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Introduction

Over the past decades, reports of Ostreopsis cf. ovata blooms have increased worldwide, both in terms of their geographical distribution and of their intensity and frequency [START_REF] Accoroni | Distribution and potential toxicity of benthic harmful dinoflagellates in waters of Florida Bay and the Florida Keys[END_REF][START_REF] Accoroni | Ecology of Ostreopsis cf. ovata Blooms in the Northwestern Adriatic Sea[END_REF][START_REF] Cohu | Occurrence of the toxic dinoflagellate Ostreopsis cf. ovata in relation with environmental factors in Monaco (NW Mediterranean)[END_REF]Nascimento et al., 2012aNascimento et al., , 2012b[START_REF] Nascimento | Ostreopsis cf. ovata (dinophyceae) molecular phylogeny, morphology, and detection of ovatoxins in strains and field samples from Brazil[END_REF][START_REF] Pfannkuchen | Toxin-producing Ostreopsis cf. ovata are likely to bloom undetected along coastal areas[END_REF][START_REF] Tibiriçá | Ostreopsis cf. ovata bloom in currais, brazil: phylogeny, toxin profile and contamination of mussels and marine plastic litter[END_REF]. Blooms of O. cf. ovata have become more regular in temperate areas and notably in the Mediterranean Sea where they were associated with numerous human intoxications caused by toxins produced by O. cf. ovata [START_REF] Brescianini | Ostreopsis ovata algal blooms affecting human health in Genova, Italy, 2005 and 2006[END_REF][START_REF] Del Favero | Sanitary problems related to the presence of Ostreopsis spp. in the Mediterranean Sea: a multidisciplinary scientific approach[END_REF][START_REF] Durando | Ostreopsis ovata and human health: epidemiological and clinical features of respiratory syndrome outbreaks from a two-year syndromic surveillance, 2005-06, in north-west Italy[END_REF][START_REF] Gallitelli | Respiratory illness as a reaction to tropical algal blooms occurring in a temperate climate[END_REF][START_REF] Illoul | The genus Ostreopsis along the Algerian coastal waters (SW Mediterranean Sea) associated with a human respiratory intoxication episode[END_REF][START_REF] Kermarec | Les risques sanitaires liés à la présence d'Ostreopsis ovata dans les eaux de baignade ou d'activités nautiques[END_REF][START_REF] Pavaux | Chemical Ecology of the Benthic Dinoflagellate Genus Ostreopsis: Review of Progress and Future Directions[END_REF][START_REF] Sansoni | Fioriture algali di Ostreopsis ovata (Gonyaulacales: Dinophyceae): un problema emergente[END_REF][START_REF] Tichadou | Health impact of unicellular algae of the Ostreopsis genus blooms in the Mediterranean Sea: experience of the French Mediterranean coast surveillance network from 2006 to 2009[END_REF][START_REF] Vila | Establishing the link between Ostreopsis cf. ovata blooms and human health impacts using ecology and epidemiology[END_REF].

