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Abstract

Carbon cycling and organic matter transfers in the tropical Sinnamary river system
(French Guiana), including a mid-stream reservoir (Petit Saut) and its estuary on the
Atlantic coast, were studied during the dry season by analyzing the organic carbon
isotopic ratios (61SC-OC), C/N ratios and pigments contents of suspended matter, sed-
iments, sediments traps and epiphytic and epilithic biofilms. In the River upstream as
well as in surface sediments at the entrance of the reservoir and at the littoral zone
of the reservoir, particulate organic matter (POM) was in majority of terrestrial origin,
with a 6'°C-C/N signature close to the one of soil and litter collected in the surrounding
forest and with high OC/total pigments ratios. High concentrations of Pheopigments a
and b in these surface sediments showed that this terrestrial POM, either carried by
the river and eolian transport or present in the soil before flooding, undergoes intense
degradation. Deeper in the sediment, the 63C profile showed a decreasing trend
with depth typical of what is found in soils, showing that the flooded soil still remains
present at the reservoir bottom 10 years after flooding. At the center of the reservoir,
POM in the water column, in sediment traps and in surface sediments was in majority
of aquatic origin with low C/N and OC/total pigments ratios. In the oxic epilimnion at
3 m depth, Chl a, Chl b and Lutein showed the predominance of Chlorophyceae to the
phytoplankton community. At this depth, a C/N ratio of 21 suggests a large contribution
of transparent exopolymeric particles to the bulk POM, which, in addition, was 3¢.-
depleted due to a significant contribution of methanotrophic bacteria. At 7m depth,
below the oxicline, high concentrations of BChl d and occasionally BChl ¢ revealed
the presence of anoxygenic phototrophic bacteria, namely Chlorobiaceae. In the sed-
iment traps, Chl a, Chl b, Lutein and BChl ¢ and BChl @ confirmed the contribution of
plankton to the sedimentary POM. This material was undergoing intense degradation
as revealed by high concentration of pheopigments and by an increase in C/N ratio
and an increase in 6'°C-OC with trap depth. Scytonemin was found in a biofilm de-
veloped on tree trunks at the reservoir surface and in all sediment traps. Other tracers
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showed however that the contribution of the biofilm to the sedimentary POM was mi-
nor compared to the planktonic source. In the Sinnamary downstream of the dam,
POM became more 13C-depleted showing a larger contribution of methanotrophic bac-
teria. Chl b, Lutein and BChl ¢+BChl d originating from the reservoir progressively
decreased downstream as the result of mineralization. At the estuarine mouth, fucox-
anthin showed the presence of diatoms and the 5'3C-CIN signature matched the one
of POM carried by the Amazonian coastal mobile mud belt.

1. Introduction

Understanding the carbon cycle and organic matter (OM) sources, transfers and trans-
formations in terrestrial and aquatic ecosystems is fundamental in the context of global
change (Houghton et al., 2001). Among aquatic systems, artificial reservoirs have
been recently identified as potentially significant source of carbon dioxide (CO,) and
methane (CH,) to the atmosphere (Galy-Lacaux et al., 1999; St Louis et al., 2000).
Reservoirs are particularly complex systems where multiple sources of OM coexist.
First, the terrestrial OM initially flooded composed of soils, litter, leaves and trunks
may remain for a long time in the system; second, terrestrial OM is carried by the
rivers or by eolian transport and might settle in the reservoir, being buried or recy-
cled; third, autochthonous OM is produced in the reservoir by phytoplankton, bacteria,
macrophytes and/or biofilms. Furthermore, all these sources of OM may have very
different residence time in the system, depending on their transport, bioavailability and
recycling. Owing to this complexity, the origins and transfers of OM are poorly docu-
mented in reservoirs, particularly in the tropics. Most studies focus on net CO, and
CH, emissions (Galy-Lacaux et al., 1999; St Louis et al., 2000; Abril et al., 2005). Lit-
tle is generally known on the internal processes involved in the C cycles of reservoirs
including riverine inputs, sedimentation, primary production, degradation and export
downstream.

The carbon isotopic composition (6130) of OM can be used to identify its origin in
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waters and sediments. (Mook and Tan, 1991; Lonchouarn et al., 1999; Onstad et al.,
2000). The 5'3C of terrestrial OM allows to differentiate OM from plants using the
C3 pathway of CO, uptake (613Cz—25 to —28 per mil) against OM from plants em-
ploying the C4 pathway (61SC~—10 to —14 per mil). The 613C of aquatic autotrophic
microorganisms depends on the 5'3C of the dissolved inorganic carbon (DIC) they
take up from the water, and on the isotopic fractionation during CO, fixation. Since
5'3C-DIC is much more negative and variable in freshwaters than in marine waters,
6'3C-POC varies from —23 to —44 per mil in freshwater phytoplankton (Mook and Tan,
1991). In the case of methane-rich environments like organic-rich freshwater sed-
iments (Boschker and Middelburg, 2002) or the water column of tropical reservoirs
(Dumestre et al., 2001), the dense population of methanotrophic bacteria may signif-
icantly decrease the 5'3C of the bulk POM. Indeed, methanotrophic bacteria have a
carbon isotope ratio between —60 and —110 per mil (Blair, 1998; Boschker and Middel-
burg, 2002). Finally, in environments with an anoxic water body, strictly anaerobic and
photoautotrophic bacteria that use H,, H,S or another reduced sulfur compound as
electron donors for anoxygenic photosynthesis can also become a significant contribu-
tor to the POM pool. Sirevag et al. (1977) have described a 6'°C for the bulk biomass
of Chlorobium limicola (Chlorobiaceae) of —12.2 per mil, which is explained by the fact
that Chlorobiaceae use the reverse TriCarboxilic Acid (TCA) cycle for the fixation of
CO, (Buchanan and Arnold, 1990). Accordingly, Chlorobiaceae in fresh water systems
are expected to be isotopically heavier (6130) than phytoplankton species by about
10 per mil.

The C/N ratio of OM also allows to distinguish between terrestrial and aquatic OM, as
well as their decomposition states. Elser et al. (2000) have shown that terrestrial plants
have an average C/N ratio of 32 whereas freshwater phytoplankton has an average
C/N ratio near the Redfield value of 7 and bacteria have a C/N ratio around 4 (Lee
and Furhman, 1987). Furthermore, microbial decomposition of organic matter tends
to increase its C/N ratio (Lehmann et al., 2002), nitrogen being mineralized faster than
carbon.
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Pigments and carotenoids are present in both terrestrial and aquatic photosynthetic
organisms and can also be used as tracers of OM origins in aquatic systems. Some
phytoplankton and bacterioplankton groups contain specific pigments that can be used
as unequivocal tracers. For instance, diatoms are revealed by the presence fucoxanthin
(Jeffrey et al., 1997), cyanobacteria by scytonemin, myxoxanthophyll and echinenone
(Sinha et al., 1998; Hunsucker et al., 2001) and Chlorobiaceae by chlorobactene
(Schouten et al., 2000). Chlorophyll b and lutein are found in Chlorophyceae but also in
terrestrial plants and aquatic macrophytes (Bianchi et al., 1993a). In such a case, the
carbon/pigment ratio which is much lower in phytoplankton than in higher plants, can
still allow the differentiation between these two kinds of OM sources. Finally pheopig-
ments can be used for tracing the degradation of OM from a specific origin in the
aquatic system.

