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ABSTRACT: Modern pollen studies are valuable for the calibration of pollen records and
contribute to the understanding of past vegetation dynamics. Here, we present a qualitative review
of available published and (where possible) unpublished modern pollen studies conducted in
tropical Africa since pollen analysis emerged as a discipline in the early 20th century. At present,
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modern pollen rain studies are geographically unevenly distributed across the continent. We
found that most countries across tropical Africa have some modern pollen records, with East
African countries being particularly well represented in both older and more recent literature.
Many countries, arid regions and transitional phytochoria, however, require further study. This
review is intended to guide palaeoecologists and palynologists embarking on new studies by
bringing together the history of modern pollen studies conducted to date. Targeting new studies
to areas where data are currently lacking will help to build a better understanding of modern
pollen deposition on the continent. Moreover, we provide recommendations for designing studies
so that their results can be used in quantitative modelling techniques for climate or vegetation
reconstructions.

21.1 INTRODUCTION

Palaeoecological studies on sedimentary deposits use proxies such as pollen, charcoal, fungal
spores and diatoms to reconstruct changes in past environments. These proxies can reveal crucial
information about ecosystem responses to climate change, fire occurrence, herbivore activity, and
impacts of humans on landscapes on centennial to millennial time scales (Gillson 2015). As such,
palaeoecological data are hugely important in understanding the past dynamics of ecosystems and
are increasingly being used to inform management decisions and restoration targets (Manzano
et al. 2020). In order to interpret and validate records from the past, however, these proxies need
to be calibrated.

Calibration most commonly takes the form of studies of modern systems; for instance,
pollen from surface lake mud samples can be compared to the vegetational composition of the
area around those lakes (Sugita 2007a, 2007b). These comparisons allow palaeoecologists to
determine which plants produce lots of pollen grains relative to their vegetational abundance and
which produce very little. Modern pollen datasets are increasingly being used to calibrate models
of pollen dispersal and deposition, allowing for more quantitatively rigorous reconstructions of
past vegetation to be developed (Fang et al. 2019).

In temperate regions, there has been an abundance of studies conducted on modern pollen
rain (Davis et al. 2013), and these results have been used to calibrate models of pollen dispersal
and deposition (Bunting and Middleton 2005; Jackson and Lyford 1999; Theuerkauf et al. 2016).
These models have allowed increasing accuracy and precision of vegetation reconstructions, but
often rely on extensive datasets, which are relatively rare in the tropics (Bonnefille et al. 2004;
Gajewski et al. 2002; Vincens et al. 2006). Gajewski et al. is a particularly important work as
it used 1170 modern pollen samples available at the time of publication to reconstruct climate
across all major phytochoria and climatic zones (albeit with patchy coverage) in Africa. This
demonstrates the importance and potential utility of modern pollen work in Africa, and highlights
the need to target under-studied geographical regions and vegetation types.

Here, we present qualitative accounts of modern pollen work (published and unpublished,
where available) conducted to date in tropical Africa with the aim of summarising key details
from the studies, and highlighting those geographical regions and vegetation types that require
further targeted work. This review will provide a useful starting point for researchers looking
to ground their palaeoecological work in modern data, and will also highlight potential ways
forward to improve our interpretations of African palaeoecological data.

21.2 METHODS AND TERMINOLOGY

The geographical extent of this study is the tropics of Africa, the region between 23.5◦ N and
23.5◦ S (Figure 1). This is due to the global importance of the tropical regions in terms of
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Figure 1. Map showing locations of modern pollen studies and phytochoria (White 1983). Numbers refer to studies in
Table 2.

biodiversity and conservation status. Pollen studies were located by searching for country specific
papers in, for example, Google Scholar, Microsoft Academic, ResearchGate and Web of Science,
using terms such as ‘[country name] modern pollen’ ‘[country] aeropalynology’ and equivalent
terms in French. References to unpublished theses were found in existing literature; Table 2 shows
whether they are publicly available. Existing modern pollen rain studies from each country are
summarised using vegetation type descriptions as they are reported in publications so that the
studies retain their local relevance. We then use phytochoria as established by White (1983)
(eg. Guineo-Congolian Regional Centre of Endemism) to group studies. We chose this approach
to retain the diversity of vegetation classifications used in the studies, whilst also capturing
continent-scale patterns.

For each of the reviewed papers, we identified (where possible) the methods used to collect
the modern pollen data. Melissopalynological studies are excluded from this review as they are
of limited relevance to palaeoecological studies. Sampling techniques vary in how closely they
resemble the sediment records, the length of time over which they collect pollen, and which
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types of pollen they are biased towards collecting. There are a variety of methods used to collect
modern pollen data in the tropics (see Jantz et al. 2013). For details of the specific methods, refer
to the individual studies listed in Table 2. General terms used in this paper are defined as follows:

(i) Surface samples: A general term referring to samples from the uppermost sediment layer,
typically soil, peat, lake or marine sediment.

(ii) Soil samples: Samples taken from an area from the top layer of soil (including leaf litter
and humus), not from within a water body.

(iii) Core top samples: samples from the top of a sediment core that are assumed to be modern.
(iv) Pollen Traps: Artificial pollen traps come in a variety of formats (Bush, 1992; Gosling et al.,

2003; Tauber, 1967) and capture pollen over set periods of time.
(v) Moss/Lichen polsters: Samples of moss and/or lichen are harvested from the ground or

trees.
(vi) Glycerol/Silicon oil slides: These are used to sample pollen over a very short period of time

by catching grains directly onto a slide
(vii) Filters: Air filters can be used to trap pollen grains; mainly used in offshore sampling.

21.3 WEST AFRICA

West Africa has been the site of a large number of studies (Figure 1). Multiple studies have
been carried out in Senegal, Côte d’Ivoire and Togo, (Edorh 1986; Lézine 1988; Ybert 1980),
with studies covering the main vegetation types of that region. Nigeria has a large number of
pollen rain studies, with many conducted for aeropalynological purposes. Several countries do
not appear to have any published (or unpublished but cited elsewhere) modern pollen records,
namely; Guinea, Guinea-Bissau, Sierra Leone, Liberia, Gambia, Mali, and Burkina Faso.

An extensive summary of modern pollen data for west Africa was compiled by Lézine et al.
(2009), who compared modern pollen spectra to climate and vegetation. This work found that
biomes are generally well represented by their pollen spectra, which capture the main components
of the vegetation and can be used to reconstruct climatic parameters. The exceptions to this were
tropical forest biomes, likely due to their high levels of entomophily, and human-impacted dry
forest at the Sudanian-Sahelian ecotone.

Off-shore pollen studies have been conducted to complement work on marine cores in
the Gulf of Guinea (Calleja et al. 1993; Caratini and Cour 1980; Dupont and Agwu 1991;
Hooghiemstra et al. 1988; Melia 1984; Romero et al. 2003). Marine studies off West Africa are
synthesised in Hooghiemstra et al. (2006) and in this review we focus on continental records.

21.3.1 Mauritania

Only five modern pollen samples have been recorded from Mauritania, (Lézine and Hooghiemstra
1990). These samples are soil samples and record high levels of Amaranthaceae and Brassicaceae
pollen, reflecting the Saharan environment. Due to the dry environment, these samples likely
represent a maximum of one year of pollen deposition, despite being collected from near to water
sources.

21.3.2 Senegal

Modern pollen from soil and mud samples from Senegal was first studied by Lézine (1987) with
the majority of samples published in later manuscripts (Lézine 1988; Lézine and Edorh 1991;
Lézine and Hooghiemstra 1990). Samples were collected from Sudanian forests and demonstrated
that pollen and vegetation from this zone are relatively well correlated (see also Togo). A strong
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Sahelian influence was observed in the northernmost samples, typified by taxa such as Acacia
and Balanites. In southern samples, Combretaceae represents the Sudanian vegetation type. Lake
surface samples from Lake Guiers (Lézine 1988), demonstrated that the pollen record from the
lake, which is located in the Sahelian zone but has a drainage basin extending across vegetation
types, is dominated by relatively local taxa such as Poaceae, with a strong Sahelian element (7%)
and less of a Sudanian element (2%).

