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Supplementary Information


Table S1. Meteorological data used in the present study.
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Table S2. List of the diatom species identified by inverted microscopy counts in coastal waters of the eastern English Channel (EEC) between 1996 and 2019, and their corresponding occurrence frequency (%), average rank abundance and biomass, and average abundance (N L-1) and biomass (µgC L-1). Note that species rank was calculated on monthly time-series whereas occurrence frequency was calculated on sampling dates. 
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Table S3. Significant (p-value<0.05) coefficient estimates (±SE) from generalized least squares models to explore the driver-responses relationships of the Phaeocystis biomass and the Community Weighted-Mean of the Surface to Biovolume cell ratio (CWM-S/V ratio) and the degree of coloniality (CWM-Coloniality) of the phytoplankton community in coastal waters of the eastern English Channel from 1996 to 2019. DIN: dissolved inorganic nitrogen; varPAR and varD: variability in the Photosynthetic Active Radiation for phytoplankton and density, respectively. The GLS models were built with annual means and after accounting for a serial correlation AR(1) model for the errors and the potential interactions between the different predictors when applicable. The most parsimonious model was retained based on the Akaike Information Criterion (AIC) value. Note that the estimates of the intercept in each model are omitted r for ease of reading. 
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Table S4. Pearson correlation between the variables and each PC (PC1-PC3) resulting from a PCA performed on yearly-averaged data. Significant correlation (p<0.05) are in bold.
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Fig. S1. Principal Component Analysis performed on the mean abiotic environmental conditions and their variability (CV) in coastal waters of the eastern English Channel over the period 1996-2019.  Projection of the variables on (A) the first factorial plane (PC1 vs PC2) and (B) PC1 vs PC3; (C) Pearson correlation between the variables and the different Principal Components. SST: seawater temperature (°C); PAR: Photosynthetic Active Radiations (E m-2 d-1), S: salinity; D: density (kg m-3), DIN: dissolved inorganic nitrogen as the sum of nitrates, nitrites and ammonium (µM), DIP: dissolved inorganic phosphorous (µM), DSi: Dissolved inorganic silica (µM), and nutrient ratios (DIN:DIP, DSi:DIP, and DSi:DIN). Eigenvalues (% of total inertia) are given into the nested small box. The significant correlation values are in bold.






[image: ]
Fig. S2. The degree of generalism and environmental tolerance of the phytoplankton community in coastal waters of the eastern English Channel over the period 1996-2019. (A) projection of the variables on the first factorial plane from Principal Component Analysis performed on niche breadths and environmental tolerance, and (B) Pearson correlation between the parameters and the PCs. H: hypervolume for nutrients (DIN: dissolved inorganic nitrogen as the sum of nitrates, nitrites and ammonium, DIP: dissolved inorganic phosphorous, DSi: Dissolved inorganic silica), seawater temperature (T), salinity (S), and Photosynthetic Active Radiation (PAR), and environmental tolerance (Tol). Eigenvalues (% of total inertia) are given into the nested small box. The significant correlation values are in bold.
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Fig. S3. Temporal variations of (A) the local (m s-1), (B) the precipitation (mm) and (C) the regional (PC1) wind speed. The PC1 resulted from a PCA performed on max and mean wind speed (m s-1, see Fig. S4 for PCA results) at different locations in the region (Abbeville, Le Touquet, Boulogne/mer, Calais, and Dunkirk, see Fig. S5 for PCA results). Red and orange thick lines: Cusums. Orange thick lines: (A) and (B) the Cusums of the INV-PC1 of the PCA performed on the abiotic conditions (see Figs 2A and S1A and C) and (C) the Cusum of the mean diffuse attenuation coefficient for downwelling irradiance (Kd, see Fig. 8A).
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Fig. S4. Causes of the temporal niche partitioning of the phytoplankton community in coastal waters of the eastern English Channel over the period 1996-2019.
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Fig. S5. Temporal variations of the Phaeocystis biomass frequency in coastal waters of the eastern English Channel from 1996 to 2019. Black and grey lines: monthly raw and seasonally-adjusted time-series. Red and orange thick lines: Cusums of Phaeocystis biomass frequency and biomass (see Fig. 6A), respectively. Right axes are for seasonally adjusted and Cusum. 
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Fig. S6. Principal Component Analysis performed on the wind speed conditions (m s-1) and its variability (CV) at the regional scale in coastal waters of the eastern English Channel over the period 1996-2019. (A) Projection of the variables on the first factorial plane (PC1 vs PC2). (B) Pearson correlation between the variables and each PC. The PCA was performed on seasonally adjusted time-series. V: wind speed: Abb : Abbeville ; Tou: Le Touquet ; Bou: Boulogne/mer ; Cal: Calais ; and Dun: Dunkirk ; max: maximal speed. Eigenvalues (% of total inertia) are given into the nested small box. The significant correlation values are in bold.
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Fig. S7. Temporal variations in community assembly rules. Position of the observed (A) functional richness (Fric) and (B) RaoQ entropy (RaoQ) values in 999 null distributions (the grey and dark-green circles represent the range of the 999 randomized values and the monthly observed mean, respectively) in coastal waters of the eastern English Channel over the period 1996-2019. 
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Fig.S8. Degree of parallelism between the Cusum of defense (black line), phytoplankton biomass (red line) and Pielou’s evenness (orange line) in coastal waters of the eastern English Channel from 1996 to 2019 (see Figs. 6C&F, and 9F for more details). Note that the Cusum of Pielou’s evenness was inverted for ease of reading. 
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Diatom species Rank biomassRank abundance Occurrence frequency Average abundanceAverage biomass
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Actinotychus spp. 38.5 40 7 98 0.04

