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Guinea). Litho-sedimentary analysis distinguishes two major depositional
units, reflecting shifts from dynamic to calmer marine environments. Four
radiocarbon dates establish a robust age-depth model spanning the last 2,500
years. Twenty samples were analyzed following standard palynological pro-
cedures, with a minimum count of 300 pollen grains per sample. A total of
228 taxa belonging to 90 plant families were identified. Rhizophora pollen
dominates the assemblages, followed by spores, Poaceae, Alchornea, Cyper-
aceae, and Elaeis. Pollen diagrams and correspondence factor analysis reveal
three major vegetation phases: 1) a forest-dominated phase, 2) an expansion
of herbaceous savannas culminating in a Late Holocene savanna optimum
between ~1,600 and 900 cal yr BP, and 3) a phase of forest recovery charac-
terized by pioneer taxa. These vegetation changes reflect the combined influ-
ence of regional climatic variability, coastal dynamics, and increasing human
pressure. The CF marine record provides a key reference for understanding
Late Holocene land-sea interactions and ecosystem sensitivity in Central Af-

rica.
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1. Introduction

Understanding long-term interactions between climate variability, vegetation dy-
namics, and human activities is essential for assessing the resilience of tropical
ecosystems under current and future environmental change. Recent assessments
highlight accelerating anthropogenic impacts on climate systems, including warm-
ing, altered precipitation regimes, and increasing coastal vulnerability (IPCC,
2021; Malhi et al., 2014). In tropical regions, such changes can modify forest-sa-
vanna boundaries, sediment fluxes, and coastal environments, particularly in ar-
eas influenced by major river systems and monsoon-driven circulation, such as
the Gulf of Guinea.

Paleoenvironmental archives provide a unique opportunity to place recent en-
vironmental changes into a long-term perspective. Among these archives, pollen
preserved in continental and marine sediments constitutes one of the most widely
used proxies for reconstructing past vegetation and climate variability (Faegri &
Iversen, 1992). Palynological records allow the identification of major ecological
shifts, including forest contraction and expansion, savanna development, and the
response of ecosystems to climatic oscillations and anthropogenic disturbances
over millennial timescales (Maley, 1991; Maley et al., 2018).

In the countries bordering the Gulf of Guinea, numerous palynological studies
based on continental archives—especially lake sediments—have reconstructed
Holocene vegetation history. Key West African sites include Lake Bosumtwi (Ma-
ley, 1991; Julier et al., 2018), Lake Sélé (Salzmann & Hoelzmann, 2005; Bremond
etal., 2017), and Lake Tilla (Salzmann et al., 2002). In Central Africa, records from
Gabon (Ngomanda et al., 2005; Giresse et al., 2009; Ngomanda et al., 2009a; Ngo-
manda et al., 2009b), Congo (Elenga & Vincens, 1990; Elenga et al., 1996; Vincens
et al.,, 1994; Elenga et al., 1996; Brncic et al., 2009; Maley & Willis, 2010), and the
Democratic Republic of Congo (Kiahtipes & Schefuss, 2018) document major Late
Holocene reorganizations. Many of these sequences report forest fragmentation
and savanna expansion episodes around 3,200-2,500 cal yr BP at the regional scale
(Maley et al., 2018; Giresse et al., 2020).

In Cameroon, palynological investigations span a wide range of ecological
settings, from high-altitude sites (e.g., Lake Bambili and Shum Laka) to lowland
and coastal environments (Assi-Kaudjhis et al., 2008; Assi-Kaudjhis et al., 2010;
Assi-Kaudjhis, 2012; De Maret et al., 1987; Moyersons, 1996). Low-altitude ar-
chives include Lake Barombi-Mbo (Maley & Brenac, 1998; Lebamba et al., 2012),
Lake Ossa (Reynaud-Farrera et al., 1996; Giresse et al., 2005; Nguetsop et al.,
2010), Lake Mbalang (Vincens et al., 2010), Lake Njupi (Zogning et al., 1997),
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and the Nyabessan swamps (Giresse et al., 2009). While these continental ar-
chives provide detailed local records, they can be influenced by site-specific
factors (basin morphology, hydrology, catchment-scale processes). In contrast,
marine sediment cores collected on the continental shelf integrate pollen signals
over large drainage basins and coastal zones, offering a regional perspective on veg-
etation dynamics and land-sea interactions (Bengo & Maley, 1991; Bengo et al.,
2020).

Despite their high potential, palynological studies of marine cores from the
Cameroonian continental shelf remain relatively scarce. In the Gulf of Guinea,
marine palynological records have documented vegetation and climate variabil-
ity over longer timescales, including cores off Liberia (Jahns et al., 1998), Cote
d’Ivoire (Fredoux, 1994; Lézine & Cazet, 2005), Ghana (Lézine & Vergnaud-
Grazzini, 1993), Niger (Dupont & Weinelt, 1996), Gabon (Dupont et al., 1998),
Congo (Jahns, 1996; Bengo & Maley, 1991), and Angola (Shi & Dupont, 1997).
Along the Cameroonian margin, previous work on core C61 has highlighted ma-
jor Late Quaternary vegetation changes (Bengo, 1996; Bengo et al., 2025b), and
dinocyst data from core GeoB4905 also illustrate land-ocean interactions in the
region (Marret et al., 2013). However, limited sampling density in the uppermost
sections of some marine cores can restrict detailed interpretations of Late Holo-
cene variability.

In this context, the present study focuses on the CF marine core collected at a
38 m water depth on the Cameroonian continental shelf near the Bay of Douala
(Ngueutchoua, 1996; Giresse et al., 1995). The base of CF overlaps with the top of
core C61, enabling a high-resolution investigation of vegetation and environmen-
tal changes over the last ~2,500 years. By combining litho-sedimentary observa-
tions, radiocarbon dating, detailed pollen analysis, and multivariate statistics, this
study aims to: 1) reconstruct Late Holocene vegetation dynamics in Central Af-
rica; 2) identify phases of forest and savanna expansion and regression; and 3)
assess the respective roles of climatic variability, coastal processes, and human ac-
tivities in shaping regional ecosystems.

