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COLLOQUE - ACIDIFICATION DES OCÉANS 

Conséquences sur les écosystèmes et les activités 
humaines



Océan: valeur économique considérable
H

oegh-G
uldberg et al. (2015)

• Modère le changement climatique
• Représente plus de 90 % de l’espace 

habitable de la planète
• Abrite 25 % des espèces évoluées
• Fournit 11% des protéines 

consommées par l’homme
• Protège les côtes
• …
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Bilan global du gaz carbonique (2008-2017)

Le Quéré et al. (2018)

5.5 ± 2.6 Gt CO2/an (9%)
+

34.5 ± 1.8 Gt CO2/an (91%)

Imbalance of 1.8 Gt CO2/yr
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Qu’est ce que l’acidification des océans?

• CO2 est un gaz acide (il 
forme de l’acide carbonique 
lorsqu’il se dissous dans 
l’eau)

• Chacun de nous ajoute 4 kg 
CO2 par jour dans l’océan
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Figure 2. Time series observations (a–g) and anomaly trends (h–n) for temperature, salinity, and seawater carbonate chemistry at Point B,
1 m. Regression slopes are drawn ±SE (standard error, in grey) and noted with a star for significance at ↵ = 0.05. Variable abbreviations are
the same as in Table 2.

collected between 16 July 2014 and 3 May 2016), spatiotem-
poral mismatch sampling at EOL (±0.007, mean offset of
pHT of the calibration samples from calibrated time series),
and variability in purified m-cresol dye batch accuracy com-
pared to tris buffer CRM pH (±0.006, mean offset of pHT of
the spectrophotometric measurement of tris buffer from the
CRM value).

3 Results

3.1 Time series trends

At Point B from January 2007 to December 2015, more than
400 samples were collected for carbonate chemistry at both 1
and 50 m. Anomaly trends detected at 1 m (Fig. 2) were also
significant at 50 m (Fig. 3, Table 2), with the exception that
salinity only increased at 50 m (0.0063 ± 0.0020 units yr�1

).
At 1 m, trends were significant for pHT (�0.0028 units yr�1

),

AT (2.08 µmol kg�1 yr�1
), CT (2.97 µmol kg�1 yr�1

), pCO2
(3.53 µatm yr�1

), and �a (�0.0064 units yr�1
). At the

same time, temperature anomaly increased (0.072 �C yr�1
).

Changes in carbonate chemistry parameters were greater at
1 compared to 50 m, with the exception of salinity and tem-
perature. The warming rate at 50 m was slightly greater com-
pared to 1 m, mostly due to increasing summer temperatures
since 2007. Time series data are available online (Gattuso et
al., 2014).

Strong seasonal cycles of carbonate chemistry parame-
ters were present at Point B at 1 m (Fig. 4). Climatologi-
cal monthly means (2007–2015) are described briefly and
listed in Supplement Table S1. Mean temperature range was
11.2 �C with a maximum of 24.77 ± 1.35 �C in August and
minimum of 13.58 ± 0.41 �C in February. The range in AT
was 19 µmol kg�1 from June to September. The CT range
was 33 µmol kg�1 with a peak in late winter and minimum
values in August and October. Due to summer warming co-
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Figure 2. Time series observations (a–g) and anomaly trends (h–n) for temperature, salinity, and seawater carbonate chemistry at Point B,
1 m. Regression slopes are drawn ±SE (standard error, in grey) and noted with a star for significance at ↵ = 0.05. Variable abbreviations are
the same as in Table 2.

collected between 16 July 2014 and 3 May 2016), spatiotem-
poral mismatch sampling at EOL (±0.007, mean offset of
pHT of the calibration samples from calibrated time series),
and variability in purified m-cresol dye batch accuracy com-
pared to tris buffer CRM pH (±0.006, mean offset of pHT of
the spectrophotometric measurement of tris buffer from the
CRM value).

3 Results

3.1 Time series trends

At Point B from January 2007 to December 2015, more than
400 samples were collected for carbonate chemistry at both 1
and 50 m. Anomaly trends detected at 1 m (Fig. 2) were also
significant at 50 m (Fig. 3, Table 2), with the exception that
salinity only increased at 50 m (0.0063 ± 0.0020 units yr�1

).
At 1 m, trends were significant for pHT (�0.0028 units yr�1

),

AT (2.08 µmol kg�1 yr�1
), CT (2.97 µmol kg�1 yr�1

), pCO2
(3.53 µatm yr�1

), and �a (�0.0064 units yr�1
). At the

same time, temperature anomaly increased (0.072 �C yr�1
).

