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In coastal areas, global changes are known to affect estuaries and their plume leading to water temperature increase and river discharge variations, which are two of the main drivers controlling phytoplankton dynamics. This paper aims at understanding the past 10 years' variations in term of communities' stability and trajectories along with their relationship with the environment.

Considering the high environmental variability along coastal areas, we focused our study on six contrasted estuarine systems from the eastern English Channel. Using monthly monitoring from 2008

_________________________________________________

Introduction

Phytoplankton, as primary producers, are at the base of the marine trophic network and heterotrophic biomass in coastal ecosystems. Understanding phytoplankton dynamics is crucial for explaining variations encountered at higher levels, and eventually leading to changes on an ecosystemic scale [START_REF] Sumaila | Climate change impacts on the biophysics and economics of world fisheries[END_REF]. However, there is a high diversity within the phytoplankton compartment, with thousands of species within the world's oceans [START_REF] Dutkiewicz | Dimensions of marine phytoplankton diversity[END_REF][START_REF] Sournia | Marine phytoplankton: how many species in the world ocean?[END_REF][START_REF] Tett | Why are there about 5000 species of phytoplankton in the sea?[END_REF]. Physico-chemical environment and biotic pressures (grazers and parasites) are frequently highlighted as major drivers for these communities [START_REF] Litchman | Linking traits to species diversity and community structure in phytoplankton[END_REF].

At the interface between the river's mouth and the sea, estuarine systems are particularly affected by parameters variability and seasonal patterns. River inputs as well as weather events (rainfall, upwelling, heatwaves and turbulences) trigger saline or thermal stratifications of the water column and affect the assemblage of the phytoplankton communities [START_REF] Cloern | Complex seasonal patterns of primary producers at the land-sea interface[END_REF][START_REF] Mallin | Regulation of estuarine primary production by watershed rainfall and river flow[END_REF]. These factors vary through temporal and spatial scales, thus defining the seasonal patterns of phytoplankton structure from one ecosystem to another. Therefore, the primary producers' community assemblage, being dependant of long and short-term physical and chemical factors, is also the reflection of the ecosystem's dynamic.

Chlorophyll a (Chl-a -phytoplankton biomass indicator) in estuarine-coastal ecosystems are mainly due to micro-phytoplankton (cell size > 20µm) [START_REF] Carstensen | Phytoplankton blooms in estuarine and coastal waters: Seasonal patterns and key species[END_REF][START_REF] Wollschläger | Analysis of phytoplankton distribution and community structure in the German Bight with respect to the different size classes[END_REF].

Pattern variations within this compartment, such as the decrease of diatoms and the increase of dinoflagellates, have been recorded over the last 40 years with climate oscillations on a global scale [START_REF] Xiao | Warming and eutrophication combine to restructure diatoms and dinoflagellates[END_REF][START_REF] Wasmund | Long-term trends in phytoplankton composition in the western and central Baltic Sea[END_REF][START_REF] Bode | Recent trends in plankton and upwelling intensity off Galicia (NW Spain)[END_REF][START_REF] Leterme | Decadal basinscale changes in diatoms, dinoflagellates, and phytoplankton color across the North Atlantic[END_REF]. Moreover, changes in species seasonal assemblage with a higher homogeneity or even the increase of harmful algal blooms (HABs), have been documented for the past few decades in the North Sea [START_REF] Nohe | Marked changes in diatom and dinoflagellate biomass, composition and seasonality in the Belgian Part of the North Sea between the 1970s and 2000s[END_REF].

The ongoing climate change is an environmental pressure playing a substantial role in the ecosystem's functioning and could lead to triggering changes within the primary producers.

However, climate change can also induce mismatches between primary producers and consumers when differentially impacted [START_REF] Hallegraeff | Ocean climate change, phytoplankton community responses, and harmful algal blooms: a formidable predictive challenge1[END_REF]. With eutrophication, primary producers may increase in numbers, the degradation that follows of such amounts of organic matter then causes low oxygen levels and water quality deterioration [START_REF] Rabalais | Eutrophication-Driven Deoxygenation in the Coastal Ocean[END_REF][START_REF] Kimor | The impact of eutrophication on phytoplankton composition in coastal marine ecosystems[END_REF]. The combination of both global changes and eutrophication will likely intensify these symptoms [START_REF] Rabalais | Global change and eutrophication of coastal waters[END_REF]. Indeed, with projections of rising temperatures, phytoplankton would be more efficient in nutrient use, causing mismatches with the upper trophic levels, which would alter the ecosystem's functioning [START_REF] De Senerpont Domis | Community stoichiometry in a changing world: combined effects of warming and eutrophication on phytoplankton dynamics[END_REF].

