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The modem organic carbon flux of the Sanaga River and the rivers around 
the Bay of Douala is estimated to be 0.62-0.79 x 106 t yr- 1

• In reality, mean 
Holocene sedimentation of organic carbon, including a presumed low biological 
production in the euphotic zone, is only 41-52 % of this value. Substantial 
biodegradation in the salty and brackish turbid waters in the estuaries affects 
the POC and DOC and corresponds to the highest bacterial densities. Between 
salinity 6 and 21, the data indicate a non-conservative behaviour of the suspended 
and dissolved organic matter (POC and DOC). A breakdown of nearly 50 % 
of organic carbon is observed both in suspended matter of the open sea and in 
marine muds of near equal grain-size distribution. Incubation experiments show 
in the first few days the relative stability of POC in fresh water suspensions, 
where only the DOC is susceptible to degradation. ln the fresh water-salt water 
mixing zones, where there are no autotrophic or heterotrophic developments, 
experiments indicate a 25-65 % Joss of POC + DOC after 96 h. ln the clear salt 
water of the open sea, biodegradation is very low, though DOC becomes more 
and more concentrated during transport. Off Campo, on the southem boundary 
of the Cameroonian shelf, a phytoplanktonic bloom was encountered, with a 
spectacular biodegradation of 45 to 65 % occurring after 24 h. 
Such quantitative approaches applied to hmg-term (104 years) processes imply 
that the present state can be regarded as a representative for the whole Holocene 
climatic conditions. 

Les flux organiques des rivières du Cameroun dans le Golfe de 
Guinée: une approche quantitative de la biodégradation dans la 
zone de mélange eaux douces-eaux salées. 

Aujourd'hui, les flux de carbone organique de la Sanaga et des rivières de 
la Baie de Douala sont estimés de l'ordre de 0,62-0,79 x 106 t an-1• Mais la 
sédimentation moyenne du carbone mesurée pendant l'Holocène bien qu'incluant 
une présumée faible production planctonique de la zone euphotique, ne représente 
que 41-52 % de celle calculée sur la base des flux actuels. Une importante 
biodégradation se développe dans les eaux turbides saumâtres à salées et à forte 
densité bactérienne et affecte le COP et le COD. Dans les eaux de salinité de 6 
à 21, les mesures soulignent le caractère non-conservatif de la matière organique 
en suspension et en solution (COP and COD). La dégradation d'environ 50 % 
du carbone organique est observée aussi bien dans les matières en suspension 
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à la sortie des estuaires que dans les vases marines de granulométries voisines. 
Des essais d'incubation expérimentale sur des suspensions d'eau douce montrent 
pendant les premiers jours une relative stabilité du COP alors que le COD est 
susceptible de se dégrader. Par contre, dans la zone de mélange eaux douces-eaux 
salées, on mesure (quand il n'y a pas développement autotrophe ou hétérotrophe 
postérieur) une perte de 25 à 65 %de COP +COD à l'issue de 96 h. Enfin, dans 
les eaux salées du large, la biodégradation est très limitée et le COD tend à se 
concentrer mécaniquement pendant le trajet. Au large de Campo, à J'extrême sud 
du plateau du Cameroun, une floraison phytoplanctonique assez exceptionnelle 
a permis l'étude par incubation d'une biodégradation très spectaculaire de 45 à 
65 % qui se développe en 24 h. 
L'application de ces résultats à l'échelle des processus à long terme de 104 ans 
suppose que l'on admette l'état présent comme représentatif de la moyenne des 
fluctuations climatiques qui ont pu intervenir pendant la durée de l'Holocène. 

Oceanologica Acta, 1997, 20, 6, 837-849. 

INTRODUCTION 

Severa) studies on suspended matter in tropical rivers 
indicate particular organic carbon contents gcncrally close 
to or higher than 7 % by weight (Eisma et al., 1978; Van 
Bennekom et al., 1978; Schlesinger and Mclack, 1981; 
Li kens et al., 1981; De gens, 1982; Martins, 1982; Mey beek, 
1982; Cadée, 1984; Lesack et al., 19X4; Meade, 1985; 
Richey et al., 1990; Hedges et al., 1986; Bongo-Passi et 
al., 1988). Differences are often linkcd to difference in 
grain size (in Hedges et al., 1986 ). 

Howcvcr, tropical marine muds show organic carbon 
concentrations which, though higher than in tcmpcrate 
sea dcposits, rarcly exceed more than 3 or 4 % and 
exceptionally 5 % (Emerson, 1985; Suess and Muller, 
19XO). This upper limit has been checked severa) times 
in the regional framework of the West-African margin 
within deposits of near equivalent grain-size as measured 
in suspended matter (McMaster et al., 1971; Summcrhayes 
et al., 1976; Giresse et al., 1981; Barusseau et al., 1988; 
Giresse and Barusseau, 1989). It has also been recordcd in 
the temperate North Sca (Eisma and Kalf, 1987). 

The processes of oceanic degradation of terrigenous organic 
matter have been analysed on severa! occasions, both for 
the water column as a whole and at the water-~ediment 
interface (Emerson and Hedges, 1988; Reimers and Suess, 
1983; Hedges et al., 19X6). From these processes, it is 
possible to quantify the Joss in organic matter observed in a 
large number of deep marine relative to shallow sediments. 

However, these mechanisms are preceded by tidal and 
seasonal cycles of deposition and resuspension that 
develop within estuarine or coastal waters. As a rcsult 
of complex proccsscs which affect organic matter, inputs 
to estuaries are probably not identical to their outputs to the 
ocean (Cauwet and Martin, 1982). Various processes are 
observed: estuaries act as filters or traps for particles; and 
biological and physicm:hemical reactions may alter organic 
products (Cadée et al., 1993). Another discussion relates 
to estuarine phytoplanktonic primary production, which 
is usually restricted because of the high turbidity (Eisma 
and Cadée, 1991) although lower-turbidity estuaries can be 
considered as among the most productive ecosystems in 

838 

the marine environmcnt (Cadée, 1978; Cadée and Laane, 
1983). 

