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What's in a name?

Iteru - Great River

Indus - River (so Indians are river people?)
Ganges - Stream

Mississippi - Big River

Yangtze - Big or Long River
Euphrates - Sweet Water
(and Mesopotamia - Land between Rivers)

Amazon - from stories of women warriors, original
name Maranon after a local fruit)




Nile - a greek
corruption of nwy
meaning water
Original name itwr

Hapi

“The running one”
Predynastic 5500-3100 BC
Son of Horus

Male and female

God of fertility (basket of food)




Ganga symbolizes purity and
fertility. Hindu belief holds that
bathing in the river on specific
occasions absolves you of your
sins and helps you attain salvation

Ganga riding on Makara - a
vehicle that was half alligator
half fish

Beginning of Earth Systems?
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Subsistence Uses: drinking, animal and plant habitat, transportation to hunting and
fishing, spiritual connection —

“We have always been a salmon people, The salmon come up the river because
we are their people and we are grateful for them.

They feed us and we take care of the river.”
Utility Uses: Transportation, electricity, washing clothes, bathing

Recreational Uses: Swimming, boating, enjoyment/contemplation
Alessa et al. Global Environmental Change 2007
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New production, f ratios,
recycling revisited

Regenerated production vio

ammonium, ureg- N, amino

acid—N, etc (outcchthonous
N-inputs)

New production
via nitrate and N, ——— Phyioplonkton ——
(allochthonous N-inputs)

Animals & Heteratrophic
Microorgonisms

v
I\/Iixing +  Exports os the sinking of
particulate organic matter

plus the fish catch, etc.

* The plume as a closed system

 Definition of f ratio = New production/Total
production = rate of nitrate incorporation/rate of
nitrate + NH, + urea + and other organic N

* Recyclingr=(1- f)/ f = number of times a
nutrient element is recycled before sinking




Terrestrial NO;

NO,-/ CO,
(deep)
@ Redfield ratio

2 PON,,., = uptake NO,-+N,
since CO, / NO;- upwell = C/N POM
POC ~ uptake N, * C/N

down

atm-down down



Photoproduction of labile N

* NH4 regeneration was 6X

Aé UV radiation greater than
NH4 uptake (D Bronk,

Humic or fulvic acids personal communication)

Proteins
Large organic moieties
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Photomineralization of fluorescent dissolved organic matter

in the Orinoco River plume:
Estimation of ammonium release

Julio M. Morell and Jorge E. Corredor

Morell and Corredor
calculated that the time
based ammonia release rate
in the Orinoco River plume
was about 264 ymol m2 d -!
This is about 50% the total N
demand calculated by
Muller-Karger 1989 and
needs to be balanced against
microbial uptake.
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Figure 6. Results of the photoexposure experiment. NH,
production and concurrent DOM fl reduction in surface water
collected from the Gulf of Paria.




Pre Industrial Modern Post modern

All kinds of nuances
*Photoproduction of labile N from DON

*Autotrophic uptake of DON
*Nitrification to produce nitrate
‘UREA

Importance of the bathymetric kopplung

*Role of mobile muds - time/space buffers?
*Denitrification
*Fe/P interaction in anoxic sediments - source of SRP and labile Fe?
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River

Discharge

Cumulative
%

Drainage
area

Amazon

6300

18

6.15

Zaire

1250

22

3.82

Orinoco

1200

25

EaS

Ganges-
Brahmaputra

970

28

1.48

Yangtze

900

31

1.94

Yenisey

630

KK]

2.58

Mississippi

530

34

3.27

Lena

510

36

A )

Mekong

470

37

0.79

Parana

470

38

2.83

All others

21168

* From Dumont et al 2005
** From NEWS Model
(Harrison et al 2005)

Yields in Kg N or P/km?/yr



Big plumes (twice the size of Texas/
size of the Gulf of Mexico) often
extending more than 1000 of km
offshore and often lasting many months
What sustains these plumes?