Identifying temporal changes within the phytoplankton community's structure is made possible thanks to the study of time-series, which is also a mean to retrace and identify events like harmful algal blooms occurrences [START_REF] Hernandez-Farinas | 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][START_REF] Wasmund | Long-term trends in phytoplankton composition in the western and central Baltic Sea[END_REF]. Long-term series at Helgoland Roads highlighted both a zooplankton species-specific response to an increasing temperature, as well as a close relation between these populations and phytoplankton cycling [START_REF] Greve | Helgoland Roads meso-and macrozooplankton time-series 1974 to 2004: lessons from 30 years of single spot, high frequency sampling at the only off-shore island of the North Sea[END_REF][START_REF] Radach | Long-term changes of the annual cycles of meteorological, hydrographic, nutrient and phytoplankton time series at Helgoland and at LV ELBE 1 in the German Bight[END_REF]. This relation coupled with light penetration was seen as a major controlling factor of phytoplankton communities [START_REF] Wiltshire | Control of phytoplankton in a shelf sea: Determination of the main drivers based on the Helgoland Roads Time Series[END_REF]. However, after a 30-year long time series study, Wiltshire and collaborators (2008) could not conclude any changes in spring bloom dynamics, or in their timing. This would indicate a persistent resiliency of the phytoplankton community over time. Amongst other analyses, namely on spring blooms and recurrent community structures, a 12-month periodicity was revealed through Chl-a monthly time series from temperate and sub-tropical zones, explaining most of the variance encountered between 1967 and 1979 [START_REF] Winder | The annual cycles of phytoplankton biomass[END_REF]. However, more recent results within the English Channel, including satellite and in situ data, demonstrate a decline in Chl-a concentration over 1998 and 2017 [START_REF] Gohin | Twenty years of satellite and in situ observations of surface chlorophyll-a from the northern Bay of Biscay to the eastern English Channel. Is the water quality improving? Remote Sens[END_REF]. This study's objective is to target contrasted coastal ecosystems in order to cover a range of estuaries, within an epicontinental sea in a temperate area (Figure 1). There are two separate areas along the French coast of the Channel. The western basin is mostly affected by oceanic and megatidal hydrologic features from the Atlantic Ocean [START_REF] Dauvin | Are the eastern and western basins of the English Channel two separate ecosystems?[END_REF][START_REF] Gohin | Twenty years of satellite and in situ observations of surface chlorophyll-a from the northern Bay of Biscay to the eastern English Channel. Is the water quality improving? Remote Sens[END_REF][START_REF] Liénart | Dynamics of particulate organic matter composition in coastal systems: A spatio-temporal study at multi-systems scale[END_REF]. The eastern basin is mainly affected by the Seine Estuary with macrotidal environment and a coastal hydrodynamic system that drifts from the Seine estuary to the Northern parts of the Somme Estuary [START_REF] Brunet | Phytoplankton dynamics during the spring bloom in the south-eastern English Channel[END_REF][START_REF] Brylinski | Le fleuve côtier: un phénomène hydrologique important en Manche Orientale[END_REF]. Such spatial diversity enquires about the relationship between an estuary and its local micro-phytoplankton community composition over time. Therefore, the aim of this study is look at the decadal stability and reconstruct seasonal trajectories of phytoplankton communities in contrasted coastal areas. Moreover, it should highlights how the known different ecosystem's dynamics affect the community composition. Indeed, we could expect a binary differentiation between systems dominated by high fluvial influence and more marine systems with a tidal influence.

_________________________________________________

Material & Methods

Study area

The study was conducted in the Eastern Channel, on France's coast, at the western Europe. Three coastal points located within the Bay of Seine (ANT -CAB -GEF), one point northward (ATSO), and two points in the Normanno-Breton Gulf (DONV -STCA) were selected (Figure 1). The sites could be dissociated into two categories; ANT, CAB, GEF and ATSO that have high estuarine influence, mainly from the Seine river; whereas DONV and STCA are under marine influence. In addition, ANT is located southward of an artificial seawall, and within a restricted area where fuel cargo are unloaded. Finally, GEF is located in the small Bay of Veys, known for hosting several oyster farms. 

Datasets compilations

Most of the data collected are from the French Research Institute for Marine Exploitation's (IFREMER) REPHY (Monitoring network for phytoplankton and phycotoxins), RHLN (Hydrologic Network for the Normandy Littoral) and SRN (Regional Nutrient Monitoring) programs. The flora dataset gathers information on phytoplankton abundance and diversity on the sub-surface level at a bi-monthly or monthly resolution for the time period of 2008 to 2019 [START_REF] Neaud-Masson | Observation et dénombrement du phytoplancton marin par microscopie optique photonique-Spécifications techniques et méthodologiques appliquées au REPHY[END_REF]. The abiotic dataset either is from field sampling, or has been extracted from local weather networks (Météo France, Hydrological bank) on a daily resolution.

