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La forêt d'Afrique centrale: Biodiversité, Présente et Passée. Quels enjeux pour le futur?  

Anne-Marie Lézine et Doyle McKey 

Quel est l’impact du temps long sur l’écologie actuelle ? L’histoire peut-elle expliquer les 
particularités des écosystèmes  forestiers tropicaux? Pour répondre à ces questions cruciales 
pour la compréhension de la vulnérabilité environnementale face au changement 
climatique, le projet C3A était focalisé sur un des chapitres dramatiques de notre 
histoire climatique: la dernière grande crise qui a eu lieu il y a quelques 3-4 millénaires en 
Afrique. Après une longue époque d’amélioration climatique au cours de l’Holocène, 
l’Afrique intertropicale a été frappée par une crise majeure qui a atteint l’ensemble des 
écosystèmes de façon profonde et souvent irréversible. Celle-ci a touché non seulement à 
l’étendue des formations forestières mais aussi à la structure et la composition même des 
forêts. Le déroulement de cette crise et ses conséquences pour les écosystèmes actuels sont 
aujourd’hui encore mal explorés. 
 
L’Afrique tropicale représente pour la communauté scientifique un formidable objet 
d’étude. Du fait se sa particularité tout d’abord : L’Afrique tropicale se démarque des autres 
régions forestières tropicales de la planète. En la comparant à l’Amazonie et à l’Asie du Sud-
Est, Paul Richards, pionnier de l’écologie des forêts tropicales, fut le premier, en 1973, à 
qualifier l’Afrique de « the odd man out » (l’intrus) : la région forestière tropicale y est 
caractérisée par des climats actuels plus secs que ceux des autres grands blocs forestiers 
tropicaux. Elle fut soumise à des fluctuations climatiques passées extrêmes à l’origine, selon 
Richards, de la répartition et la composition de ses écosystèmes actuels. Avec Richards, 
d’autres écologues et paléoécologues, dont Aubréville ou Schnell ont été dans la 
communauté française de remarquables pionniers, tentent de déceler les conséquences de 
l’histoire pour le fonctionnement actuel des écosystèmes forestiers tropicaux de l’Afrique 
(Parmentier et al., 2007).  La région forestière d’Afrique, comme le reste du continent, se 
démarque dans un aspect supplémentaire : de tous les continents, c’est en Afrique que 
l’instabilité politique, la diversité de langues et de cultures, ainsi que le manque cruel 
d’infrastructures ont le plus freiné l’accumulation de connaissances scientifiques sur la 
biodiversité et son histoire. A l’échelle planétaire, c’est l’un des plus grands verrous à faire 
sauter pour faire avancer notre compréhension de la biodiversité tropicale et pour formuler 
des stratégies pour la conservation et la gestion durable des écosystèmes tropicaux. La 
communauté scientifique française a depuis plusieurs décennies joué et joue encore un rôle 
majeur dans la recherche sur la biodiversité de cette région, dans la mise en place de 
partenariats entre chercheurs du Nord et chercheurs du Sud, et dans le renforcement des 
capacités scientifiques des chercheurs africains. Encore aujourd’hui, les forêts de l’Afrique 
centrale restent relativement épargnées, comparées à celles des autres grands massifs 
forestiers tropicaux, de la déforestation à grande échelle à des fins agro-industrielles. 
Cependant, cette situation va changer rapidement, face aux nouvelles demandes de produits 
forestiers, d’énergie, de nourriture et de ressources minières dont regorge le sous-sol du 
continent. Il est donc urgent de profiter de la fenêtre d’opportunité actuelle pour étudier la 
biodiversité des forêts tropicales africaines, fournir les données de base pour documenter 
leur importance pour la conservation de la biodiversité et le maintien des services 
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écosystémiques, et aider les pays africains à développer les capacités pour mieux défendre 
leurs propres intérêts dans la politique environnementale à l’échelle planétaire.  
 
Ce colloque marque la fin du projet C3A au Cameroun. Il est financé par le projet C3A et le 
Programme Pilote Régional de l’IRD « FTH-AC Changements globaux, biodiversité et santé en 
zones forestières d’Afrique centrale ». L’invitation faite aux collègues de la « Banque 
Africaine de Données Polliniques » (APD) originaires des pays voisins d’Afrique centrale: 
Nigéria, République démocratique du Congo, Ouganda, Kenya est l’occasion d’offrir une vue 
régionale dépassant largement le cadre géographique et temporel initial pour couvrir une 
histoire environnementale et climatique de l’Afrique centrale longue de plusieurs centaines 
de milliers d’années. 

Ce colloque bénéficie de l’aide administrative du laboratoire LOCEAN à Paris et du bureau de 
l’IRD à Yaoundé. Nous remercions très vivement les authorités compétentes du Cameroun 
pour nous avoir fourni les authorisations de recherche et les aides nécessaires au projet. 

 
Forests from central Africa: present and past biodiversity: What is at stake for the future? 

Anne-Marie Lézine and Doyle McKey 

What is the impact of time and history on present-day ecology? Can history explain the 

particularities of tropical forest ecosystems? These questions are crucial for understanding 

the vulnerability of environments to climate change. To help answer them, the C3A project 

focused on a dramatic chapter of our climatic history: the last great crisis that took place 

around 3000-4000 years ago in Africa. After a long epoch of climatic amelioration during the 

Holocene, tropical Africa was struck by a major crisis that had deep, and often irreversible, 

effects on all its ecosystems. This crisis had impacts not only on the extent of forest 

vegetation but also on the structure and composition of forest communities. The unfolding of 

this crisis and its consequences for current-day ecosystems remain poorly explored. 

The ecology of tropical Africa is a formidable subject of study for the scientific community, 
first because of its particularity: tropical Africa is different from the other tropical-forest 
regions of the planet. In a 1973 paper comparing African tropical forests to those of 
Amazonia and Southeast Asia, Paul Richards, a pioneer in the ecology of tropical forests, was 
the first to term Africa “the odd man out”: today, the tropical forests of Africa are 
characterized by drier climates than the other large tropical-forest regions. The tropical-
forest region of Africa also experienced extreme climatic fluctuations in the past, which 
explained, according to Richards, the distribution and the composition of its ecosystems 
today. Following Richards, other ecologists and palaeoecologists, among whom Aubréville 
and Schnell were remarkable pioneers in the French community, have tried to understand the 
consequences of history for the current-day functioning of tropical forest ecosystems in 
Africa. Forested regions of Africa, like the rest of the continent, are distinguished in another 
aspect: of all the continents, it is in Africa that political instability, the diversity of languages 
and cultures, and the crying lack of infrastructure have slowed the accumulation of scientific 
knowledge about biodiversity and its history. At the planetary scale, this is one of the 
greatest obstacles that must be breached to allow our understanding of tropical biodiversity 
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to advance, so that we can formulate strategies for the conservation and sustainable 
management of tropical ecosystems. For several decades, the French scientific community 
has played, and continues to play, major roles in research on the biodiversity of this region, in 
establishing partnerships between researchers in the global North and South, and in 
reinforcing the scientific capacity of African researchers. To this day, compared to those of 
the other great tropical-forest blocks, the forests of central Africa have been relatively spared 
from large-scale deforestation for agro-industrial purposes (plantations, mining). However, 
this situation is likely to change rapidly and dramatically, in response to new demands for 
forest products, for food and energy, and for the continent’s rich mineral resources. It is thus 
urgent to take advantage of the current window of opportunity to study the biodiversity of 
African tropical forests, to furnish the databases to document their importance for 
conserving biodiversity and maintaining ecosystem services, and to help African countries 
develop the capacity to better defend their interests in environmental politics at the 
planetary scale. 

This conference marks the end of C3A project in Cameroon. It is supported by the ANR C3A 

project and the IRD Regional Pilot Program "FTH-AC Global change, biodiversity and health in 

forest areas of Central Africa". The invitation to colleagues from the "African Pollen 

DataBase" (APD) from neighboring countries: Nigeria, Democratic Republic of Congo, 

Uganda, Kenya is an exceptionnal opportunity to provide a broad scale view (geographically 

and temporally) of the environmental and climate of Central Africa over the last hundreds of 

thousands of years. 

The conference benefits from the administrative support from the LOCEAN laboratory in Paris 

and the IRD office in Yaounde.Thanks are due to the authorities in Cameroon who provided 

research authorisations and support. 
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Climatic and Environmental Studies of Quaternary Sediments in Lagos Lagoon, South 
Western Nigeria 
 
Akaegbobi,  I.M., Akinola, O.O. 
 
A total of eighteen surface samples were retrieved from the Quaternary Lagos Lagoon 
sediments and subjected to palynological analysis in order to decipher its depositional 
environment and relationship with the subsisting vegetation cover. The pollen, spore and 
the non-pollen palynomorphs (NPP) examined from the various locations within the Lagos 
lagoon were derived from distinct environments. The Rhizophora pollen, Zonocostites 
ramonae together with other mangrove pollen and spore dominated. This is broadly a 
reflection of the present tropical mangrove forest along the Nigerian coastline that thrives in 
hot and humid condition. The presence the widely distributed allochthonous miospores 
suggests the presence Secondary forest and savannah vegetation flourishing in a drier 
climate condition. 
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Role of past and present environmental factors in genetic structure of forest species. The 
contribution of comparative analysis among symbiotic partners (plant, ant, fungus) 
 
Born, C., Peccoud, J., Piatscheck, F., Benoit, L., Garcia, M., Sauve, M., Djiéto-Lordon, C., 
Attéké, C., Harris, D., Wieringa, J.J., McKey, D., Blatrix, R. 
 
The Central African forest is the second largest tropical rainforest area worldwide. Within 
this area, only few major geographic features may prevent dispersal of forest organisms and 
processes shaping spatial distribution of genetic diversity are still poorly understood. Four 
hypotheses have been proposed: (i) the existence of isolated forest refugia during dry 
periods of the Quaternary, (ii) seasonality inversion North and South of a climatic hinge, (iii) 
a West-East rainfall gradient and (iv) divergent adaptation to edaphic factors. Elucidating 
patterns of spatial genetic structure can help us evaluate these hypotheses. Studying the 
genetic structure of populations of interdependent species associated in symbiotic 
mutualisms offers unique opportunities for comparative phylogeography. The ant-plant 
Barteria fistulosa has hollow branches that host the specialised plant-ant Tetraponera 
aethiops. Both species benefit from the association and are dependent on each other. 
Within the plant’s cavities, the ants cultivate and harvest a specific fungus that they use as a 
food source. This symbiosis is widely distributed and abundant throughout Central Africa. 
Using sequence data and microsatellite genotypes for the three interacting species sampled 
over Lower Guinea (mostly Cameroon and Gabon), we show that spatial genetic structures 
of their populations are congruent and compatible with the refugia hypothesis. However, 
the plant shows a very strong and sharp differentiation North and South of latitude 1°N. This 
differentiation is much weaker for the ant and the fungus, indicating that other factors are 
involved in shaping plant spatial structure. Northern and Southern plant populations display 
a 6-month lag in flowering time because they flower at the beginning of the main rainy 
season. It is likely that in the past, the climatic hinge reinforced genetic isolation of 
fragmented populations by impeding pollen flow, and resulted in a stronger North-South 
differentiation for the plant than for the ant and the fungus. This led to genetic 
incompatibilities for the plant but not for the other partners, explaining the patterns 
observed today. 
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The Mbi Crater lake: an exceptional site for understanding climate change and vegetation 
dynamics in the mountains of Cameroon during the last  15,000 years  
 
Buchet, G., Vincens, A., Lézine, A.-M.  
 
The Mount Oku area, in western Cameroon, is today considered as one of the world’s 
“hotspots” of biodiversity. It holds a unique forest in Central Atlantic Africa dominated by 
Podocarpus latifolius and recent works at Bambili have shown its high sensibility to past 
climate changes. In the frame of successive projects carried out since 2007 in this region and 
funded by the “Agence Nationale de la Recherche (ANR)” (IFORA, C3A), several sites have 
been investigated for pollen analysis of their sedimentary deposits. Among them, the Mbi 
crater (6°11N, 10°35E, 2057 m) is well known for its occupation by Man since the last glacial 
period. We present here a continuous pollen sequence recovering the last 15,000 years. A 
peculiar attention is put on the last important climate “crisis” occurring at the end of the 
Holocene African Humid Period which has led to the installation of the modern landscapes in 
a large part of central atlantic Africa and on role of Human impact on vegetation. The high 
diversity of the pollen microflora makes the Mbi crater an exceptional site for study tropical 
African biodiversity. 
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Return times of seasonal extreme rainfalls in the African Sahel 
 
Chamani, R., Monkam, D. 
 
