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Abstract

Ectomycorrhizal fungi (EcM) are critical to the health and sustainability of many 
African ecosystems that include EcM-associated tree species. In Sub-Saharan Africa, 
three major EcM-dominated vegetation types can be distinguished: the Central African 
Guineo-Congolian rainforests, the West African Sudanian woodlands and the East Af-
rican Zambezian Miombo woodlands. While the rainforests feature humid conditions 
with isolated patches of EcM trees amongst predominantly arbuscular mycorrhizal 
(AM) communities, the woodlands are characterised by drier soils and more vast contin-
uous areas of EcM trees. We hypothesise that the isolation of EcM tree patches within 
the rainforest promotes a unique and potentially endemic EcM fungal community, while 
riparian forests found along rivers in woodland areas may serve as corridors, facilitating 
the spread of such rare taxa into woodland regions.

In this study, we employ root tip metabarcoding combined with Species Hypothe-
sis (SH) matching to characterise the EcM communities across these three vegetation 
types. Consistent with previous findings from fruit-body surveys and eDNA studies, our 
results show that Russulaceae is the most abundant EcM clade across all three regions. 
Other clades reveal greater discrepancy compared to their above-ground abundances, 
with notably high abundances of Inocybaceae, Thelephoraceae and Sebacinaceae, espe-
cially in woodlands. Conversely, Amanitaceae and Boletaceae appear under-represent-
ed. Both Boletaceae and Elaphomycetaceae are found to be more prevalent in rainfor-
est and riparian zones, illustrating the unique EcM community of the Guineo-Congolian 
rainforest. Our findings highlight the corridor potential of riparian areas in facilitating 
the spread of these rainforest endemics. This suggests that local edaphic and climatic 
conditions can override broad spatial patterns, such as distance decay, in community 
structure of African EcM. Moreover, we suggest a stronger effect of EcM host specificity 
than previously suggested for African fungal communities.

Lastly, we assess the level of species-level representation and accuracy of taxonomic 
annotation of SHs within African Lactifluus. We confirm it to be one of the most thor-
oughly described and collected fungal genera on the continent, with over 80% of identi-
fied SHs represented in our herbarium collections.
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Introduction

Three main ectomycorrhizal vegetation types in sub-Saharan Africa

Ectomycorrhizal (EcM) fungi perform a major ecological role in nearly all terres-
trial ecosystems world-wide. They establish mutualistic associations with many 
plant species, enhancing nutrient and water uptake, thereby contributing to the 
overall productivity and biodiversity of these ecosystems. In many regions, re-
searchers have studied the composition and distribution of EcM communities 
(Peay et al. 2008; Tedersoo et al. 2009, 2014b). However, one of the largest 
forested regions dominated by EcM trees, sub-Saharan Africa, has been largely 
overlooked. Sub-Saharan Africa can be roughly characterised by three vegeta-
tion types in which ectomycorrhizal associations are prominent: Central-African 
Guineo-Congolian rainforests in the Congo Basin, West-African Sudanian wood-
lands and East-African Zambezian Miombo woodlands (White 1983).

In the Guineo-Congolian Region of Central Africa, rainforests represent the 
dominant vegetation type (White 1983). These forests are characterised by 
consistently high humidity, driven by high annual rainfall during distinct rainy 
seasons. Their soils are typically acidic and nutrient-poor, particularly deficient 
in phosphorus, posing challenges for tree growth and, thus, shaping the im-
portance of mycorrhizal symbioses. Common EcM-associated trees in these 
forests include species of the genus Uapaca (Phyllanthaceae) and Gilbertioden­
dron dewevrei (Fabaceae, subfamily Detarioideae, tribe Amherstieae) (Sonké 
and Couvreur 2014). Uapaca species generally grow intermixed with other tree 
species, while G. dewevrei forms monodominant stands (Michaëlla Ebenye 
et al. 2017; Hall et al. 2020). These EcM-dominated areas are patchily distrib-
uted within larger arbuscular mycorrhiza (AM)-dominated stands. In mixed 
Uapaca stands, the hypothesised low host-specificity of EcM fungi provides 
a competitive advantage over the predominantly AM-associated canopy spe-
cies (Diédhiou et al. 2010). This patchy distribution of EcM trees has also been 
linked to a high degree of fungal endemism (Heimpel et al. 2024).

The Sudanian woodlands of West Africa consist of open woodlands, tree sa-
vannahs and grasslands that grow on dry, phosphorus – and nitrogen-depleted 
soils with ample sunlight. These woodlands experience a pronounced dry sea-
son lasting several months, with seasonal rains concentrated in a brief period. 
Important EcM host trees in this region include species of Uapaca, Isoberlinia 
(Fabaceae, subfamily Detarioideae, tribe Amherstieae) and Monotes (Diptero­
carpaceae) (Houdanon et al. 2019). These trees are known to form symbiotic 
relationships with EcM fungi as an adaptation to the dry and nutrient-poor con-
ditions (Yorou et al. 2014).

Miombo woodland, the most extensive vegetation type in Africa that is dom-
inated by EcM associations, spans approximately 3.6 million km² across east, 
central and southern Africa (White 1983; Frost 1996; Timberlake and Chidu-
mayo 2011). These seasonally dry, deciduous woodlands are characterised 
by a short rainy season and a prolonged dry season, with frequent fires as a 
result. The term “Miombo” derives from the vernacular names for trees in the 
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Brachystegia boehmii – longifolia group in several African languages and re-
flects the dominance of leguminous trees of inter alia the genera Brachystegia 
(Fabaceae, subfamily Detarioideae, tribe Amherstieae), Julbernardia (Fabaceae, 
subfamily Detarioideae, tribe Amherstieae) and Isoberlinia, all of which form 
associations with EcM fungi (Smith and Allen 2004). This dominance of EcM 
trees is a response to the region’s nutrient-poor soils, which vary in mineral 
composition, but are typically low in organic matter and nitrogen due to recur-
ring fires (Frost 1996). Thus, EcM fungi play an essential role in enhancing tree 
fitness by improving nitrogen uptake, enabling these trees to thrive in these po-
rous, infertile soils (Högberg and Nylund 1981; Högberg and Alexander 1995).

