations in K H with the exception of NH 4 + which was present in higher concentration (Figure 4 F to I). The lower Si(OH) 4 concentration would increase the competition between the diatoms, disengaging the resource competition with dinoflagellate such as A. minutum. In addition, an elevated nitrogen concentration has already been proven to contribute to A. minutum outbreaks [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF][START_REF] Maguer | Nitrogen and phosphorus requirements of an Alexandrium minutum bloom in the Penzé Estuary, France[END_REF]. In particular NH 4 + which tends to enhance A. minutum growth rate [START_REF] Lim | Growth and toxin production of tropical Alexandrium minutum Halim (Dinophyceae) under various nitrogen to phosphorus ratios[END_REF].

On the other hand, NO concentration allowed for a greater carrying capacity than NH 4 + [START_REF] Lim | Growth and toxin production of tropical Alexandrium minutum Halim (Dinophyceae) under various nitrogen to phosphorus ratios[END_REF].

A. minutum, has the advantage of assimilating high amounts of ammonium [START_REF] Iriarte | Relationship between biomass and enzymatic activity of a bloom-forming dinoflagellate (Dinophyceae) in southern Chile (41°S): A field approach[END_REF][START_REF] Lecorre | Nitrogen source for uptake by Gyrodinium cf. aureolum in a tidal front[END_REF]. The NO concentration which are consumed at a lower rate, control the persistence of A. minutum's bloom through time [START_REF] Maguer | Nitrogen and phosphorus requirements of an Alexandrium minutum bloom in the Penzé Estuary, France[END_REF]. We can therefore suggest that the nitrogen and in particular NH 4 + levels in K H facilitate short outbursts of A. minutum. Concomitantly, the low phosphate concentration found in K H behaves as a controlling factor [START_REF] Lim | Growth and toxin production of tropical Alexandrium minutum Halim (Dinophyceae) under various nitrogen to phosphorus ratios[END_REF][START_REF] Maguer | Nitrogen and phosphorus requirements of an Alexandrium minutum bloom in the Penzé Estuary, France[END_REF][START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF].

Experiments on Alexandrium, revealed their ability to grow despite P limitation [START_REF] Frangópulos | Toxin production and competitive abilities under phosphorus limitation of Alexandrium species[END_REF][START_REF] Lim | Growth and toxin production of tropical Alexandrium minutum Halim (Dinophyceae) under various nitrogen to phosphorus ratios[END_REF][START_REF] Maguer | Nitrogen and phosphorus requirements of an Alexandrium minutum bloom in the Penzé Estuary, France[END_REF]. Alexandrium sp. has been proven to be a "storage specialist" for P and would be capable of out competing other species under limiting P conditions [START_REF] Labry | Competition for phosphorus between two dinoflagellates: A toxic Alexandrium minutum and a non-toxic Heterocapsa triquetra[END_REF]. The nutrient concentration in K H conditions appears to favor the high abundance bloom of A. minutum, whether they are the results of previous uptake during succession or not. In addition to its growth, P limitation also triggers an increase in toxin production [START_REF] Frangópulos | Toxin production and competitive abilities under phosphorus limitation of Alexandrium species[END_REF][START_REF] Lim | Growth and toxin production of tropical Alexandrium minutum Halim (Dinophyceae) under various nitrogen to phosphorus ratios[END_REF] but its ecological role remains to be demonstrated.

In the last 20 years, L. chlorophorum has been recorded as the second most productive dinoflagellate [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. Since 2007, L. chlorophorum massive blooms have become an annual phenomenon [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. Even though there is an increasing occurrence in the French coastal water, insight into L. chlorophorum ecology is still limited [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. Thus, our results provide the first description of the species ecology. L. chlorophorum is considered an eury-and thermo-haline species which appears to corroborate with the results of [START_REF] Elbrächter | Gymnodinium chlorophorum, a new, green, bloom-forming dinoflagellate (Gymnodiniales, Dinophyceae) with a vestigial prasinophyte endosymbiont[END_REF] and [START_REF] Honsell | Gymnodinium chlorophorum (Dinophyceae) in the Adriatic Sea: electron microscopical observations[END_REF].

