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Diazotroph activity and community structure under different  

pCO2 conditions at Station ALOHA 

Cruises and Time Series:   Hawaii Ocean Time-series Program 

Human reliance on fossil fuels continues to alter atmospheric and oceanic CO2 

inventories. Because CO2 readily dissolves in seawater, its impact on ocean 

chemistry can be significant, as seen by the long-term increase of surface ocean 

pCO2 (1.92 µatm year-1) and concomitant decrease in upper ocean pH (0.0019 

year-1) recorded at Station ALOHA (Fig.1). How these changes affect ocean 

ecosystem processes and the planktonic food web structure still remains 

uncertain. Through deliberate perturbation experiments, coupled with time series 

studies at Station ALOHA (Fig.2), we explored the response of natural 

assemblages of marine dinitrogen (N2) fixing bacteria (termed diazotrophs), an 

important biological source of new nitrogen in the North Pacific Subtropical Gyre 

(NPSG), to changes in seawater pCO2.. 
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Figure 1. Time-series record of surface ocean pCO2 (left panel) and pH (right panel) at Station ALOHA. 

SYNOPSIS 

STUDY SITE AND EXPERIMENTAL SET-UP 

Figure 2. Satellite image of near-surface ocean chlorophyll concentrations in the central NPSG with the red 

circle indicating Station ALOHA (left panel; A Long-term Oligotrophic Habitat Assessment; 22° 45’N, 158° 

00’W).  Right panel depicts the CO2 perturbation incubation system used for these experiments. 

Anaerobes 

N2-fixation is catalyzed by the nitrogenases, encoded by nifH genes, which are widely 

distributed among prokaryotes, including representatives of the Archaea and Eubacteria. 

Figure 3 shows various photomicrographs of cyanobacterial N2 fixers commonly observed and 

retrieved from nifH gene PCR surveys at St. ALOHA. These microorganisms include 

endosymbionts (most likely Richelia sp.) of the diatoms Rhizosolenia sp. and Hemiaulus sp., 

an epibiont (Calothrix sp.) associated with Chaetoceros sp., filamentous species of 

Trichodesmium, and the unicellular cyanobacterium Crocosphaera.  Not shown are members 

of the uncutlivated unicellular “Group A” (termed UCYNA). 

Figure 3. Photomicrographs of N2-fixing microbes at St. ALOHA (Image courtesy A. White, OSU and M. Church, UH) 

THE PLAYERS 

Richelia spp.. 

Richelia-1. with Rhizosolenia spp.  

Richelia- 2 with Hemiaulus spp. 

Calothrix  with 

 Chaetoceros spp. 

Trichodesmium spp.  Crocosphaera spp. 

HOW DO DIAZOTROPHS RESPOND TO INCREASING SEAWATER CO2? 

Figure 5. Relative abundance of the 6 different nifH-containing cyanobacteria at the beginning of the CO2 perturbation experiments at Station ALOHA. Grp A = 

UCYNA, Crocosphaera spp., Het 1 and Het 2 = two endosymbionts (most likely Richelia sp.) of the diatoms Rhizosolenia sp. and Hemiaulus sp., Het 3 = an 

epibiont (Calothrix sp.) associated with Chaetoceros sp., Tricho = Trichodesmium sp.  
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Figure 4. Relationship between near-surface ocean rates of N2 

fixation and seawater pCO2 at St. ALOHA between 2004-2010. 

The dotted line represents the polynomial fit to the N2 fixation 

rates.  
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Figure 6. Percent change in N2 fixation rates comparing the pCO2 perturbed samples (1100 

µatm) relative to the controls (387 µatm) 
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Figure 7. Summary of nifH gene abundances (squares; gene copies L-1) and nifH gene expression (triangles; gene 

transcripts L-1) of different types of N2 fixing cyanobacteria during time course incubations under ambient (387 

µatm) and future (1100 µatm) pCO2 conditions.  
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Unicellular diazotroph phylotypes dominated (>95%) nifH gene 

abundances during all experiments 

 

Diazotroph abundances and nifH gene expression remained largely 

unchanged between ambient and elevated pCO2 treatments  

 

Increased pCO2 had little or no influence on rates of N2 fixation 

relative to the ambient controls 
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