Ostreopsis cf. ovata is predominantly described as a benthic dinoflagellate, growing as an epiphyte on macroalgae (or on abiotic substrates as rocks or pebbles), thanks to the production of a complex mucilaginous matrix that facilitates the adherence of cells to the substrates [START_REF] Escalera | Ultrastructural Features of the Benthic Dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF][START_REF] Honsell | New Insights on Cytological and Metabolic Features of Ostreopsis cf. ovata Fukuyo (Dinophyceae): A Multidisciplinary Approach[END_REF]. Some papers have previously reported the presence of free O. cf. ovata in the water column [START_REF] Mangialajo | Trends in Ostreopsis proliferation along the Northern Mediterranean coasts[END_REF][START_REF] Pavaux | Chemical Ecology of the Benthic Dinoflagellate Genus Ostreopsis: Review of Progress and Future Directions[END_REF][START_REF] Vila | Potentially toxic epiphytic dinoflagellate assemblages on macroalgae in the NW Mediterranean[END_REF] or in aggregates at the water surface [START_REF] Jauzein | Optimization of sampling, cell collection and counting for the monitoring of benthic harmful algal blooms: application to Ostreopsis spp. blooms in the Mediterranean Sea[END_REF][START_REF] Vila | Potentially toxic epiphytic dinoflagellate assemblages on macroalgae in the NW Mediterranean[END_REF].. The presence of O. cf. ovata at multiple locations in the water column, suggests a potential interaction between the benthic, planktonic and surface microalgal populations, which could strongly affect the monitoring of O. cf. ovata. In fact, its monitoring could be based on one kind of samples (planktonic or benthic) or on both [START_REF] Cohu | Occurrence of the toxic dinoflagellate Ostreopsis cf. ovata in relation with environmental factors in Monaco (NW Mediterranean)[END_REF]. Note that the monitoring O. cf. ovata is already highly challenging because of the absence of a harmonized sampling method and the patchy distribution of this dinoflagellate.. Mechanisms underlying exchange between benthic and planktonic populations of O. cf. ovata remain poorly documented, even if hydrodynamism (potentially associated to wind) has been described as a factor favouring resuspension of benthic cells in the water column or at the sea surface [START_REF] Mangialajo | Trends in Ostreopsis proliferation along the Northern Mediterranean coasts[END_REF][START_REF] Vila | Establishing the link between Ostreopsis cf. ovata blooms and human health impacts using ecology and epidemiology[END_REF]. Moreover, an endogenous migration leading to such a vertical distribution has never been studied for O. cf. ovata, although active migration has already been described for other dinoflagellates such as Alexandrium tamarense or Prorocentrum redfieldi [START_REF] Eppley | Some observations on the vertical migration ofdinoflagellates[END_REF][START_REF] Hasle | Phototactic Vertical Migration in Marine Dinoflagellates[END_REF][START_REF] Ralston | Asynchronous vertical migration and bimodal distribution of motile phytoplankton[END_REF][START_REF] Staker | Diurnal Vertical Migration in Marine Phytoplankton[END_REF]. Indeed, active vertical migration is an important adaptation of many dinoflagellates to (i) retrieve subsurface nutrients [START_REF] Cullen | Diel vertical migration by dinoflagellates: roles of carbohydrate metabolism and behavioral flexibility[END_REF][START_REF] Fauchot | Daytime and nighttime vertical migrations of Alexandrium tamarense in the St. Lawrence estuary (Canada)[END_REF], (ii) to avoid excess irradiance [START_REF] Ault | Vertical migration by the marine dinoflagellate Prorocentrum triestinum maximises photosynthetic yield[END_REF][START_REF] Happey-Wood | Vertical migration patterns in phytoplankton of mixed species composition[END_REF], and (iii) to avoid turbulence near the surface [START_REF] Smayda | Harmful algal blooms: Their ecophysiology and general relevance to phytoplankton blooms in the sea[END_REF][START_REF] Sullivan | Small-scale turbulence affects the division rate and morphology of two red-tide dinoflagellates[END_REF] conferring potential ecological advantages to this group, over other organisms lacking swimming capacity [START_REF] Ralston | Asynchronous vertical migration and bimodal distribution of motile phytoplankton[END_REF]. For many dinoflagellates, vertical migration depends on complex mechanisms to access appropriate light and nutrient levels in the water column. According to [START_REF] Ralston | Asynchronous vertical migration and bimodal distribution of motile phytoplankton[END_REF], generalization of factors explaining vertical migrations remains difficult because of intraspecific variability leading to different migration strategies or even no migration at all. [START_REF] Olsson | Observations on diurnal vertical migration and phased cell division for three coexisting marine dinoflagellates[END_REF] have also suggested a link between cell division and vertical migration since phased cell division could occur at depths where and when grazing pressure by (also) swimming predators can be minimized.

The aim of this study is thus to better characterize the relative distributions of benthic and planktonic cells, using high temporal frequency monitoring of O. cf. ovata abundances at 3 different depths (on the surface of macroalgae i.e. epiphytic cells, in the water column and at the sea water surface). The life cycle of O. cf. ovata cells (focused on mitotic asexual division) was also studied in the collected natural samples of O. cf. ovata, in order to explore the relationship between cell division, detachment of epiphytic cells and migration into the water column. Finally, consequences of this dynamics on monitoring strategies are discussed.

Materials and Methods

Sampling site

Samples were collected in a small creek of the Villefranche Bay (Rochambeau), French Mediterranean coast (Figure 1 -43°41′34.83″ N and 7°18′31.66″ E). This site is characterized by a sheltered rocky coast with calm weather condition during summer months favourable for Ostreopsis cf. ovata blooms [START_REF] Gémin | Toxin content of Ostreopsis cf. ovata depends on bloom phases, depth and macroalgal substrate in the NW Mediterranean Sea[END_REF][START_REF] Jauzein | Uptake of dissolved inorganic and organic nitrogen by the benthic toxic dinoflagellate Ostreopsis cf. ovata[END_REF][START_REF] Mangialajo | Trends in Ostreopsis proliferation along the Northern Mediterranean coasts[END_REF].

