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A seasonal cycle in the carbon-isotope composition of organic carbon 
in the Sanaga River, Cameroon 

Abstract-We report measurements of the carbon-isotope 
composition (SlC value) of particulate organic carbon (POC) 
in the suspended sediment load of the Sanaga and Mbam Riv- 
ers, Cameroon. The results demonstrate that there is a seasonal 
cycle in 8°C value of 3.3%0 (-26.6 to -23.3%0) in the Sanaga 
River and 5.9%0 (-27.1 to -21.2%0) in the Mbam River that 
is directly related to seasonal changes in the discharge of the 
rivers. During periods of high discharge, S’C values of POC 
are high, reflecting an increase in the proportion of POC de- 
rived from C, plants, including C-derived carbon transported 
overland by wet season rains from savanna regions in the 
catchment hinterland. During periods of low discharge, the 
8°C values of POC are low, reflecting derivation of the carbon 
primarily from C, plants growing close to the riverbanks. Re- 
sults suggest that the prime determinant of POC 8°C values 
in tropical rivers that carry a significant suspended sediment 
load is the 6°C value of the catchment vegetation. 

Studies of the &XI! values and the abundance of lignin- 
derived phenols in riverine particulate organic carbon (POC) 
both suggest that a substantial proportion of the carbon in 
tropical rivers is derived from vegetation present in the 
catchments of the rivers (Hedges et al. 1986; Mariotti et al. 
1991; Bird et al. 1992). The bulk 6’“C value of vegetation 
in tropical regions is strongly dependent on the proportion 
of C, (WC value of about -28%0) and C, (a13C value of 
about -12%0) plants in a given biome (Smith and Epstein 
197 1). Thus, woodland/savanna/grassland biomes have bulk 
613C values ranging from approximately - 14 to -26%0 
(McClaran and McPherson 1995; Bird and Pousai 1997), 
depending on the proportion of C, grasses present, whereas 
closed forests have bulk 613C values of approximately 
-28%0, reflecting the dominance of C, plants in these bi- 
omes (e.g. Balesdent et al. 1993; Bird et al. 1996). 

The observation that the 613C value of riverine POC is 
dependent largely on terrestrial vegetation has led to the sug- 
gestion that long records of vegetation change in large river 
catchments in the tropics might be obtained from the carbon- 
isotope analysis of bulk organic matter (Mariotti et al. 1991) 
or terrestrially derived biomarker molecules (Bird et al. 
1992) in the sedimentary sequences accumulated off the 
mouths of the major tropical rivers. To further test this hy- 
pothesis, Bird et al. (1994) analyzed bottom-sediment sam- 
ples from along the length of the Sanaga River and its major 
tributary, the Mbam River, in Cameroon. These rivers have 
their sources in extensive savanna regions but later flow 
through tropical forest before joining and ultimately dis- 
charging into the Gulf of Guinea (see Bird et al. 1994 for 
detailed descriptions). 

Bird et al. (1994) found that there was a large downstream 
decrease in the 6°C value of POC in the bottom sediments 
of both rivers, from values ranging from -16 to -23%0 in 
the savanna-covered headwaters of the rivers to values of 

-24 to -27%0 in the lower reaches. Results were considered 
consistent with the gradual dilution of savanna-derived car- 
bon by carbon derived from the forested regions in the lower 
parts of the catchment. An additional finding was that POC 
in the <63-pm fraction of the sediments was enriched by 
l-3%0 in 13C compared to POC in the 63-500-pm fraction. 
This was attributed to increased erosion and overland trans- 
port of fine POC from C,-rich regions away from the im- 
mediate riverbanks accompanying the runoff of precipitation 
during the wet season. During the dry season, only carbon 
from sources growing on the immediate riverbanks can reach 
the river. 

The isotopic characteristics of the samples led to the pre- 
diction that a seasonal cycle in the 613C value of POC ex- 
ported from the catchments should exist, varying in response 
to seasonal changes in the amount and distribution of pre- 
cipitation falling in the catchment. Our study sought to test 
this prediction by using approximately monthly suspended 
sediment samples collected between March 1995 and March 
1996 from both the Sanaga and Mbam Rivers immediately 
upstream of their confluence (see Bird et al. 1994 for loca- 
tions). 

The suspended sediment concentrations for each sample, 
along with percentage POC and the 6’VZ value of POC in 
the samples, are presented in Table 1. The average hydro- 
graphs of both rivers (Figs. 1, 2) exhibit strong seasonal 
variation, with low flows occurring between January and 
April, then increasing gradually to peak flows in September 
before dropping rapidly after October. Nouvelot ( 1972) 
found that the peak in sediment load in the Sanaga-Mbam 
system slightly precedes the peak in discharge, a phenome- 
non typical of many rivers. 