In the present study, we have combined these three kinds of tracers (6130, C/N and
pigments) in order to characterize the OM origins and major transfers in a 10-years
old tropical reservoir and its river upstream and downstream. Many organic matter
pools of different origins coexist in such system. Different compartments of the system
were analyzed: particulate matter in the water column, sediment traps, sediments and
biofilms upstream and downstream of the dam. The combination of these three kinds
of tracers allows us to differentiate allochthonous (flooded soil and river sediment load)
and autochthonous OM (phytoplankton, bacteria and biofilms) and to obtain a general
and semi-quantitative picture of OM cycling in the reservoir.

2. Material and methods

2.1. Study site and sampling

The Petit Saut dam was constructed on the Sinnamary River in French Guiana 100 km
upstream its mouth to the Atlantic Ocean (Fig. 1). The Sinnamary River has an aver-
age discharge of 235 m3s™" with important seasonal and interannual variability. The
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reservoir started to be filled in January 1994 and covers 80 km of the Sinnamary River
course. At its maximal level of 35 m (first reached in July 1995), 360 km? of uncleared
tropical forest were flooded (Fig. 1). Average residence time of waters is ~5 months.
Downstream of the dam, the Sinnamary River has an average depth of 4m and is in-
fluenced by the tide with an amplitude of 0.5m. Salt intrusion starts however only at
the river mouth, salinity at the limit of the coast being around 3-5. The lower reach of
the estuary is influenced by Amazonian highly turbid waters coming from the Eastern
shelf (Aller, 1998).

The Petit Saut reservoir's water body is highly stratified with an oxic epilimnion and
an anoxic hypolimnion, separated by a quasi permanent oxicline located around 5—7m
depths (Galy-Lacaux et al., 1999). The hypolimnion is rich in methane (300 umol )
and in Fe* (80 mol I'1) (Richard, 1996). When passing through the turbines, waters
originating mainly from the hypolimnion get reoxidized at an aerating weir which was
specially designed to avoid hypoxia problems in the Sinnamary tidal river downstream.
Owing to the intense oxidation of Fe(ll) to Fe(lll) downstream of the turbines, red/brown
flocs are observed floating in the water and, also, rocks are brown colored in this area.

The terrestrial OM flooded at Petit Saut was composed of soils, litters, trunks as
well as leaves that have fallen into the water few months after flooding. The reservoir
epilimnion was rapidly colonized by phytoplankton, mainly composed of Chlorophyceae
(Vaquer et al., 1997). Methanotrophic bacteria are found in the oxic epilimnion and
phototrophic green bacteria (Chlorobiaceae) just below the oxycline (Dumestre et al.,
2001). In addition, tree trunks and branches left in place got colonized by green biofilms
(epiphyton), about one centimeter thick. Brown biofilms also more than 1cm thick
develop on rocks (epilithon) just downstream of the dam in the shallow Sinnamary
river.

Samples were collected during the dry season in December 2003 at 7 Stations lo-
cated upstream and downstream of the dam (Fig. 1). Station 1 is located on the Sin-
namary River, just at the entrance of the reservoir. It receives POM carried by the river
and is characterized by intense local sedimentation owing to the sudden drop in current
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velocities. Station 2 and 4 are located in the reservoir, in open waters on the previous
Sinnamary river bed, with water depth of approximately 30 m, the maximum depth ob-
served in the artificial lake during this period. Station 3 is located on a flooded forest
site in the reservoir, with shallow water. Station 5 is located immediately downstream
of the dam and the aerating weir. Station 6 is an intermediate tidal, freshwater station.
Finally, Station 7 is located at the mouth of the Sinnamary River, with a salinity of 3,
when sampling.

Water samples were taken at Stations 1, 4, 5, 6 and 7 at the surface and in a com-
plete water column vertical profile (depths 3, 6, 7, 10, 15 and 25m) at Station 4 with
a peristaltic pump. Using an oxygen probe, the oxicline was located at 6 m depth.
Waters were filtered on precombusted glass-fiber filters (porosity of 0.7 um). Surface
sediments were collected in two ways. Upstream the dam (Station 1) and at the mouth
of Sinnamary estuary (Station 7), where waters are shallow, a perch was used to col-
lect surface sediment. At deep stations in the reservoir, the presence of trunks and
branches at the bottom precludes the use of box cores. Consequently, at Stations 2
and 4 (25 and 30 m depth), surface sediment was collected with a peristaltic pump;
this material comprises sedimentary material settled on the bottom or on the trunks
and branches. Finally, a 20 cm-long sediment core was collected in the littoral zone
of the reservoir under 50-cm of water at Station 3. While also the latter sediment is
always submerged (sampling was performed when the lake was at its minimum level),
the sedimentation is probably very different in the littoral zone than at the center of the
reservoir. Biofilms were also collected on two sites: one epiphytic green biofilm on a
tree branch in the lake at 20 cm depth (Station 4) and one epilithic brown biofilm on
the rocks just downstream of the dam (Station 5) at 10 cm depth. Sediment traps were
collected and had been deployed during 48 days at —7, —20 and —30 (at the bottom) m
at Station 4. No poison was used in sediment traps because the same material was
used for incubation purpose. The OM was undergoing degradation during the collec-
tion period and results must be interpreted in consequence. Finally, litter and soil were
sampled in the tropical forest nearby the dam.
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Water samples were filtered on pre-weighted and pre-combusted GF/F filters (poros-
ity 0.7 um). The sediment core was cut in 2cm slides. Filters and sediments used for
pigment analyses, were frozen at —20°C immediately after sampling, then transported
within one week back to France and finally stored in an ultracold freezer at —-80°C two
months before analysis. For Organic Carbon (OC), isotopic composition and C/N ratio
analyses, filters and sediments were immediately dried at 60°C and stored at ambient
temperature until analysis.

