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A B S T R A C T   

Palm diversity in present-day Africa is much less than in other tropical regions such as the Americas and 
Southeast Asia but comprises several endemic genera, including Sclerosperma. The origin and evolution of this 
small Arecaceae genus are still enigmatic, and every new fossil discovered helps fill the void in its palae
ophytogeographic history. In this article, we report five different pollen morphologies assigned to Sclerosperma 
from the earliest Late Eocene (early Priabonian) of southeast Kenya, Africa. These pollen grains represent the 
earliest fossil records of Sclerosperma so far and add a new geographic region and time slot to the palae
ophytogeographic history of this genus. The morphological variability observed in the fossil pollen suggests that 
the diversification within Sclerosperma was already underway by the onset of the Priabonian, c. 37 Ma. Detailed 
analysis of the distribution of the three extant Sclerosperma species shows that this genus occurs only under 
Equatorial/Tropical climates with MTCM ≥18 ◦C, such as fully humid Rainforest (Af), Monsoonal (Am), and 
winter dry Savannah (Aw) climates. Sclerosperma is also conservative when it comes to vegetation biomes and 
only occurs in three different but closely related biomes, the Tropical & Subtropical Moist Forests Biome, the 
Tropical & Subtropical Grasslands, Savannahs & Shrublands Biome, and the Mangroves Biome. No current 
outliners pinpoint to a wider ecological tolerance of this genus in the geological past. This suggests Sclerosperma 
to be an exceptionally reliable taxon for palaeoclimate estimations and when assigning palaeofloras to major 
vegetation biomes.   

1. Introduction 

The endemic African palm genus Sclerosperma G. Mann et H. Wendl 
(Arecaceae, Arecoideae) comprises only three extant species, S. mannii 
H. Wendl., S. profizianum Valk. et Sunderl., and S. walkeri A. Chev 
(Dransfield et al., 2008; Van Valkenburg et al., 2008a). All species show 
restricted and disjunct distributions in the Guineo-Congolian Region of 
tropical West and Central Africa. The patchy distribution of S. mannii 
stretches from Liberia and Nigeria in a south-eastwards direction to
wards the borders of the Democratic Republic of the Congo and Rwanda. 
Sclerosperma profizianum occurs only sporadically in Ghana, Gabon, the 
Republic of the Congo, the Democratic Republic of the Congo, and 
Angola. Sclerosperma walkeri has a similar distribution as S. profizianum 
but does not occur in Ghana (Dransfield et al., 2008; Van Valkenburg 

et al., 2008b). Living Sclerosperma are pleonanthic and monoecious 
plants; they are small, usually between 2 to 6 m high, and often form 
groups as part of the forest understory. They grow in tropical lowland 
rainforests, on swampy sites, from sea level to an elevation of about 
1400 m (Dransfield et al., 2008; Van Valkenburg et al., 2008a). 

The pollen morphology of Sclerosperma is not only unique within the 
Arecaceae but within all angiosperms, and its diagnostic features have 
been pinpointed in numerous publications (e.g., Erdtman and Sing, 
1957; Harley and Hall, 1991; Harley, 1996, 1999, 2004; Harley and 
Baker, 2001; Harley and Dransfield, 2003; Dransfield et al., 2008). The 
combined morphological features of extant Sclerosperma pollen 
observed with light microscopy (LM) and scanning electron microscopy 
(SEM) were conducted by Grímsson et al. (2019c). The authors showed 
that the three living Sclerosperma species produce four different pollen 
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morphologies, with S. mannii and S. walkeri sharing a coarsely reticulate 
pollen and S. profizianum producing three pollen types that are either 
microreticulate or fossulate or perforate (Grímsson et al., 2019c). Scle
rosperma fossil records are rare and comprise only a handful of finds, 
mostly pollen, depicted from Late Oligocene to Miocene sediments of 
Africa (Grímsson et al., 2019b; Currano et al., 2020; Ulrich and Gríms
son, 2020). Still, the uniqueness of Sclerosperma pollen and the conser
vative tropical preferences of the parent plants make its fossil pollen 
ideal for tracing the palaeophytogeographic history of this genus and for 
estimating both palaeoclimate and palaeovegetation in areas currently 
lacking this palm. 

Here we describe fossil Sclerosperma pollen grains from the earliest 
Late Eocene of Kenya, Eastern Africa, the earliest records of this genus 
ever reported. The fossil pollen is compared to other, younger (Oligo
cene to Miocene) Sclerosperma records as well as to pollen from the three 
living species. Based on pollen morphology of the fossils, origins of 
morphotypes and evolutionary trends within Sclerosperma pollen are 
discussed in a time-related framework. Using detailed accounts on the 
climatic preferences of extant Sclerosperma and their current distribution 
in present-day vegetation biomes, we also estimate palaeoclimates 
endured at sites during burial of fossil Sclerosperma pollen. Similarly, we 
broadly speculate about the predominant palaeo-vegetation biomes in 
regions with Sclerosperma fossils during pollen dispersal. 

2. Material and methods 

2.1. Origin and preparation of sample 

The fossil Sclerosperma pollen grains from Kenya, Africa (Fig. 1), 
were extracted from a silty mudstone sample, initially positioned c. 
1.373 m below the surface, from core Dodori-1 (lat. 1o 48′ 53.7” S, long 
41o 11′ 04.0″ E), Lamu Basin, Kenya, Africa (Nyagah, 1995). The Dodori- 
1 core was drilled in 1964 to a depth of c. 4.340 m when searching for 
hydrocarbon reservoirs in Cretaceous and Cenozoic strata at the pe
riphery of the Lamu Basin. The Dodori-1 core is named after a settlement 
in Kenya’s Lamu County that is situated c. 21 km inland from the coast 
(Fig. 1). The sedimentary rock sample was processed, and fossil pollen 
was extracted according to the method explained in Grímsson et al. 
(2008). The fossil pollen grains were investigated with both LM and SEM 
using the single grain method as described by Zetter (1989) and Hal
britter et al. (2018, pp. 121–123). Pollen descriptions include all 
morphological and diagnostic features observed with both LM and SEM. 
The pollen terminology follows Punt et al. (2007; LM) and Halbritter 
et al. (2018; LM and SEM). Part of the original sediment and the SEM 
stubs with the fossil pollen produced during this study are stored in the 
collection of the Department of Botany and Biodiversity Research, 
University of Vienna, Austria. 