This marine record provides new insights into Late Holocene land-sea interac-
tions in the Gulf of Guinea and contributes to a better understanding of the sen-

sitivity of Central African ecosystems to environmental change.

2. Geographical and Environmental Context

2.1. Geographical Location

The Atlantic coast of Cameroon is located in the innermost part of the Gulf of
Guinea, within the Bay of Biafra, between latitudes 2°20'N and 4°30'N and longi-
tudes 8°20'E and 9°55'E (Figure 1). The continental shelf extends seaward for ap-
proximately 30 km - 50 km from the coastline, reaching depths of about 200 m.
The Cameroonian shelf, oriented predominantly north-south, is characterized by
two sectors of unequal extent. Beyond depths of 100 m - 200 m, the continental

slope steepens markedly, and isobaths become closely spaced.
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The coastline displays strong geomorphological contrasts from north to south.
Four major coastal landscapes can be distinguished: 1) a low-lying mangrove coast
associated with the Niger Delta system, corresponding to the estuarine complexes
of the Rio del Rey and Cross River; 2) a rocky volcanic coast formed by lava flows
from Mount Cameroon, characterized by small basaltic cliffs; 3) a second low
mangrove coast in the Bay of Douala, also known as the “Bouches du Cameroun,”
a funnel-shaped embayment approximately 30 km long and 50 km wide that re-
ceives several major rivers; and 4) a long sandy coastline extending from the
Sanaga estuary to Campo, composed of alternating beaches and rocky headlands,
with parallel lagoons developed landward of barrier beaches.

The continental shelf is widest in the northern sector, reaching up to 80 km,
and progressively narrows southward where it intersects the Precambrian base-
ment. Shelf widenings correspond to major Miocene and Plio-Pleistocene progra-
dational phases. Two major sedimentary basins border the Cameroonian coast:
the Douala-Rio del Rey Basin to the north, extending between the 2nd and 5th
parallels north and divided by the Cameroon Volcanic Line into the Douala sub-
basin (=7,000 km?) to the east and the Rio del Rey sub-basin (=2,500 km?) to the
west; and the Campo Basin to the south, which represents the northern extension

of the Gabon-Equatorial Guinea Basin.
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Figure 1. Location of the sampling site on the Cameroonian continental shelf.
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2.2. Marine Environmental Context

2.2.1. Oceanographic Setting

Ocean circulation in the northern Gulf of Guinea is mainly controlled by the com-
bined effects of wave action and tidal currents (Bourles et al., 1999; Braga et al.,
2004; Kolodziejczyk, 2008). Along the southern Cameroonian coast, tidal ampli-
tudes remain relatively low, reaching approximately 1.5 m at Kribi and 1.8 m at
Campo. In contrast, they increase to about 2 m in the Bay of Douala and up to 3
m in the shallow, open Rio del Rey estuary.

Ocean swells predominantly originate from the WSW-SW sector. They strike
the coastline almost perpendicularly between the Sanaga estuary and the Rio del
Rey, while approaching the southern coast at a more oblique angle. This configu-
ration generates a strong longshore drift responsible for the development of north-
ward-oriented coastal spits at the mouths of the Nyong and Sanaga rivers and
within the Bay of Douala (Giresse et al., 1995).

The main surface circulation influencing the study area corresponds to the
Guinea Current, which is an extension of the North Equatorial Countercurrent.
This current flows southward along the Cameroonian margin and plays a key role
in the redistribution of fine-grained sediments and organic particles on the conti-
nental shelf. The combined action of the equatorial countercurrent, the Guinea
Current, and coastal drift contributes to the dispersal of terrigenous and biogenic

material derived from recent sedimentary inputs (Bengo et al., 2025a).

2.2.2. Sediments of the Cameroonian Continental Shelf

Sedimentation on the Cameroonian continental shelf comprises both ancient and
modern deposits. Recent sediments are adjusted to present-day hydrodynamic
conditions, whereas older deposits originate from former marine environments
and may have undergone phases of emergence, reworking, and compaction. From
a chronological perspective, the sedimentary record includes remnants of low sea-
level stages, deposits associated with the Holocene transgression, and sediments
formed under the influence of modern hydrodynamics.

Four main sedimentary facies are recognized: 1) quartz-rich sands developed in
the deltas of the Sanaga and Nyong rivers; 2) organogenic sands composed of cal-
careous bioclasts, particularly abundant near Kribi; 3) fine-grained muds domi-
nated by lutites (>75%), extensively covering the northern shelf and composed
mainly of kaolinite, smectite, and illite; and 4) glauconitic sands formed by poly-
chaete fecal pellets along the outer shelf margin. The spatial distribution of clay
minerals shows a dominance of kaolinite in the southern sector, smectites influ-
enced by the Guinea Current in the northwest, and illites in the northern shelf.
Interactions between recent fluvial inputs and reworked pre-Holocene sediments

generate a complex sedimentary system.

2.3. Continental Environmental Context

2.3.1. Geological, Pedological, and Geomorphological Framework

The Cameroonian continental margin is a geological structure inherited from the
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opening of the South Atlantic during the Early Cretaceous, characterized by N60-
oriented fault systems that produced alternating horst and graben structures
(Aloisi et al., 1995). In marine settings, sedimentation is dominated by recent del-
taic deposits in the north, whereas relict glauconitic and bioclastic sands prevail
in the southern sector, representing remnants of the Last Glacial Maximum and
subsequent Holocene transgressions (Giresse et al., 1995).