What are the biogeochemical
consequences?
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ss | Historic Surge
In Grain Prices

Roils Markets

By ScoTT KILMAN

Rising prices and surging demand
for the crops that supply half of the
world’s calories are producing the big-
gest changes in global food markets in
30 years, altering the economic land-
scape for everyone from consumers

| and farmers to corporate giants and
the world’s poor,

“The days of cheap grain are gone,”
says Dan Basse, president of AgRe-
source Co., a Chicago commodity fore-
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Increased global demand for animal protein, ethanol, speculation




Trends in annual rates of application of nitrogenous fertilizer (N) expressed as mass of N, and of
phosphate fertilizer (P) expressed as mass of P205, for all nations of the world except the former
USSR (18, 19), and trends in global total area of irrigated crop land (H20) (18). (B) Trends in
global total area of land in pasture or crops (18). (C) Trend in global pesticide production rates,
measured as millions of metric tons per year (30). (D) Trend in expenditures on pesticide imports
(18) summed across all nations of the world, transformed to constant 1996 U.S. dollars. All trends
are as dependent on global population and GDP as on time (Table 1).
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Global distribution of 400-plus systems that have scientifically reported
accounts of being eutrophication-associated dead zones

O Hypoxic system

Human footprint
I 0-1
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R. J. Diaz et al.,, Science 321, 926 -929 (2008)




NEWS-DIN-predicted dominant sources
of DIN export

Dominant source ~yling
of DIN export & :
.| Sewage point sources L\_‘ \/ﬁ?
Fertilizer N ‘
Manure '
I Biological N2 fixation

Nitrate deposition

Dumont et al 2005 GBC




Dominant sources of DIP

Dominant DIP Source ™

N - Human Sewage

Inorganic P Fertilizer

Harrison et al 2005 GBC




DON/DOP - Percent from Anthropogenic
Sources

Percent coastal DON or DOP
from anthropogenic sources

Harrison et al 2005 GBC




Future changes

Anthropogenic loading (where does urea from fertilizers fit in the
new production paradigm?)

Climate related changes to the hydrological cycle

NITRATE CONCENTRATIONS — MISSISSIPPI RIVER AT ST FRANCISVILLE, LA Hypoxic Zone Size
AND NITROGEN FERTILIZER USE IN THE UNITED STATES Northern Gulf of MeX|co
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R. J. Diaz et al., Science
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NITROGEN FERTILIZER USE, IN METRIC TONS,

DIN Export by Rivers for World Regions
1990 and 2050 BAU Scenario
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Figure 9.8 Predicted increasesin DIN export to coastal systems between the years 1990 and 2050 FERSCISy pos 5V you

under a business-as-usual (BAU) scenario. Modified from Kroeze and Seitzinger (1998). Dai et al 2009 Journal of Climate
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Amazon River Discharge and Climate Variability: 1903-1985
Richey, Jeffrey E: Nobre, Carlos: Deser, Clara

Science; Oct 6, 1989: 246, 4926: Research Library

pg. 101

"

1900 1920 1940 1960 1980
Years

Flg. 2. Discharge of the Amazon River at Manacapurg; (A) discharge time series, 1903 to 1985; (B)
descasonalized Q' hydrograph, 1903 to 1985. Arrows indicate occurrence of ENSO events.

Transport

As flows in the world's rivers alter over the next 300 years, the places that need water most
will get the least

YUKON s ™ | AMAZON S RHINE 5§ 0B | GANGES/
+47% +23% +20% +42% 77| BRAHMAPUTRA
k i i ‘ +49%

Figure1|Plants, CO,andthe global water cycle. The balance between precipitation (P) and
evaporation (E) over land determines the surface runoff (R), which returns water from the continents
to the oceans. Plant photosynthesis plays an integral role in the global water cycle, by mediating the
transfer of water from the land surface to the atmosphere. Elevated CO, can lead to closure of leaf
stomata, which reduces leaf water loss and thereby decreases overall continental evaporation. Gedney
et al.* show that this process, initiated by increased atmospheric CO,, can account for the increases in
surface runoff observed over the past century.
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TARLE 1
Nutrients concentrations in some major unpolluted rivers (ug 1=

PO, TDP N-NO, N-NH, Nx  DON  N-NO, TDN

Tropical rivers
Sumatra-Bornco 7 175
Niger . . 100
Zaive - i 3 7 an
Orinoeco 5.2 90
Zamberi )
Purari R 010
Mckong 240 )
Solimocs 5 25 150 0 (240) 2000
Negro & 8 (25 200 25 (450) 6300 aJn'l
Amazon 2 20) (55) 200 10 275 (5000 (10000

Desert rivers
Orange 9. 41

ki From Meybeck 1982

River N:P

Amazon 20 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 riverine supply of SRP