2.2. Geographic and geological background 

The Lamu Basin (Fig. 1) is the largest basin in Kenya and covers a 
wide area (approximately 132,720 km2) extending across southeastern 
Kenya and into the southwestern part of Somalia (Nyaberi and Rop, 
2014). The sedimentary filling comprises Permian to Cenozoic age 
rocks, including continental rift basin sandstones, fluvio-deltaic sand
stones, marine shales, and carbonates. Nyagah (1995) divided the 
Mesozoic and Cenozoic sediments of the Lamu Basin into four Mega
sequences deposited during alternating periods of transgression and 
regression. Megasequence I (the Karroo Group) comprises Late Permian 
to Middle Jurassic age sediments. Megasequence II (the Sabaki Group) 
comprises strata deposited between the Late Jurassic and the Late 
Paleocene. Megasequence III (the Tana Group) consists of Eocene to 
Oligocene sediments. The Tana Group comprises, among others, the 
Kipini Formation and the Dodori limestone (Fig. 1) deposited during 
three pulses of sea-level rise and a single regressive phase. The Kipini 
Formation consists of interbedded nummulitic sands, poorly sorted and 

fine to very coarse-grained calcareous sandstones, nummulitic and 
micritic limestones, and dark olive-greenish grey shales and grey-green 
silty mudstones interpreted to have been deposited within a delta-front 
environment (Nyagah, 1995). The Dodori limestone is an expression of 
the shelf carbonate deposition that occurred in the area until the Late 
Eocene during a transgressive phase. The studied sample was collected 
from a greyish shale of the Kipini Formation, positioned just underneath 
the Dodori limestone (at c. 1373 m below the surface; Fig. 1). The in
terval where the sample containing the fossil Sclerosperma pollen grains 
was collected was assigned an earliest Late Eocene (earliest Priabonian) 
age (ca. ~37.71 Ma; following Cohen et al., 2013 [updated, v2022/10]) 
based on the consistent occurrence of the large foraminifera, Nummulites 
fabianii (from c. 1344 m upwards), as well as various species of dino
flagellate cysts (including Cordosphaeridium fibrospinosum) that are 
characteristic of the Late Eocene. The Megasequence IV (Coastal Group), 
resting unconformably on the Oligocene sediments of the Tana Group, 
constitutes the youngest sediment filling the Lamu Basin (Nyagah, 
1995). 

Fig. 1. Geography and geology of the sample site. A. Schematic maps showing 
the geographic position of the Dodori-1 well and major sedimentary basins. B. 
Compiled stratigraphic profile with lithofacies description and interpreted 
environment. Stratigraphic level of sample where the Sclerosperma pollen was 
identified is marked with an arrow (Core 5). 
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2.3. Climate/ecological data harvesting and analyses 

The georeferenced distribution data for living Sclerosperma species 
were downloaded from GBIF.org (10.15468/dl.pvrnun) and compiled 
from literature (Supplementary Material 1). Each dataset was checked 
for natural distribution outliers (e.g., specimens from botanical gardens) 
using published chorological data (Van Valkenburg et al., 2008b; 
Bourobou Bourobou et al., 2016). Additionally, multiple occurrences 
with identical coordinates were merged, resulting in a dataset including 
81 georeferenced occurrence data for the three extant Sclerosperma 
species. The revised dataset was then plotted onto 1 km2 grid Köppen- 
Geiger maps (1979–2013 data; Cui et al., 2021) to establish Köppen 

profiles for all modern species (e.g., Denk et al., 2013, 2023; Grímsson 
et al., 2018a; Bouchal et al., 2020). A Köppen profile reflects the pro
portional coverage of the various Köppen-Geiger climate zones (cf. 
Kottek et al., 2006; Peel et al., 2007) by a modern species based on 
gridded distribution data. The georeferenced data and the Köppen- 
Geiger maps with 1 km2 resolution were processed using the ‘Sample 
Raster Values’ Toolbox in Qgis v.3.16.4-Hannover. The Köppen-Geiger 
climates occupied by extant members are shown as maps generated in 
Qgis and frequency (proportional distribution) diagrams (Supplemen
tary Material 2). Excel files provide the raw data (Supplementary Ma
terial 1). We compiled climate diagrams for the three extant 
Sclerosperma species (revised data set) based on historical climate data 

Plate I. Fossil Sclerosperma sp. Dodori MT 1 from Dodori, earliest late Eocene, southeast Kenya, Africa. Light microscopy (1), scanning electron microscopy (2–7) 
micrographs of the same pollen grain. (2). Distal face. (3). Proximal face. (4). Close up of the porus on the distal face. (5). Close-up of the apex on the proximal face. 
(6). Close-up of the distal central polar area. (7). Close-up of the proximal central polar area. Scale bars – 10 μm (1–2), 1 μm (4–7). 
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(1970–2000) using WorldClim v.2.1 (https://www.worldclim.org/da 
ta/worldclim21.html) at a resolution of 30s (c. 1km2; Fick and Hij
mans, 2017). The species data were normalized to avoid biases towards 
species with more georeferenced occurrences for the combined species 
climate diagram. Additionally, we compiled biome profiles for the 
modern species (revised data set) based on the world biome dataset of 
Olson et al. (2001) using the ‘Intersection’ Geoprocessing Tool in Qgis 
v.3.16.4-Hannover (Supplementary Material 2). 

