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What is Ocean Acidification?

Man-made climate change, combustion of fossil fuels = increase of in the atmosphere

I— ' Example: mineral water bottle

‘The ocean has absorbed about 30% of the emitted anthropogenic carbon causing ocean acidification
since pre-industrial times.
[IPCC, 2019]
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Yearly mean surface sea water pH reported on total scale
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Credit : E.U. Copernicus Marine
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Ocean Acidification Data: Weaves to be tied on European and global scale

(Findable, Accessible, Interoperable and Reusable) Ocean Acidification dataset

- Including the parameters related to Ocean Acidification: pH, Total Alkalinity (TA),
Total Dissolved Inorganic Carbon (DIC) and partial pressure of CO, (pCO,)

— Standard metadata and common vocabularies (BODC Parameter Usage Vocabulary)
world-wide

- Aim: - using common metadata and vocabularies to
ocean acidification databases
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- Metadata template has been created within the
UNESCO Working Group SDG 14.3.1.
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5th World Ocean Climate Conference, Bergen, Norway
- Presentation:

‘Ocean Acidification Data: Weaves to be Tied on
European and Global scale’
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Introduction

FAIR (Findabile, Accessible, Interoperable and Rewsable) Ocean Addification data for
knowiedge of impacts on maring scosystems are of increasing impertance, as s the
consalidating of dialogus between sclentists and data scientists with pelicy makers to achieve
the UN goal of Good Emvironmental Status {GES) fur the oceans and sezs. Open science can
therefare help address the challenges facing our sacieties,

Here we give an insight into the validated and aggregated Ocean Acidification
dataset proviced by EMODnet Chemistry, the long-term European initlative. mvalving 3
netwnrs of organizations working together to collect, process and make marine deta freely
svailable 35 interoperable data layers and Gata products.

EMODnet Chemistry Ocean Acidification Data

Ocean acidification s related 1o o number ef physical and biogeachemical processes
imwalving the carbonate system of seawster. EMODnet Chemistry provides several
parameters related Lo ocean acidification such as pH, Total Alkalinity (TA), Total Dissolved
Inorganic Carbon [DIC) snd partial pressure of €O, {pCQ;). EMODREt Chemistry receives dats
from 66 European centers, 5 internationsl arganizations and SO0+ data praviders from 32
cauntrics. Standard tools ond approaches such a3 standard metadata, common file formats
and eummon vocabularivs based on the BODC Parameter Usape Vocsbulary are used. Table 1
shows the number of CDIs for pH, T& BIC ang pCo; for the five European sca rezions.

[ ———
Figure 1: Left punel: EMODnet Chemistry geographical coverage of the European
Soas; Right panel: EMODnat data providers [NODCs]

Baltic Sea North East Atlantic Black Sea Mediterranzan Sea  North Sea

PH 31374 18384 27118 24097 15008
Total Alkalinity 9986 2173 13665 3852 4305
oic o 1443 a 763 337
pCO, ] 1 L] [ 1

Table 1: Number of CDIs of water body pH, water body fotal alkalinity,
waler body disselved inerganic carbon (DIC), water body partial pressure of
carbon ide (pCO.) for the five different sea regions covered by EMODnet
Chemistry.

Data exploration and data extraction

The webODV (hiips.//emodnal-chemisiry.webodv.awi.de/) service facitates to explare,
subset, visualize, and extract the data 165 in multple farmats from the harmenied,
standzrdized, validated data collections tha: EMODnet Chemistry is regularly producing
and publishing far all Eurspeen sea basins for vutrophication, ocean acidification and
contaminants

New Guidelines for Ocean Acidification Data/Metadata
Detaled vocabulary and the according metadata will guarantee the correct deseription of the
carbonate system and therefore also the long term usability of the data, In 2022 new guidelines
for Ocean Acdification data and metadata were released and an analysis of the Ocean
Aciification Yacabulsry (PO1 snd P35 cades] hss been don [dol 10,13 120/C1933032-9FA5-
SETE-EEFI-EFIA1S60021C).

Aim and future perspectives

The everall #sim is to harmonize the EMODnet Chemistry Ocean Acidification
metadata with world wide seean svidification databases. To enable the exchange of datasets
the metadata requirements of zIl platforms involved will have to be aligned. Therefore EMCDnet
Chemistry participated at regular vocabulary and metadata meetings with the UNESCO SDG
14.3.1. working groups and wil implement the more detailed metadats proposed by
UNESED.

Ocean Acidification Data in the Mediterranean Sea
PBH data from the latest agreated EMODMEL Chemistry dataset are used 1o show the
available data for the entire Meditersanean Sea, Figure 2a shows the pH alues and the
spatial tata distribution fer the whole water column [0-5000 mi. Figure Zb,e shaw the oH
values and the data distribution for surface and intermediate lapers together (0700 mi ard
for the deegest layers (700-5000 m}.
Figure 2d shows the histogram of dats measurements since the beginning of the
measurements and the according seasonal data distribution
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Figure 2: Data distribution and values of waler body pH from the lafest
EMODnet Chamisiry oggregated datasst thraugh a) the snlirs watsr column
[0-5000 ), b) the surfaca and inermediate layars tagether (0-700 m] <) the
doopest layer [700-5000 m). ) Lelt panel: Hisiogram of date
measurements since the beginning of the data collection; Right pan
Saasanal histogram of the data.

Units ora pH units.

Plots were done using webODV: hifps: (femodnet- chemisirywebadv.awi.da/
and the latest Seo - E ion ond Acidity oggrege
datasets 1911/2020 v2021 (https://doi.ora/10.6092 /epbn-tp63




Chemical reactions to the increased partial pressure of CO,

I atmospheric CO,

B B

— Declining pH of ocean water removes calcium
x\\\’///é carbonate which is required for shell formation.

