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ABSTRACT: The African Pollen Database is a scientific network with the objective of providing
the international scientific community with data and tools to develop palacoenvironmental studies
in sub-Saharan Africa and to provide the basis for understanding the vulnerability of ecosystems to
climate change. This network was developed between 1996 and 2007. It promoted the collection,
homogenization and validation of pollen data from modern (trap, soils, lake and river mud) and
fossil materials (Quaternary sites) and developed a tool to determine pollen grains using digital
photographs from international herbaria. Discontinued in 2007 due to a lack of funding, this
network now resumes its activity in close collaboration with international databases: Neotoma,
USA, Pangaea, DE, and the Institut Pierre Simon Laplace, FR.

2.1 INTRODUCTION

International cooperation in research and decision-making is critical for solving global environ-
mental problems linked to climate and/or human impact on ecosystems, particularly at regional
level. These environmental problems include forest degradation, accelerating loss of biodiver-
sity and water resources, instability of transitional ecological domains, and change in coastal
zones. Tropical ecosystems are especially at risk as future states are likely to be beyond the
range of observations, yet their preservation is of crucial importance for the maintenance of
the Earth’s biosphere and climate. For example, the role of the equatorial and tropical forests
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in global exchanges, such as the global carbon cycle, is widely recognised (Detwiler and Hall
1988). Research developed within the general framework of international scientific programmes
(e.g., the International Geosphere Biosphere Programme, IGBP — http://www.igbp.net/) have
long 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 rec-
ommendations, 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
Earth system model simulations requires the collection, assemblation, standardization and sub-
sequently the access to the wider scientific and modelling community in the form of specific
regional databases.

2.2 MAIN ACHIEVEMENTS

The African Pollen Database (APD) was first developed in 1996 in close cooperation with its Euro-
pean counterpart (EPD) (European Pollen Database; http://www.europeanpollendatabase.net)
and the Global Pollen Database hosted at the National Oceanic and Atmospheric
Administration (NOAA) Paleoclimatology Database (USA) (https://www.ncdc.noaa.gov/data-
access/paleoclimatology-data). The initial workshop and subsequent work, funded by the French
National Centre for Scientific Research (CNRS), the European Union (International Coopera-
tion for development (INCO-DEV) and European network of research and innovation centres
(ENRICH) programmes and the UNESCO International Geoscience Programme (PICG), estab-
lished methods of collating pollen data, developed a standardized pollen nomenclature (Vincens
et al. 2007), generated updated age models, composed images of pollen grains from interna-
tionally recognized herbaria, and created a searchable web interface. In the first stage of its
development, the APD contained 288 fossil sites and 1985 modern samples (Figure 1). Among
the numerous achievements of the APD one can highlight the following topics.

2.2.1 Pollen based biome reconstructions

Jolly et al. (1998) first demonstrated that the ‘biomization’ method for assigning pollen taxa to
plant functional types and biomes was able to predict the potential natural vegetation of tropical
Africa, despite uncertainty and variability of pollen production and dissemination (Ritchie 1995)
of an extremely biodiverse flora (26,000 plant species; Lebrun and Stork 1991-1997). This
allowed palaeoecologists working in Africa to participate in the ‘BIOME 6000’ project sponsored
by IGBP (Prentice and Webb 1998). This project aimed to use palacoecological data from the
mid-Holocene as a benchmark to evaluate simulations with coupled climate-biosphere models
and thus to assess the extent of biogeophysical (vegetation-atmosphere) feedbacks in the global
climate system (Prentice ez al. 2000). After the validation of the modern pollen dataset (Gajewski
et al. 2002; Jolly et al. 1998), the biomization method was successfully applied to reconstruct
modern (Lézine ef al. 2009; Vincens et al. 2006) and past biomes for selected time periods,
typically the Last Glacial Maximum (LGM) and the Holocene (Jolly et al. 1998; Elenga et al.
2000). Past biome reconstructions have also been performed for the Plio-Pleistocene (Bonnefille
et al. 2004; Novello et al. 2015) and more recent time periods such as the last glacial-interglacial
cycle and the Holocene (Amaral et al. 2013; Izumi and Lézine 2016; Lebamba et al. 2012; Lézine
etal. 2019).
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Figure 1. Late Quaternary African Pollen Database (APD) sites. In red: pollen data gathered during the first phase of
the APD (1994-2007). In yellow: new pollen sites to be entered into the new version of APD, in construction).