2.2. Analyses
2.2.1. Organic Carbon, 6'°C and C/N ratio analyses

Dry filters were first weighted to determine Suspended Particulate Matter (SPM) con-
centrations and dried sediments were grinded and homogenized. Then samples were
acidified with HCI(2N) to remove carbonates and dried at 50°C overnight before anal-
ysis. A Carbon LECO CS-125 analyzer was used based on direct combustion in an
induction furnace and infrared absorption determination of the CO, produced. Analysis
was done on duplicate. Small pieces of filters (1 cm2) and few quantities of sediments
(~1g), were used for 613C analysis. Measurements were done by coupling a 2500
CARLO-ERBA CN Elemental Analyzer and a Mass Spectrometer of type Micromass
Isoprime (Isotope Ratio Mass Spectrometer) following an acidification procedure for
sediments gNieuwenhuize et al., 1994). Carbon isotope ratio is expressed in the delta
notation (& 3C) relative to Pee Dee Belemnite. Calibration of the mass spectrometer
was done with two standards at 10 and 35 per mil. Analysis was done on triplicates.
C/N ratio on filters and sediments were measured by a CN Elemental Analyzer (Flash
Elemental) following Nieuwenhuize et al. (1994) method, based on catalytical combus-
tion (1020°C) of OM with oxygen and dosage of each gas formed by combustion (CO,
and N,) with an infrared cellule or catharometer. Analysis was done on duplicates.
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2.2.2. Pigments analyses

Pigments were extracted with acetone and analyzed by reverse phase HPLC accord-
ing previously described methods (Buffan-Dubau et al., 2001; Lemaire et al., 2002). In
summary, acetone was added to samples which were sonicated and left one hour at
—-4°C in the dark. The samples were spin down in a centrifuge at 3900 g and the su-
pernatants were collected. A second acetone extraction was performed as described
and the two extracts were pooled. The combined extracts were filtered (0.22 um) after
addition of diazomethane (N,CHs) to convert pigments with carboxylic groups into their
corresponding methylesters. Subsequently, the extracts were totally evaporated using
a speed-vacuum and stored in the dark at —80°C until analysis. Immediately before the
HPLC analyses, the dried extracts were dissolved in solvent A (50% methanol, 45%
acetonitrile, 5% of 0.05 M ammonium acetate in water at pH=7.2) and a 50 or 100 ul
aliquot was injected on a Thermofinnigan HPLC chain using a Lichrospher column
100RP18 (250x4 mm, 5 um), a binary gradient from solvent A to B (solvent B=80%
ethylacetate, 19% methanol, 1% acetonitrile) and photometric detection using a TSP
UV6000 diode array spectrophotometer. The spectrophotometer was programmed to
obtain the on-line spectra from 320 to 800 nm and chromatograms were collected at
440 nm for the quantification of carotenoid pigments, and at 664 nm for the quantifica-
tion of chlorophylls and phaeopigments.

Pigments were identified by comparing their retention times and absorption spectra
with those of authentic standards (International Agency for “c determination), using
pigment response factors (F) obtained by calibration:

Hence injected weight W(ug)=area/F
Pigment concentrations (ug/L) in the original sample were thus equivalent to:
[Pigment]=(WxVgissolution)/ (Viittered % Vinjection)

The response factor for bacteriochlorophyll ¢ (BChl ¢, online absorption maxima
A=432nm and 1=661 nm) was determined using an axenic culture of Prosthecochloris
aestuarii strain CE 2404 as a standard (Massé et al., 2004). No authentic standards
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were available for bacteriochlorophyll d(BChl d, online absorption maxima 1=428 nm
and 1=652 nm) . However, the sample at 7m depth (Station 4) was completely domi-
nated by BChl d. The concentration of BChl d in this extract was determined by spec-
trophotometry in acetone extracts using an extinction coefficient of £=98L g‘1 cm™
(Stanier and Smith, 1960). HPLC analysis of this sample showed that BChl d consisted
as different allomers which were separated between 9 and 26 min. The major compo-
nent eluting at around 10 min, which by analogy with their BChl ¢ counterparts from
Prosthecochloris eastuarii (Massé et al., 2004) could be identified as farnesyl esterified
bacteriochlorophyll d allomers (BChl d;). All areas corresponding to the different BChl
d allomers were summed and compared to the total weight injected , which allowed us
to determine the following response factors F=8.63 10° at 440 nm and F=4.45 10° at
664 nm.

Both BChl ¢ and BChl d distributions were dominated by farnesyl esterified allom-
ers, with minor quantities of secondary homologs eluting between 14 and 26 min, cor-
responding to allomers esterified with other alcohols. For quantification, we summed
all the allomers and calculated a sum of BChl ¢ and BChl d (i.e. > BChl c+BChl @) for
the different samples.

One of the farnesyl esterified bacteriochlorophyll d allomers (BChl d) coeluted with
lutein at Rt=10 min. Nonetheless, in most cases it was possible to quantify lutein by the
following procedure. Firstly, since lutein does not absorb in the red, we determined the
quantity of the BChl d; allomer corresponding to this peak by using its area at 664 nm.
Secondly, the partial contribution of the BChl d; allomer was calculated at 440 nm and
substracted from the measured value to obtain the 440 nm area attributed to lutein.
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3. Results
3.1. Particulate Organic Matter in water samples

Upstream the reservoir in the Sinnamary river (Station 1), SPM value was low (5 mg/L,
Fig. 3 and Table 1), with POC (% SPM), 5'3C and C/N ratio respectively around 10%,
—29 per mil and 14. All pigments were below detection limit in SPM at this Station. In
the reservoir at Station 4 SPM values in the 30 m water column were still low (<5 mg/L)
but POC contents were much higher than upstream, between 20 and 40%. C/N ratio
were around 10 at Station 4 at all depths except at the surface were a value of 21
was measured. §'3C values were lighter at Station 4 (average —31 per mil) than in
the Sinnamary upstream. In the lake at Station 4, pigments could be detected from the
water surface to a depth of 10 m, with a maximum of 180 ug L™ of total pigments at 7 m-
depth. Chlorophyll a (Chl a) predominated at -3 m whereas Bchl d at —6 m and below
(Table 1). Immediately downstream of the dam at Station 5, the POM characteristics
were similar to the ones found in the reservoir water column. SPM values were low
(2.5mgL-1), with a high POC content (38%), a C/N ratio of 11.8. However, the 5'%c
value was significantly lighter (-33 per mil) at Station 5 than in the reservoir upstream
(water column average: —31 per mil). The pigment concentration was 19 ug L~ with a
80% contribution of > BChl c+BChl d and a 20% contribution of Chl a. Downstream
the Sinnamary River and estuary (Stations 5 to 7), SPM progressively increased and
POC contents decreased to reach 200 mg L' and 1.1%, respectively at the estuarine
mouth (Station 7). Conversely, the C/N ratios decreased and the 13C value increased
to reach respectively 7.9 and —27 per mil at Station 7. In this section of the Sinnamary
River and estuary, total pigments decreased downstream from 19 ug L~! at Station
5to 1ug L™ at Station 7. In addition, > BChl c+BChl d gradually disappeared and
fucoxanthine appeared in the estuary.