Phytoplankton datasets

The flora dataset was initially composed of 131 taxa (60% diatoms, 29% dinoflagellates) most of which were identified to the species or genus level or regrouped as sets of species or genus (85% of the taxa). In order to ensure robust analyses, taxa that represented more than 99% of the total abundance over the studied period and areas were selected. Moreover, only the abundances above 100 cells.L -1 were considered since this concentration is the detection limit with microscopy observations [START_REF] Neaud-Masson | Observation et dénombrement du phytoplancton marin par microscopie optique photonique-Spécifications techniques et méthodologiques appliquées au REPHY[END_REF]. Special attention was put towards the naming convention so as to ensure temporal coherence. The final list for the 110 considered species is given in the supplementary data (Table S3).

Environmental variables

Abiotic parameters were obtained through the monitoring programs' quality protocols [START_REF] Neaud-Masson | Observation et dénombrement du phytoplancton marin par microscopie optique photonique-Spécifications techniques et méthodologiques appliquées au REPHY[END_REF]. Hydroclimatic parameters were taken from the Météo France database from the closest meteorological station and the Hydrologic Bank (Table 1). Wind direction was transformed into a percentage of similarity from the local major wind (270°) (Table 1). package [START_REF] Wickham | H. Wickham. ggplot2: Elegant Graphics for Data Analysis[END_REF] for the majority of the graphical outputs. Datasets and scripts are available on a GitHub repository (https://github.com/AngieLef/PhytoComm_Channel21). All phytoplankton cell counts were transformed to a logarithm base-10, with two decimals. Seasons are defined as three successive months with winter being the combination of the 12 th month of year Y and the 1 st and 2 nd months of year Y+1.

Environmental exploration:

For each station, parameter and year, every seasonal mean value was compared to the overall mean (µs) of the same season (s) over the 2008-2019 period, and the difference plotted (µs -s). Due to important flow differences between rivers, the percentage to the mean (µs / s × 100) of the difference per station was plotted for this abiotic parameter only.

Phytoplankton stability approach:

To investigate the stability over time of the communities found at each site, the Bray Curtis dissimilarity index [START_REF] Bray | An ordination of the upland forest communities of southern Wisconsin[END_REF] was calculated for every pair of samples (not only consecutive) using the "vegan" package [START_REF] Oksanen | vegan: Community Ecology Package. R package version 2[END_REF]. The sampling protocol being bimonthly, all time intervals were rounded to be proportionate to 15 days, so as to allow the calculation of the average, Q1 and Q3 similarity between samples of same time intervals.

Seasonal temporal trajectories of phytoplankton:

Trajectory analysis is an ordination that aims to compare the behaviour of each community (trajectories) according to two main criteria; the resistance and resilience of communities, and the convergence or divergence for each year. For this, a recent Community Trajectory Analysis (CTA) was applied using the dissimilarity matrix described above [START_REF] De Cáceres | Trajectory analysis in community ecology[END_REF]. It display, through annual arrows, the temporal evolution of the community assemblage over the study period. The function is part of the "vegclust" package [START_REF] De Caceres | The management of vegetation classifications with fuzzy clustering[END_REF] and the analysis was made independently for each season (ie: all years included).

Phytoplankton-environment relationship:

Community and environment variables both varies in time and thus, there is a great interest to capture how their variations are related. COSTATIS (Co-inertia and organization of three way tables in statistics) is a method for the study of the relationship and structure of three way tables (referred as k-tables), that is to say the combination of community compositions, environment variations and time, altogether [START_REF] Slimani | The use of STATICO and COSTATIS, two exploratory three-ways analysis methods: an application to the ecology of aquatic heteroptera in the Medjerda watershed (Tunisia)[END_REF][START_REF] Thioulouse | Simultaneous analysis of a sequence of paired ecological tables: A comparison of several methods[END_REF]. Detailed in [START_REF] Thioulouse | Simultaneous analysis of a sequence of paired ecological tables: A comparison of several methods[END_REF], it is the CO-Inertia Analysis (COIA) of 2 submatrices called 'compromises', obtained by 2 separates Partial Triadic Analysis (PTA) on each of the community and environment matrices. It was preferred to the similar STATICO analysis because of the relationship between environment and species that is strong and of main interest, and the chronological structure is not of primary importance in this case as it has been covered by the trajectory analysis described before (as advised in [START_REF] Thioulouse | Simultaneous analysis of a sequence of paired ecological tables: A comparison of several methods[END_REF]. Linking environmental and community datasets can draw out the structuration of each stations' community, depending on the main abiotic influences. For this analysis, both data tables needed to be scaled to the same temporal index, namely for the sites and years without any gaps. This is why only the seasonal scale was considered. However, STCA station was missing a value for the N/P variable during Winter of 2019; therefore, the mean value of all past winters' N/P ratio was used to complete the dataset.

