Supplementary Tables

[bookmark: _99xruond5hbp]Supplementary Table S1. PERMANOVA model results for oyster larvae survival between 24 hpf and 15 dpf. Significant model effects are in bold (P < 0.05).
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[bookmark: _88ejk3umw9ug]Supplementary Table S2. PERMANOVA model results for oyster larvae lengths between 24 hpf and 15 dpf. Significant model effects are in bold (P < 0.05).
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[bookmark: _93bu8koly1nc]Supplementary Table S3. PERMANOVA model results for respiration rates of 24-hour oyster larvae. A significant model effect is in bold (P < 0.05).
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[bookmark: _8p68piiz8t6k]Supplementary Table S4. KEGG enrichment analysis of WGCNA data. Table is sorted alphabetically by module color.

[image: A screenshot of a medical report

Description automatically generated]





[bookmark: _ohnday9ob3w][bookmark: _epyi9rxc9s9t]Supplementary Figures 
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Figure S1. Survival (a) and length (b) of oyster larvae from 4 to 15 dpf; plots are organized by age in days. Survival is shown as mean ± SE (N=3 tanks treatment-1) and boxplots for length data with 25-75th percentile (boxes) and 1.5x interquartile range of all data (whiskers), mean (circles), and median length (horizontal line). Lower case letters represent pairwise differences from significant PERMANONA interaction terms. 
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[bookmark: _m9a56hhlw5c9]Supplementary Figure S2. Shell length (mean ± SEM) of oyster larvae and spat on days 19 and 22 post fertilization (mean ± SD; N = 20±8 and 45±25 larvae replicate tank-1). No spat or larvae lived to 19 dpf under low temperature and low Ωar. 
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[bookmark: _sj04qbtcmd4j]Supplementary Figure S3. WGCNA results for 24-hour larval oyster larvae. Heatmap represents gene-module correlations with temperature, salinity, and pCO2 treatment with the correlation coefficient and p-value shown for each significant module-treatment relationship (A); a module with an asterisk (i.e. module yellow) contains only main treatment correlation(s). rlog transformed gene expression data (mean ± SEM) is shown for all genes in significant modules (B; review A for N genes module-1), with data ordered by the four major treatment groups based on drivers of reduced aragonite saturation (roman numerals in module ‘blue’).
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[bookmark: _ic6tqu409jgb]Supplementary Figure S4. WGCNA results for 22-day oyster spat, including only oysters under high temperature. Heatmap represents gene-module correlations with salinity and pCO2 treatment with the correlation coefficient and p-value shown for each significant module-treatment relationship (A); modules(s) with an asterisk (i.e. module pink) contain only main treatment correlation(s). rlog transformed gene expression data (mean ± SEM) is shown for all genes in significant modules (B; review A for N genes module-1), with data ordered by the four major treatment groups based drivers of reduced aragonite saturation (roman numeral in module ‘blue’).
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image1.png
Effect Ss F P
pCO, 0.028 10.276 0.007
temperature 0.063 22.720 0.001
salinity 0.005 1.647 0.221
Day 1 pCO, x temperature 0.007 2.487 0.143
pCO, x salinity 0.021 7.528 0.022
temperature x salinity 0.006 2.070 0.168
pCO, x temperature x salinity 0.009 3.096 0.106
pCO, 0.035 1.037 0.327
temperature 0.120 3.542 0.096
salinity 0.265 7.782 0.01
Day 4 pCO, x temperature 0.037 1.083 0.336
pCO, x salinity 0.022 0.635 0.446
temperature x salinity 0.001 0.024 0.881
pCO, x temperature x salinity 0.005 0.142 0.71
pCO, 0.015 0.426 0.523
temperature 0.003 0.076 0.789
salinity 0.446 13.075 0.004
Day 8 pCO, x temperature 0.005 0.133 0.726
pCO, x salinity 0.001 0.035 0.85
temperature x salinity 0.008 0.248 0.66
pCO, x temperature x salinity 0.020 0.582 0.455
pCO, 0.012 0.837 0.395
temperature 0.012 0.840 0.377
salinity 0.170 11.819 0.006
Day 11 pCO, x temperature 0.002 0.142 0.698
pCO, x salinity 0.008 0.532 0.508
temperature x salinity 0.002 0.157 0.676
pCO, x temperature x salinity 0.006 0.399 0.535
pCO, 0.036 3.902 0.07
temperature 0.026 2.850 0.116
salinity 0.116 12.572 0.002
Day 15 pCO, x temperature 0.000 0.030 0.874
pCO, x salinity 0.006 0.606 0.476
temperature x salinity 0.010 1.080 0.306
pCO, x temperature x salinity 0.003 0.302 0.601
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Effect Ss F P
pCO, 89.560 108.425 0.001
temperature  15.366 18.602 0.001
salinity  99.475 120.429 0.001
Day 1 pCO, x temperature  1.126 1.363 0.271
pCO, x salinity ~ 4.854 5.876 0.024
temperature x salinity ~ 1.739 2.105 0.163
pCO, x temperature x salinity ~ 0.937 1.135 0.292
pCO, 482111 32.769 0.001
temperature  24.634 1.674 0.225
salinity 221.567 15.060 0.002
Day 4 pCO, x temperature 148.277 10.078 0.006
pCO, x salinity ~ 8.420 0.572 0.467
temperature x salinity ~ 7.123 0.484 0.493
pCO, x temperature x salinity —34.702 2.359 0.147
pCO, 2172.045 19.426 0.001
temperature  503.040 4.499 0.054
salinity 2135.644 19.100 0.002
Day 8 pCO, x temperature 644.842 5.767 0.039
pCO, x salinity 49.990 0.447 0.533
temperature x salinity 486.426 4.350 0.056
pCO, x temperature x salinity 316.398 2.830 0.094
pCO, 2014.354 4.880 0.055
temperature  8339.474 20.201 0.001
salinity 6000.148 14.535 0.003
Day 11 pCO, x temperature 584.960 1.417 0.272
pCO, x salinity 17.062 0.041 0.858
temperature x salinity 5547.565 13.438 0.004
pCO, x temperature x salinity 226.014 0.547 0.48
pCO, 224.958 0.320 0.597
temperature 63044.376  89.685 0.002
salinity 11759.837  16.729 0.002
Day 15 pCO, x temperature 179.699 0.256 0.601
pCO, x salinity 529.955 0.754 0.402
temperature x salinity 4769.335 6.785 0.025