3. Results 

3.1. Systematic and descriptive palynology 

For practical reasons, the fossil pollen types are classified as mor
photypes (MT’s) one to five and named after the place/well where they 
were found. 

Family: ARECACEAE Bercht, et J. Presl 
Genus: Sclerosperma G. Mann et H. Wendl 
Species: Sclerosperma sp. Dodori MT 1, pollen close to S. profizianum 

Type A (Plate I, Table 1). 
Description: Pollen (2 grains measured), monad, heteropolar, P/E 

ratio oblate, outline convex-triangular in polar view; equatorial diam
eter 30–36 μm in LM, 29–35 μm in SEM; triporate, pori positioned sub- 
apically on the distal polar face, pori elliptic, 8.0–8.7 μm in diameter; 
exine ca. 1.9 μm thick in LM; pollen wall semitectate; sculpture reticu
late in LM, microreticulate with perforations in SEM; distal face 
microreticulate to perforate with broad muri and polygonal to elliptic 
lumina or circular to slit-like perforations, 41–48 lumina per 100 μm2 at 
central distal face; proximal face microreticulate to perforate, lumina/ 
perforations elliptic to circular to polygonal, central polar area and 
mesoporium microreticulate to perforate, sculpture becoming nano
reticulate to perforate towards apices. 

Remarks: Due to the flattened state of the pollen, it could not be 
studied in detail in equatorial view. The Sclerosperma sp. Dodori MT 1 
pollen is comparable to the late Oligocene S. protoprofizianum Grímsson 
et R. Zetter pollen and that of extant S. profizianum Type A (Table 1). The 
Dodori MT 1 pollen differs from the late Oligocene S. protoprofizianum 
pollen in outline (being more convex), number of lumina (less per 100 
μm2), and the absence of free-standing columellae. Remnants of the 
opercula seem to be present in one of our specimens, but the preserva
tion does not allow a direct comparison to the opercula observed in 
S. protoprofizianum (Grímsson et al., 2019b; fig. 5I). Compared to extant 
S. profizianum Type A pollen (Grímsson et al., 2019c), the Dodori MT 1 
pollen is more convex-triangular in outline and has a higher number of 
lumina (41–48 per 100 μm2 vs. 30–35 per 100 μm2). 

Species: Sclerosperma sp. Dodori MT 2, pollen close to S. profizianum 
Type B (Plate II, Table 1). 

Description: Pollen (2 grains measured), monad, heteropolar, P/E 
ratio oblate, outline straight-triangular in polar view; equatorial diam
eter 28–36 μm in LM, 26–34 μm in SEM; triporate, pori positioned sub- 
apically on the distal polar face, pori circular to elliptic, 7.1–9.5 μm in 
diameter, pori equipped with opercula; exine 1.5–2.0 μm thick in LM; 
pollen wall tectate; sculpture scabrate/rugulate in LM, fossulate, rugu
late and perforate in SEM, sculpture becoming finer towards apices; 
opercula with nanoverrucate to granulate sublayer and perforate supra- 
layer (SEM). 

Remarks: Compared to extant S. profizianum Type B pollen (Grímsson 
et al., 2019c), the Dodori MT 2 pollen exhibits a straight-triangular 
outline in polar view, shorter equatorial diameter, wider aperture 
diameter and a thinner exine. The operculum is very similar. There is a 
slight difference in sculpture observed with SEM, the Dodori MT 2 has a 
higher number of perforations that are not aligned with the fossulae, as 
evident in the S. profizianum Type B. 

Species: Sclerosperma sp. Dodori MT 3, pollen close to S. profizianum 
Type B (Plate III, Table 1). 

Description: Pollen (1 grain measured), monad, heteropolar, P/E ratio 

oblate, outline straight-triangular in polar view; equatorial diameter 
28–30 μm in LM, 25–27 μm in SEM; triporate, pori positioned sub- 
apically on the distal polar face, pori circular to elliptic, 5.0–6.7 μm in 
diameter, pori equipped with opercula; exine 1.3–1.4 μm thick in LM, 
nexine slightly thinner than sexine; pollen wall tectate; sculpture sca
brate in LM, fossulate, rugulate and perforate in SEM, distal face fos
sulate, fossulae outlining irregularly shaped rugulae (SEM); proximal 
face fossulate, rugulate with scattered perforations; opercula with 
granulate sublayer and rugulate supralayer (SEM). 

Remarks: What differentiates Sclerosperma sp. Dodori MT 3 from MT 
2 is the high density of fossulae per 100 μm2 and the presence of scat
tered perforations observed on the proximal face. 

When compared with extant S. profizianum Type B pollen (Grímsson 
et al., 2019c) the Sclerosperma sp. Dodori MT 3 exhibits a straight- 
triangular (vs. convex-triangular) outline in polar view, a shorter 
equatorial diameter, a wider aperture diameter, and a thinner exine. 

Species: Sclerosperma sp. Dodori MT 4, pollen close to S. mannii and 
S. walkeri (Plate IV, Table 1, Supplementary Material 3). 

Description: Pollen (5 grains measured), monad, heteropolar, P/E 
ratio oblate, outline straight-triangular to slightly concave-triangular in 
polar view, bean-shaped in equatorial view; equatorial diameter 38–42 
μm in LM, 32–38 μm in SEM, polar axis 21–27 μm in LM; triporate, pori 
positioned sub-apically on the distal polar face, pori circular, 6.4–9.5 μm 
in diameter; exine 1.8–3.0 μm thick in LM, nexine thinner than sexine; 
pollen wall semitectate; sculpture reticulate in LM, reticulate to perfo
rate in SEM; distal face reticulate with broad muri and elliptic to 
triangular to polygonal lumina, 12–23 lumina per 100 μm2 at central 
distal face, 0–3 nanogemmae free-standing columellae per lumina 
(SEM); proximal face reticulate to perforate, lumina/perforations 
elliptic to triangular to polygonal, 0–3 nanogemmae free-standing 
columellae per lumina; proximal central polar areas and interapertural 
areas reticulate, sculpture becoming microreticulate to perforate to
wards apices. 

