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Ocean Acidification and the Carbon Cycle Feedbacks
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Welcome and Thank You for Joining Us Today

Eɶṣ ¦ǍɅ ÿǍʔǪțǸɶ EǸȺɐɅ MǍɶȺǸEɶṣ ñǍɶǍț >ɶrǸɶ EǸȺɐɅ MǍɶȺǸEɶṣ ñɐɳțȡǸ >ȺǍrʌɐɅ
Eɶṣ ¦ǍɅ ÿǍʔǪțǸɶ EǸȺɐɅ MǍɶȺǸEɶṣ ñǍɶǍț >ɶrǸɶ

Eɶṣ ñɐɳțȡǸ >ȺǍrʌɐɅ EǸȺɐɅ MǍɶȺǸ
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Agenda 

Welcome, Housekeeping & Project Overview

Sophie Clayton, Moderator

Panellist Presentations

Jan Taucher
OA impacts on plankton communities and 

biogeochemical cycles, from mesocosm experiments 

& modeling

Sarah Cryer
River to Reef: Drivers of pH and CO2

in a tropical coastal ocean

Delon Earle
Cold Water Corals & Links to Policy

Questions and Answers 

All

This webinar is being video recorded

ÅCameras & Microphones have been disabled. 

ÅQuestions posted will not be included in the video recording 

so your name will not be displayed.

Questions and Answers

ÅPlease use the Q&A function to ask any questions you have.

ÅQuestions will be directed to the appropriate panellist

by the moderator during the Q&A session.

ÅQuestions & Answers covered during the session, along with 

any that we did not have time to respond to, will be posted 

in text form on the OceanICU website; a link will be sent to 

you in a post -webinar email communication.

Any problems or comments during or 

after the session: 

Contact: hello@ocean -icu.eu

About Todayõs Format
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The Challenge

ÅHow does this affect Ocean users?

ÅNeed to compensate for: 

ÅDirect effects (e.g. GHG production by shipping) 

ÅIndirect effects (e.g. disturbances to seabed C storage by 

mining, disturbances to food webs by fishing or mining)

ÅHow large are these indirect effects?

ÅHow do they operate?

ÅWhat can we do to reduce or minimise them?

The EU Green Deal requires us to move 

to operating in a carbon neutral way
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OceanICU

A Pan-European project funded by Horizon Europe and UKRI

ω31 Partners, 15 nations

ω60 months (Nov 2022 ςOct 2027)

ωCǳƴŘƛƴƎΥ ϵмо млн лрнΣтр

ωEU and UKRI Funding

Consortium & resources

Project Coordinator
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Our ambition

OceanICU as a fundamental research -based pathway to impact

1. Define current state of C cycle 

(provide a baseline) and assess 

future climate driven change to 

Ocean C cycle 

2. Quantify key processes relevant 

to these indirect effects 

3. Incorporate key processes 

into models to enable indirect 

effects to be quantified 

4. Translate the improved model 

skills into new tools that allow 

Ocean users and licencers to 

estimate C cycle impacts on 

industrial processes 

5. Couple these to estimates of 

future industrial processes , 

fishing and climate change to 

estimate industrial impacts on 

Ocean C cycle  
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Ocean Acidification 

background and impacts
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Global Carbon Cycle (2013-2022)

Source: Friedlingstein et al. (2023), doi: 

10.5194/essd-15-5301-2023

Roughly 48% of 

emissions stay in the 

atmosphere, 30% 

enter the terrestrial 

biome, and 26% into 

the ocean. 
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Ocean Carbon Chemistry

Graphic: www.oceanacidification.org.uk

ÅAtmospheric CO2

equilibrates with ocean => 

ocean C uptake.

Å CO2 uptake leads to 

liberation of protons (i.e. 

hydrogen ions, H+).

ÅOcean Acidification. 
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Source: Tilbrook et al., 2019, Front. Mar. Sci. 6, 

https://doi.org/10.3389/fmars.2019.00337 

Increasing atmospheric CO2 = Ocean Acidification
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Ocean pH

Å[H+] relate to solute acidity (i.e. pH).

ÅSo, pH 8 has 10 nmol L-1 of [H+], while 

pH 7 has 100 nmol L-1 (i.e. 10x 

more [H+]).

ÅA decrease in pH from 8.1 to 7.9 is a 

0.2 drop in pH and a 60% increase in 

protons.   
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Source: Taylor et al. (2011) doi: 

10.13871/journal.pbio1001085  

ÅMarine organisms balance internal and 

external pH, often by pumping out H+.

ÅHigher external [H+] (lower pH) decreases 

gradient between internal and external = 

more energy needed.

ÅMetabolic cost to Ocean Acidification. 

Proton problems
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Declining pH, declining carbonate concentrations

Carbonate 

ions

Bicarbonate 

ions

ÅCarbonate substrate for 

calcification of shells.

ÅLower pH, less carbonate 

ions (less substrate).