Three stations (A, B, C), each at least 10 m apart from each other, were selected for sampling due to (i) their accessibility, even during the night, and (ii) the quantity and quality of the macroalgal substrate. Samples were collected during three consecutive summers (2018, 2019 and 2020): each site was sampled once a week, early in the morning (between 8 and 10 AM), from the beginning of June until the end of August in order to monitor O. cf. ovata abundances. For each site, epibenthic and planktonic abundances were monitored as described in [START_REF] Cohu | Proliferation of the toxic dinoflagellate Ostreopsis cf. ovata in relation to depth, biotic substrate and environmental factors in the North West Mediterranean Sea[END_REF]. Epibenthic abundances in summer 2018, 2019 and 2020 are presented in the figure 2. Nowadays, several methods of sampling have been described for benthic dinoflagellates monitoring: artificial substrate [START_REF] Jauzein | Sampling of Ostreopsis cf. ovata using artificial substrates: Optimization of methods for the monitoring of benthic harmful algal blooms[END_REF][START_REF] Tester | Sampling harmful benthic dinoflagellates: Comparison of artificial and natural substrate methods[END_REF], water and macroalgae samplings, suction devices such as vacuum apparatus [START_REF] Parsons | A simple model capable of simulating the population dynamics of Gambierdiscus, the benthic dinoflagellate responsible for ciguatera fish poisoning[END_REF] or syringes [START_REF] Abbate | A New Method for Sampling Potentially Toxic Benthic Dinoflagellates[END_REF] and BEDI (Benthic Dinoflagellate Integrator;[START_REF] Mangialajo | Benthic Dinoflagellate Integrator (BEDI): A new method for the quantification of Benthic Harmful Algal Blooms[END_REF]. The water/macroalgae sampling method was used in this study to better characterize daily planktonic and benthic abundances of O. cf. ovata.

In addition to this summer monitoring, a high temporal frequency monitoring was performed at three sites around the station B (less than 1m apart from each other) since it was the most accessible station at night. Briefly, samples were collected every 4 hours, day and night, for 3 consecutive days in order to follow abundances of O. cf. ovata cells. In 2018, sampling was carried out between the 18 th of July at 8:00 pm and the 21 st of July at 8:00 pm, just after the peak of O. cf. ovata bloom (Figure 2a). In 2019, samples were collected during the peak of the bloom, between the 5 th of July 8:00 pm and the 8 th of July 8:00 pm (Figure 2b). In 2020, samples were collected during the exponential phase of the bloom, between the 6 th of July 8:00 pm and the 9 th of July 8:00 pm (Figure 2c). Three different types of samples were collected to estimate epibenthic, planktonic and sea water surface abundances of Ostreopsis cf. ovata respectively: (i) macroalgae samples (fresh weight = 3.57 ± 2.1 g) collected at 50 cm depth following the method described by [START_REF] Cohu | Proliferation of the toxic dinoflagellate Ostreopsis cf. ovata in relation to depth, biotic substrate and environmental factors in the North West Mediterranean Sea[END_REF]; (ii) planktonic samples at 30 cm depth and (iii) samples from the surface of the sea -(within 3 cm of the sea surface) to estimate mucilaginous aggregates of cells floating at the sea surface. Surface sea-water samples were collected first, followed by planktonic samples and macroalgae, which were collected last to avoid detachment of O. cf. ovata cells during sampling,.

For each time point and location (all depths and sampling stations), 3 samples were collected and the average abundance with standard deviation is reported. The most representative macroalgae present at the sampling site were collected, usually Dictyota sp. Lamouroux and occasionally Halopteris scoparia Sauvageau or Padina pavonica Linnaeus. Sea water temperature and salinity were measured at each sampling. Planktonic and surface samples were determined from seawater samples collected in a 250mL plastic flasks respectively 20 cm and 50 cm above the macroalgae substrate. Samples were fixed with acidic lugol (1% v/v) and counted using an inverted light microscope (Axiovert 40 CFL, Zeiss) following the Utermöhl method (Utermöhl, 1958) to estimate abundances (in number of cells.L -1 ).