The Bay of Douala receives sediments from severa! 
rivers (Wouri, Mungo, Dibamba) that flow from the great 
rainforest; but a large part of the sediments cornes from the 
Sanaga River, originating in a savannah-forest composite 
basin. The bay is a propitious site both for the observation 
of initial dissolution or degradation in a fresh water -
salt water mixing zone, and for the follow-up of particle 
accumulation. The present papcr addresses the present 
organic flux of the Cameroonian rivers, as weil as the 
biogeochemical processes in the salty and brackish turbid 
waters in the estuaries that might help in the identification 
of organic carbon concentrations in the deposits of the 
northern Cameroonian shelf. Results from present-day 
sedimentation have been tested against data relating to 
Holocene sedimentation. 

CLIMATIC AND OCEANIC SETTING, PRESENT 
INPUT AND MARINE DEPOSITS 

Climatic and oceanic setting 

The climate in the considcrcd region is equatorial, 
with precipitation depending on altitude. Rainfall always 
exceeds 1500 mm yr- 1, reaching 2000 mm yr-1 in the 
western uplands and weil over 4000 mm yr-1 in the coastal 
belt, with dramatical variability around Mt Cameroon or 
Bioko Island. For example, the foot of Mt Cameroon, 
facing west towards the monsoon, rcccives an average of 
10 rn yr-1• So the low sai inities of the sea water are parti y 
a result of these exceptional rainfalls (Mahé, 1993). 

In this inner part of the Gulf of Guinea (Bay of Biafra) 
and in contrast with other coastal waters of Western Africa, 
wc observed a relatively small annual range of salinity (20 
to 24) and no very consequent scasonal physical variation 
apart from the fact that the temperature of surficial waters 
is highest in January-March (maximum 30 °C) and lowest 
in August (about 27 °C). Also the seasonal change does 
not strongly influence the vertical composition of the water 
section (Piton and Kartavtseff, 1986 ). 



This Bay of Biafra represents a typically warm and confined 
sea with low nutrient content and low primary production, 
and a relative) y undersized fish population (Crosnier, 1964). 
Shrimps, normally plankton-feeders, are locally abundant 
in sorne coastal waters away from the river mouths. 

On the coast of the Gulf of Guinea (from Cap des Palmes to 
the mouth of the Congo-Zaïre), the Sanaga, with an annual 
flow of 65.3 x 109 m3 yr-1, is the fourth tributary after the 
Congo-Zaïre, the Niger and the Ogooué. Due to a prevailing 
south-westerly swell, most of its waters and their loads are 
oriented northwards where, at the entrance to the Bay of 
Douala, they meet those of Jess important ri vers: the Mungo 
(9 x 109 m3 yr-1 ), the Wouri (16 x 109 m3 yr-1) and the 
Dibamba (4 x 109 m3 yr-1) (Nouvclot, 1972; Olivry, 1977). 
Suspended particles in these rivers are buffeted by fairly 
strong tidal ftows in the area, which has one of the highest 
tidal ranges in Western Africa (2 to 3 rn at the equinox). 
Thus, the Bay of Douala acts as a huge estuarine complex, 
and it is only in the open sea that the main sedimentation 
of the pelitic fraction and the organic matter associated 
with it takes place (Fig. 1). Further north, off Rio del Rey, 
another estuarine mechanism occurs which regulates the 
accumulation of particlcs coming both from the Bay of 
Douala and from the River Niger deltaic complcx (Giresse 
et al., 1995). 
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Map illustrating the location of the study area, the distribution of 
recent pelitic sedimentation according to the main oceanic currents. 
The planktonic bloom (pb) area off Campo is indicated. 

Present inputs 

The Sanaga Basin can be subdivided into two main sub
basins. The basin of the Sanaga itself has its farthest limit 
in the savannah area of the Adamaoua plateau (at about 
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1000 rn), then crosses transition zones of tree-growing 
savannahs and, finally, semi-deciduous and evergreen 
tropical forests. The basin of the Mbam, the main affluent 
of the Sanaga, follows the same succession of flora with 
an upstream part straddling the Adamaoua plateau and 
the volcanic dorsal, where sectors of intensive cultivation 
predominate. The basins of the Mungo, Wouri and Dibamba 
rivers are mainly covered by tropical forests. 

From 1969 to 1971, ORSTOM hydrologists employed a 
simple methodology to measure the suspended Joad in two 
major sub-basins: Sanaga (s.s.) at Nachtiga1 and Mbam 
at Goura (Nouvelot, 1972; Olivry, 1977). These two sub
basins account for more than 90 % of the global discharge 
to the ocean of the Sanaga basin as a whole. The average 
annual concentrations are 58 g m-3 for Sanaga and 160 g 
m-3 for the Mbam. For the Sanaga sub-basin, the transport 
of suspended sediment to the ocean is near 3.5 x 106 

tons each year; for the Mbam sub-basin, this transport is 
near 2.5 x 106 tons each year. Thus a mean of 6 x 106 

tons of suspended matter is transported annually to the 
ocean. It is obvious that this value is slightly lower than 
the effective erosion, because sedimentation in the flooded 
areas and bed-load transport are not taken into account. 
This bed-load acts generally as 10 % of the total supply 
to the estuary (Milliman and Meade, 19S3) but as in most 
rivers, however, the larger part of this bed-load does not 
reach the estuary, being deposited in the lower course of 
the river. Particulate organic carbon (POC) concentrations 
in the suspended matters of the Sanaga and Wouri rivers 
vary seasonally from 7 to 16 % (5 to 15 g m-3). The 
average POC flux of the Sanaga varies between 0.42 and 
0.54 x 106 t yr-1, whereas the other Douala rivers togcther 
(Mungo, Wouri, Dibamha) vary from 0.12 to 0.25 x 106 

t yr-1• Thus the bulk of annual POC discharge to this part 
of the Guinea Gulf ranges from 0.62 to 0.79 x 106 t. 