Asterionellopsis glacialis 26 11.5 41 5025 0.15

Brockmaniella brockmanii 40.5 33 15 818 0.02

Bacteriostratum hyalinum 44.5 47.5 3 53 0.05

Bacillaria paxillifera 32 33 6 432 0.2

Biddulphia rhombus 24 38.5 16 148 0.38

Chaetoceros affinis 50 51 2 1392 0.11

Chaetoceros breve 50 48 2 106 0.03

Ceratoneis closterium 43.5 19 54 1838 0.01

Chaetoceros compressus/tortissimus 36 31.5 13 1760 0.1

Coscinodiscus concinnus 38 49 2 11 1.78

Corethron criophilum 49 49 2 130 1.74

Chaetoceros curvisetus/pseudo-curvisetus/debilis 28 20.5 28 7793 0.53

Chaetoceros danicus 25 12.5 30 4984 0.49

Chaetoceros decipiens 26.5 31 10 844 0.32

Chaetoceros densus/eibenii 34.5 35 11 490 0.12

Chaetoceros diadema 37.5 36.5 6 243 0.06

Chaetoceros didymus 38 36.5 6 211 0.01

Chaetoceros lauderi/teres 47.5 45 3 139 0.03

Coscinodiscus spp 42 46.5 12 173 0.05

Cerataulina pelagica 11 26 21 10292 5.46

Chaetoceros radiatus 32.5 42 10 273 1.38

Chaetoceros simplex/tenuissimus 47.5 37.5 6 297 0.002

Chaetoceros socialis 19 2 48 70459 2.67

Coscinodiscus wailesii 43.5 51 1 2 0.23

Chaetoceros wighamii/perpusillus 39.5 35.5 10 1940 0.02

Ditylum brightwelli 3 15 42 4449 6.74

Dactyliosolen fragillissimus 19 30 28 1484 0.83

Diploneis spp. 25.5 40 18 96 0.21

Delphineis surirella 35.5 34 14 1099 0.19

Eucampia zodiacus/bicornata 20.5 24 16 2113 0.55

Guinardia delicatula 3 1.5 70 22547 9.1

Guinardia flaccida 3 18 50 2164 8.83

Guinardia striata 2 4.5 53 12080 13.86

Helicotheca tamesis 24 40.5 5 201 0.49

Lauderia annulata/L. borealis 5.5 9 30 4680 2.93

Leptocylindrus danicus 11 2.5 41 74232 4.04

Leptocylindrus minimus/Tenuicylindrus belgicus 39.5 26.5 14 2667 0.02

Melosira nummuloides 45.5 47 9 788 0.08

Meuneria membranacea 30 27 25 723 0.14

Navicula sppp. 36 25.5 50 747 0.04

Nitzschia longissima 39 34 19 517 0.03

Neocalyptrella robusta 44.5 48.5 2 18 0.8

Odontella aurita 43 42 9 131 0.02

Odontella sinensis 3.5 33 12 259 14.48

Pseudo-nitzschia americana 39 32 13 1748 0.02

P. delicatissima complex 26 1.5 57 23027 0.25

Pseudo-nitzschia fraudulenta 22 14.5 37 22689 1.19

Proboscia indica 50 50 3 54 0.01

Pleurosigma spp./Gyrosigma spp. 13 34 33 157 0.89

Porosira glacialis 50.5 50 1 34 0.03

Pseudo-nitzschia spp. 38 27 29 3016 0.1

P. pungens 33 18 26 4305 0.15

Podosira stelligera 41.5 50 1 8 0.02

Pseudo-nitzschia subpacifica 49.5 47.5 1 106 0.004

Paralia sulcata 16 6 64 8223 0.56

Raphoneis amphiceros 21.5 23 60 1809 0.32

Rhizosolenia imbricata var. shrubsolei 1 1 69 21206 14.5

Rhizosolenia setigera f. pungens 37.5 36.5 17 205 0.04

Rhizosolenia setigera 37 34 21 931 0.12

Skeletonema spp. 30.5 7.5 34 8916 0.11

Stephanopyxis turris 45.5 50 1 4 0.16

Trigonium alternans 38 46 5 94 0.19

Thalassiosira angulata/curviseriata 37.5 36 5 1311 0.24

Thalassiosira constricta 38.5 35.5 5 1697 0.04

Thalassiosira fallax 39.5 46.5 3 64 0.04

Thalassiosira gravida 8.5 10 36 4545 1.88

Thalassiosira spp. 19 14.5 40 4406 0.48

Thalassiosira levanderi 29 17.5 18 5990 0.28

Trieres mobiliensis 24 41 7 104 0.48

Thalassionema nitzschioides 20 11.5 48 6825 0.45

Thalassiosira nordenskioeldii 34 33.5 12 2175 0.45

Thalassiosira punctigera 38 40 5 37 0.04

Trieres regia 24.5 43 6 111 1.25
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