Macroalgae (= epibenthic samples) instead were treated following the method described by [START_REF] Jauzein | Optimization of sampling, cell collection and counting for the monitoring of benthic harmful algal blooms: application to Ostreopsis spp. blooms in the Mediterranean Sea[END_REF]. Briefly, macroalgae were carefully sampled into a 250mL flask with the surrounding water and fixed with acidic lugol (2%). Following vigorous shaking samples were filtered through a 500µM mesh to separate macroalgae from sea water containing O. cf. ovata cells. Macroalgae were rinsed twice with 100 mL of 0.2 μm filtered sea water and weighed (±0.01 g). Epibenthic abundance of O. cf. ovata was estimated under microscope (Axiovert 40 CFL, Zeiss) using Sedgewick Rafter counting chamber and expressed as number of cells per gram of fresh weight of macroalgae (cells.gFW -1 ). For both counting methods, at least 200 cells of O. cf. ovata were counted for each sample. Size of O. cf. ovata cells was manually measured for the 2019 benthic and planktonic samples. The length of the dorsoventral axis of a total number of 14 000 cells (i.e. 200 cells per sample) collected between the 7 th of July 8:00 PM and the 8 th of July 8:00 PM was measured.

Study of Ostreopsis cf. ovata division cycle

In 2019 (between the 5 th of July at 8:00 AM and the 8 th of July at 08:00 AM), 10 mL subsamples were taken from macroalgal samples (after a gentle agitation and before lugol fixation) to determine O. cf. ovata cell cycle stages. These aliquots of epibenthic cells samples were fixed in 1% formaldehyde (F8775, Sigma-Aldrich) over-night. Cells were then washed 3 times with 1x Phosphate Buffered Saline (PBS, Sigma-Aldrich) and recovered by centrifugation at 0.2g (1400 rpm in a tabletop Eppendorf centrifuge) for 5 minutes at room temperature after each wash. Cells were then stained in 1x PBS containing 1µg.L -1 Hoechst-33342 (Sigma-Aldrich) for 20 minutes at room temperature and mounted in 80% glycerol between slide and coverslip. Nuclear position and cell morphology were examined using an epifluorescence microscope (Imager-A2, Zeiss) equipped with an Axiocam 506 camera (Zeiss). Nuclear position was used to determine 3 different cell cycle stages as described by [START_REF] Bravo | Life cycle stages of the benthic palytoxin-producing dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF]: non-dividing cells, dividing cells (including karyokinetic cells and cytokinetic cells) and post-dividing cells. Data are expressed as a percentage of cells in each stage.

Statistical analysis

In situ mean apparent growth rates were calculated for each depth sampled in 2019, following this equation:

Apparent growth rate (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. 𝑑𝑑𝑑𝑑𝑑𝑑 -1 ) = ln (𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑎𝑎𝑐𝑐𝑐𝑐) 𝑡𝑡1 -ln (𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑎𝑎𝑐𝑐𝑐𝑐) 𝑡𝑡0 𝑡𝑡 1 -𝑡𝑡 0
This growth rate is considered as "apparent" since it results from the balance between cell gains (by cell division, or migration) and cell losses (resuspension from the macroalgae, predation and/or cell death). Mean apparent growth rate completely changed from day to night and from the phase of the bloom (Table 1).

Results

Variations of

In 2018, apparent growth rates were mostly null for surface and planktonic samples and negative for benthic samples (-3.91 cells.day -1 ) during the day, suggesting losses of cells from macroalgae during the day. At night, whatever the considered sample, apparent growth rates increased and reached 2.95 cells. day -1 for benthic samples suggesting an increase of the number of cells on macroalgae.

In 2019, at the sea surface, growth rate reached 0.43 cells.day -1 during the day day and was almost null at night (0.073 cells.day -1 ) suggesting an increase in the number of cells during the day and a balance between gains and losses of cells at night. In the water column, mean apparent growth rates reached 1.13 cells.day -1 during the day and became negative at night (-1.10 cells.day - 1

). Instead, apparent growth rate for epibenthic cells was completely different since it was negative during the day (suggesting a losses of cells) and positive at night (gains of cells).

