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Experimental set-up details

During the acclimation and the experiments clams were fed daily with the microalgae Isochrysis
galbana. A short day's photoperiod of 10 h of light and 14 h of darkness was set. During the
experiment, 80 clams grew in each mesocosm, with an aeration system and a submersible
heater (SICCE SCUBA 50W), on a layer of beach sand replicating the seashore substrate. Two
head tanks received seawater: one maintained control pH conditions (Tank 1), while the other
served as a CO, mixing tank (Tank 4), where pH was lowered to 7.8-7.9 by automatic CO,
injection, regulated by two independent Aqua Medic pH controllers (Fig. 1). From these two
head tanks, four additional reservoir tanks were supplied: two connected to the control pH tank
(Tank 2-3) and two to the low pH tank (Tank 5-6; Fig. 1). In two of these reservoir tanks (Tanks
3 and 6), salinity was reduced by adding freshwater, while the other two maintained control
salinity conditions (Tanks 2 and 5; Fig. 1). Each reservoir tank fed six experimental mesocosms
through a microcomputer-controlled system that delivered approximately 0.5 L of fresh
seawater every five minutes to each mesocosm. Thermostats STC 1000 connected to 50 W

seawater heaters were used to control temperatures individually at each mesocosms.

Determination of Total alkalinity (A¢) following Sarazin et al., 1999.
Calibration curves were obtained from a series of NaHCO3; standard solutions prepared in

artificial seawater without calcium (ASW). Water samples (2 mL) were mixed with 2 mL of a
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color reagent (formic acid and bromophenol blue) and absorbance was read at 590 nm. At was
calculated from the calibration line obtained with the standards. Measurements were
performed twice during the experiment, on day 10 and on day 20. Linear interpolation between

these two values was then used to estimate daily At values for the last 10 days of exposure.

Suppl. Table 1. Seawater aquarium parameters measured for each tank. Values are expressed as mean * 95%

confidence intervals. n, total number of measurements per treatment.

Treatment Tank n pHr Temperature (°C) Salinity
T1 (control) 1 38 8.02 =+ 0.01 18.08 =+ 0.26 3496 = 0.15
T1 (control) 2 38 802 + 0.01 1783 + 0.18 35.08 + 0.18
T1 (control) 3 38 8.02 =+ 0.01 18.08 £ 0.30 3498 = 0.17
T2 (TTemp) 4 38 8.02 =+ 0.01 2186 = 0.13 3522 = 0.17
T2 (TTemp) 5 38 801 + 0.01 2202 + 0.24 3522 £+ 0.16
T2 (TTemp) 6 38 8.01 =+ 0.01 2192 + 0.18 3521 = 0.16
T3 (Sal) 7 38 8.02 == 0.01 18.02 + 0.16 32.02 = 0.17
T3 ({Sal) 8 38 801 + 0.01 1796 + 0.19 32.00 £ 0.17
T3 (ISal) 9 38 8.02 =+ 0.01 18.03 £ 0.19 32.00 = 0.18
T4 (TTemp lSal) 10 38 8.03 =+ 0.02 2193 =+ 0.14 3217 = 0.19
T4 (TTemp {Sal) 11 38 801 + 0.01 2201 =+ 017 32.09 £ 0.19
T4 (TTemp {Sal) 12 38 8.02 =+ 0.01 2194 <+ 0.18 3220 = 0.19
T5 ({pH) 13 38 788 = 0.02 18.08 =+ 0.19 3510 = 0.16
T5 ({pH) 14 38 790 + 0.02 1790 =+ 0.20 35.06 + 0.16
T5 (IpH) 15 38 789 + 0.01 1809 + 0.8 3512 + 0.14
T6 ({pH TTemp) 16 38 789 = 0.02 2206 = 020 3530 = 0.12
T6 ({pH TTemp) 17 38 7.90 £ 0.02 2190 + 0.22 3525 + 0.15
T6 ({pH TTemp) 18 38 789 + 0.01 2205 + 0.18 3517 + 0.14
T7 ({pH lSal) 19 38 788 = 0.02 18.05 + 0.12 3194 = 0.17
T7 ({pH lSal) 20 38 789 = 0.02 18.01 + 0.14 3213 = 0.19
T7 ({pH lSal) 21 38 789 + 0.02 18.00 =+ 0.21 32.01 + 0.18
T8 ({pH TTemp {Sal) 22 38 7.88 + 0.02 2200 + 0.16 32.05 + 023
T8 ({pH TTemp !Sal) 23 38 787 = 0.03 2187 =+ 0.19 3222 = 0.20
T8 ({pH TTemp lSal) 24 38 791 + 0.02 2191 + 0.16 3215 + 0.21




