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@lebal river delivery of C and
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North America Europe Asia and Australia
1 Yukon 25 Danube 13 Voiga
2 Mackenzie 14 Ob
3 Nelson Africa and West Asia 15 Yenisey
4 Mississippi 8 Niger 16 Lena
5 St Lawrence 9 Lake Chad Basin 17 Kolyma
10 Congo 18 Amur
South America 11 Nile 19 Ganges and Brahmaputra
6 Amazon 12 Zambezi 20 Yangtze
7 Parana 26 Orange 21 Murray Darling
24 Euphrates and Tigns 22 Huang He
23 Indus

ource: United Nations Environment Programme (UNEP). World Conservation Monitoring Centre (WCMC), World Resource
nsttute (WRI); Amencan Association for the Advancement of Science (AAAS). Atlas of Population and Environment. 2001
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al riverine C, N, and P flux

_— 2 ’
T
C, N and P inputs from land to the global coastal ocean (1012 moll/yr)
Item Meybeck NEWS-model Smith etal. Adopted ratio
1982&1993 2005 2003 here
DIC 32 LOICZ e DIC U~ TOC flux™
DIN 0.52 1.8 1.35 1.5 N:P 30
DIP 0.03 0.03 0.07 0.05 C:P 640
(Smith & Hollibaugh, 1993)
DOC 20.5 14 17 18 C:N 26
DON_ 0.85 i 2l e Heterotrophic

i 0.7 N:P 5
DOP 0.027 0.019 0.02 C:P 900
PIC 14 14
POC 18.2 17 18 C:N 6
PON 2.9 2.9 N:P 5
— | PP(Inorg) 0.6 0.6 C:P 30
C:N 16

loading >> auto...

.| TotalC 84.7 83.9

Total N 4.3 5.1 N:P 8
Total P 0.65 0.67 C:P 121

autotrophic loading based on DIN input and Redfield ratio 10

assuming 50% of DIN will be denitrified in coastal zone ; :
assuming 80% of DIN will be denitrified

heterotrophic loading

assuming xx% of land OC is respired in coastal ocean 0.70 25
N recyled
net heterotophic loading
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Table 2.1 Carbon Fluxes and Reservoirs Relevant to RiOMar Systems

Cflux Range Reference
(Talyr) (Tg Cyr")
Total Riverine Carbon Input to the Ocean 700-1000
Dissolved Inorganic Carbon (DIC) 400 381-410 1,2,3
Total Organic Carbon (TOC) 450 200-530 2,3,4,5
Particulate Organic Carbon (POC) 200 138-288 4,6,7
Dissolved Organic Carbon (DOC) 250 214-360 2,4,8,9,10

Terrestrial Storage 600-1500 11

Burial in Marine Sediments 130 98-138 512,13
Terrestrial : 43-104 5,12

Marine N o 55 - 5,14

'Meybeck, 1993 $Spitzy and Leenheer, 1991

“Meybeck and Voérosmarty, 1999 °Aitkenhead and McDowell, 2000
3Degens et al., 1991 YHedges et al, 1997

4Spitzy and Ittekkot, 1991 HStailard, 1998

5Schlunz and Schneider, 2000 2Berner, 1982

SLyons et al., 2002 (and references within) *Hedges and Keil, 1995

"Ittekkot and Laane, 1991 14Berger et al., 1989

RiOMar 2001 report, (B. McKee et al.)
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gontrast in-organic Cinput™

ore heterotrophic loading to low-lat margins

River Discharge
mEmm TOC fluxes
B | atitudinal % of TOC fluxes

an
o

Latitudinal percentage of TOC fluxes

River Discharge (1 0%km® a'1) or TOC fluxes (TgC a'1)
o

30-60

Latitudinal range

Compiled by M. Dai and W-J. Cai;
also see Borges papers



in world’'s major rivers.
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Source: Dagg et al. 2004

Speculate: River loading drives tropical margins towards
heterotrophic, and mid lat margins to autotrophic.
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1. Latitudinal distribution in HCO; flux
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ke 2. CaCO; minerals in drainage basin
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From Cai et al. 2008 Cai unpublished
Continental Shelf Research 28:1538-1549.



Distribution of riverine HCO3'
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From Cai et al. 2008
Continental Shelf Research 28:1538-1549.



L Influence on TAlk distrin Ocean Margins
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® | argest river
basin in North
America and
third largest in
the world

® Drainage basin
eNncompasses
419% of the
lower 48 United
States



Table 7.8.1. Average concentrations and annual fluxes of organic and inorganic C, N, and
P delivered to the Gulf of Mexico by the Mississippi-Atchafalaya River System (MARS)
(in 10" g y"' or Tg y™"). Total water discharge is 530x10° m’y™". TSM stands for total
suspended matter.

i

Chemical Concentration Annual Flux | Reference

(mM) Tgy' = -
TSM -—- 210° Meade and Parker (1985)
POC 1.6% of TSM 3.4 Trefry et al. (1994)

1.2% Duan and Bianchi 2006

DOC 0.28 1.8 Trefry et al. (1994) 2LeroLtrop

0.33 2.1 Benner and Opsahl 2001

0.49 3.1 Bianchi et al. 2004 Od( U
PIC 0.15% of TSM | 0.31 Trefry et al. (1994)
DIC 0.219 21 Cai (2003) dULOLITOL
TAlk 0.216 21 Cai (2003);