2.2.2 Quantitative reconstructions of climate variables from pollen data

Modern-analogue, regression, and model-inversion techniques have been developed to recon-
struct past climates from pollen assemblages or pollen-based reconstructed biomes worldwide.
Using the APD modern pollen dataset, Peyron et al. (2007) provided the first quantitative
pollen-based reconstruction of precipitation for all of Africa at 6000 yr BP based on the Mod-
ern Analogues Technique (MAT) and the Plant-Functional Types (PFT) climate relationships.
Results were then compared with atmospheric general circulation model output and coupled
ocean atmosphere-vegetation models developed in the frame of the Paleoclimate Model Inter-
comparison Project (PMIP) international project (Joussaume and Taylor 1995). More recently,
Wu et al. (2007) then Izumi and Lézine (2016) developed an inverse modelling approach based
on the BIOME model to quantitatively reconstruct past climates based on pollen biome scores.
The advantage of this method was to provide quantitative climate reconstructions for periods
when CO, concentrations were different from today. While reconstruction attempts of climate
by means of pollen data in South Africa, were mostly qualitative (Scott et al. 2012), Chevalier
and Chase (2015) applied a method that related the pollen to plant distribution data to obtain
quantitative estimates.

2.2.3 Vegetation reconstructions from pollen data

Palacoecological data from the APD led to a series of reconstructions of vegetation at a con-
tinental scale. Site-based global biome maps for Africa for the mid-Holocene and LGM were
first completed within the framework of the ‘BIOME 6000’ project (Prentice et al. 2000). More
recently, APD palaeoecological data was included in a global synthesis of changes in composition
and structure of past vegetation since the LGM performed by Nolan et al. (2018). This study
provided a baseline for evaluation of the magnitudes of ecosystem transformations under future
emission scenarios.

At a regional scale, APD data were used to reconstruct the Green Sahara and evaluate
plant migration rates during the African Humid Period (Hély ef al. 2014; Watrin et al. 2009). In
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East Africa, compilation of pollen and archaeological data was used to discuss the cumulative
effects of climate and land-use on the environment (Marchant et al. 2018). Furthermore, with
the increasing recognition that fossil data can improve information about fundamental climatic
tolerances, modern and palaeoecological data from the APD have been included in estimates of
climatic niches of at-risk plant taxa (Ivory et al. 2016). This information was then used to provide
forecasts of future impacts to ranges under climate and land-use trajectories for the end of the
21st century (Ivory et al. 2019).

2.3 CHALLENGES AND FUTURE DEVELOPMENTS

All these realizations suffer from (1) an highly uneven geographic distribution of data. Pollen
data are relatively abundant in Eastern and Southern Africa where palynological research has
been ongoing since the early 1950s (Hedberg 1954; van Zinderen Bakker and Coetzee 1952). In
the former region, the abundance of lakes and swamps also provides favourable conditions for
pollen preservation and long-time series. In North and Central Africa, on the other hand, data are
less numerous and often discontinuous in time. The drying out of Holocene lakes in the Sahara,
the difficulties of access to the sites, and their rarity are all limitations to regional geographical
reconstructions; (2) the scarcity of long time series beyond the LGM (Ivory et al. 2017; Lézine
et al. 2019; Miller and Gosling 2014; Scott 2016), and therefore long-term vegetation changes
are mostly derived from marine cores (e.g., Dupont and Kuhlmann 2017; Hessler et al. 2010).

Thanks to a recent funding from the Belmont Forum for Science-driven e-infrastructure
innovation for the project ‘Abrupt Change in Climate and Ecosystems: Where are the Tip-
ping points?’, the APD is now being relaunched and developing further collaborations with
international databases (‘NEOTOMA’, ‘PANGAEA’) and the French Institute Pierre Simon
Laplace (IPSL). One of the priorities is to gather and validate data published since 2007, the
date of the closure of the French data centre Medias-France where APD was stored. Today,
67 new late Quaternary, 17 Plio-Pleistocene and 20 marine new pollen series have been col-
lated. Strong links are being developed with NEOTOMA (https://www.neotomadb.org/) and
PANGAEA (https://pangaea.de/) databases.