21.3.3 Côte d’Ivoire

Work has been conducted terrestrially and in mangrove swamps in Côte d’Ivoire. Ybert (1975)
covered the savannah-forest boundary using monthly sampled pollen traps across transects of
forest to savannah. These revealed high levels of temporal variability in pollen rain, but showed
that Poaceae dominated in the savannah sections (at percentages of >40%), along with Ulmaceae-
Moraceae type and Lippia multiflora Moldenke. Alchornea was reported as being abundant across
the transects. Fredoux (1978) presented modern samples from Mangrove swamps which showed
low levels of Rhizophora and other species typical of Mangrove swamps, instead being dominated
by dry land pollen types (Lézine 1997).

21.3.4 Ghana

Three modern pollen studies are currently known from Ghana. Maley (1983) included some
modern surface samples in a preliminary study of Lake Bosumtwi (a site which went on to yield
a c. 500,000 year record (Miller and Gosling 2014)). These surface samples were taken from
small ponds and lakes in the semi-deciduous forest region of the country and showed high levels
of Musanga, Celtis and Triplochiton scleroxylon pollen and low levels of Poaceae. These findings
correlated with those of Julier et al. (2019) which showed consistently high levels of Celtis and
Triplochiton in pollen trap samples from transects across 100 m by 100 m square vegetation
monitoring plots, with traps placed every 20 m along the transect, near to Kumasi, also in the
semi-deciduous vegetation type. Traps from a wet evergreen forest plot showed that variability
in modern pollen rain was high. Unlike traps from the semi-deciduous plot, however, the wet
evergreen traps demonstrated high spatial variability, with traps 20 m apart producing drastically
different pollen spectra.

Trap data from the savannah-forest boundary in Ghana (Julier et al. 2017) showed that
Poaceae abundances of >40% could be considered indicative of a savannah landscape. These
two studies (Julier 2017; Julier 2019) were intended to inform palaeoecological interpretations,
specifically of Lake Bosumtwi. The data gathered cover a range of vegetation types but lack
temporal resolution, with the maximum number of sampled years being three for the forested
ecosystems and one for the savannah transitional mosaic.

21.3.5 Togo

The first, and most extensive, study of modern pollen conducted inTogo was by Edorh (1986) who
collected 125 soil and river surface samples from a range of vegetation types across Togo, encom-
passing forest and savannah. It was found that pollen broadly reflected vegetation, but at a local
scale. Some of these samples were later published in Lézine and Edorh (1991), who demon-
strate that some Sudanian vegetation types such as Combretaceae woodlands and Isoberlina
woodlands are distinguishable on the basis of their pollen spectra. Anemophilous non-arboreal
taxa frequently dominated the signal, and that samples may be biased towards local representa-
tion, meaning that a high spatial density of samples is necessary to reflect regional vegetation
composition. The pollen spectra were also correlated successfully with rainfall, highlighting the
difference between the Guinea-Congolian and Sudanian vegetation zones (Chalié et al. 1990).
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A study of modern pollen from Mangroves in Togo (Edorh and Afidegnon 2008) demonstrated
that the modern pollen spectra, on the whole, represented their parent vegetation types well and
were able to distinguish between Avicennia and Rhizophora mangrove environments.

21.3.6 Bénin

The first known pollen rain study in Bénin is Tossou et al. (2012) which focuses on southern
Bénin. Surface sediments were taken from the main plant formations: semi-deciduous dense
humid forest, floodplain forest, mangrove, swampy forest, swampy meadow and plantation with
Acacia auriculiformis. Pollen analysis of 38 soil samples identified a total of 126 pollen taxa
from 65 families. The most abundant pollen taxa broadly reflect the different plant formations
recorded, therefore suggesting that they could be used to reconstruct changes in landcover from
palaeo-ecological data in Southern Bénin. A further study (Zanou et al. (2020)) focused on the
modern pollen rain in the Lama classified forest (south Bénin) from surface sediments. This study
allowed a comparison between the pollen content of the sediments and the botanical diversity of
the formation. Pollen analysis of 50 sediment samples identified a total of 62 pollen taxa belonging
to 31 families and 44 genera. The dominant taxa are Poaceae, Cassia, and Combretaceae. The
index of similarity between the species inventoried and those contained in the sediments is
greater than 50%. Aeropalynological work using traps has also been conducted in Bénin (Tchabi
et al. 2017; Tossou et al. 2016), finding higher pollen content in the air with higher winds and
temperature, but lower pollen content with high rainfall, and the most abundant pollen counts in
the dry season (November to March).

21.3.7 Niger

The only known study from Niger is an aeropalynological study from Caratini and Frédoux
(1988), which presents 27 pollen trap samples with pollen data presented as monthly values from
a savannah area in Niamey, south Niger. Around 60% of the annual pollen rain was Poaceae,
which peaked in August and September, the rainy season. Cyperaceae pollen was found to peak
in October to December and Chenopodiaceae pollen peaked at 5% in December through January,
the dry season.

21.3.8 Nigeria

In Nigeria, a large number of aeropalynological studies have been conducted (Abdulrahaman et al.
2015; Adekanmbi and Ogundipe 2010; Adeniyi et al. 2018; Adeonipekun et al. 2016; Agwu 2001
1986; Agwu and Osibe 1992; Alebiousu et al. 2018 2018; Ezikanyi et al. 2016; Ibigbami and
Adeonipekun 2020; Njokuocha 2006). These studies all use some form of pollen trap (modified
Tauber traps or ‘Gbenga 2’ aerofloral samplers) and are primarily for the study of allergenic
particles in the atmosphere. They typically record results monthly, with time periods recorded
varying from a few months (Abdulrahaman et al. 2015) to more than a year (Adeniyi et al. 2018).
The studies generally found high pollen abundances in the wet season (aside from (Adeniyi et al.
2018) who found lower abundances of pollen in the wet season) and high abundances of Poaceae,
regardless of their location and year of sampling. In some instances, forest elements such as
Celtis, Milicia, and Berlinia are found, indicating long distance transport from forested areas
(Ezikanyi et al. 2016; Njokuocha 2006). The studies are almost exclusively located in urban
areas and are therefore of limited use for palaeoecological reconstructions. Modern pollen work
on soil and trap samples from the north of Nigeria showed extremely high levels of Poaceae
and Cyperaceae (>95%), but also that modern pollen assemblages primarily reflect their local
vegetation, not long-distance transport (Salzmann 2000; Salzmann and Waller 1998).
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21.3.9 Chad (including Lake Chad)

The first modern pollen study conducted in Chad was by Maley (1972) who took surface samples
from Lake Chad and nearby areas. These results were reproduced as part of Maley’s account of
the palaeoecology of Lake Chad (Maley 1981). These samples demonstrated the importance of
rivers in the long distance transport of pollen, but that the surface samples did capture vegetation
changes from the area around the lake. Schulz (1976) also reported modern samples from Chad
and compared these with 8000–9000 yr BP samples. The study showed relatively high levels
of Poaceae pollen in both modern and fossil samples, but higher levels of montane pollen in
the fossil samples. Ybert (1980) used pollen filters to capture pollen rain from November 1971
through December 1972. It was shown that Poaceae is the most abundant taxon, and peaks
in September. Amaral et al. (2013) used modern sample data from Maley (1972) and other,
previously unpublished work to perform biomisation, thereby assigning estimates of mean annual
precipitation to time periods covered by a core from Lake Chad covering the period from 6700–
500 yr BP.

