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Abstract. Past vegetation and climate changes reconstructedainforest inland, whereas a forest-savanna mosaic still per-
using two pollen records from Lakes Maridor and Nge,  sists in the coastal region. There is no evidence to suggest
located in the coastal savannas and inland rainforest ofhat the major environmental changes observed were driven
Gabon, respectively, provide new insights into the environ-by human impact.

mental history of western equatorial African rainforests dur-
ing the last 4500 cal yr BP. These pollen records indicate that
the coastal savannas of western equatorial Africa did not1
exist during the mid-Holocene and instead the region was
covered by evergreen rainforests. From ca. 4000 calyrBP §, \yestern equatorial Africa, the tropical lowland rainfor-
progressive decline of inland evergreen rainforest, accompaas: of Gabon is well known for its high biodiversity (Sosef,
nied by the expansion of semi-deciduous rainforest, occurreq994). This part of the Guineo-Congolian rainforest (White,
synchronously with grassland colonisation in the coastal re-1983) is today well conserved because of the absence of
gion of Gabon. The contraction of moist evergreen rain-jnensive agricultural activities, coupled with low popula-
forest and the establishment of coastal savannas in Gabofy,, gensities. However, although the Gabonese rainforest
suggest decreasing humidity from ca. 4000 calyrBP. Theghoys 4 relatively homogeneous aspect, it is included by

marked reduct.ion in evergreen rainforest and subsequent SQrass-dominated savannas, most notably at its periphery in
vanna expansion was followed from 2700 calyrBP by thehe coastal area, or within the forest block (e.g. the forest-
color_nzatl_on of §econdary forests dominated _by_the palM.g4vanna mosaic in the Middle Valley of Ogdnsee Fig. 1).
Elaeis guineensjsand the shrubfAlchomea cordifolia(Eu- The origin and persistence of these savanna patches, typi-
phorbiaceae). A return to wetter climatic conditions from 5| ot grier environments, remains controversial, as at these
about 1400 calyr BP led to the renewed spread of evergreegy  atorial latitudes the current humid conditions favour rain-
forest development (Aubwille, 1967). A number of ecol-
ogists have assumed that the effects of recent human im-

Correspondence toA. Ngomanda pact (e.g. cultivation, forest logging or savanna fires) can be
m (ngomanda@yahoo.fr) extrapolated to explain the dynamics of the forest/savanna
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Fig. 1. Simplified vegetation map of Gabon in central Africa and location of Lakes Maridor andriégu

ecotone during the past few millennia (Fontes, 1978; White, Here, we present two new high-resolution pollen records

1992, 2001; King et al., 1997). from Gabon, spanning the late Holocene in order to deter-
Indirect evidence for a climatic rather than an anthro- mine the origin, timing and persistence of the forest-savanna

pogenic origin for these savannas is provided by regionaimosaic on the coast and within the dense rainforest block in-

palaeoclimatic data from Lakes Barombi-Mbo (Giresse et al. land.

1994; Maley and Brenac, 1998) and Ossa (Reynaud-Farrera

et al., 1996; Wirrmann et al., 2001; Nguetsop et al., 2004,

Giresse et al., 2005) in Cf'i_meroon, and Lakes Sinndz_i (Viny Regional setting

cens et al.,, 1998) and Kitina (Elenga et al., 1996) in the

Congo, which are situated at the northern and southern lim; ;s Ngéne and Maridor are shallow lakes3 to 5m

its of the Guineo-Congolian rainforest, respectively. Unlike depth) located in the western part of Gabon, at the same
the savannas formed during the coolest and driest Conditionéquatorial latitude, though in highly contrast,ing geomor-

of the Last Glacial Maximum (Maley and Brenac, 1998), yhojogical and vegetational settings. Lake Kge is situ-
which were subsequently recovered by rainforest expansionyiaq on the southern slopes of the Cristal Mountd 205—
palaeoclimatogical data indicate that the late-Holocene Sa1r28 E. 20 ma.s.l.), approximately 160 km from the north-
vannas correspond with a period of aridity and marked lakeast coast of Gabon (Fig. 1). This ancient fluvial depres-
level reduction. For example, Lake Sinnda became comy;qn of the Abanga River has an area o6 km?, with
pletely dry about 4000 & yrBP (Vincens et al., 1998). This |a10e areas of the littoral zone covered by a dense swamp
aridity produced a sudden contraction of rainforests, fol-of CyperaceaeQyperus papyrusKillinga sp., Cyperussp.
lowed by a renewed expansion of savannas associated Witﬁleocharissp., etc.). In its northern part, the lake basin
secondary forgsts. . o has an extensive floodplain, with abundant herbaceous plants
Archaeologlcal'fmdlngs for the same period |_nd|cate (Asteraceae, Amaranthacea®lygonumsp., etc.), grasses
that Bantu-speaking _peoples arrived in Central Africa SYN-(such asPhragmitessp. andEchinoclorasp.), as well as
chronously as the widespread appearance of savannas afime fiood-tolerant shrubs, particulaNauclea pobeguinii
fragmented ralnforests. (Schwartz, 1992). It has been SUgtRubiaceae) andJapaca heudoloti(Euphorbiaceae). On
gested that human migration from the grasslands of th§pe waterlogged soils of sheltered lake shores, dense hy-
Nigerian-Cameroonian border into central Africa at the Onsetgrophytic vegetation occurs, mainly dominated by shrubs of