The vertical profiles obtained in the reservoir water body at Station 4 are shown
in Fig. 4, together with the position of the oxicline at 6 m and the results of surface
sediments. SPM showed a maximum at -7 m (5.5mg L'1) just below the oxicline and
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a decreasing trend with depth. POC decreased from 40% at -3 m to 22% at —-20m,
and increased again to 35% at —-25m. POC in surface sediments was more than 5
times lower than in the above water column. The C/N ratio was very high at -3 m (21)
and decreased to a rather constant value around 11 at depths below —6 m. By contrast,
the C/N ratio in surface sediments was about 15. The 6'°C values were relatively light
in the oxic epilimnion and then increased to —30 per mil at —25m. The 6'3C in surface
sediments was lighter (=31 per mil) than in water column suspensions. Pigments in the
three first meters were dominated by Chl a at -3 m (80% of total pigments) followed
by Chlorophyll b (Chl b), violaxanthin and lutein (Table 1). The maximum Chl a was
located at —6 m, but at this depth Chl a accounted for only 10% of the total pigments.
BChl d and BChl ¢ were predominant at -6 m to —15m but it was below detection limit
at -3m. At -7 m, the BChl d concentration reached 200 ug L' and represented more
than 99% of the total pigment with few amounts of lutein (Table 1). However, even if the
presence of lutein was obvious at 7 m-depth, its concentration could not be adequately
quantified because of coelution with BChl d.

3.2. Organic Matter in sediment traps

In sediment traps, POC contents were much lower (average 11%) than in the water
column (Table 1). POC was maximum at the intermediate 20 m depth (13%), whereas
at 7m and 30 m, values were 10.7 and 8.5%, respectively. By contrast to the water col-
umn suspensions, C/N ratio in the sediment traps increased with depth from 11 at 7m
to 14 at 30m, and 6 '°C decreased from —28 per mil at -3 m to —29.7 per mil at 30 m
(Table 1). Pigment concentrations also decreased with depth from 500 to 250 ug g‘1 of
sediment. Pigment diversity was much higher in the material collected in the sediment
traps than in the material collected at individual depths in the water column. Among
the pigments also observed in the water column, Chl a, > BChl c+BChl d , and lutein
represented respectively 29%, 17% and 10% of the total pigments, on average for the
three traps. In addition, Pheo a and (-caroten were also abundant in the traps (re-
spectively 26% and 14% of total pigments on average). Pheo a was most abundant in
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the bottom trap, whereas (-caroten was most abundant in the 7 m-depth trap and was
associated with small quantities of violaxanthin (Table 1). Finally, Chl b was present
only in the trap at 7m and some traces of scytonemin, which could not be quantified,
were found in the three traps.

3.3. Organic Matter in sediments and biofilms

The contents of surface sediments collected along the Sinnamary River upstream and
downstream of the dam, at the Petit Saut reservoir bottom and in the first 2cm of
the near-bank sediment core are presented in Fig. 5. The compositions of the two
biofilms collected upstream and downstream of the dam are also shown. The OC
content in the surface sediments at the upstream river station was close to 5% with a
C/N ratio of 20 and a 6'°C value of —30 per mil. By contrast to the SPM sampled in
the water, several pigments could be detected in the surface sediments at Station 1:
5ug g_1 of Chl a, 6 ug g_1 of Pheo a and few amonts of Chl b, lutein, violaxanthin,
fucoxanthin, B-carotene and Pheo b. Surface sediments collected at high water depths
in the center of the reservoir (Stations 2 and 4), had similar characteristics with a OC
content around 9%, a C/N ratio of 15 and a 5'3C value of —31 per mil. At Station 4,
surface sediment contained very few amounts of pigments, composed in majority of
cantaxanthin and zeaxanthin. At the near bank station with shallow depth (Station 3),
the surface sediment had very different characteristics from those at the center of the
reservoir (Fig. 5); OC content was 13%, the C/N ratio was 31 and 5'3C was -29 per
mil. Total pigment content was high, at 16.4 ug g'1. Finally, in the estuary (Station 7),
surface sediment had the same low OC content as the SPM (1%), whereas its C/N
ratio (10) and 5'3C value (—26 per mil) were slightly higher than in SPM. Pigments
were below detection limit in this estuarine sediment.

The two biofilms sampled upstream on trucks in the lake and downstream on rocks
in the Sinnamary river, had very different POC and 5'3C values (Fig. 5, Table 1). The
green epiphytic biofilm sampled on the trunks of the lake, had a OC of 40% and a
613C of -21 per mil, whereas the brown lithophytic biofilm just downstream of the
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dam, contained only 5.9% OC with a very light 6'3C (=36 per mil). By contrast, the
C/N ratios of the two biofilms were similar at 16—17. The epiphytic biofilm contained
40 ug g‘1 of pigments and Chl a was dominant (96% of total pigments) followed by
B-carotene, lutein (Table 1), with few amounts of scytonemin and cantaxanthin. The
lithophytic biofilm downstream of the dam was richer in pigments with 100 ug g‘1; Chl
a accounted for 74% of total pigments, followed by fucoxanthin (18%), > BChl c+BChl
d (5% ug g'1), and traces of Chl b, lutein, and (-carotene.

The vertical profiles obtained in the sediment core collected at the littoral station
(Station 3) are shown in Fig. 6. Results obtained in the litter and soil samples are also
reported for comparison. OC and C/N ratio decreased quickly in the 8 first centimeters
of the core, respectively from 14% to 1% and from 31 to 17 and remained constant
below. At the core surface, OC was slightly lower than OC of litter and soil, whereas
C/N values were the same as in the litter. In the 2—8 cm interval of the core, the C/N
ratio was the same as in the soil. The 6'°C values decreased from —29 to —30.5 per
mil in the first 4 cm and then increased progressively to —25,7 per mil at 20 cm depth.
The 6'3C of litter (—28.7 per mil) and soil (-29 per mil) were similar to those in the
first centimeters of the core. Pigments were present only in the first 8 cm and varied
between 8 and 16 ug g‘1 (Fig. 6). The contribution of Chl a to total pigment was 50%
in surface sediment and decreased with depth. The degradation products Pheo a and
Pheo b were the predominant pigments at 5cm where they represented 70% of the
total pigment. Finally, carotenoids (fucoxanthin, lutein, Violaxanthin and (-carotene)
were also present at concentrations below <1.5 ug g'1 until 5cm depth.

4. Discussion

The combination of the three kind of tracers used in this study allows to describe the

majors patterns of OM origin, transfers and degradation in the Petit-Saut reservoir. In

this discussion section, we characterize the origin and transformation of OM in the

different components of the system using 5'3C versus C/N diagrams and referring
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to pigment data in order to complement the argumentation. We first compare the OM
carried by the river upstream the reservoir with the one found in the water column of the
lake. Then, we investigate the sedimentation patterns in the lake and the composition
of the sediment/soil core sampled on the bank. Finally, we discuss the transfers and
transformations of OM through the turbine of the dam and in the Sinnamary river and
estuary downstream.