21.4 CENTRAL AFRICA

In Central Africa, Cameroon, Gabon and the Republic of Congo contain the largest number of
studies focusing on modern pollen-vegetation relationships (Elenga 1992; Elenga et al. 2000;
Henga-Botsikabobe et al. 2020; Jolly et al. 1996; Lebamba et al. 2009; Reynaud-Farrera 1995;
Tovar et al. 2019; Vincens et al. 2000). Other countries in the region lack records; the Central
African Republic yields just one study (Aleman et al. 2012), the Democratic Republic of Congo
has a single study spanning the Uganda-Congo border (Beuning and Russell 2004), and Equatorial
Guinea has one study of marine surface pollen records, offshore in the Gulf of Guinea (Dupont
and Agwu 1991).

21.4.1 Cameroon

Modern pollen studies in Cameroon are currently concentrated in the south and south-east of the
country, and focus on pollen-vegetation relationships. Vincens et al. (2000) examine the pollen in
soil and litter samples from 26 contiguous plots along a forest-savannah transect. They conclude
that the two main ecosystems, forest and savannah, are clearly represented in the surface samples
at the local scale, with few pollen grains found outside their producing communities. The density
of the forest canopy largely inhibits regionally wind-dispersed pollen from entering the forest
and in the savannah these values are typically <1% (Vincens et al. 2000).

A similar study by Lebamba et al. (2009) examines 24 surface samples from the southern
Cameroon lowlands, in forest and savannah environments. They demonstrate that major vegeta-
tion types can be differentiated using modern pollen percentages, and a distinction made between
secondary and mature forests and well drained and hygrophilous forest types, therefore the pollen
analysis is a robust way of discriminating between the maturity, structure and composition of
Central African forests. This is reinforced by a study of 50 surface samples from the forests and
savannahs of southern Cameroon which defined distinct plant communities (Reynaud-Farrera
(1995)). Verlhac et al. (2018) studied modern soil samples from across an elevational gradient
in the Cameroon highlands and found that modern pollen assemblages reconstruct the upper and
lower limits of the Afromontane forests well.

Vincens et al. (2000) note that there are individual taxa which can be misrepresented in
the pollen spectra, including markers of the main community types (e.g. Albizia and Rinorea).
The differences between the observed vegetation and the pollen analysed in surface samples is
often a function of the production and dispersal of individual taxa. However, botanical survey
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methods, such as only recording trees of more than 10 cm in diameter at breast height (DBH)
will also influence the record.

A number of modern pollen studies from Cameroon examine the transportation and dispersal
of pollen throughout the Sanaga River Basin (Bengo 1996, 1992; Bengo et al. 2020) and off-shore
in marine surface sediments on the continental shelf (Van Campo and Bengo 2004). Thirty-eight
surface samples from the banks of the Sanaga River and twelve of its main tributaries were
collected to characterize the origin of the pollen and its mode of transport to the continental
shelf. Bengo et al. (2020) demonstrate that pollen analysed in the riverbank sediment clearly
reflects the surrounding vegetation cover, and transport to the coast of the Gulf of Guinea is
essentially through the drainage of large basins. Examining seventy-one modern samples from
the continental shelf off the coast of Cameroon (Van Campo and Bengo 2004), they found a
dominance of the mangrove pollen type Rhizophora, which is located along the shoreline, a high
pollen producer and effectively transported by water. They also note the dominance of Poaceae
and Alchornea, which likely arrive on the shelf by riverine transport from the grasslands of
northern Cameroon and riverbanks and forest edges throughout the Sanaga Basin, respectively.
Analysing modern surface samples along river basins therefore greatly supports the interpretation
of source area of pollen captured in marine and off-shore sediments.

21.4.2 Central African Republic

There is a paucity of modern pollen studies in the Central African Republic. A single study
by Aleman et al. (2012) investigates modern pollen (identified as arboreal and non-arboreal),
phytoliths and stable carbon isotopes in 17 soil samples from a forest-savannah environment.
Combining these results with field Leaf Area Index (LAI) measurements, they calibrate a multi-
proxy model to reconstruct LAI in palaeo-sequences, providing a long-term estimate of tree
cover. This approach provides a useful method for assessing past changes in vegetation cover,
and transitions from forest to savannah and vice versa.

21.4.3 Equatorial Guinea

There is a lack of records from terrestrial Equatorial Guinea, however, one study exists which
examines the distribution of pollen grains within the Gulf of Guinea and the influence of wind
and water on pollen transport (Dupont and Agwu 1991), this study is reviewed in Hooghiemstra
et al. (2006)

21.4.4 Gabon

Gabon has a number of studies incorporating modern pollen samples. An early study by Jolly
et al. (1996) examined 16 surface soil samples from the rainforest of north-eastern Gabon to test
pollen-vegetation relationships along a number of transects. They establish pollen markers for
a number forest types, and explore the pollen production of individual taxa (e.g. Alchornea and
Macaranga) which showed the largest pollen abundance. Ngomanda (2005) carried out research
in the forests of Gabon, focusing on the past 5000 years, as part of a doctoral dissertation. Later
publishing, with others, palynological data from two lake cores, the tops of which represent the
modern pollen signal (Ngomanda et al. 2007).

Lebamba et al. (2009) analysed 57 surface soil and litter samples from the forests of
north-eastern and south western Gabon. They demonstrated that major vegetation types can be
differentiated by their modern pollen percentages, and distinctions made between different forest
types (e.g. secondary and mature forests).

More recently in Gabon, Henga-Botsikabobe (2015) completed a doctoral dissertation
examining surface samples and palaeo-cores from Lope National Park, to reconstruct the past
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forest composition and analyse its response to changing environmental conditions. Henga-
Botsikabobe et al. (2020) then later published detailed results from 23 tropical marshes within
the Lope National Park examining modern pollen-vegetation relationships. Surface samples were
collected from 50 random points across each marsh environment and homogenised to obtain one
representative sample per marsh. They found that the modern pollen signal is highly influenced
by the local marsh vegetation and a very high diversity of forest taxa are recorded, making it
possible to quantify changes between adjacent mature, secondary and pioneer forests. Low pro-
portions of Poaceae were found in the surface samples, which is thought to be influenced by their
mode of deposition. This challenges common interpretations, which use these proportions as a
measure of savannah vs. forest. This is a unique study from an alternative depositional context
and provides unique insights for interpreting modern samples and core sequences from marsh
environments.

21.4.5 Republic of the Congo

Modern palynological studies in the Republic of Congo are concentrated in the South and South
West of the country, within the Batéké Plateau and Mayombe massif regions and along the littoral
coast. Elenga et al. (1994) examine two cores from a swamp in the Batéké Plateaux region
of the Congo, within the Guineo-Congolian region (White 1983) to illuminate palynological
evidence of past vegetation change. While this study does not focus on modern pollen-vegetation
relationships, it utilises insights and results from a previous doctoral study by Elenga (1992)
incorporating modern pollen rain from the same region. For example, Elenga et al. (1994)
comment on the large local pollen production of Gramineae.

Elenga et al. (2000) later carry out a more focused study on the pollen-vegetation rela-
tionships in the same region. Palynological data was analysed from 12 sites, each comprising
20-30 surface subsamples and compared to forest inventory data. At the local scale, the modern
pollen rain largely reflected the forest taxa observed, and due to the dense canopy, only a few
grains originated from extra-local sources. There were variations in the pollen production of
individual species and Elenga et al. (2000) found that certain species, which are characteristic
of these forests, are found in low percentages in the surface samples, for instance, species in
the families Caesalpiniaceae, Euphorbiaceae and Annonaceae. Equally, a number of taxa may
be overrepresented in the pollen spectra due to high pollen productivity (e.g. Treculia, Syzygium
and Dacryodes).

