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® Rivers and freshwater ecosystems release high levels of CO, to

the atmosphere

® Globally these waters process, transport and sequester 2.7 Pg C

yI’

® Similar value to the estimated for terrestrial ecosystems carbon
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Produce scientific data on Amazonian fluvial systems to feed

g

develop tools to comprehensively describe Amazonian fluvial - ; ;
a carbon base basin wide model to predict their responses to

biogeochemistry and the role of rivers in the regional C cycle to predict
global climate change and regional land use change

their responses to climate change
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Long term data collection : 20 extensive sampling (Rede Beija-Rio), distributed in

the Amazon basin

Intensive campaigns employing several measurement methods and laboratory

Ji-ParaniUrupa
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We have demonstrated that the rivers of the Amazon play an important role in the regional carbon cycle

-» Evading to the atmosphere ~0,5 Gt C yr’1

-» 13 x more C than discharged to the ocean:

=» TOC: 0,036 and DIC: 0,035 Gt.yl’1

-» Higher than the amount released by regional deforestation at it’s

peak (0,38 GtC yr', ~25.000 km”. yr')
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and wetlands as a large fropical
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Figure 4 Spalialy integraled sequences of monthly carbon dioxide evasion for he
respective hydrographic emironments (identified in Fig. 2). Lines represent the best
egtimate of lng-lem means, whereas shaded regions represent the 67% confidence
intenval for the rangs of values likely in a parlicular year. The upper confidence limit for
slreams, hidden from view, extends nearly Lo the upper imil for floodplaing.

What is these CO, main source?

P n

Figure 3Seasonal distributions of carbon dioxide dissolved in rivers of the central Amazon
basin. a, A len-year ime-series slation on the mainstem Amazon near Manaus (Man, by
the confluence of the Negro and Solimdes) offers a high-resolution image of seasonality
b, Annual profiles for major tributaries derved from thineen expeditions to cbservation
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Figure 1| Van Krevelen diagrams of incubated Amazon River DOM. The
relative degradation/production of DOM compounds (based on
hydrogen-to-carbon (H/C) and oxygen-to-carbon (0/C) ratios) after a
10-day incubation period. Of the 2,804 compounds detected (black), 344
were consumed (blue) and 222 were produced (red). Mest consumed
DOM compounds have element ratios consistent with lignin and other
polyphenols (centred rectangle). Compounds with an aromaticity index

-’55 % of terrestrial lignin is

degraded by in channel bacteria

I C I C author

55% of lignin degraded
in the Amazon River

Nature Geoscience 6, 530-533 (2013) | doi:10.1038/ngeo1817

40%of lignin degrade>\

in Amazon soils
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Smaller rivers ( channel wide < 100 mm))

Rasera et al., 2008
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CO2 evasion main C export pathway:
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Figure 4. Average CO, flux in fributaries and the Ji-Parané River main stem at low
and high water periods. The numbers correspond to rivers: 25 = Comemo-
racdo, 26 = Pimenta Bueno, 27 = Urupd, 28 = first site at Ji-Parand, and
29 = second site at Ji-Parand.

~92% of the Amazon river network are small rivers,

usually supersaturated with CO,

e surface small rivers area: 0,3 £ 0,05 millions of km?,
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Estimating cell-to-cell land surface drainage paths from digital sponds to the combined standard uncertainty resulting from contribufions
channel networks, with an application to the Amazon basin of calculated surface area and CO, fluxes measured with chambers.
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Wihet Is the main © dynamic contrelier in these
CCOSYSICMS?

The most striking finding of our current integrated network approach is that, regardless of

any scale or basin characteristic, the distribution of biogenic species show the same

)

seasonal patterns, tightly connected to the hydrograph _ Selimoes Madeira JiParani
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Group I- drain low lands,
highly weathered, high

levels of DOM, low DIC

While these river can be
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High viariability for both low and high water: -0,8 a

15,3 mmol CO, m?s?

separated into 3 groups according to their water characteristics:

Group II- High sediment transport from the Andes,

high DIC concentrations and pH ~ neutral

Group III- drain the Brazilian shield, low sediments

and OM, inter medium DIC levels, pH ~ neutral

® CO, Fluxes always higher at high water

®* Key to develop adequate models to
describe C cycle: a seasonal pattern link to

the hydrograph can simplify scaling
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Methane emissions from Amazonian Rivers and their
contribution to the global methane budget
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Fig. 3 Diffusive fluxes (log transformed) between sites measured in each river. Numbers in the x-axis are the sites showed in Fig. 1

and Table 1. Letters above or below the boxes indicate the grouping of sites within each river based on a one-way ANovA with Tukey’s DY = 28% Of the global river emission

test (P < 0.05) to determine which sites had similar emissions (e.g. Sites with an a in their letter combination were significantly different
from those without an @ in their combination).

These values are to 31-84% higher than the previous estimate
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above graphics show grouping according to Tukey post hoc test (P < 0.05).



§Iobal Change Biology

Global Change Biology (2016) 22, 1075-1085, doi: 10,1111/ gcb.13169

Oxidative mitigation of aquatic methane emissions in

large Amazonian rivers
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Sedimentary and Environmental Geology, Institute of Geosciences, University of Sio Paulo, Rua do Lago, 562, Sio Paulo,
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E.G.: Higher levels of MOX at high
water in black and white water rivers

and minimal in clear water at low

water

=

l + Wi
1 1 1 1 1 1

Log,, pad (copies mL hy
15 20 X5 30 35 40

varied according to hydrologic regime and general tributaries geochemical

characteristics.