Suppl. Table 2. Carbonate chemistry parameters calculated for each tank. Values are expressed as mean + 95% confidence intervals. n, total number of measurements
per treatment. Abbreviations: Ar total alkalinity, pCO,, partial pressure of CO»; DIC, dissolved inorganic carbon; HCO3-, bicarbonate ion concentration; CO32-, carbonate
ion concentration; Qa,, aragonite saturation state; ()¢, calcite saturation state.

Treatment Tank n Ar pCo: pIc HCOs €0s* Qa Qc
(nmol kg1) (natm) (umol kg1) (umol kg1) (umol kg1)
T1 (control) 1 19 2526 * 190 457 + 38 2274 = 177 2072 = 162 187 + 15 289 = 0.23 447 £ 035
T1 (control) 2 19 2505 + 175 463 * 49 2260 = 166 2062 * 154 182 + 13 281 = 0.20 434 * 0.32
T1 (control) 3 19 2663 = 212 471 £ 41 2397 = 198 2180 + 181 201 = 16 3.10 = 0.26 479 = 040
T2 (TTemp) 4 19 2744 =+ 242 489 + 44 2437 + 222 2189 + 199 233 + 22 3.63 = 0.34 555 = 0.53
T2 (TTemp) 5 19 2623 + 195 482 + 38 2334 + 179 2102 + 160 217 + 18 339 + 0.28 518 = 043
T2 (TTemp) 6 19 2491 + 184 458 + 37 2211 + 167 1991 + 149 206 = 19 321 + 0.29 492 + 045
T3 (ISal) 7 19 2612 + 119 479 = 29 2373 = 112 2173 + 104 184 + 9 2.88 = 0.14 448 =+ 0.23
T3 (ISal) 8 19 2650 + 146 499 * 23 2417 = 133 2217 = 120 182 + 13 284 = 0.21 443 * 0.32
T3 (ISal) 9 19 2601 = 137 487 * 34 2366 = 128 2168 = 117 181 + 12 284 = 0.18 442 * 0.28
T4 (TTemp lSal) 10 19 2639 = 143 481 * 48 2360 = 131 2131 £ 122 214 + 23 340 = 0.37 524 + 0.58
T4 (TTemp !Sal) 11 19 2613 + 149 497 + 24 2349 + 134 2131 + 119 203 = 16 323 = 0.25 498 + 038
T4 (TTemp !Sal) 12 19 2727 + 146 509 + 26 2451 + 133 2221 + 119 214 + 14 340 = 0.23 525 = 035
TS ({pH) 13 19 2447 + 207 650 = 69 2270 + 196 2109 + 182 138 + 15 213 + 0.24 330 = 036
T5 ({pH) 14 19 2622 + 172 704 + 57 2441 = 163 2271 + 151 146 + 12 224 = 0.19 347 = 0.29
T5 ({pH) 15 19 2467 = 178 649 + 53 2287 = 167 2125 + 154 140 * 13 216 = 0.21 334 = 0.32
T6 ({pH TTemp) 16 19 2654 + 224 705 + 81 2435 = 213 2242 + 198 172 = 16 2.68 = 0.25 411 * 0.38
T6 ({pH TTemp) 17 19 2542 + 184 617 *+ 52 2318 = 172 2127 + 157 172 £ 15 2.69 = 0.23 412 + 035
T6 ({pH TTemp) 18 19 2756 * 232 710 + 78 2525 + 220 2321 + 204 183 + 16 286 = 0.25 437 + 0.39
T7 ({pH lSal) 19 19 2455 + 199 689 = 79 2300 + 193 2150 + 182 127 + 11 198 + 0.17 3.09 = 026
T7 ({pH lSal) 20 19 2541 + 196 663 * 53 2370 + 182 2207 + 167 139 + 16 218 = 0.25 339 = 038
T7 ({pH lSal) 21 19 2610 + 228 721 + 76 2446 + 217 2284 + 202 137 £ 15 214 + 0.24 334 = 037
T8 ({pH TTemp lSal) 22 19 2458 + 182 702 = 78 2278 = 173 2112 £ 161 144 + 15 229 = 0.23 353 + 036
T8 ({pH TTemp lSal) 23 19 2577 + 205 623 + 75 2360 = 197 2171 + 185 170 = 12 271 = 0.20 417 *= 031
T8 ({pH TTemp lSal) 24 19 2481 = 202 575 + 62 2264 = 192 2078 = 178 168 + 14 267 = 022 411 = 0.34