of the late-Holocene was favoured by canopy openings in theychornea cordifolia(Euphorbiaceae). The natural riparian
dense rainforest. The band of small coastal savannas, whi getation of Lake Ngene is dominated by trees belong-

today run down from Equatorial Guinea through Gabon toing to the Caesalpiniaceae familjrithonota macrophylla

the Congo, may even constitute part of the old migrationcynometrasp.,Guibourtiasp., etc.). Away from the lake, the
route (Oslisly, 2001). Nguéne region, located in one of the most species-rich areas
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of western equatorial Africa (Sosef, 1994), supports an everMontpellier 11), as well as published pollen images for trop-
green rainforest dominated Byicoumea klaineana, Dacryo- ical Africa (Assemien et al., 1974; Ybert, 1979; Bonnefille

des lilettneri(Burseraceaepesbordesia glaucescefisvin- and Riollet, 1980). Pollen nomenclature follows the African
giaceae), antMonopetalanthusp. (Caesalpiniaceae) (Nico- Pollen databasenftp://medias.obs-mip.fr/apd/Pollen per-
las, 1977; Caba¥ and Fontes, 1978). centages are based on a sum of at least 600 pollen grains and

By contrast Lake Maridor (A0 S—-221' E) is located ap-  pteridophyte spores. However, to show a clear representation
proximately 3km from the coast of Gabon. The lake basin,of the forest component, at least 250 terrestrial pollen grains
maintained both by direct precipitation, small streams andwere counted at each level, excluding Gramineae. These lat-
probably by groundwater infiltration, has a surface area ofter, as well as the local marshy herbaceous taxa (Cyperaceae,
about 0.25 krf. Its shallow water is partly covered by macro- pteridophytesNymphaeagtc.) are excluded from the pollen
phytes, while a marsh dominated by monocotyledonoussum used to express pollen abundance of terrestrial taxa, be-
herbs and Cyperaceae separate the lake basin from a smakuse their high pollen abundance masks the forest signal.
Mitragyna ciliata(Rubiaceae) andapaca guineensidomi- The chronology of the cores NGUE1l and MAR2 is
nated swamp forest (Christy et al., 1990). This small wetlandbased on radiocarbon ages determined by a gas proportional
is surrounded by a forest-savanna mosaic with secondargounter and AMS methods using samples of bulk organic
forests rich inAucoumea klaineanand low-diversity savan- matter (Table 1). These radiocarbon dates were converted
nas, mostly consisting of grasses in the tribe Andropogoneado calendar years using the INTCALO4 calibration curve
These secondary forests have been suggested to result frofReimer et al., 2004), and a continuous chronology based
human disturbance of the coastal mature evergreen rainen the stratigraphically consistent series of dates from each
forest, rich inAucoumea klaineana, Saccoglottis gabonen-sequence was derived by linear interpolation between the cal-
sis (Humiriaceae) anderismadelphus exsyMochysiaceae) ibrated ages.

(Nicolas, 1977; Cabal and Fontes, 1978; Christy et al.,

1990), during the last few centuries, notably by logging. Ac-

cording to Christy et al. (1990), the mature evergreen rain4 Age models and sedimentation rates

forest today around Lake Maridor represents only 30% of

the original forest cover. Of the 11 radiocarbon dates from core NGUEL, ten dates