Tovar et al. (2019) examined 12 surface samples and a core sequence from a monodominant
Gilbertiodendron dewevrei (De Wild.) J. Léonard forest in the northern Republic of Congo. The
authors found that Gilbertiodendron represented between 3.8% and 6% of the pollen count in the
surface samples from the monodominant forest patches. The most abundant taxa in these samples
were Lophira alata-type and Celtis spp. No Gilbertiodendron pollen was found in samples
outside the monodominant patches. These studies provide important insights into the pollen
production and dispersal of key Congo Basin taxa which are important for many palaeoecological
interpretations in the region.

While currently, modern pollen-vegetation studies are relatively scarce across the Congo
Basin, the recent discovery of a large area of peatland in the Cuvette Centrale (Dargie et al.
2017) has sparked new research in the region. The peatland represents an important palaeoeco-
logical archive, which may holds insights into additional pollen-vegetation relationships in this
alternative depositional context.

21.4.6 Democratic Republic of the Congo

There are no modern pollen studies solely within the Democratic Republic of Congo. A single
palaeoecological study exists from the Lake Edward Basin, which spans the Ugandan-Congo
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border (Beuning and Russell 2004). This study examines a lacustrine core to reconstruct the
climatic and vegetation history of the area, with reference to a number of modern pollen assem-
blages collected from crater lakes within Maramagambo forest reserve, on the Ugandan side of
the border. While the authors found that the modern pollen assemblages contained taxa similar
to those found in the basal metres of the Lake Edward Basin core, the percentages of Poaceae
varied, indicating that the basal metres of the core were more similar to the pollen spectra of the
semi-deciduous forest to the east of Lake Victoria, potentially representing a comparable modern
environment.

21.5 EAST AFRICA

East Africa is where some of the continent’s foundational modern pollen work was conducted
(Coetzee 1967; Hedberg 1954; Livingstone 1967). An early review of modern pollen work
conducted in the tropics included a summary of East African montane work (Flenley 1973).
Several countries, however, do not appear to have any studies of modern pollen rain; Eritrea,
Somalia and South Sudan. Laseski (1983) analysed 59 surface samples from Uganda, Rwanda,
Tanzania, Zambia, Kenya and Tanzania. These samples were used to derive relationships between
pollen and rainfall, and are included in analyses such as Gajewski et al. (2002) but the original
thesis was not available for this review and is therefore not covered in detail here. Vincens (2006)
analysed a large number (150) of modern pollen samples across seven phytogeographical regions.
These are used in biomisation with a high level of success (82.6% of sites correctly assigned).
These studies by Gajewski and Vincens demonstrate the usefulness and potential of accessible,
broad-geographical and climatic analytical studies on modern pollen in the tropics.

21.5.1 Sudan

Eleven soil samples were analysed by Ghazali and Moore (1998) from an initial set of 30, the
majority of which did not contain pollen. These were taken from desert, semi-desert, scrub
and grassland ecosystems. Poaceae was, by far, the most abundant pollen type identified in the
samples. Non-arboreal pollen dominated generally, which is a true reflection of the nature of
the ecosystems sampled. A higher proportion of entomophilous pollen than might usually be
expected was found in some samples, including Acacia pollen despite no Acacia trees being
present within a 100 m radius of the sample site. Further work by Ghazali (2002) resulted in
seven more samples (including one collected in a moving vehicle) from along a transect in the
Nile Valley, encompassing mainly desert ecosystems. The assemblages from these samples were
mostly dominated by anemophilous taxa such as Poaceae, although only 8 out of 40 pollen taxa
identified were anemophilous. It was noted by the authors that, as in their previous study, a large
number of samples of those originally collected did not contain pollen. This is likely due to the
highly arid climate and sometimes alkaline soils of Sudan.

21.5.2 Djibouti

Three modern samples, from river sediment, lake surface mud, and soil, from desert sites in
Djibouti are presented in Bonnefille et al. (1980). These samples are presented for comparison
with the results from a core dated to 45,000 yr BP, although only three samples possessed high
concentrations of pollen, likely due to arid climate conditions. The modern samples showed
higher levels of Cyperaceae and forest taxa, but lower Poaceae than those from the core.
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21.5.3 Ethiopia

Ethiopia has been the site of many studies of early hominin evolution, including some pollen work
from site Fejej FJ-1 establishing palaeoecological histories for archaeological finds (Mohamed
Umer et al. 2004).

Bonnefille et al. (1987) studied modern pollen samples from the Awash Basin from an ele-
vational range of 500–3000 m asl and four vegetation types; subdesert steppe, riparian, evergreen
bushland and montane forest. River and soil samples were taken and used to inform interpreta-
tions of the Hadar formation, from between 2.9–3.3 million years ago. These data are used to
infer climate conditions during the evolution of early hominins. Another study from Bonnefille
et al. (1993) found that modern pollen samples separated vegetation communities from different
altitudes well, although due to high levels of entomophily, the taxonomic composition was not
accurately reflected.

Recently, 20 modern pollen (and phytolith) samples from springs inAwash Valley have been
published (Barboni et al. 2019) which allowed records from fossil springs to be interpreted. These
spring environments are thought to be important environments for early hominins, as constant
supplies of water in otherwise fluctuating or arid landscapes, therefore playing an important role
in early hominin evolution and dispersal.

A large number of modern pollen samples from Ethiopia (with fewer samples from Kenya
and Burundi) were included in studies that aimed to develop transfer functions to reconstruct
rainfall (Bonnefille et al. 1992; Roeland et al. 1988) and temperature in fossil records. It was
found that it is possible to reconstruct modern temperatures and precipitation with a high degree
of accuracy based on the large and geographically widespread datasets used in the analyses.

21.5.4 Uganda

Hedberg (1954) sampled moss and lichen, predominantly from Carex bogs, within the Alpine
and Ericaceous belts of the Ruwenzori Mountains in Uganda. It was found that, within the Alpine
belt, pollen dispersal is predominantly local. Ericaceous pollen is found to be, although relatively
local in its dispersal, a potentially useful indicator taxon. For other taxa, similar conclusions were
drawn for these Ugandan samples as for those from Mount Kenya.

Osmaston (1958) conducted palaeoecological work in the same region as Hedberg (1954)
and Livingstone (1967) took cores from Lakes Bujuku, Kitandra and Mahoma, whose top-most
sediments can be considered surface samples. These core-top samples showed low levels of
Poaceae, even in alpine belts, leading Livningstone dismiss Poaceae as an indicator of cooler
alpine conditions in the past.

Hamilton (1972) analysed modern samples from Kigezi (largely samples from swamps)
and Ruwenzori (various environments) and Mount Elgon (within the ‘Montane Forest’ and ‘Eri-
caceous and Afroalpine’ Belts). These samples demonstrated that, in general, transport of pollen
to higher altitudes from low altitudes is more common than in the opposite direction. Flenley
later hypothesised that this was due to wind directions generally being up slope in the day and
downslope at night, and that pollen is generally released in the day (Flenley 1973). Hamilton
used the modern samples to develop lists of pollen types by dispersal propensity, and from these
lists made suggestions on the interpretation of pollen diagrams, including the fact that aquatic
taxa and taxa that likely represent long distance transport are omitted from pollen sums.

Vincens et al. (1997) used modern data from previous studies, as well as including original
data from surface samples from their own research and previously unpublished data to investigate
pollen rain across a wide environmental and elevational gradient in Uganda. Their study encom-
passed multiple vegetation types including savannah, forest-savannah mosaic, montane forest,
the Ericaceous belt and the alpine belt. They found that modern pollen rain can successfully
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separate different vegetation types but that characteristic plant taxa of certain ecosystems may
be completely lacking from their pollen signals.

