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pH on global and local scales
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Global ocean pH declined by 0.1 unit
since industrial revolution from OA (Orr et

al., 2005). Expected decrease by another
0.5 unit by end of 2100 (IPCC projections)
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pH on global and local scales
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Global ocean pH — biological
studies
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add physical processes...
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plus daily fluctuations...
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seasonal changes...
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and weather, extreme events, climate patterns and anomalies...
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Gentemann et al., 2017, Geophys. Res. Lett.
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Rationale and Approach

5.

Known impacts on calcifiers like bivalves

The bigger picture - multiple trophic
layers of coastal systems

In situ ‘vs’ controlled laboratory study

Concentrating on calcium carbonate
saturation (monitoring)

Multidisciplinary approach

Pacific Oyster (Crassostrea gigas)
Waldbusser et al., 2014 Nature Climate Change

Oysters in deep trouble: Is Pacific
Ocean's chemistry killing sea life?
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e Sunburst Super CO, 2014-2016
e Combined pCO,, TCO, analyzer 2016 -
* SST, salinity, pCO,, TCO,




* Phytoplankton
e Zooplankton




* Seasonal and targeted
e Multiple tissues
e Multiple commercial species




* Seasonal and targeted
e Multiple tissues
e Multiple commercial species




Chemical Oceanography
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*2015 early
bloom, dense
biomass

*2016 low
productivity,
coccolithophore
bloom (August)

*2017 late,
lowest biomass

Phytoplankton blooms
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Log total zooplankton count / cubic meter
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Shellfish physiology - targeted

haemocytes (immune)

Feb 2015 - winter
Apr 2015 — pre-spawn
July 2015 — post-spawn

| Feb2015-winter
| Apr2015-pre-spawn
| July 2015 - post-spawn
- Oct 2015 - gametogenesis
| Apr 2016 - transition

Apr 2016 - transition



Shellfish physiology - targeted

haemocytes (immune)

Feb 2015 - winter

Apr 2015 — pre-spawn
July 2015 — post-spawn
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Shellfish physiology - targeted

haemocytes (immune)
gene on
é é
gene off
—
Feb 2015 - winter 50 genes qPCR
Apr 2015 - pre-spawn /
July 2015 - post-spawn 10 genes qPCR
Antibacterial, antifungal, pathogen, antioxidant,
o stress (general), microbial, shell formation,
Apr 2016 — transition reproduction, byssus thread




Linear mixed effect model significance
over time (months fixed, genes random)
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Mytimycin

Nacre Protein
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Individuals had varied responses
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Phenotypic plasticity
Non-destructive sampling
inconsistent

Different strategies for success?

Adaptation?
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Shellfish physiology — ‘real-time’ sampling
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Shellfish physiology — ‘real-time’ sampling
| |

control >3 Q___ (July 2015) ‘vs’ corrosive 0.7-0.9 Q

arag

(July 2016)

arag

gill (environmental)

50,000 stress genes
=/ > —_— (54% annotation)

stress-specific microarray
(diagnostic)



Shellfish physiology — ‘real-time’ sampling
| |
| |
| |

control >3 Q_ . (July 2015) ‘vs’ corrosive 0.7-0.9 Q, . (July 2016)

arag

306 genes were significantly differentially
expressed (t-test, Fold change >1.5)

PCA showed
clustering in optimal,
spread in
unfavourable

log2Fold change)



Defense
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Cell homeostasis
Metabolic processes
Lyase

Muscle

Apoptosis inhibitor
Intracellular

Cytoplasm

Lysozyme

Extracellular

Protein catabolism
Stress

Carbohydrate metabolism
Peptidase

Oxidative stress

Calcium binding

Metal binding

ATP activity (stress)
Transcription + translation
Nucleic acid binding

Membrane function

corrosive 0.7-0.9 Q

control >3 Q

10

20

30 40
Number of genes

50

60

70

arag

arag



Summary

Physiological changes were observed with both season and year

Stress caused a broader gene expression signature

Individual responses indicated population plasticity responses but were
inconsistent over time

In situ corrosive events altered physiological responses, with impacts on
translation, transcription, oxidative stress and membrane function

Next steps

Plankton community analysis

Gene network analysis

New challenge laboratories (CO, and chemical analysis)
Multistressor laboratory challenge studies with natural variability
RNA-Seq analysis oysters, scallops, mussel hybrids

Coastline population assessment of potential adaptation
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