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* Recent syntheses (see Cole et. al., 2007, Battin et. al., 2009; Aufdenkampe et. al, * The Betsiboka basin (63,500 km?) is the largest in -~ s . e L ANTRA PR T L A
2011) indicate that less than half the total of terrestrial-derived carbon (~1.9 Pg C y?) Madagascar, experiencing a well defined wet-dry seasonality, : il P : | .| M e i T .
entering freshwater systems is ultimately exported to the oceans (~0.9 Pg C y1) in with much of the catchment dominated by C4 dominated &= = = - o ] | | M e 5
relatively equal quantities of inorganic and organic forms. Further, at least 0.8 Pg C y! savannah grasslands (>80%, Still et. al., 2003). Lavakas are e o258 \ . "'"4z=3ous17;30-—e 472304 L |
Is evaded to the atmosphere as CO,, whilst approximately 0.2 Pg C y-! becomes stored prevalent throughout the upper- and mid-basin, and contribute | R i '
In aquatic sediments. Cole et. al. (2007) stress that these estimates remain significant quantities of mineral and organic matter to the N |-
conservative values. Constraining intermediate stages of carbon processing and network. b A B | |
transformation on local and regional scales will contribute to a more comprehensive g . o g
understanding of the global carbon cycle, providing a foundation for predicting future * The Rianila basin (7,280 km?), typical of the eastern o 2 , . _Tp“szf:(;_
conditions under changing climate and land-use scenarios. Malagasy drainage networks, traverses a steep altitude 117g ] " BN ' e < I‘
gradient (from 1,450 m to 200 m over 46 km) through C3 R AN T A 4
* Relative to temperate basins, limited data exist on carbon processing and flux rates dominated tropical forests. Annual precipitation is higher, . s |G NI e '
of tropical river basins (Battin et. al., 2009), such as those in Africa. Madagascar, although seasonal variability is lower, than within the S e j -
spatially small comparative to the mainland, contains a similar vegetation spectrum of Betsiboka basin. TNy S s o 3
C3 to C4 dominated basins, from east to west respectively. Previous research suggest B0 N ol | "
up to 8-40 t hectare=! yr! of soil is eroded from the landscape, the highest rates * 43 and 16 sites were sampled in the Betsiboka and ., g 2 8 gie” " LA 5
globally (Cox et. al., 2010). Much of this is contributed by mass failure features, termed Rianila, respectively, for physico-chemical parameters, TSM, : IR s s12s ‘_ RTSBSQZM
lavakas (‘hole’) in local Malagasy, typical of the Hauts Plateaux in the central west of and POC, DOC, and DIC concentrations and 613C signatures, ‘ RS B S | Sk R7 i
the country. aquatic respiration and primary production rates, water- | O Lt R i
atmosphere CO, flux measurements, and soil and sediment S PR A e
* The following presents select results of an initial campaign during the Malagasy dry carbon characteristics. Water bodies included streams, rivers, X Wt R L D : Da*aS'OTI:g;g;;;jq%;g;giA-GEBCO
season (July-September 2010). reservoirs and lakes. d S ‘ L ‘ e e

' : _ . (A) Madagascar (inset) and digitisation of Betsiboka and Rianila basins. (B) C4 savannah grassland hillsides severely eroded by lavakas in the Betsiboka basin,
# Other measured parameters Include nutrient and ma)or Hauts Plateaux, central west Madagascar. (C) C3 tropical forest typical of the Rianila basin, eastern Madagascar.
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M\CcCou \ /- LJI |4 o) S1U¢ element concentrations, lignin-and £#C-POC. -DOC and -DIC.
: Comparison of average total suspended matter (TSM), carbon specie concentrations and 63C signatures ; “!'u“* Aufdenkampe, A. K., Mayorga, E., Raymend, P. A., Melack,

J. M., Doney, S. C,, Alin, S. R., Aalto, R. E. & Yoo, K.
(2011) Frontiers in Ecology and the Environment.

« Concentrations of TSM, POC and DOC were Battin, T. J., Luyssaert, S., Kaplan, L.A., Aufdenkampe, A. K.,
Richter, A., & Tranvik, L. J. (2009) Nature Geoscience

considerably lower in both the Betsiboka and Rianila than 2(9): 598-600.

values observed in other African basins ( ), although - Bird, M. I., Giresse, P., & Chivas, A. R. (1994) Limnology and

Malagasy data only represent dry season whilst African -2 Soil 1°Cc for the Betsiboka, Rianila, and the Tana, Kenya (unpublished data) and (A) 6+°Cpoc, (B) 8+°Cpqc, (C) sediment 51°Cq, and (D) phospho-lipid Oceanography 39 (8): 1845-1858.
data is more reflective of annual conditions fatty acid 6'°C,, ;5. bacterial marker. Dotted diagonal line in each figure represents a 1:1 relationship. Cole, J. J., Prairie, Y. T., Caraco, N. F., McDowell, W. H.,

- 1 <13 - - - : - - o P Tranvik, L. J., Striegl, R. G., Duarte, C. M., Kortelainen,
_ e S_0|I 6 COC_ IS considered ref_lectlve qf the proportlor_1 of C3.C4_vegetat|on within a P.. Downing, J. A.. Middelburg, . J. and Melack. J.
« Although the Betsiboka is spatially dominated by C4 S ol drainage basin. Although, particularly in the C4 dominated Betsiboka, results show

(2007) Ecosystems 10: 171-184.
savannah grasslands (measured §23C value: -13.3 £ 0.9 58Cpoc, 6Cpoc and sediment 6-°Co ( ) were consistently more depleted in  Cox R., Zentner, D. B., Rakotondrazafy, AFM., &
%o), this is not apparent in 813Cpqe O 813Cpqe Signatures, 13C than would be expected from the surrounding vegetation.

for the Betsiboka, Rianila and African data compilation (inc. the Congo, Tana, Gambia, Niger and rivers of Lake Kivu).