Suppl. Table 3. Shell biometric parameters measured for each tank. Values are expressed as mean * 95%

confidence intervals. n, total number of measurements per treatment.

Length Height Width Mass
Treatment Tank n (mm) (mm) (mm) @
T1 (control) 1 43 2485 + 047 2133 + 038 587 + 012 132 + 007
T1 (control) 2 42 2478 + 050 2112 + 034 585 + 010 133 + 007
T1 (control) 3 42 2490 + 044 2129 + 033 591 + 010 134 + 007
T2 (TTemp) 4 15 2611 + 1.02 2215 *+ 0.69 604 + 025 148 + 0.16
T2 (TTemp) 5 15 2505 * 0.80 2142 *+ 057 597 % 015 137 + 0.14
T2 (TTemp) 6 23 2409 + 048 2089 + 041 573 + 013 123 + 008
T3 ({Sal) 7 40 2535 + 0.42 2170 + 033 589 + 012 139 + 007
T3 ({Sal) 8 39 2479 * 057 2133 * 042 577 % 013 134 + 007
T3 (4Sal) 9 49 2486 * 043 2161 + 032 586 + 010 134 + 005
T4 (TTemp {Sal) 10 27 2556 * 0.72 2191 * 059 608 + 015 146 *+ 0.12
T4 (TTemp {Sal) 11 15 2531 * 0.76 2138 + 048 597 % 020 135 + 0.10
T4 (TTemp {Sal) 12 29 2542 + 0.60 2160 *+ 048 591 + 013 139 + 0.09
T5 ({pH) 13 23 2445 * 041 2129 * 034 600 + 0.16 133 + 006
T5 ({pH) 14 30 2519 + 054 2195 + 044 587 + 013 137 + 007
T5 ({pH) 15 42 2484 + 044 2137 + 032 588 + 011 131 + 006
T6 (IpH TTemp) 16 8 2493 * 116 2173 *+ 093 595 & 032 133 + 015
T6 (IpH TTemp) 17 6 2438 + 133 21.04 + 084 582 + 023 122 + 013
T6 (IpH TTemp) 18 11 2465 *+ 082 2146 * 068 584 £ 020 132 + 011
T7 (LpH LSal) 19 21 2529 + 098 2179 £ 067 598 + 018 138 + 013
T7 (UpH ISal) 20 12 2542 + 125 2177 + 090 599 £ 030 145 + 021
T7 (4pH ISal) 21 21 2398 * 0.62 21.04 * 032 582 + 016 124 + 007
Iga%pHTTemp 22 13 2499 + 097 2174 *+ 064 593 £ 020 127 + 012
Isga%pHTTemp 23 6 2501 + 1.52 2142 + 130 574 + 044 125 + 0.8
T8 (lpH TTemp 8 2383 + 129 2081 * 0.69 578 £ 039 123 + 019

isal)




Suppl. Table 4. Shell skeletal parameters measured for each tank. Values are expressed as mean * 95% confidence

intervals. n, total number of measurements per treatment.