Also:

ÅLess carbonate, lower 

saturation state = easier to 

dissolve calcium carbonate.Source: Barker & Ridgwell (2012), 

http://https://www.nature.com/scitable/knowledge/library/

ocean-acidification-25822734/
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Ocean Acidification: Global impacts 

on the silica cycle and diatoms

Dr Jan Taucher

Biological Oceanography

GEOMAR Helmholtz Centre for Ocean Research, Kiel
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Ocean acidification: Global impacts 

on the silica cycle and diatoms

Dr. Jan Taucher
Biological Oceanography

GEOMAR Helmholtz Centre for Ocean Research, Kiel

Taucher et al., 2022. Nature

Picture: K. Nachtigall



Diatom responses to Ocean Acidification

Diatoms

ÅBuild opal shells from silicic acid 

Å40% of primary production in the ocean 

Åimportant driver of the biological C pump

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

Pictures: J. Taucher, A. Stuhr



Ą Consensus that diatoms are resilient or might even benefit from OA

G
ro

w
th

 r
at

e
 r

es
p
o
n
se

Diatom responses to Ocean Acidification

Dutkiewicz et al., 2015

Diatoms

ÅBuild opal shells from silicic acid 

Å40% of primary production in the ocean 

Åimportant driver of the biological C pump

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

Meta-analysis of lab studies

Ocean Acidification

Pictures: J. Taucher, A. Stuhr

Source: BIOACID



é but what about potential changes in the silica cycle?

Si availability

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

Å Low Si concentrations in most of the ocean Ą controls spatial distribution of diatoms

Å Si content of particle export (sinking biogenic particles) determines large-scale nutrient 

(re)distribution in the ocean

Sarmiento & Gruber, 2006



Assessing impacts of ocean acidification

on plankton communities and biogeochemical fluxes

Pictures: U. Riebesell, M. Sswat

Si:Nexport

In situ mesocosm experiments:

- Impacts of Ocean Acidification (OA) in different marine biomes (Arctic, temperate, subtropical)

- Mesocosms: 35-50 m3 volume, 15-25 m depth

- Natural plankton communities (phyto- & zooplankton, fish larvae) & biogeochemical cycling

- Sediment traps: particle fluxes Ą response to plankton dynamics



Silica content of sinking particles increases under OA
Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

ÅConsistent increase of exported Si:N under high CO2

ÅOverall response:   

+17%  Si:Nexport under OA

Taucher et al., 2022

Taucher et al., 2022

Ambient 

Ocean Acidification



What drives OA impacts on Si:Nexport?

pH dependence of chemical 

silica dissolution

Biogenic silica dissolves in seawater

Chemical dissolution studies: change in 

Si dissolution approx. 60% per unit pH

For pH decrease of 0.3 (OA in 2100): 

approx. ï20% dissolution rate 

Ą matches with our OA experiments!

Dove and Elston, 1992

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

Greenwood et al., 2005

Chemical experiments: pH effect on Si dissolution



Evidence of pH effect in global observations

Si enrichment in particles during sinking

Å Si content of sinking particles generally 

increases with depth 

Mouw et al., 2016: Compilation of sediment trap data (from 1976 to 2011)

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher
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Evidence of pH effect in global observations

Si enrichment in particles during sinking

Å Si content of sinking particles generally 

increases with depth 

Å pH controls the rate of Si enrichment with 

depth (ȹSi:Nexport m-1): Enhanced enrichment 

of Si in sinking particles at lower pH

Ą consistent with findings from mesocosm 

experiments

Mouw et al., 2016: Compilation of sediment trap data (from 1976 to 2011)

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher
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Taucher et al., 2022



Effects on the global Si cycle
ÅImplemented OA effect on Si dissolution into global earth system model (UVic ESCM)

Ą Global loss of Si(OH)4 from the surface and trapping in the deep ocean

Ą Southern Ocean: key region of OA-enhanced Si trapping

Global consequences of slower Si dissolution under OA
Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

For paper

pH-Si-diss - control

Atlantic PacificSouthern Ocean
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Slower Si dissolution under OA triggers 

global decline of diatoms

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

Change in diatom biomass

RCP6.0

RCP8.5

Impact on diatoms

ÅGlobal decline in diatoms over the next centuries (-13 to -26%)

ÅLargest loss in the Southern Ocean + Equatorial Pacific

Taucher et al., 2022



Slower Si dissolution under OA triggers 

global decline of diatoms
OA impact on diatom biomass

Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

Expected responses of marine biota to OA can be substantially altered or even turned upside down on the global scale 
through unforeseen biogeochemical feedback mechanisms! 

OA impact on diatom biomass

Latitudinal integral 

change in diatoms

RCP6.0

RCP8.5

Impact on diatoms

ÅGlobal decline in diatoms over the next centuries (-13 to -26%)

ÅLargest loss in the Southern Ocean + Equatorial Pacific

Change in diatom biomass



Enhanced silica export in a future ocean triggers global diatom decline - Jan Taucher

Thanks for your attention!