pCO;

x temperature x salinity
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Effect Ss F P

pCO, 0.473 0.231 0.683

temperature 4.663 2.277 0.140

salinity 4.786 2.337 0.125

pCO, x temperature 8.265 4.036 0.049

pCO, x salinity 0.442 0.216 0.658

temperature x salinity 0.671 0.327 0.610

pCO, x temperature x salinity 1.086 0.531 0.497
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Pathway enrichment analysis
WGCNA KEGG Enrichment Analysis

time point module Logyq p-value adj count rich factor description
24 hour larvae brown 5.96 16 0.12 Spliceosome
423 14 0.10 Motor proteins
blue 3.37 7 0.09 Glutathione metabolism
8.95 17 0.09 Lysosome
4.09 10 0.07 Phagosome
1.50 5 0.06 Oxidative phosphorylation
turquoise 1.37 4 0.13 Protein export
1.37 7 0.06 Phosphatidylinositol signaling system
1.37 8 0.06 Spliceosome
pink 1.38 4 0.06 mRNA surveillance pathway
213 8 0.04 Endocytosis
1.38 6 0.04 Ubiquitin mediated proteolysis
black 52.30 45 0.37 Ribosome
8.15 13 0.15 Oxidative phosphorylation
1.88 8 0.06 Spliceosome
22 day spat red 2.44 4 0.13 Protein export
4.04 1" 0.06 Endocytosis
salmon 10.30 15 0.36 Proteasome
2.59 10 0.14 mRNA surveillance pathway
1.55 9 0.11 Oxidative phosphorylation
tan 1.50 2 0.06 Folate biosynthesis
2.66 4 0.04 ATP-dependent chromatin remodeling
2.66 5 0.03 Motor proteins
green 36.60 39 0.32 Ribosome
1.46 7 0.08 Oxidative phosphorylation
turquoise 4.01 9 0.31 Citrate cycle (TCA cycle)
3.54 10 0.24 Proteasome
8.29 27 0.20 Spliceosome
4.40 16 0.19 Oxidative phosphorylation
3.01 14 0.15 ATP-dependent chromatin remodeling

2.88 15 0.14

Carbon metabolism
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