Riparian forests as corridors

Riparian forests, also known as gallery forests, are specialised ecosystems found 
along rivers and streams within various African landscapes. These forests form 
narrow bands of dense vegetation that cut through drier ecosystems, such as 
savannahs and woodlands. Due to their linear shape, riparian forests hold signif-
icant potential as ecological corridors. Despite their importance as habitats for 
threatened wildlife and vegetation, they remain understudied in many African re-
gions (Naiman and Decamps 1997; Gautier-Hion and Brugière 2005). The conser-
vation value of these forest corridors lies in their ability to create habitat linkages 
and provide dispersal opportunities for wildlife in human-dominated landscapes.

This corridor potential has also been hypothesised to benefit EcM fungi, giv-
en the fact that EcM-forming Uapaca species often dominate these forested 
patches (Mony et al. 2022). Although riparian areas in rainforests and wood-
lands may be separated by vast geographic distances, field observations sug-
gest that their fungal communities share similarities. Riparian zones appear 
to host overlapping fungal communities from both rainforests and woodlands 
(Meidl et al. 2021). By offering similar humid and acidic soil conditions, riparian 
forests may act as a corridor and a refuge for the unique and possibly endemic 
fungal EcM communities associated with rainforests.

Below – and above-ground EcM diversity in Africa

The diversity of EcM trees across African vegetation types supports a vast array 
of fungal species, many of which form prominent fruit-bodies. Consequently, 
most data on these EcM fungal communities have been derived from fruit-body 
surveys. Many EcM fungi produce edible basidiocarps, making them important 
non-timber forest products for rural communities. Thus, surveys in these ar-
eas often focus on edible species due to their local economic and nutritional 
value (Ndong et al. 2011; Milenge Kamalebo et al. 2018; De Kesel et al. 2024). 
However, EcM fungal diversity in African rainforests is particularly understud-
ied compared to woodlands, as rainforest fungi are less frequently harvested 
for food (Milenge Kamalebo et al. 2018; Milenge Kamalebo and De Kesel 2020). 
As a result, existing studies are often geographically and taxonomically limited.

Based on above-ground biodiversity records, the Russulaceae family, espe-
cially the genera Russula and Lactifluus, dominates tropical African ecosystems 
in both species richness and abundance (Verbeken and Buyck 2002; Corrales et 
al. 2022). Other prominent groups include the Boletaceae, Hydnaceae (formerly 
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Cantharellaceae) and Amanitaceae (Verbeken and Buyck 2002; Bâ et al. 2012; 
Tedersoo and Smith 2013, 2017; Corrales et al. 2022). In contrast to temper-
ate regions, the families Cortinariaceae and, to a lesser extent, Inocybaceae are 
under-represented in tropical Africa. Interestingly, early soil diversity studies re-
vealed that Inocybaceae and Thelephoraceae rank second and third to Russula­
ceae in below-ground species richness (Bâ et al. 2012; Meidl et al. 2021). The 
high below-ground abundance of Thelephoraceae, a group with few conspicuous 
fruit-body-forming species, underscores the limitations of fruit-body surveys in 
fully capturing EcM fungal diversity (Taylor et al. 2000; Horton and Bruns 2001).

Given the limited exploration of major African vegetation types using molecular 
approaches, such as environmental DNA (eDNA) metabarcoding, this study inves-
tigates below-ground EcM biodiversity in the Guineo-Congolian Region, Miombo 
and Sudanian woodlands. Riparian forests within these vegetation types are ex-
amined as subtypes. By analysing root-tip samples through metabarcoding and 
Species-Hypothesis (SH) matching, we aim to evaluate the following hypotheses:

Each of the three forest types (Guineo-Congolian Region, Sudanian wood-
land and Miombo woodland) hosts a unique EcM community composition, 
with greater shared species diversity between the two woodland types than 
between rainforests and woodlands. The distinct and unique EcM diversity of 
rainforests is partially shared with riparian forests in all three regions, enforcing 
their role as ecological corridors.

Secondly, we want to estimate how well extensive fruit-body collections cov-
er the below-ground diversity as captured by root tip metabarcoding and eval-
uate the accuracy of the taxonomic annotation and species delimitation of the 
applied SH-matching tool. To do so, we compare Lactifluus Species Hypothesis 
annotations from this dataset with specimens in the GENT fungarium collec-
tion. The genus Lactifluus (Russulaceae) is particularly well-studied in tropical 
Africa due to extensive phylogenetic and taxonomic research over the past de-
cades (De Crop et al. 2021). Moreover, the long-standing tradition of studying 
(African) Russulaceae at Research Group Mycology, Ghent University, has re-
sulted in an extensive collection of Lactifluus at the GENT fungarium (Verbeken 
1995, 1996, 1998; Verbeken and Walleyn 1999; Verbeken et al. 2000, 2012; De 
Crop et al. 2012, 2016, 2017, 2019; Delgat et al. 2017; De Lange et al. 2018).

Methods

Study areas and sampling

We sampled the three main EcM vegetation types in sub-Saharan Africa in three 
different countries: Zambezian Miombo woodland in Zambia, Guineo-Congo-
lian rainforest in Cameroon and Sudanian woodland in Togo. For each of these 
vegetation types, four subtypes were selected in the field. Within each subtype, 
five plots were chosen (Fig. 1).