Table 3 Concentration ([CH,l; pw) and 3'*CH, (average, SD %, and n replicates) of CHy in the water and in sediment bubbles (%), estimated range of total MOX (%), and total
input (mmol m 2 day "}, as well as the number of pmoA gene copies in the water (copies mL bl

Location Water ‘Water [CH;l [CH;l MOX+ MOXt  Input Input
no* River season type SHCH“ air water Smcl—h water bubble Smcl—h bubble Egn 1 Egn 2 Egn 1 Eqn 2 pmoA
1 Negro High Black —427 0.02 56 £01(2) by 100§ 91-9% b | 5.18-10.84 5192
2 Negro High Black -424 0.05 -273+£143) by 100§ 74-83 1.85-2.81 3419
3 Negro Low Black —463 013 -581 £273) 26 ~794 + 28 65-85 49-58 1.35-3.23 0.93-1.15 179
4 Solimbes  High White —433 0.02 -246 +£94(2) 4 -431 +£ 19 100§ 76-85 b | 1.05-1.64 20395
5 Preto High Black -419 0.06 6.9 £ 06 (3) b 100§ 91-9 b | 1.01-214 6166
] Madeira High White —-421 0.04 -203 £1.1(3) 9 —454 + 43 100§ 79-87 b | 0.19-0.31 9901
7 Amazon  High White —426 0.10 -246 £ 08(3) by 100§ 76-85 b | 44692 15146
8 Amazon  Low White —423 0.04 -394 £29(3) 59 —854 + 0.1 100§ T7-85 b | 4.52-7.09 221
9 Tapajos Low Clear —432 0.50 —49.0 £ 03 (3) 7 -713 £ 37 68-89 50-60 TO2-21.29 457567
10 Tapajos High Clear —437 0.06 —44.4 +02(3) b To-100§ 56-66 10.69 5.12-6.59 504
1 Xingu High Clear -419 0.25 —454 + 02 (3) 8 -61.7 £ 0.2 50-65 40-49 5.85-8.55 4.92-577 347
12 Xingu Low Clear - 0.15 -545 £07(3) 45 —-60.6 + 0.2 18-24 17-22 3.61-3.89 3.56-3.78 23
13 Xingu High Clear -419 032 —46.1 £ 02 (3) 7 -637 £ 1.1 53-71 42-51 6.34-10.01 5.12-6.08 1076
14 Amazon  High White —429 031 —63.1 £ 09 (3) by 22-29 20-26 1.36-1.50 1.33-143 1386

60 =50 -40 =¥ =M =10 0

3CH, (%)

“Locations showed in the map in Fig. 1.
tRange calculated using a = 1.033 and a = 1.025 from Zhang et al. (2013).
$No data available. For calculation, anaverage from the other sites —70.4%,, was used as the CH, signature.
§Overestimation by the equation indicating approximately 100% oxidation.
Noncalculated. When MOX from Eqn 1is 100% the input from the same equation cannot be estimated.

Abundance of genetic markers for MOX bacteria (pmoA) were positively correlated

with enhanced signals of oxidation: independent support for the detected MOX

patterns.

10



W82 H. O.SAWAKUCHI et al.

Table 4 Estimated ranges of diffusive emissions, input to the water column, and oxidation of CHs (Tg CH, yr~'). Diffusive fluxes
were calculated based on averages per river available in Sawakuchi ef al. (2014). Values in bold represents the estimative for all

large rivers in the Amazon basin
Rivers River Area (km’)

Negro 12 309
31 576

9577

&

6441
6760

91 212

Input to the water column Diffusive flux to atmos phere MOX MDX(‘E'

0.07-0.78
0.19-0.30
0.07-0.40
0.0005-0.0010
0.013-0.021
0.17-0.25
0.14-0.40
0.14-0.38
0.80-2.52

0.031-0.038
0.042-0.050
0.051-0.068
0.000041-0.000043
0.002-0.003
0.068-0.103
0.101-0.132
0.046-0.062
0.34-0.46

o074 | 5495
015025 | 7483
002033 || 32-83
0000400010 | 91-96
00100018 | 82-85
010-0.15 | 59-60
0080 26 1 6T
Q-0 32 1 654
045-2.07 57-82

—L—-—-—J

Total evasive flux
0.40 - 058

0.06 - 0.12 034 - 046
Ebullition
CH,

Fig 4 Netinputs and outputs (Tg CH yr™*) of water column CHs in the Amazon River. CH, is exported from groundwater, season-

ally flooded areas, and anoxic sediments along the riverbed and margins into the oxic layer in the sediment and water column (plain
< arrows and numbers indicate input). A fraction of this CH, is released directly to the atmosphere as bubbles (ie., ebullition) and the
restis dissolved in the water, where it is subjected to oxidation by methanotrophs and diffusive evasion to the atmosphere (bold arrows
and numbers). Figure adapted from: ian.umces.edu.
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®  Current CO, flux: 0.8 Pg C yr' for upstream rivers from Obidos (~70 % of the amazon basin)

®  This value is 60 % higher than our previous measurements

®  Fluxes are highly correlate to the hydrograph, moreover climate changes can lead to a significant change in ecosystem metabolism