_________________________________________________

Results

Environmental historical context

To better understand the temporal variations in phytoplankton community composition, it is important to know about past environmental events that occurred over the studied period (Figure 2). The Bray Curtis index indicates a mean similarity of 0.35 for ANT, CAB, DONV and GEF, while the index is around 0.45 for ATSO and STCA (Figure 3). This shows a stability between samples separated by nearly 11 years for most sites, and only ANT and GEF display a change of stability around the six years mark. Indeed, the similarity index decrease between samples separated by a day and those separated by 11 years is around 0.1 for ANT and GEF, and is below 0.05 for the other stations. The amplitude in similarity is stable and below 0.20 for STCA and CAB. This occurrence is more pronounced for the third quantile (upper dot line) than on the first. Additionally, GEF displays the smallest amplitude.

One can notice that the oscillations present peaks of higher similarities for samples separated by a lapse period proportionate to 12 months. Whereas, the lowest similarities, indicated by a rounded end, occur between samples separated by a period proportionate to 6 months (but not to 12 months).

Kendall's index indicates a significant downward trend on the mean similarity for five over six stations (STCA is stable). Even though the trends of the mean level (µ) are not straight lines, the estimated slopes are very low for all sites, between -5e10 -4 and 8e10 -8 per two weeks. (third and first quantile). N is the average number of samples considered for the calculation of each similarity point (black dots).

Community seasonal trajectories contrasts

Community Trajectory Analysis (CTA) display the annual variation undertaken by communities in term of species assemblage. Like in common ordination plots, the first two axes explain most of the variance; from 20 % (spring and winter facets) to 27% (summer facet), which is correct considering it describes 12 years trajectories of 6 phytoplankton communities (Figure 4). The seasonal display of the community trajectories undertaken by each site's community indicates that summer is hosting the most site-specific communities. ANT and CAB, have overlapping trajectories due to their closeness with the Seine river's mouth. Summer is known as the season during which major blooms occur and when diversity is at its highest (Table S4). It is also the season during which the communities at each station show the least temporal variations but the most geographical distinctions.

Three types of patterns can be distinguished. ( 1 2). DONV has a different temporal behaviour as it displays the longest trajectories like the Bay of Seine sites but also displays a path closer to STCA's communities' (Table 2, Table S5).

Two groups of sites can be identified. The first, composed of ANT and CAB, displays very close trajectories that sometimes overlaps. The second group, with GEF, DONV and STCA show similar scores on axis 1 for spring and summer and axis 2 for autumn and winter (Table 2). Finally, on the axis scores, ATSO is closer to ANT and CAB sites compared to the three others.

Additionally, CTA scores indicate changes in trajectories' directions between 2013 and 2014 on the first axis (for winter and autumn) and second axis (for spring and summer but also autumn for GEF), mainly within the Bay of Seine. 

Estuarine influence on phytoplankton community structure

To better understand the community behaviour, we need to investigate the environment associated to each area, this is the purpose of the co-inertia analysis COSTATIS (Figure 5). It gives two results; one displays the station's affinities to environmental parameters and the other indicates the most representative taxa found at the stations. The vectorial correlation coefficient (RV) between the environment and community k-tables is 0.82, which indicates a strong correlation displayed through this analysis.

On first hand, the axes display two major meanings; close to the x-axis there is a marine-freshwater gradient running from flow to salinity arrows and close to the y-axis there is another gradient from oxygen and turbidity to water temperature arrows (Figure 5.a). There are four communities influenced by different parameters. ( 1) ANT and CAB, both affected by high value of N/P ratios, river flows and wind speed (with East-North-East wind direction). ( 2) ATSO that is greatly influenced by oxygen, low temperatures and turbidity. (3) DONV and STCA are mainly under the influence of oceanic waters and weather changes (daylight durations). (4) GEF is not driven by of any abiotic parameter more than another but display a pattern closer to ANT and CAB.

On the other hand, looking at the species influences on the community structure, the four communities listed above are still distinct. At first look, the affinity of some species for certain area is noticeable. Thus, many diatoms are driven by ATSO's conditions, and most dinoflagellates by primarily ANT's and CAB's conditions and secondarily ATSO's.

Concerning the species distribution within these contrasted areas, there are a large diversity of taxa 

_________________________________________________

Discussion

The overall analysis indicates an overall stability of the communities for the time-period of 2008 to 2019. Nevertheless, historical analysis of environmental parameters highlight consequent variations between years for the temperature (increase) and nutrients (higher N/P ratio), with a notable shift in 2013. Local variations also occur at each station, due to the different environmental influences from their respective geographical areas. However, spatial clusters are noticeable within the selected contrasted estuarine systems depending on local drivers.

