Supplementary material: Directional fabrication and directional dissolution of larval and juvenile oyster shells under ocean acidification
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Table S1: Summary of seawater carbonate chemistry. Representative values of carbonate system parameters in different pH treatments in controlled hatchery condition (n = 3, ±SD). The partial pressure of carbon dioxide (pCO2), carbonate ion concentration (CO32-), calcite saturation state (ΩCa in), and aragonite saturation state (ΩAr in) were calculated from total alkalinity (µmol kg-1), pH (NBS Scale), temperature (o C) and salinity (o/o o) at different life history stages using CO2SYS. This experimental samples were collected as part of the other published experiment from our laboratory (Lim, Dang et al. 2021). 
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Figure S1: Focused Ion Beam – SEM – larval shell cross section fabrication steps. 
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Figure S2: Larval shell dissolution near hinge in OA-OA condition – replicates from all the three replicate tanks (6 replicates from each tank). Scale bar: 100 µm. 
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Figure S3: No dissolution in larval shells grown under control-control condition – replicates from all the three replicate tanks (6 replicates from each tank). Scale bar: 100 µm. 
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Figure S4: No dissolution in larval shells grown under OA-Control condition – replicates from all the three tanks (6 replicates from each tank). Scale bar: 100 µm.
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Figure S5: Larval shell dissolution near hinge in Control-OA condition – replicates from all the three replicate tanks (6 replicates from each tank). Scale bar: 50 µm. 
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Figure S6: Dissolution of prismatic layer near the hinge region of the shell in OA-OA condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S7: Dissolution of prismatic layer near the middle region of the shell in OA-OA condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S8: Prismatic layer remains intact near the edge region (newly formed) of the shell in OA-OA condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S9: Dissolution of prismatic layer near the hinge region of the shell in Control-Control condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S10: Prismatic layer in the middle region of the shell surface remains intact in Control-Control condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S11: Prismatic layer in the edge of the shell surface (newly formed) remains intact in Control-Control condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S12: Dissolution of prismatic layer near the hinge shell surface in OA-Control condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S13: Dissolution of prismatic layer in the middle shell surface in OA-Control condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S14: Prismatic layer remains intact in the shell edge surface (newly formed) in OA-Control condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S15: Dissolution of prismatic layer near the hinge shell surface in Control-OA condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S16: Dissolution of prismatic layer in the middle shell surface in Control-OA condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S17: Prismatic layer on shell edge surface remains intact in Control-OA condition – replicates from all the three tanks (3 replicates from each tank, each row represents a replicate tank). Scale bar: 50 µm.
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Figure S18: Percentage calculations for shell dissolution in larvae (hinge) and juveniles (middle region). Error bar: Standard deviation. 
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Figure S19: Intact folia layer under all the four treatment conditions (3 replicates shown for each treatment). 
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Figure S20: SEM-EBSD of all the larval cross sections cut using FIB: Orientation maps in the centre with pole figures on the side corresponding to the orientation maps. Colours in the crystal orientation maps are according to the colour key – each colour denoting slight changes in crystal orientation. 
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Figure S21: Crystal orientation maps of folia layer and corresponding pole figures. Colours in the orientation map and pole figures denote slight changes in crystal orientation. Colour changes are according to the calcite colour key provided in the colour key at the bottom. 
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Description automatically generated]
Figure S22. Granular and lamellar layer nanostructure i) TEM cross section of P. fucata larvae 48 hours post fertilisation showing granular layer (Yokoo, Suzuki et al. 2011) ii) TEM cross section of P. fucata larvae 3 weeks post fertilisation showing lamellar layer (Yokoo, Suzuki et al. 2011), reported in the previous study as granular layer (GL) iii) TEM cross section of C. hongkongensis larvae showing lamellar layer iv) Lamellar layer of adult giant clam Tridacna derasa (Agbaje, Wirth et al. 2017) for reference to compare granular and lamellar layers from larval shell cross sections (i, ii and iii) show in this figure.
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     Treatments  Measured     Calculated  

 pH     (NBS scale)  Temperature  ( o C)  Salinity  ( o / oo )  TA    (µmol kg - 1 )  pCO 2   (µatm)  CO 3 2 -   (mmol kg - 1 )  ΩCa in  ΩAr in  

Hatchery condition   Pre - fertilization  

Control   OA  7.98±0.01   7.38±0.02  25.2±0.1   25.3±0.0  15.5±0.0   15.5±0.0  1693.5±6.2   1697.9±9.2  442±8   1978 ±62  91±1   25±1  2.57±0.03   0.71±0.03  1.55±0.02   0.43±0.02  

Post - fertilization  

Control - Control   Control -   OA   OA -   Control   OA -   OA  8.03±0.01   7.44±0.01   8.03±0.01   7.40±0.02  27.3±0.1   27.5±0.2   27.7±0.1   27.5±0.3  15.0±0.0   15.0±0.0   15.0±0.0   15.0±0.0  1681.8±11.4   1688.6±3.7   1682.4±14.5   1691.3±12.2  396±6   1723±44   390±3   1916±83  104±2   30±0   106±2   28±1  2.97±0.05   0.87±0.01   3.06±0.06   0.80±0.03  1.79±0.03   0.53±0.01   1.85±0.04   0.48±0.02  

Pre - settlement  

Control  -   Control   Control  -   OA   OA  -   Control   OA  -   OA  8.06±0.01   7.42±0.02   8.06±0.01   7.43±0.02  28.6±0.1   28.6±0.1   28.5±0.1   28.6±0.1  15.0±0.0   15.0±0.0   15.0±0.0   15.0±0.0  1618.0±15.2   1659.2±12.8   1636.3±30.0   1642.0±29.2  343±7   1758±67   350±3   1698±77  111±1   30±1   112±3   30±2  3.24±0.03   0.87±0.03   3.24±0.09   0.88±0.05  1.96±0.02   0.53±0.02   1.96±0.05   0.53±0.03  

Post - settlement  

Control   -   Control   Control  -   OA   OA  -   Control   OA  -   OA  8.08±0.01   7.43±0.01   8.07±0.01   7.45±0.01  27.7±0.1   27.8±0.1   27.7±0.1   27.7±0.1  16.0±0.0   16.3±0.3   16.2±0.3   16.0±0.0  1643.6±38.0   1663.2±23.8   1655.3±34.5   1674.9±19.7  324±6   1678±36   334±9   1632±35  119±4   31±1   118±2   32±0  3.37±0.1   0.89±0.0   3.34±0.1   0.92±0.0  2.06±0.06   0.54±0.01   2.04±0.04   0.56±0.01  

Estuary site  

Dates:   10/22/2019   3/10/2020   3/25/2020   4/13/2020   6/4/2020   6/24/2020    7.40    7.64   7.64   7.65   7.71   7.82    28.7   24.0    25.1    21.3    31.2   33.4    11.4   22.8   20.8   18.2     20.4   20.8    998.2   926.0   964.6   1425.0   1402.4   1390.6    1753   733   789   1144   1024   778    10.2   21.0   21.5   26.9   43.2   57.8    0.31   0.55   0.58   0.73   1.20   1.62    0.18   0.35   0.36   0.44   0.76   1.04  
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