Changes in carbonate chemistry parameters were greater at
1 compared to 50 m, with the exception of salinity and tem-
perature. The warming rate at 50 m was slightly greater com-
pared to 1 m, mostly due to increasing summer temperatures
since 2007. Time series data are available online (Gattuso et
al., 2014).

Strong seasonal cycles of carbonate chemistry parame-
ters were present at Point B at 1 m (Fig. 4). Climatologi-
cal monthly means (2007–2015) are described briefly and
listed in Supplement Table S1. Mean temperature range was
11.2 �C with a maximum of 24.77 ± 1.35 �C in August and
minimum of 13.58 ± 0.41 �C in February. The range in AT
was 19 µmol kg�1 from June to September. The CT range
was 33 µmol kg�1 with a peak in late winter and minimum
values in August and October. Due to summer warming co-
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3 Results
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), pCO2
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). At the

same time, temperature anomaly increased (0.072 �C yr�1
).

Changes in carbonate chemistry parameters were greater at
1 compared to 50 m, with the exception of salinity and tem-
perature. The warming rate at 50 m was slightly greater com-
pared to 1 m, mostly due to increasing summer temperatures
since 2007. Time series data are available online (Gattuso et
al., 2014).

Strong seasonal cycles of carbonate chemistry parame-
ters were present at Point B at 1 m (Fig. 4). Climatologi-
cal monthly means (2007–2015) are described briefly and
listed in Supplement Table S1. Mean temperature range was
11.2 �C with a maximum of 24.77 ± 1.35 �C in August and
minimum of 13.58 ± 0.41 �C in February. The range in AT
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was 33 µmol kg�1 with a peak in late winter and minimum
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Impacts de l’acidification
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Figure 4. Summary of effects of acidification among key taxonomic groups. Effects 

are represented as either mean percent (+) increase or percent (-) decrease in a given 

response. Percent change estimates were back transformed from the mean LnRR, and 

represent geometric means. Non-significant effects are grouped as “no effect”. 
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Biodiversité
• Disparition de certaines espèces 

calcaires
• Réduction de la biodiversité
• Changement des communautés
• Réchauffement peut augmenter ces 

impacts de l’acidification
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Accord de Paris
“contenir l’élévation de la température 
moyenne de la planète nettement en 
dessous de 2 °C par rapport aux 
niveaux préindustriels et de poursuivre 
l’action menée pour limiter l’élévation 
des températures à 1,5 °C…”
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Les dernières statistiques sont mauvaises



Conclusions
• L’avenir de l’Humanité dépend de celui de l’océan 
• Impacts sur l’océan déjà détectables
• Besoin urgent atténuation et adaptation
• L’océan peut fournir des solutions :

• La plupart des mesures globales ont trop d’incertitudes et 
des risques d’effets collatéraux négatifs. Trop tôt pour 
recommander leur mise en œuvre à grande échelle

• Mesures à petite échelle : sans regret car multiples co-
bénéfices, “faciles” à mettre en œuvre mais efficacité 
modeste pour résoudre le problème global

• Combinaison global + local
• Le rôle des collectivités et du secteur privé est essentiel



Restitution à mi-parcours
• ACIDOSCOPE : Acidification de l’océan : projections, régionalisation 

et cartographie
• Ai_Ai_Ai : Acidification, adaptation, acclimatation des 

mollusques marins
• ICOBio : Impact du changement océanique sur la biologie des 

organismes calcifiants : le cas de l’ormeau Européen 
Haliotis tuberculata, une espèce d’intérêt économique

• MERCy : Mercury and carbon dioxide impact on the physiology 
and behavior of early-life stages of cuttlefish

• PACIO : Réponses physiologiques et adaptatives des 
poissons à l’acidification des océans

• Ecosystem : Impact écosystémique : Les cyanobactéries, 
séquestreurs de CO2 et producteurs des « keystone » 
molécules qui structurent des écosystèmes

• COCCACE : Les coccolithophores et l’acidification océanique
• ACID Reefs : L’autre problème des récifs coralliens