Marine deposits 

Total organic carbon (TOC) distribution is controlled by 
sedimentary hydrodynamic factors. In the fairly rough 
shallow waters ( 10 to 20 rn) off the Bay of Douala and 
the mouth of the Sanaga, sandy muds are characteristic 
of intermittent wave-influenced deposition. Usually, these 
muds contain less than 3 % TOC (Fig. 2a). At greater 
depths, they are Jess sandy ( < 3 %) and con tain 3 to 4 % 
total organic carbon (TOC). 

Also, in the settling zones off Limbe, sheltered from tidal 
flows, i.e. at the end of an approximately 80 km course, 
the muds contain more than 4 % TOC. Their highly 
kaolinitic composition indicates that they come from the 
Sanaga and the rivers of the Bay of Douala. In contrast, a 
second settling zone is defined off Rio del Rey, where the 
abundance of montmorillonite shows the involvement of a 
Nigerian flux (Giresse et al., 1995). 

This relative increase in TOC appears to be related to 
the differentiai sedimentation of the suspended matter, 
as inorganic particles probably settle more rapidly than 
organic ones (Cadée, 1982). However, the majority of 
these surficial mud deposits (Fig. 2 b) con tain Jess than 
5 %or even 1 %of sand particles (>50 /Lm). This feature 
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Figure 2 

a. Distribution of POC contents in the northern Cameroon shelf 
deposits; 
b. Distribution of the pe/itic fraction ( < 50 Jlm) contenls in the same 
a rea. The armws indicate the presumed.flow direction of the superficial 
waters. The south-western sandy outcrop is a de/taie accumulation 
deposited during the last low-stand. 182 grab-samples were analysed 
and used to draw the iso/ines of these maps. 

demonstrates that the larger part of the sediment is derived 
from suspensions and not from a bed-Joad transport, an 
improbable process in this geographical area during this 
high-stand period. Deltaic sands in the south-western area 
of the map were deposited during the last low-stand. 

The purpose of this paper being to estimate the transport 
of organie matter, we rely heavily on concentrations of 
particulate carbon in relation to grain-size. Concentrations 
of both POC and DOC are likely to be higher 
in finer fractions. In a large part of the water 
samples, suspended matter was too low to permit 
sedimentometric measurements. We tried another approach 
using diffractometric measurements of the main peaks of 
quartz (Q) and kaolinite (K) in both marine muds and 
suspended matter. We used the Q 1 K ratio as a function of 
sandy and silty fractions versus the clayey fraction (Fig. 3). 
Although the ratios were rather scattered, one can observe: 
(i) a very slight decrease in the ratio of both deposits and 
suspended matter to the length of the transfer, and a slight 
trapping of quartz particles after 50-60 km of transport; 
and (ii) in the mass, the ratio Q 1 K appears rather constant 
during this 120 km transfer; in both cases, suspended 
and deposited matters are present in a nearly similar size 
area of the spectrum. Such relative homogeneity may 
be due to a combination of factors, but sea water with 
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Plots of Q / K ratio of marine deposits and suspended matter versus 
the length of the transport from the river mouths as indirect grain
si::.e representations. 

a particular Jow planktonic production (Crosnier, 1964) 
allows a comparative observation of organic contents in 
these two steps of the sedimentation process. 

METHODS 

Most of the sediments and water samples analysed were 
taken on board the research vesse! André Nizery of 
ORSTOM. Surface sediments were collected by a Shipek 
grab sampler, frozen and stored and Jater freeze-dried. 
River sediments were collected from the bank with a 
dredge or a shovel and subjected to the same procedures. A 
classical set of sedimentological measurements previously 
performed, as weil as and fine-grain size-analyses and X
ray ditfractometry (cobalt anticathode) were useful in this 
study. 

The organic material from sediments and alluvia was 
analysed for its organic carbon content (LECO induction 
fumace) and hydrogen index (Rock-Eva! pyrolysis). 

Water samples were collected during the March 1992 
and March 1993 cruiscs, at the beginning of the rainy 
season. The samples were analysed for "particulate" and 
"dissolved" matter, which were differentiated by filtration 
over 0.6 ~-tm GFF Whatman filters. The filters were dried 
and weighed before and aftcr the operation in order to 
measure the total quantity of particles. Then they were 
subjected to combustion at 950 °C to estimate C, H, N 
with a Pcrkin-Elmer 2450 (using pure helium as the driving 
gas). The reproducibility of each value was ± 3 % and 
exceptionally ± 5 %. 

"Dissolved" organic matter corresponds, by convention, 
to the organic material passing through a 0.6 or 0.45 Jl,m 
mesh. Dissolved organic carbon (DOC) was estimated with 
a TOC 5000 SHIMADZU after fixation of the samples 
with HgCl2, then decarbonatation and oxidation at 700 °C. 
Reproducibility of duplicate measurements was much better 
than ± 5 %. It should be pointed out that this DOC includes 
ali the organic phases of carbon, whether truly dissolved 
or in the macromolecular, colloïdal or microparticulate 



states (Johnson and Kepkay, 1992; Koike et al. 1990; 
Tranvik, 1994; Wells and Goldberg, 1991). In order to 
study the biodegradability of this complex material, we 
operated on samples filtered over GFF (pore size 0.6 JLm) 
to remove bacterial predators (Kirchman et al., 1991; 
Servais et al., 1989). These samples were left in darkness at 
atmosphere temperature (25-30 °C) in order to follow the 
disappearance or stability of the DOC and the evolution of 
the bacterial flora. After fixation with HgC12 (final 5 ppm), 
the bacteria were coloured with DAPI and counted by UV 
fluorescence (Hobbie et al., 1977). However, in the case of 
sorne waters of the Wouri river, it was not possible fully 
to respect the experimental conditions of darkness. 

GENERAL CHARACTERISTICS OF THE RIVERINE 
ORGANIC MATTER 

Alluvial deposits 

The particular organic carbon (POC) content of muddy 
alluvial deposits collected close to the banks was irregular 
(from 3 to 10 % ), due to variation in grain size. Contents 
close to 3 % were recorded in sorne sandy alluvial deposits 
of the Sanaga. 

