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Abstract. Thirty-eight samples were taken from the banks of the Sanaga River and its main tributaries
draining di Verent plant ecosystems, but also from rivers in the coastal basins of Cameroon. This study
aims to characterize the origins of pollen and the dominant mode of transport of pollen inputs to the
continental shelf. The classical method of pollen spectra analysis and multivariate statistical analysis
revealed three groups of samples corresponding to the three main ecosystems in which the samples
were taken. Pollens typical of the northern savannas are found in the spectra of samples taken further
downstream from the Sanaga River in forest areas and not in samples from rivers draining mainly the
forested coastal basins. The level of similarity between groups and the spatial evolution of spectra from
upstream to downstream are related to the uvial transport of pollen.
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1. Introduction

There are many past and recent studies on pollen
uxes in current deposits in Africa. Some have been
the subject of attempts to model paleoenvironments
and paleoclimates by various authors [Elenga et al.,
2000, Jolly et al., 1998a, Lebamba et al., 2009b, Pey-
ron et al., 2006], current [Bengo, 1996, Frédoux and
Maley, 1996, Hooghiesmstra et al., 1986], and fossils
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[Bengo and Maley, 1991, Dupont and Agwu, 1991,
Elenga et al., 2004, Giresse et al., 2009, Lebamba
et al., 2009a, Lézine et al., 2009, Ngomanda et al.,
2008, Reynaud and Maley, 1994]; and others, have
shown the importance of wind contributions to the
Sahara [Nguestop et al., 2004], and Sahel winds blow-
ing north and which contributed to the loess deposits

in Europe [Haerserts, 1985].

But what about the origin of the terrigenous de-
posits of the southern part of the Gulf of Guinea
which we know that the winds of the Harmattan
blowing towards the ocean, pass over the north-
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ern limit of the Gulf, and hardly exceeding the For-
est/Savannah limit in Cameroon?

Thus, the research questions that this work must
answer are:

2 Are the pollen ows covering the bottom of
the Cameroonian basin brought back by the
Harmattan?

2 Otherwise, how can we prove that they are
part of the procession of uvial contribu-
tions?

The choice of the Sanaga basin is justi ed by the
fact that the Sanaga River, through its main tribu-
taries, successively crosses large plant units (savan-
nah, dense forest and coastal forest). This study thus
aims to characterize the origins of pollens and the
dominant mode of transport of pollen inputs to the
continental shelf. Since the continental winds are
weak, the hypothesis of wind inputs can be excluded,
or else these inputs are negligible. The importance of
uvial inputs remains to be demonstrated, for exam-
ple if speci ¢ savanna pollens could be found in sam-
ples taken downstream in forest areas.

2. Material and methods
2.1. Study site

2.1.1. Location and climate

The study area occupies the central region
of Cameroon (Figure 1), including the large
Sanaga Basin and the coastal basins facing the
Atlantic Ocean. The Sanaga Basin, with an area of
133,000 km?2, extends between latitudes 3-32 0 N—7-
22° N and longitudes 9-45 © E-14-57 E [Laclavére,
1979]. It is bounded to the west by the Cameroonian
volcanic Dorsale, and to the north, by the Adamaoua
Plateau. The Sanaga Basin is subject to the moist
monsoon air masses that ow from the ocean to the
mainland, and incidentally in its northern part, to
the winds of the Harmattan direction NE that blow
from the continent to the ocean [Leroux, 1983, Piton,
1987, Suchel, 1988].

2.1.2. Soils and vegetation

Plant units have a zonality in relation to soils
[Martin, 1966, Segalen, 1967] mainly ferralitics re-
lated to the quality of substrate [Guillet et al., 1996,
Nzila et al., 2018], and the more or less important
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Figure 1. Location of the Sanaga basin in
Cameroon.

annual distribution of precipitation and temper-
atures (Figure 2). Wet dense forests in the south,
savannahs in the centre and north of the coun-
try [Aubréville, 1948, Letouzey, 1985, White, 1986].
Dense humid forests are made up of semi-deciduous
forest, evergreen biafran forest, and evergreen lit-
toral forest, each of which is characterized by spe-
ci ¢ taxa [Puig, 2001]. Savannahs are of two types
on the way to the Adamoua Plateau in the north:
the grassy and shrub-rich peri-forest savannahs
(Bridelia ferruginea, Terminalia glaucescens, ...) and
the Sudan-Guinean savannahs that are enriched
by new species (Combretum molle, Daniellia oliv-
eri, Entada abyssinica, Syzygium macrocarpum, ...).
Plant associations linked to speci ¢ edaphic or cli-
matic conditions are present, such as: near the coast,
mangroves at Rhizophora mangle, Avicenia africana
[Boyé et al., 1975, Letouzey, 1985, Din, 1991]; and
at altitude, the mountain formations at  Podocar-
pus, Olea, Rapanea [Maley, 1987]. Moreover, anthro-
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Figure 2. Main types of vegetation in the
Sanaga basin.

pogenic actions related to logging, industrial and
food crops do not prevent the regeneration of the
forest, which is currently advancing on the savannah
[Letouzey, 1985, Maley, 1990, Youta Happi, 1998].