Temporal variability over a decade of monitoring

The question of phytoplankton community's stability over time in an unsteady environment is complicated due to seasonal patterns and cycling behaviour, especially in coastal environments being interfaces between tides and fresh water inputs. The similarity analysis applied to all samples, while taking into consideration their different sampling intervals, shows only a slight downward trend. Teubner and collaborators (2003) found comparable similarity values (average of 35%) between pair of months' samples in stable ecosystem such as alpine lakes, using species biovolumes. Moreover, a temporal study on a Hydroelectric Reservoir in Brazil has shown a decrease from 40% to 25% similarities between samples having 0 and 4 years apart, respectively [START_REF] Radach | Long-term changes of the annual cycles of meteorological, hydrographic, nutrient and phytoplankton time series at Helgoland and at LV ELBE 1 in the German Bight[END_REF]. Within the western Channel in the 70s, Maddock and collaborators (1981) could not find any trends in their 11 years-long study period, even though inter-annual fluctuations were noticeable. The present study shows Eastern-Channel coastal communities are displaying between 35% and 45% mean similarity from 2008 to 2019. Even with a year-by-year difference, the highest decrease in similarity goes from 40% to 30% between samples set 10 years apart. This suggests a decadal stability on the overall marine phytoplankton community over the studied period in the Eastern-Channel (Figure 3).

This also indicates limitations for community variations and highlights the fact that there are no substantial restructurings of the entire community over the studied period. Be that as it may, environmental variables along the western Channel have shown a sudden increase in water temperature and N/P ratio by the year 2013 (Figure 2). Despite having a decade of stability, there is a clear sinusoidal pattern with a 20% amplitude between highest and lowest similarities (Figure 3). This reflects a major 12 months similarity cycle that was also found by [START_REF] Winder | The annual cycles of phytoplankton biomass[END_REF] in 48% of 125 studied time series. However, only the communities within the Bay of Seine (namely ANT, CAB and GEF) show the most variations and decrease of similarities. The associated stations are under the influence of the main river that is the Seine. Moreover, even if GEF is further away and protected from the west winds in the Bay of Veys, models also indicate a westward water circulation from Seine water input that affects its water [START_REF] Cugier | Development of a 3D Hydrodynamic Model for Coastal Ecosystem Modelling. Application to the Plume of the Seine River (France)[END_REF].

Besides the overall stability over the decadal period, seasonal trajectories further highlight variabilities within phytoplankton assemblage's changes over time (Figure 4). Autumn and winter seasons indicate, for all sites, a temporal shift in the trajectories around the years 2013-2014 (Table S5). The environment anomalies analysis indicates a corresponding change in abiotic parameters during autumn of 2013; sudden drops of N/P ratio and oxygen value that were higher than usual during spring and summer 2013, higher rainfalls from autumn 2013 to summer 2014, stronger flows and water temperature values and mainly ; a strong west wind influence. These parameters changes are the consequence of positive North Atlantic Oscillation (NAO+) occurrences which also caused a very high mortality rate within Oyster farms in 2014 [START_REF] Thomas | Oysters as sentinels of climate variability and climate change in coastal ecosystems[END_REF]. During spring and summer, another shift in the community composition is apparent around 2015 on the second axis of the CTA. No changes within the environmental parameters could be linked to this change. In their article covering 20 years of data for 12 sampling sites from the Bay of Somme, up to the border with Belgium, Hernández Fariñas and collaborators (2013) could define 2 distinct periods (1992-2001 and 2002-2007) with different community structures respectively separated by 9 and 5 years. Therefore, a community change around 2015 is not out of the ordinary but is discrete and mostly involves the blooming seasons (spring and summer) when species diversity is higher. Nonetheless, plankton shifts or changes in patterns should not be taken as a global change in forcing parameters; they could be due to a multitude of internal dynamics, like grazing and filtration by upper levels, as it was not taken into consideration during the analysis [START_REF] Mazzocchi | Stability and resilience in coastal copepod assemblages: the case of the Mediterranean long-term ecological research at Station MC (LTER-MC)[END_REF].