Climatically, these two lakes lie in a humid part of Gabon, are stratigraphically consistent, although two minor dating
with mean annual rainfall ranging from 1916 mm at Lam- inversions can be noted. If the base of core NGUEL1 is con-
baeré, 100 km south of Lake Ngume, to 2834 mm at Libre- ~ sidered as dating from 4780 cal yr BP, two possible chronolo-
ville, 70 km north of Lake Maridor (period from 1953-1989). gies can be derived from the 11 radiocarbon ages (Fig. 2).
Precipitation is seasonal, with a wet season which lasts aboukhe first chronology (Fig. 2, dotted line) shows a signifi-
nine months (September to May), interspersed by a “shor€ant change in the sedimentation rate through the gley-mud
dry season” centred on January with a distinct reduction inat 187 cm. However, this change is neither associated with
rainfall. Temperatures vary little throughout the year, with lithology nor with marked variation in the sand content, and
a range of 20-3%; these are lowest during the major dry hence suggests a regional environmental shift. Thus, the
season (June to September), when cloud cover is almost co®310:40'C yr BP date, stratigraphically and sedimentolog-
stant, because of lower sea-surface temperatures in the Gually anomalous, is probably caused by allochtonous in-
of Guinea (Leroux, 1983). Similarly, mean relative humidity puts or reworked organic matter. In contrast, the second

also varies little over the year and does not fall below 70% chronology (Fig. 2, solid line), based on nine radiocarbon
dates, clearly shows that changes in accumulation rates are

systematically synchronous either with increasing sand con-
3 Materials and methods tent or with lithological variation. For example, between

2540+40"CyrBP and 242940“CyrBP, the accumula-
Sediments were collected using a Vibracorer from the centration rate is very high (0.20 cm/yr) and contemporaneous with
part of Lakes Ngane and Maridor at 2 m water depth. Using high sand content (between 2 and 6%) suggesting an active
a sampling strategy of 5 and 10 cm intervals, 55 samples wererosive phase or strong stream transport. In the light of these
obtained from core NGUE1 and 58 from core MARZ2, re- stratigraphical and lithological considerations, the age-model
spectively. Pollen preparation followed the standard methodillustrated by the solid line has been retained.
ology (Faegri and lversen, 1989): dissolution of the carbon- Core MAR2 shows a sedimentary discontinuity around
ates and silicate with diluted HCI (10%) and cold HF (70%), 405—-400 cm with the A2 horizon of the podzolic soil miss-
respectively; removal of colloidal silica with warm diluted ing (Fig. 3), which suggests a hiatus of several hundred years.
HCI, and destruction of humic acids by dilution in KOH This hiatus, however, does not appear in the MAR1 test-core
(10%) solution. The obtained residue was diluted in glycerol.as this core shows a 20 cm-thick A2 horizon in the podzolic
Identification was based on the reference collection at the Insoil, inferring that the sediment break in the MAR2 core was
stitut des Sciences de I'Evolution de Montpellier (Univérsit not caused by the drying up of Lake Maridor. Above the
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Table 1. Radiocarbon dates of bulk organic matter from cores MAR2 and NGUEL of Lakes Maridor akdé&gaspectively. All radiocar-
bon dates were calibrated using the program INTCALO4 (Reimer et al., 2004).

Core Depth 14Cage BP Calendar age (yr BP) Materiel dated Laboratory code
Number (cm) and range §2
Maridor-2 (423) 25 149660 1360 (1299-1518) Bulk BETA 195417 (AMS)
97 323040 3435 (3377-3557) Bulk BETA 206438 (AMS)
148 219@40 2226 (2113-2332) Bulk BETA 195416 (AMS)
184 343@40 3725 (3582-3827) Bulk BETA 206439 (AMS)
221 344@40 3728 (3612-3830) Bulk BETA 202480 (AMS)
254 260640 2540 (2508-2786) Bulk BETA 206440 (AMS)
292 407@75 4620 (4419-4822) Bulk BETA 202481 (AMS)
363 263@:40 2810 (2714-2884) Bulk BETA 206441 (AMS)
418 379555 4200 (3991-4407) Plant macrofossil GIF 11619 (conv.)
Nguene-1 (413) 35 43040 492 (326-536) Bulk BETA 195415 (AMS)
75 99G+40 845 (795-964) Bulk BETA 195414 (AMS)
105 163@-40 1512 (1410-1615) Bulk BETA 195413 (AMS)
125 160a:-35 1442 (1406-1557) Bulk GIF 11618 (conv.)
153 194@-40 1896 (1815-1930) Bulk BETA 202478 (AMS)
192 331@40 3526 (3449-3636) Bulk BETA 202479 (AMS)
257 242941 2425 (2351-2702) Bulk UtC 13545 (AMS)
277 251640 2550 (2458-2743) Bulk BETA 206442 (AMS)
337 254@40 2720 (2488-2750) Bulk BETA 195412 (AMS)
375 446@:40 5127 (4960-5294) Bulk BETA 206443 (AMS)
413 411@40 4590 (4453-4821) Bulk BETA 189989 (AMS)
0 0
50
100 100
0.08 cm/yr
150
g 200 g 200.
° 250 °
300 300
350
0.04 cmlyr —— |

400

Calendar age (kyr BP)

