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Dugdale and Goering 1967
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And......

To what extent does the sinking flux of particulate organic
carbon constitutes a ‘sink’ for atmospheric CO, from fossil fuel
burning? Since dissolved inorganic carbon moves upward along
with the vertically transported nitrate, in approximately the
Redfield ratio?’ of 106 C atoms:16 N atoms, only the sinking

flux due to new production associated with nitrogen fixation and
nutrient inputs from terrestrial and atmospheric sources can be
identified as a biologically-mediated transport of atmospheric
carbon dioxide to the deep ocean.

Eppley and Peterson, Nature 1979.
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River Disch Cumulative % Drainage
arge area
Amazon 6300 18 6.15
Zaire 1250 22 KRV
Orinoco 1200 25 0.99
Ganges-Brahmaputra 970 28 1.48
Chiang Jiang 900 31 1.94
Yenisey 630 33 2.58
Mississippi 530 34 3.27
Lena 510 36 2.49
Mekong 470 37 0.79
Parana 470 38 2.83

All others 21168 100
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NEWS-DIN-predicted dominant sources

of DIN export

Dominant source
of DIN export
Sewage point sources
Fertilizer
Manure
Biological N2 fixation

Mitrate deposition

Dumont et al 2005 GBC




Dominant sources of DIP

Dominant DIP Source ~

~ - Human Sewage
E Inorganic P Fertilizer
- P Weathering
- Manure P (no systems)

Harrison et al 2005 GBC



DON/DOP - Percent from Anthropogenic

Percent coastal DON or DOP
from anthropogenic sources

Harrison et al 2005 GBC



TARLE |
Nutrients concentrations in some majot 1I.T!|[."Z:I]]'-ll'-“-'-1 rivers (pg 1=}

P-rO, TDP N-NO.  N-NH, N DO™ MN-MNO, TDN DOC _'f'lf"?-'

From Meybeck 1982

River P \ N:P
Amazon 20 275 13.75
Orinoco 6.2 90 14.5

Congo 24 90 3.75

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

AMAZON SHELF SURFACE WATERS
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Source of P/ Si

DeMaster and Aller 2001

Table 17.2 Biogeochemical Cycling of Si, P. and N on the Amazon Shelf

External % of Ext. G ross % of G ross %of Ext.
Mutrient Nutrient Production Production MNutrient
Supply* Supply to Shelf (x10% maol d-1) from Recycling Supply that

(x10¢ mal d-1) from Rivers is Exported Offshipre® *

51 3 L 27 (Fk 01 07%

P -0 ZHH 1.7 500 ] O

N 10-12 20- 1 27 L Q05

* Extemnal nutrient supply i defised as the supply of dissolved nutrient that is biologically available For shell plitrike-
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terrestnial orgame maner, and absoded material. The Nux of P From desorption is considered pan of this exeernal
supply, whereas the recycling of estuarine biogenie matenal (via mecrohial degradation or disscluton? is no

* This expel ind ludes anly the dissolved apecies and biogenic material that e or can be (followning
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shielf 1= buned 33 manne arganie mealer. Hevwewver, rearly all of manne BN reaching the seabed s convenad o
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8 Day SeaWiFS Chl Images 30 March — 9 June 2003
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Figure 6. Community impact on DIC (ADICgq), calculated with the mixing model, plotted against
salinity. The 95% confidence interval error bars are within the size of the marker. Station numbers are

shown for summer samples. Endmembers used to calculate ADICh ncluded: A, = 23594 £59, 5,
36.07 £0.10, DIC, = 2024.5 £ 6.8, 5, = 0 £ 0. The shaded region above salinity 35 indicates data outside

the mfluence of the plume. Markers indicate the prevailing macroscopic nitrogen-fixing organisms
observed at a station: square, none;, circle, Richelia, asterisk, Trichodesmium; circle and star

superimposed, Richelia and Trichodesmium together.

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
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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.
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Fig. 2. Variations of total particle flux at a
depth of 3200 m in the western tropical North
Atlantic. Notation is as in Figure 1. The two
gaps in the record (sloping lines) amount to 38%
of the time between start and end of the series.