Raymond and Cole (2003) UdUIng
Total Nitrogen (N) 1.57 Goolsby et al. (1999)
NO;+ NO, 0.95 Goolsby et al. (1999); -
Howarth et al. (1996) DISpare

Ammonium 0.03 Goolsby et al. (1999) . =
Dissolved Org. N 0.38 Goolsby et al. (1999) E
Particulate Org. N 0.20 Goolsby et al. (1999)
Particulate Org. N 0.45" Trefry et al. (1994)
Total Phosphorus (P) 0.136 Goolsby et al. (1999)
PO, 0.042 Goolsby et al. (1999)
Particulate P 0.095 Goolsby et al. (1999)
Si-dissolved 2.32 Goolsby et al. (1999)
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iBiogeochemical responses —
putrients and CO; system
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(spring, &e«stimmer)*

Salinity explains some
but not all features

1. Inside river channels
& embayment, low S
high pCO, (turbidity)

2. In the plume, low S
low pCO, (bio uptake)

pCO

salinity

3. Variability



Mississippi River plume, June 2003
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sissipp! River plume, August ZOQ4
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ADIC = 320 uM, ATA=210 uM
DIC removal due to OC = 320 - 210/2 = 215 uM

Predicted NO; removal = 33 uM
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. DIC and ?Aik IN the Mississippi River plume
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Netsecommunity production (NCP)
RENet calcification: e
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Prymmesiophytes
Cruise N3
July/Aungust 1998

o0'w 88°'W 86°W W 82°W

- Y. Quan et al. | Continental Shelf Research 23 (2003) 1-17

3,

Window 0.005 - 40.955= 4632 cnt

Robert Stavn, Naval Research Laboratory

c:ledax32\genesis\genmaps.spc 31-May-2008 12:17:04
Secs: 62

3.00 4.00 5.00 6.00 7.00
Energy - keV

Summer 2008
W-] Cai (unpub)



gnificance of potential coccolith -
oM N the M1s-s,.-R plume

SIC
o)jje

[Acreases pCO, (opposite to diatom)
)“ EO3 + Ca’t > CO, + CaCO,

J= P tom bloom creates a low pCO,, high pH
= & high €O, condition for coccolith bloom
(ecosystem succession)

® No such response reported in the Amazon
plume. Why? (ecosystem shift under
anthropogenic pressure)
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pEO,,in the Amazon plumer

Summer 2001
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Cooley et al. GBC : 21, GB3014, doi:10.1029/2006GB002831, 2007
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The East
»€hina Sea

pCO, in the East China Sea in summer 1998 during the great flood period
(Results from the Chinese JGOFS, L. Zhang pers. comm.)
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pEO;,in the Pearl River plume
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@anibon budget in the Northern GOM
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©  Turbidity plume
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€0, (0.22) |2
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_.PP=5.7, R=0.6PP PP=20?, R=1.15PP

a.. NCR=2; NCP<-3.5
== ﬂ. _21 \ DIC:

= E)C 5.0 20%PP 15%PP., DIN?

—

DIC, DIN—— ,, l

1 NCP=5.66/2-4= -1.2
(unit = 1012 gC/yr) /
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VIECC-Mississippi Tramsect ™
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Distance from Land (km) Distance from Land (km)
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® Great DIC enrichment in the bottom water



SUlMme

26Iobally; river Ioa | ».are he ero rophlc in
elnlel] L]r, thissisithescase fortropical rivers.. .
plumes are autotrophlc and a sink

T 1s IS particularly true for rivers with
- ropogenlc DIN loading.

; R*
3 pGOZ in Iarge river plumes has a great spatial
~ and seasonal variability.

® Potential coccolith bloom may be an important
mechanism controlling surface water pCO, for.
some large river plumes.

'1\
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vs. in the MIR*plume..

J.F. Ternon et al. / Marine Chemistry 68 (2000) 183—201
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ig. 5. (a) Relationship between CO, fugacity (natm) and salinity at the sea surface during ETAMBOT 1, ETAMBOT 2 and SABORD)
he equation and correlation coefficient, r, are for the regression line (solid line) fitted to the data. fCO, () indicates the uncertainty i

Salinity

Amazon River water has low TA & low buffer
capacity; in contrast, MR water has high TA
and high buffer capacity.
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120W 50W 1208

Plate 1. Climatology of classified coccolithophorid blooms (measuring >4800 km?) for the world’s
occans in CZCS imagery dating from November 1978 to June 1986. The maximum spatial extents of
blooms detected during this period are displayed. The coccolithophorid bloom class is white, the
noncoccolithophorid bloom class is blue, and the land is green. Black indicates areas lacking image
coverage.

Brown & Yoder, JGR-Ocean 1994




(late summer &ufall)

Sal Aug 2007

‘}"jﬁf" % :-/: 0 ',,
\'\Lﬂ, s ' ' - & JWE/ ' . : -
IJ lﬂ » ~ ~ Seasonal variation

1. Low pCO2 in
spring and early
summer

2. High CO2 in late
summer and fall
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Net Autotrophic
——
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High (labile)
OC,,

River Inputs
TOC, DIC, high DIN

NCP> 0 (net autotrophic) or GPP > R
OC exports > OC imports & DIC import > DIC export
Results: low DIC, & low pCO,



