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APPENDIX 1

Data processing: determination of biotic metal concentrations

Metals and metalloids concentrations in samples can be expressed using the mass balance

formula (equation 1):
[M]sampie = a.[Tilq + b.[POP], 1)

where a is the Ti-normalized elemental ratio in geogenic component; b is the P-normalized elemental
ratio in biotic component; [M]sample iS the elemental concentration in the sample; [Ti]. is the Ti
concentration in geogenic component and [POP]s, is the particulate organic phosphorus concentration in
the biotic component. Assuming that P and Ti concentrations in samples are mainly due to the biotic
and geogenic components, respectively ([POP]sample = [POP]p; [Ti]sample = [Ti]a), We can turn the mass

balance formula into the first-order equation 2:

[M]sample = S [POP]sample + C (2)

[Tilsample " [Tilsample
where S is the slope of the regression line between M/Ti and POP/Ti in the sample; C is a constant value.
Following this basic model, metals and metalloids concentrations in biotic component were evaluated
from equation 3:

[bM] = b.[POP]sampte @)
The slope S was calculated for each station and for each element using the samples in the 7 particle size

classes F1-7 (Fig. S1). Detailed of [M]sample and [POP]sampie Were presented in Table S3.
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Figure S1. Linear regressions between (Zn/Ti)sample and (POP/Ti)sampie in St1 (northern coastal zone),
St11 (offshore zone) and St19 (southern coastal zone). Data were from particulate size classes (F1: 0.8-
3; F2: 3-20; F3: 60-200; F4: 200-500; F5: 500-1000; F6: 1000-2000 and F7 > 2000 um) collected at the
deep chlorophyll maximum. Concentrations were expressed in pg/g for Zn and Ti, and in mg/g for POP.
At St19, data for F6 and F7 were not available. Znsample cOncentrations in F1 at St11 and St19 (red point)

were higher than expected and were not included in the linear regression.



APPENDIX 2

Data processing: determination of trophic magnification factors

Due to the complexity and variability of taxonomic groups, planktonic marine food webs were

structured in trophic level (TL) according to the following equation (Kidd et al, 2018):

515 n‘615 aseline
TLpy = 1.0 E0mn=0 Noasee) ()

where TLg, is the TL of the sample corresponding to the fraction Fn, §*Ngn and 3 Npaseline are the 5°N
values of fractions Fn and a baseline, respectively. The fraction F1 (0.8-3 um) is assumed to be the
baseline fraction with a TLr; defined to 1.0 as TL corresponding to the phytoplankton communities.
AN (= 3®Nprey — 6®°Npredator) is the isotopic °N fractionation between prey and predator. For marine
food webs, AN vary from +3.3 to +3.8%o (Liu et al., 2019) and a value of +3.4%o is recommend without
precise knowledge on the composition of the trophic structure (Post, 2002). TL determination were
detailed in a companion study (Tésan-Onrubia et al., 2022) and results shown in Table S4.

Trophic magnification factor (TMF) is most often derived from the slope of the regression of
log-transformed element against their corresponding trophic level (TL) and, N isotope (3*°N) is used as

proxy to assess the relative trophic position of an organism in marine food webs.

Logio(bM) = S.(TL)+C  (2)

TMF = 105 ®))

where bM is the biotic metal concentration, S is the slope of the linear equation 2 and, TL is the trophic
level corresponding to the sample (Fig. S2). Specific TMF (equation 3) were calculated for each
geographical area (the northern coastal zone, the offshore zone and the southern coastal zone) from their

respective data (stations and fractions).
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Figure S2. Determination of the linear regressions between the log-transformed of bZn concentrations
in relation to the trophic level (TL) in the 3 geographical areas (the northern coastal zone, the offshore
zone and the southern coastal zone). The northern coastal, offshore and southern coastal zones included

25, 18 and 12 data from available stations and fractions. Detailed values were presented in Table S4.
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Table S1. GPS position of sampling stations

Station Latitude (North) Longitude (East)
Sto1 43°3.819' 5°59.080'
St02 42°56.020' 5°58.041'
St03 43°8.150' 5°15.280'
St04 43°14.500' 5°17.500'
St09 41°53.508’ 6°19.998'
St10 40°18.632' 7°14.753'
St11 39°7.998' 7°41.010'
St15 36°12.883' 11°7.641'
St17 34°30.113° 11°43.573'

St19 33°51.659' 11°18.509'




Table S2. Detail of the quality control of metals metalloids analyses (certified material for marine

plankton, BCR 414; blank filters, MCE; limit of detection, LOD). Mean metals and metalloids

concentrations and standard deviation (o) associated are expressed in pug/g. The limit of detection (LOD)

are expressed in pg/L.