In their paper from Mubwindi Swamp, south-west Uganda, Marchant and Taylor (2000)
present data of modern pollen spectra recovered from surface samples of sediment. Pollen types
encountered were grouped into five categories, according to their level of representivity when
compared with abundances of the same taxa in the sampled vegetation: under representative,
moderately under representative, representative, moderately over representative, and over rep-
resentative. The results of this research show that most of the dryland pollen incorporated into
swamp sediments is produced by local plants close to the site of deposition. Generally, abun-
dances of arboreal taxa such as Alchornea, Anthocleista, Croton, Dombeya, Ilex, Myrtaceae,
Newtonia, Polyscias, Prunus, Rapanea and Zanthoxylum in the modern pollen appear to closely
reflect the occurrence of their parent taxa within the surrounding vegetation. This close relation-
ship between the representation of the parent taxa in dryland vegetation and the pollen percentage
in surface samples allows the incorporation of these taxa in the nonlocal pollen sum (Marchant
et al. 1997).

21.5.5 Kenya

Hedberg (1954) conducted the first modern pollen analyses for Kenya, using moss and lichen
samples taken from the Teleki Valley, Mount Kenya. He also sampled ice from the peak of Mount
Kenya for pollen, which was found to contain many pollen grains and spores, assumed to be
from the preceding years to decades. Podocarpus was found to be abundant in the moss samples,
demonstrating long-distance transport of 6-10 km. Samples from the Bamboo forest zone were
found to contain little Poaceae pollen, which was attributed to Bamboo’s irregular flowering
and death after flowering. Alchemilla was found to be locally abundant, with poor dispersal.
Hedberg also determined that it was not possible to determine Senecio forest from its pollen
spectrum alone, as similar amounts of ‘Compositae: Tubiflorae’ (the Asteraceae pollen type
used that included Senecio) were found in samples from other vegetation types. Undifferentiated
Lobelia pollen was found but was not considered to be of any use as an indicator taxon due to the
occurrence in the area of various species of Lobelia with different environmental preferences.
Coetzee (1967) also examined modern pollen samples from Mount Kenya, and drew similar
conclusions to Hedberg (1954) around the abundance of Podocarpus. Rucina (2000) also notes
over-abundance of Podocarpus from modern samples from the Aberdare Mountains, south-west
of Mount Kenya. Hamilton (1972) noted that the analyses of Coetzee and Herberg possessed
relatively low taxonomic resolution. This issue was somewhat addressed by Livingstone (1967)
who worked from a better reference collection and published results including core-top samples
from Uganda (see Uganda).

Modern pollen on Mount Elgon (which experiences different weather patterns on its south-
ern and eastern flanks, with the southern receiving higher rainfall) was studied by Hamilton
and Perrott (1980) who used both soil samples and pollen traps along two elevational transects.
Of these transects, one was on the wetter southern side of the mountain, and the other was on
the drier, eastern side. Due to their transects being elevational, a number of different vegeta-
tion types were sampled; Montane forest, Ericaceae thicket, High altitude grassland, Alchemilla
scrub, Rocky ground communities, Mires, and agricultural land. Their findings indicated that
Montane forest produced the most pollen, and that it was represented in other areas both up
and downslope of its extent. Poaceae pollen abundances were found to reflect the local abun-
dance of grasses in the vegetation. Many pollen taxa, including Schefflera and Amaranthaceae,
were found to disperse very poorly and do not travel far from their parent plants, whereas some,
such as Acalypha, Urticaceae, Juniperus-type and Podocarpus-type, demonstrated long-distance
transport. Sediment samples taken nearly a decade apart (1967 and 1976) showed very similar
pollen assemblages, leading the authors to conclude that surface samples represent longer-term
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modern pollen deposition well. Vincens (1984) investigated modern pollen from Lake Turkana
and concluded that only 7% of pollen in the lake was aerially deposited.

A biome reconstruction using modern pollen data from EastAfrica used 40 sites from North-
ern Kenya (Vincens et al. 2006), the modern pollen rain was assigned into plant functional types
then biomes. The study indicated that modern pollen rain correctly predicted modern vegetation
types except in transition zones where the drier/more open vegetation type was predicted. This
Vincens (2006) study includes the results and data from previous unpublished studies by the same
author. A study running between 2014 and 2015 set up pollen traps in the Mau forest (around
Nyabuiyabuyi swamp) and the Amboseli Park at Kimana, Ormakau and Isinet swamps. 30 pollen
traps at each site (total 120) were left at each site for a period of 1 year (Githumbi 2017). During
the recovery of the traps a year later only at Nyabuiyabuyi were 21 of the 30 traps recovered, at the
other sites the recovery rate was less than 20%. The major cause of trap disappearance/selection
was wildlife. Due to this, new initiatives in Amboseli are in progress where new traps are to be
located in areas that can be continually monitored to ensure survival of the traps.

21.5.6 Burundi

Bonnefille and Riollet (1988) conducted a study of modern pollen as part of work on a core
from Kashiru Swamp, in the Burundi highlands. They collected soil samples from a range of
different altitudes in the Teza forest, between 2100 and 2500 m asl. These samples were taken
across the montane forest-Ericaceous moorland transition, and reflected this vegetational change.
Ericaceous pollen did not disperse far from its vegetation zone, and as altitude increased, a sharp
decrease in arboreal pollen was observed. Macaranga pollen accounts for around 40% of the
pollen from the montane forest samples, and the authors interpret this as a sign that these forests
may have been previously disturbed. They also note that the trees that are characteristic of the
forest (Entandrophragma, Prunus, Chrysophyllum and Neoboutonia) are extremely rare in the
modern pollen spectra.

21.5.7 Tanzania

Modern pollen work in Tanzania was conducted by Vincens (1987) on Lake Natron. It was
established that modern pollen assemblages recovered from the lake were relatively uniform
across the lake except from where rivers emptied into the lake. Pollen assemblages from the lake
surface samples captured the important vegetation types in the catchment basin, but not in a
representative manner.

From a modern pollen-rain study along the elevational gradient on Kilimanjaro Schüler
et al. (2014) show that it is crucial to establish a modern pollen-rain-vegetation relationship for
the calibration and interpretation of a fossil pollen record from mountain sites across a gradient of
alpine vegetation types including savannah, lower montane, middle montane and upper montane
forest types. On Kilimanjaro, the authors analysed modern pollen-rain on plant family level to
derive the elevational forest zone (lower, mid, and upper forest zone as per Hemp (2006)) of
the surrounding vegetation. Climatic conditions of the study sites were further assessed and put
into relation with pollen-rain and forest vegetation (Schüler 2013) which is important for the
interpretation of palaeo-records. However, it was shown that the occurrence of plant families
along the altitudinal gradient are differently represented in the modern pollen depending on their
various reproduction factors. This can further be quantified as a transfer factor as introduced for
montane forest taxa in south west Uganda by Marchant and Taylor (2000). The diversity trend
captured in the modern pollen-rain on the elevational gradient on Mt Kilimanjaro reflects the
plant diversity in the vegetation. However, Schüler et al. (2014) observed differences in the taxa
richness as the pollen and fern spore dispersal seems to be strongly influenced by the regional
wind patterns.
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Ivory and Russell (2016) collected modern pollen samples from Lake Tanganyika, which
showed consistently high levels of Poaceae pollen (>60% in all samples) and low levels (<6%)
of forest taxa even when intact forest was present on the shoreline very close to the sampling site.
They conclude that modern pollen assemblages in Lake Tanganyika do reflect, to some extent,
the shoreline vegetation, and that depth is not a significant factor in the assemblage composition.

