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BACKGROUND : Human reliance on fossil fuels continues to alter atmospheric and oceanic CO2 inventories and because CO2 readily dissolves 
in seawater, its impact on ocean chemistry can be significant. How do changes in the ocean’s carbonate system impact ocean ecosystems and 
biogeochemical important cycles and processes?  
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OBJECTIVE : In situ and experimental CO2 perturbations were conducted in the North Pacific Subtropical Gyre and rates of carbon (C) and 
dinitrogen (N2) fixation were assessed under contemporary and future predicted pCO2 conditions (390 vs. 1000 ppm).  

Fig.1. Schematic of the ocean’s carbonate chemistry Fig.2. Time-series record of surface ocean pCO2 (left panel) and pH (right panel) at Station ALOHA (A Long-term Oligotrophic Habitat Assessment; 22° 45’N, 158° 00’W)  
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Hawaii Ocean Time-series (HOT) cruises between May 2010 and April 2011:  

Fig.3. Photograph of the CO2 incubator 

Fig. 4. Satellite image of surface 
chlorophyll (13—Aug-2010 until 20-Aug-
2010) 

Fig. 5. Relative contribution (% of total quantified nifH genes) of six nifH - containing 
cyanobacteria at the beginning of each CO2 experiment. Het 1 and Het 2 represent Richelia 
spp., and Het 3 Calothrix spp. 

Fig. 6. Percent change in rates of N2- fixation and primary production in CO2-enriched relative to control treatments. Error bars 
represent propagated standard errors of mean rates and circles indicate a statistically significant change (p < 0.05; two-way ANOVA)   

 Unicellular cyanobacterial nifH phylotypes dominated gene abundances in all 
experiments 

 
 Relative nifH gene abundances appear temporally and spatially dynamic 

 
 Predominantly, elevated pCO2 did not significantly influence rates of N2- and C-fixation 

 
 N2-fixers are relatively resilient to large, short-term pCO2 increases  
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Process study cruise during August 2010: Station 1/ALOHA  Station 2 Station 3 Station 4 

Fig. 7. Vertical profiles depicting N2- and C-fixation rates in control and 
CO2-perturbed treatments at four different stations in the North Pacific 
Subtropical Gyre. Also shown, the relative contribution (% of total 
quantified nifH genes) of six nifH-containing cyanobacterial phylotypes 
in the surface ocean (5m) at each sampling location (abbreviations as in 
Fig, 6) 

 N2-fixing community was initially dominated 
by unicellular diazotrophs;  

 
 A shift in the diazotroph assemblage was 
observed at the Station situated furthest to the 
North-West (Richelia spp. dominance) 

 
In situ N2- and C-fixation remained largely 
unaffected by CO2 perturbations (1000ppm) 
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