This paper focuses on the extreme rainfall events such as floods in three sub-regions (Arid, 
Semiarid and Savanna) of the African Sahel (17°W-40°E, 8°-20°N). In this study, return times 
of extreme rainfall from observed precipitation data from Climate Research Unit, are 
estimated using stationary peaks-over-threshold method in the three climatic regions on the 
period 1901-2009. The main results, which are computed for both accumulated July-
September season rainfall and fractional area in flood for each Sahel sub-region, firstly 
suggest that distribution of extreme rainfall, after about 1970, is statistically different from 
that of preceding years. Arid and Semiarid regions have their extreme values in 1999, while 
2007 was the Savanna's extreme years. Seasonal extreme rainfall associated to these years 
were 173.70, 554.28 and 757.78 mm, having the corresponding fractional areas of  0.34, 
0.29, and 0.33, respectively. Return times of these values in Aride, Semi-aride and Savanna 
regions were 144, 99 and 197 years for precipitations and 52, 51 and 105 years for fractional 
area. Three most extreme values were found in each region. Taking the median of these 
three most extreme values that were 164.43 mm, 551.46 mm and 745.67 mm, in Arid, semi-
aride and Savanna, respectively, as representative of the most severe events of the post-
1970 epoch, return times of 37, 72 and 34 years were found. Similar work done for  the 
fractional area metric give median extreme value of 0.30, 0.24 and 0.25, with recurrence 
times 37, 34 and 35 years, for Arid, Semiarid and Savanna. 
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Représentation et analyse spatialisée des données du projet C3A 

Hervé Chevillotte 

Le projet C3A en tant que  projet de recherches multidisciplinaire,  regroupe  des 

paléoécologues, des modélisateurs du climat, des écologues de l’évolution, des généticiens 

des populations et des anthropologues biologistes et culturels. De nombreuse données de 

terrain ont été collectées dans différentes zones de la région du Bassin du Congo et ont fait 

l'objet d'une représentation spatialisée afin de compléter leur analyse en relation avec des 

informations géographiques liées à la phytogéographie (Guillaumet & al., 2009; Letouzey, 

1978-1979). 

 

Guillaumet J.-L., Chevillotte H. & Valton C. (2009). Carte des forêts tropicales humides 

africaines au 1 : 6 000 000. IRD, Bondy, France  

Letouzey R. (1978). Flore du Cameroun, Documents phytogéographiques n° 1,  CNRS, Paris. 

Letouzey R. (1979). Flore du Cameroun, Documents phytogéographiques n° 2, CNRS, Paris. 
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Reconstitution d’environnements holocènes au Cameroun par l’étude des signatures 

isotopiques delta 13C et des datations de la matière organique des sols 

Desjardins, T., Turcq, B., Nguetnkam, J.-P., Mandeng Yogo, M., Cetin, F., Achoundong, G., 

Lézine, A.-M. 

Au cours de l’Holocène des changements climatiques ont fortement modifié la distribution 
des écosystèmes, principalement la mosaïque forêt-savane, en affectant également les 
populations humaines qui y vivent. Si des données sur ces changements climatiques et de 
végétation existent dans les régions montagneuses du nord-ouest du Cameroun, elles sont 
encore aujourd’hui rares dans sa région centrale. Pour combler cette lacune, des profils 
d’abondance naturelle en 13C de la matière organique de sols (MOS) ont été réalisés, 
associés à des datations 14C. En effet, le contenu en 13C des végétaux diffère selon leur cycle 
photosynthétique (C3 ou C4). Cela conduit, dans les paysages intertropicaux qui présentent 
des végétations à cycles photosynthétiques en C3 (forêt) et majoritairement en C4 (savane) 
à un marquage in situ des matières organiques incorporées au sol. En effet, ces MOS 
présentent des compositions isotopiques en carbone 13 comparables à celles de la 
végétation à l’équilibre (-25 à -28‰ pour les MOS de forêt ; -14 to -18‰ pour celles de 

savane).  Dans les horizons profonds du sol, les variations du d13C sont complexes. Elles 
dépendent du type d‘horizon, mais surtout de l’histoire passée de la végétation, les temps 
moyens de résidence de la MOS, mesurés grâce au 14C, augmentant avec la profondeur.  
 
Les variations des abondances naturelles en 13C avec la profondeur ont été étudiées dans 
une trentaine de sols ferrallitiques actuellement sous forêt ou sous savane, dans une région 
du Cameroun comprise entre 3° 49’ et 6° 07’ de latitude N et 10° 09 et 13° 20’ de longitude 
E. 
 
Deux profils de forêts sont caractéristiques d’une végétation C3, en place depuis plusieurs 

millénaires, avec des valeurs de d13C comprises entre -28 ‰ en surface et 24 ‰ à la base. 

Les deux autres profils sous forêts montrent une augmentation rapide des valeurs de d13C 
dans les 30-40 premiers  cm pour se stabiliser ensuite en profondeur entre -22 et -20 ‰. Les 
profils de savane sont caractérisés par la prédominance de plantes C4 (Poaceae) avec des 
valeurs variant de -18 à -12 ‰ dans la partie supérieure. A partir de 30-40 cm, les valeurs 
décroissent plus ou moins rapidement selon les profils : vers 150 cm, ces valeurs varient 
entre -23 et -14 ‰, témoins de végétations plus anciennes et différentes du couvert végétal 

actuel. Ces paléo-végétations ont des caractéristiques d 13C différentes, allant de la forêt à la 
savane, en passant par des savanes arborées et des forêts claires. Les datations 14C mettent 
en évidence une augmentation continue de l'âge de la matière organique avec la profondeur 
confirmant que la MO de profondeur  contient la signature du couvert végétal le plus ancien. 
Ces datations indiquent que, dans les sites actuellement sous savane, le changement de 
végétation s'est produit, à l'Holocène supérieur, après 4000-3500 ans 14C BP. 
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Biogeographical affinities of Coleoptera Cetoniidae from Yoko (Central Cameroun)  
 
Djimefo, G., Tchuente, M., Le Gall P.  
 

Coleoptera Cetoniinae are good indicators of biogeographical interest of ecosystems and can 
be used to evaluate the status of them. The aim of this work is to establish the status of the  
forest/savannah transition ecosystem around the locality of Yoko (Cameroun Centre). The 
Cetoniinae’s assemblage of Yoko has been compared with four other sites localized in 
different ecological regions. Data of presence/absence of Cetoniinae where collected in the 
five sites. The analyses are done using the Jaccard similarity index and cluster dendogram, 
nonmetric multidimensional scaling (NMDS) for better visualisation of the affinities. The 
results showed that Yoko has a strong affinity with sites from the humid forest area from 
Central Cameroun. The level of endemism gives also a real specificity to the transition area. 
For future work, we will add environmental variables that allow us to provide better support 
environmental management tools. 
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Local adaptive responses to climate fluctuations in the forest-savannah boundaries of 
Central Cameroon 
 
Dounias, E. 
 
Over the past few years, a growing number of socio-environmental mechanisms have been 
elaborated at the international level to coordinate adaptive strategies to climate change. 
Such mechanisms involve an increasing number of stakeholders, each of them having their 
own interest in this process. Unfortunately, decisions and implementation remain largely 
top-down, and the position and view of indigenous peoples are simply ignored. By failing to 
take account of traditional ecological knowledge, decision makers obliterate possible ways 
of efficient synergies between adaptation and mitigation to ongoing climate fluctuations. 
The boundaries between forest and savannah in Central Cameroon offer ideal conditions to 
investigate the local perceptions of such fluctuations. The Tikar agriculturalists and the 
Medzan hunter-gatherers living in close interactions within the forest/savannah ecotone of 
the Mbam region may play a major role as sentinels of their changing environment as they 
would help the scientific community to better document the effects of climate change on 
the ecotone. We propose to focus our presentation on the bio-temporal signals that are 
determining events upon which dwellers of the forest and savannah boundaries have 
acquired the capacity to anticipate on climate fluctuations. Among the various sources of 
bio-temporal signals, insects are probably the most accurate and the most fascinating. 
Insects are sensitive to very subtle fluctuations of climatic conditions not perceptible to 
humans. Besides their keystone role as natural ecosystem engineers many pollinating insects 
are under threat and alerts us about the damages caused by humans and induced climate 
change on terrestrial ecosystems. Insects also inform us about the local perceptions of 
ongoing changes and about adaptive strategies of villagers to adjust their livelihoods and 
mitigate their vulnerability. The presentation will conclude on participatory action research 
pathways that should usefully be explored in order to reinforce collaboration between 
academic science and local knowledge in response to climate change.  
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Nuclear DNA data supports Pleistocene climate change influence on Atlantic African 
rainforests  
 
Duminil, J., Mona, S., Mardulyn, P., Doumenge, C., Walmacq, F., Doucet, J.-L., Hardy, O.J. 
  
 Molecular approaches have much to contribute to the understanding of the evolutionary 
history of African rainforest. In particular it allows inferring scenario on the history of 
tropical forest demography and testing the influence of past climate changes on species 
spatial diversity distribution. We defined a new set of universal primers for the amplification 
of nuclear intron-spanning fragments for the Phosphoenolpyruvate Carboxylase gene. Using 
six low-copy nuclear genes we characterized the spatial genetic diversity distribution of two 
tropical tree species from the Guinean region (Atlantic rainforest), Erythrophleum 
suaveolens and E. ivorense. Three different gene pools were demonstrated within the first 
species while the diversity was homogeneously distributed in the second species. In order to 
test if E. suaveolens gene pools correspond to climate-driven barrier to gene flow we 
conducted molecular dating and demographic changes analyses. Both tests have 
demonstrated that intra-specific historical barriers to gene flow took place during the 
Pleistocene, supporting the forest refuge hypothesis. 
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Pollen-based LRA estimates of regional and local vegetation abundance over the Holocene 

in savannahs and mountain forests of Cameroon 

Gaillard, M.-J., Lebamba, J., Sugita, S., Marquer, L., Mazier, F., Hély, C., Assi-Kaudjhis, C., 

Buchet, G., Vincens, A., Lézine A.-M. 

Questions related to conservation biology and climate research may require quantitative 

reconstructions of vegetation abundance on a long-term historical perspective. Pollen 

records are the most used proxies of past vegetation changes. However, pollen percentages 

(%) and accumulation rates (PARs) do not allow reconstructing the true cover of plant taxa 

on land. Within the C3A research project, research questions related to the history of 

landscape fragmentation, and its consequences in terms of e.g. past changes in floristic 

diversity, require that the true abundance of the major plants composing the mountain 

forest and mixed forest-savannah landscapes is quantified as precisely as possible over the 

Holocene before anything can be attempted in terms of reconstruction of past spatial 

distribution of plants or vegetation units, and their changes through time. In order to 

achieve a first quantification of Holocene changes in the abundance of major plant taxa, we 

applied the Landscape Reconstruction Algorithm (LRA; Sugita 2007a and b) using five pollen 

records from contrasting vegetation regions, i.e. one large (47 ha) and two small (8, and 25 

ha) lakes in the savannahs, and one large (198 ha) and one small (16.5 ha) bogs in the 

mountain forests. So far, the LRA was tested and applied only in NW Europe and N America. 