In spite of having no difference in variability for temperature between K H and K L , salinity was subject to greater variations for the same median value (Figure 5 B and E). L. chlorophorum was able to occur in greater abundance in an environment which can sustain lower salinity than usual (Figure 5 E). In parallel,

the K H conditions also include higher SPM concentration median values with more variations in the upper values (Figure 5 D). Similar results from previous studies confirm these findings on L. chlorophorum bloom and they are most likely correlated with freshwater input from rivers [START_REF] Napoléon | Dynamics of phytoplankton diversity structure and primary productivity in the English Channel[END_REF][START_REF] Siano | Citizen participation in monitoring phytoplankton seawater discolorations[END_REF][START_REF] Sournia | The repetitive and expanding occurrence of a green, bloom-forming dinoflagellate (Dinophyceae) on the coasts of France[END_REF].

Light conditions in the K H conditions showed greater median value even with light radiation ranging at lower intensity (Figure 5 C). L. chlorophorum has already been observed to bloom in late-summer early autumn [START_REF] Sournia | The repetitive and expanding occurrence of a green, bloom-forming dinoflagellate (Dinophyceae) on the coasts of France[END_REF]. In the data, L. chlorophorum also happened to bloom in late-winter earlyspring, a period when the light irradiance starts to increase (Figure S2 and S3 in Annex). In parallel to light intensity, the suspended particulate matter (SPM) concentration had a greater variation in the upper values for the K H subset (Figure 5 D). The greater SPM concentration would have affected the light diffusion in the water column. The bloom would be initiated when the SPM concentration is low enough to let more available light into the water column [START_REF] Gohin | Annual cycles of chlorophyll-a, non-algal suspended particulate matter, and turbidity observed from space and in-situ in coastal waters[END_REF]. L. chlorophorum appears to accommodate itself with lower light intensity widening its bloom window over the seasons. Concomitantly, previous studies suggested that the bloom initiation was fueled by regenerated ammonium originating from degraded organic matter in turbid water [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. This suggestion can be partly verified because of the concentration values for SPM and NH 4 + that were higher and lower respectively, under K H conditions (Figure 5 D and F).

The lower NH 4 + concentration might be the result of high assimilation by L. chlorophorum [START_REF] Iriarte | Relationship between biomass and enzymatic activity of a bloom-forming dinoflagellate (Dinophyceae) in southern Chile (41°S): A field approach[END_REF][START_REF] Lecorre | Nitrogen source for uptake by Gyrodinium cf. aureolum in a tidal front[END_REF] but this remains to be experimentally tested in situ.

Inputs from the rivers can explain the higher nutrient concentration value for Si(OH) 4 , PO 4 3-and NO in K H (Figure 5 G, H and I). The silicate being of terrigenous origins, we can suspect that an increased river outflow had delivered L. chlorophorum its required PO 4 3-and NO concentration for the population to grow at high proportion. In our data, L. chlorophorum occurred as far north as in the coastal water of Boulogne-sur-mer (Station 3 in Figure S1A) and down south in the Bay of Arcachon (Station 44 in Figure S1F). The HAB outbreak of L. chlorophorum appeared in both the English Channel and in the Bay of Biscay at three different stations (26, 34 and 42; see figure S2). Since the 1980s, the eutrophicated state of these waters has been monitored and was used in long-term studies [START_REF] Ratmaya | Long-term comparison of nutrient concentration in the Vilaine Bay with nutrient inputs from the Vilain River: Presumption of additional internal sources during summer months[END_REF][START_REF] Billen | A long-term view of nutrient transfers through the Seine river continuum[END_REF][START_REF] Romero | Largescale patterns of river inputs in southwestern Europe: Seasonal and interannual variations and potential eutrophication effects at the coastal zone[END_REF]. Since the first anoxic crisis in 1982 caused by an intense bloom of L. chlorophorum at the Bay of Vilaine [START_REF] Chapelle | Modelling eutrophication events in a coastal ecosystem. Sensitivity analysis[END_REF][START_REF] Maggi | Analyse des facteurs climatiques susceptibles de jouer un rôle dans les apparitions d'eaux colorées en Baie de Vilaine, durant l'année[END_REF][START_REF] Merceron | Mortalité de poissons en Baie de Vilaine (juillet 1982)[END_REF], the spreading of colored waters has been observed in the area for the last 40 years [START_REF] Souchu | Diagnostic étendu de l'eutrophisation (DIETE). Rôle des sédiments dans le cycle des nutriments et impacts sur l'eutrophisation de la baie de vilaine[END_REF]. Since 1988, observations have to significantly increased and in 1989 the blooms were observed in the Seine Estuary in the English Channel [START_REF] Napoléon | Dynamics of phytoplankton diversity structure and primary productivity in the English Channel[END_REF]. In parallel in the '80s, policies were made to improve the water quality of the Vilaine and the Loire rivers on the West Coast [START_REF] Souchu | Diagnostic étendu de l'eutrophisation (DIETE). Rôle des sédiments dans le cycle des nutriments et impacts sur l'eutrophisation de la baie de vilaine[END_REF] and of the Seine and Loire rivers on the North coast [START_REF] Billen | A long-term view of nutrient transfers through the Seine river continuum[END_REF][START_REF] Romero | Largescale patterns of river inputs in southwestern Europe: Seasonal and interannual variations and potential eutrophication effects at the coastal zone[END_REF]. Despite the improvements made to overcome the state of eutrophication of the Vilaine river and the Loire, the neighbouring coastal waters were still degraded by eutrophication [START_REF] Souchu | Diagnostic étendu de l'eutrophisation (DIETE). Rôle des sédiments dans le cycle des nutriments et impacts sur l'eutrophisation de la baie de vilaine[END_REF]. Nowadays, these waters are classified as at risk due to their high sensitivity to eutrophication [START_REF] Bizzozero | Directive cadre sur l'eau. Bassin Loire-Bretagne. Contrôle de surveillance dans les masses d'eau côtière et de transition[END_REF]. On the other hand, in the the Seine Estuary L. chlorophorum was also present at the Seine Estuary but only at low abundance (Station 19; Figure S1 andS3). Interestingly, low abundance of L. chlorophorum was identified in stations which are influenced by the nearby river, as for instance station 8 by the Somme and station 19 by the Seine (Figure S1 andS3). We conclude that those waters can still be at risk of outbreaks if the effort made to improve the water quality is not maintained. The HABs of L. chlorophorum are enhanced by eutrophication.