As Cd Cr Cu Fe Mn Ni Sbh Ti \ Zn
CMR BCR 414
Mean (n = 3) 8.03 0.36 21.97 29.08 1702.68 - 19.27 - - 871 121.70
om=23) 0.07 0.04 262 0.96 160.79 - 0.10 - - 034 1931
Recovery (%) 117.7 939 923 986 920 - 1025 - - 107.6 109.1
BLANK MCE filter, 47mm
Mean 0.8um (n = 6) 0.03 005 221 041 1057 033 031 0.01 265 0.06 8.16
0 0.8um (n=6) 0.01 0.01 064 0.3 394 0.09 0.05 000 029 0.01 514
Mean 3um (n = 3) 0.03 0.05 148 048 1002 049 034 0.02 243 0.06 3.44
o 3um (n=23) 0.01 0.01 007 016 216 0.01 0.03 0.00 001 0.01 o0.08
LOD (ug/L) 0.01 0.005 0.008 0.01 0.2 0.008 0.2 0.005 0.02 0.008 0.1




Table S3. Detail of total metals and metalloids (Msampie) cOncentrations (pg/g) and particulate organic

phosphorus (POPsampie) concentrations (mg/g) in samples from the MERITE-HIPPOCAMPE campaign.

Particles were collected in the deep chlorophyll maximum, at 10 stations (St1-4, St9-11, St15, St1, St19)

and sieved into 7 size fractions (F1: 0.8-3 um; F2: 3-20 um; F3: 60-200 um; F4: 200-500 pm; F5: 500-

1000 pm; F6: 1000-2000 pm; F7 > 2000 pm).