T T T T T
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] Grey, organic-rich gley

Fig. 2. Age-depth plot and sand content of core NGUE1. The age-model illustrated by the solid line has been used to derive the chronology
of the core NGU1. Sediment accumulation rates are based on linear interpolation of calibrated radiocarbon dates.

podzolic horizon, core MAR2 shows a 2 m-thick clayey sand, for the Maridor sediments can be derived. The first chronol-
interspersed by various black organic laminae and some adsgy (dotted line) shows a single change in the accumula-
ditional sandy layers. Based on the nine radiocarbon dateton rate at 97 cm, which is not consistent with the lithol-

of the MAR2 core, as well as stratigraphical correlations be-ogy and sand content as these parameters show great varia-
tween the MAR2 and MAR1 cores, two different age-modelstion. These radiocarbon dates, spanning the interval 3500—
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Fig. 3. Age-depth plot and sand content of core MAR2. The age-model illustrated by the solid line has been used to derive the chronology
of the core MAR2. Sediment accumulation rates are based on linear interpolation of calibrated radiocarbon dates.

4500 cal yr BP, were obtained from bulk samples of clayey355cm) is associated with high arboreal pollen values
sediments containing black organic-rich layers. This sug-of Sapindaceae, indicative of semi-deciduous rainforests
gests that the organic laminae are mostly allocthonous or{e.g. Ganophyllumsp., Blighia, sp., Chytranthussp., etc.),
ganic matter originating from the underlying podzolic hori- as well as with small amounts dPycnanthus angolen-
zon. The alternative age-model (solid line), constructedsis (Myristicaceae) {2%), Trilepisium madagascariensis
using radiocarbon dates, obtained from the non-perturbedMoraceae) £3%) andAphaniatype (Sapindaceae)3%)
clayey sediments and showing more variation, which are eipollen. These latter arboreal pollen taxa, typical of semi-
ther synchronous with increasing sand content or with litho-deciduous rainforest, are light-demanding species growing
logical changes, can be assumed to be closer to reality. in old secondary evergreen rainforests. Hence, this pollen
assemblage suggests that from 4100 cal yr BP the evergreen
rainforest surrounding Lake Ngne was progressively re-
5 Nguene pollen record placed by semi-deciduous rainforest.
Zone N2 (ca. 3200-1400 cal yr BP; 355-115 ¢nuicates
A total of 121 pollen taxa were identified from the 55 that major changes occurred in both the marsh and rainforest
samples of core NGUEL, with changes in the relativepollen signal.
pollen abundance clearly reflecting the vegetation dynamics Between3200 and 2400 calyr BP (subzone N2c: 355-
(Fig. 4). Based on floristic changes of the forest component255cm) arboreal pollen taxa characteristic of the ma-
three pollen zones characterizing the main successive stagésre rainforest are progressively replaced by pioneering
have been visually defined. plants, notablyAlchornea cordifolia(up to 60%) andElaeis
Zone N3 (ca. 4590-3200 calyr BP; 413-355dmghar-  guineensig~10%), which favour disturbed forest habitats
acterized by high pollen values of the families, Caesalpini-(Maley and Chepstow-Lusty, 2001). In Guineo-Congolian
aceae (18-29%), Mimosaceae (11-18%) and Sapindaceagetlands,Alchornea cordifoliagrows in well-drained lake
(5-16%). As many of the trees, commonly found in Gabon,shore soils, as well as open areas of fringing forest border-
belonging to the Caesalpiniaceae (e.lpnopetalanthus ing the lower reaches of lowland rivers (Lebrun and Gilbert,
spp., Cynometraspp., Anthonotaspp., Berlinia spp., etc.), 1954; Evrard, 1968; Schnell, 1976). This species, which
Mimosaceae Galpocalyx spp., Piptadeniastrum africana  can tolerate marked flooding regimes (Evrard, 1968), may
Pentaclethraspp., etc.) and Sapindacedgribcoelumsp., gradually colonize swamp shorelines as the mean water-level
Chytranthussp., Ganophyllumsp., etc.), are characteristic lowers. Thus, an abrupt rise &ichornea cordifoliapollen,
of closed canopy rainforest (Aubrille, 1968; Fouilloy and  following a corresponding decrease in Cyperaceae pollen,
Halle, 1973; Villiers, 1989), these pollen assemblages in-clearly indicates that dense stands of littoral vegetation pro-
dicate that dense stands of mature rainforest occupied thgressively invaded the lake basin. The significant presence
catchment area of Lake Ngoe during the mid-Holocene.  of Elaeis guineensigollen, remaining remarkably constant
However, a slight decline of Caesalpiniaceae pollen be{~10%) throughout zone N2, associated wigtrorchidium
tween 4100 and 3200 calyrBRsub-zone N3b: 395- (Euphorbiaceae) pollen~3%) and declining mature forest
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parentheses are omitted from the chronology of the core NGUE1 because they may be derived from allochtonous inputs or reworked organic matter.
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pollen taxa, indicate the creation of openings in the closedoobeguinij as well as an herbaceous marsh. The similar
canopy forest surrounding the lake basin. percentages of Cyperaceae pollen and pteridophyte spores

