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Definition of “new production”
Dugdale and Goering 1967



Definition of “new production”
Dugdale and Goering 1967

But!!



And……

Eppley and Peterson, Nature 1979.
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The History of 
Nitrogen 

--Haber & Bosch!--
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Global N fertilizer use
X 1012 g/ year

The Mississippi 
plume “dead zone”
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NEWS-DIN-predicted dominant sources 
of DIN export

Dumont et al 2005 GBC



Dominant sources of DIP

Harrison et al 2005 GBC



DON/DOP – Percent from Anthropogenic 
Sources

Harrison et al 2005 GBC



From Meybeck 1982
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Devol (1991) found that Amazon alone is responsible for 30% 
of the global transport of SRP



Amazon Nutrients
DeMaster and Pope 1996 Subramaniam et al in review

Buoyancy effect



Source of P/ Si 
DeMaster and Aller 2001

Tricho can use DOP but P limitation still occurs







8 Day SeaWiFS Chl Images 30 March – 9 June 2003

dust

Enhanced 
production



Highly elevated 
apparent 

“chlorophyll”
Retroflection well 

developed



Oct/Nov 1996

A major bloom of 
Hemiaulus/Richelia in Oct. 
1996 mapped using the 
OCTS satellite off the 

coast of South America, 
was found to extend all 

the way into the 
Caribbean and involved 

the Orinoco Plume as well
(Carpenter et al. 1999)







From Cooley SR, Yager PL (2006) Physical and biological contributions to the Western Tropical North 
Atlantic Ocean carbon sink formed by the Amazon River Plume. JGR C:111  



2 morphologies of 
unicellulars

Several Trichodesmium species 
co-occur

Phytoplankton populations 
dominated by asymbiotic 

diatoms

•Richelia associated with 
H. hauckii form long 
chains & abundant in 
upper water column (0-
45m)

P limitation?



Foster et al., (2007) L & O.



20TgC/yr
7.2 TgC/yr

Tropical North 
Atlantic goes 
from net source 
of 30 Tg C/yr to 
neutral or even a 
sink for C



Deuser et al. (1988). 
"Temporal variations of 

particle fluxes in the 
deep subtropical and 
tropical North Atlantic: 

eulerian versus 
lagrangian effects." 

Journal of Geophysical 
Research 93(No. C6): 

6857-6862.



Flux at 2800m

Flux at 4000m

Diatom fluxes to the deep sea in 
the oligotrophic North Pacific 

gyre at station ALOHA
Marine Ecology Progress Series, 

Vol 182:55-67, 1999







Congo River 2006
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Congo River 2007
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Station salinity temperature Tricho het-1 het-2 het-3 Total Rich

Niger nd det, not q 51400 nd 10280
1 33.39 28.04 nd det, not q 82400 det, not q 16480
2 35.64 25.64 nd nd 95900 det, not q 19180
2 36.20 21.99 3810 518 94600 149000 48824
3 36.07 25.09 det, not q 2010 2080 nd 818
4 33.90 26.35 8020 det, not q nd 3490 698
5 33.07 26.51 85000 15800 3190 2180 4234
6 34.91 26.53 35600 2590 det, not q 1280 774
7 35.80 25.27 314000 det, not q det, not q det, not q
8 34.68 26.95 90000 det, not q 1230 det, not q 246
9 34.62 28.2241 674000 det, not q 91800 24600 23280





N:P Ratio for CTDs 57-63 in the Congo plume and coastal cold 
tongue



Density structure of the Congo Plume

Implications for diurnal heating and air/sea gas exchange



Temperature and Salinity from the Ship’s flowthrough system (4m)

Have to be careful in using ships of opportunity to validate salinity and temperature in the 
Congo Plume, especially large container ships with deep intakes.



Transit vers Pointe Noire: 1S, 8.42E -->  6S, 10E
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Orinoco River

Cruise data from September 2006
from Corredor, Morrel, Cabrera
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Mekong River

Voss M, Bombar D, Loick N, Dippner J 
(2006) Riverine influence on nitrogen 
fixation in the upwelling region off 
Vietnam, South China Sea. GRL 33



Indian Ocean Rivers - the great unknowns

Bay of Bengal 
Ganges/Brahmaputra/Irrawady/Salween



Zambezi River too?

STS036-073-056 Bazaruto Island, Mozambique March 1990

Tricho?



Take home messages
To Understand the controls on the efficiency of 

the biological pump, we need to
• Need to understand the processes (go 

beyond pCO2 surveys)
• Understand the change in biotic 

structure
• Understand the influence of 

anthropogenic activity



Mississippi
Anthropogenically altered
High N:P
Perhaps P limited
Anoxia/denitrification
The future is here already

Amazon
Relatively Undisturbed
Low N:P
Source of P to the ocean
Major sink of carbon

Mekong
Rapidly changing
Dams, fertilizers
A model system for the future

Pre Industrial Future



Discussion Points

• Either better define terms like export 
and new production or stop using them

• Need to know river fluxes at the mouth 
and just outside (like Amaseds) on a 
monthly basis

• Need to know biology of the DDAs
(rates, limitation, DOP uptake, obligate 
symbiosis, host-symbiont transfers etc)





Salinity
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