Remarks: Sclerosperma sp. Dodori MT 4 closely resembles pollen from 
both S. mannii and S. walkeri (Grímsson et al., 2019c). The Dodori MT 4 
pollen has a longer polar axis than both S. manni and S. walkeri. There is 
also a difference in the outline of the pori between the three taxa, the 
Dodori MT 4 has circular pori but the extant pollen has elliptic pori. The 
fossil pollen also has fewer nanogemmae free-standing columellae per 
lumina compared with S. mannii and S. walkeri. Still, showing more 
similarity to S. mannii that also has less conspicuous free-standing 
columellae and numerous lumina without such sculpture elements. 

Species: Sclerosperma sp. Dodori MT 5 (Plate V, Table 1). 
Description: Pollen (2 grains measured), monad, heteropolar, P/E 

ratio oblate, outline straight-triangular in polar view; equatorial diam
eter 28–41 μm in LM, 26–34 μm in SEM; triporate, pori positioned sub- 
apically on the distal polar face, pori elliptic, 7–8.6 μm in diameter, pori 
equipped with opercula; exine 1.7–2.0 μm thick in LM; pollen wall 
tectate; sculpture verrucate in LM, verrucate to microverrucate, fossu
late, and perforate in SEM, sculpture becoming finer towards apices; 
opercula with verrucate to nanoverrucate suprasculpture (SEM). 

Remarks: Sclerosperma sp. Dodori MT 5 exhibits unique features not 
observed in any extant or fossil species of Sclerosperma (Grímsson et al., 
2019b, 2019c), including the ones described above. However, Scle
rosperma sp. Dodori MT 2 shows the most comparable morphology but 
does not exhibit the verrucate sculpture defining this morphotype, and 
the operculum is different. 

3.2. Climatic preferences and vegetation biomes of extant Sclerosperma 

Sclerosperma mannii occurs only in two types of Equatorial/Tropical 
climates, more profoundly in the Monsoonal (Am) climate but also 
under typical winter dry Savannah (Aw) climates (Fig. 2; Supplementary 
Material 2). Most of the S. mannii populations are concentrated in coastal 
areas of the Guineo-Congolian region, hence their occurrence in the 
Mangroves Biome. Still, most of them thrive in the Tropical & 
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Table 1 
Pollen morphology of fossil and extant Sclerosperma.   

Sclerosperma sp. 
Dodory MT1 

Sclerosperma 
sp. Dodory 
MT2 

Sclerosperma 
sp. Dodory 
MT3 

Sclerosperma sp. 
Dodory MT4 

Sclerosperma sp. 
Dodory MT5 

S. protomannii S. protoprofizianum Sclerosperma 
sp. 

S. mannii S. profizianum 
(Type A) 

S. profizianum 
(Type B) 

S. profizianum 
(Type C) 

S. walkeri 

Distribution (or 
locality for fossil) 

Dodori-1 core 
(4503 ft), Kenya 

Dodori-1 core 
(4503 ft), 
Kenya 

Dodori-1 
core (4503 
ft), Kenya 

Dodori-1 core 
(4503 ft), Kenya 

Dodori-1 core 
(4503 ft), Kenya 

Chilga, 
northwestern 
Ethiopia 

Chilga, 
northwestern 
Ethiopia 

Mush Valley, 
Ethiopia 

Liberia, Nigeria, 
Cameroon, 
Equatorial 
Guinea, Gabon, 
Angola, DR 
Congo 

Ghana, Gabon, 
R Congo, DR 
Congo, Angola 
(species 
distibution) 

Ghana, Gabon, 
R Congo, DR 
Congo, Angola 
(species 
distibution) 

Ghana, Gabon, 
R Congo, DR 
Congo, Angola 
(species 
distibution) 

Gabon, DR 
Congo 

Age Late Eocene Late Eocene Late Eocene Late Eocene Late Eocene Late Oligocene Late Oligocene Early 
Miocene 

Extant Extant Extant Extant Extant 

Outline polar view Convex- 
triangular 

Straight- 
triangular 

Straight- 
triangular 

Straight- 
triangular to 
slightly 
concave- 
triangular 

Straight- 
triangular 

Straight- 
triangular to 
slightly 
concave- 
triangular 

Straight- 
triangular; apices 
often infolded 
towards proximal 
side (hexagonal 
appearance) 

Straight- 
triangular to 
slightly 
convex- 
triangular 

Straight- 
triangular to 
slightly 
concave- 
triangular 

Straight- 
triangular to 
slightly 
concave- 
triangular 

Straight- 
triangular to 
slightly 
concave- 
triangular 

Straight- 
triangular to 
slightly 
convex- 
triangular 

Straight- 
triangular to 
slightly 
concave- 
triangular 

Outline equatorial 
view 

/ / / Bean-shaped / Bean-shaped Bean-shaped / Bean-shaped Bean-shaped Bean-shaped Bean-shaped Bean-shaped 

Equatorial diameter 
(μm in LM) 

30–36 28–36 28–30 38–42 28–41 27–38 23–35 32–37 32–38 35–40 32–38 37–42 35–40 

Equatorial diameter 
(μm in SEM) 