On land, the humid equatorial zone of southern Cameroon is dominated by
kaolinite-rich ferralitic soils developed on Precambrian basement rocks. Hydro-
morphic soils enriched in organic matter occur in swampy lowlands, while vol-
canic regions in western and southwestern Cameroon are characterized by An-
dosols derived from basic volcanic materials (Martin, 1966; Segalen, 1967). The
stepped continental relief, extending from the coastal plain to the Adamawa Plat-
eau, promotes intense erosion and facilitates rapid transfer of terrigenous material

toward the marine environment.

2.3.2. Present Climate and Vegetation

The climate of coastal Cameroon is largely controlled by the seasonal migration
of the Intertropical Convergence Zone (ITCZ), which governs the alternation be-
tween a humid season dominated by oceanic monsoon air masses and a dry season
influenced by continental trade winds (Leroux, 1983; Piton, 1987; Suchel, 1988).
Two main climatic domains are distinguished: an equatorial climate in southern
Cameroon, characterized by high temperatures, high humidity, and two rainy and
two dry seasons, and a tropical climate in the north with one rainy season and one
dry season (Suchel, 1988).

Rainfall is particularly abundant along the coast, exceeding 10,000 mm locally
around Douala and Mount Cameroon. These humid conditions favor the devel-
opment of dense evergreen forests dominated by taxa such as Sacoglottis, Lophira,
Caesalpiniaceae, and Sapotaceae (Letouzey, 1968). Northward, vegetation gradu-
ally transitions to semi-deciduous forests and then to Sudanian savannas domi-
nated by Poaceae, Cyperaceae, Combretaceae, Bridelia, and Hymenocardia, fol-
lowed by Sahelian savannas beyond the Adamawa Plateau. Mangrove ecosystems
dominated by Rhizophora develop along sheltered coastal zones and estuaries
(Boyé et al., 1975; Din, 1991), while montane forests characterized by Podocarpus
occur at higher elevations.

The present floristic composition is reflected in pollen assemblages preserved
in marine sediments, providing a key reference for Holocene paleoenvironmental
reconstructions (Bengo et al., 2020; Bengo et al., 2025a). Intense rainfall combined
with stepped topography results in strong soil erosion and efficient transport of

clays, silts, and pollen grains toward the continental shelf.

2.3.3. River Systems and Their Role in Modern Sedimentation
The northern sector of the Cameroonian continental shelf is influenced by the
Niger Delta complex, which includes the Niger River and associated coastal rivers

of the Lagos region and delivers large volumes of freshwater and sediment to the
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Gulf of Guinea. Several rivers draining the volcanic slopes of Mount Cameroon
feed the mangrove systems of the Rio del Rey. In the Bay of Douala, river discharge
is irregular, with major contributions from the Mungo, Wouri, and Dibamba riv-
ers (Mahé & Olivry, 1991).

The Sanaga River is the principal fluvial system supplying the Cameroonian
shelf. With a drainage basin of approximately 135,000 km?, it originates on the
Adamawa Plateau and traverses savanna, semi-deciduous forest, and evergreen
forest zones before reaching the coast. Its major tributary, the Mbam River, drains
intensively cultivated areas of the Bamileke highlands. Further south, the Nyong
and Ntem rivers exhibit equatorial hydrological regimes with pronounced floods
during spring and autumn. The Sanaga basin accounts for the majority of terri-
genous inputs to the shelf, with specific erosion rates reaching about 44 t km™ yr,
corresponding to nearly 6 million tons of sediment transported annually to the

ocean.

3. Materials and Methods
3.1. Core Location and Sampling Strategy

The CF marine core was collected on the Cameroonian continental shelf at a water
depth of 38 m off the Bay of Douala, upstream of the C61 core site, at coordinates
3°40'05"N and 9°11'02"E (Figure 2). The core is located within the Holocene High-
Level Prism (HLP). Sedimentation in this area mainly reflects terrigenous inputs
from coastal rivers, particularly the Sanaga River, combined with in situ biogenic

production (Ngueutchoua & Giresse, 2010).

@ csi

B IHigh-LeveIlPrism (HLP) | -ITransgressive Interval (T1) Current Sea Surface |

[ 12.000 ans BP
Offshore Mudfiat
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Basement el s = R e--120m
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Pleistocene

Figure 2. Location of the CF core on the Cameroonian continental shelf.

A total of 20 samples were collected along the 260 cm-long core. Eight samples
were taken at 20 cm intervals in the upper section (0 cm - 140 cm), characterized
by relatively low sedimentation rates, while twelve samples were collected at the
same interval in the lower section (140 m - 260 cm), where sedimentation was more
rapid. This sampling strategy provides a temporal resolution of approximately 5
cm per 20 years in the lower part of the core and allows detailed reconstruction of

Late Holocene paleoenvironmental variability.
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3.2. Palynological Methods

3.2.1. Sample Processing

Palynological preparation followed standard procedures for marine sediments
(Faegri & Iversen, 1992; Riding, 2021). Samples were treated chemically to remove
carbonates, silicates, and extraneous organic matter, followed by repeated wash-
ing and centrifugation. The final residues were mounted on microscope slides us-
ing glycerine jelly, ensuring optimal preservation and visibility of pollen grains

and spores.

3.2.2. Pollen Identification and Classification

Pollen and spores were observed under an optical microscope at magnifications
ranging from x 400 to x 1000. A minimum of 300 grains per sample was counted
to ensure statistical reliability. Taxonomic identification was based on published
pollen atlases (Maley, 1970; Bonnefille & Riollet, 1980; Salard-Cheboldaeff, 1980;
Salard-Cheboldaeff, 1981; Salard-Cheboldaeff, 1982; Salard-Cheboldaeff, 1983)
and on the modern reference collection of the Palynology Laboratory at the Uni-
versity of Montpellier. Identified taxa were grouped according to their ecological
affinities, including dense evergreen forests, semi-deciduous forests, savannas,

Afro-montane vegetation, and mangroves.