Amazon Nutrients

DeMaster and Pope 1996 Subramaniam et al 2008 PNAS

AMAZON SHELF SURFACE WATERS
May 1990 NO3 (umol kg™")
200
| y«19423 4 68739« A2 = 0726 0 5 10 15 20
' 1 1 1 Al
o 1% ! 0 —@— Coastal PO4
= { . 7 @ Mesohaline PO4
¢ . * 20 - —e— Oceanic PO4
2 1% N . . o aoastal NO3 .
. . e . 40 - =] esohaline NO3
g - ®  Oceanic NO3
= =
@ E 601
S
® 80
E——— a
20
Nitrate (umolikg) 100
. 120 -
_ /.
=] s 4
g A 140
o @ (]
€ . 0.0 0.2 0.4 0.6 0.8 1.0 12
- .
e PQO4 (umol kg™")
2
-3
k3
o
T \
G .
yeQ' 4037 R'2-073
0.0 v
Buoyancy effect
Nitrate {umolikgl
Fig 7. Phosphate and sibcate concentrations 111 Amazon shell surface waters plotsed as 3

function of nitzate concentration for AMASSEDS Cruese T (May 1940 high river discharge ) In

all fowr of the cruises the phosphate and the sibcate mmtcercepis (o ¢ 2010 nitrate concentration j wen

positive and signiticantly differeal from 200 indicating that the algae on the shelf are primarils
Hmeted by nitrate and not phosphate or silcate.




Source of P/ Si

DeMaster and Aller 2001

Table 17.2 Biogeochemical Cyveling of Si, P. and N on the Amazon Shelf
E 4 L S

External % of Ext. Gross Y%eof Gross Teof Ext.
Nutrient Nutrient Production Production Nutrient
Supply* Supply to Shelf (x10* mol d-1) from Recycling Supply that

(x108% mol d'!) from Rivers is Exported Offshore**

32 O™ 4 s 01.97%
(07408 28" 567 10053

1012 20-5044 27 OGO S0%

External nutrient supply is defined as the supply of dissolved nutrient that is biologically available for shelf plank-
ton  The sources ol these nutrients are from the rniver and upwelled offshore waters, narogen fixation regenerated
terrestraal organc mattes, and absorbed material. The llux of P rom desorption is considered pan of this external
supply, whereas the recycling of estuarine biogenk matenal (via mxcrobial degradation or dissolution) is not

This expont includes only the dissolved species and biogenic material that re or can be (following
degradation/dissolution) available 10 moanne biota,  Less than 4% of the dssolved bicavailable N supplied (o the
shelf is buned as manne organke: matter. However, rnearly all of marine PON reaching the seabed is convenad o
molecular nitrogen, which cannes be utilized by most oceanic plankton. Consequently, only 50% of bsoavailble
dissolved, externally supplied N to the shelf s exponed in a form that is useable by marine biota

Tricho can use DOP but P limitation may still occur




l Danube ~ 70% river mput into the Black Sea
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Figure 1. Discharge of the Nile at Aswan before and after closure of the High Dam in 1965
(Data from 14).
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Tonnes x 10°

Tonnes x 10°

Phosphate fertilizer use in Egypt

250
200 | -
A N
,:,' v ll A
150 | P .
[ | A
ASWAN HIGH " \ [
100 ] 'DAM CLOSED o o*e
- "/
50 d
) PV
0 T T Y
1960 1970 1980 1990 2000
Year
Nitrogen fertilizer use in EqQypt
1200
1000 0
1)
800 - A
f‘ J:’hﬂ %
"ot
600 ’
ASWAN HIGH
DAM CLOSED o 2
400 A =
g
2m 4 J‘\.
0 t t T
1960 1970 1980 1990 20(

Year

20

10” tonnes yr'
P N
The Nile
Pre-Aswan High Dam
i 32 6.7
On sadiments i ?
Total 7-1 6.7
Poat-High Dam
Dissolved 0.03 02
On sadiment 0 0
Total 0.03 02
Human Wasts
Total Genaratad in Cairo and Alsxandria
1965 44 21
1985 89 55
1005 126 87
Potential N and P in dischargs,
Cairo and Alexandria ye——
1965 1.1 5
1085 36 22
1085 95 65
Potential N and P in wastewater dischargs,
Total urban population®
1065 24 12
1085 8.7 41
1985 158 108

'Assuming that the population connacted 1o the sewers was 25% in
1965, 40% in 1985, and 75% in 19985 (52). The 1965 estimats is very

mﬂmn.
apolated from Cairo and Alexandria assuming that the accounted
for 45% of the total urban nooulation in 1965. 54% in 1985_ and 85%