The application of the LRA and its two models REVEALS (Regional Etimates of VEgetation 

Abundance from Large Sites) and LOVE (LOcal Vegetation Estimates) requires pollen 

productivity estimates (PPEs) and fall speed of pollen (FSP) for the plant taxa to be 

reconstructed. We estimated PPEs (relative to Poaceae) for 13 major taxa of Cameroon’s 

landscapes on the basis of modern pollen data and related vegetation inventories at 21 sites 

(Alchemilla 0.07, Alchornea 0.02, Compositae SF. Asteroidae 1.20, Celtis 0.54, Combretaceae 

type 3.90, Cyperaceae 4.83, Hymenocardia 15.70, Nuxia 30.00, Olea 0,15 Gramineae 1, 

Podocarpus 1.10, Rapanea 4.90, Schefflera 13.46). Of those, three PPEs (Hymenocardia, 

Nuxia and Schefflera) are very high compared to PPEs obtained in NW Europe and N 

America. Although these new PPEs are partly different from earlier, preliminary values, we 

consider that they are the best we can obtain with the available data. The FSPs for the 13 

taxa were calculated using mean values of pollen sizes from the literature and new measures 

on slides from reference collections, modern soils and fossil material from lake sediments 

and peat. These FSPs are also an improvement from earlier FSPs used for preliminary PPE 

calculation. The LRA (REVEALS and LOVE) was applied using either all 13 taxa or a selection 

of 10 taxa excluding the taxa with very high PPEs. The REVEALS (regional vegetation) and LRA 

(local vegetation) results show that the sites located today in mixed forest-savannahs were 

significantly more wooded in the past than pollen percentages suggest, in particular before 

3000 BP (Olea, Celtis), but also 2000-1000 BP (Alchornea, Celtis). Moreover, the change 

around 3000 BP is more spectacular when LRA estimates are considered. At the sites located 

in mountain forests today, the LRA estimates indicate a smaller and less rapid increase of 
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Gramineae from 3500 BP than the pollen percentages do. Olea decreases 3500-3000 BP, 

Podocarpus 2500-2000 BP and Alchornea 1500-1000 BP. Before 3000 BP Olea and 

Podocarpus are dominant in % while Alchornea and Olea are dominant in the LRA-estimates.  
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Liens entre précipitations en Afrique sub-saharienne et climat à grande échelle pendant les 
périodes pré-industrielle et Holocène moyen (4000 & 6000 ans) par analyse en réseaux de 
neurones 
 
Gueye, A.K., Janicot, S., Braconnot, P., Lézine, A.-M. 
 
The role of oceanic basins on sub-Saharan rainfall variability at interannual scale in pre-
industrial and mid-holocene periods. 
The IPSL CM5A climate model has been run for several hundred of years in pre-industrial 
conditions, and in conditions of 4000 and 6000 years before present. For each of the four 
seasons, all of the sub-Saharan Africa seasonal rainfall anomaly fields of the three periods 
are classified through self-organizing maps and hierarchical ascendant classification. Six, 
eight, six and five classes are defined for northern spring, summer, fall and winter, 
respectively. The weights of each of the three periods within these classes are evaluated.  
For each season, large scale anomaly fields of sea surface temperatures, mean sea level 
pressures and low-levels winds associated to every rainfall anomaly fields are computed and 
their links are interpreted. 
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Comparative phylogeography of African rain forest trees: a review of genetic signatures of 
vegetation history in the Guineo-Congolian region 
 
Hardy, O.J.,  Born, C., Budde, K., Daïnou, K., Dauby, G., Duminil, J., Ewédjé, E-E. B.K., 
Heuertz, M., Kouamé Koffi G., Lowe, A.J., Micheneau C., Ndiade-Bourobou, D., Pineiro, R. 
 
The biogeographic history of the African rain forests has been contentious. Phylogeography, 
the study of the geographic distribution of genetic lineages within species, can highlight the 
signatures of historical events affecting the demography and distribution of species 
(population fragmentation or size changes, range expansion/contraction) and, thereby, the 
ecosystems they belong to. The accumulation of recent data for African rain forest plants 
now enables a first biogeographic synthesis. In this review, we explain which 
phylogeographic patterns are expected under different scenarios of past demographic 
changes; and we give an overview of the patterns detected in African rain forest trees to 
discuss whether they support alternative hypotheses regarding the history of the African 
rain forest cover. Phylogeographic patterns indicate that most of the widespread species 
showing nowadays a near continuous spatial distribution have been fragmented in the past. 
The major genetic discontinuities in the region support the role of refugia during climatic 
oscillations, and at a large scale they often match the main phytogeographic subdivision of 
the Guineo-Congolian region. However, patterns vary substantially among species and they 
provide only partial support for current hypotheses on the location of Pleistocene forest 
refuges. Among the patterns shared by many species, we highlight a recurrent genetic 
discontinuity between the north and the south of the Lower Guinean region which matches 
the climatic hinge on each side of which dry and wet seasons are inverted. Whether this 
discontinuity results from past forest fragmentation or current climate conditions is 
discussed.  
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Holocene climate changes at Bambili : insights from the vegetation fossil records 
 
Hély, C., Fèvre, J., Lézine, A.-M. 
 
Recent analysis based on pollen assemblages extracted from lacustrine sedimentary core 
from lake Bambili showed that a succession of forest types has occurred over the last 20 000 
years BP. The Bambili crater (2273 m asl) lies in the Afromontane forest belt, but the pollen 
records show that the forest was characterized by species that do not coexist today at that 
altitude, nor at the same latitude elsewhere all together. To explain such co-occurrences of 
Afromontane and lowland forest species through time at this high elevation, the hypothesis 
is that the most abundant species found simultaneously suitable climate condition, which we 
analyzed through the ecological niche theory. Moreover, as mountainous environments 
present more variable conditions than lowland areas, we also hypothesized that 
simultaneously suitable condition for several very different species may induce analyzing 
their extreme value ranges and looking for the niches’ intersection. 
 
We first selected the eighteen most abundant pollen taxa along the fossil record. They are 
representative of sub-montane forest, Afromontane forest, wooded grassland, as well as 
pioneer species on lava fields in this volcanic region, and more generalist light-demanding 
species. As each pollen taxa may include several plant species, using the Global Biodiversity 
Information Facility database, we extracted all locations (1km2) included in the Equatorial 
forested massif that reported the presence of these plant species. Secondly, using those 
geographical coordinates, we extracted through the WOLRDCLIM database the values of the 
18 BIOCLIM variables as well as the length of the dry season and we computed 2D-
probability density functions (pdf) for each pollen taxa using the most relevant climate 
variables. Thirdly, we computed for each pollen taxa its median abundance based on its 
recorded abundances (excepted null values) along the 18 millennia, and for each Holocene 
period documented we superposed the pdfs of pollen taxa whose abundance was larger 
than its median and whose occurrence within the given period was recorded at least in 50% 
of the levels. Intersection of all pdfs for a given period should represent the suitable 
condition that likely took place.  
 
As hypothesized, BIOCLIM variables related to extreme condition were the best to explain 
the species co-occurrences. The analysis of the pdf intersections through time revealed that 
the formation of the dense forest between 11.7 and 3.3 cal. kyr BP took place during a very 
stable climate in terms of Minimum Temperature of the Coldest Month (MTCM = 13.8° ± 
0.1°C) and Precipitation of the Wettest Quarter (PWeQ = 665 ± 5 mm), while it was highly 
more variable before 11.7 kyr BP and after 3.3 kyr BP . The Late Holocene recorded warmer 
(up to 5°C) MTCM and higher PWeQ. These results are discussed in terms of seasonality 
change and forest vulnerability. 
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Entering an Interglacial: Vegetation of the Last Deglaciation and the Penultimate 
Deglaciation from Southeast Africa  
 
Ivory, S., Lézine, A.-M., Vincens, A., Cohen, A. 

 
Anthropogenic climate change is one of the most pressing challenges facing scientists 
today. Tropical African ecosystems are very sensitive to hydrological fluctuations, and 
ecological shifts are likely to have devastating effects on millions.  Additionally, high levels of 
biodiversity and endemism of African ecosystems make them particularly vulnerable and 
have earned international attention as important climate change hotspots.  Records of past 
vegetation from Africa have been essential for improving our understanding of climatic 
effects on ecosystem dynamics. 
As the distribution of African vegetation is largely constrained by regional hydrology, past 
climate changes are often associated with large-scale reorganizations of biome distribution; 
however, the response of individual taxa to climate change is poorly understood.   
Additionally, few records exist that capture more than one glacial cycle, limiting our 
understanding of vegetation transitions under a more varied climatic backgrounds. 
In order to better understand forest expansion and vegetation transitions associated with 
warming, long sediment cores from Lake Malawi, southeast Africa, are used to provide a 
unique terrestrial record for evaluating climate and vegetation transitions in tropical Africa 
over several glacial-interglacial periods.  High-resolution pollen analysis on several core 
intervals including the Last Deglaciation (18-9ka; LD) and the Penultimate Deglaciation (140-
100ka; PD) allow us to investigate detailed regional vegetation responses to changing 
boundary conditions.  During the LD, afromontane forests were progressively replaced by 
tropical seasonal forest beginning at 15ka as summer rainfall increased.  Despite indications 
of aridity, this drought-intolerant forest persisted through the Younger Dryas (YD) due to a 
decrease in dry season length.  Following the YD at 11.8ka, an intensified summer monsoon 
was coeval with an abrupt decline of forest and expansion of drought-tolerant miombo 
woodland in the watershed.  In contrast, during the PD, high amplitude changes in insolation 
resulted in more dramatic reorganization of watershed vegetation.   Similar to the LD, during 
the early PD, afromontane forest and lowland drought-intolerant forest dominated the 
watershed. However, at the beginning of the last interglacial, a dramatically reduced 
monsoon resulted in rapid forest collapse and expansion of semi-desert taxa with Somali-
Masai affinities.  Finally, arboreal taxa began to return at ~125ka when more open miombo 
woodland installed in the lowlands surrounding the lake. 
 
Changes in forest composition over these intervals reflect some influence of global boundary 
conditions with more miombo woodlands occurring only at the peak of the interglacials; 
however, the large-scale vegetation changes around the lake seem to occur in response to 
insolation controls as a result of variable monsoon strength and seasonality during this 
period of high-amplitude climate variability. 
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Analyse palynologique de divers sondages du secteur haute altitude du Parc National de 
Kahuzi-Biega. Paleoenvironnements et paléoclimats au Pleistocène supérieur et à 
l’Holocène 

 
Kabonyi Nzabandora, C. 

 
L’étude palynologique de séquences sédimentaires provenant de sondages réalisés dans le 
secteur « haute altitude » du Parc National de Kahuzi-Biega sur la dorsale occidentale du 
Kivu en R.D. Congo a permis une reconstitution de 35000 ans d’histoire 
paléoenvironnementale régionale. 
Au Pléistocène supérieur, pendant la période dite du « Kalambo Interstadial » (32000-26000 
ans BP), un ensemble forestier hétérogène occupe le terrain sous un climat modérément 
chaud-humide. Au cours de la phase régressive de l’« Hypothermal du Mont Kenya » (25000-
15000 ans BP), le Dernier Maximum Glaciaire (DMG = LGM / 20000-18000 ans BP) voit se 
développer une importante extension de milieux ouverts herbacés, témoins d’une grande 
xéricité. Ensuite, le retour d’une forêt afro-montagnarde à connotation afro-subalpine, 
témoin de conditions climatiques froides-humides est temporairement interrompu par une 
nouvelle extension de milieux ouverts attestant une pulsation sèche qu’on peut assimiler au 
Dryas récent (DR = YD). A l’Optimum Humide Holocène (10000-7000 ans BP), avec 
l’accroissement des précipitations, le lac Kivu connaît une hausse importante alors que les 
dépressions en altitude sont transformées en lacs. La progression de la forêt ombrophile de 
montagne qui aurait dû s’ensuivre n’a pas été archivée par manque d’enregistrement 
sédimentologique. Les premiers dépôts marécageux de l’Holocène révèlent l’existence, vers 
6500 ans BP, d’un milieu forestier ombro-mésophile en évolution régressive témoignant de 
conditions climatiques plus fraîches. Vers 4000 ans BP, une expansion importante des 
milieux ouverts naturels « climatiques », prairies en altitude et savanes sur les pentes 
inférieures des reliefs, souligne un déficit hydrique à mettre en relation avec la période 
d’aridité globale de l’Afrique à cette époque. Après une brève reprise forestière ca. 3500 ans 
BP, les variations observées à partir de 3000 ans BP au sein de la forêt afro-montagnarde 
évoquent une instabilité climatique qui, par ailleurs, active l’érosion des pentes. Le retour à 
une certaine stabilité climatique au cours du premier millénaire AD permet à la forêt 
montagnarde de reprendre de l’ampleur ; cependant, ca. 500 ans BP, une nouvelle avancée 
de milieux ouverts naturels, résultat d’une pulsation sèche assimilable au « Pré-Néoglaciaire 
du Mont Kenya » interrompt brièvement cette progression. Dès le début du second 
millénaire AD, l’horizon inférieur de la forêt dense commence à se secondariser sous un effet 
anthropique croissant alors que les horizons moyen et supérieur restent stables tout en 
évoluant vers un stade plus « frais », conséquence des effets du Néoglaciaire Est-africain. 
C’est à partir des 17ème-18ème siècles que la secondarisation gagne le massif forestier en 
haute altitude.  
Sur la dorsale orientale du Kivu, à saisons plus contrastées, l’évolution forestière du début de 
l’Holocène n’a pas été occultée par une phase lacustre comme sur la dorsale du Congo. 
Jusqu’à ca. 6000 ans BP, la forêt montagnarde évolue d’un stade hétérogène à influence 
afro-subalpine à un stade ombrophile marqué sous les effets d’un climat devenant 
progressivement plus chaud et plus humide. La succession des événements observée à 
l’Ouest se retrouve à l’Est, à savoir : la période aride de 4000 ans BP, l’instabilité climatique 
de 3000-2000 ans BP attestée ici par des alternances d’influences ombrophile et mésophile 
au sein de la forêt, la stabilité forestière du premier millénaire AD brièvement interrompue 
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par la pulsation sèche de 500 AD. Dès le début du second millénaire AD, l’influence 
anthropique commence à se faire sentir dans les zones inférieures des reliefs pour gagner 
progressivement la haute altitude. 
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Variabilité intra-saisonnière de la pluie et dynamique de la végétation en Afrique centrale 
 
Kamsu-Tamo, P.-H., Janicot, S. 