All sites' communities display a very strong seasonal pattern common to plankton communities (Figure 4). Such stability and resilience among plankton communities was noticed in Italy through similar analysis applied to copepods assemblages over a two decades time period [START_REF] Mazzocchi | Stability and resilience in coastal copepod assemblages: the case of the Mediterranean long-term ecological research at Station MC (LTER-MC)[END_REF]. In their study, the constant presence of abundant species and clear seasonal succession enabled this constancy. The zoo-and phytoplankton compartments are strongly linked to one another, which makes seasonal patterns very similar and successive [START_REF] Greve | Helgoland Roads meso-and macrozooplankton time-series 1974 to 2004: lessons from 30 years of single spot, high frequency sampling at the only off-shore island of the North Sea[END_REF]Wiltshire et al., 2015). The phytoplankton community structure observed is likewise marked by species encountered in high numbers on an annual scale, like Chaetoceros spp. and Paralia sulcata, and by the clear seasonal succession between species (Table S4). Amongst these species, Skeletonema spp.,

Pseudo-nitzschia spp., Dactiliosolen fragilissimus, Leptocylindrus spp., Asterionellopsis glacialis, Phaeocytis spp. and Lepidodinium chlorophorum present clear seasonal affinities, mainly for spring and summer. These blooming species were found to respond to temperature gradients in other studies [START_REF] Carstensen | Phytoplankton blooms in estuarine and coastal waters: Seasonal patterns and key species[END_REF]. Summer is the most diverse season in terms of number of species observed per samples and bloom occurrences [START_REF] Cloern | Complex seasonal patterns of primary producers at the land-sea interface[END_REF][START_REF] Wiltshire | Resilience of North Sea phytoplankton spring bloom dynamics: An analysis of long-term data at Helgoland Roads[END_REF]. This season is however structured by the same specific blooming species that highly dominate successively the water composition. They show a fast response when seasonal changes occur in their local environment. This specific structuration, through the dominance of a handful of species, answers why phytoplankton is mostly site specific due to local bloom drivers and species. The low variations run over by few species' dominance also explains why the community's composition is The communities of the Seine estuary (ANT and CAB) display overlapping trajectories for each of the four seasons (Figure 4) which can be explained by common environmental pressures due to the coastal drift of the Seine River [START_REF] Brylinski | Le fleuve côtier: un phénomène hydrologique important en Manche Orientale[END_REF]. The ANT station most likely catches this Northward current of the Seine, while a wind change disturbance (East wind) seems to affect local phytoplankton communities' structure for both stations (Figure 5). Besides their proximity, higher inter-annual variabilities within phytoplankton species assemblage were observed at the mouth of the Seine (ANT & CAB) compared to the northern station (ATSO).

For every season, at the Somme river mouth, ATSO clearly indicates a different phytoplankton community in both trajectory patterns and compositions (Figure 4). This site is located 120km North of ANT and is also partly affected by the Seine's coastal drift [START_REF] Brylinski | Hydrography and phytoplankton biomass in the eastern English Channel in spring 1992[END_REF]. Looking at the CTA scores, the phytoplankton's response tends to be closer to the ones of the Seine estuary (ANT and CAB) (Figure 4, Figure 5). A first observation indicates that these communities are both under a largely estuarine influence (nutrient ratios, dissolved oxygen) and less under local weather dynamics [START_REF] Morelle | Annual Phytoplankton Primary Production Estimation in a Temperate Estuary by Coupling PAM and Carbon Incorporation Methods[END_REF]. However, ATSO is closer to the North Sea's influence. It is also known for having large and frequent Phaeocystis spp. blooms in spring and summer [START_REF] Brunet | Phytoplankton dynamics during the spring bloom in the south-eastern English Channel[END_REF][START_REF] Dauvin | Does the Phaeocystis bloom affect the diel migration of the suprabenthos community?[END_REF][START_REF] Lamy | Coastal bacterial viability and production in the eastern English Channel: a case study during a Phaeocystis globosa bloom[END_REF] (Table S4, this species is mainly recorded at this station). In that sense, beside the affinity to rivers-related parameters observed at the Seine and Somme stations (ANT, CAB and ATSO), the COSTATIS displays a different pattern between both estuarine systems (Figure 5). The Seine basin and Somme basin are very different. The catchment basin is also ten times wider and the population density (200 inhab/km²) is the double, mainly concentrated downstream, for the Seine basin compared to the Somme's [START_REF] Thieu | Nutrient transfer in three contrasting NW European watersheds: the Seine, Somme, and Scheldt Rivers. A comparative application of the Seneque/Riverstrahler model[END_REF]. In their complete comparison study, Thieu (2009) highlights a higher N/P ratio due to lower phosphate in the Somme's estuary, along with higher dissolved oxygen and turbidity values, leading to low chl-a content. Moreover, the highly turbid water and high oxygenation of the Somme estuary suggest a well-mixed water column as well which is coherent with the species' life form observed at ATSO. Diatoms with benthic affinities such as the epipelic Pleurosigma spp., Gyrosigma spp., Nitzschia longissima, the set of genus around Navicula spp., and the tychoplanktonic Rhaphoneis spp., Delphineis spp., and Cylindrotheca closterium are observed on this site (Figure 5) [START_REF] Hernández Fariñas | Contribution of benthic microalgae to the temporal variation in phytoplankton assemblages in a macrotidal system[END_REF].