ALOHA |
1993

Flux at 2800m

Diatom fluxes to the deep sea in
the oligotrophic North Pacific
gyre at station ALOHA
Marine Ecology Progress Series,
Vol 182:55-67, 1999

ALOHA I

Flux at 4000m




The role of mat-forming
diatoms in the formation of

letters to nature
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Congo River 2006
g X1076 Trichomes/m2




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

nd det, not q 51400 nd 10280
28.04 nd det, not q 82400 det, not q 16480
25.64 nd nd 95900 det, not q 19180
21.99 3810 518 94600 149000 48824
25.09 det, not q 2010 2080 nd 818
26.35 8020 det,notq nd 3490 698
26.51 85000 15800 3190 2180 4234
26.53 35600 2590 det, not q 1280 774
25.27 314000 det,not q det,notq det, notq
26.95 90000 det, not q 1230 det, not q 246
28.2241 674000 det, not q 91800 24600 23280
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N:P Ratio for CTDs 57-63 in the Congo plume and coastal cold
tongue
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Density structure of the Congo Plume

osigma T Profiles of the Congo River Plume

22 23
Sigma T (kg/fm™)

Implications for diurnal heating and air/sea gas exchange




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

TSG 26-26 June 2006
CTDS7  oTDER cTD5a cToen ~ CTDB1 CTDAZ CTDE3

by

Temperature

"\

12:00:00 18:00:00 12:00:00 18:00:00

Time

|—Temperature —— Salinity |

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.
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Orinoco River

o Hemialus
o Rhizosolenia

A Trichodesmium trichomes
57 Trichodesmium tufts

< Trichodesmium puffs

Cruise data from September 2006
from Corredor, Morrel, Cabrera

Practical Salinity
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Indian Ocean Rivers - the great unknowns

Bay of Bengal
Ganges/Brahmaputra/lrrawady/Salween

Intense blooms of Trichodesmium e rythraeum (Cyano phyta) in
along east coast of India

the open waters

“R. Jyothibabu, N. V. Madhu, Nuncio Murukesh, P. C. Haridas. K. K.C Nair & P. Venugopal
] ¥y = [ S L LN * F € 't“‘ d

11.04.2001 . (B)

Fig. 2-— Trichodesmium erythraewn bloom observed (A) off Karaikkal, (B) off south of Calcutta

Table | — Details of the location, nutrients, primary production and mesozooplankion biomass of the bloom regions in the Bay of Bengal

Bloom date Lat (°N) Long (°E) - Nutrients (¢ mol.I') Primary production Zooplankton biomass
Nitrate Phosphate Silicate (mgC m™ dh (mi 100m™)

11 April 2001 10° 58 81°50° 0.05 0.9 2.2 2160 228

25 April 2001 19°44’ 869°04° 0.14 0.56 — 1740



Zambezi River too?

Tricho?

ST8036-O73-O6 Bazaruto Island, Mozambiqué March 1990



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
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Amazon

Low N:P

Pre Industrial Future
Mekong Mississippi
seleivaly Linesiuiene Rapidly changing Anthropogenically altered
Dams, fertilizers High N:P

Source of P to the ocean
Major sink of carbon

A model system for the future

Perhaps P limited
Anoxia/denitrification
The future is here already



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)



55° W

50° W

45° W

40° W

35°W

15°W

Legend
salinity
29.430000 - 32.000000

Salinity (ppt)

32.000001 - 34.000000

34.000001 - 36.000000

36.000001 - 38.000000

38.000001 - 40.000000
[ ] countryhighres




0.35

0.30 -

0.25 -

=]
[\
(=

~
.
i

K490 (m™)

0.10 -

0.05 -

0.00

K490 = - 0.021*salinity +0.768
rz=093

2 24 20 28 30

Salinity

&
)

Apon(490) (m™!

Acpon(490) = 0.704 * K490 - 0.026

0.3 Jr1=098
™ |agpon(d90) = 0.623 * K490 - 0.058 o
r2=0.77
//

0.2 .
0.1
0.0