In addition to the eutrophicated water, the hydrodynamics also appeared to drive the occurrence of L.

chlorophorum. The northwards spreading of L. chlorophorum was interpreted to be caused by the poleward current from the Bay of Biscay to the English Channel [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. L. chlorophorum northwards adaptation can be explained by its insensitivity to photo-inhibition in cold waters [START_REF] Claquin | Effects of temperature on photosynthetic parameters and tep production in eight species of marine microalgae[END_REF]. This capacity can potentially boost species' distribution in temperate waters, starting in up-welling areas with high solar irradiance in summer and then migrating northwards. The subsets of environmental conditions in which L. chlorophorum occurred suggested this ability but does not appear to exert a strong influence on its bloom intensity (Figure 5B andC). The HAB outbreaks and its spreading seemed to flow with the northward advection of the Loire and Vilaine river plumes [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. In some years, the bloom ofL. chlorophorum can be seen from space, originating from the Loire and covering more than 100 km 2 [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. The L. chlorophorum outbreaks spreading into the English Channel would have benefited from unusual favorable environmental conditions [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. Our study only reveals "snapshots" of L. chlorophorum spatial distributions because our data was collected in coastal waters. We speculate that the bloom of L. chlorophorum is triggered by eutrophic water from rivers, but its magnitude appears to be mainly dependent on regional hydrodynamics. conditions suggest that there is a small probability of having the two species bloom at the same time. For the two species, their occurrence in high abundance appears to be driven by local conditions.

Biotic influence

The Within Outlying Mean Indexes calculation revealed the biotic influence, B upon the species' subniche under different environmental conditions (Figure 6). Even though K H was more restraining, A. minutum was more impacted by biotic factors than L. chlorophorum (Figure 6). Assuming that the main biological factor is competition we explained the biological constraint exerted on the realized subniche of the species with the Resource ratio theory (RRT) [START_REF] Tilman | Resource Competition between Plankton Algae: An Experimental and Theoretical Approach[END_REF]. RRT is often used to explain competition and coexistence.

First, RRT assumes that the monotone increase in production with increasing diversity is theoretically impossible because any high level of one resource will eventually cause another to become limiting. The theory hypothesizes that a higher number of limiting resources will favor a greater number of coexisting species [START_REF] Interlandi | Limiting resources and the regultation of diversity in phytoplankton communities[END_REF]. Second, RRT infers that only one species can be the best competitor at any time considering that all the resources are limiting the species' growth within a community [START_REF] Tilman | Resource competition and community structure[END_REF][START_REF] Tilman | Resources: A graphical-mechanistic approach to competition and predation[END_REF][START_REF] Tilman | Resource Competition between Plankton Algae: An Experimental and Theoretical Approach[END_REF].

