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Ocean acidification is detectable: Time-series
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Ocean acidification is detectable: Time-series
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• Improve the understanding of the past and present 
changes of ocean acidification 

• Determine the impacts of ocean acidification on marine 
biota

• Improve understanding of future changes in ocean 
chemistry and biogeochemical feedbacks

• Synthesize information on tipping points

Overarching questions



Biological processes potentially affected
• Calcification (needs carbonate)
• Dissolution of calcium carbonate
• Photosynthesis (needs CO2 or 

bicarbonate)
• Nutrient uptake (availability depends 

on pH)
• ...



Impact on shellfish calcification

• At 740 µatm: -25% for mussels and 
-10% for oysters

• Mussels dissolve at pCO2 > 1100 
µatm

• Global shellfish production: 11.7 
million tons, a commercial value of 
US$10.5 billion

• Pacific oyster most cultivated 
species (4.2 millions tons or 10.8% 
of the total world aquaculture)

• Mussel production: 1.4 million tons 
(3.6% of total production)

• Predicted decrease of calcification 
likely cause a severe economic 
loss

Gazeau et al. (2007)
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Biological reponses
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Figure 4
Representative examples of impacts of ocean acidification on major groups of marine biota derived from
experimental manipulation studies. The response curves on the right indicate four cases: (a) linear negative,
(b) linear positive, (c) level, and (d) nonlinear parabolic responses to increasing levels of seawater pCO2 for
each of the groups. Note that in some cases strains of the same species exhibited different behavior in
different experiments (cf. Fabry et al. 2008; Guinotte & Fabry 2008).

Many other benthic calcifying taxa are also both biogeochemically and ecologically important,
including calcifying green algae and coralline red algae in particular. The contribution of calcifying
green algae in the genus Halimeda to the global net CaCO3 production may rival that of coral
reefs (Milliman & Droxler 1996, Rees et al. 2007). Coralline red algae are widespread, globally
significant, but often overlooked benthic marine calcifiers (Foster 2001). A recent study on a
common crustose coralline alga in Hawaii showed that both calcification rates and recruitment
rates decline at lower carbonate saturation state (Kuffner et al. 2008), but relatively few studies
have been conducted on either green or red algae.

Field measurements of reef calcification at the community scale (Bates 2002, Broecker &
Takahashi 1966, Gattuso et al. 1995, Kawahata et al. 1999, Kayanne et al. 2005) consistently show
that calcification rates are correlated with changes in a variety of components of the carbonate
system in seawater (alkalinity, pCO2, saturation state). A recent study suggests that inorganic
precipitation of calcium carbonate cements, an important binding component in coral reefs, is

176 Doney et al.
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Naturally acidified site: Ischia island (Italy)

Hall-Spencer et al. (2008); Martin et al. (2008)observations of such areas are relevant to the localized effects caused
by deliberate CO2 sequestration and to the widespread effects pre-
dicted for areas that at present have low Varag, given that high-lat-
itude pteropods and coral reefsmay be unable tomake their skeletons
by the year 2100 (refs 7, 13).

Mesocosm experiments have led to predictions that Corallinaceae,
which help to protect against coral reef erosion in the tropics, are
vulnerable to ocean acidification due to the solubility of their high
magnesium calcite skeletons15,16. We found that Corallinaceae cover
was significantly reduced at lowered pH (Table 1 and Supplementary
Tables 2–4). As coralline algal cover fell from.60% outside the vent
area to zero within it, non-calcareous algal cover increased signifi-
cantly from near zero to .60% (Fig. 2 and Table 1). A suite of algal
genera proved to be resilient to naturally high amounts of pCO2

(for
example, Caulerpa, Cladophora, Asparagopsis, Dictyota and
Sargassum), some of which include invasive alien species that have
begun to alter shallow marine ecosystems worldwide17. This adds to

previously scant experimental information about the sorts of marine
phototrophs that have enhanced growth and undiminished rates of
photosynthesis at elevated concentrations of CO2 (refs 4, 5, 18, 19).