Micro-density Apparent porosity Bulk density
Treatment Tanks n (g/cm?) (%) (g/cm?)
T1 (control) 1 43 280 + 0.01 456 + 059 264 + 0.03
T1 (control) 2 42 282 =+ 0.02 535 + 085 267 = 0.01
T1 (control) 3 42 284 =+ 0.02 592 + 1.00 267 = 0.01
T2 (TTemp) 4 15 281 + 0.01 542 £ 0.72 267 + 0.03
T2 (TTemp) 5 15 278 £ 0.01 428 + 058 259 + 0.09
T2 (TTemp) 6 23 280 =+ 0.04 429 =+ 111 268 £ 0.05
T3 (Sal) 7 40 281 =+ 0.01 463 + 0.89 268 = 0.01
T3 ({Sal) 8 39 284 + 0.03 7.77 £+ 1.05 263 + 0.03
T3 ({Sal) 9 49 280 + 0.01 484 + 042 266 * 0.01
T4 (TTemp lSal) 10 27 285 + 0.06 522 + 081 270 £ 0.05
T4 (TTemp lSal) 11 15 283 + 0.02 628 + 125 265 =+ 0.02
T4 (TTemp {Sal) 12 29 281 + 0.01 467 + 075 267 + 0.01
T5 ({pH) 13 23 281 + 0.02 598 + 088 264 + 0.02
T5 ({pH) 14 30 279 =+ 0.03 552 + 0.64 262 = 0.03
T5 ({pH) 15 42 284 =+ 0.08 755 + 1.63 264 = 0.04
T6 ({pH TTemp) 16 8 280 + 0.02 477 + 1.66 269 + 0.05
T6 ({pH TTemp) 17 6 284 + 0.03 895 + 293 259 + 0.06
T6 ({pH TTemp) 18 11 279 = 0.02 407 =+ 132 268 = 0.02
T7 ({pH lSal) 19 21 2.77 £ 0.05 652 =+ 141 268 = 0.06
T7 ({pH lSal) 20 12 278 + 0.01 524 + 124 270 + 0.08
T7 (IpH !Sal) 21 21 281 + 0.03 760 + 129 259 + 0.02
T8 ({pH TTemp !Sal) 22 13 286 =+ 0.04 11.20 == 3.06 251 + 0.06
T8 ({pH TTemp !Sal) 23 6 282 + 0.06 740 == 382 261 = 0.08
T8 ({pH TTemp lSal) 24 8 287 + 0.05 1044 + 233 252 + 0.06




Suppl. Table 5. Skeletal properties of Chamelea gallina across treatment (T1 to T8; data from the three replicated
tanks were pooled). Values are expressed as mean + 95% confidence intervals. n, total number of measurements

per treatment. Statistical significance of Kruskal-Wallis test across treatments is reported in the last row as p-

values.

Treatment n Mic(rgo:rtl;?)sity Bu&{ éi;l;s)ity Appareg);) l)’orosity
T1 (control) 127 282 + 0.01 266 = 001 527 + 047
T2 (TTemp) 53 280 = 0.02 2,65 = 0.03 461 * 0.54
T3 (Sal) 128 282 = 0.01 266 = 0.01 567 + 0.50
T4 (TTemp lSal) 71 283 £ 0.02 268 £ 0.02 522 + 0.50
T5 ({pH) 95 282 + 0.04 263 + 0.02 6.53 + 0.78
T6 ({pH TTemp) 25 280 + 0.02 2.66 + 0.03 547 + 1.20
T7 ({pH lSal) 54 2.79 = 0.02 2,65 = 0.03 6.65 +* 0.78
T8 (LpH 1Temp !Sal) 27 2.85 + 0.02 253 + 0.04 1013 + 1.71
Kruskal Wallis test 0.000 0.000 0.000

Suppl. Table 6. Mechanical properties of Chamelea gallina across treatment (T1 to T8; data from the three
replicated tanks were pooled). Values are expressed as mean * 95% confidence intervals. n, total number of
measurements per treatment. Statistical significance across treatments (Kruskal-Wallis test or one-way ANOVA)

is reported in the last row as p-values.