The analysis of the organic matter isotopie composition 
(b 13 C) carried out on the Sanaga deposits showed a 
progressive decrease of b 13C in the direction of flow (Bi rd 
etal., 1994). In the upstream savannah areas, the b13C were 
of the order of -22 °/00 • Then, in forest areas, they feil as 
low as -25 °/00 , reflecting a mixture of C4-dominant plant 
matter upstream and C3-dominant matter downstream. The 
Wouri and Mungo rivers, also in the forest domain, present 
b13C of the order of -27 to -28 °/00 • In the marine muds 
off the river-mouths, values of -25 °/00 can be found, 
characteristic of the Sanaga's main flux, so the passage of 
the fresh water-salt water interface does not seem to have 
altered the isotopie composition of particulate carbon. 

This conservation of the isotopie signature is ali the more 
remarkable in that the successive effects of pedogenesis 
and the alluvial course have led to fairly substantial 
degradation, as shown by pyrolytic analysis (Table 1). 
This is especially true in the savannah zones of the 
basin where the hydrogen index (Hl), which should reach 
values characteristic of herbaceous components (i.e. over 
500), usually remains below 150, or even 100. In these 
paroxysmal oxidation cases, the action of large bush 
fires can be envisaged. Downstream, in forest or littoral 
areas, the degradation should be more moderate: the 
HI usually varies between 150 and 200, whereas the 
reference His of lignocellulosic tissues vary between 200 
and 500. The "conservative" characteristics of ligneous 
matter are always stronger than those of herbaceous 
matter (Talbot and Livingstone, 1989) and can explain, 
somewhat paradoxically, a higher HI on forest slopes than 
on savannah slopes. 

Riverine suspensions 

Despite variations which are also linked to grain size, 
suspended matter upstream of the estuarine sector generally 
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Table 1 

Hydrogen Index (Hl) and particular organic carbon (POC) contents 
of estuarine deposits from the main rivers and of jiuvial-deposited 
sediments from the various vegetal covers (forest/savannah) of the 
Sanaga basin. 

Estuaries 

Rio del Rey 

Mungo 
" 

Wouri 

Sanaga 
" 

Sanaga River 
Savannah 

Forests 

% POC 

5.85 
10.58 
2.45 
1.19 
1.16 
3.46 
5.64 
4.56 
1.96 
2.69 
0.68 
3.41 
1.58 

3.65 
6.03 
1.56 
3.42 
1.05 
1.35 
0.17 

10.41 
1.93 
0.87 
3.31 
1.41 
2.26 
2.84 
3.68 
3.79 
2.90 
2.95 
0.71 
2.96 
4.48 
1.44 

HI 

132 
185 
174 
151 
174 
116 
Ill 
138 
149 
149 
225 
130 
109 

110 
197 
124 
137 
141 
578 
753 
208 
98 
Ill 
95 
Ill 
75 
97 

202 
132 
117 
81 

108 
72 

154 
94 

shows a high POC content. This varies from 7 to 16 %, i.e. 
similar to that found in severa! areas of the neighbouring 
Congo-Zaïre great basin (Bongo-Passi et al., 1988; Mariotti 
et al., 1991) or in other Southwest African rivers (Cadée, 
1984 ), such as the Niger (5.8 % ), the Benué (28.5 % ), 
the Ogooué (6.1-6.6 %) and the Dibamba (12.2 %), but 
with the exception of the Sanaga (2.3 %).The C/N ratios 
of between 6.7 and 8.9 indicate that degradation is still 
moderate in the suspensions of both the Wouri and the 
Sanaga. Dissolved carbon contents (DOC) are between 4.8 
and 8.3 mg J-1, i.e. comparable to the POC concentrations 
(5 to 12.5 mg 1-1). 

CHARACTERISTICS OF ORGANIC SUSPENDED 
MATTER IN SEA WATER 

General distribution of POC and DOC in sea water 

On the large scale of the western shelf, there is an inverse 
relationship between POC content and the concentrations 
of suspended matter which support it (Fig. 4a). In the 
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Plots of (a) Particulate orf?anic carbon (POC) contents versus 
suspended mau ers (SM) and ( b) of particulate organic carbon ( POC) 
versus "dissolved" organic carbon (DOC); in this fast case, we note 
the distinct opposition between the proximal points of the estuaries 
and of the Douala Ray and the distal points of the Rio del Rey 1!//~'hore. 

Wouri estuary, maximum turhidity reaches 50 to 200 mg 
1--t; it is close to 50 mg I-1 off the Bay of Douala and the 
mou th of the Sanaga and re mains at 5 to 10 mg I-1 in the 
offshore waters including those of Rio del Rey. The POC 
contents are inverseiy distributcd. They are highest within 
the !east concentrated turbidity arca which is the furthest 
from the source: 1.5-2 % off the Bay of Douala, then 3-
5 % between the Isle of Bioko and the continent and lastly, 
5-13% in the western sector (Fig. Sa). This hydrodynamic 
process is weil known also in the Dutch Wadden Sea: POC 
settles Jess easily than inorganic suspended matter as POC 
is highest during siack tide when suspended matter is at its 
lowest (Cadée, 1982). Here, the suspensions most distant 
from the sources are the best sorted and the richest in fine 
and organic particles. 

The distribution of "dissolved" carbon is fairly closely 
to that of POC {Fig. 6h), with a decrease from above the 
Wouri estuary to the open sea (from 8.3 to 4.8 mg 1-t to 2.8-
2.6 mg l-1 ), and a few local concentrations off Rio del Rey 
(7.4-10.9 mg J- 1). The POC/DOC graph (Fig. 6b) presents 
two groups of points. One starts at the estuary and shows a 
graduai upstream-downstream decrease. The other (Rio del 
Rey), where the positive POC-DOC correlation is clear, 
concerns the most western stations whose low turbidities 
have been observed. Both DOC and POC concentrate in the 
!east abundant suspensions most distant from their source. 
The effect of the DOC hydrodynamic selection is longer 
in making itself felt: it is only recorded at a few western 
stations in Rio del Rey where the suspended matter has 
mostly reached the microparticulate state. 