The analysed Posidonia oceanica shoots were .10 yr old at the
subtidal study sites and will have integrated the effects of lowered
pH over this time. Sea-grass leaves at P1 (pH 8.2) had 75% cover of
calcified epiphytes but only 2% cover at P4 (mean pH7.6) with a
significant reduction in epiphytic calcium carbonate per leaf (Table 1
and Figs 3 and 4).When heavily epiphytised leaves were transplanted
from station P1 to P4 they showed complete dissolution of
Corallinaceae in 2 weeks, whereas transplants moved within P1 were
unaffected. Mesocosm experiments have shown that sea-grass pro-
duction can be enhanced at high pCO2

(ref. 19). We found no differ-
ence (Table 1) in the photosynthetic performances of individual
P. oceanica leaves between the four stations (mean6 s.e.m., pho-
tosynthetic efficiency (Fv/Fm) 0.746 0.01 and electron transport
rates (ETR)max 8.46 1.9, n5 40) but sea-grass production was high-
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Figure 1 | Map of CO2 vent sites north and south of Castello d’Aragonese,
off Ischia Island, Italy. Mean surface pH is shown at 35-m-wide rocky-shore
stations N1–N3 and S1–S3. Mean subtidal pH is shown at stations P1–P4,

together with the distributions of CO2 vents and P. oceanica sea-grass
meadows. Reference station P1 was at a 3-m depth, 400m from the arrow
shown.

Table 1 | Analysis of ecological tipping-points along marine acidity gradients

Category, site F (d.f.) P value Tukey’s test, site comparison

Corallinaceae cover, north F2,215 43.8 0.000 N1.N2.N3

Corallinaceae cover, south F2,215 48.0 0.000 S1. S25 S3
Non-calcareous crustose algal cover, north F2,215 0.31 0.74 NS
Non-calcareous crustose algal cover, south F2,215 62.5 0.000 S15 S2, S3
Sea-grass epiphyte weight, south F3,3155 176.2 0.000 P1. P2. P3. P4
Sea-grass Fv/Fm, south F3,365 0.13 0.93 NS
Sea-grass ETRmax, south F3,365 0.06 0.98 NS
Sea-grass shoot density, south F3,165 67.6 0.000 P15 P25 P3, P4
Sea urchin abundance, north F2,95 14.7 0.001 N1.N25N3

Sea urchin abundance, south F2,95 65.3 0.000 S1. S25 S3
C. stellatus abundance, north F2,215 0.72 0.50 NS
C. stellatus abundance, south F2,215 29.4 0.000 S15 S2. S3
O. turbinata abundance, north F2,215 3.50 0.049 N15N2.N3

O. turbinata abundance, south F2,215 6.39 0.007 S15 S3, S2
P. caerulea abundance, north F2,215 22.8 0.000 N1.N2.N3

P. caerulea abundance, south F2,215 9.24 0.001 S15 S2. S3

Significant differences were assessed using one-way analysis of variance (ANOVA, F) and Tukey’s HSD (honestly significant difference) post-hoc tests. Data are from stations north and south of
Castello d’Aragonese, Ischia, Italy in spring 2007. d.f., degrees of freedom, NS, not significant.
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Pneophyllum fragile and Pneophyllum zonale) dominated
the epiphytic community at stations 1–4 (18–69%
cover), where the pH averaged 8.0–8.2, but were absent
at station 5 where the mean pH was 7.7 (table 1;
figure 2). Bryozoans (Callopora lineata, Electra posidoniae,
Microporella ciliata and Tubulipora spp.) covered 1–6%
of the blade surface, while non-calcified organisms
such as hydrozoans had less than 1 per cent cover.
Coralline cover and epiphytic CaCO3 were highly
correlated with pH and the other parameters of
the carbonate chemistry (Pearson’s correlation test,
p!0.0001), except TA ( pO0.05) that was homo-
geneous between stations, while bryozoans (rZ0.28,
pZ0.08) and hydrozoans (rZK0.29, pZ0.07) were
not. Correlations between pH and epiphytic cover
and CaCO3 were independent of seagrass meadow
parameters being highly significant ( p!0.001) at
stations 1–4 where the meadow was homogeneous. In
aquaria, epiphytic coralline algae were completely
dissolved after two weeks at a pH of 7.0, whereas
control samples showed no discernable change in
coralline cover. No significant correlations were
observed with the other measured environmental
parameters such as temperature ( pO0.05). Epiphytic
CaCO3 and surface cover did not show any significant
relationships with environmental parameters within a
station ( pO0.05). In particular, the pH was spatially
homogeneous within a station in spite of temporal
variability from day to day, with the lowest values on
calm days and increasingly from station 1 to 5 (see
the electronic supplementary material).