3.2.3. Pollen Diagrams and Ecological Interpretation

In tropical marine sediments, Rhizophora pollen and spores are often overrepre-
sented. To better assess the continental vegetation signal, pollen diagrams were
constructed using two datasets: one including all taxa and another excluding Rhi-
zophora and spores. Paleoenvironmental interpretation was based on indicator
taxa reflecting climatic and ecological conditions. Poaceae and Bridelia are indic-
ative of dry savanna phases, whereas Caesalpiniaceae, Sapotaceae, and Pycnanthus
reflect humid forest conditions. Podocarpus is associated with cooler climatic
conditions at higher elevations. Combined with the chronological framework,
these indicators allow the reconstruction of Late Holocene environmental changes

and correlation with regional and global climatic variability.

4. Results
4.1. Litho-Sedimentary Characteristics and Chronology of Core CF

The lithological profile of core CF (Figure 3) reveals two main sedimentary units,
previously described by Ngueutchoua (1996). The upper unit (0 cm - 180 cm)
consists of homogeneous grey-green mud containing rare mollusc fragments, in-
dicating deposition under low-energy and relatively stable environmental condi-
tions (Figure 3). In contrast, the lower unit (180 cm - 260 cm) is composed of
grey-green, slightly sandy clayey mud with millimetre-sized quartz grains, abun-
dant mollusc debris, and numerous fecal pellets (coprolites), reflecting a more en-
ergetic depositional environment (Figure 3).

Clay mineral assemblages are dominated by kaolinite, with subordinate smec-

tite and illite, indicating a predominantly continental origin of detrital material,
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mainly supplied by the Sanaga River basin. In the sandy lower unit, geochemical
analyses show elevated concentrations of magnetic iron and calcium carbonate
(CaCO0:;3). Organic carbon content is generally low throughout the sequence but
increases progressively toward the upper part of the core, suggesting enhanced
marine productivity and environmental stabilization during the most recent dep-

ositional phases (Figure 3).
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Figure 3. Lithological profile of core CF (adapted from Ngueutchoua, 1996).
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Figure 4. Age-depth model and sedimentation rates derived from calibrated *C dates (Bengo,
1996).
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Chronological control is based on four radiocarbon (**C) dates obtained from
bulk organic matter and mollusc shells (Ngueutchoua, 1996; Giresse et al., 1995).
These dates were used to construct an age-depth model and estimate sedimenta-
tion rates (Figure 4). Ages for undated intervals were interpolated linearly be-
tween dated levels to provide a continuous chronological framework for palyno-
logical interpretation (Figure 4). According to this model, the uppermost 10 cm
of the core corresponds to approximately the last 150 years (Figure 4).

Sedimentation rates vary markedly through time (Figure 4). Between ~2,340
and 1,910 cal yr BP, the mean sedimentation rate was about 18.6 cm per 100 years.
A short interval between ~1,910 and 1,860 cal yr BP is characterized by exception-
ally rapid accumulation, reaching nearly 1 m within approximately 50 years. Sub-
sequently, from ~1,860 to 1,200 cal yr BP, sedimentation rates decreased sharply
to about 12.1 cm per 100 years.

4.2. Pollen Identification, Abundance, and Taxonomic Diversity

Compared with offshore core C61, which already displays high pollen concentra-
tions, core CF—collected closer to the coast—shows markedly higher pollen den-
sities. Preliminary slide observations indicate an average of approximately 900
pollen grains per sample. The surface sample (0 cm - 10 cm) exhibits the lowest
pollen concentration, whereas the level between 150 and 160 cm, dated to around
1,895 cal yr BP, contains the highest abundance (Table 1).

In total, 18,374 pollen and spore grains were identified. Among other palyno-
morphs, 249 grains were indeterminate, 81 were damaged, and only 33 corresponded
to dinoflagellate cysts. The dataset includes 228 taxa belonging to 90 plant families.
The assemblages are dominated by Rhizophora pollen (49.76%), followed by spores
(17.42%), Poaceae (7.66%), Alchornea (3.72%), Cyperaceae (2.98%), and Elaeis
(2.07%) (Table 1). The highest taxonomic richness is observed in Rubiaceae (26
genera), followed by Euphorbiaceae (17), Phyllanthaceae (11), and Caesalpiniaceae
9).

Table 1. Counts and percentages of the main pollen taxa and plant groups.

10-  20-  40-  60- 8- 100- 120~ 140- 150- 160- 170- 180- 190- 200~ 210- 220- 230- 240-  250-
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y
CYPER- )
ACEAE 549 946 701 1294 1399 1417 1401 1306 1275 683 801 943 1130 493 597 59 427 763 812 490 935 920 427 1417 20 s H
Pyenanthus 456 766 543 431 455 551 707 811 478 1092 477 645 899 985 1l44 878 854  7.89 1294 763 780 7.8 431 1294 20 F A
Elacis R o s
381 360 339 549 490 748 489 586 757 546 767 645 522 542 448 502 854 585 685 1063 624 605 3.39 10.63 20 F/Cu A

guinensis
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Continued

Uspaca 288 495 362 392 140 236 423 631 438 444 477 422 667 394 796 940 305 509 457 763 423 486 140 9.40 20 SIE A
Drypetes
g 188 315 452 353 420 039 000 180 319 444 187 174 087 591 299 658 915 407 152 245 334 329 000 9.15 19 F Al

Commelina 161 3.15 5.20 0.78 3.85 1.57 3.58 4.50 5.18 2.73 2.04 248 145 2.46 249 2.82 213 178 1.52 2.72 2.67 2.76 0.78 5.20 20 N H
Tetrorchydium 135 135 362 314 105 L7 098 045 319 171 25 174 232 29 100 251 244 153 203 300 356 213 045 362 20 F WA
Podocarpus 115 090 113 19 210 079 163 225 199 307 136 149 174 148 299 125 366 178 228 218 178 189 079 366 20 F a