From 2400 to 2000calyrBP (sub-zone N2b: 255- (40-50%) suggest recurring seasonal lake-level fluctuations.
175cn), fern spores and grass pollen markedly increase]rvingia gabonensiglrvingiaceae), Caesalpiniaceae and Mi-
reaching maxima of 40% and 10% of the total pollen sum,mosaceae pollen appear with significant frequenciesfg),
respectively. Many of the marshy pteridophyte species foundvhile Elaeis guineensipollen reaches its last high abun-
today around Lake Ngne are either epiphytic ferns in the dance (10%), suggesting the end of evergreen rainforest dis-
surroundingCyperus papyruswamp, or terrestrial ferns in- turbance.
vading the lake shores during dry season low-stands (Ngo- From 950 to 20 calyr BP (subzone Nla: 70-5¢iNpu-
manda, personal observation). As fern spores were notleatype pobeguinii(5—-10%, Mimosaceae-(5%) and Cae-
identified beyond family level, a distinction was not estab- salpiniaceae (10-25%) pollen continue to increase, asso-
lished between epiphytic wetland and more terrestrial formsciated with an abrupt decline dElaeis guineensigollen
Nevertheless, the rise in fern spores, associated with boti<1%). This indicates a renewed spread of dense closed
a slow increase in grass pollen and declining Cyperaceaeanopy rainforest around the catchment. The associated in-
pollen abundance, suggests that lake-levels were low durerease inNaucleatype (>10%) andUapacatype (~5%)
ing this period. It is also notable that a rise in marshy pollen suggests further expansion of swamp forest and prob-
herbaceous pollen taxa, following a significant decline in ably higher lake levels.

Alchornea cordifoliatype pollen, is accompanied by an in-

creasing abundance of secondary forest pollen taxa [e.g.,

Aphaniatype (~5%), Lanneatype (Anacardiaceae) (2— 6 Maridor pollen record

15%), Anacardiaceae-6%), Trilepisium madagascariensis

(~5%) and Flacourtiaceae-B%)]. However, Caesalpini- A total of 158 pollen and spore taxa were identified in the
aceae andNaucleatype pollen continue to maintain signif- 58 samples analysed (Fig. 5). Changes in relative pollen
icant relative abundances (5-10%). This pollen assemblaggbundance in the Maridor record, reflecting the vegetation
suggests that a closed canopy rainforest persisted, but witdynamics, suggest three major zones with a total of four sub-
increasing fragmentation allowing secondary forest taxa tozones.

colonize the gaps. Pollen zone M3 (ca. 4265-3940 cal yr BP; 423-405cm)

Between 2000 and 1400calyrBP (Zone N2a: 175- is dominated by Caesalpiniaceae pollen (16-28%), an in-
115 cm)pteridophyte spores decline t620%, followed by  dicator of moist mature evergreen rainforest in the Guineo-
peaks in the pollen of the riverine specidihornea cordifo- ~ Congolian region (Autiville, 1968; White, 1983). Pollen
lia (>20%), Morelia senegalensiéRubiaceae)$15%) and from secondary forest taxa, mainfucoumea klaineana
Martretia quadricornis(Euphorbiaceae) (up to 54%). Pollen Sacoglottis gabonensitophira alata(Ochnaceae) and Fla-
from mature evergreen rainforest taxa, mainly Caesalpini-courtiaceae are significant-6%), while pollen of grasses
aceae, as well as those from herbaceous marsh families (i.end pioneering shrubs (e.gAlchorneatype, Macaranga
Cyperaceae and Poaceae) are very scarted). In contrast,  Tetrorchidium Elaeis guineensjsetc.) and hygrophytic
pollen from secondary forest and semi-deciduous rainforesherbs (Cyperaceae, pteridophytes and aquatics) are scarce
taxa (e.gAphaniatype, Lannea Flacourtiaceae) are signif- (<1%). AlthoughAucoumea klaineanaSacoglottis gabo-
icant (~10%) This distinct pollen assemblage indicates thatnensisand Lophira alataare typical secondary forest taxa,
maximal regression of the mature evergreen rainforest octhey can still be dominant in mature evergreen rainforest
curred between 2000 and 1400 cal yr BP, even if the markedNicolas, 1977; Cabaland Fontes, 1978). Hence, the pollen
alteration in sediments — showing that the grey gley-mudsassemblage indicates that a closed canopy forest existed in
typical of marshy environments are replaced by fine darkthe Maridor region. Evidence of high water levels is provided
clayey-muds, indicative of lake deposits (Makaya, 2005) —by Melastomataceae pollen attaining 30%, which is probably
suggests that rainfall became abundant. from Dissotis congolensjsa shrub that is found in swampy

Zone N1 (ca. 1400-20cal yr BP; 115-5cm) environments around the lake today (Christy et al., 1990).