4. DISCUSSION
The present study shows a significant reduction
in epiphytic coralline algal cover with increasing
acidification of seawater due to natural CO2 vents.
Although a range of factors may be responsible for this
observed shift in seagrass epiphytism, lowered pH and
reduced calcite saturation levels are the most likely
factors affecting coralline algal cover. Coralline algae
were absent where the pH periodically fell below 7 and
their calcimass was greatly affected where the pH
ranged from 7.7 to 8.2. Our preliminary short-term
shock experiment conducted in an aquarium at pH 7
verified that elevated pCO2 levels could cause the
dissolution of calcareous epiphytes of the Mediterra-
nean seagrass P. oceanica. Previous studies have shown
that tropical crustose coralline algae are highly sensitive
to lowered pH in mesocosm experiments. Jokiel et al.
(2008) reported skeleton dissolution rather than growth
for the species Lithophyllum, Hydrolithon and Porolithon
sp. at a pH of approximately 7.9, relative to a normal
pH of 8.2, while Kuffner et al. (2008) reported a drop
in recruitment rate and per cent cover of 78 and 92
per cent, respectively, at a pH of 7.9. Accordingly, we
found more than a 50 per cent decrease in epiphytic
crustose coralline cover and CaCO3 mass at station 4,
where the mean pH was 8.0. This result for coralline
algae exposed to low pH for a long time confirms
predictions based on short-term experiments on
isolated organisms and mesocosms. Located in the
vicinity of the vent area, stations 2–5 may be expected
to reach lower pH than those reported. In addition, the

br
id

ge

St 1 (pH 8.17)
CO2 vents

Posidonia oceanica

St 5
(pH 7.66)

St 4
(pH 8.00)

St 2
(pH 8.17)

Italy

Ischia
40˚45′ N

13°57′ E

40°42′ N

13°50′ E

study site

St 3
(pH 8.11)

land

N
6m

NE
E
SE

S
SWW

NW

50 m

Figure 1. Locations of the sampling stations (St 1–5) at the Castello Aragonese site. Details of the eight sampling points
(S, south; SE, southeast; E, east; NE, northeast; N, north; NW, northwest; W, west; SW, southwest) are given.

2 S. Martin et al. Effect of pH on seagrass epibionts

Biol. Lett.

http://epoca-project.eu
http://epoca-project.eu


http://epoca-project.eu

Naturally acidified site: Ischia island (Italy)

Hall-Spencer et al. (2008); Martin et al. (2008)observations of such areas are relevant to the localized effects caused
by deliberate CO2 sequestration and to the widespread effects pre-
dicted for areas that at present have low Varag, given that high-lat-
itude pteropods and coral reefsmay be unable tomake their skeletons
by the year 2100 (refs 7, 13).

Mesocosm experiments have led to predictions that Corallinaceae,
which help to protect against coral reef erosion in the tropics, are
vulnerable to ocean acidification due to the solubility of their high
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Tables 2–4). As coralline algal cover fell from.60% outside the vent
area to zero within it, non-calcareous algal cover increased signifi-
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(for
example, Caulerpa, Cladophora, Asparagopsis, Dictyota and
Sargassum), some of which include invasive alien species that have
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unaffected. Mesocosm experiments have shown that sea-grass pro-
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Table 1 | Analysis of ecological tipping-points along marine acidity gradients

Category, site F (d.f.) P value Tukey’s test, site comparison

Corallinaceae cover, north F2,215 43.8 0.000 N1.N2.N3

Corallinaceae cover, south F2,215 48.0 0.000 S1. S25 S3
Non-calcareous crustose algal cover, north F2,215 0.31 0.74 NS
Non-calcareous crustose algal cover, south F2,215 62.5 0.000 S15 S2, S3
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Sea-grass shoot density, south F3,165 67.6 0.000 P15 P25 P3, P4
Sea urchin abundance, north F2,95 14.7 0.001 N1.N25N3