4.1. OM origins in the Sinnamary upstream and in the lake

At the upstream Sinnamary river station, 5'3C was -29 per mil and —30 per mil, re-
spectively in SPM and in surface sediments. These values were similar to those of
the soil and litter samples (Table 1), suggesting a terrestrial origin of POM. The lighter
value in the sediment might be due either to decomposition processes occurring in the
sediment (Lehmann et al., 2002) or to a temporal change in the 5'3C of POM carried
by the river (Tan, 1987) that would be integrated in the sediment at the entrance of
the reservoir. C/N ratio were high at this upstream station (respectively 14 and 20 in
SPM and sediment), which confirms the major contribution of terrestrial OM (Elser et
al., 2000). In addition, no pigment was detected in the SPM and the surface sediment
had a POC/Chl a ratio >10000, which also shows a major contribution of terrestrial
OM. The Chl a, Chl b, lutein, B-carotene and violaxanthin found in surface sediment of
Station 1 (Table 1) thus originate from higher plants (Bianchi et al., 1993a, b) in the pri-
mary forest. This material undergoes intense degradation in the sediment as revealed
by high Pheo a and Pheo b concentrations. Finally, the presence of few amounts of
fucoxanthin at the surface of this sediment, also reveals a small contribution of diatoms,
most probably benthic in this shallow waters.

At the center of the lake of the Petit Saut reservoir (Station 4), POM in the water col-
umn had a distinct 6'°C and C/N signature from the upstream river station, with lower
C/N ratio (except at 3 m depth, see below) and lighter 5'%C (Fig. 7). These low C/N ratio
associate with low POC/ZChl ratios (down to 8 at —7 m just below the oxicline, Table 1)
reveal the large predominance of lacustrine phytoplankton in the POM pool (Elser et
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al., 2000). This phytoplanktonic material has a 6'3C between -32.5 and -31 per mil.
The 6'3C signature of phytoplankton may vary over a wide range in freshwaters. In
tropical waters, values reported so far in phytoplankton-dominated waters varied from
—23 per mil in Lake Tanganyika (O’Reilly et al., 2002) to —37 per mil in Oronico River
floodplains (Hamilton and Lewis, 1992). Such differences might be due to changes in
the 6 '3C of the DIC used by phytoplankton and to the contribution of chemoautotrophic
and/or methanotrophic bacteria that result to more 13C-depleted values. In the water
column of the Petit Saut reservoir, the 6'°C of POM is also influenced by the presence
of different types of bacteria, as discussed below.

The distribution of pigments with depth at Station 4 in the water column of the reser-
voir (Fig. 4) is in accordance with studies conducted earlier in Petit-Saut (Vaquer et
al., 1997; Dumestre et al., 1999; 2001). At 3m-depth, the presence of Chl a, Chl b,
Lutein and Violaxanthin (Table 1) reveal the predominance of Chlorophyceae (Jeffrey
et al., 1997), a finding confirmed by the microscopic observations reported by Vaquer
et al. (1997). In addition, the Chl b/Lutein ratio was 2.8 close to the one of Chloro-
phyceae and very different from higher plants (Chl b/Lutein~1, Bianchi and Findlay,
1990). The presence of Chlorobiaceae below the oxicline was confirmed by the high
concentrations of bacteriochlorophylls ¢ and d. The BChl ¢ and BChl d compounds
eluting around 10 min (see Fig. 3), which correspond to farnesyl esterified allomers,
were most abundant. In addition secondary allomers, which eluted between 14 and
26 min and which are allomers estergified with other alcohols (Borrego et al., 1994;
Massé et al., 2004) were present in minor quantities. It was remarkable that the sam-
ple at 7 m depth was completely dominated by BChl d, while the sample at 6 m depth
presented a mixture of BChl ¢ and BChl d allomers. The presence of the bacteri-
ochlorophylls of Chlorobiaceae has also been observed by Vaquer et al. (1997) and
Dumestre et al. (1999).

Chlorobiaceae were present in high densities at 6 m depth and achieved maximum
biomass and their pigments fully dominated the pigment distributions at 7 m depth just
below the oxicline in Petit-Saut reservoir. At 7m depth the COP/ (3 BChl ¢+BChl
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d) ratio was 8 and the C/N ratio between 10-12. Surprisingly, the 6'°C values at
6 to 7m depth (around —31 per mil) appeared not to reflect the contribution of the
isotopically heavier Chlorobiaceae (Sirevag et al., 1977). This can be explained by the
presence of aerobic methanotrophic bacteria at these depths and above (Dumestre
et al., 2001). With a highly 13C-depleted biomass (613C=—80 to —100 per mil), only
a small contribution of methanotrophic bacteria to the total POM is needed in order
to counterbalance the contribution of the '>C isotopically heavier Chlorobiaceae. It is
worth to note however, that small methanotrophic bacteria occurring as free living in
the water may have not been retained on the 0.7 um filters. Nevertheless, the vertical
5'3C-POM profile in the reservoir water column (Fig. 4) can be interpreted as the
relative contribution of methanotrophic bacteria and of Chlorobiaceae to the >0.7 um
POM. At the oxicline and in the oxic epilimnion 5'3Cis as negative as —32.5 per mil at
3 m-depth, present at and below the oxicline were 6'3C get heavier.

As discussed above, POM in the reservoir waters at Station 4 is mainly au-
tochthonous, composed of phytoplankton and bacteria. However, at 3 m-depth, an
unexpected high C/N ratio of 21 was found. In the Tucupido and Bonoco reservoirs in
Venezuela, Bellanger et al. (2004) found similar high C/N ratio in the first meters of the
water column. These authors did not conclude whether this was due to the occurrence
of unusual phytoplankton with high C/N ratio or to a high contribution of land vascular
plant debris. In the case of the Petit Saut reservoir, several indications support the
first hypothesis. From microscopic observations, Vaquer et al. (1997) have described
the phytoplankton at Petit Saut as picophytoplankton composed of Chlorophyceae and
surrounded by mucus. This mucus is presumably exudation products of the phytoplank-
tonic cells that forms aggregates retained on 0.7 um filters. The material collected on
the filters at 3 m-depth was white with a creamy texture. In the marine environment, the
coagulation and aggregation of phytoplanktonic exudates has been shown to produce
transparent exopolymeric particules (TEP) (Mari et al., 2001). In the ocean TEP usu-
ally appear when the phytoplankton becomes nitrogen limited, which is also the case
in the epilimnion of the Petit-Saut reservoir (Collos et al., 2001). TEP have a C/N ratio
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much higher than the Redfield ratio, on average around 21 in Northwestern Mediter-
ranean Sea (Mari et al., 2001; Passow, 2002). In the Petit Saut reservoir at 3 m depth,
nitrogen-depleted aggregates similar to TEP could contribute in a major part of POM.
At this depth, POC/Chl a ratio was 260, which is higher than the classical phytoplank-
ton POC/Chl a ratios of 30-50. This is probably due to a contribution of aggregates to
the POC but not to chlorophyll content.