The subset of environmental conditions K L of L. chlorophorum, has lower available resources for the community. Consequently, the conditions will promote coexistence and/or competition as all the species are limited by the available resources. This case was first described by [START_REF] Hutchinson | The paradox the plankton[END_REF] as "the phytoplankton paradox". Since then, the paradox has lead to many propositions on the mechanisms involved but the question prevails [START_REF] Roy | Towards a resolution of 'the paradox of the plankton': A brief overview of the proposed mechanisms[END_REF]. The "phytoplankton paradox" appears as a plausible explanation for the greater biological constraints occurring in K L . In contrast, the higher resource value in K H appeared to reduce the coexistence between the species in favor of L. chlorophorum. The resource being non-limiting and the conditions being appropriate, L. chlorophorum dominated the community. The potential mechanisms involved in the A. minutum case appear to be the inverse of the ones described for L. chlorophorum. In K H subset, the resources are so limiting that only a few species can sustain themselves. Therefore, according to RRT, they would take turns in dominating the community [START_REF] Tilman | Resource competition and community structure[END_REF][START_REF] Tilman | Resources: A graphical-mechanistic approach to competition and predation[END_REF][START_REF] Tilman | Resource Competition between Plankton Algae: An Experimental and Theoretical Approach[END_REF]. The mechanism can explain the short outbursts in abundance of A. minutum under such conditions. On the other hand in K L subset, resources are more available thereby promoting diversity. Consequently, this increases the competition for resources and inhibit A. minutum occurrence in favor of other species (e.g. such as the taxonomic group Rhap, see Table 1). These assumptions relating the resource availability to the harmful organism and diversity are possible mechanisms for interpreting the results of the Indicating Species Analysis and WitOMI (Figure 7 A and B).

The Indicating Species Analysis (ISA) results confirm the assumptions of the relationship between the resource availability and the species diversity which are potential competitors. Rhap was the taxonomic group found in both K L subsets. The taxonomic group Rhap assembled the genera, Rhaphoneis sp. and Delphineis bottoms for reconstructing paleo-benthic marine habitats [START_REF] Vos | Diatoms as a tool for reconstructing sedimentary environments in coastal wetlands; methodological aspects[END_REF]. Para or Paralia sulcata is a highly silicified species and a common diatom found in various coastal environments [START_REF] Mcquoid | The diatom Paralia sulcata as an environmental indicator species in coastal sediments[END_REF]. Additionally, Ast which regrouped Asterionella sp. genera are found in great abundance in river plumes [START_REF] Videau | Phytoplancton en Baie de Seine. Influence du panache fluvial sur la production primaire[END_REF]. The final two taxonomic units are the species Torodinium robustum (Toro) and Katodinium sp. (Kato) which are dinoflagellates, characteristic of stratified and nutrient-enriched waters with increasing light irradiance [START_REF] David | Spatial and long-term changes in the functional and structural phytoplankton communities along the French Atlantic coast[END_REF][START_REF] Gailhard | Variability patterns of microphytoplankton communities along the French coasts[END_REF][START_REF] Smayda | Community assembly in marine phytoplankton: application of recent models to harmful dinoflagellate blooms[END_REF]. The assemblage of taxonomic units suggests that the potential competing diatoms of A. minutum and/or L. chlorophorum are typical coastal benthic species with an affinity to river outflow due to their respective requirement for silicate. These diatoms are most likely re-suspended by hydrodynamic turbulence during the winter month. They would bloom early in the season and might not compete with A. minutum and L. chlorophorum for resources. The "silicate-hypothesis" [START_REF] Lancelot | Phaeocystis Blooms and Nutrient Enrichment in the Continental Coastal Zones of the North Sea[END_REF][START_REF] Reid | Phytoplankton of the north sea and its dynamics: A review[END_REF] can explain presence in the sub-community as it stipulates that the diatoms will dominate the community until silicate becomes limiting. On the other hand, L. chlorophorum could compete for resources with Torodinium robustum (Toro) and Katodinium sp. (Kato) as they occur in the same type of habitat [START_REF] Smayda | Community assembly in marine phytoplankton: application of recent models to harmful dinoflagellate blooms[END_REF]) (Figure 7 B). The resource-competition is a possible mechanism for the inhibition of L. chlorophorum under these conditions but remains to be tested.