A detailed high-resolution description of this section ofthe  Zone M2b (ca. 3460-2890 cal yr BP; 400—370 ¢shar-
Nguene pollen diagram has been published already (Ngoacterized by a marked decline in the major closed canopy
manda et al., 2007). Here, we sub-divide Zone 1 into twoforest pollen taxa, notably Caesalpiniaceae, Sapindaceae
sub-zones to facilitate interpretation. and Mimosaceae, accompanied by a progressive increase in

Between 1400 and 950calyrBP (subzone N1b: 15— pollen from gap-colonisersElaeis guineensig~1-50%),
70cm) pollen from herbaceous marsh and swamp treeMacaranga(Euphorbiaceae) (5—10%AIchorneatype (5—
taxa, particularlyNaucleatype (~5%) andMacarangatype 10%)], indicating the colonisation of rainforest canopy open-
(~5-8%) increase significantly. This indicates that Lakeings. This rainforest disturbance is concomitant with a
Nguene became a proper lake, which supported both aignificant rise in grass pollen (up to 80%) and terrestrial
well-developed swamp forest, dominated Kgucleatype herbaceous pollen-(15%), indicating savanna development,
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associated with significant peakstdbloptelea grandigUI- environments around Lake Maridor, the high abundance of
maceae) pollen (up to 10%). The presence of this deciduCyperaceae pollen and pteridophyte spores suggest a mosaic
ous tree (Letouzey, 1968; White, 1983) reinforces the evi-of marshy-swampy vegetation.
dence for drier environmental conditions occurring from ca.
3800 calyr BP.

Zone M2a (ca. 2890-2280 cal yr BP; 370-180ampar- 7 Discussion
ticularly distinguished by a marked increase in pollen from
Elaeis guineensi$25-50%), associated with the continued Pollen data from Lakes Ngme and Maridor clearly show
dominance of other gap-coloniser pollen taXdchornea that a well-developed moist rainforest existed around the
type (10—20%) andvlacaranga(10-25%). An increase in lakes before 4200 calyrs BP, as Caesalpiniaceae, a major
dry conditions is also indicated not only by the notable indicator of Guineo-Congolian moist evergreen rainforest
presence of savanna shrub pollen (suchCasssopterix (White, 1983), is abundant in the pollen assemblages. Simi-
type [Rubiaceae]), but even among the mature forest polleriar regional vegetation reconstructions have been described
taxa,Celtis(UImaceae) pollen (2—7%) and Sterculiaceae (2—from other palaeoecological records across western Equa-
5%), both characteristic of semi-deciduous forests (Letouzeytorial and West tropical Africa. Notably, pollen records
1968; White, 1983). Cyperaceae pollen (up to 70%) andfrom Cameroon (at~2°N) showed that a Biafrean-type
pteridophyte spores (up to 80%), as well as a declinerainforest, dominated by Caesalpiniaceae, existed around
in aquatic herbs, indicate the development of herbaceousakes Barombi-Mbo (Maley and Brenac, 1998) and Ossa
marshy vegetation. This vegetational change coinciding with(Reynaud-Farrera et al., 1996) at that time. During the same
a lithological shift from podzolic soils to sand-rich clays, period, a semi-evergreen rainforest surrounded the catchment
suggests that Maridor became a permanent lake. of Lakes Sinnda (Vincens et al., 1998) and Kitina (Elenga