In 2020, apparent growth rates were almost null during the day (-0.27 cells. day -1 and -0.4 cells. day -1 for surface and benthic samples respectively). At night, growth rates increased and reached 1.33 cells. day -1 and 0.7 cells. day -1 for surface and benthic samples respectively, although it remained almost null for water column samples (-0.18 cells. day -1 ).

Abundance variations during the day

A radar chart was used to compare proportion of each abundance throughout the day (Figure 5). Relative proportions were obtained by averaging abundances obtained at the same time during the 3 days. As previously shown, Ostreopsis cf. ovata abundances varied over the day. Interestingly we observed that the maximal abundances were reached at different time of the day depending on the depth senso stricto (i.e. surface, planktonic or benthic samples). In 2018, the abundance of epibenthic cells was higher at 12:00 PM whereas for surface and planktonic samples, the highest peak of abundance was reached at 04:00 PM (Figure 5 a). This difference was also observed in 2019 when the abundance of epibenthic cells reached the maximum peak at 08:00 AM whereas surface and planktonic abundances reached their peak at 04:00 PM. As previously shown, no major variations in cell abundances were observed for benthic samples in 2020. However, the highest peak of abundance was reached at 12:00 PM or surface and planktonic samples. Cell division of Ostreopsis cf. ovata was monitored for 3 days in 2018 (from 18 th July 8:00 AM to 20 July 800 AM) and in 2019 (from the 5 th of July 08:00 AM until the 8 th of July 08:00 AM) and five cell cycle stages were distinguished, as previously described by [START_REF] Bravo | Life cycle stages of the benthic palytoxin-producing dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF]: (i) nondividing cells (or interphase cells) characterized by a single nucleus in dorsal position (Figure 7a);

Cell division occurs during the night

(ii) pre-dividing cells with a single nucleus in central position (Figure 7b); (iii) mitotic bi-nucleated cells (Figure 7c); (iv) bi-nucleated cells undergoing cytokinesis cells (Figure 7d); and (v) postdividing cells with a single nucleus in lateral position (Figure 7e). Non-dividing cells were the most abundant, ranging from 58% to 96% of total cells, depending on the sample, in 2019 (Figure 8b)

and were present both during the day and during the night. For simplicity non-dividing cells are not reported in Figure 8 and mitotic and cytokinetic cells were combined together, as dividing cells (Figure 8). Dividing cells never exceeded 20% either in 2018 or in 2019.

As shown in Figure 8, the abundances of pre-dividing, dividing and post-dividing cells changed during the day, increasing at night and decreasing during the day. For example, on the 5 th of July 2019 at 12:00 PM, only 2.5% of cells were identified as post-dividing cells (Figure 8 b) but, at 04:00 AM, they represented 20.9 % of total cells. Post-dividing cells then decreased again to 3.5% by 04:00 PM.

As expected, the number of pre-dividing cells reached its peak first, followed by dividing cells and finally by post-dividing cells. Pre-dividing cells increased in the evening between 08:00 PM and 12:00 AM, with peaks ranging between 8% and 20%. Ostreopsis cf. ovata cells then divided during the dark period with peaks between 12:00 AM (mainly cells in mitosis) and 04:00 AM (mostly cytokinetic cells -data not shown). Peaks of dividing cells ranged between 8 and 14% in 2018 and early in the morning (08:00 AM) with some cells still in late cytokinesis. Thus, as previously suggested in [START_REF] Bravo | Life cycle stages of the benthic palytoxin-producing dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF], O. cf ovata divides exclusively at night, most likely between 0:00 and 4:00AM. Surprisingly cell divisions could be observed both when the apparent growth rate is positive (2019 exponential phase) and when the growth rate is negative or null (2018, top of the bloom). 

(b)