Population of greater Cairo

184
16 -
14 4
12 ]
101
8 ]
6 -
4 .
2

0

1890

1950 1970 1990

Year

1910 1930 2010



s - B = - U] *salimigy = 1, 7TaH
ri=0if3

AL1E

2R i1

Salinity

g 4000 = 17004 © BAON - UNE
rr=094
i, A9 = 0623 = K490 - 0058

rE=n77

-"H.
o=
-
T
—
-
=x
-+
o
=
=
-
=4

0.2 : 0.3
K490 (m™)

Figure 5. {(aj K490 to salinity dependence and
(b} dy-npag(490} to K490 dependence in the WTHNA dunng
blay 2003, Holid circles represent the Amazon River plurme
{Transect A} and offshore waterss {Region A and Region B
without intense diatoms bloom). Open ciscles represent
stations with intense diatoms bloom (Region Bl Mumbers
refer to stations. Lines represent linear regressions with
parameters reported in figure and statistics in Table 1.

e s el sraian I
piefa ndad Jonlian 53-7
mi=iebed vianeny 531

[~ 30 days al irradiatanl

acpon im™)

220 A Ll Kkl

wavelenzth (nmj|

Figure 10, Measured (stations 27 and 53-2) and modeled
[after 20 davs of light exposure) acnoss during August 2001
in the WTNA.

Del Vecchio, R. and A. Subramaniam (2004) Influence of the
Amazon River on the surface optical properties of the Western
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Research. 109, C11001, doi:10.1029/2004JC002503
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f fver for the Amazon calculated usmg the technlque of I\/IuIIer-
Karger et al 1989 was 0.03 for the plume implying that N had to

be recycled 39 times to meet the measured primary production
demand.




APRIL 2003 H. haukii-Richelia R. clevei-Richelia Trichodesmium

14N | 06 )10
o 1 03 10,
& _ 12N | 10" ¢ 10
- Z ®
2 o .

©
3N | @ @
60W 58W S6W 54W  52W  50W  48W 46W  ON

60W 58W S6W S4W S52W S0W 48W  46W
longitude (W)

longitude (W)

Foster et al., (2007) L & O.
MAY 2003

H. haukii-Richelia R. clevei-Richelia Trichodesmium

_aNpE 14N | 103
z . 19;
) 0
S 10N _ 12N . L%
3= 2
m S
T8N < 10N
b=
6N e L - T 8N |
60W S8W 56W S4W  52W  50W  48W 46W
longitude (W) 6N : _ _ _ _ _ _
B e 60W 58W 56W 54W  52W  50W  48W 46W

35.0 32:6 27.8 longitude (W)



Coastal Mesohaline Oceanic
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Relationship between Plume Area and Month Lagged River Discharge at Obidos A

y=0.1536x + 740
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Fig. 2. Discharge of the Amazon River at Manacapurt; (A) discharge time series, 1903 to 1985; (B)
descasonalized Q' hydrograph, 1903 to 1985. Arrows indicate occurrence of ENSO events.
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Colebank, Y., Reison, D.,
Subramaniam, A. Using Argo
Profilers And Ocean Color Satellite
Data To Trace The Congo River.
2008 Ocean Sciences Meeting,
Orlando, FL.
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Foster, R.A., A. Subramaniam, Z.P. Zehr. (2009).
Distribution and activity of diazotrophy in the Eastern

Equatorial Atlantic. Environmental Microbiology
doi:10.1111/j.1462-2920.2008.01796.x




Trichodesmium counts
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Figure 2 Map of stations occupied in June 2006. Some preliminary data was
collected on nitrogen fixation rates and Trichodesmium abundance.




The Grand Inga Project
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-Twice the hydroelectric power generation as the Three Gorges Dam
-Green power?  Methane, mercury emissions, loss of carbon sink

GEOPHYSICAL RESEARCH LETTERS, VOL. 30, NO. 10, 1515, doi:10.1029/2002GL016391, 2003

Physical-biological sources for dense algal blooms near the Changjiang

River

Changsheng Chen,' Jianrong Zhu,? Robert C. Bcardslcy.‘ and Peter J. S. Franks®

Received 4 October 2002; accepted 12 March 2003; published 22 May 2003,

[1] Harmful algal blooms (*‘red tides™) occurprimarily in  dissipation and senescence depletes the oxygen in the water,
a confined region on the inner shelf off the Changjiang leading to massive mortality of fish and other important