29–35 26–34 25–27 32–38 26–34 24–35 21–29 30–34 27–34 29–35 30–34 31–39 30–35 

Polar axis (μm in LM) / / / 21–27 / 9–12 9–12 / 9–15 10–14 10–13 10–16 15–19 
Aperture type Triporate Triporate Triporate Triporate Triporate Triporate Triporate Triporate Triporate Triporate Triporate Triporate Triporate 
Aperture position Sub-apically, 

distal polar face 
Sub-apically, 
distal polar 
face 

Sub-apically, 
distal polar 
face 

Sub-apically, 
distal polar face 

Sub-apically, 
distal polar face 

Sub-apically, 
distal polar face 

Sub-apically, distal 
polar face 

Sub-apically, 
distal polar 
face 

Sub-apically, 
distal polar face 

Sub-apically, 
distal polar face 

Sub-apically, 
distal polar 
face 

Sub-apically, 
distal polar 
face 

Sub-apically, 
distal polar face 

Aperture outline Elliptic Elliptic 
Circular to 
elliptic Circular Elliptic Elliptic Elliptic Elliptic Elliptic Elliptic 

Circular to 
elliptic 

Circular to 
elliptic Elliptic 

Aperture diameter 
(μm in SEM) 8.0–8.7 7.1–9.5 5.0–6.7 6.4–9.5 7–8.6 5.5–8.0 6.0–8.0 6.6–9.0 4.5–6.0 5.0–8.5 4.0–5.5 4.0–6.5 5.0–8.0 

Exine thickness (μm 
in LM) ca. 1.9 1.5–2.0 1.3–1.4 1.8–3.0 1.7–2.0 1.7–2.5 1.7–2.5 1.8–2.1 1.7–2.5 1.7–2.5 1.7–2.5 1.7–2.5 1.7–2.5 

Pollen wall (SEM) Semitectate Tectate Tectate Semitectate Tectate Semitectate 
Semitectate to 
tectate Tectate Semitectate Semitectate Tectate Tectate Semitectate 

Sculpture (LM) Reticulate 
Scabrate to 
rugulate Scabrate Reticulate Verrucate Reticulate Reticulate 

Scabrate to 
rugulate Reticulate Reticulate Rugulate Scabrate Reticulate 

Sculpture (SEM) 
Microreticulate 
to perforate 

Fossulate, 
rugulate to 
perforate 

Fossulate, 
rugulate to 
perforate 

Reticulate to 
perforate 

Verrucate to 
microverrucate, 
fossulate, 
perforate 

Reticulate to 
perforate 

Microreticulate to 
perforate 

Fossulate, 
perforate 

Reticulate to 
perforate 

Microreticulate 
to perforate 

Fossulate, 
rugulate/ 
verrucate, 
perforate 

Perforate, 
rugulate/ 
verrucate and 
fossulate 

Reticulate to 
perforate 

Sculpture distal face 
(SEM) 

Microreticulate 
to perforate 
with broad muri 
and polygonal 
to elliptic 
lumina or 
circular to slit- 
like 
perforations 

Fossulate, 
rugulate and 
perforate, 
sculpture 
becoming finer 
towards apices 

Fossulate, 
fossulae 
outlining 
irregular 
shaped 
rugulae 

Distal face 
reticulate with 
broad muri and 
elliptic to 
triangular to 
polygonal 
lumina, 0–3 
nanogemmae 
free-standing 
columellae per 
lumina 

Verrucate to 
microverrucate, 
fossulate, 
perforate; 
sculpture 
becoming finer 
towards apices 

Reticulate with 
broad muri and 
elliptic to 
polygonal 
lumina 

Microreticulate to 
perforate with 
broad muri and 
elliptic to 
polygonal lumina 
or circular to slit- 
like perforations, 
free-standing 
columellae rare, 
up to 4 
nanogemmate 
free-standing 
columellae per  

Reticulate with 
broad muri and 
elliptic to 
triangular to 
polygonal 
lumina, 0–6 
nanogemmate 
free-standing 
columellae per 
lumina 

Microreticulate 
with broad muri 
and elliptic to 
triangular to 
polygonal 
lumina 

Fossulate with 
tiny circular to 
slit-like 
perforations 
aligned within 
the fossulae, 
sinuous 
fossulae 
outlining 
irregular 
shaped 
rugulae/ 
verrucae 

Perforate, 
perforations 
elliptic to slit- 
like, 
perforations 
often aligned in 
sinuous rows, 
rows of 
perforations 
outlining 
irregular 
shaped 
rugulae/ 
verrucae 

Reticulate with 
broad muri and 
elliptic to 
triangular to 
polygonal 
lumina, 0–6 
nanogemmate 
free-standing 
columellae per 
lumina 

(continued on next page) 
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Table 1 (continued )  

Sclerosperma sp. 
Dodory MT1 

Sclerosperma 
sp. Dodory 
MT2 

Sclerosperma 
sp. Dodory 
MT3 

Sclerosperma sp. 
Dodory MT4 

Sclerosperma sp. 
Dodory MT5 

S. protomannii S. protoprofizianum Sclerosperma 
sp. 

S. mannii S. profizianum 
(Type A) 

S. profizianum 
(Type B) 

S. profizianum 
(Type C) 

S. walkeri 

lumina when 
present 

Number of lumina / 
perforations at 
central distal face 
(SEM) 

41–48 per 100 
μm3 

Not applicable Not 
applicable 

12–23 per 100 
μm3 

Not applicable 10–20 per 100 
μm3 

50–65 per 100 μm3 Not 
applicable 

18–25 per 100 
μm2 

30–35 per 100 
μm2 

Not applicable 45–55 per 100 
μm2 

16–25 per 100 
μm2 

Sculpture proximal 
face (SEM) 

Microreticulate 
to perforate, 
lumina/ 
perforations 
elliptic to 
circular to 
polygonal, 
central polar 
area and 
mesoporium 
microreticulate 
to perforate, 
sculpture 
becoming 
nanoreticulate 
to perforate 
towards apices 