The asexual life cycle of Ostreopsis cf. ovata was described by [START_REF] Bravo | Life cycle stages of the benthic palytoxin-producing dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF]. The authors observed that each cell cycle stage is associated with a specific organisation of the cell nuclear material. Using these morphological descriptions, we distinguished 3 main cell cycle stages: predividing, dividing and post-dividing cells. As previously described by [START_REF] Bravo | Life cycle stages of the benthic palytoxin-producing dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF], we confirmed that Ostreopsis cf. ovata cells divide during the night, as only post-dividing cells were observed after 08:00 AM. Interestingly, the percentage of dividing cells was very similar in 2018 and 2019 although sampling was carried out at completely different phases of the bloom (Figure 2). Previous analysis by [START_REF] Bravo | Life cycle stages of the benthic palytoxin-producing dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF] reported very low division rates of 2.5% during the proliferative phase of the bloom. Instead, we observed up to 15% of dividing cells, and up to 20% of post-dividing cells. These differences could be accounted for by technical differences, such as the method used for collection, fixation and staining, or alternatively by the cell concentration reached during the bloom. However, it is striking that in 2019, at the peak of the bloom, the percentage of dividing cells did not exceed 20%, which seems extremely low considering the explosive increase in cell abundance occurring during this phase of O. cf. ovata bloom. However, as we sampled every 4 hours and [START_REF] Bravo | Life cycle stages of the benthic palytoxin-producing dinoflagellate Ostreopsis cf. ovata (Dinophyceae)[END_REF] observed that O. cf. ovata divides in approximately 1 hour, this limited percentage of dividing cells may indicate that either we missed the main peak of division or that cells are not completely synchronized and divide throughout the night.

4.2. Variation of Ostreopsis cf. ovata abundances along the light-dark periods and the depth senso stricto (benthic, planktonic or sea surface)

The high temporal frequency monitoring realised in this study revealed that Ostreopsis cf. ovata cell abundances were higher during the day and were reduced at night. Such variations were observed in 2018, 2019 and 2020 although the analysis was made at different phases of the bloom (i.e. decline phase in 2018, peak of the bloom in 2019 and exponential phase in 2020). It is important to note that a time lag was observed between the peaks of abundances of epibenthic and planktonic cells; epibenthic cell abundances peaked early in the morning, followed by the peak of cells in the plankton and in the surface aggregates which were at their highest in the afternoon (except for 2020-benthic samples whose abundances did not show significant variations, since they were maximal all over the day, probably linked to high division rates occurring during the exponential phase of the bloom). Consistently, apparent growth rates followed the same trend. During the day, the 2018-and 2019-growth rates were negative for epibenthic cells suggesting that losses (by migration, death and predation) outweighed gains. On the contrary, growth rates were positive for planktonic and sea-surface cells in 2019, suggesting an input of cells through the water column. The most likely mechanism contributing to the increase in cells in the water column and at the sea surface during the day and the concomitant decrease at the sea-bottom, is the transfer of O. cf. ovata cells between different compartments. Cell division instead is unlikely to contribute to this process as in our samples it took place exclusively at night. Migration could be vertical (cells coming from the bottom) or horizontal i.e. advection (cells coming from another area), or both. Further studies are needed to confirm the nature of this migration. Active vertical migration (linked to an endogenous cycle) has already been described for other planktonic toxic dinoflagellate, such as Karenia brevis (Schofield et al., 2006) and Gymnodinium catenatum (Doblin et al., 2006), to facilitate N uptake at depth. This active vertical migration in dinoflagellates was suggested as an ecological strategy which provides dinoflagellates with an advantage over other phytoplanktonic species [START_REF] Ault | Vertical migration by the marine dinoflagellate Prorocentrum triestinum maximises photosynthetic yield[END_REF]Doblin et al., 2006;Jephson and Carlsson, 2009;[START_REF] Olsson | Observations on diurnal vertical migration and phased cell division for three coexisting marine dinoflagellates[END_REF]. However, active migration has not yet been described for any benthic dinoflagellates. Release of cells should also be considered as the results of hydrodynamism due to thermal wind, very active at midday in NW Mediterranean Sea during summer, with wind coming offshore. Other mechanisms at finer physical scales could also influence this resuspension. Air bubbles could be trapped in the mucilaginous matrix produced by O. cf. ovata leading to a vertical migration of cells (pers. observation of the authors).

Following the hypothesis of migration of cells during the day, variations of abundance of O. cf. ovata during the night, with a decrease of planktonic and sea-surface cells and an increase of epibenthic cells, could be explained by the sedimentation of O. cf. ovata from the water column to the sea floor. This second hypothesis is reconcilable both with daily active vertical migration hypothesis, but also with a passive or active deposit of cells, which tend to be attached to a surface as part of their benthic nature, during the night, when thermal wind is zero and cannot cause hydrodynamics.

The general pattern described above can be applied for all the observations of the present study, except for benthic samples in summer 2020, where abundances were more or less the same, throughout the day. This trend still has to be investigated even if high division rates associated with the exponential phase of the bloom could lead to a saturation of the substrate, which may explain the lack of abundance variations for benthic cells.