Samples from within the Zambezian Miombo woodlands were collected in 
the woodlands of Mutinondo Wilderness lodge. This part of Miombo woodland 
is co-dominated by Brachystegia spiciformis, B. utilis, B. floribunda and Julberna­
dia paniculata (Smith and Allen 2004). The following subtypes were selected: (i) 
Miombo along the path (M1); (ii) dense Miombo (M2); (iii) open Miombo (M3); 
and (iv) Miombo riparian forest (M-rip), characterised by Uapaca lissopyrena 
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as the dominant canopy species. The Guineo-Congolian Region was sampled 
in two locations. Rainforest samples from the Guineo-Congolian Region were 
collected in Cameroon, in the Dja Biosphere Reserve and the riparian samples 
were taken in the gallery forests of the Noun division in the West region. The fol-
lowing subtypes were selected: (i) Uapaca non-flooded forest, with U. guineen­
sis as the main EcM tree (GC1); (ii) Uapaca along the river, with U. guineensis 
as main EcM tree (GC2); (iii) monodominant Gilbertiodendron dewevrei forest 
(GC3); and (iv) Guineo-Congolian riparian forest, characterised by U. guineen­
sis as the main EcM tree (GC-rip). The Sudanian woodlands were sampled in 
the Fazao-Malfakassa National Park in Togo. We distinguished the following 
subtypes: (i) woodland dominated by Isoberlinia doka (S1); (ii) woodland domi-
nated by U. togoensis (S2); (iii) woodland dominated by Monotes spp. (S3); (iv) 
Sudanian riparian forest, dominated by U. guineensis (S-rip).

To gain the most representative image of the established (i.e. colonising the 
roots of the host tree) EcM community composition, root tips were isolated for 
sequencing instead of whole soil samples. At each plot, 40 soil cores (15 cm in 
depth and 5 cm in diameter) were collected after removing the litter layer, main-
taining a minimum distance of two metres between samples and then pooled. 
Per plot, root tips were sorted out, cleaned with water and stored in CTAB buf-
fer. A subsample of the homogenised soil was taken to determine soil charac-
teristics. The concentration of nitrogen and carbon was determined through 
combustion at 1150°C, after which the gases were measured by a thermal con-
ductivity detector in a CNS elemental analyser (Vario Macro Cube, Elementar, 
Germany). Total phosphorus was measured colourimetrically according to the 

Figure 1. Map of sampling locations across Africa. Sudanian woodland (S) samples were collected in Togo (West-Sudanian 
savannah), Guineo-Congolian (GC) in Cameroon (north-western Congolian lowland forests & northern Congolian forest-savan-
nah mosaic) and Miombo woodland (M) in Zambia (central Zambezian Miombo woodlands). Shapes indicate forest subtype 
within vegetation types, with ‘rip’ as riparian forests, with main vegetation types annotated according to Olson et al. (2001).
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malachite green procedure (Lajtha et al. 1999), after complete destruction with 
HClO4 (65%), HNO3 (70%) and H2SO4 (98%) in Teflon bombs for 4 h at 150°C. 
The percentage of organic material was determined after combustion of soil 
during 4 h, gradually increasing the temperature to 450°C. Lastly, pH-H2O was 
determined by shaking a 1:5 ratio soil/H2O mixture for 5 min at 300 rpm and 
measuring with a pH meter Orion 920A with pH electrode model Ross sure-flow 
8172 BNWP (Thermo Scientific Orion, USA).

A total of 60 samples were collected: 20 per vegetation type, with five per 
subtype (1 sample failed amplification in the riparian plot of the Sudanian 
woodland). An overview of the metadata and soil characteristics of these sam-
ples can be found in Suppl. material 2.

Molecular work

DNA extraction, PCR protocol, Ion Torrent sequencing and data clean-up pro-
cedures follow Geml et al. (2014). Briefly, for each sample, two independent 
DNA extractions were performed using NucleoSpin Soil and Plant kits (Mach-
erey-Nagel Gmbh and Co., Düren, Germany), using ca. 1 ml of lyophilised root 
tips and pooled duplicates to optimise extraction homogenisation. Due to high 
concentration of pigments in extracted DNA, eluate was additionally purified 
using Promega DNA Clean-Up kit (Promega Benelux, Netherlands) prior to fur-
ther processing. We used primers fITS7 and ITS4 to amplify the ITS2 rDNA 
region, using the following PCR settings: 95°C for 2 min., 25 cycles of 95°C 
for 30 sec., 54°C for 1 min., 72°C for 2 min. and 72°C for 10 min. (White et al. 
1990; Ihrmark et al. 2012). The ITS4 primer was labelled with sample-specific 
Multiplex Identification DNA-tags (MIDs). The amplicon library was sequenced 
using an Ion 318TM Chip by an Ion Torrent Personal Genome Machine (PGM; 
Life Technologies, Guilford, CT, U.S.A.) at Naturalis Biodiversity Center, which 
produced 2,680,536 single-end reads with an average read length of 269 bp.