Sea urchin abundance, south F2,95 65.3 0.000 S1. S25 S3
C. stellatus abundance, north F2,215 0.72 0.50 NS
C. stellatus abundance, south F2,215 29.4 0.000 S15 S2. S3
O. turbinata abundance, north F2,215 3.50 0.049 N15N2.N3

O. turbinata abundance, south F2,215 6.39 0.007 S15 S3, S2
P. caerulea abundance, north F2,215 22.8 0.000 N1.N2.N3

P. caerulea abundance, south F2,215 9.24 0.001 S15 S2. S3

Significant differences were assessed using one-way analysis of variance (ANOVA, F) and Tukey’s HSD (honestly significant difference) post-hoc tests. Data are from stations north and south of
Castello d’Aragonese, Ischia, Italy in spring 2007. d.f., degrees of freedom, NS, not significant.
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the epiphytic community at stations 1–4 (18–69%
cover), where the pH averaged 8.0–8.2, but were absent
at station 5 where the mean pH was 7.7 (table 1;
figure 2). Bryozoans (Callopora lineata, Electra posidoniae,
Microporella ciliata and Tubulipora spp.) covered 1–6%
of the blade surface, while non-calcified organisms
such as hydrozoans had less than 1 per cent cover.
Coralline cover and epiphytic CaCO3 were highly
correlated with pH and the other parameters of
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p!0.0001), except TA ( pO0.05) that was homo-
geneous between stations, while bryozoans (rZ0.28,
pZ0.08) and hydrozoans (rZK0.29, pZ0.07) were
not. Correlations between pH and epiphytic cover
and CaCO3 were independent of seagrass meadow
parameters being highly significant ( p!0.001) at
stations 1–4 where the meadow was homogeneous. In
aquaria, epiphytic coralline algae were completely
dissolved after two weeks at a pH of 7.0, whereas
control samples showed no discernable change in
coralline cover. No significant correlations were
observed with the other measured environmental
parameters such as temperature ( pO0.05). Epiphytic
CaCO3 and surface cover did not show any significant
relationships with environmental parameters within a
station ( pO0.05). In particular, the pH was spatially
homogeneous within a station in spite of temporal
variability from day to day, with the lowest values on
calm days and increasingly from station 1 to 5 (see
the electronic supplementary material).

4. DISCUSSION
The present study shows a significant reduction
in epiphytic coralline algal cover with increasing
acidification of seawater due to natural CO2 vents.
Although a range of factors may be responsible for this
observed shift in seagrass epiphytism, lowered pH and
reduced calcite saturation levels are the most likely
factors affecting coralline algal cover. Coralline algae
were absent where the pH periodically fell below 7 and
their calcimass was greatly affected where the pH
ranged from 7.7 to 8.2. Our preliminary short-term
shock experiment conducted in an aquarium at pH 7
verified that elevated pCO2 levels could cause the
dissolution of calcareous epiphytes of the Mediterra-
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to lowered pH in mesocosm experiments. Jokiel et al.
(2008) reported skeleton dissolution rather than growth
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sp. at a pH of approximately 7.9, relative to a normal
pH of 8.2, while Kuffner et al. (2008) reported a drop
in recruitment rate and per cent cover of 78 and 92
per cent, respectively, at a pH of 7.9. Accordingly, we
found more than a 50 per cent decrease in epiphytic
crustose coralline cover and CaCO3 mass at station 4,
where the mean pH was 8.0. This result for coralline
algae exposed to low pH for a long time confirms
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Naturally acidified site: Ischia island (Italy)
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Hall-Spencer et al. (2008); Martin et al. (2008)observations of such areas are relevant to the localized effects caused
by deliberate CO2 sequestration and to the widespread effects pre-
dicted for areas that at present have low Varag, given that high-lat-
itude pteropods and coral reefsmay be unable tomake their skeletons
by the year 2100 (refs 7, 13).