Implications of daily variations of Ostreopsis cf. ovata abundances for monitoring strategy

Variations in epibenthic, planktonic and sea surface abundances of Ostreopsis cf. ovata have to be considered when setting up monitoring strategies. Despite harmonization efforts made to improve the monitoring of Ostreopsis cf. ovata around the world, there are numerous factors contributing to the variability in the estimation of cell abundances. Classical microscopy-based identification of cells remains complex due to the strong intraspecific variability in cell morphology and the co-occurrence of different species. It requires extensive taxonomic expertise [START_REF] Battocchi | Monitoring toxic microalgae Ostreopsis (dinoflagellate) species in coastal waters of the Mediterranean Sea using molecular PCR-based assay combined with light microscopy[END_REF] even if new quantification methods relying on molecular biology approaches are implemented [START_REF] Battocchi | Monitoring toxic microalgae Ostreopsis (dinoflagellate) species in coastal waters of the Mediterranean Sea using molecular PCR-based assay combined with light microscopy[END_REF][START_REF] Casabianca | Quantification of the toxic dinoflagellate Ostreopsis spp. by qPCR assay in marine aerosol[END_REF]. Big scale spatial variability leading to earlier blooms in the Ligurian Sea than along the Catalan coast [START_REF] Mangialajo | Trends in Ostreopsis proliferation along the Northern Mediterranean coasts[END_REF][START_REF] Vila | Establishing the link between Ostreopsis cf. ovata blooms and human health impacts using ecology and epidemiology[END_REF][START_REF] Vila | Management of Ostreopsis Blooms in Recreational waters along the Catalan Coast (NW Mediterranean Sea): Cooperation between a Research Project and a Monitoring Program[END_REF]) and short term variability, due to substrate composition and distribution in both time and space also constitute a wide source of variability in abundance estimation. Finally, the variety of methods employed for sampling see list in Material and Methods section 2.1) as well as the diversity of units (cells per g of wet or dry weight of abiotic or biotic substrate, cells per L, cells per cm² also introduces a source of variability.

Many sampling methods could not separate planktonic and benthic abundances during a daily cycle: (i) artificial substrates only collected the resuspended cells (i.e. planktonic cells) and 24h hours of in situ incubation is mandatory for the best assessment of O. cf. ovata abundances [START_REF] Tester | Sampling harmful benthic dinoflagellates: Comparison of artificial and natural substrate methods[END_REF], thus preventing measure of daily variations, (ii) syringe method could not differentiate benthic and planktonic abundances, (iii) BEDI method, based on the mechanical resuspension of the cells attached to the substrate, could not allow a high temporal frequency monitoring and (iv) regarding suction devices such as vacuum apparatus, gave an estimate of benthic cells abundances per cm².

In the present study, sampling macroalgae and water was the most appropriate method since it provides to accurately determine benthic and planktonic populations of O. cf. ovata every 4 hours even if the major issue of this method is the impossibility to normalize data collected in the benthos (expressed in cells.gFW -1 ) and in the water column or at the surface (in cells.L -1 ). However, by collecting the same species of macroalgae (the dominant one) for benthic samples in a small and specific area it minimizes spatial variability.