COMBRETA- ‘

ChAr 9% 180 158 078 105 197 000 090 159 273 136 149 087 246 199 157 152 280 381 109 156 L6 000 381 19 SIE Afa/L
Mallotus 78 135 226 078 140 157 195 18 199 102 170 000 087 000 149 063 122 229 152 08 LI 129 000 229 18 FIs a
Lophira 7 135 000 L8 000 079 065 135 080 171  L19 248 087 246 100 094 183 280 203 136 067 127 000 280 18 SIE A

LO]_:_AAP;‘)S‘- 69 0.90 113 1.57 175 0.79 1.30 0.90 199 0.68 1.02 1.24 L16 1.97 1.49 0.94 0.61 0.76 0.25 1.91 L11 117 0.25 199 20 N H
Irvingia 6 L8 090 118 105 079 130 045 120 034 085 000 029 000 29 031 213 153 152 191 LI 108 000 299 13 F A
Hyme-
’ 60 L8 LI3 000 210 039 130 09 080 068 051 025 058 14§ 199 125 06l 127 228 109 0.8 107 000 228 19 F Al
nodictyon
Macaranga 48 270 136 078 000 LIS 000 045 040 102 000 099 L6 000 299 06 L2 153 076 054 045 092 000 299 16 F WA
Olea 56 045 136 039 070 079 130 090 080 068 136 099 145 148 050 031 122 127 051 136 000 08 000 148 19 EMe AL
SAPOTA-
P 54 090 113 L8 070 LIS 065 090 000 068 119 174 145 099 100 031 030 204 025 054 067 08 000 2.04 19 F Ala/LH
Celtis 47 045 113 039 000 039 033 000 080 102 085 074 087 099 149 031 030 076 076 218 0.8 073 000 218 18 s a
EUPHORBIA-
CEAE 4 000 181 000 000 000 065 000 040 102 05 000 058 148 149 125 L2 051 051 000 178 068  0.00 181 13 FS HIARL
CAESALPINI-
AR 4 045 023 L18 035 LIS 130 000 040 137 102 025 087 000 149 000 061 051 076 054 045 065  0.00 149 17 F A

Fagara 3 090 090 000 035 000 000 000 120 205 102 074 174 148 050 000 061 025 025 000 045 06 000 205 14 Fis A
Nauclea 30 000 000 000 000 000 000 045 040 000 000 074 145 197 000 188 061 127 102 027 045 053 000 197 1 SIE a
Canthium 33 090 045 000 070 000 065 090 040 000 102 074 L6 049 000 000 061 051 076 054 022 050 000 116 15 SIE a

venosum type
Pandanus 2 045 045 078 035 LIS 098 050 040 000 034 000 000 000 100 031 030 05 025 027 022 044 000 118 16 FIs A
Adenia 27 000 000 000 000 000 033 000 000 512 034 025 05 049 050 000 000 000 000 000 08 042 000 512 8 F a
AMARAN-
THACEAE- 2 045 023 000 035 039 033 045 000 034 085 000 05 148 100 000 061 076 000 000 067 042 000 148 14 SIE a
CHENOP.
Maytenus 20 045 045 039 000 039 098 045 040 000 017 050 000 000 000 000 061 05 000 08 045 033 000 098 13 s A
Hymenocardia 2 045 023 000 000 000 033 180 040 034 170 074 000 000 000 000 000 000 000 054 000 033 000 1.80 9 s AlalL
Bridelia 17 090 045 000 000 000 033 000 040 034 000 074 029 049 000 063 030 025 025 054 022 03 000 090 14 s La
Mitragyna 16 090 045 000 035 039 000 045 000 034 017 000 05 099 000 000 061 025 000 027 022 030 000 099 13 SIE Al
Aidia 16 000 045 000 035 000 000 045 000 000 017 000 029 099 100 06 061 025 05 000 022 030 000 100 12 S/ Al
‘micrantha
Anthocleista 18 09 000 000 035 000 000 000 000 000 034 025 145 000 050 000 030 102 05 000 02 029 000 145 10 FIs A
Margaritaria 16 045 000 000 105 039 033 050 040 034 034 000 029 000 000 000 000 025 000 027 045 027  0.00 105 12 s A
Mareya 16 000 271 000 000 000 000 000 080 000 000 000 000 000 000 03 030 025 076 000 02 027 000 271 7 s Ala
Coelocaryon 16 000 000 000 035 039 033 000 000 034 000 025 000 049 000 03 000 05 051 08 067 025 000 0.82 1 F A
Tetracera 15 000 0235 000 000 039 000 045 000 000 017 000 000 099 05 000 000 000 025 136 045 024 000 136 9 s arL
Lannea 14 000 0235 000 000 000 033 045 000 034 05 025 029 000 000 06 000 000 025 027 045 020 000 063 1 s A
Entada 1 045 000 039 035 000 000 000 000 034 000 000 029 000 05 03 000 000 05 08 000 020 000 0.2 9 s a
TOTAL 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Base_1 (Total pollen) 368 834 629 75 714 770 699 836 871 1798 1248 1088 815 725 667 957 783 1343 1165 1308 18374

Base 2 (WithoutRhizoand )\ g5 555 ag6 254 a7 222 251 293 57 403 345 203 200 213 38 262 394 367 449 6025

Spores)

Sum (Rhizo + Spores) 257 539 374 470 460 463 477 585 578 1211 845 743 612 524 454 629 521 949 798 859 12348
Undetermined 3 11 11 14 14 8 8 8 13 24 15 11 12 13 10 15 12 15 13 19 249
Damaged 2 6 2 0 2 9 4 4 3 3 7 7 1 5 6 7 5 6 3 [ 81
Dynocysts 3 1 1 0 3 0 1 1 2 3 2 0 4 3 2 1 1 1 1 3 33
%Herbs (NAP) 24 39 55 58 51 54 44 43 34 41 42 38 32 27 34 30 31 27 27 42 39
9%Arbres and Shrub (AP) 76 61 45 42 49 46 56 57 66 59 58 62 68 73 66 70 69 73 73 58 61
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4.3. Pollen Diagram (1): Bioindicator Taxa and Vegetation Phases

In this study, the Late Holocene savanna optimum is defined as the time interval
during which non-arboreal pollen (NAP) values consistently exceed arboreal pol-
len (AP) values in the CF core, indicating a sustained dominance of open herba-
ceous formations over forest cover.