Under K H subset, the result of ISA should reveal taxonomic units which could potentially be indicators of HAB. Despite having a significant subniche and indicating species, the number of data used for A. minutum was too few to come to any conclusion (n = 24). The data defining the K H of A. minutum were collected at two different stations, station 4 and 30 in 2017 (See Figure S1 in Annex). The relatively limited data was due to the restrictive nature of the analysis used for study. The Outlying Mean Index analysis [START_REF] Dolédec | Niche separation in community analysis: A new method[END_REF] and its decomposition by the Within Outlying Mean indexes [START_REF] Karasiewicz | Within outlying mean indexes: refining the OMI analysis for the realized niche decomposition[END_REF] can use large data sets but does not allow for any missing data. The pre-processing of the data was necessary prior to the analysis which led to a loss of valuable information. For instance, the Bay of Brest is known for more than one HAB and in particular at station 30 [START_REF] Chapelle | The Bay of Brest (France), a new risky site for toxic Alexandrium minutum blooms and PSP shellfish contamination[END_REF]. In the years 2012, 2013 and 2014 A. minutum blooms reached 1.10 6 cell.L -1 and was associated with particular hydrodynamic conditions and nutrient concentrations [START_REF] Chapelle | The Bay of Brest (France), a new risky site for toxic Alexandrium minutum blooms and PSP shellfish contamination[END_REF]. These HAB events, including the environment conditions as well as the community, could not be analysed due to the pre-processing which limits our conclusion. Consequently, the loss of information was reflected in the time series of the significant indicator species (Figure 8). This could be the root cause of discrepancies between the two time-series as Dact or Dactyliosolen sp. can be a relevant indicating species for HAB in station 30 but not in station 4. For future investigations, the ISA could be complemented with a species abundance and/or occurrence analysis (e.g. Phytoplankton Community Index; [START_REF] Tett | Use of a phytoplankton community index to assess the health of coastal waters[END_REF] at a more spatially restricted scale, which would be better suited to the heterogeneous nature of the ecosystem along the French coast.

The ISA for L. chlorophorum revealed three taxonomic units (Dinophysis sp., Prorocentrum sp. and

Pleurosigma sp.) as potential candidates for HAB indicators. Interestingly, Dinophysis and Prorocentrum sp. are genera including HAB species. Dinophysis is a dinoflagellate genus associated with DSP (Diarrhetic Shellfish Poisoning) outbreaks and poisonous at very low cell densities (200 cell.L -1 ) (Della [START_REF] Della Loggia | Relationship between Dinophysis spp. In seawater and DSP toxins in mussels in the Northern Adriatic Sea[END_REF].

Prorocentrum sp. are potentially toxic, mixotrophic species [START_REF] Heil | Prorocentrum minimum (Pavillard) Schiller: A review of a harmful algal bloom species of growing worldwide importance[END_REF]. In some parts of the world, Prorocentrum sp. caused environmental damage and economic loss, particularly elevated fish mortalities and human poisoning [START_REF] Al-Hashmi | Dynamics of potentially harmful phytoplankton in a semi-enclosed bay in the Sea of Oman[END_REF][START_REF] Glibert | Recent insights about relationships between nutrient availability, forms, and stoichiometry, and the distribution, ecophysiology, and food web effects of pelagic and benthic prorocentrum species[END_REF][START_REF] Heil | Prorocentrum minimum (Pavillard) Schiller: A review of a harmful algal bloom species of growing worldwide importance[END_REF][START_REF] Olenina | Assessing impacts of invasive phytoplankton: The Baltic Sea case[END_REF].

Nevertheless, Prorocentrum sp. occurs before the L. chlorophorum HAB throughout the localities (Figure 9). Prorocentrum sp. has the potential to be a suitable indicator for L. chlorophorum HAB but further investigation is required.

Limitation and perspectives

The heterogeneity of marine ecosystems from permanent disturbances due to hydrodynamic processes [START_REF] Reynolds | The ecology of phytoplankton[END_REF] affects the phytoplankton spatial distribution. The large spatial data represented the ecosystems wide heterogeneity and the different communities of the French coastal ecosystems. The data helped us to understand the overall environmental response, as well as the different environmental conditions within which the two species occurred at high and low abundance. A similar investigation but at local scale would help to better understand the harmful species response to local environmental and community variations. For instance, A. minutum seemed to mostly appear deep inside the Bay of Brest [START_REF] Chapelle | The Bay of Brest (France), a new risky site for toxic Alexandrium minutum blooms and PSP shellfish contamination[END_REF]. In the Bay of Brest, we used two stations 30 and 31 (Figure 1) and only one detected the HAB of 2012 [START_REF] Chapelle | The Bay of Brest (France), a new risky site for toxic Alexandrium minutum blooms and PSP shellfish contamination[END_REF]. On the other hand, considering L. chlorophorum we suspect that only a 'snapshot' of niche was estimated by the coastal sampling station, because the green waters can in some years covering up to 100 km 2 [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. The spatial scaling appears to be paramount for estimating harmful species subniches and should be considered in future investigations.

