Supplementary material to Aardema et al:

High resolution measurements of phytoplankton photosynthesis and
abundance in the Dutch North Sea
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5 Figure S1: Phytoplankton abundance per phytoplankton group distinghuished with the flowcytometer, shown as average (relative)
abundance per month (left), total red fluorescence(middle) and total orange fluorescence (TFLO; right). The upper graphs are
absolute and lower graphs relative.
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Figure S2: Pairplot of parameters informative on total phytoplankton abundance of the combined data of all cruises. FO, aLHII and
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RCI1 are derived from FRRf measurements. FLO_total, FLR_total and PC_total from FCM.
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5 Figure S3: Pairplot of parameters informative on photophysiology of the phytoplankton as derived by FRR fluorometry.



10

15

20

25

| August 55 \
oo A b. N
11
12
4°N 13 »
'2 /;;:::\.:7 o
3N Sl R 1 e
N B 1 ™
| /T
) \ RGP e
2°N / AR
¥
+ \ ¥ 9
®— /\“i‘i‘, |
A '_/ 2 | 3
‘ Lon;;«uoe

Figure S4: : Maps of clusters as defined by spectral clustering of the whole dataset (left) and only the measurements at 8h around
noon (8:00h to 16:00h). Based on the FCM-based five described phytoplankton groups (Table 2) and non-collinear FRRf-parameters
on photophysiology (Fv/Fm, 1/, [RCII], epsn, a, Ex). In this timeframe the southern coastal zone is distinct from the rest of the Dutch
North Sea and corresponds to cluster 10 in the analysis of the complete dataset (Fig. R1a), so this cluster is defined by spatial
variability. Cluster 12 and 13 are grouped together in the 12+4h timeframe as cluster 1. Cluster 11 is only encountered outside the

12+4h timeframe, so is a temporal rather than a spatial cluster.



Table S1: Monthly averages + SD of abiotic conditions and biological parameters. Monthly averages are approximates and not
comparable due to differences in sampling route and stations; In April and June the cruises did not go as far east as Rottum, In
April the cruise consists of less coastal coverage and in May the cruise does not go 235 km offshore but only until 135 km (see Fig 3).
Large standard deviations are due to spatial heterogeneity, for a more detailed description of the spatial heterogeneity; see figure 4
and the supplementary material. Pmax and alpha are based on relative electron transport rates.

April May June August
Abiotics

Salinity (%o) 341+18 336+1.38 336+1.8 340+14
SST (°C) 95+1.0 121+11 155+1.38 19.0+0.9

Turbidity (NTU) 2330 11+08 13+£13 12+13

PO4 (ULM) 0.3+0.1 0.2+0.1 03+0.1 03+0.1

Si (UM) 3.2+3.0 1.8+15 1.0+06 1.3+1.1

NH4 (M) 10+1.1 1.2+09 15+12 04+04

NOs + NOz (uM) | 10.3+125 34+55 1.0+1.1 0.1+0.2

DIN:DIP 39.0 £525 269+42.1 75+53 2321

DSi:DIP 6.4+6.5 9.9+9.2 41+25 57%39
Ka (m?) 0.39+0.28 0.33+£0.12 0.30£0.20 0.25+0.14

Biotics

Chlorophyll a (ug L) | 18.32+19.71 5.67 £10.39 4.08 £4.11 3.98+£3.91
Fu/Fm 0.52 £0.04 0.26 £0.09 0.40 £0.09 0.48 £0.07
opsit (Nm? PSII) 3.67+£0.30 5.92+1.35 459 +0.88 5.26 +1.07
[RCI] (*10° nmol RCII m™) 324+£21.8 582 +104 431272 221+184
nesit (*10* RCII (Chl a)?) 8.00 £ 0.58 530175 6.57 £1.67 5.95+1.15
1/t (ms™) 0.24 £ 0.06 0.52 +0.10 0.49 £0.07 0.62 £0.12
a 0.53+0.03 0.25 +0.09 0.39+0.08 0.48 £ 0.08
Ex 300 £52.5 223 £ 147 253124 277 £137
Prmax 158 + 30 56.5+42.4 975477 130 + 60.4
GPP water column (mg C m?2 h) 781 + 409 207 277 136 + 101 68.4 +£39.1

GPP surface (ug C L h?) | 1157 +58 275+72 16.5+13 8.7+83
O:R ratio 0.31+£0.52 0.07 £0.09 0.20+£0.20 0.27 £0.16

Rel. abundance microphytoplankton (%) 0.6+£0.6 35+x44 20+20 04+0.6
Rel. abundance Nanophytoplankton (%) 276 +17.2 413178 21.6+8.0 18.1+8.0
Rel. abundance Picophytoplankton (%) 71.8+175 55.2+19.0 76.3+9.2 81.5+6.0

Table S2: nutrient concentrations (micromol/L) for the different stations for the Months April, May, June and August. The stations
are named according to name of the transects (from South to North: off the coast from Walcheren (WALCRN), Noordwijk
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(NOORDWK) and Terschelling (TERSLG)) and the distance in kilometres from the coast. Potentially limiting nutrient
concentrations are colored red, we used threshold concentration for DIN and Si as 2 pmol L* and PO4* as 0.2 pmol L (Peperzak
et al, 1991, Philippart et al., 2007), although Ly et al. (2014) showed that for Wadden Sea phytoplankton phosphate can become
limiting when values become lower than 0.13-0.16 pmol L.