Bioinformatic and statistical analyses

The ITS2 region was extracted from demultiplexed raw reads using ITSXPRESS 
(Einarsson and Rivers 2024). VSEARCH was used to remove putative chime-
ric sequences through both de-novo and reference-based filtering (UNITE, 
UCHIME release v.9.0) and to filter out reads with an expected error > 1 (Rognes 
et al. 2016; Abarenkov et al. 2024). Sequences were dereplicated and subjected 
to SH MATCHING at the 2% threshold (UNITE General FASTA release v.10.0) 
(Abarenkov et al. 2022, 2024). Dereplicated sequences identified to existing 
SHs or classified as new SHs in existing compound clusters were retained. 
The other reads, which were either identified as chimeric or formed new com-
pound clusters, were discarded. The resulting SH matches were used to sum 
the conspecific abundances into an SH-table, which was used for the following 
analyses. Subsequent analyses were performed in R 4.2.3, using PHYLOSEQ 
1.42.0 (McMurdie and Holmes 2013; R Core Team 2023). SHs with a total 
read abundance below 5 were discarded, as this proved to remove many new 
singleton SHs, which are largely unidentifiable to the family level. To evaluate 
the effect of sequencing depth, the data were rarefied to the lowest sample 
size. As rarefied data consistently showed similar patterns to non-transformed 
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data, no rarefaction was performed in further analyses. Rather, we corrected 
for differences in sampling depth by including the logarithmic transformation 
of the sequencing depth as a covariate in relevant statistical tests. Lastly, the 
sequencing depth and sampling depth in terms of number of recovered SHs 
were visualized using iNEXT 3.0.1 (Chao et al. 2014) (Suppl. material 1: fig. S1).

SHs were assigned to their ecological guild using their genus-level classifi-
cation, using the FungalTraits V1.2 database (Põlme et al. 2020). The SH-table 
was filtered for EcM and this subset was used for the analyses. Differences in 
EcM richness at SH – and EcM lineage-level were calculated using ANCOVA in 
stats 4.2.3, with sequencing depth as a covariate (Tedersoo and Smith 2013; R 
Core Team 2023). NMDS analysis was performed using Bray-Curtis distances 
on Hellinger-transformed reads at 1000 permutations and environmental vari-
ables were plotted using VEGAN 2.6.4 (Oksanen et al. 2024). Model selection 
and fitting for PERMANOVA was performed using AICCPERMANOVA 0.0.2 
(Corcoran 2023). Indicator species were identified using presence-absence 
data INDICSPECIES 1.7.15 and Venn diagrams were constructed using rela-
tive abundances in MICECO 0.9.19 (Cáceres and Legendre 2009; Russel 2024). 
Plots were generated using GGPLOT2 3.5.1 (Wickham 2016).

To evaluate sampling and taxonomic efforts in African Lactifluus species, 
we performed SH-matching as described above on an ITS dataset of Lactifluus 
specimens collected in Africa, stored at the GENT fungarium (Belgium). We distin-
guished between: a) SHs that are absent from our own collection, b) those that are 
present and have been formally described and c) those present in the GENT fun-
garium, but are yet to be formally described. These collections have been assigned 
to species based on thorough molecular and morphological study, the majority of 
which have been documented in previous studies. In cases where a formal species 
description and publication are lacking, the collections have been assigned to spe-
cies concepts using the same approach (e.g. Lactifluus sp. LP48). We generated a 
bipartite network graph to compare our taxonomy of these collections with the an-
notation in UNITE v.10, using the R package BIPARTITE 2.19 (Dormann et al. 2009).

Results

Sampling and sequencing depth

A total of 372,711 dereplicated sequences were assigned to 6712 fungal SHs at 
98% similarity, after excluding low abundance SHs. Both sequencing and sam-
pling depth, did not appear to be sufficient. Extrapolation suggests that approxi-
mately 25% additional SHs could be discovered if sequencing or sampling efforts 
were doubled (Suppl. material 1: fig. S1). Only 39% of the SHs could be identified 
at the genus level and 14% at species level. Of these SHs that were at least identi-
fied to the genus level, 345 are annotated as ectomycorrhizal (EcM), correspond-
ing to 13% of these genus-identified SHs, 13% of total reads and 5% of all SHs.

EcM communities and diversity across African vegetation types

Russulaceae were by far the most dominant EcM group across all three vege-
tation types (Fig. 2A). Inocybaceae, Sebacinaceae, Thelephoraceae, Hydnaceae 
and Cortinariaceae were the next co-dominating EcM families in woodlands, in 



8IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems 

that order. The Guineo-Congolian rainforest was enriched in Elaphomycetaceae, 
Boletaceae and Gyroporaceae. Amanitaceae were relatively scarce across all 
forest types. Sudanian woodland was significantly richer in Sclerodermatace­
ae compared to Miombo woodland (overall P = 0.045, pairwise P = 0.035) and 
in Inocybaceae and Thelephoraceae compared to the Guineo-Congolian Region 
(overall P < 0.0010, pairwise P < 0.0010 and overall P = 0.029, pairwise P = 0.021). 
Sebacinaceae and Hydnaceae were significantly more abundant in Miombo 
woodland compared to Sudanian woodland and Guineo-Congolian Region (over-
all P = 0.0020, pairwise P = 0.044 and 0.0020 and overall P = 0.0070, pairwise 
P = 0.049 and 0.0090). Lastly, Boletaceae were significantly richer in the rainfor-
est compared to Miombo woodland (overall P = 0.029, pairwise P = 0.040).

The percentage of SHs per family was largely congruent with the rela-
tive abundance of that family in each subtype (Fig. 2B). Thelephoraceae and 
Sebacinaceae seemed to be more species-rich than expected, based on their 
abundances, while the opposite holds true for the Russulaceae, Hydnaceae, 
Cortinariaceae and Elaphomycetaceae. Within the Elaphomycetaceae, the 
Guineo-Congolian samples were almost mono-dominated by Elaphomyces 
labyrinthus (SH0658513.10FU).