Considered as more marine influenced, the communities situated west of the Cotentin peninsula (DONV and STCA) are characterised by a lower diversity but a stable similarity over the studied period. The communities are grouped together in the co-inertia analysis, when taking into consideration their composition and affinities to environmental parameters (Figure 5). They are dependant of local, short-termed variations (rainfalls, daily light availability). Studies indicate that short-term events can mainly affect phytoplankton's structure, as observed in the Bedford Basin in Nova Scotia with the passage of storms and during up-welling periods [START_REF] Côté | Day-to-day variations in the spring-summer photosynthetic parameters of coastal marine phytoplankton[END_REF].

Nevertheless, it is unlikely that these punctual events are responsible of significant long-term changes in community composition [START_REF] Gohin | The exceptional surface turbidity of the North-West European shelf seas during the stormy 2013-2014 winter: Consequences for the initiation of the phytoplankton blooms?[END_REF][START_REF] Henson | Detection of climate change-driven trends in phytoplankton phenology[END_REF], but it does explain the resiliency and why there is a decadal stability in this area (Figure 3). The main difference between these two areas is the length of the seasonal trajectories, with the most notable difference for the autumnal and winter periods. This is due to the fact that one of the sites (STCA) is protected from the influence of the major west winds by its closeness to the western coast, unlike the other.

Lastly, the Bay of Veys is a very active shellfish farming area (GEF) [START_REF] Costil | Spatio-temporal variations in biological performances and summer mortality of the Pacific oyster Crassostrea gigas in Normandy (France)[END_REF][START_REF] Timsit | Évolution du macrozoobenthos intertidal de la baie des Veys de 1985 à 2000[END_REF]. It is a sheltered area from the winds, characterised by a high inter-annual variability and an unstable community composition compared to the stations mentioned above, and displays the smallest sinusoidal amplitude (Figure 3). As previous studies have shown, filter feeders have a "top down" and "bottom-up" influence on primary producers (less Chl-a), through grazing and biodeposition (ammonium), they induce changes in turbidity and nutrient ratios and mitigate specific blooms [START_REF] Grant | Ecosystem Models of Bivalve Aquaculture: Implications for Supporting Goods and Services[END_REF][START_REF] Gallardi | Effects of Bivalve Aquaculture on the Environment and Their Possible Mitigation: A Review[END_REF][START_REF] Cugier | Assessing the role of benthic filter feeders on phytoplankton production in a shellfish farming site: Mont Saint Michel Bay, France[END_REF]. For the Bay of Veys, similar conclusions were drawn from models on bivalves and phytoplankton interactions [START_REF] Grangeré | Modelling the spatial heterogeneity of ecological processes in an intertidal estuarine bay: dynamic interactions between bivalves and phytoplankton[END_REF]. To conclude, being an intermediate point, the chosen abiotic variables are not the ones structuring the phytoplankton community in the Bay of Veys (Figure 5). However, this study does not include indicators from the shellfish farms, their impact on the local community is thus only an hypothesis.

_________________________________________________

Conclusion

This study has highlighted an overall 12 years stability within the micro-phytoplankton communities thriving in epicontinental Sea (Bay of Seine, Bay of Somme and Northern Brittany). In accordance with Cloern's and Jassby's (2010) hypothesis, with the slight environmental and community changes in 2013 and with a higher inter-annual variability for a shellfish farming area, our results show that seasonal patterns of community changes were linked to environmental cycling and year-to-year variability was a slow process to be correlated with anthropic or climate shift. Moreover, being in a macro and mega tidal environment, seasonal patterns within each sites are both strong and regular.

As shown through this study, no long-term changes were evident despite environmental variations.

Taking a closer look at the functional groups within the phytoplankton could highlight some community variation, as suggested by Zingone and collaborators (2010). Moreover, a comparative analysis with English estuarine systems along the Channel could give a more detailed and complete mapping of the English Channel's influence on phytoplankton communities [START_REF] Iriarte | Factors controlling the timing of major spring bloom events in an UK south coast estuary[END_REF][START_REF] Pirani | Modelling macronutrient dynamics in the Hampshire Avon river: A Bayesian approach to estimate seasonal variability and total flux[END_REF].