Fossulate, 
rugulate and 
perforate, 
sculpture 
becoming finer 
towards apices 

Fossulate, 
rugulate 
with 
scatered 
perforations 

Proximal face 
reticulate to 
perforate, 
lumina/ 
perforations 
elliptic to 
triangular to 
polygonal, 0–3 
nanogemmae 
free-standing 
columellae per 
lumina; central 
polar areas and 
interapertural 
areas reticulate, 
sculpture 
becoming 
microreticulate 
to perforate 
towards apices 

Verrucate to 
microverrucate, 
fossulate, 
perforate; 
sculpture 
becoming finer 
towards apices 

Reticulate 
central polar 
area and 
mesoporium 
with elliptic to 
polygonal 
lumina, 
nanogemmae 
free-standing 
columellae 
extremely rare 
and singular; 
becoming 
microreticulate 
to perforate 
towards apices 

Microreticulate to 
perforate central 
polar area and 
mesoporium with 
elliptic to circular 
to polygonal or 
slit-like lumina/ 
perforations, free- 
standing 
columellae rare, 
up to 4 
nanogemmae free- 
standing 
columellae per 
lumina when 
present; becoming 
nanoreticulate to 
perforate towards 
apices  

Reticulate 
central polar 
area and 
mesoporium 
with elliptic to 
triangular to 
polygonal 
lumina, 0–6 
nanogemmae 
free-standing 
columellae per 
lumina; 
becoming 
microreticulate 
to perforate 
towards apices 

Microreticulate 
central polar 
area and 
mesoporium 
with elliptic to 
circular or slit- 
like lumina; 
becoming 
nanoreticulate 
to perforate 
towards apices 

Fossulate 
central polar 
area and 
mesoporium 
with tiny 
circular to slit- 
like 
perforations 
aligned within 
the fossulae, 
sinuous 
fossulae 
outlining 
irregular 
shaped 
rugulae/ 
verrucae; 
becoming 
micro- to 
nanorugulate/ 
verrucate and 
perforate 
towards apices 

Perforate and 
fossulate 
central polar 
area and 
mesoporium, 
perforations 
elliptic to slit- 
like, 
perforations 
often aligned in 
sinuous rows, 
rows of 
perforations 
and fossulae 
outlining 
irregular 
shaped 
rugulae/ 
verrucae; 
becoming 
micro- to 
nanorugulate/ 
verrucate and 
perforate 
towards apices 

Reticulate 
central polar 
area and 
mesoporium 
with elliptic to 
triangular to 
polygonal 
lumina, 0–6 
nanogemmae 
free-standing 
columellae per 
lumina; 
becoming 
microreticulate 
to perforate 
towards apices 

Opercula (SEM) Not preserved Nanoverrucate 
to granulate 
sublayer and 
perforate 
supra-layer 

Granulate 
sublayer and 
rugulate 
supralayer 

Not preserved Verrucate to 
nanoverrucate 
suprasculpture 

Sublayer not 
observed, but 
with reticulate 
supra-layer 

Nanoverrucate to 
granulate sublayer 
and 
microreticulate 
supra-layer  

Nanoverrucate 
to granulate 
sublayer and 
microreticulate 
supra-layer 

Nanoverrucate 
to granulate 
sublayer and 
reticulate 
supra-layer 

Nanoverrucate 
to granulate 
sublayer and 
perforate 
supra-layer 

Nanoverrucate 
to granulate 
sublayer and 
perforate 
supra-layer 

Nanoverrucate 
to granulate 
sublayer and 
microreticulate 
supra-layer 

Note: Data on fossil pollen from this study, Grímsson et al. (2019c, 2020), and Currano et al. (2020). Data on extant pollen from Grímsson et al. (2019b). 
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Subtropical Moist Broadleaf Forests Biome and follow waterbodies into 
marginal areas of the Tropical & Subtropical Grasslands, Savannahs & 
Shrublands Biome (Fig. 3). Despite the disjunct distribution of 
S. profizianum, the scattered populations occurring in Ghana and in the 
Congo Basin either endure a fully humid Rainforest (Af) or a Monsoonal 
(Am) climate as part of the Tropical & Subtropical Moist Broadleaf 
Forests Biome (Figs. 2 and 3; Supplementary Material 2). The 
S. profizianum populations occurring at the southern periphery of the 
Congo Basin, stretching across the Republic of the Congo, Democratic 
Republic of the Congo, and northern Angola, are growing under seem
ingly winter dry Savannah climate (Aw) (Fig. 2; Supplementary Material 
2). These populations grow in the riparian areas of the Tropical & 

Subtropical Grasslands, Savannahs & Shrublands Biome (Fig. 3). Scle
rosperma walkeri predominantly occurs in Gabon and the western part of 
the Republic of the Congo, growing under winter dry Savannah (Aw) 
climate (Fig. 2; Supplementary Material 2) although concentrated in the 
Tropical & Subtropical Moist Broadleaf Forests Biome rather than the 
Grasslands, Savannah & Shrublands Biome (Fig. 3). S. walkeri also has 
minor occurrences in the central part of the Congo Basin, enduring a 
fully humid Rainforest (Af) climate (Fig. 2) as part of the Tropical & 
Subtropical Moist Broadleaf Forests Biome (Fig. 3). 

In summary, all three extant Sclerosperma species show a similar 
preference regarding climate, especially the range of mean month 
temperatures throughout the year (Fig. 4) and vegetation biomes. All 

Plate II. Fossil Sclerosperma sp. Dodori MT 2 from Dodori, earliest late Eocene, southeast Kenya, Africa. Light microscopy (1), scanning electron microscopy (2–7) 
micrographs of the same pollen grain. (2). Distal face. (3). Proximal face. (4). Close up of the porus on the distal face. (5). Close-up of the apex on the proximal face. 
(6). Close-up of the distal central polar area. (7). Close-up of the proximal central polar area. Scale bars – 10 μm (1–3), 1 μm (4–7). 
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Sclerosperma populations are confined to Equatorial/Tropical climates, 
including fully humid Rainforest (Af), Monsoonal (Am), and winter dry 
Savannah (Aw) climates (Figs. 2 and 4; Supplementary Material 2). Note 
that in tropical Africa, where Sclerosperma is growing, the “coldest” 
months include June to August (Fig. 4) and are considered the “winter” 
period, hence the application of the term “winter dry Savannah (Aw) 
climate” above. In direct relation to the climate preferences of Scle
rosperma, most of the populations are confined to the Tropical & Sub
tropical Moist Broadleaf Forests Biome, with some occurrences in 
riparian environments of the Tropical & Subtropical Grasslands, Sa
vannahs & Shrublands Biome. Only S. mannii occurs in natural coastal 
wetlands of the Mangroves Biome (Fig. 3). 