21.5.8 Malawi

Modern pollen samples in Malawi were collected by Meadows (1984), who used a combination
of pollen traps and soil samples on the Nyika Plateau. Pollen traps placed at ground level and one
metre height were compared and found to produce extremely similar assemblages. The author
found that pollen trap and surface samples produced very similar pollen spectra, even with the
amount of re-worked pollen being similar. Re-worked, in this instance, implied re-floated into
the atmosphere. The three vegetation types investigated in the study, Dambo (shallow wetlands),
Grassland and Forest were able to be distinguished by their pollen spectra. Some pollen taxa were
found to be ‘well-dispersed’, including Ericaceae (in contrast to other studies from East Africa
eg. (Hamilton 1972)), Poaceae and Cyperaceae. Further samples were collected and analysed
from surface samples of Lake Malawi itself by DeBusk (1995, 1997), who found that high levels
of mixing, and different inputs (e.g. wind versus riverine) led to a very coarse signal within the
lake, from which it was not possible to distinguish distinct pollen assemblages corresponding to
vegetation types on the shores.

21.6 SOUTHERN AFRICA

Within the tropics of Southern Africa, a relatively large number of studies have been carried out
in some countries, including in Madagascar and South Africa. Angola, Botswana, Mozambique
and Zimbabwe lack any modern pollen studies in their tropical regions.

21.6.1 Madagascar

Modern pollen samples from Madagascar mostly covered the sub-humid forest grassland mosaic
of Central Highlands with little to no representation of the dry deciduous forest, savannah wood-
land, and the spiny thickets in the south western region. Early surface sample analysis for
palaeoecological purposes was conducted by Burney (1988) based on 13 perennial lakes and
bogs in the sub-humid forest grassland mosaic of Central Highlands. These wetlands were sam-
pled directly, by pushing a vial into the surface of the bog using various devices, depending on the
water depth and type of sediment (Burney 1988). Based on the rate between arboreal pollen (AP)
and non-arboreal pollen (NAP) distinction of taxa associated with grasslands (with grass pollen
≥55%), forest/grassland mosaic (grass pollen between 22–38%), and montane shrub grassland
(Ericaceae pollen ≥40%) were identified. The presence of Ericaceae-dominated montane shrub
grasslands and the forest formations of the northern and eastern parts of the island were recorded.
Along these, ecosystems such as riparian woodlands on the lakeshores, patches of montane were
also represented as the case of the sample collected at Ankazominady in the central highlands.
These findings enabled interpretations of palaeoecological work and established at least a qualita-
tive distinction between Malagasy paleoenvironments in the region. However, Burney suggested
the need for larger modern pollen datasets and the inclusion of more phytogeographic information
combined with multivariate statistical methods for better interpretations.

Straka (1991) published 89 samples from mosses and surface sediments within which
60 samples were from Madagascar. Straka’s samples represented seven vegetation types. The
humid forest included seven samples with three samples in the littoral forests, three in the
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humid forest at low altitude, and one in the secondary forest called Savoka. However, most of
the samples were collected in the subhumid forest in the Central Highlands with a total of 48
samples. The ericoid thickets were represented with four samples which were characterised by
a high percentage of Ericaceae/Vaccinaceae (45–98%) with low diversity or with a moderate
percentage of Ericaceae/Vaccinaceae combined with Asteraceae type Aster (30%). For all the
samples analysed by Straka, only one from the Spiny thicket in the south of the island was
collected. Yet, the pollen results presented taxa typical of this vegetation such as type Euphorbia
(24,5%), type Acacia and they even found one pollen grain of an Alluaudia ascendens (Drake)
Drake (Didiereaceae) and also a high percentage of Asteraceae (52%) (Straka 1991). Straka’s
analysis was however only qualitative and more advanced quantitative analysis are needed.

After almost three decades, seven samples from the top of sediment cores and surface sam-
ples were collected and analysed by Razafimanantsoa (2015) from the Northwest dry deciduous
forest in Madagascar. These samples represented taxa from different soil types within the dry
deciduous forest, but also the degraded dry forest and savannah ecosystems. Results showed the
presence of high pollen rain concentration in the dry forest and savannah ecosystem compared
to the degraded forest (Razafimanantsoa 2015). In the pollen results, the dry deciduous forest
is characterised by Commiphora and Dalbergia as well as Rubiaceae type, while Poaceae and
Ziziphus were abundant in the savannah. The degraded forest was on the other hand characterised
by the abundance of Eucalyptus sp. These initial surface sample results by Burney (1988), Straka
(1991) and Razafimanantsoa (2015) in addition to recently collected samples (fieldwork session
in 2015, 2016 and 2019) from the succulent woodland, dry deciduous and sub-humid forest could
form the basis to establish a reference based on the distribution of pollen and their representation
in the various vegetation types in Madagascar.

Similar to these surface samples destined for palaeoecological interpretations, several inves-
tigations of pollen rain based on samples from spore Brutayert traps are important tools to help
for the interpretation of past pollen record. Analysis of pollen samples from the Capital of Mada-
gascar in the Central Highlands was first published as a thesis in the early 80’ covering the period
of 1979, 1980, 1981 (Rajeriarison 1983). This study found that the pollen in the region contains a
high percentage of Poaceae which were interpreted by Straka (1991) to have reflected rice fields
and savannah that are abundant in the region (Straka 1991).

21.6.2 Namibia

Namibian modern pollen has been recently studied by Tabares et al. (2018) who used soil sur-
face samples to test the correspondence between vegetation and pollen in savannah ecosystems.
They found that pollen is able to separate out distinct vegetation types such as Acacia wood-
land and open mixed woodland well, although overall species richness is not reflected well by
pollen assemblages. Grazing pressure was found to be indicated by Alternanthera, Tribulus, and
Limeum and the co-occurrence of Dichrostachys, Phyllanthus and Crotalaria is an indicator of
environmental encroachment.

Hyrax dung middens, one of the few pollen records available from extreme arid environ-
ments such as the Namib desert, were investigated by Gil-Romera et al. (2006) and included four
modern dung samples. These modern samples were found to be more widely variable than their
fossilised equivalents, suggesting that they represented shorter time sampling periods than older
dung extracted from middens.

21.7 SPATIAL SPREAD OF MODERN POLLEN STUDIES

The spatial distribution of modern pollen studies in tropical Africa is not even, with work being
concentrated in certain areas and countries (Figure 1). Table 1 shows a breakdown of number
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Table 1. Phytochoria and number of modern pollen studies that include samples from each Phytochoria (White 1983).

Phytochoria Number of studies including
(White 1983) samples from this region

I. Guineo-Congolian regional centre of endemism 39
II. Zambezian regional centre of endemism 5
III. Sudanian regional centre of endemism 16
IV. Somalia-Masai regional centre of endemism 14
VI. Karoo-Namib regional centre of endemism 2
VII. Mediterranean regional centre of endemism 1
VIII and IX. Afromontane archipelago-like regional centre of

endemism and extreme floristic impoverishment
7

X. Guineo-Congolia/Zambezia regional transition zone. 0
XI. Guinea-Congolia/Sudania regional transition zone. 1
XII. Lake Victoria regional mosaic. 8
XIII. Zanzibar-Inhambane regional mosaic. 0
XIV. Kalahari-Highveld regional transition zone. 0
XVI. Sahel regional transition zone. 11
XVII. Sahara regional transition zone. 5
XIX and XX East and West Malagasy regional centres of

endemism
4

of studies by Phytochoria, which demonstrates that within the tropical region of Africa, the
Guineo-Congolian region is most represented, followed by the Sudanian region and the Sahel.
These regions cover large areas of land, and are also important biologically, harbouring a very
large number of species within multiple vegetation types. There are other comparably extensive
phytochoria which are much less well represented. The Zambezian region, for instance, has very
few studies but covers a large part of southernAfrica. The Guineo-Congolian/Zambezian regional
transition zone and the Kalahari-Highveld regional transition zone do not have any studies at all,
and the Guinea-Congolia/Sudania regional transition zone has just one study.