  
Cette étude porte sur le lien entre variabilité des pluies et dynamique de la végétation en 
Afrique centrale. Une régionalisation des grands régimes pluvieux est réalisée, en se basant  
sur les données satellites TRMM-3B42, afin d’en déduire les différentes sous régions 
climatiques. Le cycle phénologique de la végétation, à travers l’indice foliaire (LAI), de la 
région  est  caractérisé et mis en relation avec les spécificités climatiques associées aux sous-
régimes pluvieux précédemment identifiés.   
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Comparison between Morlet and Mexican Hat wavelets on tracking the easterly waves in 
West Africa 
 
Kamte, A., Monkam, D. 
 
In this study the Morlet and Mexican hat wavelets, two wavelets very evoked and used in 
wavelet analysis, are compared to investigate the two regimes of easterly waves West Africa 
using the NCEP/NCAR re-analyses. Spectral analysis is used for the evidence of the two 
regimes of easterly (the 3 – 5-Day easterly wave and the 6 – 9-Day easterly) for the period 
June to September corresponding the rainy season in West Africa.  The comparison between 
Morlet and Mexican hat wavelets highlights the temporal and spectral distributions (wavelet 
power spectrum, global wavelet spectrum and scale-average wavelet power) of variability 
modes of these synoptic-scale waves. The Mexican hat wavelet has a good temporal 
resolution and a poor frequency resolution than the Morlet wavelet. Morlet wavelet 
indicates the time interval during which a wave’s activity is intense and gives the length of 
the period, while the Mexican hat wavelet indicates the instants at which the phenomenon 
takes place during the time interval without being so clear on the length of the period. To 
confirm this result, a reconstruction of the average time series of the four components 
(00:00, 06:00, 12:00 and 18:00 UTC) of the meridional wind at the grid point17.5°N-0°W at 
700 hPa during the summer 1988 was performed using the two wavelets. The error resulting 
from the reconstruction was around 0.2317 for Morlet wavelet and 0.1508 for Mexican hat 
wavelet. 
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Vegetation dynamics during the last 4000 years on the Adamawa plateau (central 
Cameroon): a high-resolution pollen record from Lake Tizong 

Lebamba, J., Vincens, A., Buchet, G., Lézine A.-M. 
 
The Adamawa plateau, in central Cameroon (ca. 6 and 9° N), related to its transitional 
position in the northern part of the Guineo-Congolian mosaic of lowland rain forest and 
secondary grassland region, between the southern humid Guineo-Congolian region and the 
northern dry Sudanian one, is a key area to understand the dynamics of forest and savanna 
during the Holocene, and particularly during the African Humid Period termination, a critical 
period in northern tropical Africa’s environmental history. We present here a new pollen 
sequence recording the last 4000 years from Lake Tizong (7°N) located on this plateau. 
Though close to the study carried out at Lake Mbalang (ca. 15 km in distance), this sequence 
provides a higher time-resolution of the data for the considered period (ca. 50 years versus 
ca. 150 years), a time-resolution rarely obtained in African pollen records. It complements 
previous data obtained for the last ca. 7000 cal yr BP in this region but, above all, allows to 
better detailed the vegetation response to the last major Holocene African climatic crisis. 
The results show that on the Adamawa plateau vegetation change from forest to savanna at 
this climatic transition was neither progressive nor linear according that successive phases of 
afforestation are recorded from ca. 6100 cal yr BP onwards. It particularly gives evidence, in 
a global context of decreasing tree cover, of two short slight forested phases not identified 
before, the first one between ca. 3500 and ca. 3100 cal yr BP and the second one between 
ca. 1950 and 1450 cal yr BP. At Tizong and in its vicinity, modern open landscape was 
definitively established ca. 1450 BP though savanna was still largely extended since ca. 3000 
cal yr BP. 
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Vegetation history and human interactions in the Great Lakes Region of central Africa 
during the late Holocene 
 
Lejju, J. B. 
 
Evidence from multi-proxy analysis of microfossils from sedimentary records, together with 
historical and archaeological data, has provided evidence of vegetation dynamics and human 
environment interactions in the Great Lakes region of central Africa during the late 
Holocene. Pollen data from sedimentary records indicate a relatively wet and forested 
environment in the region, consisting of evergreen and semi-deciduous forest taxa. 
Climatically this period accommodates a transition to drier conditions, evidenced by a period 
of low lake levels in the central and eastern Africa that commenced in the mid-Holocene. 
The period after ca. 3000 yr BP is marked by a change to grassland vegetation around Lake 
Victoria followed by establishment of extensive semi-deciduous forest around ca. 2000 yr 
BP, but declined towards ca 1000 yr. BP (cal 977-1159 AD) followed by increase in 
abundance of an open vegetation environment. However, the deforestation period occurred 
during a wet period as registered in the River Nile water records, suggesting a human 
induced deforestation in the region rather than reduced precipitation. The timing of 
deforestation in central Africa corresponds with archaeological data from major excavations 
in the region which indicate considerable immigration to the region by people who were 
reliant on cattle and other forms of food production and thus demanding land for farming. 
This period from ca 200 yr BP (cal 1647-1952 AD), is marked by recovery of moist semi-
deciduous forest and appears to reflect abandonment of the archaeological sites, as 
suggested by archaeological evidence, possibly following a period of prolonged drought and 
famine as recounted in the oral rich traditions of western Uganda and also reflected by low 
water levels of River Nile. 
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Complex biogeographical history results in high level of biodiversity: the insects of the 
forest/savannahs ecotone in Cameroon 
 
Le Gall, P., Muafor Fogoh, J. 

 
La frontière entre forêt humide et savanes est une zone complexe et toujours en pleine 
évolution qui couvre une large partie du Centre Cameroun. Dans le cadre de l’ANR C3A, des 
prospections entomologiques ont permis la collecte d’échantillons importants de différentes 
familles d’insectes appartenant aux ordres des Coléoptères, Lépidoptères et Orthoptères.  
Chacun des taxons identifiés dans le protocole d’échantillonnage apporte des informations 
différentes sur la part forestière ou savanicole des faunes observées : 

- Lépidoptères Rhopalocères : fortement diversifiés en forêt humide, diversité 
beaucoup plus faible en savane 

- Orthoptères Acridoidea : forte diversité en savane, plus faible diversité mais fort 
endémisme en forêt humide. 

- Coléoptères Scarabaeoidea et Caraboidea: diversité importante tant en forêt humide 
que dans les savanes avec une prédilection pour les zones de contact. 

L’analyse des échantillons prélevés au cours des missions du projet ANR ont révélé des fortes 
diversités spécifiques pour les Coléoptères et les Acridoidea comparé à ce qui a pu être 
observé pour d’autres écosystèmes étudiés en parallèle au Cameroun dans le cadre d’autres 
projets. L’endémisme des Coléoptères Cetoniidae et des Acridoidea est remarquable. Les 
faunes locales de ces familles se caractérisent par la présence d’espèces qui ne sont 
présentes que dans la frange des savanes préforestières qui bordent au Nord le massif 
forestier humide depuis le Centre Cameroun jusqu’à l’Ouest de la Centrafrique. Par contre 
chez les Lépidoptères Rhopalocères, la faune étudiée est beaucoup moins diversifiée et ne 
renferme qu’un nombre très limité de taxons endémiques. A ce jour, nous n’avons pu 
confirmer que la présence dans les environs de Yoko de Charaxes chevroti décrit d’une 
localité voisine du Nigeria. La richesse spécifique et l’endémisme constatés chez les insectes 
montrent que la région de confrontation entre forêt et savane qui a connu une histoire 
complexe et mouvementée a permis l’émergence d’espèces originales qui contribuent à 
renforcer la diversité spécifique de cette région. 
Malgré un intérêt biogéographique évident, les faunes entomologiques des contacts 
forêts/savane ont été très peu étudiées et jusqu’aux missions de prospections par les projets 
IFORA et C3A la majorité des espèces endémiques n’étaient connues que par les séries 
typiques collectées très généralement à la fin du XIX° et dans le premier quart du XX° siècles.  
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Late quaternary pollen databases, vegetation and climate reconstructions 
 
Leydet, M., Lézine, A.-M., Vincens, A., and contributors 
 
Research developed within the general framework of international scientific programmes 
have highlighted the need to provide quantitative understanding of the Earth's past 
environment in order to define "the envelope of natural environmental variability within 
which we can assess anthropogenic impact on the Earth's biosphere, geosphere and 
atmosphere". Following these recommendations, the scientific community has developed a 
set of analytical techniques to recover high-resolution environmental and ecological records 
from different natural archives such as tree-rings, and lake and ocean sediments, thus 
providing accurate scientific information for the development of predictive models of 
regional and global change. The use of these data to test climatic and vegetation model 
simulations requires that they be collected, assembled and made accessible to the wider 
scientific community in the form of specific regional databases. Palynology is based on 
identifiable pollen grains that are dispersed regionally, preserved in the accumulated 
sediments of lakes and mires, extracted and counted. Because assemblages of pollen grains 
can be related statistically to the surrounding vegetation, fossil-pollen assemblages provide 
information about past vegetation and thus about related environmental parameters such 
as annual or monthly temperature, rainfall or precipitation/evaporation values, hydrology 
and land cover.  
Pollen databases have been developed regionally.  They have gathered several thousand of 
late Quaternary pollen sites and modern “analogues” worldwide with the long-term 
objective to place pollen data at the disposal of the scientific community, to archive the 
information for future generations of researchers, and to promote international scientific 
cooperation. Data are controlled and validated. They are associated with a regionally-
standardized nomenclature (see Vincens et al., 2007 for the APD) and accurate time control 
(by the use of the Calib software). Specific tools for pollen determination, data input and 
drawing have also been developed making data easily available and usable. 
 
The African Pollen Database:  
http://apd.sedoo.fr; http://fpd.sedoo.fr 
 
The European Pollen Database: 
www.europeanpollendatabase.net/  
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Temporal relationship between Holocene human occupation and vegetation change along 
the northwestern margin of the Central African rainforest 
 
Lézine, A.-M., Holl, A.F.C, Lebamba, J., Vincens, A., Assi-Khaudjis, C., Février, L.  
 