Figuerola et al., 2021 : ' *

—> states of CaCO;: Aragonite, Calcite, Mg-calcite




Some facts

- Since the beginning of industrialization the average pH of seawater has fallen from about 8.2 to 8.1,
i.e. about a 30 % increase in aciditiy on pH’s logarithmic scale.

—> This corresponds to a decrease of 30 % in carbonate concentration [CO;%].

—> Projection for the year 2100: decrease of ~ 0.3 pH units, corresponding to a decrease of 50 % in [CO,2].

—> Colder waters will show undersaturation states earlier than warmer waters due to the physical fact that
colder waters can hold more CO, = especially the polar areas



‘These pH changes are very likely to cause , specifically the Arctic and Southern Oceans, as
well as the northern Pacific and northwestern Atlantic Oceans, to experience

[IPCC, 2019]
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Image by Andrew McDonnell.
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What does this actually mean for marine organisms and the functioning of the ecosystem ?
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Baleen Whales | / | * Food chains are shifted
s by a decreasing pH value.

(Humpback, Blue

\apie Many edible fish such as
Sharks Turtles haddock, halibut, flounder
\\ and cod feed mainly on
molluscs.

Small Fish
{Herring, Anchovy)

Large Fish
(Tuna, Cod)

Jio ‘ * Also shellfish have problems
(Rimall‘\’l:(i:h, | Plal‘lk't:':lk::’n ‘ Jellyfish tO bU”d their ShE”S.
214l 9. « The smallest plants and
animals determine the state
of the food web.

Declining Ocean pH
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Declining pH of ocean water removes calcium
carbonate which is required for shell formation,
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- Krill feeds mainly on phytoplankton
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Blue whale, Mt. Maunganui, New Zealand §

== photo: Kim Westerskov -_s =
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Blue whale, south of Karewa Island, New Zealand
Photo: Kim Westerskov




Different types of marine

calcifying organisms will respond

in very different ways.

Baleen Whales
pback, Blue, Gray )

(Humpback, Blue,

Sharks

Large Fish
(Tuna, Cod)

Small Fish

&eﬂing, Anchovy)
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\ Dolphins, Orcas

Small Fish
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Declining pH of ocean water removes calcium
carbonate which is required for shell formation.

B

Food chains are shifted
by a decreasing pH value.

Many edible fish such as
haddock, halibut, flounder
and cod feed mainly on
molluscs.

Also shellfish have problems
to build their shells.

The smallest plants and
animals determine the state
of the food web.



Corals

Molluscs

—> As aragonite producers, corals are very sensitive to ocean acidification.

- Since the Southern Ocean will be the most rapidly affected by aragonite, the cold-water corals will be
the first to be affected.

—> By the end of the century, 70 % (!) of the current coral habitat could no longer be suitable.

- Studies on the edible mussel (Mytilus edulis) and the Pacific oyster (Crassostreagigas) show that their
calcification rate decreases at elevated pCO,. This was also demonstrated for the larvae of the two
species.

- Since the two species mentioned above are important for coastal ecosystems and account for a large
part of global aquaculture, ocean acidification has and will have a major impact on coastal biodiversity
and will also lead to economic damage.

Echinodermata - Their skeleton consists of Mg-calcite. As Mg calcite is more easily soluble than aragonite,

Echinodermata react very sensitive to ocean acidification.
- At reduced pH value, the larvae (starfish Ophiothrix fragilis) became smaller, anomalies and
asymmetries in the skeletal structure and generally altered body proportions were observed.




The largest producers of calcium carbonate
(CaCo,) are:

* the coccolithophores,
e the foraminifera and

* the thecosomata (sea butterflies, pteropods).



Coccolithophores Foraminifera Thecosomata (sea butterfly)

Source: National Centre for Polar and Ocean Research- NCPOR

© © David Liittschwager/National Geographic Society/Corbis

Source: O. R. Anderson, Micro Scope



The largest producers of calcium carbonate
(CaCoO,) are:

* the coccolithophores,

* the foraminifera and

* the thecosomata (sea butterflies, pteropods).

These three calcifiers are responsible for almost
the entire transport of CaCO; from the ocean
surface into the deep sea = biological pump.

Foraminifera and coccolithophores form their
shells from calcite, thecosomata from
aragonite, which is about 50% more soluble in
seawater than calcite.
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= Daep water formation
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Pteropods: Sea butterflies (Limacina helicina)

— important source of food for juvenile Pacific salmon

= In a lab experiment, a sea butterfly (pteropod) shell placed
in seawater with increased acidity slowly dissolves over 45
days.

(Source: David Littschwager/National Geographic Society)



Solutions ?

—~ = fertilization

Technical Solutions ?
~ —> CO, removal

Change in life philosophy ?

- Dangers: side effects, may

increase ocean acidification
[IPCC, 2019]

— Does not try to solve the cause of
the problem, tries to solve only
the symptom.

- Respect for the earth and the oceans
- Interconnectedness of all living and non-living things
- Collaboration instead of competition

—~ - Connection with nature; learning from indigenous people

—> Go to the root of the problem: Decrease CO, emissions




We need to change our paradigm of ‘eternal growth’ on a finite planet and to replace it with the
paradigm of true sustainability (not just blue- or greenwashing) and circular economy.

Establish a living stewardship of the earth: to treat the earth and the ocean with respect and to
recognise the interconnectedness of all life forms, between the living and the ‘non-living’.

The solution to pollution, mass mortalities and climate change cannot (only) be of technological nature,
but

requires a profound change in our life philosophy and our attitude towards all life on earth.

If you want to travel happily, travel light and with little
luggage. This also applies to the journey of life.

[Antoine de Saint-Exupery]
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