Daily variations in O. cf. ovata abundances further complicate harmonization efforts concerning the sampling time, which may affect management decisions. Italian and French alert thresholds [START_REF] Funari | Ostreospis cf. ovata blooms in coastal water: Italian guidelines to assess and manage the risk associated to bathing waters and recreational activities[END_REF][START_REF] Tichadou | Health impact of unicellular algae of the Ostreopsis genus blooms in the Mediterranean Sea: experience of the French Mediterranean coast surveillance network from 2006 to 2009[END_REF] are based on planktonic abundances although this method has been criticized due to the strong variability observed in time and space [START_REF] Lemée | Interactions between Scientists, Managers and Policy Makers in the Framework of the French MediOs Project on Ostreopsis (2008-2010)[END_REF]. Coupling of benthic and planktonic samples was strongly indicated as an alternative method to produce a more reliable picture of the presence and abundance of O. cf. ovata [START_REF] Lemée | Interactions between Scientists, Managers and Policy Makers in the Framework of the French MediOs Project on Ostreopsis (2008-2010)[END_REF][START_REF] Vila | Management of Ostreopsis Blooms in Recreational waters along the Catalan Coast (NW Mediterranean Sea): Cooperation between a Research Project and a Monitoring Program[END_REF]. The observations reported here show that abundances vary depending on depth senso stricto and during the day, adding another layer of complexity that needs to be considered when designing new monitoring strategies. For instance, if considering only the epibenthic cells to evaluate the total abundances of this dinoflagellate, sampling should be carried out preferentially during the morning; if instead planktonic or sea-surface cells are considered as those mostly responsible for potential health problem, then sampling should be carried out during the afternoon (when their abundance could be an order of magnitude higher than during the night). Currently, alert and warning thresholds in France and Italy [START_REF] Giussani | Management of harmful benthic dinoflagellates requires targeted sampling methods and alarm thresholds[END_REF][START_REF] Tichadou | Health impact of unicellular algae of the Ostreopsis genus blooms in the Mediterranean Sea: experience of the French Mediterranean coast surveillance network from 2006 to 2009[END_REF] are based only on planktonic abundances. This is the reason why it is imperative to modify sampling strategies and to sample in the afternoon, when planktonic abundances are maximal. 
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 12 Figure 1 : Sampling sites at Rochambeau (Villefranche-sur-Mer, NW Mediterranean French coast -
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 3 Figure 3: Sea-surface (a), planktonic (b) and epibenthic (c) Ostreopsis cf. ovata abundances (Mean ± SE,
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 4 Figure 4 : Sea-surface (a), planktonic (b) and epibenthic (c) Ostreopsis cf. ovata abundances (Mean ±
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 5 Figure 5: Sea-surface (a), planktonic (b) and epibenthic (c) Ostreopsis cf. ovata abundances (Mean ±

  Ostreopsis cf. ovata abundances were observed in all of samples, epibenthic, planktonic and surface samples, in all years 2018, 2019 and in 2020 (Figure3, 4 and 5).Interestingly, abundances were higher during the day and decreased at night. The 6 th of July 2018, epibenthic abundances reached 1.3*10 5 cells.gFW -1 at noon and decreased during the day to reach the lowest concentration of 1.6*10 3 cells.gFW -1 at 8:00 PM (100 fold difference). Surface and planktonic abundances followed the same trend and reached their maximum peaks (respectively 7.3*10 3 and 4.3*10 3 cells.L -1 ) the 19 th of July at 04:00 PM and then fell to 180 and 246 cells.L -1 respectively the same day, at 04:00 AM. Benthic abundances in 2020 did not follow this trend since no difference could be observed between night and day. Indeed, epibenthic abundances reached 1.40*10 6 cells.gFW -1 and 1.43*10 6 the 5 th of July 2020 at 12:00 AM and 12:00 PM respectively.
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 6 Figure 6: Sea-water surface (dotted lines), planktonic (dashed lines) and benthic (full lines) proportion
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 7 Figure 7: Representative images of O. cf ovata cells taken at different cell cycle stages (a) non-
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 1 Figure 8: Percentage of pre-dividing (dashed lines), dividing (full lines) and post-dividing (dotted lines)

  Determination of Ostreopsis cf. ovata abundance and size
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Table 1 :

 1 Sea water surface, planktonic and benthic mean apparent growth rate in 2018, 2019 and 2020.

	Mean

apparent growth rate (cells.day -1 ) Sea water surface Water column Macroalgae

  

	2018	Day Night	-0.34 1.2	-0.14 1.1	-3.9 2.9
	2019	Day Night	0.43 0.073	1.1 -1.1	-1.3 1.4
	2020	Day Night	-0.27 1.3	-0.59 -0.18	-0.40 0.73

Table 2 :

 2 classification of the cells for 2019 blooms. 413

	Time	Non-dividing	Pre-dividing	Mitotic cells	Cytokinetic cells	Post-dividing	Total
			cells			cells	
	08:00	1705	47	3	26	294	
	12:00	1273	9	0	0	17	
	16:00	1072	14	0	1	19	
	20:00	638	104	2	1	12	
	00:00	1724	322	111	18	57	
	04:00	522	112	48	39	193	
	08:00	625	37	11	10	152	
	12:00	503	19	0	1	31	
	16:00	738	35	3	0	34	
	20:00	455	132	2	0	24	
	00:00	779	170	53	9	85	
	04:00	816	151	52	30	224	
	08:00	1584	101	4	10	263	
	12:00	643	6	0	0	38	
	16:00	1221	21	2	0	27	
	20:00	300	28	1	0	12	
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