4.2. Sedimentation in the lake and POM origin in the lake sediment

The OM collected in the sediment traps at the three different depths had a C/N ratio
which increased with depth and a 5'3C values which decreased with depth (Table 1).
The surface sediment collected at the same station was also consistent with this trend
(Fig. 8). In Lake Lugano, Lehmann et al. (2002) made the same observation, which
can be attributed to the degradation of a single OM source during its fall in the wa-
ter column. In our study, degradation also occurred during collection, in the sediment
traps that were not poisoned. From Fig. 8 it appears that the major source that falls in
the water column has a C/N ratio around 11, i.e. similar to the lacustrine POM found
in the water column. This sedimentary material also contains high concentrations of
Chl a, Chl b, Lutein and > BChl c+BChl d, and has a low POC/ZChl ratio (Table 1)
which also shows a large contribution of the two major phototrophic planktonic popula-
tions found in the water column (Chlorophyceae and Chlorobiaceae). The presence of
degradation pigments and, in particular, the high concentrations of Pheo a confirm the
occurrence of intense degradation processes during the fall in the water column and
in the traps themselves. The 5'3C value of the sedimentary source is however much
heavier (about —28 per mil) than the ones found in the water column (Fig. 8), which sug-
gests either a preferential sedimentation of Chlorobiacea and Chlorophyceae against
methanotrophic bacteria or a preferential mineralization of the methanotrophs. Pig-
ment concentrations suggest however an additional source of sedimentary POM than
phytoplankton and bacterioplankton. Traces of scytonemin were found in all traps as
well as in the epiphytic biofilm but not in the water column of the reservoir. Scytone-
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min is a UV-absorbing compound that is produced by cyanobacteria to protect against
radiation (Sinha et al., 1998). Its presence at all depths in the sediment traps shows a
contribution of the epiphytic biofilm to the sedimentary POM in the reservoir. The C/N
ratio of this biofilm is however higher than the ones of the sedimentary POM, which
suggests this source is relatively minor compared to the planktonic source. Finally, the
presence of high concentrations of G-carotene in the sediment traps is difficult to ex-
plain. In the water column, G-carotene was always below detection limit (Table 1) and
in the epiphytic biofilm its concentration was 26 times lower than Chl a. By contrast,
in the sediment traps, (G-carotene was nearly as much abundant as Chl a at 7m and
only 5 times lower at 20 m and 30 m. Such high B-carotene/Chl a ratio could be due to
a slower degradation of 3-carotene compared to Chl a, as shown on geological time
scales in lake sediments (Zullig, 1989).

The surface sediment sampled at the littoral station had very different 6'3C and C/N
signature than the surface sediment sampled at Stations 2 and 4, with higher C/N ratios
and heavier 6'°C (Fig. 9). By contrast to the center of the reservoir, where the organic
material settled at the bottom has a lacustrine origin, the sediment at the littoral station
is mainly composed of terrestrial OM. Along the vertical profile sampled, the first 2cm
matched well the litter 6'3C and C/N signature; the 2—6 cm depths has the soil signa-
ture as well as the signature of the surface sediment from Station 1 where terrestrial
material dominates (Fig. 9). This terrestrial origin is also confirmed by pigment data
with high OC/ZChl ratios (>10 000) the presence of violaxanthin, Chl b and lutein and a
Chl b/Lut ratio <1 as in submerged plants (Bianchi and Findlay, 1990) in the first 6cm
of the core (Fig. 6). Deeper in the core, the ferralitic soil was found with OC<1%, a
constant C/N ratio at ~16, an absence of pigment and a net increase in 5°C (Fig. 6).
Such increase in 6'3C with depth is typical of what is found in soils as the result of
complex biological and chemical mechanisms occurring at long time scales (Garten et
al., 2000; Powers and Schlesinger, 2002). It thus appears that the sediment core sam-
pled here is composed of the soil flooded when the reservoir was impounded 10 years
before. This is consistent with finding of Abril et al. (2005) who showed that, 10 years
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after impounding, only 22% of the flooded carbon has escaped to the atmosphere as
CO, and CH,. In addition, some deposition of leaves at the littoral station probably also
occurred after the flooding, followed by very slow degradation at the reservoir bottom,
as indicated by the high concentrations of pheophytin a and b at 6 cm depth (Fig. 6).
Finally, the presence of fucoxanthin in the first 4 cm of the core (Fig. 6) also reveals the
development of benthic diatoms in this shallow area, as the case at Station 1.

To summarize, four different origins of OM can be distinguished at the reservoir bot-
tom: (1) the soil flooded 10 years before, clearly identified by the 6'3C and C/N com-
position of the core sampled in the littoral zone at Station 3, but most probably also
present in the deeper zone of the reservoir where sediment core could not be sam-
pled; (2) some leaves debris which can either have fallen to the ground and be con-
verted to litter before flooding and/or have fallen to the reservoir bottom after flooding;
this material is undergoing slow degradation as revealed by the high pheophytin a and
b concentrations; (3) the lacustrine OM (phyto- and bacterio-plankton and epiphytic
biofilm) that settles in the deep zone of the reservoir (Stations 2 and 4); This material
has a clearly different 6'>C and C/N composition (Fig. 9) which matches well with the
degraded material found in the sediment traps (Fig. 8); (4) benthic diatoms developing
at the surface sediments of shallow waters at Stations 1 and 3. As is typical for tropi-
cal aquatic environments, the relatively stable (low turbulence) oligotrophic epilimnetic
water column is characterized by an assemblage of small Chlorophyceae and is not
favorable for the development of pelagic diatom communities (Reynolds, 1997).

4.3. Origin and fate of POM downstream of the dam

At Station 5 immediately downstream of the dam, the 53C in POM was significantly
lighter than in the water column of the reservoir (Fig. 10). The epilithic biofilm had an
even more negative 513C of -36.3 per mil. This depletion in '3C can be attributed
to an increasing contribution of methanotrophic bacteria to the total biomass. Indeed,
when passing on the aerating weir, waters coming from the reservoir’s hypolimnion get
re-oxygenated and loose a fraction of their methane content but not all of it. In the river

1178

BGD
2, 1159-1196, 2005

Sources and
transfers of POM in a
tropical reservoir

A. de Junet et al.

Title Page
Abstract Introduction
Conclusions References
Tables Figures
1< >l
] >
Back Close

Full Screen / Esc

Print Version

Interactive Discussion

EGU


http://www.biogeosciences.net/bgd.htm
http://www.biogeosciences.net/bgd/2/1159/bgd-2-1159_p.pdf
http://www.biogeosciences.net/bgd/2/1159/comments.php
http://www.copernicus.org/EGU/EGU.html

10

15

20

25

downstream of the dam, relatively high concentrations of oxygen (100—200umo||‘1)
and methane (50-1 00umo|l‘1) coexist and waters are the site of intense methane
oxidation. This oxidation occurs until 40 km downstream, where methane concentration
get lower than 1 ymol I (Abril et al., 2005). Residence time of waters in this river
section is about two days, which can explain why the suspended POM is less 3¢.
depleted than the biofilm OM: Methanotrophic bacteria can develop a larger biomass
as fixed within the biofilm, staying that way longer in the methane-rich area than when
suspended in the water. The low POC content of the epilithic biofilm at Station 5 could
be explained by its red/brown color which suggests a high contribution of Fe(lll) oxides
and presumably also Iron-oxidizing bacteria. Finally, like in the surface sediments of
shallow areas of the reservoir, benthic diatoms are also present in the epilithic biofilm
at Station 5, as revealed by the high concentrations of fucoxanthin (Fig. 5).