= 39 n=16 Africa

Average (£ S.D.) Average (£ S.D.) Average (£ S.D.)

TSM (mg/L) 36.1 (+ 40.1) 14.5 (£ 9.0) 184.8 (+ 822.5)

POC (mg/L) 0.78 (+ 0.49) 0.92 (+ 0.48) 5.58 (+ 15.97)
POC/PN 13.8 (£ 5.2) 13.0 (+ 1.8) 11.3 (+ 3.5)

%POC 5.4 (+5.4) 8.1 (4.1) 8.6 (+ 8.6)

Rasoazanamparany, C. F. (2010) Geology 38 (2): 179-

313C 0 -22.8 (£ 2.2) -26.5 (+ 0.9) -25.4 (+ 2.7) 189

DOC (mg/L) 1.07 (+ 0.61) 1.56 ( 0.67) 8.94 (+8.71)
813C e -24.8 (+ 1.8) -27.8 ( 0.6) -25.7 (% 2.5)

DOC/POC 1.8 (£1.2) 2.0 (% 1.0) 3.8 (£ 7.5)

315C -6.0 (+ 1.8) -10.6 (+ 2.5) -12.9 (+ 5.6)

Africa

Betsiboka

B30 24hr cycle

B44 24hr cycle
Rianila

R4 24hr cycle
Global News2 curve

%POC/TSM

100
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. Relation between %POC and total suspended
matter (TSM) concentration and % particulate organic carbon

(POC) for the Betsiboka, Rianila and African data compilation.

Output from the Global News2 model is also shown in red.
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B30 24hr cycle
B44 24hr cycle
Rianila
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DOC (mg/L)

. Relation between dissolved organic carbon (DOC)

concentration and 613Cp for the Betsiboka, Rianila and African
data compilation. The vertical dashed line (5 mg/L) is the global

average DOC concentration reported by Meybeck (2005).

which display a mixed C3 and C4 terrestrial OC input.
Rianila POC and DOC more closely reflect basin
vegetation 613C signatures (-29.9 + 0.1%.).

+ %POC was consistently lower at most TSM
concentrations ( ) than predicted by the Global
News2 (based on Ludwig et. al., 1996) model outputs In
both the Betsiboka and Rianila, and situated on the lower
end of the range for African basins.

« The low %POC trend is likely a factor of the typical
erosion processes of much of the Malagasy soll profiles.
The characteristic formation of lavakas results in direct
addition to fluvial waters of organically depleted, deep soil
particulate matter Iin large quantities relative to the
overlying, more fresh, organically enriched soll
components.

« DOC concentrations ( ) for the Betsiboka and
Rianila were low compared to other African basins and
the global average of 5 mg/L reported by Meybeck
(2006).

« DOC concentrations were generally lower in the C4
dominated Betsiboka basin than the C3 dominated
Rianila basin, as observed in other comparisons of C3/C4
basins, even though the average Betsiboka 6°Cqc
(-24.8 £ 1.8 %o) Indicates a strong Influence of terrestrial
C3 organic matter input.

< Our low DOC concentrations agree with the unusually
low concentrations (~0.5 mg/L) measured In the
freshwater end of the Betsiboka estuary by Ralison et. al.
(2008).
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+ Preferential uptake of 13C-enriched (C4) organic matter by soil microbes may result in
more 13C-depleted aquatic POC and DOC pools. General agreement between soill
613Cc and soil microbe phospho-lipid fatty acid 613C, ;= ( ) indicate this is not
the case for the Betsiboka or Rianila, although further analysis of sediment and in-
stream microbial biomarkers may offer further insight.

« The lower than expected contribution of C4 organic matter to the POC and DOC
pools Is often observed in C4 savannah grassland dominated drainage basins (see Bird
et. al., 1994), especially under dry season conditions. The majority of dissolved and
particulate OC input is sourced from the C3 dominated riparian fringe, as is commonly
present in the Betsiboka, with the wider C4 dominated grassland largely disconnected
from fluvial waters due to decreased surface runoff and throughflow resulting from
seasonal aridity.

« Although quite variable throughout, CO, flux measurements were generally higher in
the Rianila (120.2 £ 82.5 mmol CO, m~ d!) than the Betsiboka (70.4 £ 87.9 mmol CO,
m-= d1).

. Despite the difference between the : Annual CO, flux range, average, and median values

for the Betsiboka and Rianila. The median value for rivers and

Betsiboka and Rianila for calculated streams, respectively, of the tropics (see Aufdenkampe et. al.,
annual C02 flux ( ), there was 2011) is also presented for comparison. Average aquatic
little difference in measured aquatic respiration rate (R) is also shown for the study basins.
respiration rates. Betsiboka Rianila Tropics
Min. CO, flux
* Net CO, uptake from the atmosphere (@Cm=y?)
to the river was measured at multiple M CO. flux
. . ' 2

sites Iin the lower reaches of the (gCm2y?)
Betsiboka, though never in the Rianila

. Median CO, flux
basin. (@ C m2y) | | 1600-2720
- Median annual CO, evasion for both e ARy 848 + 927
basins was much lower than values
reported by Aufdenkampe et. al. (2011). “ n/xeL-th-l) B
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« TSM, POC and DOC concentrations were all
below African averages, although Ilarge
Increases will be expected in the wet season
campaign (Nov-Dec 2011).

- The C3 riparian fringe is the dominant
organic carbon source during the dry season,
particularly in the Betsiboka, despite the
extensive C4 vegetation cover.