T YT T

Station April May June August April May June August April May June August
WALCRN2 1.0 2.4 3.4 1.0 0.2 0.2 0.4 0.6 0.6 0.7 1.4 1.9
WALCRN20 1.2 31 1.1 0.3 0.1 0.1 0.3 0.3 0.2 2.7 0.5 2.0
WALCRN70 1.1 1.2 1.1 0.3 0.2 0.2 0.2 0.1 0.0 0.6 0.4 0.9
NOORDWK?2 375 21.7 49 0.4 0.3 0.6 0.2 0.2 6.7 3.5 0.8 1.2
NOORDWK10 285 15.0 3.1 0.6 0.2 0.1 0.4 0.1 2.9 3.2 0.7 1.4
NOORDWK20 21.6 4.9 0.9 0.2 0.2 0.1 0.2 0.1 1.3 0.7 0.8 0.6
NOORDWK70 0.4 1.0 09 0.1 0.2 0.2 0.3 0.2 0.0 1.1 1.7 0.1
TERSLG10 101 19 09 0.6 0.3 0.2 0.2 0.2 3.0 2.4 0.5 0.7
TERSLG50 8.9 0.7 3.4 2.8 0.5 0.2 0.2 0.3 4.6 1.7 2.4 5.0
TERSLG100 126 0.7 1.9 0.3 0.5 0.2 0.3 0.2 3.9 0.5 1.1 1.7
TERSLG135 1.6 0.8 0.9 0.2 0.4 0.1 0.1 0.3 2.0 0.8 0.9 1.8
TERSLG175 0.9 NA 1.0 0.0 0.2 NA 0.2 0.2 0.6 NA 0.5 0.1
TERSLG235 1.0 NA 0.9 0.6 0.2 NA 0.3 0.3 0.0 NA 1.1 0.5
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Table S2: nutrient ratios for the Months April, May, June and August. The stations are named according to name of the transects
(from South to North: off the coast from Walcheren (WALCRN), Noordwijk (NOORDWK) and Terschelling (TERSLG)) and the
distance in kilometres from the coast. Colour shows the potential limiting nutrient based on ""Redfield ratios™ (N:P:Si=16:1:16),
where red suggests potential P-limitation and blue potential N-limitation (left) or Si-limitation (right). Figures in bold are also
assumed limiting based on nutrient concentration, where we used threshold concentration for DIN and Si as 2 umol L and PO4*
as 0.2 umol L (Peperzak et al, 1991, Philippart et al., 2007), although Ly et al. (2014) showed that for Wadden Sea phytoplankton
phosphate can become limiting when values become lower than 0.13-0.16 pmol L.

Station
WALCRN2
WALCRN20
WALCRN70

NOORDWK?2

NOORDWK10
NOORDWK20
NOORDWK?70

TERSLG10
TERSLG50
TERSLG100
TERSLG135
TERSLG175
TERSLG235

April
5.9
9.0
5.2

136.6

133.6

131.0
2.5

30.4
171

23.7
3.7
3.4
4.3

May
11.1

27.2
6.1

33.9
155.2
33.2
5.6

9.2
3.9
3.8
6.4
NA
NA

June
9.4
4.0
7.0

21.9
7.0
4.0
3.0

4.2
16.2
6.1
6.3
6.0
3.1

August
1.9
1.2
2.7

2.4
3.8
1.2
0.6

2.8
8.6
1.4
0.9
0.1
2.5

Station
WALCRN2
WALCRN20
WALCRN70

NOORDWK?2

NOORDWK10
NOORDWK20
NOORDWK?70

TERSLG10
TERSLG50
TERSLG100
TERSLG135
TERSLG175
TERSLG235

April
3.8
1.5
0.2

24.3
134
7.6
0.0

9.1
8.9
7.3
4.8
2.5
0.0

May
3.2
23.8
3.3

55
32.9
4.6
5.9

11.6
9.3
2.9
6.2
NA
NA

June

3.8
2.0
2.5

3.8
1.6
3.5
5.9

2.3
11.3
3.6
6.6
3.2
3.8

August
3.5
6.6
7.6

7.0
9.3
4.5
0.4

3.2
15.2
7.8
7.0
0.3
1.8