Station Fraction POP Ti As Cd Cr Cu Fe Mn Ni Sb \Y Zn
St01 F1 120 5475 185 065 008 680 3539 0.84 1.22 - 0.27 50.01
St01 F2 1.92 22240 1259 1.04 298 21.10 2046.29 155.80 1354 0.28 9.62 54.16
St01 F3 467 15025 1488 140 493 863 96405 2385 6.85 124 435 148.10
St01 F4 532 5266 1048 115 239 895 303.00 6.8 441 099 138 126.70
St01 F5 594 15394 20.28 1.10 7.82 10.85 940.75 20.17 873 4.28 4.05 197.97
St01 F6 2.48 44509 2340 053 891 11.60 2243.06 66.28 11.13 14.61 1212 12554
St01 F7 384 7524 519 038 078 476 26146 4.96 273 029 0.96 57.85
St02 F1 581 178.12 14.04 3.45 1469 7241 115166 96.98 2261 0.32 567 702.33
St02 F2 156 164.06 231 0.10 - 10.63 311.84 2039 544 033 1.02 35.16
St02 F3 245 59.07 10.22 118 18.63 20.57 630.02 7.72 9.09 094 142 216.00
St02 F4 431 36.71 13.02 124 8.12 13.49 498.32 6.47 6.43 070 0.74 193.30
St02 F5 3.78 9359 10.67 0.64 3955 13.58 1404.05 13.11 18.07 1.94 1.36 214.78
St02 F6 3.16 13260 6.38 0.39 78.14 1281 5336.71 32.82 2522 196 154 160.32
St02 F7 3.72 20453 631 144 4174 821 120748 1319 1347 343 151 242.53
St03 F1 3.05 28164 763 151 280 3957 67196 1639 1000 0.13 181 74.43
St03 F2 5.15 21747 1335 266 9.47 53.76 120147 7483 2641 0.62 381 278.15
St03 F3 1.64 7950 6.68 058 1299 9.69 53755 7.74 889 510 240 165.67
St03 F4 397 5481 590 060 585 1042 27798 552 741 599 181 530.69
St03 F5 371 6161 592 040 792 682 31161 6.45 803 861 201 110.16
St03 F6 3.17 - - - - - - - - - - -
St03 F7 174 4776 1146 021 3.00 578 20260 6.31 572 1024 132 60.04
St04 F1 148 113.04 16.22 138 6.88 2860 97587 29.86 749 010 3325 22192
St04 F2 2.26 100.38 13.58 0.05 - 1.86 22540 9.30 529 0.16 20.64 41.83
St04 F3 140 3229 1727 0.08 310 4.07 34598 5.09 225 116 44.83 33.63
St04 F4 1.67 9186 5540 0.27 533 837 81625 1194 457 378 18114 7051
Sto4 F5 145 19755 878 0.21 18.17 1255 1483.43 2042 9.78 12.28 40.97 111.47
St04 F6 - 24314 7.26 0.13 23.03 16.99 172468 29.33 18.73 37.75 43.28 149.42
St04 F7 - - - - - - - - - - - -
St09 F1 461 27274 3277 9.13 12,67 2259 83773 2041 1221 0.13 430 1406.61
St09 F2 2.79 7547 24.08 1.61 - 9.38 311.79 16.13 529 011 225 45.59
St09 F3 270 5935 961 127 214 514 26896 4.48 366 123 142 124.11
St09 F4 319 1646 1363 176 048 9.65 5021 3.07 6.47 190 0.48 149.54
St09 F5 311 3756 1298 1838 181 936 10379 3.05 692 201 0.78 197.92
St09 F6 - 37.78 2425 065 062 7.50 151.64 280 217 165 1.39 132.38
St09 F7 - 125,60 192 075 218 1159 76.35 9.63 3.85 0.03 0.69 63.88
St10 F1 1.30 8228 11.71 1.16 9.97 11.05 159.17 5.06 3.90 0.01 2.89 419.09
St10 F2 482 266.50 59.10 5.26 - 54.68 855.84 7365 2162 049 9.76 190.45



St10 F3 461 267.03 1290 164 1335 981 163336 3199 1247 739 747 189.76
St10 F4 524 13386 740 113 453 914 89099 1560 8.66 11.62 4.30 177.28
St10 F5 424 186.16 8.87 082 526 876 1151.63 2455 10.05 2225 5091 141.08
St10 F6 498 27468 1153 0.71 839 959 1466.68 3743 14.16 3495 761 139.39
St10 F7 - - - - - - - - - - - -

Stl1 F1 165 59.70 335 055 201 920 18521 298 245 003 0.78 294.65
Stl1 F2 10.31 516.78 50.05 4.53 - 71.22 182799 154.07 36.26 0.78 13.73  297.99
Stl1 F3 5.80 191.10 16.74 147 505 932 89233 16.07 750 1760 6.47 147.16
Stl1 F4 6.39 103.69 11.07 123 157 817 43096 7.64 6.12 1649 9.20 133.56
Stl1 FS 6.64 41743 57.16 591 11.86 40.09 201335 37.76 30.71 82.17 36.96  580.68
Stl1 F6 6.48 11036 1234 107 188 921 508.19 1011 477 16.57 3.94 129.32
Stl1 F7 452 3272 2489 172 027 511 5111 1.72 0.78 196 0.55 127.42
St15 F1 072 2549 198 105 124 809 2295 0.14 2.33 - 0.67 176.64
St15 F2 10.52 617.62 4259 8.37 - 65.05 4624.77 161.33 2858 093 66.75  438.98
St15 F3 3.03 316.03 1787 0.68 598 9.28 132287 2857 879 1265 1496  148.03
St15 F4 3.83 23489 993 084 422 733 115340 1507 580 1470 10.62  130.82
St15 F5 547 146.14 1145 062 215 914 69288 1366 503 7.70 7.52 130.38
St15 F6 - 26453 1146 059 6.16 8.18 174047 1871 517 972 10.80 108.30
St15 F7 - 59.99 877 040 114 326 393.85 547 147 446 341 42.61
St17 F1 281 24031 642 065 296 1925 246.77 1.56 6.30 - 1.18 308.61
St17 F2 268 67556 10.63 0.69 11.71 20.25 4803.63 63.26 11.69 0.32 19.30 50.58
St17 F3 114 178.13 31.09 016 326 581 92072 2682 6.03 776 9.30 29.63
St17 F4 152 290.34 3457 028 490 585 147574 3471 6.74 12,62 11.62 39.70
St17 FS - 590.41 311 0.71 15045 21.92 2238.08 37.59 15897 190 6.90 192.53
St17 F6 - - - - - - - - - - - -