The diversity of EcM fungi at SH level significantly differed between the 
Guineo-Congolian Region and Miombo woodland and between the Guineo-Con-
golian Region and Sudanian woodland (overall P = 1e-05, pairwise P < 1e-04), with 
the rainforest consistently showing lower species richness (Fig. 3). Riparian 
plots within Miombo and Sudanian woodlands also exhibited lower diversity, 
yet only a single sample pair (M3-M_rip) yielded a significant difference (pair-
wise P < 0.01). At the level of EcM lineages, differences between subtypes were 
less pronounced. Between forest types, however, significant differences in rich-
ness could be detected (overall P = 3.87e-12). Sudanian woodland displayed a 
higher richness than Miombo (pairwise P = 0.0050) and the Guineo-Congolian 

A B

Figure 2. Relative abundances of ectomycorrhizal families: A mean relative abundance; B percentage of total Species Hy-
potheses of ectomycorrhizal families per forest subtype. Average read abundances were calculated, based on subplots 
per forest subtype. Riparian forests are indicated by ‘rip’. Only the 11 most abundant families are displayed: other fami-
lies that contain ectomycorrhizal taxa, in decreasing abundance, are: Pyronemataceae, Hymenogastraceae, Leotiaceae, 
Atheliaceae, Hydnangiaceae, Helvellaceae, Pezizaceae and Hymenochaetaceae.
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Region (pairwise P < 1e-04), while Miombo woodland exhibited higher richness 
than the Guineo-Congolian region (pairwise P < 1e-04). Sequencing depth was 
included as a covariate in these analyses, but yielded no significant effect.

The composition of ectomycorrhizal (EcM) fungal communities differed 
greatly between the three vegetation types, as visualised in an NMDS with 
stress = 0.2027 (Fig. 4). PERMANOVA results indicate that a model with only 
forest type explained 15% of the variation in community composition when cor-
recting for sequencing depth and a model with only forest subtype explained 
41% (Suppl. material 1: table S1). These differences between the vegetation 
types are linked to soil characteristics or edaphic factors, which vary signifi-
cantly across our considered ecosystems with their respective distinct soil pro-
files (Fig. 4A). In Miombo and Sudanian woodlands, soils tend to have a neutral 
to slightly alkaline pH and are generally nutrient poor, with low levels of carbon 
(C), nitrogen (N) and organic material. In contrast, rainforest soils often have 
low pH values and are rich in organic material, carbon and nitrogen, providing 
a more nutrient-dense substrate. These edaphic factors are, however, difficult 
to disentangle from geography, as latitude, longitude and elevation were also 
significantly correlated with the ordination axes of the NMDS (Fig. 4A).

However, dominant EcM host in each vegetation subtype also seemed to 
explain a large degree of variation in the dataset. A model with only dominant 
EcM host, accounting for sequencing depth, produced a lower AICc than the 
previously discussed models and, here, the dominant host explains 28% of the 
variation (Suppl. material 1: table S1; Fig. 4B).

*** ***

**
***** *

Figure 3. Dot plots of ectomycorrhizal diversity across different vegetation types: A differences in number of ectomycor-
rhizal SHs; B EcM lineages are illustrated between Miombo woodland, Guineo-Congolian region and Sudanian woodland, 
as well as between their respective subtypes (*P < 0.05, **P < 0.01, ***P < 0.001).
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Despite the differences observed in the NMDS and the large geographical 
distance between both, Sudanian and Miombo woodlands shared a substantial 
number (40%) of SHs (Fig. 5A). The Guineo-Congolian Region only shared 19% 
and 16% of its SHs with the Sudanian and Miombo woodlands, respectively. 
Five SHs were found across all vegetation types. To understand how these SHs 
are distributed across the different subtypes within the three vegetation types, 
the relative distribution of SHs between subtypes was analysed (Fig. 5B–D). A 
total of 63% of taxa in the Guineo-Congolian Region were unique to the sam-
pling locality, whilst this is only 37% for Sudanian woodland and 38% for Miom-
bo, illustrating a lower degree of shared fungal community between rainforest 
plots. Moreover, Miombo woodland displayed a large degree of generalist taxa: 
20% were shared amongst all subtypes. Lastly, indicator SHs for specific forest 
types or subtypes are listed in Suppl. material 3: table S2.

Uapaca togoensis
Uapaca lissopyrena
Uapaca guineensis
Monotes sp.
Isoberlinia doka
Gilbertiodendron dewevrei
Brachystegia spp. and Julbernardia paniculata 

A

B

Figure 4. NMDS of Bray-Curtis distances of ectomycorrhizal Hellinger-transformed Species Hypotheses: A significant 
variables are plotted and samples are coloured according to forest type (Miombo woodland, Guineo-Congolian Region 
and Sudanian woodland) and are shaped according to forest subtype, with triangles as riparian forests; B samples are 
coloured according to dominant ectomycorrhizal host in these forest subtypes and are shaped according to forest type.
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Taxonomic completeness in African Lactifluus

The African Lactifluus species found in this dataset are well-document-
ed (Fig. 6A). Approximately half of the SHs (26) have been collected and 
are represented in our fungarium with annotation of a valid species name 
and are considered here as ‘described’. Another third (14) additional SHs 
have been collected during previous expeditions and are preserved in the 
GENT fungarium, but have not yet been formally described (‘collected’). Only 
eight of the 48 SHs identified in the metabarcoding dataset (17%) lacked 
representation in our fungarium collection (‘uncollected’) and could be 

A

B

C D

Figure 5. Venn diagram of ectomycorrhizal Species Hypotheses shared between vegetation types and subtypes: 
A number of unique Species Hypotheses are displayed for Miombo woodland, Sudanian woodland and Guineo-Congo-
lian Region, with overlapping regions illustrating shared diversity; B–D relative proportions of Species Hypotheses shared 
between subtypes of Sudanian woodland, Guineo-Congolian Region and Miombo woodland, respectively.
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considered ‘dark taxa’ that cannot be linked to a physical specimen (Ry-
berg and Nilsson 2018). The SHs that remain undescribed and uncollected 
were evenly distributed across vegetation types, with three SHs occurring 
in the Miombo woodland, two in the Sudanian woodland and three in the 
Guineo-Congolian Region.