In zone M1b (ca. 2280-1940 calyrBP; 180-110qwiy) et al., 1996) in southern Conge-(at 2°S), as well as the
oneer forest pollen taxa, e.gElaeis guineensi§8—12%)  catchment of Lakes Bosumtwi an@I8 in Ghana and Benin
and Macaranga(5-8%) significantly decline, and there is (Salzmann and Hoelzmann, 2005), respectively.
a marked increase in secondary forest pollen taxa [e.g., From 4000 calyrBP, the contraction of moist evergreen
Tetracera(Dilleniaceae), Flacourtiacea&ilepisium mada- rainforest suggests the onset of aridity during the late
gascariensip(Nicolas, 1977; Christy et al., 1990). Concur- Holocene. This major vegetation change occurred pro-
rently, arboreal pollen taxa from the forest-savanna mosaigressively, first by altering the floristic composition of ma-
(e.g.,Lophira alataandAucoumea klaineanaxpand; these ture evergreen rainforest (as shown by the replacement of
species are today actively involved in savanna colonisation irCaesalpiniaceae by semi-deciduous trees), followed by ex-
the absence of fire (White and Abernethy, 1997; White et al. pansion of savannas and/or open forest formations, which
2000; White, 2001). Mature forest trees, mainly Caesalpini-reached their maxima between 2700 and 2400 cal yr BP. The
aceae 15%), Mimosaceae~5%) andCeltis (2-11%) are  opening of the forest and its substitution by savannas and pio-
also well-represented in the pollen assemblage, indicatingneer formations is attested in various late Holocene palaeoe-
that the rainforest was being progressively reconstrulected cological sites across inter-tropical Africa. Central-East
addition, pollen from aquatic taxa-6% of the total pollen  African pollen records clearly show that mountain forest
sum) increase, associated with the marked ridédyfanthus  openings occurred synchronously in the highlands of Bu-
(Moraceae) pollen type=(5%), Uapacatype (5-10%) and  rundi, Rwanda and Uganda at 4300, 3800 and 2509r BP
Melastomataceae (4—17%) pollen, most probably from theg(Taylor, 1990; Jolly and Bonnefille, 1991; Taylor, 1992,
swamp trees present toddyapaca guineensiand Disso-  1993; Jolly et al.,, 1994, 1997). In West and Central
tis congolensis respectively. The concomitant decline of Africa, pollen data suggest a breakdown of African low-
Cyperaceae pollen and fern spores suggests the significatdnd rainforest into two distinct phases: the first one around
regrowth of swampy environments around Lake Maridor. 4000 calyr BP, and a second phase around 2500 cal yr BP.

In Sub-Zone M1la (ca. 1940-290 cal yr BP; 110-5 cpoi) The first “crisis” impacted the periphery of the central
oneering tree pollen (e.dgzlaeis guineensiandMacarangd African forest block and was marked by the widespread ap-
pollen rise again. Although, this is interpreted as an expan{pearance of savannas. At the northern periphery, at elic S
sion of pioneer forest, it was not associated with a declinein Benin, the opening of the “Dahomey Gap”, a savanna cor-
of pollen from secondary forest (e.dAucoumea klaineana, ridor interrupting the West African rainforest, is dated be-
Tetracera etc.), swamp forestUapaca guineensjdMelas-  tween 4500 and 3400 calyr BP (Salzmann and Hoelzmann,
tomataceae cDissotis congolensiandRaphig, or mature  2005). In the south, at Lake Sinnda in southern Congo,
rainforest (e.g.Prypetes|Euphorbiaceae], Caesalpiniaceae, the semi-deciduous forest was replaced by savannas after
Mimosaceae Plagiostyles africangdEuphorbiaceae]) taxa. 3990+70C yr BP (4530-4400 cal yr BP). This phase of sa-
These pollen assemblages reveal a picture of mixed rainforvanna expansion is represented by the lower zone M2 in
est types similar to the current complex landscape of forestthe Maridor pollen diagram. Sites further within the forest
savanna mosaic. In addition to the importance of swampyblock, such as Lakes Barombi-Mbo and Ossa, the Nyabessan
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swamp (Cameroon), and Lake Kitina (Congo), do not showrally abundant irE. guineensismay easily explain its con-
signs of ecosystem succession for this period, and maintaigentration in archaeological sites. Indeed, in other Holocene
stable rainforests dominated by Caesalpiniaceae (Elenga sites from western equatorial Africa, pollen data clearly show
al., 1996; Reynaud-Farrera et al., 1996; Maley and Giressethat the expansion dElaeis guineensialways followed the
1998; Ngomanda et al., 2009). At these sites, forest openwidespread establishment of grassland savannas (Elenga et
ing occurred between 2700 and 2400 cal yr BP, and is widelyal., 1992, 1994) or temporary forest openings (Elenga et al.,
considered to have been completed within a few decade4996; Reynaud-Farrera et al., 1996; Maley and Brenac, 1998;
(e.g., Maley, 2002, 2004; Ngomanda et al., 2009). This phasé&lgomanda et al., 2005). Furthermore, it can be emphasized
of forest breakdown, visible in zone Ng2 of the Ngne  that the Lake Ngéne vegetation record shows a significant
pollen diagram ended around 2000 cal yr BP. decrease iit. guineensipollen during the last five centuries.