The first pollen diagram illustrates the temporal evolution of key bioindicator
taxa, including Rhizophora, spores, and Podocarpus, together with aggregated forest
and savanna groups, and arboreal (AP) versus non-arboreal pollen (NAP). Through-
out the core, Rhizophorapollen largely dominates the assemblages, with values rang-
ing from 41.18% to 58.40% and an average of 49.71%, approximately three times
higher than spore percentages (Figure 5).

Although Rhizophora and spore curves show partially contrasting trends, spores
remain consistently subordinate. Podocarpus pollen occurs in very low proportions
(<1%) and does not provide robust quantitative information. In contrast, combined
forest-savanna and AP/NAP curves reveal three distinct Late Holocene vegetation

phases, defined by intersections of the respective curves (Figure 5).
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Figure 5. Diagram (1) vegetation types and ecological bioindicators.

Phase 1, recorded in the lower section of the core (260 cm - 160 cm; ~2,340 -

1,900 cal yr BP), is characterized by the dominance of arboreal pollen and forest taxa.
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Phase 2, extending from ~160 to 20 cm and lasting until about 885 cal yr BP, shows
a marked expansion of savanna and herbaceous taxa. The uppermost metre of the
core corresponds to a pronounced herbaceous savanna optimum, with AP/NAP ra-
tios strongly favoring non-arboreal pollen. Phase 3 reflects a gradual recovery of ar-
boreal taxa and forest formations during the most recent centuries (Figure 5).
The overall trend indicates a progressive increase in herbaceous taxa upward
through the sequence. A strong correlation between grass (Poaceae) and savanna
curves supports the use of Poaceae as a reference proxy for tracking savanna dy-

namics and for comparison with other ecosystem-specific taxa (Figure 5).

4.4. Pollen Diagram (2): Major Ecosystem Taxa

The second pollen diagram focuses on major taxa representative of key ecosys-
tems, using Poaceae as the primary paleoenvironmental and climatic indicator
(Figure 6). Savanna-related taxa such as Cyperaceae and Commelina, forest taxa
including Caesalpiniaceae, Sapotaceae, and Pycnanthus, pioneer and ubiquitous
taxa (Alchornea, Uapaca, Elaeis), as well as taxa indicative of specific environ-
ments (Rhizophora for mangroves and Podocarpus for montane vegetation), are

displayed (Figure 6).
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Figure 6. Diagram (2) composite pollen diagram of the main taxa.

The Poaceae curve shows three distinct phases: an initial interval with relatively
stable values around 7% between ~2,340 and 2,000 cal yr BP; a phase of gradual
increase culminating in a maximum of approximately 15% corresponding to the
Late Holocene savanna optimum; and a subsequent decline to values near 2% after
~900 cal yr BP (Figure 6). Cyperaceae and Commelina display trends similar to
those of Poaceae, with pronounced peaks in the upper part of the core (Figure 6).

Pioneer taxa (A/lchornea, Uapaca, Elaels) are consistently present throughout

the sequence, with increased abundances toward the top of the core as Poaceae
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values decrease (Figure 6). Forest taxa (Pycnanthus, Sapotaceae, Caesalpiniaceae)
generally remain below 3% and show declining trends during the savanna expan-
sion phase. Pycnanthus exhibits a clear inverse relationship with Poaceae, while
Podocarpus remains rare and sporadic (Figure 6). An inverse relationship is also
observed between Poaceae and Rhizophora, reflecting opposing dynamics be-

tween savanna expansion and mangrove development (Figure 6).

4.5. Correspondence Factor Analysis

Correspondence factor analysis (CFA), based on active variables including the
main pollen taxa and ecological groups representative of forest (e.g., Caesalpinia-
ceae, Sapotaceae, Pycnanthus), savanna (Poaceae, Cyperaceae), pioneer (Alchor-
nea, Uapaca, Elaeis), mangrove (Rhizophora), and Afro-montane (Podocarpus)
vegetation, identifies three main groups of samples (Figure 7). Axis 1 reflects a
linear and progressive shift from the lower to the upper sections of the core, con-
sistent with variations observed in forest-savanna and AP/NAP ratios (Figure 7).
The first group comprises samples from the basal part of the core (180 cm - 250
cm), characterized by high proportions of forest taxa and minimal savanna repre-
sentation (Figure 7).

The second group occupies an intermediate position and includes samples with
comparable proportions of forest and savanna taxa. The third group corresponds
to upper-core samples (20 cm - 90 cm), dominated by savanna and herbaceous
taxa (Figure 7). This multivariate structure confirms the gradual Late Holocene
transition from forest-dominated to savanna-dominated landscapes and the sub-

sequent partial forest recovery (Figure 7).
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Figure 7. Correspondence factor analysis: gradual reduction of the forest to savannah.