St17 F7 - - - - - - - - - - - -

St19 F1 12.83 294.63 13.09 20.33 - 40.99 1002.86 18.47 1730 033 3.39 777.14
St19 F2 0.20 596.53 9.36 341 9.60 14.09 474058 11991 1342 028 16.18 61.76
St19 F3 296 27859 583 113 812 10.08 857.71 2056 1257 3.14 3.49 104.96
St19 F4 426 11646 430 110 210 452 41188 8.44 212 388 176 105.83
St19 F5 3.88 25162 479 110 1368 7.02 850.06 17.62 11.90 11.14 3.60 132.35
St19 F6 - 84293 555 052 1868 562 385854 67.05 829 8228 1357 67.74
St19 F7 - 542.25 235 056 11858 8.92 217058 2720 79.21 190 548 87.51




Table S4. Detail of biotic metal (bM) concentrations (ng/g) according to the 7 size fractions (F1: 0.8-3

pm; F2: 3-20 um; F3: 60-200 pm; F4: 200-500 um; F5: 500-1000 um; F6: 1000-2000 um; F7 > 2000

pm) and the 10 stations (St1-4. St9-11. St15. St1. St19) of the MERITE-HIPPOCAMPE campaign. TL

determination were discussed in a companion study (Tésan-Onrubia et al., 2022).

Station Fraction TL As Cd Cr Cu Fe Mn Ni Sb \% Zn
St01 F1 1.0 182 0.21 0.08 1.58 35 0.84 0.55 0.00 0.27 25
F2 1.1 292 0.33 2.98 2.53 120 2.75 0.88 0.28 0.52 40
F3 1.7 7.09 0.80 4.93 6.15 292 6.68 213 0.82 1.26 97
F4 1.9 8.08 0.91 2.39 7.01 303 6.85 2.43 0.93 1.38 111
F5 22  9.02 1.01 7.82 7.82 371 8.49 2.71 1.04 1.60 124
F6 22 377 0.42 7.39 3.27 155 3.55 1.13 0.43 0.67 52
F7 25 519 0.38 0.78 4.76 240 4.96 1.75 0.29 0.96 58
St02 F1 1.0 1404 174 1469 1732 527 1981 236 0.32 2.64 261
F2 16 231 0.10 - 4.65 142 5.31 0.63 0.20 0.71 35
F3 20 783 073 1734 730 222 7.72 0.99 0.31 1.11 110
F4 2.0 13.02 1.24 8.12 12.84 391 6.47 1.75 0.54 0.74 193
F5 21 1067 064 2676 11.26 343 12.88 153 0.48 1.36 170
F6 21 6.38 039 2240 9.43 287 10.78 1.28 0.40 1.44 142
F7 23 631 111 2636 8.21 338 1269 151 0.47 1.51 167
St03 F1 1.0 343 0.51 2.80 4.87 135 8.60 1.16 0.13 1.27 74
F2 1.3 5.80 0.87 9.47 8.23 228 1452 195 0.62 2.15 166
F3 23 185 0.28 3.88 2.63 73 4.64 0.62 0.30 0.69 53
F4 25 4.47 0.60 5.85 6.34 176 5.52 151 0.71 1.65 128
F5 25 417 0.40 7.92 5.92 164 6.45 141 0.67 154 110
F6 - - - - - - - - - - -
F7 22 196 0.21 3.00 2.78 77 491 0.66 0.31 0.73 56
Sto4 F1 1.0 8.5 0.04 1.88 2.47 121 2.15 0.89 0.10 33.25 29
F2 1.5 1318 0.05 - 1.86 184 3.28 1.36 0.16 20.64 42
F3 1.8 8.8 0.04 1.78 2.34 114 2.03 0.84 011 4172 27
F4 1.8 971 0.04 2.11 2.78 135 2.41 1.00 0.13 4951 33
F5 1.7 8.44 0.04 1.83 2.41 118 2.10 0.87 0.11 40.97 28
F6 - - - - - - - - - - -
F7 - - - - - - - - - - -
St09 F1 1.3 18.18 235 1267 1349 241 4.39 3.28 0.13 1.36 245
F2 1.4 1098 142 - 8.15 145 2.65 1.98 0.11 0.82 46
F3 24 961 1.27 2.14 5.14 141 2.57 1.92 1.23 0.79 124
F4 27 1257 1.63 0.48 9.33 50 3.04 2.27 1.90 0.48 150
F5 3.2 1226 159 1.81 9.10 104 2.96 2.21 2.01 0.78 165
F6 - - - - - - - - - - -
F7 - - - - - - - - - - -
St10 F1 1.0 0.60 0.22 0.27 1.94 159 1.46 0.96 0.01 0.97 41
F2 1.4 225 0.81 N/A 7.21 643 5.45 3.56 0.49 3.60 153
F3 27 215 0.78 0.95 6.90 615 5.21 341 0.62 3.44 147