2.1.3. Fluvial inputs of the Sanaga River

Continental erosion depends mainly on soil con-
dition and vegetation cover. On the Edea station, the
average turbidity, corresponding to all the suspended
solid matter of the Sanaga basin transported to the
ocean, was estimated annually at 6,000,000 tons of
silt and clay, of which 2,500,000 from the Mbam by
the importance of agriculture in The Bamiléké [Nou-
velot, 1972, Olivry, 1977].

2.2. Sampling

The Sanaga River is fed along its course by several
rivers that drain small basins covering various eco-
logical and oristic areas. Mineral and organic parti-
cles of diVerent sizes are deposited on the riverbed
or on the banks. In order to be likely to nd pollen
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Figure 3. Location of samples on rivers.

grains, sampling was done in ne leashes or de-
posits of the lutite class, namely silts and clays. These
leashes, considered surface deposits, can contain
both river-drained inputs and the fallout from at-
mospheric dust laden with local or even allochthon
pollens. Samples were taken throughout the basin,
along the Sanaga River and on a dozen of its tribu-
taries. A total of thirty-eight samples (Table 1 and Fig-
ure 3) were collected, including twenty-seven from
upstream and downstream of the Sanaga Basin, and
another 11 samples were taken near the o Vshore out-
lets of the main coastal rivers draining only water-
sheds located in dense forest areas, in order to re-
assure ourselves of the assumption of a dominant
mode of transport.

2.3. Pollen identi cation

After the treatment of samples using conventional
methods [Cour, 1974, Faegri and Inversen, 1975], the
identi cation of pollens was made at the level of
the Family, Gender and Species by referring to the
blades of the Reference Collection of current pollens
of the Montpellier Laboratory and monographs of the
region [Bonne lle and Riollet, 1980, Caratini et al.,
1974, Salard-CheboldaeV, 1980, 1981, 1982, 1983].

2.4. Statistical analysis of data

Data placed in a contingency array matrix [Benzecri
and Benzécri, 1980, Volle, 1993] is preparing for mul-
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Table 1. Distribution of the samples taken in
the di Verent rivers and under di Verent oristic
facies

River Savanna Forest Mangrove Total
Sanaga 1 9 10
Mbam
Djerem

Lom

N NN OO

Noun
Yong
Mémé and Lobé
Wouri et Mungo
Nyong
Ntem

Total 16 19 3

PN PR LR
=
NN N PR WN OO

w
(o)

tivariate analyses, such as Factor Correspondence
Analysis (FCA) and Principal Component Analysis
(PCA). These analyses are supplemented by a Den-
drogramm hierarchical classi cation (Clusters anal-
yses and Neighbour joining), so as to de ne the re-
lationships and nuclei of a Y nities between the sam-
ples [Roux, 1985]. Data processing, graphic repre-
sentation of results, and dendrogram of hierarchi-
cal classi cation were made with MacMul, GraphMu
and MacDendro software [Thioulouse, 1990] and
PAST software [Hammer et al., 2001]. In the study re-
gion, this type of statistical analysis has recently been
adopted on current pollen [Jolly et al., 1996] and fos-
sil [Reynaud-Farrera, 1995].

2.5. Pollen spectra

Pollen spectra are analysed using two transects from
upstream to downstream (mouth), i.e. from savan-
nah areas to dense forest areas:

2 a Mbam transect with 10 samples from the
Mbam Basin;

2 and a Sanaga transect consisting of 12 sam-
ples taken upstream of the Sanaga/Mbam
con uence.

From the downstream con uence of the Sanaga
and the Mbam to the mouth, ve samples com-
plete the two transects mentioned above. These al-
low tracking the variation in samples along the route,
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Figure 4. With all samples (38) and taxa (237).

from their area of origin, appearance or abundance
in the samples to the mouth, of certain characteristic
taxa revealed by the statistical processing of the data.

3. Results
3.1. Pollen analysis

The pollen analysis of the 38 samples resulted in the
identi cation of 237 taxa, the most represented of
which are carried out in Table 2.

3.2. Multivariate analyses

3.2.1. Factor Correspondence Analysis (FCA)

Factor analysis of the matches was applied to two
separate matrixes, the initial matrix containing all the
analysed samples (Figure 4); the other includes only
samples from the Sanaga Basin (Figures 5 and 6).

3.2.2. The Principal Component Analysis (PCA)

The point cloud on the foreground factor (Fig-
ure 7) from a main component analysis (PCA) on
the Sanaga Basin samples conrms FCA 2. Almost
all taxa are grouped in the centre, except those with
high contributions ending up towards the periphery
of the ellipsoid of correlations (Graminae, Spores, Al-
chornea and Uapaca guineensis); as is the case on the



Martin Darius Bengo et al.

Table 2. Initial matrix of frequent taxa in various plant ecosystems
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