It is also apparent, from Figure 1 (and Table 2) that large swathes of Africa have few to
no studies, including much of central and central Southern Africa. Coastal regions are better
represented than inland areas, and studies tend to be clustered in countries where foundational
palaeoecological work had taken place, such as Uganda and Cameroon.

21.8 THE FUTURE OF MODERN POLLEN STUDIES IN AFRICA

21.8.1 Geographical and vegetation priority areas

Although the number of modern pollen rain studies in Africa has increased over the past few
decades, many countries and vegetation types are still under-investigated (Figure 1). Some of
these instances of under-representation, for instance in the Saharan region, are likely due to
environmental factors like aridity, meaning that gathering modern pollen samples from soil
is impractical and often unsuccessful. Any modern samples that are collected in the course of
palaeoecological fieldwork will not necessarily coincide with flowering of ephemeral species that
thrive in arid environments, potentially producing pollen that is dispersed rapidly and potentially
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Table 2. Table showing studies consulted in this study including their number for Figure 1.

Data Focus of
Number Area Reference collection the Study

WEST AFRICA

1 Mauritania Romero
et al. (2003)

Pollen traps Palaeoecology

2 Senegal,
Mauritania

Lézine and
Hooghiemstra
(1990)

Lake surface Palaeoecology

3 Senegal,
Mauritania,
Ocean

Lézine and
Hooghiemstra
(1990)

Soil, river,
marine mud
surface samples

Palaeoecology

4 Senegal,
Togo

Lézine and Edorh
(1991)

Soil, river
surface samples

Palaeoecology

- Senegal,
Mauritania

Lézine (1987) Soil and river
samples

Palaeoecology

5 Côte
d’Ivoire

Ybert (1975) Pollen traps Palaeoecology

6 Côte
d’Ivoire

Fredoux (1978)

7 Côte
d’Ivoire

Caratini et al.
(1987)

Palaeoecology

8 Côte
d’Ivoire,
Chad

Ybert (1980) Glycerine slides Aeropalynology

9 Ghana Julier et al.
(2019)

Pollen traps Palaeoecology

10 Ghana Maley (1983) Lake surface
samples

11 Ghana Julier et al.
(2017)

Pollen traps Palaeoecology

12 Togo Chalié et al.
(1990)

Soil surface

13 Togo Edorh (1986) Soil surface Palaeoecology
14 Togo Edorh and

Afidegnon
(2008)

Soil surface Palaeoecology

15 Bénin Zanou et al.
(2020)

Soil surface

16 Bénin Tossou et al.
(2012)

Soil surface Palaeoecology

17 Bénin Tchabi et al.
(2017)

Pollen traps Aeropalynology

18 Bénin Tossou et al.
(2016)

Pollen traps Aeropalynology

19 Niger Caratini (1988) Pollen traps Aeropalynology
20 Nigeria Adeniyi

et al. (2018)
Pollen traps Aeropalynology

(continued)
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Table 2. Continued.

Data Focus of
Number Area Reference collection the Study

21 Nigeria Adekanmbi and
Ogundipe
(2010)

Pollen traps Aeropalynology

22 Nigeria Ajikah et al.
(2015)

Pollen traps Aeropalynology

23 Nigeria Ibigbami and
Adeonipekun
(2020)

Pollen traps Aeropalynology

24 Nigeria Adeonipekun
et al. (2016)

Pollen traps Aeropalynology

25 Nigeria Agwu (2001) Aeropalynology
26 Nigeria Abdulrahaman

et al. (2015)
Pollen traps Aeropalynology

27 Nigeria Ezikanyi
et al. (2016)

Pollen traps Aeropalynology

28 Nigeria Agwu (1986) Soil surface/
Water samples

Palaeoecology

29 Nigeria Agwu and Osibe
(1992)

Aeropalynology

30 Nigeria Njokuocha
(2006)

Pollen traps Aeropalynology

31 Nigeria Adekanmbi
et al. (2018)

Pollen traps Aeropalynology

32 Nigeria Alebiosu
et al. (2018)

Pollen traps Aeropalynology

33 Nigeria Salzmann
(2000)

Pollen traps/
Soil surface

Palaeoecology

34 Nigeria Salzmann and
Waller (1998)

Pollen traps/
Soil surface

Palaeoecology

35 Chad Schulz (1976) Pollen traps Palaeoecology
36 Chad Maley (1972) Soil surface Palaeoecology
37 Chad Amaral et al.

(2013)
Soil surface Palaeoecology

38 Chad Maley (1981) Soil surface Palaeoecology
– Various Melia (1984) Filters and

Marine
Aerobiology,
Palaeoecology

– Various Hooghiemstra
(1988)

Littoral and
marine surface

Palaeoecology

– Various Lézine et al.
(2009)

Various Palaeoecology

– Multiple Dupont (1991) Marine surface Palaeoecology
– Ocean Calleja et al.

(1993)
Filters Palaeoecology

(continued)
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Table 2. Continued.

Data Focus of
Number Area Reference collection the Study

a Various Lézine (1997) Littoral and
Marine

Palaeoecology

b Various Caratini and Cour
(1980)

Filters with
silicon oil

Aeropalynology,
Palaeoecology

CENTRAL AFRICA

39 Cameroon Verlhac et al.
(2018)

Soil surface Palaeoecology

40 Cameroon Bengo (1992) Palaeoecology
41 Cameroon Van Campo

(2004)
Soil surface

42 Cameroon Reynaud-Farrera
(1995)

Marine surface Palaeoecology
Palynology

43 Cameroon Lebamba et al.
(2009)

Core top Palaeoecology

44 Cameroon Bengo (1996) Soil surface Palaeoecology,
Palynology

45 Cameroon Bengo et al.
(2020)

Soil surface Palynology,
Hydrology

46 Cameroon Vincens et al.
(2000)

Modern pollen-
vegetation
relationships,

Palynology
47 Central

African
Republic

Aleman et al.
(2012)

Soil surface
and superficial

litter

Modern pollen-
vegetation
relationships,
Palaeoecology

48 Gabon,
Cameroon

Lebamba et al.
(2009)

Soil surface Palaeoecology,
Palynology

49 Gabon Ngomanda et al.
(2007)

Soil surface
and superficial

litter

Palaeoecology,
Palynology

50 Gabon Henga-
Botsikabobe
(2015)

Soil surface Modern pollen-
vegetation
relationships,

Palaeoecology
51 Gabon Henga-

Botsikabobe
et al. (2020)

Soil surface Modern pollen-
vegetation
relationships,
Palaeoecology,
Palynology

52 Gabon Jolly et al. (1996) Soil surface Modern pollen-
vegetation
relationships

(continued)
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Table 2. Continued.