4. Discussion 

4.1. Pollen morphology and species diversity of Sclerosperma through 
time 

Surprisingly, we discovered a high morphological diversity in fossil 
Sclerosperma pollen from Kenya’s earliest Late Eocene sediments. It is 
evident that already c. 37 Ma, the vegetation in the Dodori region of 
Kenya sustained different species of Sclerosperma. How many is uncer
tain, but somewhere between three to five. As we know from living 
Sclerosperma, two species (S. mannii and S. walkeri) can produce 
morphologically similar pollen, and allegedly the same species 
(S. profizianum) can produce different pollen morphologies but see 

Plate III. Fossil Sclerosperma sp. Dodori MT 3 from Dodori, earliest late Eocene, southeast Kenya, Africa. Light microscopy (1), scanning electron microscopy (2–7) 
micrographs of the same pollen grain. (2). Distal face. (3). Proximal face. (4). Close-up of the distal central polar area. (5). Close-up of the proximal central polar area. 
(6). Close up of the porus on the distal face. (7). Close-up of the apex on the proximal face. Scale bars – 10 μm (1–3), 1 μm (4–7). 
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Plate IV. Fossil Sclerosperma sp. Dodori MT 4 from Dodori, earliest late Eocene, southeast Kenya, Africa. Light microscopy (1, 6), scanning electron microscopy (2–5, 
7–10) micrographs. (1–5). Same grain. (2). Distal face. (3). Proximal face. (4). Close up of porus on the distal face. (5). Close-up of proximal central polar area. 
(6–10) Same grain. (7). Distal face. (8). Proximal face. (9). Close-up of the distal central polar area. (10). Close-up of the apex on the proximal face. Scale bars – 10 
μm (1–3, 6–8), 1 μm (4, 5, 9, 10). 
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Plate V. Fossil Sclerosperma sp. Dodori MT 5 from Dodori, earliest late Eocene, southeast Kenya, Africa. Light microscopy (1, 6), scanning electron microscopy (2–5, 
7–10) micrographs. (1–5). Same grain. (2). Distal face. (3). Proximal face. (4). Close up of the porus on the distal face. (5). Close-up of apex on the proximal. (6–10) 
Same grain. (7). Distal face. (8). Proximal face. (9). Close-up of the distal central polar area. (10). Close-up of the apex on the proximal face. Scale bars – 10 μm (1–3, 
6–8), 1 μm (4, 5, 9, 10). 
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Fig. 2. Geographic distribution (A) and Köppen profiles (B) of Sclerosperma. 
Fossil locality numbers refer to Table 2. Extant distribution of Sclerosperma and Köppen profiles are based on geo-referenced data provided in Supplementary Material 
1. The Köppen climate classification, species distributions, and climate profiles are available in Supplementary Material 2. The climate map was generated in Qgis 
based on Cui et al. (2021). Af = fully humid equatorial rainforest climate, Am = equatorial monsoonal climate, As = summer dry equatorial savannah climate, Aw =
winter dry equatorial savannah climate, BSh = hot arid steppe climate, BSk = cold arid steppe climate, BWh = hot arid desert climate, BWk = cold arid desert 
climate, Cfa = fully humid warm temperate climate with hot summer, Cfb = fully humid warm temperate climate with warm summer, Csa = summer dry warm 
temperate climate with hot summer, Csb = summer dry warm temperate climate with warm summer, Cwa = winter dry warm temperate climate with hot summer, 
Cwb = winter dry warm temperate climate with warm summer. 
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comments in Grímsson et al. (2019c) on the present species concepts 
within Sclerosperma. The Dodori MT 1 pollen is comparable to 
S. protoprofizianum pollen from the Late Oligocene of Ethiopia (Grímsson 
et al., 2019b) and to that of extant S. profizianum Type A (Grímsson et al., 
2019c), suggesting that this pollen morphology or taxon lineage has 
been present in Africa since at least the Late Eocene. It is a similar sce
nario with the Dodori MT’s 2 and 3, both pollen types are comparable to 
Sclerosperma sp. pollen from the Early Miocene of Ethiopia (Currano 
et al., 2020; Ulrich and Grímsson, 2020) and to pollen of extant 
S. profizianum Type B (Grímsson et al., 2019c). Insinuating that this 
pollen morphology/taxon lineage has also been present since the Late 
Eocene. The Dodori MT 4 is similar to S. protomannii pollen from the Late 
Oligocene of Ethiopia (Grímsson et al., 2019b) and comparable to extant 
pollen from both S. mannii and S. walkeri (Grímsson et al., 2019c). Again, 
suggesting that this morphology/taxon lineage has been part of the Af
rican flora since at least the Late Eocene. Considering also the Dodori MT 

5, which seems unique among both fossil and extant Sclerosperma pollen, 
we determine that pollen diversity within this genus was higher in the 
Eocene than at present. Based on all Sclerosperma pollen MT’s discovered 
so far in the fossil record (Table 1) we conclude that the genus comprised 
between three to five species already during the Late Eocene. These 
lineages seem to have survived in tropical regions of Africa during the 
late Paleogene and up through the Neogene and until present-day and 
are currently represented by at least three different species. 