Longitudinal distribution of POC and DOC in the 
Wouri estuary and the Bay of Douala 

In order to present estuarine processes regulating organic 
carbon content in estuaries, one useful method is to plot 
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Figure 5 

Distrihution maps of(a) POC contents (mf?//) and (b) DOC contents 
(m~ll) from suspended matters. ln the POC map, triwtf?les indicate 
the fresh willer-saline waters mixing ;zone. 

POC and DOC against salinity (Cadée, 1982; Cadée and 
Laane, 1983; Cadée, 1984; Cadée et al., 1993). Normally, 
riverine values are high and the marine end-member values 
are low. If ali values in intermediate salinities are on a 
straight line connecting river and ocean values, then mixing 
is conservative and the values indicate simple dilution in the 
open ocean. If values are above this line, production takes 
place in the estuary; if they are below the line, !osses will 
occur (Liss, 1976). From these graphs (Fig. 7 a), mixing 
appears non-conservati ve at salinities bet ween 0 and 21 
for POC values and, possibly, at salinities between 0 and 
21 for DOC values. Estimation of such !osses will be 
far more difficult as we have to add eventually the POC 
and DOC bioproduction (Cadée, 1984). Specifie data for 
phytoplankton were not collected in this study, but during 
evaluation of bacterial density, cell numbcrs of diatoms 
and flagellates were estimated below 104 ml-1 in ali of 
the mixing zone; diatoms occurrcd mostly in the river 
waters. C/N ratios were also plotted against distance from 
the source and indicate a downstream increase (Fig. 7 h). 
River ratios were about 6-8 and riverine phytoplankton is 
suggested as a cause for such a low ratio; higher ratios for 
the mixing zone may be attributed to the decomposition 
of this halophobic plankton, but are probahly also due 
to the terrestrial POC. However, sorne low ratios were 
found in this mixing zone and were thought to he related 
to local bloomings before the open sea. But it seems 
that these possible bloomings were too weak to induce 



any consequent plasmolytic release of DOC from dying 
plankton. 
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Figure 6 

a. Distribution of particulate organic carbon ( POC) and dissolved 
organic carbon (DOC) relating to salinity (March !993). Large parts 
of estuarine POC and DOC are below the conservative mixing line of 
POC and DOC of river and sea water. 
b. Longitudinal distributions ofC/N andCIH. in these estuarine waters, 
no C/N ratio decrease by phytoplanktonic production was observed 
for this enlise. 
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Plots Vt!rsus time during experimental bacterial degradation of 
suspended mallers from fresh and brackish waters: (a) total mass 
C + H + N; (b) C/N ratio; (c) the C!H ratio. 
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Lastly, the vanat10n of C-isotope composition (Bird et 
al., 1994) from various river sediment in the Sanaga 
and Wouri basins to the shelf exhibits a progressive 
downstream dccrcasc that is very consistent with the 
progressive change from organic matter of mixed C3/C4 
origin from the savannah and montane regions to C3 forest
derived organic matter. The possibility that algal-derived 
C is a significant source of C within the rivers cannot 
be rigorously addressed, although the values encountered 
suggest that this source does not excrt a large influence on 
the b 13C budgets of ri vers and marine sediments. 

The non-conservative behaviour of organic carbon is most 
probably produccd by consumption of the organic matter 
caused by bacteria. 

EVOLUTION OF EXPERIMENTALLY INCUBATED 
SUSPENDED ORGANIC MATTER (24 to 120 h) 

River water experiments 

Suspended matter concentrations in the Wouri (Yassem, 
Yabassi and Bonaberri, at low tide) and in the Sanaga 
(Edea) are relative! y low (30 to 50 mg I-1 ). The total C + 
H + N content varies from Il to 15 mg l-1• After 96 h of 
incubation, this mass remains more or Jess stable, although 
in severa) cases (Bonabcrri 1 and 2, Yabassi, Edea), a 
weight Joss varying from l 0 to 17 % can be measured 
(Fig. 7 a). Two stations of the Wouri wcrc unique in that 
there was a gain of matter, possibly due to photosynthesis 
because of insufficient darkness. The C/N ratios, varying 
from 6 to 7, remained remarkably stable after 96 h, whereas 
the estuary waters of the Bonaberri show, at low tide, the 
bcginning of a degradation (C/N from 7 to 9) (Fig. 7 b). 

In contrast, there appears to be a progressive degradation 
of DOC. Most of the waters showed a decrease in 
concentration of 25 to 60 % (Fig. 9). The process is 
therefore more active at the microparticulate than at the 
macroparticulate scale. The highest decrease (60 %) was 
observed in the Sanaga waters, downstrcam from Edea, an 
arca of high human population with discharge. 

The two stations of the Wouri where there is a gain of 
C + H + N matter (Bonaberri 8 and Bonandjoa) present 
a rcgular dccrease in DOC concentration (Fig. 8). Such 
low values for DOC at the end of the expcriment do 
not indicatc a phytoplanktonic production or a consequent 
plasmolitic release. If photosynthesis is not responsible for 
the C + H + N increase, an alternative explanation would 
be related to the mycelial development observed in the 
DAPI preparation. 

Bactcrial dcnsities in the rivers were moderate and fairly 
constant. In the Sanaga, they vary between 25 and 30 x 
1 04 ml- 1, with the exception of the city of Edea, where 
urban pollution contributes to the figure of 59 x 104 mi- 1• 

In the Wouri (Fig. 9), dynamic tide upstream, densities 
were moderate (15 to 20 x JO'~ ml-1) but particle-bound 
bacteria were often observed. In most cases, no significant 
change occurred during the 96 h of the experiment, thus 
confirming the gencrally low rate of degradation. 
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Ois.mlved organic carbon (DOC) biodegrad(//ion illustrated by two 
examples .fi'om estuarine saline waters and hv three examples .fi'Oin 

'\ WrJUri River fresh waters. 
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Bacterial abundance in the SLIIjicial suspended IIWI/er.fi'om upstream 
to downstream of the Wou ri Hiver, from it.1· estuary and from Douala 
Bay. Two arrows correspond to the Sanaxa .flow: note the pollution 
by the Edea urban community. 