_________________________________________________

Figure 1 :

 1 Figure 1 : Study area: The Eastern English Channel. (R package : rnaturalearthhires[START_REF] South | rnaturalearthhires: High Resolution World Vector Map Data from Natural Earth used in rnaturalearth[END_REF] 

  N/P = ([NH4+] + [NO3 -] + [NO2 -]) / [H3PO4] Rainfall (mm) Amount of rainfall gathered between 06H00 UTC Day D and 06H00 UTC Day D+1 (1 mm = 1 L.m -²) Wind Speed (m.s -1 ) Average of the maximum speeds recorded over 10 min Wind direction (% of a West wind) Similarity of the wind direction (realWD) with a West wind (270°) NewWD = abs(100 -abs(realWD -270) / 180 *100) Daylight duration (min) Duration of light (intensity over 120 W.m -2 , enough to create distinct shades) over a period of 24h (from 00H00 UTC)Data analyses were managed through R, version 3.5.1 (R Core Team, 2018), with the use of "ggplot2"

  Even when considering all sampled sites, two parameters indicated strong changes during the period of 2008-2019. The years 2012 and 2013 displayed colder water temperatures, with successive negative anomalies values. The N/P ratio was at its highest in 2013, followed by lower values for the next two consecutive years, 2014 and 2015. Afterwards, a shift for both the water temperature and the N/P ratio occurred. Indeed, since 2014, the temperature variable indicated successive positives anomalies (except summers of 2015 and 2016). However, the occurrences of positive anomalies concerning the N/P ratio are higher after 2013 compared to the 2008-2013 time period, due to lower phosphate concentrations. This ratio is influenced by the ANT and CAB stations, and follows the flow input pulses from the Seine river. During 2018, and at the beginning of 2019, the conditions were exceptional with a longer light duration, low rainfall and less windy conditions. One can also notice that the GEF station was less affected by a westward wind and ATSO was the most affected by turbidity. The sampled sites' distributions allows different degrees of salinity influence, which is an important characteristic of each estuary's hydrodynamic situation.

Figure 2 :

 2 Figure 2: Seasonal anomalies of environmental variables over the period of 2008-2019 (black line: median value between all stations; grey ribbon: Q1 and Q3 limits).

  temporal stability along the French Channel coastline

Figure 3 :

 3 Figure 3 : Bray-Curtis similarity between samples sharing a same time lapse between sampling dates, per station. The slope is according to Sen's test and the associated p-value is part of Kendall's trend test (McLeod, 2011), (*) indicate significant downward trend of the blue line (mean similarity). The amplitude is estimated through the difference between Q3 and Q1

  ) Bay of Seine sites follow similar global direction, taking similar paths and displaying the longest trajectories. (2) STCA displays a tight node of shorter trajectories every season as if all the years trigger very similar phytoplankton assemblages. (3) ATSO, always isolated from other trajectories, only differs in length from STCA during autumnal trajectory, which varies from one year to another (Table

Figure 4 :

 4 Figure 4 : Seasonal Communities' Trajectories Analysis (CTA) followed by micro-phytoplankton communities at 6 stations. The arrows present the annual assemblage variation, from 2008 to 2019.

Figure 5 :

 5 Figure 5 : 'Intrastructure' of the Costatis representing the community structure for each site superimposed with environment parameters (a) and phytoplankton taxa; diatoms (b) or other classes (c). Axis 1 and 2 represent respectively 63% and 29% of the variance, RV = 0.82 (correlation between the two k-tables). The grey points and lines represent the variability for each

  stable from one year to another during this season specifically, in spite of the high species' diversity recorded.4.2 Phytoplankton community responses to different estuarine pressuresEven though the micro-phytoplankton communities at the scale of this epicontinental sea are globally stable over time, they are affected by estuarine conditions, an effect from local environmental parameters on phytoplankton is expected. Beside the influence of the estuaries' size, this study pointed out four communities distinguished by their responses to the environment. The first is deeply impacted or dependant on river inputs and local winds (ANT & CAB). The second is challenged by water turbidity and high dissolved oxygen concentrations (ATSO). The third is mostly affected by oceanic and weather-like influences such as daily light duration and salinity (STCA and DONV). Finally, this study shows a fourth intermediate community structuration around a shellfish farming area (GEF).

Table 1 :

 1 Summary of the abiotic variables (with their unit) used for the numerical analyses and their measuring or

	calculation methods	
	Parameter	Method
	Temperature (°C)	In situ temperature sensor
	Salinity (PSU)	In situ conductivity sensor
	Dissolved oxygen (mg.L -1 )	In situ oxygen sensor
	Turbidity (NTU)	Optical turbidimeter
		Spectrophotometry flows for the ammonium, nitrate, nitrite and
	N/P ratio	phosphate nutrient (Aminot A. Kérouel R. 2007).

Table 2 :

 2 

		Spring	Summer	Autumn	Winter	Total
	DONV	1,728	1,180	2,303	3,283	8,493
	ANT	1,830	1,169	2,262	2,690	7,952
	GEF	1,165	1,790	1,475	2,282	6,713
	CAB	1,659	0,870	1,592	1,985	6,106
	ATSO	1,035	0,935	1,572	2,164	5,706
	STCA	1,531	0,925	1,040	2,128	5,625

Trajectories' length calculated from the CTA (Figure 4) giving the community temporal evolution between 2008 and 2019, per season and station.
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