F4 28 244 0.88 1.08 7.83 697 591 3.86 0.70 3.91 166
F5 31 198 0.72 0.88 6.35 565 4.79 3.13 0.57 3.17 135
F6 3.6 232 0.71 1.03 7.44 663 5.62 3.67 0.67 3.71 139
F7 - - - - - - - - - - -
Stl1 F1 1.0 335 0.10 0.73 1.62 134 2.21 0.94 0.03 0.56 42
F2 11 5005 0.64 - 10.15 838 13.83  5.87 0.78 3.48 260
F3 21 16.74 036 2.57 5.72 472 7.79 331 1760 1.96 147
F4 22 11.07 040 1.57 6.30 431 7.64 3.64 1649 216 134
F5 24 3555 041 2.93 6.54 540 8.90 3.78 2551 224 167
F6 25 1234 040 1.88 6.38 508 8.70 3.69 1657 219 129
F7 28 2424 0.28 0.27 4.46 51 1.72 0.78 1.96 0.55 114
St15 F1 1.0 0.60 0.39 1.23 0.91 23 0.14 0.67 - 0.12 32
F2 - - - - - - - - - - -
F3 20 253 0.68 5.15 3.82 289 4.19 2.81 6.53 0.50 133
F4 21 320 0.84 6.52 4.83 366 5.30 3.56 8.26 0.63 131
F5 1.8 458 0.62 9.32 6.90 523 7.58 5.03 7.70 0.90 130
F6 - - - - - - - - - - -
F7 - - - - - - - - - - -
St17 F1 1.0 3.66 0.65 3.42 2.99 205 1.56 2.22 - 1.18 93
F2 1.4 349 0.62 3.26 2.86 196 5531 212 032 19.30 51
F3 15 149 0.16 1.39 1.22 84 23.63 091 7.76 9.22 30
F4 1.7 199 0.28 1.86 1.62 111 3145 121 1262 1162 40
F5 - - - - - - - - - - -
F6 - - - - - - - - - - -
F7 - - - - - - - - - - -
St19 F1 - - - - - - - - - - -
F2 16 0.14 0.03 0.39 0.36 13 0.02 0.08 0.07 0.08 5
F3 1.8 2.07 0.51 5.79 5.36 185 0.34 1.22 0.96 1.12 70
F4 19 297 0.74 2.10 4.52 266 0.48 1.75 1.38 161 100
F5 22 271 0.67 7.58 7.02 243 0.44 1.59 1.26 1.47 91
F6 - - - - - - - - - - -
F7 - - - - - - - - - - -

Table S5: Results of ANOVA (A) or Kruskal-Wallis (KW) tests per element to examine the potential
variations of bM concentrations across all stations and fractions (n = 55). Significant differences (p <

0.05) are in bold.