The presence of BChl d, BChl ¢ and lutein in the water at Stations 5 and 6 (Fig. 3)
and in the epilithic biofilm at Station 5 (Fig. 5) results from a transfer of POM from the
reservoir through the turbines. Indeed, the oxic conditions in the tidal river preclude in
situ development of the strictly anaerobic Chlorobiaceae. In addition, the presence of
lutein but the absence of Chl b reveal a contribution of OM derived from the Chloro-
phyceae produced in the reservoir epilimnion that has been partially degraded. Indeed,
in sediments, Chl b is degraded much faster than lutein (Bianchi et al., 1993b), which
can explain the absence of Chl b in the water at Stations 5 and 6. Downstream the
river from Station 5 to Station 7, 3 BChl c+BChl d and lutein decrease in the water and
fucoxanthin increase (Fig. 3). This shows that the lacustine POM (Chlorobiacea and
Chlorophyceae) is decomposed, being progressively replaced by diatoms, the phyto-
planktonic group generally dominant in estuaries and coastal waters (Bianchi et al.,
1993a, b; Lemaire et al., 2002). This pattern of degradation of POM from the reser-
voir together with mixing with estuarine/marine POM is confirmed by the 63C and
C/N signature (Fig. 10): 5"3C increases and C/N decreases downstream the Sinna-
mary estuary to reach the composition of Amazonian POM carried by the mobile mud
belt (61SC~—25 per mil and C/N ~7-8)(Keil et al., 1997; Mayer et al., 1998). At this
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estuarine Station at the mouth of the Sinnamary, the suspended matter and surface
sediments have the same low OC content (1.1%) and the same 6'3C and C/N signa-
ture showing that the Amazonian/marine mixture found in the mobile mud belt (Aller,
1998) has become predominant in both waters and sediments.

4.4. Quantitative aspects

Although the dataset presented here is by far not sufficient to accurately quantify
the transfers of each individual source of POM in the Petit Saut reservoir and Sin-
namary estuary, the orders of magnitude of some POM fluxes can still be compare
with the other terms of the carbon cycle quantified in other works. First, the POC
flux derived from the sediment traps data was very similar at the three depths and
equal to 1.2+0.2 mmol m=2qd~" (average and standard deviation of the three traps) or
5.2+0.9tCd™’ (integrated over the reservoir surface area). As discussed earlier, this
material is mainly of planktonic origin. Three years after impounding, in 1997, using
14¢ short incubations, Vaquer et al. (1997) have estimated a gross primary production
(GPP) in the Petit Saut reservoir epilimnion of 90+27 mmol m~=2d~", which is 17 times
higher than the POM sedimentation we have recorded in December 2003. Although
GPP has probably decreased since that period owing to lower nutrients concentrations,
it appears that a very minor fraction of GPP reaches the reservoir bottom. This con-
firms the intense recycling and mineralization of the POM produced in the reservoir, as
revealed by the high concentrations of pheopigments in the traps and at the reservoir
bottom (Table 1).

In December 20083, the flux of POC passing through the turbines, calculated from the
water discharge of 180 m®s™! and the POC concentration at Station 5, was 18tCd™".
This shows that about 4 times more POC is transported laterally through the dam,
than settled in the reservoir. As discussed before, this material has a lacustrine origin
and is almost totally decomposed by heterotrophic activity in the Sinnamary estuary.
The CO, emissions to the atmosphere measured during the same period in December
2003 in the Sinnamary estuary was ~100tC a ', among which 25% was excess CO,
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originating from the reservoir (Abril et al., 2005). The transfer and further mineralization
of the lacustrine POM downstream of the dam contributes to an additional CO, source
of only 18%.

5. Conclusion

This study allowed a first description of the POM origins and transfers in a tropical
reservoir and its river downstream, which are complex systems and poorly documented
in general. The different biogeochemical tracers used allowed us to trace the origin
of the different POM pools in the reservoir and the river downstream, where we dif-
ferentiated sources comprising, (i) terrestrial OM carried by the Sinnamary River, (ii)
soil and litter flooded during impounding, (iii) phytoplankton from the epilimnion of the
reservoir, (iv) phototrophic and methanotrophic planktonic bacteria developing at the
redoxcline in the reservoir and (v) different epilithic and epiphytic biofilms. In addi-
tion, this supplied information on transfers, mixing and recycling processes occurring
in the water and sediments of the reservoir and in the estuary downstream, although
these fluxes require improved quantification. The aquatic POM was characterized by
an extreme diversity according to water depth, light and redox conditions, fixed or free
living biomass. Future studies should focus on the metabolism of the different pho-
totrophic microorganisms and their role in the cycles of redox species in the reservoir.
In addition, our observations highlight the importance of Transparent Exopolymeric
Particules (TEP), which merit further studies including improved quantification and ad-
dressing their biogeochemical and ecological role in the system. Finally, we realize
that our first estimates of POC vertical and lateral fluxes need to be re-evaluated on
a seasonal scale, taking into account the pronounced difference between dry and wet
periods. Nevertheless, the POM fluxes appear however to be small, when compared
to dissolved and gaseous carbon fluxes.
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Table 1. Synthesis of the data obtained in all samples. “bdl” means below the detection limit,
“<0.1” indicates that the pigment was present at very low concentrations and “nm” means not
measured. * indicates that lutein and BChl d co-eluted in the samples and lutein concentrations
were corrected from the BChl ¢ and BChl d concentration as detailed in the text. At Station
4 in the SPM at -7 m, lutein could not be quantified because BChl d concentration was too
important and prevented measurements. In addition, 3 ug/g of Zeaxanthin was found in the
surface sediments at Station 4 and traces of schytonemin was found in the biofilm at Station 4