5. Discussion

5.1. Taxonomic Diversity and Pollen Signal Representativeness
The pollen assemblages of core CF display a high taxonomic diversity, reflecting

both the variety of plant formations present in the drainage basins and the effi-

ciency of pollen transport from continent to shelf. The dominance of Rhizophora,
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followed by spores, Poaceae, Cyperaceae, Alchornea, Elaeis, Drypetes, Uapaca,
and Podocarpus (Table 1), closely matches the spectra observed in recent surface
sediments collected near the CF site (Bengo et al., 2025a). This similarity high-
lights the strong influence of fluvial inputs—primarily from the Sanaga River—
and tidal dynamics within the Bays of Douala and Rio del Rey on the pollen signal.

The upper part of the CF core, therefore, records a pollen rain representative of
the modern vegetation mosaic at the scale of the Sanaga watershed, which crosses
most of Cameroon’s major ecological zones, from humid evergreen forests in the
south to savannas in the central and northern regions (Bengo et al., 2020). Com-
parable relationships between riverine pollen transport and watershed-scale veg-
etation have been documented elsewhere in the Gulf of Guinea (Fredoux & Maley,
1996). Consequently, variations observed along the CF sequence are interpreted
as reflecting genuine changes in vegetation physiognomy and environmental con-
ditions, driven by shifts in key climatic parameters such as temperature, precipi-

tation, potential evapotranspiration, and moisture balance.

5.2. Paleoecological Bioindicators and Climatic Significance

Marine palynological records spanning long time intervals commonly exhibit high
and variable proportions of spores, Rhizophora, Podocarpus, and Poaceae, mak-
ing these taxa robust indicators of environmental change. However, the CF core
documents only the last ~2,500 years of the Late Holocene and corresponds to a
restricted segment of the broader palynological phases identified in the offshore
C61 core. Within this temporal window, the CF record indicates relative stability,
albeit with fluctuations, in the proportions of major bioindicators such as RAi-
zophora, spores, and Podocarpus (Figure 5).

High percentages of Rhizophora pollen are characteristic of Late Holocene ma-
rine records throughout the Gulf of Guinea, including sequences from Gabon
(GIK16867; Dupont et al., 1998), Congo (GeoB1008; Jahns, 1996; Bengo & Maley,
1991), and Angola (GeoB1016; Shi & Dupont, 1997). Such values reflect both the
extensive development of mangrove ecosystems along tropical coasts and the strong
dispersal capacity of Rhizophorapollen in marine environments. Occasional occur-
rences of Rhizophora in lagoonal and even continental sediments have also been
reported, particularly in the Niger Delta region, due to alluvial transport (Sowunmi,
1987; Malounguila et al., 2017).

In contrast, spores show a relative decrease of about one-third through the CF
sequence, while Rhizophoravalues increase by a factor of three. Despite some op-
posing short-term variations, spores remain consistently less abundant than RhAi-
zophora, suggesting that coastal environments remained relatively stable during
the Late Holocene. A marked decline in Afro-montane taxa, especially Podocar-
pus, is also evident, with values decreasing from nearly 11% to less than 1% (Bengo,
1996; Reynaud-Farrera et al., 1996). This pattern mirrors observations from nu-
merous continental lake records across Cameroon and Central Africa.

The disappearance or strong reduction of Podocarpus is a recurrent feature of
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Late Holocene pollen records. At Lake Ossa, Podocarpus was still present around
2,730 cal yr BP but vanished by ~950 cal yr BP (Reynaud-Farrera et al., 1996).
Similar declines are documented at Lake Barombi-Mbo between ~4,000 and 2,000
cal yr BP (Brenac, 1988; Maley & Brenac, 1998), at Lake Bambili, where Podocar-
pus dropped from ~30% to less than 2% after ~2,000 cal yr BP (Assi-Kaudjhis et
al., 2008; Assi-Kaudjhis et al., 2010; Assi-Kaudjhis, 2012), and at Lake Njupi, where
it disappeared around 2,300 cal yr BP (Zogning et al., 1997). Comparable trends are
observed at Lake Mbalang (Vincens et al., 2010), Lake Mboandong (Richards, 2021),
and sites on the Bateke Plateau (Elenga & Vincens, 1990).

Podocarpus is typically associated with cool and humid montane environments,
generally above 1,000 m elevation, where frequent fog and cloud cover provide
occult precipitation—conditions characteristic of so-called “cloud forests” (Ker-
foot, 1968). Its widespread decline during the Late Holocene, therefore, suggests
a regional shift toward warmer and/or drier conditions at mid and low altitudes.
Conversely, such conditions would have favored the expansion of mangrove eco-
systems, as Rhizophora requires mean temperatures above ~22°C (Din, 1991).
The CF marine record thus supports the hypothesis that the end of the Middle
Holocene was marked by cooling episodes sufficient to allow the downslope ex-
pansion of montane taxa, followed by Late Holocene warming that restricted these

taxa to higher elevations.

5.3. Late Holocene Forest-Savanna Dynamics

Analysis of grouped forest versus savanna taxa and arboreal (AP) versus non-ar-
boreal pollen (NAP) curves (Figure 5) reveals three main phases of vegetation
change during the Late Holocene. The first phase, from the base of the core
(~2,340 cal yr BP) to ~1,900 cal yr BP, is characterized by a dominance of forest
taxa and arboreal pollen. The first intersection of forest and savanna curves marks
a transition toward more open landscapes. A second intersection, occurring
around ~520 years before present, defines the onset of a third phase characterized
by renewed forest development.

Data from the offshore C61 core indicate that forest degradation may have be-
gun earlier, around ~3,200 cal yr BP, with gradual replacement of forest species
by pioneer taxa and increasing savanna elements (Bengo, 1996; Bengo et al., 2025b).
Periods when forest and savanna proportions are similar likely correspond to
wooded or shrub savannas, whereas intervals dominated by herbaceous pollen re-
flect grassy savannas. Between ~1,675 and 885 cal yr BP, NAP values exceed AP
values, defining a pronounced Late Holocene “savanna optimum,” during which
grasslands expanded at the expense of forest cover.