The interaction between environmental change and human settlements are complex webs 
of relationships. It includes the nature of the environment and of its components, the 
pattern of exploitation and selection of resources, the anthropization of the landscape. 
Pollen profiles from central Altnantic Africa show that the last main environmental crisis was 
far from synchro-nous and took place successively at ca. 3300 cal yr BP in the Grassfields, ca. 
3000 cal yr BP in the Adamawa–Ubangui plateaus and ca. 2400 cal yr BP in the lowlands. 
Even taking into account the error associated with the radiocarbon ages, there is a lag of 
about 1000 years between the high-and lowland environmental change. In the later area, 
however, the rain forest core did not completely disappear, but changed its nature, and was 
made of a large proportion of light-demanding trees. This lag may be due to local 
hydrogeological factors or to a delayed response to environmental forcing. It thus suggests 
that the montane forest was much more sensitive to drop in rainfall than the low-lying 
forests.  
Archaeological sites evidence a chronological gradient suggesting that human settlements 
spread from the west-northwest flank of the study area to the east, south, and southeast. 
The pace of these settlements is remarkably asynchronous to local environmental change 
within each area and seems to follow its own patterns. Before 4500 cal yr BP, both 
environmental and archae- ological evidences are too few and scattered to discuss the 
impact of human populations on the natural landscape, which in any case seems to have not 
been significant. Starting from 4500 cal yr BP, the human settlements increased in all part of 
the study area and peaked between 2500 and 1500 cal yr BP, i.e., well after the first 
significant episode of environmental degradation. On the contrary, the maximum of dated 
sites is coeval with a short reforestation episode in the Adamawa plateau and the Grassfields 
region. The number of dated archaeolo- gical sites shrunk from 1500 cal yr BP to 750 cal yr 
BP, as also observed southward in Gabon. This may be related to the environmental 
degradation all over the mid- and low-lying areas. Two hypotheses can be suggested:  this 
drop can be a genuine one resulting from the significant decrease in density of human 
population;  keeping the population constant, the decrease in the number of sites could also 
result from the aggradations of population in larger villages. Available data do not permit to 
choose between these two hypotheses. From 750 cal yr BP onward, dated settlements 
increase again leading to the present-day situation.  
Thanks to recent archaeobotanical research in southern Cameroon the quantity of plant 
macro-remains has increased significantly. However, no evidence of tubers (wild and 
domesticated yams), which may have been the staple food of forest dwellers, has been 
found so far. The first evidence of exploitation of plants dates from 8000 cal yr BP and 
concerns the oily tree Canarium. Exploited plant considerably diversified after 4500 cal yr BP 
in the context of expanded human settlements in four main steps: Elaeis from 4150 cal yr 
BP, Musa from 2700 cal yr BP, Pennisetum from 2500 cal yr BP  and Sorghum from 265 cal yr 
BP. The exploitation of Elaeis took place within the context of the opening of the lowland 
rainforest. The cultivation of cereals (Pennisetum and Sorghum) was opportunistically 
initiated only in the low-lying areas during the dry phases at the end of the African Humid 
Period.  
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Le lac Bambili : un enregistrement exceptionnel de l’histoire de la forêt africaine au cours 
du dernier cycle glaciaire-interglaciaire 
 
Lézine, A.-M., Assi-Kaudjhis, C., Février, L., Lemonnier, K., Roche, E. 
 
La région du Mont Oku sur la Ligne Volcanique du Cameroun est l’un des points chauds de la 
biodiversité mondiale. Elle abrite une forêt unique en Afrique centrale atlantique dominée 
par Podocarpus latifolius. Nous présentons ici les résultats de l’analyse palynologique de 
deux séquences sédimentaires prélevées au sein des lacs et marécages des deux cratères bas 
(Bambili 1) et haut (Bambili 2) de Bambili qui donnent accès, pour la première fois en Afrique 
équatoriale atlantique, à l’histoire de la végétation forestière d’altitude depuis environ -
100,000 ans. On assiste à plusieurs phases forestières (correspondant aux stades isotopiques  
5c, 5a, 3 et 1) dont la composition floristique n’est pas équivalente. Ces phases sont 
entrecoupées de phases de forte dégradation forestière dominées par les Poaceae, 
notamment au cours des périodes glaciaires (stades 4 et 1).  
Ces archives documentent de façon exceptionnelle la biodiversité et le changement 
climatique du passé et démontrent l’extrême vulnérabilité des forêts d’altitude face au 
changement climatique. 
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Variations du d13C de la matière organique des sols sous différentes couvertures végétales 

dans la région centrale du Cameroun 

 

Mandeng Yogo, M., Desjardins, T., Turcq, B., Nguetnkam, J.-P., Cetin, F., Achoundong, G., 

Lézine, A.-M. 

Une crise environnementale majeure s'est produite en Afrique équatoriale à la fin de 

l’Holocène (vers 3500 ans BP). Cette crise a modifié la distribution géographique des 

écosystèmes provoquant la fragmentation  et en partie la destruction et de la forêt tropicale 

au profit de savanes. Afin de retracer l’évolution de  cette mosaïque de forêts et de savanes, 

une étude de la variation de l’abondance naturelle du 13C de la matière organique (MO) le 

long de profils de sols a été réalisée. Le contenu en 13C des végétaux diffère selon leur cycle 

photosynthétique (C3 ou C4). L’incorporation dans le sol des matières organiques provenant 

de ces végétaux conduit à un marquage in situ. Sachant par ailleurs que l’âge de la MO du sol 

augmente avec la profondeur, les variations du d13C avec la profondeur peuvent permettre 

de reconstruire l’histoire passée de la végétation. 

Après une première collecte en 2010, 17 profils de sols ont été prélevés en novembre 2012, 

parmi lesquels 12 ont été analysés. Ces profils sont situés entre 4°27’ et 6°01’ de latitude 

nord et 10°17’ et 12°12’ de longitude est. 

En savane, les valeurs de d13C de l’horizon superficiel sont comprises entre -18,2 et -12,3 ‰, 

caractéristiques d’une végétation dominées par les graminées (C4), et varient en fonction de 

la proportion plus ou moins élevée d’arbres et d’arbustes. Ces valeurs augmentent dans les 

premiers cm pour atteindre un maximum entre 20 et 40 cm, compris entre -15,0 et -11,3 ‰. 

Plus en profondeur des valeurs de d13C diminuent plus ou moins rapidement selon les profils 

pour atteindre des valeurs comprises entre -20,3 et -15 ‰, à 150 cm et entre -21,4 et –18,0 

‰ à 400 cm. Ces valeurs témoignent de la présence dans le passé de végétations différentes 

de l’actuelle, plus riches en plantes C3, savanes très arborées ou forêts claires. 

Dans le  profil réalisé sous forêt, les valeurs de d 13C en surface sont de l’ordre de -27 ‰ 

typiques d’une végétation exclusivement C3. Cependant, une  forte augmentation du d13C 

est observé jusqu’à 60 cm de profondeur où il atteint la valeur de -20,5 ‰. Ensuite, et 

jusqu’à 4m de profondeur les valeurs de d13C varient entre -20,5 et -22,5 %, semblables aux 

valeurs mesurées aux mêmes profondeurs dans certains profils sous savane. 

Deux profils réalisés dans des plantations de caféiers montrent une évolution des valeurs de 

d
13C avec la profondeur voisine de celle observée sous forêt, traduisant l’apparition récente 

d’une végétation exclusivement C3 à la place d’une végétation mixte C3-C4 d13C entre -20 et 

-22,5 %. 
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Ensuring connectivity over altitudinal gradients: the conservation importance and current 
status of lowland-highland corridors in Central Africa 
 
McKey, D. 
 
The effects of climate change on biodiversity may be partially mitigated by latitudinal shifts 
in species distributions: as environments warm beyond the tolerance ranges of organisms, 
neighbouring latitudes might be a source of colonists adapted to the new conditions. 
However, the relationship between latitude and temperature in lowland environments is 
essentially flat within about 10° of the equator. Thus, at a given latitude, the environments 
created by warming are beyond the evolutionary experience not only of the organisms 
already there, but also of the organisms found at similar altitude in neighbouring latitudes. 
The creation of novel environments could lead to biotic attrition in the lowland tropics. A 
possible escape is offered by altitudinal corridors that permit colonization of cooler highland 
climates.  My talk will first review the evolutionary ecology of altitudinal gradients in the 
tropics and place these gradients within the context of climate change. I will then review the 
distribution of montane and submontane ecosystems in the Central African forest zone and 
of the altitudinal corridors connecting these to lowland environments. Finally, I will assess 
the conservation status of altitudinal corridors in Central Africa. 
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Convective Available Potential Energy (CAPE) and Convective Inhibition (CIN) in ERA-
Interim reanalysis during the AMMA SOP Campaign 
 
Meukaleuni, C., Lenouo, A., Monkam, D. 
 

Statistical study of Convective Available Potential Energy (CAPE) and Convective Inhibition 
(CIN) is done in the summer 2006 of six hourly ERA-Interim data over West Africa during the 
African Monsoon and Multidisciplinary Analyses (AMMA) SOP Campaign. The Empirical 
Orthogonal Function (EOF) of CAPE and CIN are also presented, as well as high variability of 
CAPE and CIN with the precipitation at the middle of July. CAPE presents its maximum 
around 14°N, while the maximum of CIN is observed out of the continent. The first EOF of 
CAPE accounts for around 42% of the variance. The values are slightly large in the north and 
small in the equatorial band. The second EOF which accounts for 16.4%, describes a 
longitudinal contrast with a zonal gradient. The relationship between these two 
thermodynamic parameters and the precipitation is found using the canonical correlation 
analysis (CCA). Significant trends of first, second and third pair of CAPE and CIN with 
precipitation are shown. The first CCA pair has a correlation of 68% with 12.2 degrees of 
freedom and a critical correlation coefficient at the 95% level equals to 0.21. This first CCA 
pair mostly determines the arid and semi-arid areas where the rate of explained regional 
variance is about 78% in the arid area and 73% in the semi-arid area. For the second pair of 
CCA, the correlation coefficient is around 0.65 where there are 10.8 degrees of freedom and 
the rate of explained regional variance is more than 60% in the Guinea coast and wet 
equatorial area. 
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Holocene Palaeaenvironmental records and climatic changes in Adamawa plateau 
(Northern Cameroon) based on multiproxy analyses from two crater lakes  
 
Nguetsop, V.F., Bentaleb, I., Favier, C., Martin, C., Bietrix, S., Servant-Vildary, S., Servant, 
M. 
 
Past limnological conditions of two crater lakes (Lake Mbalang : 7°19’ N, 13°440 E, altitude: 
1130 m; Lake Tizong: Coordonnées) and vegetation type were reconstructed from diatoms 

13C) since 7200 cal yr BP. The 
chronological frame is supported by a total of 33 radiocarbon 14C dates. The diatom 
ecological groups showed that before 3600-2800 the lake level was higher in both sites and 
the water column dominantly stable than after in Lake Mbalang. These conditions 
correspond to a relatively greater precipitation-evaporation (P-E) ration as well as greater 
runoff in the catchment; they can be explained by a strong monsoon flux and relatively 
northern position of the ITCZ that entailed high or low rainfall well distributed over the year 
allowing the development of mountainous C3 forested taxa in the vegetation landscape as 

13C and palynological diagrams. The data from Lake Mbalang suggest 
that the decreasing trend of the monsoon flux towards the mid-Holocene was affected by 
several abrupt centennial to millennial-scales weakening at 6700, 5800-6000, 5000-5300, 
4500 and 3600 cal yr BP. However their impact on the vegetation is not visible, rainfall 
remained probably favorable to forest maintenance and extension. After 3800 cal yr in Lake 

13C values and palynological 
data indicated the establishment of Savannah in the vegetation landscape, which are more 
visible in Lake Tizong data between 2800 and 2500 cal yr BP. In both sites the increase of 
windblown diatom inputs from the Sahara and the Sahel became important indicating the 
strengthening of the NE trade-winds (Harmattan). The lakes levels decline is observed 
between 2500 and 2100 cal BP in both sites but because of its sensitivity Lake Tizong showed 
two more important drops at 2500, and 2200-2100 cal yr BP. This corresponds primarily to a 
reduction in the P - E ratio, but probably also to greater inter-annual or seasonal variability 
when drier periods or seasons became more prolonged and intense than previously 
following the displacement southwards of the mean position of the ITCZ. Consequently, 

13C values, as well 
as independently supported by regional pollen data. After 1000 cal BP, the lake-level rose 
towards sub-modern conditions, with a deep neutral and eutrophic water column in both 
sites. Carbon stable isotopes suggest a reduction of organic matter input, while savannas 
were maintained despite the return to more humid conditions. The trends of climatic 
changes observed in the Adamawa plateau reveal the variability in timing, magnitude and 
regional extent of known climatic events. 
 
Acknowlegements: This work is a contribution to the Ecofit program (1993 – 2000) that was 
funded by French scientific institutions (IRD, CNRS, CEA). The funding for this work was also 
provided by START through a grant from the US National Science Foundation (GEO-0627839” 
Capacity Building for Global Change”). F. Nguetsop benefited from a scholarship offered by 
the “Coopération Française (MAEE)” through the SCAC (Service de Coopération et d’Action 
culturelle”) to travel to Montpellier (France). 
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Pliocene - Holocene vegetation and paleoenvironmental history of the coastal lagoon 
areas of Lagos, Southwestern Nigeria using pollen 
 
Ogungbesan, G.O., Akaegbobi, I.M. 
 