and in the sediment traps at all depths.
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samples/depth SPM OC 6"C  CN Total oc/ Chla Pheoa Chib Pheob Lutein Fucoxanthin p-carotene Violaxanthin 3BChlc &d
Pigment Tot pig.
SPM mg/L  percent permil ug.L-1 9.g-1 ug.L-1 pug.L-1 ng.L.-1  ng.L-1 ng.L-1 ug.L-1
St. 1/Surf 56 103 -289 137 bdl - bdl bdl nd bdl bdl bdl bdl bdl bdl
St.4/-3m 42 39.9 -325 211 69 242 6.4 bdl 0.9 bdl 3309  bdl bdl 218.6 bdl
St.4/-6m 40 285 -31.7 101 726 16 9.7 bdl bdl bdl 59.1*  bdl bdl bdl 62.8
St.4/-7Tm 54 270 -30.8 115 189.2 8 0.9 bdl bdl bdl bdl* bdl bdl bdl 188.3
St.4/-10m 39 230 -304 109 205 44 bdl bdl bdl bdl 39.4*  bdl bdl bdl 204
St.4/-15m 29 21.9 -30.1 108 <0.1 - bdl bdl bdl bdl <0.1"  bdl bdl bdl <0.1
St.4/-25m 25 34.7 -300 10.1 <01 - bdl bdl bdl bdl <0.1"  bdl bdl bdl <0.1
St.5/Surf 3.0 38.3 -332 118 18.6 62 25 bdl bdl bdl <01 bdl bdl bdl 16.2
St.6/Surf 193 87 -316 119 53 317 33 bdl bdl bdl 414 2791 bal bdl 1.7
St.7/Surf 202.8 1.1 -269 79 10 2190 0.8 bdl bdl bdl bdl 195.4 bdl bdl <0.1
Sediment Traps Hg.g-1 ug.g-1 pggl  pggt pggl  pggl pg.g-l 1g.9-1 #g.9-1 ug.g-1
St.4/-7m 10.7 -280 112 5046 21 1795 36.5 17.0 <0.1 21.4*  bdl 1332 55 111.52
St.4/-20m 13.1 -288 124 416.6 55 1194 180 bdl bdl 72* bdl 224 bdl 22.73
St.4/-30m 85 -29.7 140 2540 55 448 100 bdl bdl 282" bdl 10.8 bdl 70.16
Sediments
St.1/Surf 5.1 -298 200 127 405 4.7 5.7 <0.1 1.0 0.6 0.6 0.1 bdl bdl
St.2/Surf 10.3 -308 149 nm - nm nm nm nm nm nm nm nm nm
St.3/0-2cm 12.8 -29.1 309 164 781 8.4 35 0.1 14 0.8 14 0.5 0.3 bdl
St.3/2-4cm 144 -304 203 84 1708 2.0 3.3 <0.1 1.2 0.6 1.1 0.2 <0.1 bdl
St.3/4-6cm 6.3 -30.1 19.1 151 417 3.3 6.5 0.2 4.8 0.3 bdl bdl <0.1 bdl
St.3/6-8cm 15 -283 169 03 5001 bdl <0.1 bdl <0.1 bdl bdl bdl bdl bdl
St.3/8-10cm 14 -27.3 164 <0.1 43916 bdl <0.1 bdl <0.1 bdl bdl bdl bdl bdl
St.3/10-12cm 1.1 -266 157 <0.1 75633 bdl <0.1 bdl <0.1 bdl bdl bdl bdl bdl
St.3/14-16cm 12 -27.0 149 bdl - bdl <0.1 bdl <0.1 bdl bdl bdl bdl bdl
St.3/18-20cm 1.0 -257 161 bdl - bdl <0.1 bdl <0.1 bdl bdl bdl bdl bdl
St.4/Surf 8.1 -31.0 149 31 - bdl bdl bdl bdl <0.1 <0.1 bdl bdl bdl
St7 11 -259 95 <01 - bdl bdl bdl bdl bdl bdl bal bdl bdl
Soil 17.0 -286 19.0 nm - nm nm nm nm nm nm nm nm nm
Litter 205 -290 273 nm nm nm nm nm nm nm nm nm nm
Biofilms
St.4/Surf 42.9 -274 160 379 1129 36.4 bdl bdl bdl 0.1 bdl 14 bdl bdl
St.5/Sur 5.9 -36.3 17.2 100.1 59 74.3 bdl 0.4 bdl 0.9 18.3 0.9 bdl 5.3
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Fig. 1. Map of the study site showing the location of the sampling stations along the Petit-Saut

reservoir and on the Sinnamary tidal river and estuary.
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Fig. 2. Typical chromatograms at 440 and 664 nm showing most of the pigments quantified in
the Petit Saut samples. (A) surface sediment at Station 1; (B) suspended matter at -6 m depth

at Station 4.
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Fig. 3. Longitudinal distribution in particulate organic matter sampled in the Petit Saut system,
upstream and downstream of the dam. (A) SPM concentration, (B) percentage of POC, (C)
C/N ratio, (D) 6'3C of POC, (E) total pigments, and (F) relative contribution (percents) of each
pigment to the total pigments content. When noted “0”, no pigment where present, when noted
“bdl”, the presence of some pigments could be observed with the HPLC protocol but they were
below the detection limit and could not be quantified.
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Fig. 4. Vertical profile in particulate organic matter at Station 4. (A) SPM concentration, (B)
percentage of POC, (C) C/N ratio, (D) 6'°C of POC, (E) Chl a, and (F) YBChl c+BChl d.
For POC, C/N and 6130, values in surface sediments settled at Station 4 are also shown for

comparison (squares).
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Fig. 5. Longitudinal distribution in surface sediments (black) and biofilms (white) sampled in
the Petit Saut system, upstream and downstream of the dam. (A) percentage of POC, (B)
C/N ratio, (C) 6'3C of POC, (D) total pigments, and (E) relative contribution (percents) of each
pigment to the total pigments content. In panel E, the relative contributions of pigments is also
shown at different depths in the core sampled at Station 3 (shallow littoral station). When noted
“0”, no pigment where present; when noted “bdl”, the presence of some pigments could be
observed with the HPLC protocol but areas were below the detection limit and concentrations

could not be quantified; when noted “nm” no pigment measurement were performed.
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Fig. 6. Vertical profile in the sediment core collected at the shallow littoral Station 3. (A) per-
centage of OC, (B) C/N ratio, (C) 6'3C of OC, (D) total pigments, (E) Chl a and phaeopigments,

and (F) carotenoids.
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Fig.7. 5'3C-C/N diagram of SPM (circle) and surface sediments (squares) in the river upstream
at Station 1 (dark green) and in water column of the reservoir at Station 4 (light green) from
-3m to —-25m depths. The soil and litter sampled in the surrounding forest are shown for

comparison (brown).
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Fig. 8. 5'3C-CIN diagram of material collected in the sediment traps at -7 m, —-20m and —-30m
depths (orange triangles) compared to the SPM in the water column of the reservoir from —3m
to —25m depths (green circles). Data from Station 4.
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Fig. 9. 6'°C-C/N diagram of the sediment core sampled at the littoral shallow Station 3 in
the Petit-Saut reservoir (blue squares) compared to the surface sediment collected in the river
upstream at Station 1 (green square) and in the deep zone of the reservoir at Stations 2 and 4
(orange squares). The soil and litter sampled in the surrounding forest are also shown (brown
circles).
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Fig. 10. 5'3C-CIN diagram of SPM (red circles), biofilm (red triangle) and sediment in the
Sinnamary tidal river and estuary downstream of the dam, compared to SPM in the reservoir
(green circles) and Amazonian SPM carried by the mobile mud belt (Blue square, from Keil et
al., 1997; Mayer et al., 1998).
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