River in the East China Sea during May-August. The species. HABs frequently occur in a region bounded by
areal extent of these blooms has increased dramatically in the  29°-32.5°N and 122°-123°20E (with 70% of the blooms




f e fOr the Orinoco

Muller-Karger et al 1989
estimated f ., of 0.02 to
0.12, i.e. recycling 7-65 times.
The measured values are
much less confirming other
sources of N

N recycled between 10 and 18 times
(D. Bronk, Personal communication)




Orinoco River

o Hemialus
o Rhizosolenia

A Trichodesmium trichomes
7 Trichodesmium tufts

<1 Trichodesmium puffs

Cruise data from September 2006
from Corredor, Morrel, Cabrera

Practical Salinity




in the Orinoco River plume:
Estimation of ammonium release

Julio M. Morell and Jorge E. Corredor

Morell and Corredor
calculated that the time
based ammonia release rate
in the Orinoco River plume
was about 264 ymol m=2d -1

This is about 50% the total N
demand calculated by
Muller-Karger 1989 and
needs to be balanced against
microbial uptake.

Fluorescence (x 107)

Photomineralization of fluorescent dissolved organic matter

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 106, NO. C8, PAGES 16,807-16,813, AUGUST 15, 2001
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Figure 6. Results of the photoexposure experiment. NH,
production and concurrent DOM fl reduction in surface water
collected from the Gulf of Paria.




Sort of same old story in the
Bay of Bengal

A sink for atmospheric carbon dioxide in the northeast Indian
Ocean

M. Dileep Kumar, S. W. A. Nagvi, M. D. George, and D. A. Jayakumar

National Institute of Oceanography, Dona Paula. Goa. India

Abstract. Intcnsive obscrvations in the northeast Indian Occan (Bay of Bengal) during the pre-
southwest and northeast monsoon seasons of 1991 reveal that freshwater discharge from rivers of
the Indian subcontinent exerts the dominant control over total carbon dioxide (TCO,) and pCO,
distributions in surface waters. Low pCO, levels occur within the low-salinity zones, with a
large area in the northwestern bay acting as a sink for atmosgheric CO,. Only a part of the ob-
served pCO, variation can be accounted for by the effect of salinity, and biological production
supported by external nutrient inputs in conjunction with strong thermohaline stratification may
be more important in lowering surface water pCO, by =100 patm relative to that in the atmos-
phere. The pCO, distribution is seasonally variable and appears to be controlled by the spreading
of fresher waters by the prevailing surface circulation.




Indian Ocean Rivers - the great unknowns

Bay of Bengal
Ganges/Brahmaputra/lrrawady/Salween

Intense blooms of Trichodesmium erythraeum (Cyanophyta) in the open waters
along east coast of India

*R. Jyothibabu, N. V. Madhu, Nuncio Murukesh, P. C. Haridas, K. K.C.Nair & P. Venugopal

11.04.2001 . (B) S TS0y

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

Table 1 —— Details of the location, nutrients, primary production and mesozooplankton biomass of the bloom regions in the Bay of Ber

Bloom date Lat (°N) Long (°E) Nutrients (g mol.I'") Primary pros!uﬁxion Zooplankion b-i?mm
Nitrate Phosphate Silicate (mgC m~d") (m} 100m™) . . ¢
: o sg o5 2 238 - i- il i '
11 April 2001 10° 58 81°50 0.05 0.9 22 160 [=E . % ; . .'

25 April 2001 19°44’ 89°04 0.14 0.56 — 1740 17.7 v »

Biogeochemistry of particulate organic matter from the Bay of
Bengal as discemnible from hydrolysable neutral carbohydrates
and amino acids

Danicla Unger®, Venugopalan Ittekkot, Petra Schifer, Jorg Tiemann

Frmbrum for Morioe Topenobolope, Fobrenbeitcirne . D-24250 Bremes, Germany




Water quality assessment of Gautami—Godavari mangroves

Table 1. Range (in parenthesis) and mean values (£85D) of water parameters in the three regions.