Some more highlights from our ocean acidification experiments:
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River to Reef: Drivers of pH 

and CO
2

in a tropical 

coastal ocean

Dr Sarah Cryer 
Heriot Watt University 

s.cryer@hw.ac.uk
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The coastal ocean is the transition zone 
between open ocean and land 

OPEN 

OCEAN 

pCO2 = ~425 µatm

pH = 8.07  

OPEN OCEANLAND COASTAL OCEAN
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Coastal ocean is influenced by inputs from 
both open ocean and land 

OPEN 

OCEAN 

CO2

pCO2 = ~425-µatm

pH = 8.07  

OPEN OCEANLAND COASTAL OCEAN

CO2

FRESHWATER CO2

CO2
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CO2 can also be produced and consumed in the 
coastal ocean (ecosystem metabolism)  

CO2

CO2

FRESHWATER 

OPEN 

OCEAN 

CO2

pCO2 = ~425-µatm

pH = 8.07  

OPEN OCEAN

CO2
CO2

LAND COASTAL OCEAN

CO2
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Is the coastal ocean a source or sink of CO2? 

CO2

CO2

FRESHWATER 

OPEN 

OCEAN 

CO2

CO2

pCO2 = ~425-µatm

pH = 8.07  

OPEN OCEAN

CO2

CO2

LAND COASTAL OCEAN

CO2
pH? 
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The Belize coastal ocean is composed of 
seagrass beds, mangroves and coral reefs. 

Google Earth, 2023

Images: Sarah Cryer
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CO2

CO2

CO2

CO2

seagrass beds

mangroves

coral reefs

CO2

CO2

?CO2 ?CO2

The Belize coastal ocean is composed of 
seagrass beds, mangroves and coral reefs. 

pH? 
pH? 
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Fresh water from the Belize River quickly dissipates 

Video: Sarah Cryer

Created on Matlab v2021
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Surface pH varies across the coastal ocean 

b

Created on Matlab v2021
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CO2 is outgassing from the coastal ocean to the 
atmosphere 

Created on Matlab v2021
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DO is supersaturated away from river mouth 

ÅAOU = Apparent Oxygen Utilisation 

Ą Difference between O
2

saturation + measured 

Ą How much O
2

has been taken up by life 

ÅNegative (red) AOU = supersaturation

ÅIndicates high rates of photosynthesis over 

seagrass beds 

Created on Matlab v2021
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Where is the CO2 coming from? 

Belize River Mouth 

Conservative Mixing

Data
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Where is the CO2 coming from? 

ÅBelize River 

Degassing 

Conservative Mixing

Data
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Where is the CO2 coming from? 

ÅBelize River 
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Where is the CO2 coming from? 

ÅBelize River 

ÅRespiration of organic matter

üDepleted 13‏CDIC

üProduction of phosphate 
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Can use carbon isotopes and C:N ratio to 
identify sources of organic matter 
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Organic matter being respired has a marine 
source 



45

SUMMARY 

ÅCO
2

flux from Belize River is quickly outgassed

ÅCO
2

outgasses across study area 

ÅDespite photosynthesis occurring (likely by seagrasses) 

ÅOrganic material being respired has a marine source -

both mangrove and seagrass 

ÅCoastal ocean acidification is strongly influence by 

biology but biology also offsets CO
2 

production

Image: Sarah Cryer
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The Case of Cold Water Corals (CWC)

Delon Earle ðPhD Student

Supervisor: Dr. Anthony Grehan

University of Galway, Ireland
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Overview 

ü What are Cold -Water Corals

ü Irish Cold -Water Coral Reefs and Carbonate Mounds 

ü Climate Change:

Ç Cold -Water Corals: Carbon Sink or Source?

Ç Potential Impacts of Ocean Acidification

Ç Resilience

ü Mitigating Climate Change impacts 
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What are Cold -Water Corals

Deep Ocean Water

Depths Ó 50 m

Suspension Feeders:

Areas with High bottom 

currents

Grow alone or form colonies 

of hundreds/thousands of 

polyps

Cold Ocean Water

Temperature:

4°C to 13°C

Reefs are hot spots of 

biodiversity, fish nurseries, 

high potential for discovery 

of novel biocompounds

Reef forming corals: produce 

CaCO3 exo-skeleton

Picture: Oppelt, Correa, and 

Rocha 2017
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What are Cold -Water Corals

Created using QGIS

Dataset sourced from 

Ocean Biodiversity 

Information System 

(OBIS)
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What are Cold -Water Corals

Created using QGIS

Dataset sourced from 

Ocean Biodiversity 

Information System 

(OBIS)
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Irish Cold -Water Coral Reefs and Carbonate Mounds 

Cold water 
coral reef
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Carbon sequestration = Sink*

Cold -Water Corals: Carbon Sink or Source?

CWC are Sinks

Orejas, et al 2021