Mesocosm experiments have led to predictions that Corallinaceae,
which help to protect against coral reef erosion in the tropics, are
vulnerable to ocean acidification due to the solubility of their high
magnesium calcite skeletons15,16. We found that Corallinaceae cover
was significantly reduced at lowered pH (Table 1 and Supplementary
Tables 2–4). As coralline algal cover fell from.60% outside the vent
area to zero within it, non-calcareous algal cover increased signifi-
cantly from near zero to .60% (Fig. 2 and Table 1). A suite of algal
genera proved to be resilient to naturally high amounts of pCO2

(for
example, Caulerpa, Cladophora, Asparagopsis, Dictyota and
Sargassum), some of which include invasive alien species that have
begun to alter shallow marine ecosystems worldwide17. This adds to

previously scant experimental information about the sorts of marine
phototrophs that have enhanced growth and undiminished rates of
photosynthesis at elevated concentrations of CO2 (refs 4, 5, 18, 19).

The analysed Posidonia oceanica shoots were .10 yr old at the
subtidal study sites and will have integrated the effects of lowered
pH over this time. Sea-grass leaves at P1 (pH 8.2) had 75% cover of
calcified epiphytes but only 2% cover at P4 (mean pH7.6) with a
significant reduction in epiphytic calcium carbonate per leaf (Table 1
and Figs 3 and 4).When heavily epiphytised leaves were transplanted
from station P1 to P4 they showed complete dissolution of
Corallinaceae in 2 weeks, whereas transplants moved within P1 were
unaffected. Mesocosm experiments have shown that sea-grass pro-
duction can be enhanced at high pCO2

(ref. 19). We found no differ-
ence (Table 1) in the photosynthetic performances of individual
P. oceanica leaves between the four stations (mean6 s.e.m., pho-
tosynthetic efficiency (Fv/Fm) 0.746 0.01 and electron transport
rates (ETR)max 8.46 1.9, n5 40) but sea-grass production was high-
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Figure 1 | Map of CO2 vent sites north and south of Castello d’Aragonese,
off Ischia Island, Italy. Mean surface pH is shown at 35-m-wide rocky-shore
stations N1–N3 and S1–S3. Mean subtidal pH is shown at stations P1–P4,

together with the distributions of CO2 vents and P. oceanica sea-grass
meadows. Reference station P1 was at a 3-m depth, 400m from the arrow
shown.

Table 1 | Analysis of ecological tipping-points along marine acidity gradients

Category, site F (d.f.) P value Tukey’s test, site comparison

Corallinaceae cover, north F2,215 43.8 0.000 N1.N2.N3

Corallinaceae cover, south F2,215 48.0 0.000 S1. S25 S3
Non-calcareous crustose algal cover, north F2,215 0.31 0.74 NS
Non-calcareous crustose algal cover, south F2,215 62.5 0.000 S15 S2, S3
Sea-grass epiphyte weight, south F3,3155 176.2 0.000 P1. P2. P3. P4
Sea-grass Fv/Fm, south F3,365 0.13 0.93 NS
Sea-grass ETRmax, south F3,365 0.06 0.98 NS
Sea-grass shoot density, south F3,165 67.6 0.000 P15 P25 P3, P4
Sea urchin abundance, north F2,95 14.7 0.001 N1.N25N3

Sea urchin abundance, south F2,95 65.3 0.000 S1. S25 S3
C. stellatus abundance, north F2,215 0.72 0.50 NS
C. stellatus abundance, south F2,215 29.4 0.000 S15 S2. S3
O. turbinata abundance, north F2,215 3.50 0.049 N15N2.N3

