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C-MORE BULA-Biogeochemistry of the Upper ocean: Latitudinal Assessment
Abstract:  In April 2007, C-MORE scientists conducted a research cruise to characterize marine microbial biogeochemistry along a transect between Fiji and Hawaii.  This cruise, 
C-MORE BULA (Biogeochemistry of the Upper ocean: Latitudinal Assessment), examined spatial variability in microbial oceanography along naturally occurring nutrient 
gradients, from the oligotrophic South Pacific Subtropical Gyre, across the nutrient-enriched equatorial waters, to the oligotrophic North Pacific Subtropical Gyre.  Objectives of 
this cruise included 1) identification of prominent trends in plankton biomass, biomass structure, and elemental stoichiometry, 2) isolation of new Prochlorococcus ecotypes, 3) 
study of distribution, production and loss rates of dissolved hydrogen and its relationship to nitrogen fixation, 4) identification of spatial distributions of microbial community 
structure, and (5) study of spatial variability in community metabolism.
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Key Observations 
and Results

•Strong gradients in plankton biomass and 
nutrient concentrations.

•pCO2 increased due to equatorial 
upwelling.

•Concentrations of H2 were greatest in 
regions where larger diazotrophs 

predominated and rates of N2 fixation were 
elevated. 

•Increased nutrient availability in the 
equatorial waters resulted in shifts in 

photosynthetic community structure and 
increased rates of net primary production. 
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Biomes:  Mapping Microbes Onto Ocean Biogeochemistry

Key Observations and Results
•New high light adapted Prochlorococcus ecotypes isolated from low 

nutrient surface waters: likely more groups await discovery!

•Both functional gene and T-RFLP 16S rRNA approaches illustrate 
regional differences in microbial assemblages. 

• Identification of regional changes in microbial assemblages 
responsible for key processes in the ocean nitrogen cycle. 

Genomes: Spatial Distributions of Microbial Ecotypes and Functional Groups

New Prochlorococcus ecotypes revealed:  Single 
cell sorting by flow cytometry combined with 
identification of 16S-23S ITS sequence-types 

revealed novel ecotypes. Similar to other high light 
adapted Prochlorococcus strains, the HL3 and HL4 

ecotypes appeared most abundant in the upper 
ocean at a station in the SPSG (7oS).

BULA cruise track:  MODIS derived sea surface chlorophyll, 
April 2007.  White dots represent CTD stations.  South Pacific 
Subtropical Gyre (SPSG), equatorial waters (EQ), and North 

Pacific Subtropical Gyre (NPSG).

Sampling biogeochemically diverse habitats: Upper 
ocean vertical distributions of temperature, O2, and NO3

-, 
chlorophyll a, fucoxanthin and 19-hexanoylfucoxanthin.  

Black line depicts mixed layer depth.

Plankton metabolism: Gross Primary Production (GPP), 
Respiration (R),  and Net Community Production (NCP) in near-

surface waters. Changes in NCP appeared driven by 
production, rather than R.

Saturations of gases:  Hydrogen and methane were 
supersaturated in the subtropical gyres, and seawater pCO2 
increased in the equatorial waters as a result of upwelling of 

CO2-enriched deeper water. 

N2 fixation and diazotroph abundances: Rates of N2 fixation 
and the abundances of nifH genes  decreased in the relatively 
nutrient-enriched equatorial waters. Different nifH phylotypes 

predominated in the North and South subtropical gyres.

Bacterial community diversity: T-RFLP analysis of 16S rRNA 
genes revealed spatial differences in the distributions of 

presumed nitrifying bacteria Nitrospina and uncultivated γ-
proteobacteria. 

Vertical distributions of Crenarchaea amoA genes and 
transcripts: Quantitative PCR amplification of amoA genes, 

transcripts, and transcripts per gene.
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