Treatment n Maximum load Structural stiffness
(kN) (KN mm1)
T1 (control) 12 0.09 + 0.02 1.77 + 0.19
T2 (1Temp) 12 008 = 0.01 1.59 + 0.24
T3 (ISal) 12 0.07 + 0.02 1.38 + 0.31
T4 (1Temp Sal) 12 0.09 + 0.01 1.68 + 0.31
T5 ({pH) 12 0.07 + 0.02 1.37 + 0.20
T6 ({pH TTemp) 12 0.07 + 0.01 1.36 + 0.24
T7 (LpH ISal) 12 007 = 0.02 1.28 + 0.29
T8 (LpH 1Temp lSal) 12 006 =+ 0.01 1.21 + 0.33

K-W/ANOVA 0.031 0.013




Suppl. Table 7. Shell microstructural properties for each treatment fort the whole shell (T1 to T8; data from the
three replicated tanks were pooled). Values are expressed as mean * 95% confidence intervals. n = 6 represents
the total number of measurements per treatment. Statistical significance across treatments (Kruskal-Wallis test
or one-way ANOVA) is reported in the last row as p-values. Different letters beside calcium values indicate

significant differences among treatments (Tukey’s post-hoc test, p<0.05).

Cristallite Size Aragonite (nm) Mineral composition (wt%)
Treatment

111 021 200 Aragonite Calcite Ca (wt%)
T1 (control) 1100 + 94 94.0 + 7.6 1087 + 11.5 99.50 * 021 050 * 021 37.20 + 4.57a
T2 (TTemp) 727 + 64 631 % 6.7 775 + 93 9824 + 062 176 * 0.62 3518 * 2.28
T3 (Sal) 874 + 145 756 = 115 89.6 = 23.0 9872 + 053 1.28 + 053 3764 * 2172
T4 (TTemp lSal) 1084 +* 55 933 + 45 1048 * 9.2 9962 * 0.62 038 * 0.62 3681 * 0.542b
T5 ({pH) 750 + 114 64.7 £ 9.0 79.7 + 94 9830 %+ 088 1.70 £ 0.89 3520 = 0.86%
T6 ({pH TTemp) 736 + 201 631 = 171 769 * 133 9826 + 085 1.74 + 085 3721 * 1.622
T7 ({pH lSal) 715 + 193 625 * 141 744 + 211 9817 = 0.79 183 + 0.79 3417 + 1.16b
T8 (I\pH TTemp !Sal]) 689 + 9.8 595 + 3.9 721 = 149 98.02 * 046 198 + 046 3595 * 3.83
K-W/ANOVA 0.016 0.012 0.017 0.020 0.020 0.006

Suppl. Table 8. Crystallite size and mineral composition measurements of the shell edge region for each
treatment. Values are expressed as mean + 95% confidence intervals. n = 3 represents the total number of

measurements per treatment.

Crystallite Size Aragonite (nm) Mineral composition (wt%)
Treatment

A (111) A (021) A (200) Aragonite Calcite
T1 (control) 64.55 * 15.34 55.17 *+ 14.67 7233 = 8.80 9254 + 742 749 = 7.29
T2 (TTemp) 60.89 + 13.24 51.16 + 1232 7130 + 14.09 93,55 + 6.83 645 + 6.83
T3 ({Sal) 64.11 + 4.89 5350 + 7.73 7437 + 8.85 9549 + 1.20 451 + 1.20
T4 (TTemp {Sal) 6591 + 3.58 5581 + 6.09 7480 + 598 95.89 + 0.50 411 + 0.50
T5 ({pH) 55.60 = 6.62 46.37 = 2.79 64.57 + 15.82 9511 + 171 489 + 171
T6 ({pH TTemp) 56.79 + 12.68 4727 = 1240 6737 = 797 93.16 * 995 6.84 + 995
T7 ({pH lSal) 57.18 + 18.18 4722 + 14.06 70.60 = 22.37 94.60 + 253 540 = 2.53
T8 ({pH TTemp ISal) 5815 =+ 13.03 48.66 * 13.07 69.20 + 10.96 9481 + 1.77 519 = 1.77




Suppl. Table 9. Crystallite size and mineral composition measurements of the shell central region for each

treatment. Values are expressed as mean + 95% confidence intervals. n = 3 represents the total number of

measurements per treatment.

