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Impacts of OA/warming
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Calcification rate (mg CaCO, em?d”)
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Conclusion:
Coral response to both warming and acidification is parabolic if
sufficiently broad range of temperature and pCO, is investigated



Impact of OA on corallite morphology
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Conclusion:
Acidification impacts both calcification rate and corallite
morphology, while temperature impacts only calcification rate



Gross Calcification (beneath tissue)
— Gross Dissolution (of exposed skeleton)
Net Calcification










Dissolution kinetics of coral aragonite
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Conclusions:

(1) Coral aragonite begins dissolving at Q, >> 1, perhaps due to
dissolution of ancillary metastable CaCO, phases such as ACC.

(2) Dissolution is accelerated by warming for a given Q,



Impact of historical warming and OA on S. siderea
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Annual skeletal extension (mm yr™)
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Conclusions:

(1) Backreef waters appear to be acidifying more rapidly than
forereef waters on the Meso-American Barrier Reef

(2) However, calcification rate for backreef corals (S. siderea) have
been more stable over past century than for forereef corals

(3) Coral calcification trends over past century seem have been
controlled by warming, not OA



Measurement of coral calcifying fluid pH
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Non-acidified seawater (pCO, = 380 ppm; control)

pH [CO,7] Q [H*]e/TH,
SEAWATER 8.16:0.02 | 1825 2.920.1
87.7 £17.8
CALCIFYING FLUID | 10.10£0.11 | 158730  25.6:0.5

Acidified seawater (pCO, = 1940 ppm)

pH [CO,%] Q [H*]e/[H,

SEAWATER 7.47+0.01 391 0.6+0.0
85.5 £9.9

CALCIFYING FLUID | 9.40+0.06 1158152 18.7+0.8

Ries, 2011, GCA
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Conclusions:

(1) Corals target fixed [H*];/[H*], regardless of ambient pH

(2) Corals continue calcifying under extremely elevated pCO, by
substantially raising pH of calcifying fluid (ca. 2 pH units)

(3) Modelled [CO,?] at site of calcification is consistent with
observed coral calcification trends under variable pCO,



Coral transcriptomic response to OA and warming
- Gene expression determined by Next Gen RNAseqg

- Patterns in differential gene expression amongst
treatments determined by Weighted Gene Co-
expression Network Analysis (WGCNA)

- Colored mc —
genes
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eigengene expression
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Module gene ontology enrichment at highest temperature

Fisher's exact test: Uses presence/absence to define over-represented GO categories

15/29 hormone binding
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107/375 G-protein coupled receptor
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eigengene expression
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Module gene ontology enrichment at highest pCO,

12/43 intrinsic gnnnmhr- annlmn rmfhwm/

21/90 apoptotlc S|gnaI|ng pathway

2771506 p()bIIIV(;‘ ngUIdII()n orcenoearn

37/188 translation
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10/18 ATP synthesis coupled proton transport
12/32 hydrogen ion transmembrane transport
13/45 hydrogen transport

7070 T2F organic acia metapolc process

9/27 aspartate family amino acid biosynthetic process

21/103 generation of precursor metabolites and energy
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17/50 hydrogen ion transmembrane transporter <g%9
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36/175 structural constituent of ribosome




Conclusions:

(1) lon-transport genes are preferentially down-regulated under
elevated temperature, but up-regulated under elevated pCO, —
a possible reason why corals seem to respond more negatively
to warming than to CO,-induced acidification

(2) Suggests that corals are indeed working harder to maintain
calcification rates under elevated pCO,, which must come at
some energetic cost
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Approach: Morphology
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Approach: Morphology
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Modified from Veron (1993) Image from study

Modified from Cohen &
McConnaughey (2003)



Methods: Photomicrographic Analysis




Results: Septal Morphology
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Results: Septal Morphology
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Results: Septal Morphology
Septal Infilling:
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Results: Septal Morphology
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Ocean acidification in the deep past
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Impact of seawater Mg/Ca
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