To evaluate how the species names annotated in our collection align with 
UNITE annotations and to determine the effectiveness of SH matching in 
reflecting our species concepts, we constructed a bipartite network graph 
(Fig. 6B). This graph provides insights into the correspondence between our 
curated taxonomy and the molecular species hypotheses from metabarcod-
ing data.

Lacti�uus acrissimus

Lacti�uus albomembranaceus

Lacti�uus bicapillus

Lacti�uus carmineus
Lacti�uus cocosmus
Lacti�uus denigricans

Lacti�uus densifolius

Lacti�uus edulis

Lacti�uus emergens
Lacti�uus fazaoensis
Lacti�uus inversus
Lacti�uus longipes

Lacti�uus longisporus

Lacti�uus luteopus

Lacti�uus melleus

Lacti�uus nonpiscis

Lacti�uus pelliculatus

Lacti�uus rubroviolascens

Lacti�uus ruvubuensis

Lacti�uus sp. SH0472918.10FU 
Lacti�uus sp. SH0472919.10FU 
Lacti�uus sp. SH0487242.10FU 

Lacti�uus sp. SH0657658.10FU

Lacti�uus sp. SH0676194.10FU
Lacti�uus sp. SH0700187.10FU
Lacti�uus sp. SH0700198.10FU
Lacti�uus sp. SH0700199.10FU 
Lacti�uus sp. SH0707799.10FU 
Lacti�uus sp. SH0722367.10FU 

Lacti�uus volemoides

Lacti�uus acrissimus

Lacti�uus albomembranaceus

Lacti�uus bicapillus
Lacti�uus carmineus
Lacti�uus cocosmus

Lacti�uus denigricans
Lacti�uus densifolius

Lacti�uus sp. LP66 

Lacti�uus edulis
Lacti�uus sp. LP48 

Lacti�uus fazaoensis
Lacti�uus sp. LP70 
Lacti�uus sp. LP74 

Lacti�uus gymnocarpoides

Lacti�uus longisporus

Lacti�uus medusae
Lacti�uus pumilus
Lacti�uus sp. P26 
Lacti�uus sp. P28 
Lacti�uus sp. P30 
Lacti�uus sp. P31 
Lacti�uus sp. P32 

Lacti�uus luteopus

Lacti�uus brachystegiae
Lacti�uus melleus

Lacti�uus nonpiscis
Lacti�uus heimii

Lacti�uus rubroviolascens

Lacti�uus ruvubuensis
Lacti�uus sp. LP73 
Lacti�uus sp. LP95 

Lacti�uus sp. LP61 
Lacti�uus sp. LP62 

Lacti�uus pectinatus
Lacti�uus sp. LP56 

Lacti�uus sudanicus
Lacti�uus sp. G11 

Lacti�uus sp. LP44 
Lacti�uus sp. LP36 
Lacti�uus sp. LP34 
Lacti�uus sp. LP47 
Lacti�uus sp. LP72 

Lacti�uus volemoides

UNITE v10 annotationOwn annotation
B

A

Lacti�uus sp. SH0462435.10FU 

Lacti�uus sp. LP67 

Uncollected: 8

Described: 26

Collected: 14

Figure 6. Comparison of Lactifluus collections in GENT fungarium and Lactifluus Species Hypotheses identified in 
soil samples: A distribution of Species Hypothesis annotation at the species level in African Lactifluus. Uncollected: 
no annotation at the species level in UNITE nor present in the GENT fungarium, described: has an associated spe-
cies epithet in our collection and collected: present in collection at the GENT fungarium awaiting formal description; 
B bipartite network graph comparing taxonomic annotation of: i) our own collections (left) and ii) their respective 
Species Hypotheses (2%) in UNITE (right). Only those Species Hypotheses that were matched in the metabarcoding 
dataset were used for constructing this plot.
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Discussion

Diversity of below-ground EcM communities across vegetation types

The diversity observed in root-tip analyses of underground ectomycorrhizal 
(EcM) fungal communities partially aligns with findings from fruit-body-based 
research. Consistent with fruit-body inventories, Russulaceae dominate EcM 
fungal communities across all vegetation types, with Lactifluus and Russula 
being the most abundant genera (Verbeken and Buyck 2002). Scleroderma­
taceae read counts are lower compared to Russulaceae, but similarly reflect 
their above-ground abundance. In contrast, Boletaceae, Amanitaceae and 
Cantharellus spp. (Hydnaceae) are under-represented below-ground. Boletace­
ae are better represented in some Guineo-Congolian plots, but are especial-
ly sparse in woodland areas, except for a slightly higher abundance in ripar-
ian woodland. This distribution contrasts with the high abundance of bolete 
fruit-bodies in woodland environments. Similar trends, including enrichment 
of Boletaceae in riparian plots, have been reported previously in west-African 
woodlands (Meidl et al. 2021). The apparent discrepancy may result from high 
seasonal mycelial turnover (Badou et al. 2022) or limited sampling of different 
soil layers, although previous studies suggest low soil stratification and asso-
ciated EcM niche differentiation in African woodlands (Tedersoo et al. 2011). 
More likely, the long ITS1 and ITS2 regions of Boletaceae results in bias during 
PCR and short-read sequencing. Conversely, the low abundances of Hydnace­
ae, which include the chanterelles, could be attributed to primer mismatching, 
as certain taxa are more prone to mismatch because of their unique or diver-
gent sequences within targeted regions (Tedersoo et al. 2015).