The polynomial trend of Poaceae (Figure 6) also distinguishes three stages: an
initial phase of relative equilibrium until ~2,000 cal yr BP, a prolonged phase of
increase culminating in a plateau between ~1,675 and 885 cal yr BP, and a final
phase marked by grass decline and partial forest recovery toward the present.

These trends confirm the usefulness of Poaceae as a proxy for tracking savanna

DOI: 10.4236/0jf.2026.161006

98 Open Journal of Forestry


https://doi.org/10.4236/ojf.2026.161006

M. D. Bengo et al.

dynamics in marine records.

5.4. Regional Perspective on Savanna Dynamics in Central and
Equatorial Africa

Comparison of the CF pollen record with continental sequences across Central
and Equatorial Africa reveals coherent regional patterns of savanna expansion and
contraction during the Late Holocene. In Equatorial Africa, Lake Sélé records two
major grass peaks around ~3,300 and ~850 cal yr BP, with increased values near
~2,000 cal yr BP (Salzmann & Hoelzmann, 2005). In Congo, sites such as Bilanko,
Sinnda, and Kitina document late and often abrupt grass expansions after ~2,500
cal yr BP (Elenga & Vincens, 1990; Vincens et al., 1994; Elenga et al., 1996).

In Gabon, grass pollen remains consistently present at Lake Kamalaté and Lake
Maridor, indicating relatively stable conditions favorable to herbaceous formations,
whereas Lake Nguene shows a marked resurgence of grasses after ~2,000 cal yr BP
(Ngomanda et al., 2005; Giresse et al., 2009; Giresse et al., 2020). In Cameroon,
lacustrine records from Mbalang, Tizong, Barombi-Mbo, Njupi, Bambili, and
Ossa all document significant grass expansions between ~2,500 and 1,000 cal yr
BP, broadly synchronous with the savanna optimum identified in the CF core.

The similarity between the CF marine record and lacustrine sequences from
low-altitude (Ossa) and high-altitude (Bambili) sites suggests a regional-scale driver
affecting vegetation dynamics. The continuous grass expansion from ~2,000 cal
yr BP to a maximum between ~1,600 and 900 cal yr BP likely reflects the combined
effects of hydroclimatic variability, cooling-warming oscillations, and shoreline

and hydrological changes that altered ecosystem resilience across Central Africa.

5.5. Forest Dynamics, Pioneer Taxa, and Human Influence

The increase in Elaeis guineensis pollen values during the Late Holocene has tra-
ditionally been interpreted as an indirect indicator of early human activities in
Central Africa. Numerous studies have linked the expansion of Elaeis to forest
opening by agro-pastoral societies, particularly in the context of Bantu migrations,
during which oil palm populations may have been favored through land clearing,
fire use, and selective protection or management (De Maret et al., 1987; Maley et
al., 2018). Within this framework, Elaeis is commonly regarded as a robust paly-
nological marker of Holocene anthropogenic disturbance.

However, the signal recorded in the CF core calls for a more nuanced interpre-
tation. Although FElaeis is consistently present throughout the sequence and in-
creases in parallel with phases of landscape opening and the development of pio-
neer taxa, its marked decline in the most recent levels contrasts with the expecta-
tion of a continuous or intensified expansion under increasing human pressure.
Similar trends have been reported from several continental records in the region
(e.g., Ossa, Mboandong, Kitina), suggesting that the relationship between human
activities and Elaels dynamics is neither linear nor uniform through time.

This recent decline may reflect qualitative changes in land-use practices, dis-
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tinct from earlier Holocene disturbances. Potential modern drivers include: i) ag-
ricultural policies and practices promoting cash crops or food crops that compete
with naturally regenerating oil palm, ii) land-use intensification (mechanized ag-
riculture, shortening of fallow periods, urban expansion) leading to reduced op-
portunities for Elaeis recruitment, and iii) increased and sometimes selective ex-
ploitation of oil palms, potentially resulting in local depletion of natural stands.
Consequently, while the earlier expansion of Elaeis appears compatible with dif-
fuse anthropogenic disturbances integrated within natural successional processes,
its recent decline suggests a stronger and more structurally transformative human
pressure, possibly exceeding ecosystem resilience thresholds. In this sense, the
Elaeis signal in the CF record emerges as a sensitive indicator of the transition
from extensive, low-intensity human-environment interactions to more intensive

and potentially degrading modern land-use systems.

6. Conclusion

The CF marine core, collected at 38 m water depth off the Bay of Douala, provides
a continuous and well-constrained record of environmental change over the last
~2,500 years of the Late Holocene on the Cameroonian continental shelf. Palyno-
logical analysis documents a high diversity with 228 taxa belonging to 90 plant
families, and assemblages dominated by RhAizophora pollen, followed by spores,
Poaceae, Alchornea, Cyperaceae, and Elaeis.

The CF record identifies three major vegetation phases: 1) an initial forest-dom-
inated phase from ~2,340 to ~1,900 cal yr BP; 2) a marked expansion of open her-
baceous formations culminating in a Late Holocene savanna optimum between
~1,600 and 900 cal yr BP; and 3) a phase of partial forest recovery after ~885 cal yr
BP, driven mainly by pioneer taxa. Correspondence factor analysis confirms a pro-
gressive shift from lower to upper core samples consistent with forest-savanna and
AP/NAP variations.

Beyond its paleoenvironmental significance, the CF record provides a quanti-
tative basis for anticipating future ecosystem trajectories under ongoing climate
change: the well-dated shifts in the forest-savanna boundary constrain the pace,
direction and potential thresholds of vegetation change, offering empirical bench-
marks to calibrate and validate dynamic vegetation and Earth system models and
to improve projections of forest-savanna resilience and possible biome reorgani-

zation under future climate scenarios.
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