These new datasets benefit from improved dating techniques and age modelling methods.
The result of which is that newly acquired pollen series have reduced temporal uncertainty and
improved resolution, allowing to more precision in interpretation of local and regional ecosys-
tem dynamics and climate-vegetation interactions. All this allows to envisage new scientific
developments of which one can cite three examples here:

2.3.1 Better understanding of ecosystem-human interactions

The identification and quantification of human-induced alterations to the Earth’s surface are criti-
cal to understand the role of land-use change on ecosystems and climate. The Land Cover 6k (6000
yrs BP) project of IGBP PAGES (http://www.pastglobalchanges.org/science/wg/landcover6k)
described in Gaillard et al. (2018) is a unique opportunity to develop a methodological approach
to carefully reconstruct land cover change from pollen data and evaluate anthropogenic land-cover
change scenarios for palacoclimate modelling. The major limitation of such a quantification in
tropical Africa is that ‘with very few exceptions, tropical trees have zoophilous pollinating sys-
tems and relatively low pollen productivity’ (Ritchie 1995; p. 487). The relationship between
pollen percentages in diagrams and actual vegetation cover is thus extremely difficult to assess.
Within the equatorial forest for instance, many tree taxa are under-represented or even absent
from the pollen assemblages.

The reliability of any landscape reconstruction requires the spatial scale represented by the
pollen assemblage to be carefully taken into account. This requires the most accurate possible
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evaluation of pollen productivity of species and pollen-rain settling time. Following the work
of Duffin and Bunting (2008) in South Africa, Gaillard and colleagues are currently apply-
ing the LOVE (Local Vegetation Estimates) and REVEALS (Regional Estimates of VEgetation
Abundance from Large Sites) models developed by Sugita (2007a,b) in Central Africa. The
development of such an approach as well as the compilation of pollen and archaeological data
(Marchant et al. 2018) can greatly improve the involvement of the palynological community in
the study of land-use as a climate forcing.

2.3.2 Improved constraint of climate variability over the last millennia

The recent publication of Nash et al. (2016) within the framework of the PAGES 2ka working
group (http://www.pastglobalchanges.org/science/wg/2k-network) showed that Africa is one of
the world’s most poorly documented regions in terms of climate reconstructions over the last
millennia. Historical archives are very rare, as are natural archives with adequate temporal
resolution and age control. Time frames where historical records overlap the prehistorical data
are important to obtain seamless reconstructions and validate reconstructions. Improving the
spatial coverage and resolution of palacoecological records is crucial for studying natural decadal
(or multi-decadal) climate variability and associated mechanisms. It is also essential to analyze
the complexity of spatial hydroclimate patterns, such as that suggested for the Little Ice Age
(1250-1750 CE) in Africa, for which wet or dry regions have been identified.

2.3.3 Understanding vegetation responses to abrupt climate change

The evolution of northern Africa from a ‘Green Sahara’ state to one of the most arid deserts today
(Kropelin et al. 2008) or the collapse of the equatorial forests (e.g., Lézine ef al. 2013) occurred
at the end of the African Humid Period. These are among the most emblematic examples of the
extreme changes that can affect the global environment with dramatic consequences for human
populations. The tipping points and climatic drivers between extreme states remain to be studied,
as do the early warning signals of these environmental crises, which may date back several
millennia, and still need to be identified. Long-term, high-resolution and evenly distributed
pollen records are critical to address these questions.

2.4 CONCLUSION

The African Pollen Database aims at providing the scientific community, students and teachers
with scientific and educational tools (pollen grain determination tools, modern and fossil data
duly validated and dated, publications) to address key issues for understanding the vulnerability
of ecosystems facing climate change. It ensures interoperability with international databases
for multi-proxy reconstructions of the past environment. Beyond these activities, the African
Pollen Database is a scientific network to develop the sharing of data and knowledge between
researchers in different countries.
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