Waters of the estuary and the Bay of Douala 
experimcnts 

Bacteria l dens ity is genera ll y linked to the concentration of 
matter in suspension, i.e. to the nu trient malter in the water. 
The ri chest waters will thcrcfore be those ag itated by tides 
in the estuary and the Bay of Douala, with densiti es vary ing 
fro m 42.2 to 86.3 x 104 ml- 1. lt is a lso in these waters 
thal the hi ghes t proporti o n of parti cle-bound bacte ri a was 
found . Further o ffshore (Fig. 9), the density fa ll s and the 
bacte ri a are ali free- li ving. However, two stati ons off the 
Sanaga mo uth indicate the course of thi ri ver's e fflu ent 
plume by their bacteria l densiti es. 
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S ince the suspended matter concentrat ions wcrc high (up 
to 200 mg 1- 1), the tota l concentration C + H + N reached 
35 to 40 mg 1 1. Bc<.:ause of th is high charge, it was 
d iffic ult to collect the same mass of malte r at each stage 
in the experiment. Howcver, in five out of seven analyses, 
a su bstantial decrease was measured at the end of the 
inc ubation, va ry ing from 10.9 to 29.4 % in the most turbid 
waters and from 7 .8 to 40 % in the c learer waters of 
the Bay of Douala. ln each case, it is the sa ltiest waters 
of the fl ow thal seem most susceptible to thi s degradati on 
(Fig. 10 a. b). The two examples where organic mass seems 
to be preserved a rc e ither upstream fro m the saline estuary 
(Bonaberri 8) or in the open sea of the Bay of Douala. 
In most cases, the C/ N ratio showed an imp01tant increase 
(Fig. 10 c) , rising fro m 8- 14 to 1 1-20 (a fac to r of 1.5-3.5). 
Thus, biodegradati on is much more s ignifi cant here than 
for frcsh-water organi c matter. lt is fa irl y general, w ith the 
C/N ra tio li able to incrcase even in the case of seem ing ly 
stable suspensio ns in tenn s of C + H + . But it decreases 
very sharply in the offshore marine waters. 
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Plots versus time of C + 1-1 + N of organic ma/ter.fi-orn saline waters 
of estuaries during in{'uhation : 
a. unseuled e.lïuwy waters: 
b. downstream estuary 11·a ters: 
c. hiodex radation plot versus time from organic mailer .fi'Oin saline 
waters of Douala Bay and Wou ri estuary (CIN ratio). 

T he evolution o f DOC over time (Fig. 8) a lso indi cated 
substanti al biodegradation, with two examples in Bonaberri 
g1vmg !osses of 25 to 30 %. 



ln the Wouri estuary's "max imum turb id ity" suspens ions. 
bacteria were abundant at the start ( 1200 x 104 ml 1 

), 

then decreased very rapid ly ( 160 x 104 ml- 1) as soon 
as feed ing was donc. ln the meantime they degraded an 
average or 20 o/o of the organi c matter. On the othcr hand , 
three marine waters just a li ttle rarther away from the Bay 
of Douala present fai rl y low bacterial dens iti es (4 to 12 x 
104 ml- 1 ). Du ring incubat ion , the amplitude of flu ctuati ons 
remained ra irl y low, with the negative sometimes lead ing 
to an almost tota l disappearance arter the third day. 

Planktonic bloom off Campo experiment 

T his planktonic bloom occurred in February 1992, off 
Campo, namely on the extreme southern boundary of 
the Cameroonian shelf (some 150 km from the Bay of 
Douala). ft seems to have been related to a comparativcly 
ra re northern extent of the eq uatori al upwelling belt and 
provided a good opportunity to anal yse planktoni c mass 
biodegradation in these fa irl y unproductive sea waters. 

Two samples were collected and subjected to the samc 
incubat ion protocol. The first, at the beginning of the 
bloom, showed a suspens io n with a stiJl sli ghtly low 
organic loacl , but composed of li ving plankton. After 120 

Figure Il 
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h, the POC content dropped from 5.7 to 1.9 mg 1- 1
, i.e. a 

76 o/o loss . T he second sample, at the end of the bloom , 
contained an al most opaque green layer composed of dead 
phytoflage ll ates. The clecrease in thi s case on ly reached 
40 %. ln both cases, the C/N ratio remainecl stab le at 
around 6, and the C/H ratios did not change signi ficant ly; 
however, the li ve plankton rati o was 1.7 whereas dead 
degraded plankton ratio rose to 3.7 . 

A fter 120 h, the DOC clecrease was high: 45 % in the case 
or li ve plankton, and 65 % in the case of deacl plankton. 

Bacteria pu llulate ex uberantly in planktonic suspensions 
(Fig. Il ) . Unquantifi able densities are expressecl by the hi gh 
abundance or attachee! bacteria on phytotlagell ates whose 
core is released. But, from the second clay of observation, 
the clcnsities start to decrease. 

Thi s biodegradation emphasizes the spec ifica ll y non
conservati ve behav iour of thi s phytop lankton ic suspension. 

DISCUSSION 

Application to the sedimentary budget 

The pL11·pose of recent work carried out (G iresse and Maley , 
in press) was to estimate organic carbon flu xes as a varying 

Bacterial abundance of plankton-derived mailer off Campo after UAPI coloration: 
a. after 24 h: high bacterial rvowth and particularly of particle-bound cells (arrows); 
b. after 36 h: decrease of density with together a concentration of particle-bound bacteria ( arrows); 
c. ajier 36 h: re!ease of Phytoflage llates nucleus ( arrow) and near- disappearance of bacteria, we can de tee/ mycelia/filaments. 
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Table 2 

Summary of the Holocene sedimentation rates and budgets of organic carbon on the various deposition -;.ones lif the Cameroon margin. 