Parameters KKD bay region GG estuary region Mangrove region
NO3-N (uM) (0.50 - 2.24) (0.68 - 1.72) (1.21 - 6.49)
1.33 £ 056 1.234+0.39 3414186
NO3-N (uM) (0.86 - 12.5) (13.9 - 21.4) (747 - 16.2)
6.03+3.55 17.18+ 2.64 11,15+ 2.42
NH,-N (uM) (0.82 - 2.49) (0.33 - 2.25) (0.79 - 14.2)
1.5140.60 1,134+ 054 483+34
PO4-P (uM) (0,92 -6.9) (1.76 — 4.53) (1.80 - 5.85)
2.54 +1.68 305+ 1.00 3.17 +£0.99
Si04-8i (uM) (0.26 - 57.7) (42.5 - 142.0) (68.6 - 139.0)
33,03 + 17.37 Q0,38 + 35.30 102.35 &+ 25.73
TN (uM) (13.7 - 120.0) (158 - 42.6) (21.3 - 196.0)
50,95 + 40.79 26.44 4 8.65 43.02+4594
TP (uM) (2.01 - 15.5) (3.69 - 16.2) (2.46 - 21.7)
7.46 £3.85 8.4+3990 10.52 + 5.01
pH (7.10 - 7.93) (72-78) (7.19 - 7.58)
7.55+0.28 7.52+0.22 7.42+0.13
Salinity (PSU) (11.9 - 31.4) (0.27 - 9.65) (0.27 - 9.48)
21.06 +6.76 387+3.9 3.20 +3.88
DO (mg1~t) (5.85 - 8.65) (5.49 - 6.38) (1.39 - 5.45)
7.03+0.93 587+ 0.33 2.88 4 1.55
BOD (mg1~') (2.88 - 5.8%) (1.52 - 2.8) (3.68 - 6.12)
488+1.13 232+05 4.79+0.74
Chla (ugl1™?) (0.68 - 25.9) (0.86 — 15.9) (2.36 - 16.2)
12,49+ 0.55 523+ 4.84 5.42+4.74
Chlb (ug 1) (0.04 - 4.08) (ND - 2.41) (ND - 4.53)
1.14+1.21 0.61 £ 0.85 148 +1.44
Chle (pg1™?) (0.15 - 7.17) (ND - 2.6) (0.05 - 12.9)
1.83+2.08 087+ 094 288 +3.14
Pp (ug 17%) (0.44 - 21.1) (ND - 7.05) (0.88 - 6.2%)
7.92+7.22 2.2+ 228 3.16+1.72
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Flg 1. Surfere ¢l a concentrations In the NE Gulf of Mexico derived using the Sea
Vieving Wide Fleld-ol-View Sensor (SeaWikSs). Lighter colors indicatad higher
amounts of colored malerial in surface waler, Concenlbrations near lhe Mississippil
River Della and In the river plume, as well as in olher coastal areas, are subject to
Encwn eftects by high concentrations of oolored dissolved organic mattar,
suspended sddimenls, or batlom refleclance, which can arlificially raiss chl a2
estimates. Land and clouds are colored black. Station locations are indicated

F ratio and recycling in the Mississippi

Wawrik and Paul 2004 AME

r (number of times N is recycled)

34
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Mekong River
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Figure 1. Map of the South China Sea off Vietnam with ~ 11.0 R -
all CTD stations, the insert shows SE Asia. (Na-fixation was 105 ‘ @
measured at the 28 stations). Stations Al to A4 and | to 4 @ 57
were only visited during VG4, stations 62 to 65 only during 100
VG7. The shaded area denotes Mekong river influence and 9.5
the line the extension of the upwelling region from the 00
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Voss M et al. (2006) Riverine influence on
nitrogen fixation in the upwelling region off

Figure 2. N,-fixation rates, symbols are scaled linearly
Vietnam, South China Sea. GRL 33 proportional to the measured values. The line visualises the
offshore limitation of the upwelling area.










Mami Wata — a symbol of water systems
science and engineering?

Who is Mami Wata?

« She is Mother Water, Mother of Fishes, goddess of
oceans, rivers and pools, with sources in West and
Central Africa and tributaries throughout the African
Americas, from Bahia to Brooklyn. Usually shown as
a half-woman, half-fish, she slips with ease between
Incompatible elements: water and air, tradition and
modernity, this life and the next.




River

Discharge

Cumulative %

Drainage area

DIN yield*

DIP yield*

DON vyield**

R4

DOP yield

**

Amazon

6300

18

6.15

173

17

327

18

Zaire

1250

22

KRV

4

91.5

Orinoco

1200

25

0.99

4

313

Ganges-
Brahmaputra

970

28

1.48

25

sz

Chiang

900

31

1.94

Yeniséy

630

33

2.58

Mississippi

530

K7

3.27

Lena

510

36

2.49

Mekong

470

37

0.79

Parana

470

38

2.83

All others

21168