The spread of savannas in the Maridor region aroundThis is exactly the time interval when anthropogenic impact
4000 cal yr BP, however, occurred as the lake-level increasedyn rainforests (e.g., due to increasing human population den-
as shown both by the sharp rise of pollen from marsh com-sities) would be expected to rise.
munities, (e.g., Cyperaceae, aquatic herbs) and by the sed- The rapid ecosystem transition between 4200 and
imentary changes observed, with the deposition of sandy4000 calyr BP, from stable moist evergreen forest to drier
clays, typical of lake deposits (Giresse et al., 2009), follow- vegetation formations (i.e. savannas and semi-evergreen
ing podzolic soil formation. This latter deposition is typical forests) and the degradation of rainforest over the third mil-
of lowland areas in the sedimentary sandy basin of coastaennium BP, suggest that the vegetation changes observed
Gabon, as well as observed on the Congoleséigatands in Gabon mainly reflect the regional variability of effec-
(Schwartz, 1988). Different morphodynamic processes, optive moisture. This hypothesis is supported by the records
erating within the lake basin due to climatic oscillations, of terrigenous dust deposited in lake sediments downwind
may explain the apparent contradiction between lake-levefrom the Sahara, and continental records of past precipitation
fluctuations and vegetation change around Lake Maridorchanges in Central Africa (Nguetsop et al., 2004; Weldeab et
The sediments at the base of core MAR1, showing gley-al., 2005, 2007). These combined records show a continu-
muds and podzols, typical of marshy environments, suggestus decrease of rainfall from 5200 cal yr BP and the appear-
that Lake Maridor was initially a swamp system. Around ance of a marked dry season during the Northern Hemisphere
4000 calyr BP, the base of this former swamp acted as avinter months with very low atmospheric humidity between
valley bottom; active erosion from the surrounding Plio- 2400 and 2100 calyr BP. The presence in the pollen dia-
Pleistocene sedimentary basement, and strong stream trangrams of Ngéne (e.g. zones N3b and N2) and Maridor (zone
port led to accumulation of coarse deposits in the bottom ofM2) of deciduous trees (e.d¢doloptelea grandis Trilepi-
the swamp. This process is clearly shown by the sedimentargium madagascariensis, Celsp., Pycnanthus angolensis
change observed at320 cm in the MARL1 core, which indi-  Blighia sp.,Lanneasp.,Aphania senegalensiSterculiaceae,
cates deposition of coarse-grained sands of alluvial originetc.) which lose totally or partially their leaves during the
Decreasing water level, due to declining rainfall or more ac-Northern Hemisphere winter dry season (Letouzey, 1968;
centuated seasonality, led to subsequent emergence of theg¢hite, 1983) reinforces the evidence for seasonality change
coarse alluvial sediments, allowing the development of theoccurring from ca. 4000 cal yr BP.
podzolic horizon. The accumulation of these podzolised de- The progressive drying of central African terrestrial
posits blocked the outflow around 4000 cal yr BP, facilitating ecosystems during the mid- and late-Holocene, which co-
the formation of permanent open water. incided with the desiccation of the Sahara elin et al.,

It has also been suggested that the major expansion 0f008), is widely thought to have been linked to weaker in-
Elaeis guineensjscoupled with increasing grass cover may solation forcing of the African monsoon and eastern equa-
be due to human agricultural activity (Sowunmi, 1999), astorial Atlantic sea-surface temperature anomalies. Further-
the recovery of pollen and macro-remains of this oil palm in more, this would have affected the southward extension of
palaeoecological records has often been used as an anthrghe Intertropical Convergence Zone (ITCZ) and its associ-
pogenic indicator (Clist, 1995; Oslisly, 1995, 1998, 2001; ated rainfall belt (Nguetsop et al., 2004; Weldeab et al., 2005,
Assoko Ndong, 2002). This hypothesis is supported by2007; Ngomanda et al., 2009).
the fact that in many Neolithic (4500-2500 calyr BP) and
Iron age (2400 cal BP to present) Gabonese archaeological
sites, substantial amounts of palm nuts have been recovered@, Conclusions
suggesting the importance of this resource to humans dur-
ing the late Holocene (Clist, 1995; Oslisly, 2001; Assoko Pollen data from Lakes Maridor and Ngjpe in Gabon show
Ndong, 2002). However, no evidence for systematic culti-that hydrological changes occurring over the past 4500 yr
vation of Elaeis guineensié the region has been formerly were the major driving forces controlling rainforest dynam-
demonstrated, although the Bantu are considered as farnies in this part of western equatorial Africa. They clearly
ers; simply gathering palm nuts in secondary forests, natudemonstrate that the current forest-savanna mosaics of the
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