Crystallite Size Aragonite (nm)

Mineral composition (wt%)

Treatment
A (111) A (021) A (200) Aragonite Calcite
T1 (control) 7599 + 12.57 65.67 + 9.46 80.37 + 11.58 98.24 = 0.98 749 = 098
T2 (TTemp) 75.58 + 2293 65.13 + 20.15 79.00 + 17.16 98.15 + 215 645 = 215
T3 ({Sal) 7233 + 1198 61.83 + 1097 76.07 + 1154 98.01 + 0.70 451 + 0.70
T4 (TTemp {Sal) 72.10 + 855 6482 + 11.60 7427 + 6.05 98.29 + 176 411 + 176
T5 ({pH) 7711 % 19.67 66.64 + 19.46 8040 = 1940 98.00 + 0.53 489 + 0.53
T6 ({pH TTemp) 7414 = 2.76 6491 = 343 76.77 = 7.23 9796 * 0.15 684 + 0.15
T7 ({pH lSal) 72.76 = 11.34 61.77 = 7.48 77.63 = 17.38 97.70 = 0.50 540 = 0.50
T8 ({pH TTemp lSal) 67.38 * 9.76 5756 + 12.60 7130 * 6.34 97.35 = 047 519 + 047

Suppl. Table 10. Crystallite size and mineral composition measurements of the shell umbo region for each

treatment. Values are expressed as mean * 95% confidence intervals. n = 3 represents the total number of

measurements per treatment.

Crystallite Size Aragonite (nm)

Mineral composition (wt%)

Treatment
A (111) A (021) A (200) Aragonite Calcite
T1 (control) 62.14 + 6.96 52.26 + 4.83 6593 + 7.14 94.24 + 223 576 + 2.23
T2 (TTemp) 6034 = 10.63 5232 + 6.68 6443 + 15.55 9382 * 1.75 6.18 + 175
T3 (Sal) 5349 + 17.25 4747 * 1331 55.13 + 20.00 93.81 = 246 6.19 = 246
T4 (TTemp {Sal) 6132 + 13.14 5228 + 7.92 68.03 + 25.05 9338 + 240 6.53 + 2.75
T5 ({pH) 6454 = 29.71 5394 + 20.57 7190 = 4249 9491 = 286 509 =+ 286
T6 ({pH TTemp) 58.60 * 20.14 5135 + 17.12 6197 * 2242 94.61 = 392 539 = 3092
T7 ({pH lSal) 5792 + 14.68 4895 + 11.51 64.03 + 15.29 93.67 + 2.08 633 + 2.08
T8 (IpH TTemp {Sal) 6671 = 13.66  56.13 = 1210 7440 + 19.93 96.89 + 2.65 311 + 265

Suppl. Table 11. Intracrystalline material and shell decarboxylation percentage weight loss for each treatment.

Values are expressed as mean + 95% confidence intervals. n, total number of measurements per treatment.

Intracrystalline material + H20

Decarboxylation

Treatment n (Wt%; 150 - 500°C) (Wt%; 500 - 900°C)
T1 (control) 5 184 * 020 4268 t+ 034
T2 (TTemp) 5 191 + 030 4255 + 024
T3 (USal) 5 191 + 002 4202+ 0.64
T4 (TTemp {Sal) 5 181 + 007 4263 + 118
TS5 (LpH) 5 175 027 4238 + 035
T6 (LpH 1Temp) 5 182 + 023 4257 + 018
T7 (LpH lsal) 5 179 + 023 4238 + 033
T8 (LpH MTemp 1Sal) 5 183 + 016 4243 + 038




