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New Approaches Needed

• We need to reduce CO2 
emissions…

• …but we also need 
carbon removal to 
ensure climate safety.

Carbon (’positive’) emissions

‘Negative’ emissions

• Current technologies struggle to achieve reasonable 
cost (<$100/ton) and scale (Gt CO2) objectives.

• Growing Oceans is studying Nitrogen Fixation for 
Phytoplankton Carbon (NFix) as a new carbon 
removal pathway.
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A Natural Carbon Sequestration Process



• Incubation data: Iron from hydrothermal 
fluids stimulates nitrogen fixation. 
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• Sediment trap data: Nitrogen 
fixation leads to carbon export.
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A Natural Carbon Sequestration Process

Bonnet et al., 2023, Science



Nitrogenase: the enzyme which brings life to the oceans

Iron

Nitrogenase

Biologically available nitrogen

Phytoplankton
Inert nitrogen gas

23,000 CO2

1 atom of Iron → 23,000 CO2





Traditional’ OIF vs. NFix

Traditional OIF

Cool high-latitude oceans

Diatoms (nitrate users)

Redistributes existing ocean 
nitrogen

Potential 0.5 to 5 Gt annually

Over a dozen in situ field trials

Better understood

NFix

Warm subtropical oceans

Diazotrophs (nitrogen fixers)

Adds new nitrogen to the 
oceans

Potential > 5 Gt annual storage?

Zero in situ field trials

Less well understood



Historical carbon emissions

‘Negative’ emissions
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2026 Field Season

Pathway verification
• Hydrothermal plume detection
• In-plume vs. out-of-plume comparison
• Nitrogen fixation rates/species
• Bloom evolution

Ecological impacts
• Community composition
• Zooplankton abundance
• Coral reef health
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January (PACSUN 2601) 



March (PACSUN 2603)



Previous observations of Tonga hydrothermal plumes

OUTPACE Cruise 2015

TONGA Cruise 2019



Hydrothermal plume MAPR data



Hydrothermal venting at ‘Volcano 1’



~140m
~120m

~150m

Note: Floating Glass Bubbles observed

January 2026
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Checking for harmful algal toxins



A new Crocosphaera in cuture

Crocosphaera-like cells viewed in 40X 
magnification. Image credit: Caitlyn Parente

• Crocosphaera-like cells isolated from 
Tongan waters in November 2025 (left)

• First known cultured isolate of 
Crocosphaera from the South Pacific

• Cells are rod-shaped like the recently 
characterized Crocosphaera 
waterburyi… if this is C. waterburyi, it 
would only be the second isolate of the 
species



Thanks!
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