In parallel to spatial scale, physical parameters or proxies should be considered. On a larger scale, oceanic oscillation such as the North Atlantic Oscillation (NAO), along with wind regimes and great water currents, such as the Golf Stream, will have profound effects on phytoplankton distribution and composition [START_REF] Cloern | Phytoplankton bloom dynamics in coastal ecosystems: A review with some general lessons from sustained investigation of San Francisco Bay, California[END_REF][START_REF] Cullen | Physical influences on marine ecosystem dynamics[END_REF]. Whereas on local coastlines, phytoplankton communities are altered by high nutrient input from local rivers and water mass exchanges between the open seas and deep waters in shallow shores [START_REF] Reynolds | The ecology of phytoplankton[END_REF]. The importance of local dilution rate and river flow in regulating the community structure as well as the bloom timing and magnitude of A. minutum has already been shown [START_REF] Guallar | Global and local factors driving the phenology of Alexandrium minutum (Halim) blooms and its toxicity[END_REF][START_REF] Sourisseau | Resource competition affects plankton community structure; evidence from trait-based modeling[END_REF]. At a regional scale, the coastal currents in spring appeared related to the northward expansion patterns of L. chlorophorum bloom [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. The bloom followed the northwards advection of the Loire by the wind induced poleward coastal circulation from the Southern Bay of Biscay to the English Channel [START_REF] Sourisseau | Distribution and dynamics of two species of Dinophyceae producing high biomass blooms over the French Atlantic Shelf[END_REF]. Future investigations should consider using physical parameters reflecting the spatial scale of the local hydrodynamics.

Under the current global environmental change, HABs are raising concern for ecosystem preservation [START_REF] Mcpartlin | Biosensors for the monitoring of harmful algal blooms[END_REF]. The study of niche shift and conservatism in different areas and time periods becomes ever more relevant [START_REF] Peterson | Ecological niches and geographic distributions (mpb-49)[END_REF]. The niche concept develop by [START_REF] Hutchinson | Concluding remarks[END_REF] is static and does not consider temporal and/or spatial environmental changes nor does it consider the variability of the species response [START_REF] Griesemer | Niche: Historical perspectives[END_REF]. The sheer complexity of the global environmental change will create different combinations of niche variables making the identification of the relevant factors leading to the species persistence through time challenging [START_REF] Jackson | Responses of Plant Populations and Communities to Environmental Changes of the Late Quaternary[END_REF]. Therefore, the finite combinations of n-environmental factors relevant to a species exist at any given time but the environmental conditions which actually occurs at a time t is called the realized environmental space, E. The realized environmental space should theoretically change with global change as should the realized niche, N R , of any given species of a community [START_REF] Peterson | Ecological niches and geographic distributions (mpb-49)[END_REF][START_REF] Soberón | Niches and distributional areas: Concepts, methods, and assumptions[END_REF]. One way to understand how future climate change will affect the species realized niche will be to use forecasting data with a multifactorial analysis.

Models forecasting the future environmental scenarios already exist, such as the POLCOMS-ERSEM model [START_REF] Butenschön | ERSEM 15.06: A generic model for marine biogeochemistry and the ecosystem dynamics of the lower trophic levels[END_REF][START_REF] Holt | Bringing the Hutchinsonian niche into the 21st century: Ecological and evolutionary perspectives[END_REF]. The predicted data can be projected upon the Euclidean space created by the OMI analysis and tested for similarities between the forecasted environmental space, E f and E.

Additionally, the environmental trajectory can be drawn in order to reveal which part of the harmful species subniches is most likely to be expressed. This type of investigation could sheds light on the future of HABs.