4.2. Palaeophytogeographic history of Sclerosperma 

All alleged Sclerosperma pollen records older than Eocene and also 
those outside of Africa have so far been rejected by the main expert on 
palm pollen, Madeline M. Harley, see p. 67 in Harley and Baker (2001), 
p. 109 to 110 in Harley (2004), and appendix 2 in Harley (2006). Except 
for one, all currently accepted Sclerosperma fossil records (Table 2, 

Fig. 3. Tropical African vegetation biomes (A) and Biome profiles (B) of Sclerosperma. 
Extant distribution of Sclerosperma and Biome profiles (proportional occupied biomes) are based on geo-referenced data provided in Supplementary Material 1. The 
Biome map was generated in Qgis based on Olson et al. (2001). Biome profiles for each Sclerosperma species are available in Supplementary Material 2. 
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Fig. 2) appear outside the genus’s present-day distribution zone. The 
earliest records presented here expand not only the palaeodistribution 
but also the stratigraphic range of this taxon considerably. It is apparent 
that Sclerosperma was already thriving along the coast of Eastern Africa 
during the earliest Late Eocene. We suspect these records are only 
remnant evidence of a much wider genus distribution across Equatorial 
Africa during the Eocene. This distribution would be consistent with the 
transcontinental extension of humid rainforests prior to the onset of the 
orogenic uplift of the Eastern African plateau (e.g., Moucha and Forte, 
2011; Wichura et al., 2015). Adding the Oligocene and the Miocene 
fossil records of Sclerosperma (Table 2, Fig. 2), it is evident that the 

tropical climate and the vegetation biomes sustaining this group during 
that time had a much wider latitudinal extension, when compared with 
the present, probably lasting until the Middle Miocene climatic opti
mum. Following the Middle Miocene, when orogenic uplift increased in 
Eastern Africa, large parts of the African realm became drier (summa
rized in Wichura et al., 2015, fig. 4), resulting in the retreat of the pan- 
African rainforest. Consequently, Sclerosperma became restricted to the 
Guineo-Congolian region. 

Currently, there are no records of Sclerosperma pollen reported 
outside of Africa. Based on the unique morphology of Sclerosperma 
pollen and the known Eocene American, European, and Asian floras 

Fig. 4. Climate diagrams for extant Sclerosperma species. 
S. mannii (n = 53), S. profizianum (n = 12), S. walkeri (n = 16). Based on raw climate data that is provided in Supplementary Material 1. 
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studied from several locations (e.g., Krutzsch, 1970; Muller, 1981; 
Graham, 1999, 2010; Song et al., 1999, 2004; Parmar et al., 2023), we 
postulate that this genus never dispersed outside the African continent. 
Even though Africa was an island during the Eocene, some plant taxa 
managed to disperse between Eurasia and Africa (e.g., Grímsson et al., 
2018b; Grímsson et al., 2019a). This was not the case for Sclerosperma 
due to its narrow climatic preferences (strictly tropical), and we assume 
that the present African endemism of the genus has been the same 
throughout its palaeophytogeographic history. 

4.3. Palaeoecological estimations based on extant Sclerosperma and fossil 
counterparts 

The fossil pollen morphologies we discovered in the early Priabonian 
sediments from Kenya are comparable to that of modern Sclerosperma, 
suggesting survival of these lineages in tropical Africa over the last c. 37 
million years. Currently, extant Sclerosperma strictly occurs across 
Equatorial/Tropical climates (Figs. 2 and 4) with a primary distribution 
in the Tropical & Subtropical Moist Broadleaf Forests Biome (Fig. 3). 
Based on this, we presume that the Dodori region endured an Equato
rial/Tropical (A) climate during the early Priabonian. This assumption is 
further supported by the palynomorph assemblage, comprising pollen 
from numerous other palm taxa, including Nypa (F. Grímsson, pers. 
obs.), that is considered a typical tropical mangrove element (Reichgelt 
et al., 2018). Considering the geological evidence, we know that the 
sediments comprising the Sclerosperma pollen accumulated within a 
delta-front environment (Nyagah, 1995). Therefore, the palynoflora 
reflects a mixture of taxa originating from the coastal mangroves 
(occurrence of Nypa and dinoflagellate cysts), the delta plain, and the 
tropical forests growing along rivers towards the hinterland. This could 
explain the number of different Sclerosperma pollen morphotypes iden
tified that likely reflect different vegetation units from where they 
originated. The parent plants producing the Dodori MT 4 pollen, com
parable with that of S. mannii and S. walkeri, is likely to have been part of 
the coastal mangroves and possibly extended into the humid rainforest 
growing in the surrounding lowland areas. The plants producing the 
Dodori MT’s 1–3, comparable with that of S. profizianum, are likely to 
have been part of the lowland rainforest and extending into the drier 
hinterland belonging to the Tropical & Subtropical Grasslands, Savan
nahs & Shrublands Biome. 

5. Conclusions and outlook 

This study presents the oldest known records of the enigmatic palm 
genus Sclerosperma, a peculiar tropical wetland understory plant pres
ently confined to the Guineo-Congolian region of Africa. The unique 
morphologic characters of Sclerosperma pollen make it easy to identify in 
palynofloras using only LM or combined LM and SEM. Assuming that 
fossil Sclerosperma had similar environmental requirements as extant 
members of the genus, one can infer tropical climates (Af, Am, Aw) for 
palynofloras based on their presence in the fossil assemblage. To fully 
understand the geographical origin and early dispersal of Sclerosperma, 
future studies must focus on Upper Cretaceous to Paleogene palynofloras 
from tropical Africa, a currently understudied region. 
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Geiger climate classification updated. Meteorol. Z. 15, 259–263. 

Krutzsch, W., 1970. Atlas der mittel- und jungtertiären dispersen Sporen- und Pollen- 
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