Vegetation history and distribution pattern of the coastal lagoons around Lagos were 
reconstructed by means of pollen contained in sediments from a drilled hole penetrating an 
average depth of 65 m. The recovered palynomorphs enabled delineation of 4 zones ranging 
from Pliocene to Holocene age. The occurrence of Zonocostites ramonae (Rhizophora spp.) 
appears cyclic with its decline indicating period of mangrove replacement by fresh-water 
swamp and lowland forest corresponding to low sea level times. 
This study reveals the prevalent plant associations in the area at early Pliocene comprised 
abundant lowland rainforest and fresh water swamp with low abundant of mangrove forest 
indicating lesser marine influence at the area. This period is followed by abundant mangrove 
forest for the rest of Pliocene period with a sharp decline at the end of Pliocene marking a 
sharp Plio-Pleistocene boundary. The early Pleistocene witnessed a gradual increase in 
mangrove species with a maximum towards the mid Pleistocene. The pollen record analysis 
suggest that changes in the coastal ecosystem could be directly related to local sedimentary 
processes, which can be linked to relative sea level fluctuations and/or climatic variations.  
  



38 

Contribution of ECOTROP field school to landscape reconstruction for the past 5,000 years 
in the Lopé National Park (Gabon) 
 
Oslisly, R.,  Brémond, L., Henga, K., Hougnon, A., Makaya M'voubou, Nfoumou, V., 
Ngomanda, A., Nguetsop, F., Sebag, F., ECOTROP Team. 
 
The natural ecosystems of Gabon are considered among the most emblematic from a 
biodiversity conservation perspective. The forest block of central Africa represents the 
second largest area of pristine forest worldwide, and the patchwork of forests and savannas 
covering most of Gabon are renowned for their charismatic species of vertebrates and 
plants. In February 2011, March 2012 and March 2013, three editions of the “field school in 
tropical ecology and palaeoecology” (www.ecotrop.com) were organized in the Lopé 
National Park  (Middle Ogooué valley) with the participation of several universities and 
institutions from Gabon, France and Cameroon. Students were trained to the sampling 
methods routinely used in biodiversity, ecology and palaeoecology studies in intertropical 
environments. Research internships following field campaigns have provided some 
preliminary results. Several complementary approaches are used routinely. Analyses of 
mineral (particle size, XRD) and organic (Rock-Eval pyrolysis, isotope geochemistry) fractions 
provide information about the sediment origins and the depositional environments. The 
paleoecological approaches (diatoms, pollen) specify the environmental context, such as 
water quality changes or local vegetation dynamics. These classic proxies are coupled with 
high-resolution measurements (spectrocolorimetry, XRF) and robust age models. In addition, 
specific markers are tracked, as the charcoals for incendies, or phytoliths for some plants. 
Compared to regional archaeological knowledge and paleoenvironmental data, these new 
records would contribute to refine the incomplete canvas of Man-Forest interactions since 
5000 years. The most influential climatic event was the decline of the strong African 
monsoon in the Late Holocene, resulting in serious disturbance of the forest block around 
3500 BP. During the same period, populations from the North settled in this forest/savanna 
area they mastered new technologies such as pottery and fabrication of polished stone 
tools, and seem to have practiced agriculture. The opening up of forests from 2500 BP 
favoured the arrival of metallurgist populations that impacted the forest. During this long 
period (2500–1400 BP), a remarkable increase of archaeological sites is an indication of a 
demographic explosion of metallurgist populations. While Early Iron Age sites (prior to 1400 
BP) and recent pre-colonial sites (two to eight centuries BP) are abundant, the period 
between 1600 and 1000 BP is characterized by a sharp decrease in human settlements, with 
a population crash 1300-1000 BP in the hinterland of Central Africa specially in the middle 
Ogooué valley. It is only in the eleventh century that new populations of metallurgists 
settled into this region. We discuss interactions between humans, climate and vegetation 
during the past five millennia and the implications of the absence of people from the 
landscape over three centuries. 

 
Acknowledgements: Le Consortium ECOTROP est financé par les institutions participant au 
projet : Université de Rouen, Université des Sciences et Techniques de Masuku (USTM), Ecole 
Pratique des Hautes Etudes (EPHE), Ecole Nationale des Eaux et Foret du Gabon (ENEF), 
Institut Diversité et Evolution du Vivant (IDEV), Centre International de Recherches Médicales 
de Franceville (CIRMF), Université de Rennes 2, Wildlife Conservation Society (WCS). Le 
Consortium ECOTROP est également soutenu à travers des moyens humains, matériels et 
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de Recherche pour le Développement (AIRD), Réseau des Aires Protégées d'Afrique Centrale 
(RAPAC), Institut Français du Gabon (IFG), Agence Universitaire de la Francophonie (AUF), 
Programme Pilote Régional “Changements globaux, Biodiversité et Santé dans les Forêts 
Tropiccales Humides d’Afrique centrale” (PPR FTH-AC). 
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25,000 years of vegetation dynamics in the savanna of south-eastern Kenya: the pollen 
record from Lake Challa  
 
Rucina, S.M., Schüler, L., Gelorini, V., Marchant, R., Hemp, A., Verschuren, D. 
 
Late Quaternary sediments recovered from Lake Challa, a steep-sided crater lake situated at 
840 m asl immediately southeast of Mt. Kilimanjaro, present a uniquely continuous record of 
vegetation dynamics in the lowland savannahs of eastern equatorial Africa since the Last 
Glacial Maximum (LGM). 
Today the Challa crater basin is surrounded by a landscape of mostly open bush and grass 
savannah with scattered woodland trees and shrubs, and strips of riverine forests along 
seasonally dry streams. The inner crater slopes are covered by a narrow strip of evergreen 
riverine forest around the lakeshore, a dry Euphorbia forest on steep middle slopes, and 
open grassland with local patches of dry savannah woodland along and just outside the rim. 
Pollen taxa representing savannah vegetation were abundant throughout the past 25,000 
years, revealing long-term dynamics of the region’s grass-dominated ecosystem. During the 
LGM and the early deglaciation period until about 17 kyr BP the landscape was characterized 
by mixed Poaceae and Cyperaceae grassland with abundant Asteraceae and Euphorbia. After 
17 kyr BP this changes to a Poaceae-dominated savannah with less Cyperaceae and 
Asteraceae. Taxa of the Ericaceae-belt are most abundantly recorded during the LGM 
proper, suggesting that this vegetation zone shifted downslope during the cold and dry LGM 
climate conditions, which prevailed at higher altitudes. Montane forest taxa have been 
present since the LGM, but especially the montane forest trees Olea, Podocarpus, Juniperus 
and Syzygium were most prominent after the LGM between 21 and 17 kyr BP. These results 
indicate not only that today’s montane forest taxa persisted in the East African mountain 
ranges during glacial time, but also that during the locally dry early deglaciation period grass 
pollen influx from (and thus possibly, ground cover in) lowland savannah was reduced. 
Around 16 kyr BP, pollen taxa characteristic of dry savannah forest start expanding, 
consistent with the enhanced precipitation and warming conditions indicated by 
independent climate proxies. This expansion continues steadily until the mid-Holocene. The 
Late Holocene is characterized by the further evolution of the dry savannah forest 
community around Lake Challa to becoming dominated by Euphorbia and Acalypha with a 
diverse understory. The gradual decrease in pollen from montane forest taxa throughout the 
Holocene likely represents the retreat of montane forest to higher elevation along the 
mountains slopes, and their replacement at lower elevation by taxa more tolerant to (at 
least seasonally) dry climate conditions.  
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Coupled Rock-Eval pyrolysis and spectrophotometry: a toolbox to enlighten the lacustrine 
sedimentary dynamics. Past and recent case studies in intertropical Africa 

 
Sebag, D., Debret, M., Abdourhammane Touré, A., Bentaleb, I., Brémond, L., Copard, Y., 
Garba, Z., Guillon, R., Henga, K., Mabicka Obame, R., Makaya M’Voubou, Nfoumou, V., 
Ngomanda, A., Ngounou Ngatcha, B., Nguetsop, F.,  Oslisly, R., Rajot, J.-L. 

 
In a methodological issue, the present study aims to evaluate the potential of coupled Rock-
Eval and spectrophotometric analysis to describe changes in lacustrine deposits from 
intertropical Africa. The spectrophotometric analysis provides reproducible colour 
measurements, which inform about the nature of the main colour-bearing constituents. 
Coupled with Rock-Eval pyrolysis, this technique can be used to describe lithological changes 
and identify the probable source of sedimentary organic matter. This assessment is carried 
out on samples taken from well-documented reference cores and some news. 
Representative to various lacustrine settings in Sahelian environments, Bangou Kirey, 
Bangou Bi, and Lake Tankalawal (Niger) are three small permanent lakes resulting to recent 
changes in local hydrological balance. These lakes illustrate distinct lacustrine dynamics and 
each cores recorded change in origin and deposition of organic matter during the last 50 
years. In complement, some samples from Tondi Gamey allow the screening a major change 
during the last 1,500 years. On the other hand, some samples from the Mayo Tsanaga 
(intermittent river in N Cameroun) provide any information about changes during the 
sediment transport. These preliminary datasets highlight the possibility to exploit RE 
pyrolysis to track organic fluxes in Sahelian environments. 
Representative to long-term environmental trends in Equatorial savannah and rainforests, 
Lake Nguène and Lake Kamalété (Gabon), and Lake Ossa (S Cameroun) providing 
comprehensive reconstructions of environmental changes over the Late Holocene. These 
three lakes are in different geomorphological and environmental settings. They are 
therefore excellent sites to test new methodological approaches. On the one hand, the 
Nguène deposits are typical to a forest lacustrine basin where an aquatic primary production 
and proximal terrigenous inputs are accumulated during the last 3,000 years. On the other 
hand, the Kamalété deposits recorded detrital inputs from surficial and gully erosion in 
savannah during the last millennium. The Ossa deposits recorded progressive changes in 
sedimentary dynamics related to lake level rise in contrasted topographic settings during last 
8,000 years. In complement, a new Holocene record from the Lopé National Park provides a 
reference for the transition from a lake to a peaty marsh during the last 3,000 years.  
In most cases, Van Krevelen and Q7/4 diagrams is enough to identify the facies dominated 
by detrital terrigenous inputs and those associated with a more abundant primary 
production. However, although the facies are comparable, sedimentary dynamics and 
sediment sources may vary depending on geomorphological and climatic contexts. In 
addition, we illustrate some additional tools with particular case studies. 

 
Acknowledgements: presented results originated from several research projects supported by 
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program), the SCALE research federation (ESTER project) and the ECOTROP Consortium. 
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Comparison of Cumulus Schemes in the Regional Climate Model (RegCM4) in Central Africa 
 

Tagne Taguifang, H.,  Monkam, D. 
 
The International Center for Theoretical Physics (ICTP) Regional Climate Model version 4, 
RegCM4 is used for simulation of precipitations and surface temperatures, driven at its 
lateral boundaries by the (ECMWF) reanalysis ERA-Interim. A simulation of the months June-
July-August 2006 is made with different cumulus parameterization schemes and 
assumptions of closure, available in RegCM4 namely: Anthes-Kuo (AK), MIT-Emanuel (EM), 
Grell and Arakawa Schubert (GAS) and Grell and Fritsch-Chappell (GFC), while maintaining 
other physical packages unchanged. Prelude to a validation, an assessment is made on 
model outputs on various times scales, from monthly to seasonal. Precipitations simulated 
by different cumulus parameterization schemes are not identical although a slight shift of 
the rain bands towards the center of the field is relieved, reducing the humidity in the Sahel 
region at the expense of the South. EM and GFC schemes were each sympathetic with 
simulations of precipitations and surface temperatures. However, they exhibit several 
deficits among which the non-reproduction of maximum precipitation of 10 to 25 mm/day 
such as observed with the Climate Research Unit (CRU) data to the meeting area borders of 
Cameroon, Nigeria and Gulf of Guinea during the periods of July, August and June-July-
August. It was also noted striking insufficient of precipitation over the ocean in Gulf of 
Guinea due to all cumulus parameterization schemes. This study also shows that the EM 
scheme is the best one to reproduce meteorological variables such as precipitations and 
surface temperatures in Central Africa with the ICTP Regional Climate Model RegCM4.  
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Late-Glacial climate and environmental history in the Lake Victoria basin, east Africa: 
evidence from pollen and non-pollen palynomorphs in lake sediments 
 
Tolo, C. U., Lejju, J. B. 
 
