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Effect of adding CO2 to ocean 



Impacts of anthropogenic CO2 on oceans

Increase in atmospheric CO2 indirectly influences -
• Sea surface temperature
• Sea level rise
• Oxygen minimum zone expansion (Hypoxia)
• Stratification 
• Nutrient stoichiometry (also because of N deposition due to human 

activities)
• Sea surface salinity (Increased precipitation?)
• Any other parameters?

and directly influences  -
• pH                                                                       
• Carbon species distribution

How will ocean acidification affect ocean’s nitrogen cycle? And how do we 
study it?  

Ocean Acidification



Great Barrier Reef

Fig. Source: http://www.sciencemag.org/

Who is getting impacted?
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N2 fixers: dinitrogen to ammonium reducers



Why is nitrogen important for oceans?

Although Earth’s atmosphere is an abundant source of

nitrogen, most is relatively unusable by phytoplankton.

Hence, limited for ocean productivity.

Nitrogen fixation is major pathway through which

oceans receive nitrogen.





1. Future pCO2 levels will increase N2 fixation 
rates.

2. Addition of deep water will decrease N2

fixation rates.

Hypotheses



Mesocosm Experiments at Gran Canaria

Taucher et al., 2017



• 9 mesocosms (made of 1 mm thick

thermoplastic polyurethane, 2 m diameter)

containing a natural phytoplankton

community

• pCO2 was manipulated between 400 μatm

and 1480 μatm

• Experiment length ~ 8 weeks during Sep –

Nov 2014

• Volume = ~ 50000 L

Kiel Off-Shore Mesocosms for future Ocean Simulations (KOSMOS)

Sediment 

trap

Water column 

(~ 17m deep)

Source: GEOMAR

Experimental design



Mesocosm experiment in Gran Canaria (GC 2.0) 2014



CO2 levels in Mesocosms



Sampling for N2 fixation

15N2 (aq)

24 hrs dark for heterotrophic or 12:12 (L:D) incubation for Phototrophic

Mohr et al. (2010) 
method followed



Deep water collection



Nutrients concentrations after deep water addition



DIC and pCO2 variation

Taucher et al., 2019



T and S variation in the mesocosms



AOD (dust) variation during the sampling period



C and N2 fixation

Deepwater addition enhanced C and N2 (?) fixation rates



Addition of deep water decreases N2 fixation rates?

Enough PO4
3- but no 

increase in N2 fixation yet



Nutrient stoichiometry plays a role?

P* < 0 in the box and N2 fixation peaked 

(outside the box) after P* ≥ 0



Diazotrophic abundance 



1. Future pCO2 levels will increase N2 fixation 
rates  provided there is sufficient phosphorous 
and iron.

2. Addition of deep water (future upwelling 
events) will decrease N2 fixation rates => 
disproved. 

3. It is not the absolute PO4
3- but excess PO4

3-

(P* ≥ 0) that increases N2 fixation rates. 

Summary
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