Comparison of the hydrographs of the two rivers with 
changes in suspended sediment load and percent POC (Fig. 
3) indicate that during periods of high discharge, suspended 
sediment loads are high while POC percentages are low. 
During low discharge periods, suspended sediment loads are 
low while POC percentages are high. Suspended sediment 
loads in the .Mbam during the wet season exceed those of 
the Sanaga by a factor of 4-5, reflecting both the compar- 
ative steepness of the Mbam catchment and its high popu- 
lation density. 

The 6°C value of suspended POC in both the Mbam (Fig. 
1) and the Sanaga (Fig. 2) increases dramatically immedi- 
ately following the end of the dry season in April from val- 
ues of around -27%0 in both rivers to values of -2 1 to 
-23%0, levelling out and(or) decreasing well before the peak 
in discharge occurs. The 6°C values of suspended POC in 
the Mbam River remain high throughout the wet season, but 
drop slightly through June and August in the Sanaga before 
rising again as peak flows are approached in September. 

The reason for the drop in the 6°C values of the Sanaga 
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Table 1. Results for suspended sediment (susp. sed.) samples 
from the Sanaga and Mbam Rivers, Cameroon. 

Sample 

Mbam River 
31 Mar 95 

5 May 95 
1 Jun 95 

28 Jun 95 
17 Aug 95 
5 Sep 95 

22 Dee 95 
3 Feb 96 
2 Mar 96 

Sanaga River 
31 Mar 95 

5 May 95 
1 Jun 95 

28 Jun 95 
17 Aug 95 
5 Sep 95 

22 Dee 95 
3 Feb 96 
2Mar96 

Org. C 6°C Susp. sed. 
(%I w (mg liter’) 

3.6 -26.8 32.3 
6.2 -25.6 50.8 
3.3 -22.5 65.6 
3.1 -21.4 78.7 
3.4 -22.2 120.5 
3.3 -21.2 109.0 

13.5 -27.1 11.4 
10.5 -24.4 21.2 
18.2 -26.1 23.4 

4.2 -26.6 5.8 
10.4 -23.8 9.0 
5.1 -22.5 13.9 
7.6 -24.6 12.5 
5.4 -24.8 21.7 
4.1 -23.3 21.6 

17.0 -25.8 11.6 
15.0 -25.9 5.0 
12.3 -26.0 5.4 

River samples cannot be definitively determined from the 
available data, but may be due to atypical behavior of the 
hydrograph over the sampling period (relative to the long- 
term average hydrograph presented in Fig. 2) or to modifi- 
cation of the natural hydrograph of the river by the Mbakaou 
Dam, which dams most of the savanna-covered portion of 
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Fig. 1. Carbon-isotope composition of suspended POC in the 
Mbam River over a l-year period from March 1995 to March 1996, 
as well as the 29-year average monthly discharge of the Mbam 
River at Goura (Olivry 1986). Suspended sediment samples were 
collected by bucket from a road bridge above the confluence of the 
Mbam and Sanaga Rivers and were concentrated by settling and 
decantation. The samples were prepared for analysis by using the 
techniques detailed in Bird et al. (1994). Carbon-isotope results are 
presented as per mil (%o) deviations from the international PDB 
standard, with an uncertainty of +0.1%0. 
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Fig. 2. Carbon-isotope composition of suspended POC in the 
Sanaga River over a 1 -year period from March 1995 to March 1996, 
as well as the 29-year average monthly discharge of the Sanaga 
River at Nachigal (Olivry 1986). Sample details as for Fig. 1. 

the Sanaga catchment (Bird et al. 1994). The 61TC values for 
the Sanaga tend to be l-3%0 lower than for the Mbam during 
the wet season despite similar areas of savanna in both catch- 
ments. This is probably also due to the trapping of C,-rich 
savanna-derived sediment and POC in the Sanaga River by 
the Mbakaou Dam. The results are consistent with the hy- 
pothesis that C, detritus, accumulated on the soil surface 
away from the immediate river courses during the dry sea- 
son, is washed into the rivers from the riverbanks by the 
rains of the wet season. 

Unfortunately, logistic difficulties prevented sampling 
during peak flow in September-October in both rivers, but 
by January, 6°C values for suspended POC in both rivers 

dropped again to values indicating a dominance of C,- 
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Fig. 3. Variations in the percentage of particulate organic car- 
bon and suspended sediment concentrations in the Mbam and San- 
aga Rivers over a l-year sampling period. 
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Fig. 4. Relationship between suspended sediment concentration 
and the 8°C value of POC in the suspended sediment for the Mbam 
and Sanaga Rivers. 

derived detritus. The low 6°C values suggest that the bulk 
of the suspended POC in both rivers during the dry season 
is derived from fringing forests close to the riverbank and 
bank erosion, not from the savanna regions in the catchment 
hinterland (e.g Marriotti et al. 1991; Bird et al. 1992, 1994). 
The observation that both bottom sediments and the sus- 
pended sediments show similar trends suggests that the 
trends do not result from the faster sedimentation of coarse 
particles. If this were the case, the fast-flowing waters of the 
wet season would be more able to carry dense C-derived 
woody detritus and the opposite trend would result to that 
which is observed (i.e. wet season POC would have lower 
6°C values). 