Sedimentary records from Lake Victoria, eastern Africa have previously been studied at 
different time resolutions and with various focuses-including ecological history and 
vegetation changes among others. However, none of the previous studies had in-depth focus 
on environmental change transition from Late-Glacial period to early Holocene African 
humid period. For instance, the period between 12400 to 10000 yr. BP is variously reported 
as marking climatic transition in eastern Africa characterized by warming and moist climate, 
punctuated with arid conditions. Nevertheless, timing of the climatic transitions and its 
oscillation with vegetation dynamics is far from sufficiently demonstrated and remains 
unclear for Lake Victoria basin. Here we present new evidence from sedimentary records 

using pollen and non-pollen palynomorphs (e.g. charcoal, d13C isotope, spores and 
Pediastrum species) from a well-dated core, K4L to address the question of how 
environmental (particularly, climate and vegetation) changes in the lake’s basin proceeded 
during Late-Glacial period with a focus on Allerod through Younger Dryas to onset of 
Holocene. Six AMS 14C dates provided chronological age for the core, K4L. The results 
provide time-constrained historical perspective on the Late-Glacial environmental changes; 
and permit to trace, a semi-quantitative depth and/ or surface-area inference for palaeo-
lake levels of the lake. Evidence from pollen data indicate that a non-forested environment 
prevailed in the Lake Victoria basin, between ca 13374 to 13063 cal yrs BP with open- 
vegetation-type characterised mainly by degraded forest taxa and dominated by C4-type of 
vegetation cover. Despite low abundance of arboreal pollen taxa in the vegetation 
composition during this period, slight sign of forest recovery coupled with relative moist and 
wet climatic conditions is inferred, possibly suggesting a time of climatic amelioration from 
arid to moist conditions. A warm and wetter climatic episode is further confirmed by 
abundance of green algae (Pediastrum species); while charcoal data reflect that widespread 
fires ocurred in the region during the same period. However, a marked onset of forest 
recovery was evident and continued uninterrupted between ca 13063 and 12918 cal yrs BP 
with increasing diversity in arboreal taxa, and subsequent full establishment of forests under 
wet-humid climate in the lake’s basin prior to ca 12610 cal yrs BP and thereafter. But the 
period ca 12610 to 11775 cal yrs BP was marked by repeated decline and recovery of forests, 
alternating with increase and decline in non-arboreal pollen taxa (particularly, Poaceae), 
inferring drier conditions at 12517 ca cal yrs BP and again at 11920 ca cal yrs BP. However, 
pollen data infer re-establishment of full forest in the lake’s basin between ca 11775 to 
11641 cal yrs BP under wet climatic conditions just at the beginning of Holocene.  
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Genetic origin, fragmentation and isolation among forest hunter and gatherer Pygmy 
populations from Western Central Africa 
 
Verdu, P. 
 

Human population geneticists recently provided new insights into the previously unknown 

origins of the forest hunter-gatherer Pygmy populations from Central Africa. Despite the 

substantial genetic differentiation found among Pygmy populations today, researchers 

found strong evidences for a recent common origin of all Western Central African Pygmy 

populations some 3,000 years ago. Which forces were at the root of the fragmentation of 

the ancestral Western Pygmy population and what are the mechanisms underlying the 

isolation of the child populations remain, up to this date, widely unknown. In this 

presentation, we investigate the past fragmentation and the subsequent genetic isolation of 

three Pygmy populations from Cameroon: the Ba.Kola, the Bedzan and the Baka. We further 

investigate the mechanisms underlying the genetic isolation of these groups by studying 

their mobility and effective dispersal behaviours using demographic and genetic data. We 

consider our results in the context of recent findings concerning the last climatic and 

environmental crisis having led to the fragmentation and contraction of the Western Central 

African equatorial forest about 3-4,000 years ago. This major environmental change may in 

turn have triggered the past fragmentation and isolation of forest hunter-gatherer Pygmy 

populations from Cameroon and Gabon. 
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Les peuplements d’insectes (Drosophilidés) comme marqueurs de la dynamique forestière 
au cours des changements climatiques  
 
Veuille, M., équipe BIP1, collaborateurs d’IFORA2 
 
Les drosophilides sont des consommateurs primaires vivant essentiellement sur les fruits et 
les champignons. Leur abondance dépend donc de la structure de la végétation. Ils sont 
représentés par de nombreuses espèces faciles à échantillonner selon des protocoles de 
piégeage standardisés. Leur temps de génération court assure une réponse rapide de leurs 
populations aux modifications de l’environnement, comme l’ont montré les travaux pionniers 
de Lachaise (1947-2007) sur l’écologie des drosophilidés des savanes pré-forestières de Côte 
d’Ivoire. Ils sont utilisés ici comme marqueurs de la réponse des populations animales 
passées aux changements climatiques. Notre approche est pluridisciplinaire : taxonomique, 
pour identifier les espèces ; écologique, pour montrer que les variables climatiques 
(température, pluies, saison) déterminent la distribution de ces espèces en Afrique, et 
notamment entre les deux types majeurs de végétation, les forêts et les savanes ; génétique, 
parce que l’ADN conseerve la signature des changements passés d’abondance des 
populations. 
Notre échantillon du Cameroun, du Gabon et de République du Congo contient de 
nombreuses espèces. Le genre Zaprionus, qui forme la majorité des peuplements de 
drosophilidés en Afrique, a fait l’objet d’une étude moléculaire de la diversité du peuplement 
utilisant le marqueur mitochondrial COI. Nous avons trouvé 27 taxons, dont seulement 11 
correspondent à des espèces identifiables par leur morphologie ou leur barcode ADN. 
Beaucoup sont probablement nouvelles. Nos données montrent qu’elles se différencient de 
façon marquée selon deux paramètres : le couvert végétal (forestier ou ouvert) et l’altitude. 
Dans les deux cas coexistent des espèces généralistes et spécialistes. 
Notre étude écologique montre que les drosophilidés sont très sensibles aux facteurs 
physiques. Le suivi des populations forestières du mont Oku entre 2.200 et 2.800 m pendant 
un an a permis d’étudier 11.000 individus répartis en 62 espèces dont 20 étaient 
suffisamment abondantes pour une analyse quantitative. Il montre des fluctuations 
d’abondance sur quatre périodes : saison sèche, petite saison humide, pleine saison humide, 
fin de saison humide, engendrant une succession d’espèces pendant l’année. Le milieu 
forestier n’est pas homogène, les peuplements varient entre 2.200 à 2.800 m sans qu’on 
puisse dire si la cause en est biotique ou physique. 
Notre objectif ultime est d’explorer les profils de variation de l’ADN des différentes espèces. 
Ces profils enregistrent des informations sur l’histoire des populations, et permettent de dire 
si l’alternance temporelle entre forêt et savane a engendré une dynamique de population 
différente selon l’adaptation des espèces à ces deux types de milieux. L’étude de l’ADN 
nucléaire est encore en cours. Les données sur l’ADN mitochondrial donnent une première 
réponse à ces question. Sur sept espèces de Zaprionus dont les données moléculaires sont 
exploitables de ce point de vue, toutes connaissent actuellement une phase d’expansion. 
L’horloge moléculaire disponible montre que les deux espèces de milieu ouvert ont connu 
une expansion ancienne qui a couvert toute la dernière phase glaciaire et se poursuit 
actuellement, tandis que les cinq espèces les plus forestières ont commencé leur expansion 

                                                           
1
 Axelle Bouiges, Stefano Mona, Stéphane Prigent, Arnaud Suwalski, Amir Yassin. 

2
 Groupe entomologie collaborant au modèle drosophile : Philippe Le Gall, Maya Ikogou, Clément Lelarge, Shay 

Wilfred Mbunda, Axelle-Rolande Sikoa. 
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après le dernier maximum glaciaire. Ceci corrobore des données disponibles chez Drosophila. 
Il y aurait donc deux types principaux peuplements de drosophilidés réagissant en alternance 
aux changements climatiques. Cette forte réponse est sans doute médiée par celle de la 
végétation. 
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Variability and trends of local/regional scale surface climate in northern Africa during the 
twentieth century 
 
Yepdo Djomou, Z., Monkam, D. 
 
Four regions are detected in northern Africa (20°W-40°E, 0-30°N) by applying the cluster 
analysis method on the annual rainfall anomalies of the period 1901-2000. The first region 
(R1), an arid land, covers essentially the north of 17.75°N from west to east of the study 
zone. The second region (R2), a semi-arid land with a sahelian climate, less warm than the 
dry climate of R1, is centered on Chad, with almost regular extension to the west towards 
Mauritania, and to the east, including the north of the Central African Republic and the 
Sudan. The region three (R3), a wet land, is centered on the Ivory Coast and covers totally 
Liberia, the south part of Ghana, Togo, Benin and the south-west of Nigeria. The fourth 
region (R4), corresponding to the wet equatorial forest, covers a part of Senegal, the Central 
Africa, the south of Sudan and a part of Ethiopia. The comparison of our results with several 
previous works shows good similarities. An analysis of observed temperature and 
precipitation variability and trends throughout the twentieth century over these four regions 
shows that the trends have a magnitude of up to 1.5 K per century with a decrease in the 
precipitation since 1970. The temporal correlation between regional temperature and 
precipitation anomalies and the ENSO and NAO phenomena is significant in all regions but 
respectively with low and high value for the ENSO and the NAO. The correlation between the 
anomalies and the ENSO and NAO indexes are generally below 0.5. 
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Interaction between moist Kelvin waves and synoptic variability of precipitation over 
Congo basin 
 
Zebaze, S.,  Lenouo, A., Tchawoua, C., Janicot, S. 
 
The synoptic structure and variability of moist synoptic  Kelvin waves over the Congo basin 
during March to June (1979-2010) are explored using satellite-observed brightness 
temperature (Tb), outgoing longwave radiation (OLR) and National Centers for 
Environmental Prediction–National Center for Atmospheric Research (NCEP–NCAR) 
reanalysis data.We found that synoptic Kelvin waves (SKWs) activity is most predominant 
during March-May and it is centered at the equator where the convective active phase of 
these waves favors formation of convective synoptic systems. A brief analysis of an intense 
Kelvin wave in March-May 1999 ( active year) shows a clear impact of the wave on 
convective development and daily rainfall over Congo basin. Convection is found to be less 
frequent immediately prior to the passage of the convectively active phase of the 
convectively coupled atmospheric equatorial Kelvin wave (CCKW), more frequent during the 
passage, and most frequent just after the passage. Otherwise, Results show marked 
interannual variability of Kelvin wave activity over Congo basin. The large synoptic variability 
of precipitation are observed from March-May which clearly denotes synoptic activity in this 
region. Interannual variability in the fluctuation strength of the wavelet power spectrum as 
well as in its distribution amount different periods. Strong signal is clearly found at period 
between 4-6 day and 7-9 day.The location of peak SWKs convection are consistent with high 
rainfall location and clearly impacted crops yield over this region. 
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ORAL Akaegbobi,  I.M., Akinola, O.O. Climatic and Environmental Studies of Quaternary 

Sediments in Lagos Lagoon, South Western Nigeria 
ORAL Born, C., Peccoud, J., Piatscheck, F., Benoit, L., 

Garcia, M., Sauve, M., Djiéto-Lordon, C., Attéké, 
C., Harris, D., Wieringa, J.J., McKey, D., Blatrix, 
R. 

Role of past and present environmental factors in 
genetic structure of forest species. The contribution of 
comparative analysis among symbiotic partners (plant, 
ant, fungus) 

ORAL Desjardins, T., Turcq, B., Nguetnkam, J.-P., 
Mandeng Yogo, M., Cetin, F., Achoundong, G., 
Lézine, A.-M. 

Reconstitution d’environnements holocènes au 
Cameroun par l’étude des signatures isotopiques delta 
13C et des datations de la matière organique des sols 

ORAL Djimefo, G., Tchuente, M., Le Gall P.  Biogeographical affinities of Coleoptera Cetoniidae 
from Yoko (Central Cameroun)  

ORAL Dounias, E. Local adaptive responses to climate fluctuations in the 
forest-savannah boundaries of Central Cameroon 

ORAL Duminil, J., Mona, S., Mardulyn, P., Doumenge, 
C., Walmacq, F., Doucet, J.-L., Hardy, O.J. 

Nuclear DNA data supports Pleistocene climate change 
influence on Atlantic African rainforests  

ORAL Gaillard, M.-J., Lebamba, J., Sugita, S., Marquer, 
L., Mazier, F., Hély, C., Assi-Kaudjhis, C., Buchet, 
G., Vincens, A., Lézine A.-M. 