O. turbinata abundance, south F2,215 6.39 0.007 S15 S3, S2
P. caerulea abundance, north F2,215 22.8 0.000 N1.N2.N3

P. caerulea abundance, south F2,215 9.24 0.001 S15 S2. S3

Significant differences were assessed using one-way analysis of variance (ANOVA, F) and Tukey’s HSD (honestly significant difference) post-hoc tests. Data are from stations north and south of
Castello d’Aragonese, Ischia, Italy in spring 2007. d.f., degrees of freedom, NS, not significant.
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Pneophyllum fragile and Pneophyllum zonale) dominated
the epiphytic community at stations 1–4 (18–69%
cover), where the pH averaged 8.0–8.2, but were absent
at station 5 where the mean pH was 7.7 (table 1;
figure 2). Bryozoans (Callopora lineata, Electra posidoniae,
Microporella ciliata and Tubulipora spp.) covered 1–6%
of the blade surface, while non-calcified organisms
such as hydrozoans had less than 1 per cent cover.
Coralline cover and epiphytic CaCO3 were highly
correlated with pH and the other parameters of
the carbonate chemistry (Pearson’s correlation test,
p!0.0001), except TA ( pO0.05) that was homo-
geneous between stations, while bryozoans (rZ0.28,
pZ0.08) and hydrozoans (rZK0.29, pZ0.07) were
not. Correlations between pH and epiphytic cover
and CaCO3 were independent of seagrass meadow
parameters being highly significant ( p!0.001) at
stations 1–4 where the meadow was homogeneous. In
aquaria, epiphytic coralline algae were completely
dissolved after two weeks at a pH of 7.0, whereas
control samples showed no discernable change in
coralline cover. No significant correlations were
observed with the other measured environmental
parameters such as temperature ( pO0.05). Epiphytic
CaCO3 and surface cover did not show any significant
relationships with environmental parameters within a
station ( pO0.05). In particular, the pH was spatially
homogeneous within a station in spite of temporal
variability from day to day, with the lowest values on
calm days and increasingly from station 1 to 5 (see
the electronic supplementary material).

4. DISCUSSION
The present study shows a significant reduction
in epiphytic coralline algal cover with increasing
acidification of seawater due to natural CO2 vents.
Although a range of factors may be responsible for this
observed shift in seagrass epiphytism, lowered pH and
reduced calcite saturation levels are the most likely
factors affecting coralline algal cover. Coralline algae
were absent where the pH periodically fell below 7 and
their calcimass was greatly affected where the pH
ranged from 7.7 to 8.2. Our preliminary short-term
shock experiment conducted in an aquarium at pH 7
verified that elevated pCO2 levels could cause the
dissolution of calcareous epiphytes of the Mediterra-
nean seagrass P. oceanica. Previous studies have shown
that tropical crustose coralline algae are highly sensitive
to lowered pH in mesocosm experiments. Jokiel et al.
(2008) reported skeleton dissolution rather than growth
for the species Lithophyllum, Hydrolithon and Porolithon
sp. at a pH of approximately 7.9, relative to a normal
pH of 8.2, while Kuffner et al. (2008) reported a drop
in recruitment rate and per cent cover of 78 and 92
per cent, respectively, at a pH of 7.9. Accordingly, we
found more than a 50 per cent decrease in epiphytic
crustose coralline cover and CaCO3 mass at station 4,
where the mean pH was 8.0. This result for coralline
algae exposed to low pH for a long time confirms
predictions based on short-term experiments on
isolated organisms and mesocosms. Located in the
vicinity of the vent area, stations 2–5 may be expected
to reach lower pH than those reported. In addition, the
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Unknowns are numerous...

• Why some calcifiers seem to be resistant? Adaptation 
possible?

• Impact on fisheries:
• almost certain on shellfish
• unknown on fish industry (salmon industry in North 

Pacific?)

• Ecosystem responses (including biodiversity)

• Consequences for ocean carbon cycle (primary 
production, export to the deep-sea, feedback to ocean 
CO2 uptake)



• A large-scale integrating project of the European 
Union which investigates ocean acidification and its 
consequences

• More than 100 scientists from 27 institutions and 9 
countries 

• Total budget of 16 M€,  including 6.5 M€ from the 
EU (2008-2011)

European Project on Ocean Acidification

epoca-project.eu

http://epoca-project.eu
http://epoca-project.eu


• The colder the water, the more 
gases it absorbs

• Polar regions will be the first places 
where surface seawater will become 
undersaturated (=corrosive) with 
respect to calcium carbonate

• Since millions of years until today all 
surface and near subsurface waters 
were super-saturated. In 2008, near-
subsurface waters in the Canada 
Basin have become undersaturated

• If CO2 emissions continue to rise as 
today (Orr et al.):
• 10% of Arctic surface waters will be 

undersaturated already by 2018
• 50% by 2050
• 100% by the end of the century

One of EPOCAʼs target regions: Arctic. Why?