The suspended sediment concentrations and percentages 
of POC in the samples (Fig. 3) are consistent with the in- 
terpretation suggested above. During the dry season, the or- 
ganic carbon contents of suspended sediment in both rivers 
are high (>lO%), while suspended sediment loads are low. 
This reflects comparatively low erosion rates, with the POC 
derived from direct transfer from fringing forests into the 
river and from direct bank erosion. During the wet season, 
sediment loads increase and organic carbon contents de- 
crease (< 10%) due to the erosion of soils and organic de- 
tritus remote from the riverbank by runoff from precipita- 
tion, effectively diluting the component of carbon derived 
from close to the riverbanks. The POC percentages of sus- 
pended sediment in the Mbam during the wet season tend 
to be lower than sediments in the Sanaga, reflecting both the 
greater ability of the Mbam to transport coarser elastic sed- 
iment as well as the greater erodability of soils in the Mbam 
catchment as a result of intensive agriculture practised in the 
Bamileke region (Nouvelot 1972; Olivry 1977). 

Figure 4 shows the relationship between the 613C value 
and suspended sediment concentration, which suggests that 
sediment concentration is positively correlated with LY3C val- 
ue. The relationship is particularly strong in the Mbam River 
(r* = 0.73). Although some correlation is evident in the 
Sanaga River, the relationship is obscured by sediment being 
trapped by the Mbakaou Dam, such that the natural yearly 

cycle in suspended sediment transport is modified, and POC 
from the savannas upstream of the dam are not effectively 
exported from the upper Sanaga catchment. The positive cor- 
relation between suspended sediment concentration and 6°C 
value of POC is again consistent with the hypothesis that 
the S’“C value of POC is controlled by the transport of ter- 
restrially derived carbon to the rivers mediated by seasonal 
variations in precipitation. 

The C-derived carbon exported to the river could have 
two sources. Tropical rivers commonly have a variable pro- 
portion of C, grasses growing on exposed mudbanks, along 
the riverbanks, and on the adjacent floodplain. Such regions 
may be seasonally inundated, and must contribute to the ob- 
served wet season increases in POC 6°C value. Such a 
mechanism is not considered to be the major source of the 
very large variations observed in this study, as POC 6°C 
values obtained for the Amazon River, a tropical river with 
C-containing floodplains but with a mostly forested catch- 
ment, indicate seasonal variations generally < 1%0 (Hedges 
et al. 1986; Quay et al. 1992). The changes observed in the 
Sanaga/Mbam samples are 3-6 times this magnitude. A 
more plausible explanation is that during the wet season, 
carbon is eroded from C-rich savanna regions remote from 
the immediate riverbanks-such regions contribute sediment 
to the rivers, so it is reasonable to expect they will contribute 
a proportionate amount of carbon as well. 

It is also possible that algae may contribute carbon with 
a low 6°C value (< -30%0) to the POC load of the river. 
Although there is no analytical data available, analogy with 
other tropical whitewater rivers suggests that contributions 
from this source will be small (e.g. Hedges et al. 1986). The 
high turbidity of the Mbam River (generally 20-240 g m ‘; 
Olivry 1977) makes it unlikely that there could be a signif- 
icant algal contribution. The Sanaga is less turbid (generally 
5-140 g mm’; Olivry 1977) and has a large dam in its head- 
waters that might provide a source of algal-derived carbon. 
However, the observations that dry-season 6°C values do 
not drop below -27%0 in either river and that dry-season 
6°C values are similar in both rivers suggest that the pro- 
portion of algal-derived carbon in the Sanaga River is like- 
wise small. 

It is possible to construct a crude budget for suspended 
POC export from the Sanaga and Mbam catchments (based 
on the results in Table 1) and a knowledge of past seasonal 
variations in water discharge. Such a calculation suggests 
that 85-90% of POC exported annually by both rivers is 
transported during the 6 months that include the wet season 
(July-December). In addition, approximately one-third of the 
carbon exported to below the confluence of the rivers an- 
nually is derived from the Sanaga, while two-thirds comes 
from the Mbam. Although these figures are in general agree- 
ment with those derived by isotope mass balance by Bird et 
al. (1994), which suggested 60% derivation of POC from the 
Mbam and 40% from the Sanaga, note that the calculations 
are subject to large errors, as the samples used in this study 
were not depth integrated, and actual discharge data for the 
period when the samples were collected are not available. 

The results presented above are consistent with the con- 
clusion of Bird et al. (1994) that the prime determinant of 
riverine POC 613C values in the Sanaga/Mbam catchment is 