Data Focus of
Number Area Reference collection the Study

- Gabon Ngomanda
(2005)

53 Republic of
Congo

Tovar et al.
(2019)

Soil surface

54 Republic of
Congo

Elenga (1992) Surface
samples

55 Republic of
Congo

Elenga et al.
(2000)

Soil surface Palaeoecology

56 Democratic
Republic of

Congo

Beuning et al.
(2004)

Soil surface
and core top

Palaeoecology

d Marine,
Gulf of

Guinea

Dupont et al.
(1998)

Soil surface
and core top

Palaeoecology

EAST AFRICA

57 Sudan El Ghazali (2002) Soil surface Palaeoecology
58 Sudan El Ghazali and

Moore (1998)
Soil surface Palaeoecology

59 Djibouti Bonnefille et al.
(1980)

Soil surface Palaeoecology

60 Ethiopia Bonnefille
(2004)

Soil surface Archaeology

61 Ethiopia,
Tanzania

Barboni et al.
(2019)

Soil surface Palaeoecology

62 Ethiopia Bonnefille et al.
(1987)

Soil surface Palaeoecology

63 Ethiopia,
Kenya,
Burundi

Roeland
et al. (1988)

Soil surface Palaeoecology

64 Ethiopia Bonnefille et al.
(1993)

Soil surface Palaeoecology

65 Ethiopia Mohamed Umer
et al. (2004)

Archaeology

66 Kenya Vincens (1984) Palaeoecology
67 Kenya Vincens et al.

(2006)
Palaeoecology

68 Kenya Tiercelin et al.
(1987)

69 Kenya Rucina (2000) Soil surface/
Moss polster

Palaeoecology

70 Kenya, Tan-
zania

Coetzee (1967) Palaeoecology

71 Uganda Vincens et al.
(1997)

Soil surface Palaeoecology

(continued)
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Table 2. Continued.

Data Focus of
Number Area Reference collection the Study

72 Kenya, Uganda Hedberg (1954) Moss/Lichen
polsters

Palaeoecology

73 Uganda Hamilton (1972) Soil surface Palaeoecology
74 Uganda, Kenya Hamilton and

Perrott (1980)
Palaeoecology

75 Tanzania, Kenya,
Uganda,
Ethiopia,
Somalia

Bonnefille et al.
(1992)

Soil surface Palaeoecology

76 Uganda Marchant and
Taylor (2000)

Soil surface Palaeoecology

77 Uganda Marchant et al.
(1997)

Soil surface

78 Tanzania Schüler et al.
(2014)

Pollen traps Palaeoecology

79 Tanzania Ivory and
Russell (2016)

Soil surface Palaeoecology

80 Tanzania Vincens (1987) Core top Palaeoecology
81 Burundi Bonnefille and

Riollet (1988)
Soil surface Palaeoecology

82 Tanzania Schüler (2013)
83 Tanzania Vincens et al.

(2006)
Surface
samples

Palaeoecology

84 Malawi Meadows (1984) Soil surface,
pollen trap,
core top

Palaeoecology

85 Malawi DeBusk (1997) Lake surface Palaeoecology

SOUTHERN AFRICA

86 Madagascar Razafimanantsoa
(2015)

Soil surface Modern pollen-
vegetation
relationships

87 Madagascar Ramavovololona
(1986)

Pollen traps Aeropalynology

88 Madagascar Rajeriarison
(1983)

Pollen traps Aerobiology

89 Madagascar and
Mascareings

Straka (1991) Soil surface/
moss polster

Modern pollen-
vegetation
relationships

90 Madagascar Burney (1988) Soil surface Palaeoecology
91 Namibia Tabares et al.

(2018)
Soil surface Palaeoecology

92 Namibia Gil-Romera et al.
(2006)

Dung Palaeoecology

* Note that publications that are inaccessible but whose existence is confirmed by citations, or
their inclusion in revision works are in italics.
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destroyed due to dryness and heat. This problem of aridity could be addressed by setting arti-
ficial pollen traps. Transitional zones between different phytochoria are also under-represented,
possibly due to their relatively small geographical extent. These areas should, however, receive
attention in future studies due to their potential value in developing understanding of vegetation
responses to climate change over time. The transitions between phytochoria such as the Guineo-
Congolian region, the Sudanian region, and the Sahel, for instance, are likely to have shifted
in the past in response to climate drivers (Salzmann and Hoelzmann 2005; Watrin et al. 2007).
The pollen assemblages at the boundaries of these phytochoria are, therefore, important for the
interpretation of shifts observed in fossil pollen records such as that from Lake Bosumtwi (Miller
et al. 2016) and marine cores (Dupont and Agwu 1992).

21.8.2 Methodological recommendations for pollen dispersal and deposition modelling

The goal of pollen analysis has since the earliest days of the discipline been the reconstruction
of past landcover, but the relationship between pollen assemblage at a point and surrounding
vegetation is not simple. There are three broad methods for using modern pollen and vegetation
data to improve interpretation of sedimentary pollen records. The first method, biomisation,
assigns pollen types to plant functional types, then using the plant functional type spectrum to
assign a biome, on the assumption that biomes are persistent features of the vegetation (Jolly
et al. 1998; Vincens et al. 2006). Biomisation results are used in the validation of vegetation
models such as Dynamic Global Vegetation Models (Hély et al. 2006). The second method,
the modern analogue technique, statistically matches fossil pollen assemblages to the nearest
modern pollen assemblage, and the past environment then assumed to be the same as the present
one (Peyron et al. 2006). The third method, pollen-vegetation relationship modelling, uses a
model of pollen dispersal and deposition (pdd) to establish a relationship between landcover and
pollen assemblage, then applies an inverse form of this to reconstruct past land cover (Duffin
and Bunting 2008; Gillson and Duffin 2007; Sugita 2007a, 2007b).

Here, we focus on the pdd model and how studies of modern pollen rain in tropical Africa
could improve its applicability and relevance. The pdd modelling approach to landcover recon-
struction reconstructs the wider past landscape (Bunting and Middleton 2009; Sugita 2007a,
2007b), by assuming that the relationship between plant and pollen is constant over time. The
technique has been developed extensively over the last decade and is becoming a valuable tool
for investigations of patterns of and controls on land cover change, especially in the northern
temperate zone (e.g. Marquer 2017; Li et al. 2020).

Challenges in extending the pdd approach (and the modern analogue approach) to the tropics
are two-fold-collecting calibration datasets of modern pollen and associated vegetation data,
and the development of appropriate pollen dispersal models. Identifying appropriate trapping
techniques in tropical ecosystems can be difficult; many ecosystems lack natural pollen traps
such as moss polsters, and some ecosystems are too arid or fire-impacted to allow multi-year trap
placement and recovery, which has been shown to be advantageous in tropical systems (Haselhorst
et al. 2020). Collecting vegetation data for comparison with the modern pollen data is also often
a challenge (Bunting et al. 2013). Existing vegetation maps may not be at appropriate scale,
woody plants may only be recorded above 10 cm DBH, which excludes some that may flower
thereby contributing to the pollen signal, and vegetation surveys hampered by difficult terrain
and incomplete or challenging taxonomy. Dispersal models often fail to incorporate zoophilous
taxa, although reducing the number of taxa used in studies can go some way to solving this issue
(Whitney et al. 2019).

Despite these challenges, research is underway in tropical and sub-tropical areas to develop
means of applying the pdd modelling approach to reconstruction of land cover from pollen
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records. It has considerable potential in improving the integration of palaeoecology with ecology,
archaeology and climate modelling (e.g. Harrison et al. (2020)), adding a long term perspective
critical to meet socioecological challenges such as planning for climate change adaptation and
mitigation.

This review can support the use of pdd modelling in African palynology by showing the
range of data available across the continent. Existing pollen datasets can be identified in locations
where it may be possible to extract suitable vegetation data from remote sensing and data collected
for other purposes, and achieve initial model calibration for major habitats. We also hope to alert
colleagues to the potential of modern pollen samples, and therefore encourage study design which
can be used for model testing and calibration as well as for the analyst’s primary purpose.

21.9 CONCLUSIONS

In this review, we have collated and described modern pollen work conducted in tropical Africa
to date. We have provided country-scale summaries of the literature and identified potential areas
for future work, including arid regions and transitional regions. If these areas are focussed on in
forthcoming work, a more complete understanding of pollen-vegetation relationships in tropical
Africa will be developed, which will in turn contribute to improved interpretations of fossil
pollen records. Further, targeted modern pollen studies, designed with quantitative modelling
approaches in mind will also allow more rigorous interpretations of pollen fossil records to be
developed for Africa.
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