Steinacher et al. (comm. pers.)

epoca-project.eu

http://epoca-project.eu
http://epoca-project.eu


http://epoca-project.eu

EPOCA Svalbard experiment May 2009: sea floor

http://epoca-project.eu
http://epoca-project.eu


http://epoca-project.eu

EPOCA Svalbard expt June 2010: water column
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 Pelagic mesocosms
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Contribution française

• Aucune structuration à lʼéchelle nationale

• Deux projets financés par CYBER (Douville, Leblanc)

• 4 labos français dans EPOCA (LOV, SBR, CEREGE et 
LSCE) et CARBOOCEAN (LSCE, LOV, UPERP)

• Exemples de projets passés, en cours ou en gestation:
• Douville : paleo pH à partir de coraux
• Goyet : documentation de lʼacidification (DYFAMED, 

BIOSOPE)
• Martin-Jézéquel : expériences de perturbation (Bergen et 

cultures diatomées labo)
• Leblanc: perturbation phytoplancton en chémostats
• Boye : impact sur spéciation métaux traces et 

phytoplancton
• Gehlen et al.: Production, export et dissolution CaCO3.



• European Project on Ocean Acidification

• A large-scale integrating project of the EU (FP7)
• 100+ scientists from 27 institutions and 9 countries 
• 16 M€, 6.5 M€ from the EU (2008-2011)

• EU call (FP7; July 2009): impacts of ocean acidification in the 
Mediterranean

• BIOACID (Germany): 18 partners, 9 M€ for 3 years

• NERC (UK): call in 2009; 11 M£ for 5 years

• Federal Ocean Acidification Research And Monitoring Act  
(US): passed in April 2009, US M$ 14-45 per year for 5 years 
(extension planned)

• SOLAS-IMBER working group on OA to be launched (i) 
synthesis and review activities and (ii) help coordinating 
international activities

• US Academy NRC panel on OA (2009)

International activities
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Conclusions from “The Monaco Declaration”• Ocean acidification is underway
• It is already detectable
• It is accelerating and severe 

damages are imminent
• It will have socio-economic impacts
• It is rapid but recovery will be slow 

(thousands of years)
• Ocean acidification can be controlled 

only by limiting future atmospheric 
CO2 levels

SECOND INTERNATIONAL SYMPOSIUM 

ON THE OCEAN IN A HIGH-CO2 WORLD

MONACO - OCTOBER 6-9, 2008

It was while taking part in the working sessions of the 
scienti!c community, which met in Monaco last October for 
the second international symposium The Ocean in a High-CO2 
World, that I expressed my earnest wishes for the Monaco 
Declaration to be drafted. The seas and oceans absorb one-
fourth of the carbon dioxide emitted to the atmosphere from 
human activities, which in turn is driving their acidi!cation 
at a rate that is unprecedented.
This chemical modi!cation will alter marine ecosystems, 
upon which over half of the world’s population depends 
for its primary source of food. This declaration, based on 
irrefutable scienti!c !ndings and signed by 155 scientists 
from 26 nations, sets forth recommendations, calling for 
policymakers to address this immense problem.
I strongly support this declaration, which is in full accord with 
my e"orts and those of my Foundation to alleviate climate 
change. I hope that it will be heard by all the political leaders 
meeting in Copenhagen in December 2009.

H.S.H. Prince Albert II
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Monaco Declaration

Take home messages



Continuously updated information

• EPOCA ocean acidification blog: 
oceanacidification.wordpress.com

• Launched January 2007

• about 1000 posts published; 181 subscribers; 102000 
pages viewed

http://oceanacidification.wordpress.com
http://oceanacidification.wordpress.com


Thank you for your attention!
• EPOCA consortium
• Lina Hansson, EPOCA Project Office
• Anne-Marin Nisumaa, EPOCA Project Office
• Funding from the European Commission
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