Opposite patterns can be observed in other clades, such as Thelephoraceae, 
which show a high below-ground abundance compared to their relatively low 
above-ground records, which is undoubtedly related to their inconspicuous 
fruit-body formation, as has been observed in other studies (Tedersoo et al. 
2014b; Meidl et al. 2021). Additionally, Inocybaceae and Cortinariaceae show 
surprisingly high read abundances, especially in Sudanian woodland. Likewise, 
the read abundances of Sebacinaceae are surprisingly high. Ecological guilds 
within the Sebacinaceae are diverse, encompassing species functioning as 
EcM symbionts, orchid mycorrhizal partners and even endophytes (Tedersoo et 
al. 2014a). However, all SHs in our dataset are mapped to the genus Sebacina, 
which contains only EcM (Selosse et al. 2002; Tedersoo and Smith 2017). The 
discrepancy between below – and above-ground abundances underscores the 
importance of integrating multiple datasets to achieve a more comprehensive 
understanding of fungal biodiversity.

EcM community variation between forest types and subtypes

The EcM fungal communities differ significantly between forest types and even 
more when discriminating between riparian and non-riparian plots. These dif-
ferences seem to be linked to edaphic factors, geographical location and dom-
inant EcM host. Guineo-Congolian EcM communities are especially different 
from woodlands, despite their geographical position in-between the Sudani-
an and Miombo woodlands. The degree of shared diversity between different 
rainforest subtypes is almost half of those between the woodland’s subtypes, 
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which could be explained by the isolation of different rainforest plots within 
AMF-dominated stands. This confirms the hypothesis that the spatial structure 
of isolated EcM stands promotes rare and potentially endemic EcM communi-
ties in rainforests of the Guineo-Congolian Region.

Distinctions between non-riparian subtypes, particularly within Miombo 
woodland, are less pronounced than between riparian and non-riparian sub-
plots. This likely results from the low variability between subtypes compared to 
the other vegetation types, as illustrated by the consistent co-dominating mix-
ture of EcM hosts and lower geographical distance between sampling locations 
within Miombo woodland plots (Fig. 1). The same pattern can be deduced from 
the large degree of shared fungal taxa amongst all subtypes in Miombo wood-
lands: 20% compared to 5% and 2% in Sudanian woodland and the Guineo-Con-
golian Region (Fig. 5B–D). In contrast, Guineo-Congolian rainforest and Sudani-
an woodland plots show greater variation between subtypes due to differences 
in dominant EcM hosts and larger geographical spacing between plots. For in-
stance, in the rainforest, the subtype dominated by Gilbertiodendron dewevrei 
(RF3) differs markedly from those dominated by Uapaca guineensis, despite their 
geographic proximity. These results highlight the importance of host specificity 
in shaping EcM fungal communities, contrasting with earlier studies suggesting 
low host specificity within Central African rainforests and woodlands compared 
to temperate regions (Verbeken and Buyck 2002; Tedersoo et al. 2011; Meidl et 
al. 2021). While shared EcM communities may dominate at local scales within 
rainforest plots (Diédhiou et al. 2010), our findings thus suggest that dominant 
hosts strongly influence fungal community composition at a larger scale. How-
ever, at this scale, it is difficult to disentangle these patterns from correlated 
edaphic factors. For example, the rainforest plots dominated by Gilbertioden­
dron display a lower level of humidity, which also influences the EcM community.

Miombo and Sudanian woodland vegetation exhibit significant overlap in ec-
tomycorrhizal (EcM) fungal diversity, despite their large geographical separation 
(Fig. 1). This pattern is also supported by the indicator species analysis. For in-
stance, Lactifluus luteopus (SH0677010.10FU) (Russulaceae) is a common spe-
cies found across both woodland types and their riparian areas (Verbeken 1995). 
Other species, such as Lactifluus volemoides (SH0558869.10FU) (Russulace­
ae) and Tomentella brunneocystidia (SH0618277.10FU) (Thelephoraceae), are 
restricted to the dry woodland areas from which they were originally described 
(Karhula et al. 1998; Yorou et al. 2007). Indicator species analyses further reveal 
the presence of some Cortinarius spp. (SH0675158.10FU, SH0702270.10FU) and 
Inocybe spp. (SH0540475.10FU, SH0612229.10FU) as prominent in these (ripar-
ian) woodlands. These species were mistakenly identified as European species, 
likely due to the limitations of relying solely on the ITS2 region and the application 
of a conservative similarity threshold and may represent undescribed species 
(Garnica et al. 2016). This aligns with the broader context of African fungal diver-
sity, where a significant amount of species remains unexplored (Piepenbring et al. 
2020). These findings highlight the challenges of accurate species identification 
within understudied fungal taxa and regions, particularly in the complex and bio-
diverse tropical ecosystems and underscore the need for continued taxonomic 
research to uncover and document the true extent of ectomycorrhizal (EcM) fun-
gal diversity in African ecosystems. Such efforts are essential in advancing our 
understanding their ecological roles in these unique and understudied regions.
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Riparian forests as a corridor for rare taxa

Riparian forests within Sudanian woodlands share a strong resemblance 
in ectomycorrhizal (EcM) community composition with riparian areas of the 
Guineo-Congolian Region. In contrast, Miombo riparian forests show less sim-
ilarity to the riparian Guineo-Congolian plots, with only one Miombo riparian 
subplot exhibiting high resemblance. This difference may reflect the greater 
geographical distance between Miombo and Guineo-Congolian plots com-
pared to Sudanian and Guineo-Congolian plots. Additionally, Sudanian riparian 
and Guineo-Congolian riparian forests share the same dominant EcM host, Ua­
paca guineensis, which may further explain their community overlap. Moreover, 
Guineo-Congolian subtypes 1 and 2 also share the same host and show a high 
similarity in EcM community to these riparian plots, further emphasising the 
importance of dominant EcM host.