High System 
Tract 

SI ope 
(200-2000 rn) 

Total 

Holocene deposit volume ( 106 m3 ) 

org. C sedimentation rate (g/cm2/IO-' y) 

Org. C Holocene deposit ( 109 t 104 y) 

56.712 ± 4.125 
0.5 (outer shclf) 

9 ( nearshore) 
3.271 ± 0.237 

7.79 
5 (upper slope) 

0.5 (lower ~lope) 
0.319 3.4 

carbon sink on a glacial-interglacial time scalc in marine 
and lake basins of Cameroon. The direct measurements 
and the indirect calculations on which the conclusions 
were based have been summarized here and applied to the 
Holocene pcriod (Table 2). 

Through settling of the terrigenous particles, only a small 
part reaches the outer shelf where Older Sands formation 
(Allen, 1965) crop out. Therefore, the Sanaga river and 
Douala Bay river sedimentation follow a well-delimited 
arca of distribution reaching 3,140 km2. High-resolution 
seismic reflection surveys permitted the definition of the 
Holoccne High System Tract (HST) where the muds reach 
a thickness of 20 to 40 rn close from the shore, but 
are reduced to a 10 rn veneer 40 km offshore. This 
HST overlaps the first sandy deposit of the Holocene 
transgression where these sediments, which are very poor in 
organic matter, will not be taken into account in this budget. 
The Holoccnc dcposit corresponds to a pris rn of 56.712 ± 
4.125 x 106 m3 • This pris rn was sam pied by corings: 
TOC contents closcly approximatcs the surface values and 
radiocarbon datings (~60) show a graduai decrease in total 
sedimentation rates from the shore (9 x w-3 g cm-2 yr-1) 

to the prism wedge (0.5 x I0-3 g cm-2 yr-1 ). This rate 
thercforc pcrmits us to cstimate that 3.271 x 109 tons 
TOC are trapped during 1 <f years. This trapping includes 
a northcm mixing arca whcrc the clay mineral analysis 
enables us to define a hybrid deposit of near 50 % of 
Nigerian particles (this allochthonous origin is cmphasizcd 
by relatively high smectite contents, e.fi. 20 to 40 %). The 
mean thickness of uppcr-slopc sediments is cstimatcd by 
core-data and radiocarbon dating as amounting to about 
5 m. Toward 2000 rn, the average thickncss is 0.5 rn 
and the deeper slope will not be considered here due to 
a very low sedimentation rate (Gircsse and Barusseau, 
1989). It can be estimated that 0.279 x 109 tons Holocene 
TOC are trapped on the slope .. But it can be assumcd, 
on the basis of the mineralogical study, that only half 
originates from the Cameroonian rivers bccause only a 
part of their suspended matter is actually able to bypass 
the outer shelf. So, it was assumed that the organic storage 
on this slope is about twenty times less than on the 
shelf. 

The average annual flux of particulate organic carbon was 
estimated to be 0.62-0.79 x Hl' t yr- 1• During Holocene 
time, the TOC contribution of the Sanaga river and of the 
other ri vers of this coast would be 6.2-7.9 x 105 t yr· 1, if we 
assume that its nearly the same as at present. But taking into 
account the cumulated organic carbon values of the dcposit 
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on the margin,the total mass of TOC was found to be 3.271 
x 105 t yr-1, i.e. only 41-52 % of the supply. This apparent 
loss could be regarded as a minimal evaluation if we admit 
a presumed weak but existing plankton production. Thus, 
h13 C values from the marine muds off the Sanaga River 
mouth are very near (- 25 "/00 ) those from the estuary 
(Bird et al., 1994) supporting the weakness of the plankton 
input. 

Conservative or non-conservative hehaviour of the total 
organic carbon during transfcr to the ocean 

The fresh water-salt water passage is not conservative 
between salinity 2 and 20, as many POC and DOC values 
lie below the mixing zone. Phytoplanktonic production in 
the Bay of Douala cannot be addressed but decomposition 
is of greater magnitude than production suggested by the 
non-conservative behaviour. The negative relation between 
POC-DOC and salinitics ranging from 0 to 22 indicates that 
terrigenous input is the primary source of organic carbon 
in the Gulf of Guinca. Such relative! y low phytoplanktonic 
production, particularly in the upstream part of Bay of 
Douala, expresses a relative nutricnt scarceness which is 
weil known in this part of the Guinea Gulf. There is no 
maximum leve! of primary productivity found for sorne 
distance at the mouth of the rivers as in the Congo-Zaïre 
estuary. The dual and near-coincidcnt decomposition of 
POC and DOC indicates that mineralization of POC may 
result mostly in C02 formation. Hcrc, mass mortality 
of halophobic fresh-water phytoplankton is not related 
to a releasc of DOC (Van Es and Laanc, 19H2; Cadée, 
1987). Compared to the Congo-Zaïre plume, the nutrient 
discharge of the rivers is rapidly diluted and the salinity 
is never higher than 20-21, In the same Congo-Zaïre 
plume, a peak of phytoplankton biomass was only found 
at a salinity above 20, e.g. when the nitrate-phosphate 
ratio corresponded to the normal assimilation ratio (Van 
Bennekom et al., 1978; Cadée, 1984) and to salinities 
below 30. Also in Indonesia, studies in the Porong estuary 
showed that high chlorophyll values were only present 
for salinities above 24 (Cadée et al., 1993): a slight 
increase of chlorophyll at a salinity of ~ 30 indicated 
growth of estuarine phytoplankton related to river-induccd 
eutrophication. 

In the ir recent review, Eisma and Cadée ( 1991) stressed the 
low organic content of estuarine as compared to riverine 
suspended matter, indicating that 50 % to more than 90 % 
of the particulate matter supplied by the river is !ost 



in the Ems and Gironde estuaries and in the Amazon 
mouth. In the Bay of Douala, if observation of the Joss 
is widely verified, quantitative estimation will be far more 
difficult with the data available and with the presumed DOC 
production and release in the mixing zone, but this Joss is 
most probably not inferior to 50 %. This corresponds to 
the results obtained from the other approach. But despite 
this degradation, the isotopie composition of the carbon 
remained unchanged (Bird et al., 1994). 