Conclusion

In conclusion, this investigation revealed that the two harmful species Lepidodinium chlorophorum (Lepi)

and Alexandrium minutum (Alex) had similar affinity to summer-like environmental conditions. Their marginal ecological niches were defined by high temperature, salinity and irradiance which includes low nutrient concentration and SPM. Despite having a similar realized niche position, Alex appeared to have a greater affinity to estuarine-like conditions giving it a larger realized niche than Lepi. For the two species, the subsets of environmental conditions of low abundances conditions K L represented their spatial end temporal environmental variability in which they occur. On the other hand, the subsets of environmental conditions which favor high abundance bloom K H , were more restrictive and defined by river import and summer-like conditions. The two species were favored by antagonistic K H conditions. Lepi flourished in subset conditions with high irradiance and elevated nutrient and SPM concentration, with the exception of NH 4 + , putatively brought by eutrophicated riverine waters. On the other hand, Alex bloomed in subset conditions with reduced nutrient and SPM concentration but with higher salinity and NH 4 + concentration which suggest a reduced dilution rate from nearby rivers. The constrast between the two species continued with their respective subniches and biotic restriction. Alex had a smaller subniche and a greater biotic constriction in K H than in K L which was explained by a larger sub-community. On the other hand, less pressure was exerted upon Lepi subniche in K H than in K L . While the potential competitor for inhibiting the high occurrence of Lepi might be found, the same might not be true for Alex. The investigation for possible indicating species remained inconclusive due to the methodological limitation restricting the data. Our results provide perspectives for future investigations which should consider a spatially smaller but temporally higher resolution for the data.

Moreover, the data should include physical parameters which affect local hydrodynamics.
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• Figure 1: Map of France with the stations' locations used for the study with a focus on Brittany where REPHY (red dots) and Velyger (blue dot) stations are present. A more detailed map of all the sampling locations along the French coastline can be found in the annex (Figure S1 in Annex).

• Figure 2: Summary of the different concepts, statistical analysis and graphical displays which will be used in the study. See text for more details on the analysis and definition.
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Taxa A B Table 2: Subniche parameters of the two harmful species Alexandrium minutum (Alex) and Lepidodinium chlorophorum (Lepi).

The parameters are the marginality to G (WitOMIG), the tolerance (Tol) and the biotic constraint (S B ). The P values were calculated with 1000 permutations. Both species were significant under their respective K H and K L subsets (P < 0.05). 

Alex Lepi

  K H distinguished itself from K L by having a higher PAR (4.95 and 4.67 10 3 . W.m -2 ), SPM (5.3 and 3.55 mg.L -1 ), PO 4 3-(0.45 and 0.395 µmol.L -1 ) concentration and a lower concentration in NH 4 + (0.70 and 0.81 µmol.L -1 ) (Figure 5B, D, F and G).

  Under the K L subset, only one taxonomic unit was relevant for Alex ( Rhaphoneis sp. and Delphineis sp. (Rhap): with ISV = 0.51) whereas 6 taxonomic units were indicative for Lepi (ISV for Paralia sulcata (Para)=0.764, Katodinium sp. (Kato)=0.612, Torodinium robustum (Toro)=0.484, Asterionella sp.

  A and B). Lepi (ISV =0.584) appeared as a significant indicator for Alex K H along with Dactyliosolen sp. (Dact) (ISV=0.579) and Kato (ISV=0.577) (Figure 7 A). Pleurosigma sp. (Pleu), Prorocentrum sp. (Pror) and Dinophysis sp. (Dino) (ISV=0.741, 0.711 and 0.625 respectively)

  sp. commonly found attached to sand grains, and re-suspended in the water column with turbulence (Kraberg et al., 2010) (Figure 7 A and B). Similarly, Dipl or Diploneis sp. (Figure 7 B) are used as indicators for sandy

:

  Results of the OMI analysis. A) Bar plot representing the eigenvalue in percentages of the total sum. The black bars are the chosen factorial axis PC1 and PC2, which are named OMI1 and OMI2 for the other graph. B) Representation of the significant species' realized niche positions on the first two factorial axes with the canonical weights of environmental variables (SPM, suspended particulate matter; NH 4 + , ammonium concentration; NO, nitrate + nitrite concentration; PAR, photosynthetic active radiation; PO 4 3-, phosphate concentration; TEMP, temperature; SALI, salinity; Si(OH) 4 , silicate concentration). The two niche positions of the two species of interest, Lepidodinium chlorophorum and Alexandrium minutum are represented by the dark pink label respectively. The main groups of phytoplankton are represented by the different colors (Diatoms in green, Dinoflagellate in red, other groups in blue). C and D are the representation of the realized niche position (white label) and breadth (dark pink polygon) found within the environmental space E (light blue polygon) for Alexandrium minutum and Lepidodinium chlorophorum respectively. The black circles represent the sampling unit and their size proportional to the abundance range. E) and F) are the bar chart representing the marginality and tolerance respectively of the community in decreasing order. • Figure 4: A) Distribution of the two subsets K L and K H (dark green and dark blue polygon respectively) enclosed with the environmental space E (the light blue polygon) defined by the abundance of Alexandrium minutum. B-I) Box plots revealing the detail differences in the two subsets in terms of B) temperature °C), C) PAR (10 3 .W.m 2 ), D) SPM (mg.L -1 ), E) salinity, F) NH 4 + (µmol.L -1 ), G) PO 4 3-(µmol.L -1 ), H) NO (µmol.L -1 ), and I) Si(OH) 4 (µmol.L -1 ) with the horizontal line representing the median. • Figure 5: A) Distribution of the two subsets K L and K H (dark green and dark blue polygon respectively) enclosed with the environmental space E (the light blue polygon) defined by the abundance of Lepidodinium chlorophorum. B-I) Box plots revealing the detail differences in the two subsets in terms of B) temperature (°C), C) PAR (10 3 .W.m 2 ), D) SPM (mg.L -1 ), E) salinity, F) NH 4 + (µmol.L -1 ), G) PO 4 3-(µmol.L -1 ), H) NO (µmol.L -1 ), and I) Si(OH) 4 (µmol.L -1 ) with the horizontal line representing the median. • Figure 6: Results of the WitOMI calculation. Representation of the two harmful algae species', Alexandrium minutum (A and C) and Lepidodinium chlorophorum (B and D), realized subniche position under the two sub-environmental conditions low ,K L (A and B) and high,K H (C and D) abundance conditions. The light blue polygon represents the environmental space E within which the realized niche N R , is enclosed (dark pink polygon). The subsets K L and K H are illustrated by the dark yellow and dark blue polygon. The bright yellow contour represents S P the potential subniche, the intersection between K and N R for all four figures. The white dots are the position of the realized subniche, S R . The light green and red polygon are the representation of the subniche S L and S H for the two subsets K L and K H respectively. The black stripes are the biological factors B constraining S R . The black circles represent the sampling unit within which the species is found and their size are proportional to the species abundance. • Figure 7:A) and B) Bar plot of the significant Indicator Species Analysis for Alexandrium minutum and Lepidodinium chlorophorum respectively. The length of the bar represents the Indicator Species Value (ISV). The graph represents the significant species subniche (different color contours with position) which best indicate the sub-conditions K L (dark yellow) and K H (dark blue) of the two harmful species Alexandrium minutum on the left and Lepidodinium chlorophorum on the right. C) to E) are the representation of the two harmful algae species', Alexandrium minutum (A and C) and Lepidodinium chlorophorum (B and D), realized subniche position under the two sub-environmental conditions low,K L (A and B) and high,K H (C and D) abundance conditions. The light blue polygon represents the environmental space E. The subsets K L and K H are illustrated by the dark yellow and dark blue polygon. The bright yellow contour represents S P the potential subniche, the intersection between K and N R for all four figures. The white dots are the position of the realized subniche, S R . The light green and red polygons are the representation of the subniche S L and S H for the two subsets K L and K H respectively. The dashed contour polygon and its respective color dot are the realized subniche of the significant indicator species S Rind under their respective subsets. • Figure 8: Annual time series of log(x+1) transformed Alexandrium minutum and its respective assemblage of indicator species monthly abundance under K H subset conditions. • Figure 9: Annual time series of log(x+1) transformed Lepidodinium chlorophorum and its respective assemblage of indicator species monthly abundance under K H subset conditions.
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  1 °C), PAR (4.93 and 4.86 10 3 . W.m -2 ) and NH 4 + (0.74 and 0.67 µmol.L -1 ) between K H and K L (Figure 4A, B and F). The subset K H was different from the subset K L by having a higher median salinity value (34.4 and 33.8 PSU) and a lower median concentration of PO 4 3-(0.24 and 0.35 µmol.L -1 ), NO (4.86 and 7.57 µmol.L -1 ), Si(OH) 4 (4.27 and 5.55 µmol.L -1 ), and SPM

(3.46 and 4.88 mg.L -1 ) (Figure

4E, G, H and I

).

  Despite having similar realized niches, A. minutum and Lepidodinium chlorophorum occurred at high abundance under different environmental conditions. A. minutum high abundance is reached in what appears to be more confined waters (e.g. estuaries). With low nutrient concentration and in particular PO 4 3-, but with higher NH 4 + concentration. L. chlorophorum colored water seemed to occur in more turbid water conditions with high nutrient concentration, with the exception of NH 4 + being lower. The two different