Pollen-based LRA estimates of regional and local 
vegetation abundance over the Holocene in savannahs 
and mountain forests of Cameroon 

ORAL Hardy, O.J.,  Born, C., Budde, K., Daïnou, K., 
Dauby, G., Duminil, J., Ewédjé, E-E. B.K., 
Heuertz, M., Kouamé Koffi G., Lowe, A.J., 
Micheneau C., Ndiade-Bourobou, D., Pineiro, R. 

Comparative phylogeography of African rain forest 
trees: a review of genetic signatures of vegetation 
history in the Guineo-Congolian region 

ORAL Hély, C., Fèvre, J., Lézine, A.-M. Holocene climate changes at Bambili : insights from the 
vegetation fossil records 

ORAL Ivory, S., Lézine, A.-M., Vincens, A., Cohen, A. Entering an Interglacial: Vegetation of the Last 
Deglaciation and the Penultimate Deglaciation from 
Southeast Africa  

ORAL Kabonyi Nzabandora, C. Analyse palynologique de divers sondages du secteur 
haute altitude du Parc National de Kahuzi-Biega. 
Paleoenvironnements et paléoclimats au Pleistocène 
supérieur et à l’Holocène 

ORAL Kamsu-Tamo, P.-H., Janicot, S. Variabilité intra-saisonnière de la pluie et dynamique 
de la végétation en Afrique centrale 

ORAL Le Gall, P., Muafor Fogoh, J. Complex biogeographical history results in high level of 
biodiversity: the insects of the forest/savannahs 
ecotone in Cameroon 

ORAL Lejju, J. B. Vegetation history and human interactions in the Great 
Lakes Region of central Africa during the late Holocene 

ORAL Leydet, M., Lézine, A.-M., Vincens, A., and 
contributors 

Late quaternary pollen databases, vegetation and 
climate reconstructions 

ORAL Lézine, A.-M., Assi-Kaudjhis, C., Février, L., 
Lemonnier, K., Roche, E. 

Le lac Bambili : un enregistrement exceptionnel de 
l’histoire de la forêt africaine au cours du dernier cycle 
glaciaire-interglaciaire 

ORAL Lézine, A.-M., Holl, A.F.C, Lebamba, J., Vincens, 
A., Assi-Khaudjis, C., Février, L.  

Temporal relationship between Holocene human 
occupation and vegetation change along the 
northwestern margin of the Central African rainforest 

ORAL McKey, D. Ensuring connectivity over altitudinal gradients: the 
conservation importance and current status of lowland-
highland corridors in Central Africa 

ORAL Nguetsop,
 
V.F., Bentaleb, I., Favier, C., Martin, 

C., Bietrix, S., Servant-Vildary, S., Servant, M. 
Holocene Palaeaenvironmental records and climatic 
changes in Adamawa plateau (Northern Cameroon) 
based on multiproxy analyses from two crater lakes  

ORAL Ogungbesan, G.O., Akaegbobi, I.M. Pliocene - Holocene vegetation and 
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paleoenvironmental history of the coastal lagoon areas 
of Lagos, Southwestern Nigeria using pollens 

ORAL Oslisly, R.,  Brémond, L., Henga, K., Hougnon, A., 
Makaya M'voubou, Nfoumou, V., Ngomanda, 
A., Nguetsop, F., Sebag, F., ECOTROP Team. 

Contribution of ECOTROP field school to landscape 
reconstruction for the past 5,000 years in the Lopé 
National Park (Gabon) 

ORAL Rucina, S.M., Schüler, L., Gelorini, V., Marchant, 
R., Hemp, A., Verschuren, D. 

25,000 years of vegetation dynamics in the savanna of 
south-eastern Kenya: the pollen record from Lake 
Challa  

ORAL Sebag, D., Debret, M., Abdourhammane Touré, 
A., Bentaleb, I., Brémond, L., Copard, Y., Garba, 
Z., Guillon, R., Henga, K., Mabicka Obame, R., 
Makaya M’Voubou, Nfoumou, V., Ngomanda, 
A., Ngounou Ngatcha, B., Nguetsop, F.,  Oslisly, 
R., Rajot, J.-L. 

Coupled Rock-Eval pyrolysis and spectrophotometry: a 
toolbox to enlighten the lacustrine sedimentary 
dynamics. Past and recent case studies in intertropical 
Africa 

ORAL Tagne Taguifang, H.,  Monkam, D. Comparison of Cumulus Schemes in the Regional 
Climate Model (RegCM4) in Central Africa 

ORAL Tolo, C. U., Lejju, J. B. Late-Glacial climate and environmental history in the 
Lake Victoria basin, east Africa: evidence from pollen 
and non-pollen palynomorphs in lake sediments 

ORAL Verdu, P. Genetic origin, fragmentation and isolation among 
forest hunter and gatherer Pygmy populations from 
Western Central Africa 

ORAL Veuille, M., équipe BIP, collaborateurs d’IFORA Les peuplements d’insectes (Drosophilidés) comme 
marqueurs de la dynamique forestière au cours des 
changements climatiques  

   

POSTER Buchet, G., Vincens, A., Lézine, A.-M. The Mbi Crater lake: an exceptional site for 
understanding climate change and vegetation dynamics 
in the mountains of Cameroon during the last  15,000 
years  

POSTER Chamani, R., Monkam, D. Return times of seasonal extreme rainfalls in the 
African Sahel 

POSTER Chevillotte, H. et al  

POSTER Gueye, A.K., Janicot, S., Braconnot, P., Lézine, 
A.-M. 

Liens entre précipitations en Afrique sub-saharienne et 
climat à grande échelle pendant les périodes pré-
industrielle et Holocène moyen (4000 & 6000 ans) par 
analyse en réseaux de neurones 

POSTER Kamte, A., Monkam, D. Comparison between Morlet and Mexican Hat wavelets 
on tracking the easterly waves in West Africa 

POSTER Lebamba, J., Vincens, A., Buchet, G., Lézine, A.-
M. 
 

Vegetation dynamics during the last 4000 years on the 
Adamawa plateau (central Cameroon): a high-
resolution pollen record from Lake Tizong 

POSTER Mandeng Yogo, M., Desjardins, T., Turcq, B., 
Nguetnkam, J.-P., Cetin, F., Achoundong, G., 
Lézine, A.-M. 

Variations du d
13

C de la matière organique des sols 
sous différentes couvertures végétales dans la région 
centrale du Cameroun 

POSTER Meukaleuni, C., Lenouo, A., Monkam, D. Convective Available Potential Energy (CAPE) and 
Convective Inhibition (CIN) in ERA-Interim reanalysis 
during the AMMA SOP Campaign 

POSTER Yepdo Djomou, Z., Monkam, D. Variability and trends of local/regional scale surface 
climate in northern Africa during the twentieth century 

POSTER Zebaze, S.,  Lenouo, A., Tchawoua, C., Janicot, S. Interaction between moist Kelvin waves and synoptic 
variability of precipitation over Congo basin 
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Dimanche 20 
octobre 
  

  Lundi 21 octobre 
  

  Mardi 22 octobre 
  

  

09h00 excursion Achoundong, 
G., and LeGall, 
P. 

09h00-
09h30 

introduction Lézine A.M. 09h00-
09h30 

Contribution of ECOTROP field school 
to landscape reconstruction for the 
past 5,000 years in the Lopé National 
Park (Gabon) 

Oslisly, R.,  
et al. 

      09h30-
10h00 

Reconstitution d’environnements 
holocènes au Cameroun par l’étude des 
signatures isotopiques delta 13C et des 
datations de la matière organique des 
sols 

Desjardins, T., 
et al. 

09h30-
10h00 

Coupled Rock-Eval pyrolysis and 
spectrophotometry: a toolbox to 
enlighten the lacustrine sedimentary 
dynamics. Past and recent case studies 
in intertropical Africa 

Sebag, et al. 

      10h00-
10h30 

Temporal relationship between Holocene 
human occupation and vegetation 
change along the northwestern margin of 
the Central African rainforest 

Lézine, A.-M., et 
al. 

10h00-
10h30 

Comparison of Cumulus Schemes in 
the Regional Climate Model (RegCM4) 
in Central Africa 

Tagne 
Taguifang, 
H.,  
Monkam, D. 

      10h30-
11h00 

Pollen-based LRA estimates of regional 
and local vegetation abundance over the 
Holocene in savannahs and mountain 
forests of Cameroon 

Gaillard, M.-J., 
et al. 

10h30-
11h00 

Variabilité intra-saisonnière de la pluie 
et dynamique de la végétation en 
Afrique centrale 

Kamsu-
Tamo, P.-H., 
Janicot, S. 

                  

      11h00-
11h30 

coffee break   11h00-
11h30 

coffee break   

                  

      11h30-
12h00 

Holocene climate changes at Bambili : 
insights from the vegetation fossil 
records 

Hély, C., et al. 11h30-
12h00 

Local adaptive responses to climate 
fluctuations in the forest-savannah 
boundaries of Central Cameroon 

Dounias, E. 

      12h00-
12h30 

Holocene Palaeaenvironmental records 
and climatic changes in Adamawa 
plateau (Northern Cameroon) based on 
multiproxy analyses from two crater 
lakes  

Nguetsop,
 
V.F., 

et al. 
12h00-
12h30 

Genetic origin, fragmentation and 
isolation among forest hunter and 
gatherer Pygmy populations from 
Western Central Africa 

Verdu, P. 
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      12h30-
13h00 

Analyse palynologique de divers 
sondages du secteur haute altitude du 
Parc National de Kahuzi-Biega. 
Paleoenvironnements et paléoclimats au 
Pleistocène supérieur et à l’Holocène 

Kabonyi 
Nzabandora, C. 

12h30-
13h00 

  McKey D.  

                  

      13h00-
14h00 

lunch   12h40-
14h00 

lunch   

                  

      14h00-
14h30 

Late-Glacial climate and environmental 
history in the Lake Victoria basin, east 
Africa: evidence from pollen and non-
pollen palynomorphs in lake sediments 

Tolo, C. U., 
Lejju, J. B. 

14h00-
14h30 

Role of past and present 
environmental factors in genetic 
structure of forest species. The 
contribution of comparative analysis 
among symbiotic partners (plant, ant, 
fungus) 

Born, C., et 
al. 

      14h30-
15h00 

25,000 years of vegetation dynamics in 
the savanna of south-eastern Kenya: the 
pollen record from Lake Challa  

Rucina, S.M., et 
al. 

14h30-
15h00 

Nuclear DNA data supports 
Pleistocene climate change influence 
on Atlantic African rainforests  

Duminil, J., 
et al. 

      15h00-
15h30 

Vegetation history and human 
interactions in the Great Lakes Region of 
central Africa during the late Holocene 

Lejju, J. B. 15h00-
15h30 

Comparative phylogeography of 
African rain forest trees: a review of 
genetic signatures of vegetation 
history in the Guineo-Congolian region 

Hardy, O.J., 
et al. 

      15h30-
16h00 

Le lac Bambili : un enregistrement 
exceptionnel de l’histoire de la forêt 
africaine au cours du dernier cycle 
glaciaire-interglaciaire 

Lézine, A.-M., et 
al. 

15h30-
16h00 

Les peuplements d’insectes 
(Drosophilidés) comme marqueurs de 
la dynamique forestière au cours des 
changements climatiques  

Veuille, M., 
et al. 

                  

      16h00-
16h30 

coffee break   16h00-
16h30 

coffee break   

                  

      16h30-
17h00 

Climatic and Environmental Studies of 
Quaternary Sediments in Lagos Lagoon, 
South Western Nigeria 

Akaegbobi,  I.M. 
andAkinola, 
O.O. 

16h30-
17h00 

Biogeographical affinities of 
Coleoptera Cetoniidae from Yoko 
(Central Cameroun)  

Djimefo, G., 
et al. 
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      17h00-
17h30 

Pliocene - Holocene vegetation and 
paleoenvironmental history of the 
coastal lagoon areas of Lagos, 
Southwestern Nigeria using pollens 

Ogungbesan, 
G.O. and 
Akaegbobi, I.M. 

17h00-
17h30 

Complex biogeographical history 
results in high level of biodiversity: the 
insects of the forest/savannahs 
ecotone in Cameroon 

Le Gall, P., 
and Muafor 
Fogoh, J. 

      17h30-
18h30 

Entering an Interglacial: Vegetation of 
the Last Deglaciation and the 
Penultimate Deglaciation from Southeast 
Africa  

Ivory, S., et al. 17h30-
18h30 
 

general discussion McKey, D.  

            18h30   End of the workshop   

20h00 APD 
workshop 

Leydet M., et 
al. 

20h00 buffet gala "La Marmite"         
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