Accumulation 

Marine sediment total organic carbon (TOC) contents vary 
according to the grain size of the deposit. They usually 
contain Jess than 3 % of TOC, and the zones where 
concentrations exceed 4 and even 5 % are fairly Iimited. 
In comparison with the contents of river suspensions of 
very equivalent grain- size distribution, the apparent Joss 
is often higher than 50 %. But this first estimation does 
not take into account the whole of the DOC, sedimentation 
of which is slow and distant as shown by measurements 
off Rio del Rey. 

Organic matter degradation in the fresh water-salt 
water mixing zone 

Suspensions Jose a large part of their particulate organic 
matter during transfer from the upstream part of the saline 
estuary to the open sea. POC concentrations only reach 
2.3-6.5 % in the estuary and 0.8-1.7 % in the Bay of 
Douala. Concurrently, the C/N ratio, which is Jess th an 
8 in rivers, varies between lü and 20 in the open sea; 
the C/H ratio, though Jess than 2 in rivers, reaches 3 to 
5 in the ocean. However, hydrodynamic selection of the 
finest particles mcans that the organic matter content of 
the low- concentration suspensions off Rio del Rey rise 
again. Thus the DOC, which reaches 4.8 to 8.3 mg 1-1 

at the entrance to the estuary, decreases to 2.8 to 2.6 mg 
1-1 off Douala, but increases off Rio del Rey (7.4-10.9 
mg I-1 ). Due to the same hydrosedimentary process, DOC 
and POC appear to be associated in the finest sediments. 
Though the sedimentary effect of a distant POC transfer is 
limited, more than lOO km from Douala, due to the low 
charge of the waters, the importance of the DOC flux must 
be emphasized. 

Results of experimental biodegradation 

The in vitro protocols show differences between the river 
and sea domains: 

- in rivers, the POC contents were fairly stable after 96 
or 120 h though, in four cases, a slight decrease ( 10 to 
17 %) was observed. This relative stability is confirmed 
by the constancy of the C/N ratio. On the other hand, 
under the same conditions, DOC decreased considerably 
(25 to 60 %). 

- in the salt water of estuaries, a very clear POC decrease 
was observed in five out of seven cases. Salinity seems to 
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encourage this degradation: the Joss is between 10.9 and 
29.4 % in the upstream part of the estuary and between 7.8 
and 40 % further seawards. Concurrently, C/N increases 
from 8-14 to 11-20 and C/H from 1.2-3 to 3.35-4.8. The 
concentrations remain stable in the open sea. As in fresh 
water, DOC degrades more rapidly (30 %) duc rather, it 
would seem, to its very divided, probably colloidal state 
than to salinity. 

It is not easy to quantify the Joss of POC during 
these estuarine processes, since the DOC includes 
microparticulate and truly dissolved states. Irrespective of 
the riverine or estuarine origin of this organic carbon of a 
POC/DOC ratio ,...., 1, the Joss would be betwcen 25 and 
65 % after 96 h, namely near a magnitude intended from 
the lines connecting river and ocean values. 

The information obtained from the observation of bacterial 
populations matches previous measurements. Concentrated 
suspensions from the estuarine arca of maximum turbidity 
present the densest populations of often attached bacteria 
(42.2-86.3 x 104 ml-1). The density was lower in river 
waters (25-30 x 104 mJ-1 ), where bacteria are usually 
frec. lt was still lower in the clear offshore marine 
waters where fixed bacteria disappear and degradation 
is very low. Observation over a period of time 
indicates a maximum proliferation during the first one 
or two days. This intensification of bacterial action upon 
entering the estuary results from the concentration of 
suspensions and also probably from the pH increase 
in the mixing zone; another cause could be a thermal 
rise of waters trapped by the tide (30-31 °C against 

" 27-28 °C). Finally, an exceptional bacterial pullulation 
occurred in the phinkton rich waters off Campo; here too, 
the density decreascs significantly after the second day of 
observation. 

CONCLUSIONS 

Tt is difficult to quantify the sedimentary result of 
these processes, since an unknown part of the DOC 
is in the microparticulate state and since estuarine and 
marine planktonic production - albeit very weak - is 
not negligible. But if wc assume a very slight temporal 
variability in organic sources, the various approaches of 
this study suggest in most cases a net Joss of organic 
matter, irrespective of the relative amounts of riverine and 
planktonic materials in the samples: 

- without significant sorting during transport, namely with 
nearly the same grain-size distribution, values between 3 
and 4 % organic carbon were found in marine muds, while 
values of more than 7 % were usually observed in the 
riverine suspcnded matter. In the temperate North Sea, the 
organic content of the bottom sediment is much lower than 
that of the suspended matter, even in winter when there is 
no primary production (Eisma and Kalf, 1987), a probable 
cause being consomption by bacteria. 

- both POC and DOC values show a broad depression 
at salinity between 6 and 21; they may indicate a non
conservative behaviour and brackish flowing estuarine 
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waters seems unfavourable to phytoplankton development. 
The data available seem to indicate a breakdown of nearly 
50 % of the organic matter in this fashion. 

- experimental biodegradations indicate a 25-65 % Joss of 
POC + DOC after 96 h in various cases without autotrophic 
or heterotrophic postdevelopments. 

Even if our estimates of Holocene trapped organic matter 
on the margin can be slightly informative, on the basis of 
present flux, our budget suggests that about 50 % were 
biodegraded during the estuarine transfer. Such direct use 
of almost instantaneous data to explain Jong-term Holocene 
processes implies that this margin has not been subject to 
drastic climatic changes (Maley, 1992), and suggests that 
the present state could be regarded as representative of 
the mean Holocene fluctuations. In addition, it confirms 
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