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The biological carbon pump: 
Carbon Export, Carbon Sequestration and Residence Time
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How long Carbon stays in the ocean’s interior if it is injected at 1000m depth?

Generated with the OCIM ocean circulation model
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Transport matrix Sources and sinks
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Results  - Export and Sequestration

Species Area 
[106 km2]

Abundance 
[#/m2]

Biomass 
[GgC]

Injection            
[GgC / yr]

Sequestration 
[PgC]

Sequestration 
time scale [yr]

Sequestration  biomass 
ratio [-]

C. hyperboreus 16 500 - 11,500 38 - 59 12 - 28 7.5 - 15.5 427 - 749 197 - 263

C. finmarchicus (ext.) 3.8 15,000 - 40,000 4.9 - 12 2.5 - 7.8 1.2 - 4.0 494 - 509 245 - 333

N. tonsus 6.57 5,000 - 27,000 19 - 26 17 - 24 2.7 - 7.5 157 - 311 142 - 288

C. acutus 30.7 800 - 1,300 6 - 19 4 - 14 1.5 - 6.8 346 - 510 250 - 358

C. natalis 0.69 15,000 - 127,500 1.1 - 4.4 0.3 - 1.4 0.1 - 0.7 351 - 539 91 - 159

Total 500 - 127,500 69 - 120 36 - 75 13 – 35 157 - 749

0.5 to 1% of global export 
flux

1 to 3% of global sequestered 
respired carbon10 PgC / yr 1300 PgC



Results  - Export and Sequestration

Residence time ≈ 500 years

Species Sequestration 
time scale [yr]

C. hyperboreus 427 - 749

C. finmarchicus (ext.) 494 - 509

N. tonsus 157 - 311

C. acutus 346 - 510

C. natalis 351 - 539

Total 157 - 749



Calanus finmarchicus

Neocalanus tonsus*

Calanus hyperboreus
Calanoides natalis

Calanoides acutus

*Western Pacific sector only 

Results  - Export and Sequestration

23–62 PgCNeocalanus tonsus

Biogeography extension for

13 – 35 PgC



Lipid Shunt Decoupling the export of carbon 
from the export of nutrients

Lipid pump highly efficient



The carbon capital of marine biota is not in their living biomass, but 
rather the carbon laid down by preceding generations.

If left undisturbed, reservoirs tend to equilibrium on the time scale of 
their residence times.

Equilibrium => flux in ≈ flux out

Legacy Carbon



Legacy Carbon



Living biomass : sequestered carbon

Species Biomass 
[GgC]

Sequestration 
[PgC]

Sequestration  biomass 
ratio [-]

C. hyperboreus 38 - 59 7.5 - 15.5 240

C. finmarchicus (ext.) 4.9 - 12 1.2 - 4.0 300

N. tonsus 19 - 26 2.7 - 7.5 200

C. acutus 6 - 19 1.5 - 6.8 300

C. natalis 1.1 - 4.4 0.1 - 0.7 120

Total 69 - 120 13 – 35

gC m2

Global distribution of respired carbon from 
diapausing Calanus finmarchicus in the 
North Atlantic

Ranking specific populations with respect 
to the specific sequestered carbon

Manage resource harvesting.

How much sequestered carbon is maintained in the 
oceans per unit living biomass for various species



Fishing down the food 
web

Species Biomass 
[GgC]

Sequestration 
[PgC]

Sequestration  biomass 
ratio [-]

C. hyperboreus 38 - 59 7.5 - 15.5 240

C. finmarchicus (ext.) 4.9 - 12 1.2 - 4.0 300

N. tonsus 19 - 26 2.7 - 7.5 200

C. acutus 6 - 19 1.5 - 6.8 300

C. natalis 1.1 - 4.4 0.1 - 0.7 120

Total 69 - 120 13 – 35

the cost in Legacy Carbon

Even if fished sustainably, harvesting Calanaus will 
reduce the stock size.

A reduction is stock size by M tonnes will cause the 
release of 300 x M tonnes of carbon from the oceans. 

Fisheries Management is not just about sustainably 
maintaining populations, it also has an impact on 
carbon sequestration that is not fully appreciated.
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