As Cd Cr Cu Fe Mn Ni Sb Vv Zn
Test A KW A A A KW A A KW A
p-Value 0.003 0.008 0.015 0.026 0.005 0.038 <0.0001 0.012 0.086 0.009




Table S6. Detail of bM/POP ratios in planktonic food webs per elements and stations.

As Cd Cr Cu Fe Mn Ni Sh \Y Zn

North coastal zone

St01 0.62 0.04 0.79 0.64 31.98 0.74 0.24 0.03 0.16 9.54
St02 0.96 0.06 2.96 1.41 50.34 1.77 0.21 0.03 0.25 19.64
St03 0.47 0.04 1.09 0.78 24.58 1.39 0.20 0.03 0.26 13.96
St04 241 0.01 0.63 0.74 45.11 0.82 0.32 0.02 12.74 9.17
Offshore zone

St09 1.60 0.13 0.72 1.34 23.83 0.54 0.37 0.08 0.16 17.88
St10 0.19 0.05 0.11 0.73 73.03 0.64 0.39 0.02 0.46 13.53
Stl1 1.37 0.02 0.18 0.48 39.08 0.68 0.27 0.40 0.19 10.56
South coastal zone

St15 0.35 0.08 1.01 0.61 45,90 0.65 0.49 0.29 0.10 15.02
St17 0.54 0.05 0.73 0.52 40.51 9.37 0.42 0.78 3.84 11.87
St19 0.29 0.05 0.99 0.81 34.70 0.06 0.22 0.07 0.23 10.53

Table S7: Results of ANOVA (A) or Kruskal-Wallis (KW) tests per element to examine the potential
variations of bM/POP ratios across all stations and fractions (n = 55). Significant differences (p < 0.05)

are in bold.

As Cd Cr Cu Fe Mn Ni Sb Vv Zn
Test A KW A KW A A A A A A
p-Value 0.014 0.038 0.035 0.022 0.298 0.018 <0.0001 <0.0001 0.112 0.579




Table S8: Results of Student (t) or Mann-Whitney-Wilcoxon (MW) tests per element to examine the
potential differences in bM concentrations between geographical areas (n = 25 in the northern coastal

zone; n = 18 in the offshore zone; n = 12 in the southern coastal zone). Significant differences (p < 0.05)

are in bold.
As Cd Cr Cu Fe Mn Ni Sb V Zn
Differences between the northern coastal zone and the offshore zone
Test MW MW MW MW t MW t MW MW MW

p-Value 0.207 0.066 <0.001 0.190 0.040 0428 <0.001 0.015 0.724 0.014

Differences between the northern coastal zone and the southern coastal zone

Test t MW MW MW t MW t MW MW MW
p-Value <0.001 0.713 0.221 0.049 0956 0.227 0.082 0.010 0.327 0.554

Differences between the offshore zone and the southern coastal zone

Test MW MW MW t t MW t MW MW MW
p-Value 0.015 0.158 0.021 0.002  0.037  0.346 0.005 0.408 0.573 0.001




Table S6: Elemental stoichiometry (bM/POP ratio. mmol/mol) in planktonic food webs including the 7
size fractions (F1-7) from the MERITE-HIPPOCAMPE campaign (Mediterranean Sea) detailed for the

10 stations (St1-4. St9-11. St15. Stl. St19).

As Cd Cu Cr Fe Mn Ni Sb Vv Zn

Northern coastal zone
St01 062 004 064 079 3198 074 024 0.03 016 954
St02 096 006 141 296 5034 177 021 0.03 025 19.64
St03 047 004 078 109 2458 139 020 003 026 13.96
St04 241 001 074 063 4511 082 032 0.02 1274 9.17
Offshore zone
St09 160 013 134 072 2383 054 037 008 016 17.88
St10 019 005 073 011 7303 064 039 002 046 1353
St1l 137 002 048 018 3908 068 027 040 0.19 10.56
Southern coastal zone
St15 035 008 061 101 4590 065 049 029 010 15.02
St17 054 005 052 073 4051 937 042 078 384 1187
St19 029 005 081 099 3470 006 022 0.07 023 10.53