As hypothesised from field observations, the humid conditions in ri-
parian forests and rainforests foster a distinct EcM fungal composition. 
These habitats are enriched in Boletaceae, Gyroporaceae and Elaphomy­
cetaceae, but exhibit lower EcM diversity compared to woodlands. Indi-
cator species such as Russula brunneoannulata (SH0487246.10FU) and 
Afroboletus luteolus (SH0640896.10FU) (Boletaceae) are characteristic of 
Miombo riparian forests, while Lactifluus melleus (SH0658331.10FU) and 
Lf. fazaoensis (SH0559923.10FU) are prominent in Sudanian riparian for-
ests. Guineo-Congolian riparian forests feature unique taxa such as Lf. al­
bomembranaceus (SH0612414.10FU) and Lf. rubroviolascens (SH0472911.
10FU), while the rainforest habitats host rare species like Elaphomyces 
labyrinthinus (SH0658513.10FU) and Kombocles bakaiana (SH0568085.
10FU) (Boletaceae). K. bakaiana, a rare sequestrate bolete, exemplifies the 
potential for endemicity in these ecosystems. It is known only from the 
rainforest sampling site, its type locality (Castellano et al. 2016). Similarly, 
Lf. albomembranaceus has only been documented in the Guineo-Congolian 
riparian locality, further underscoring the distinct and unique nature of this 
region’s EcM fungal community (De Crop et al. 2016). On the other hand, spe-
cies such as Russula pseudocarmenisa (SH0573140.10FU), found in both 
Guineo-Congolian and Sudanian riparian forests, demonstrate the role of ri-
parian areas as ecological corridors, allowing rainforest-adapted species to 
establish within these distinct vegetation types.

To summarise, at a large spatial scale, the EcM community composition is 
primarily influenced by vegetation type and correlated edaphic factors. Howev-
er, disentangling these drivers from distance decay is challenging due to spatial 
autocorrelation (Corrales et al. 2018). At finer, local scales within vegetation 
types, the dominant EcM host tree seems to exert strong effects on the EcM 
fungal community composition. At an even lower scale, within plots, host-spec-
ificity is likely less pronounced. Yet, these host-driven effects are modulated 
by, and difficult to separate from, the differing local edaphic and climatic con-
ditions, particularly the similar humid environments of riparian forests and 
rainforests. Riparian forests may act as ecological corridors for rainforest-as-
sociated species, particularly when the spatial separation between habitats is 
moderate. This highlights their critical role in maintaining connectivity and fa-
cilitating species exchange across distinct ecological zones.
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Taxonomic framework and accuracy of SH-matching in African Lactifluus

Our results confirm that Lactifluus is one of the best-studied ectomycorrhizal 
(EcM) genera in Africa, with nearly 75% of the identified Species Hypotheses 
(SHs) represented as collections in the GENT fungarium. This extensive cover-
age provides a robust basis for evaluating both taxonomic completeness (i.e. 
the proportion of collected and/or described species) and the accuracy of SH 
matching using a fixed threshold compared to detailed taxonomic study.

Overall, the identified SHs correspond well to their respective fungarium 
identifications when using the 2% threshold. Mismatches between ITS-based 
SH-matching and our own taxonomic assignments, based on morphology and 
more elaborate sequence data, mostly involve species complexes, such as Lac­
tifluus longisporus s.l. and Lf. ruvubuensis s.l. (Verbeken 1998; Verbeken et al. 
2012; Maba et al. 2014; De Crop et al. 2017). For instance, the Lf. longisporus s.l. 
species complex represents a particularly interesting case, as it includes some of 
the most abundant edible EcM species in African woodlands, such as Lf. gymno­
carpoides and Lf. longisporus s.s. (De Kesel et al. 2024). However, at a 2% thresh-
old in UNITE, all sequences from this complex are grouped under SH0677016.
10FU, which includes the type specimen of Lf. longisporus. A failure to recognise 
all taxa within a species complex, as illustrated here when employing a fixed 
clustering threshold, leads to underestimation and poor recognition of both eco-
logically and ethnobiologically/economically important taxa. However, datasets 
generated at different similarity or clustering thresholds have been shown to yield 
highly similar results in large-scale ecological analyses (Botnen et al. 2018).

Unclassified SHs that lack fungarium representation are often based solely 
on environmental sequences originating from roots or soil, many of which are 
represented by singletons. These SHs likely correspond to rare species, taxa 
that infrequently form fruit-bodies or represent sequencing artefacts. In some 
cases, collections without a valid species name are linked to an SH with a val-
id name (e.g. Lf. emergens, SH0707802.10FU). Vice versa, some collections 
that have a taxonomic annotation in our collections, such as Lf. sudanicus, 
are linked to an SH without a species annotation. In either case, there is no 
sequence available of a type specimen, resulting either in a wrong taxonomic 
annotation in UNITE or no taxonomic annotation in UNITE, but was the name 
given to our collection by choosing our own, unofficial, reference sequence. The 
only true taxonomic mismatch unrelated to similarity thresholds is between 
Lf. heimii and Lf. pelliculatus. Despite the inclusion of the holotype of Lf. heimii 
in SH0700212.10FU, it has not been chosen as the reference sequence, result-
ing in an incorrect annotation in the UNITE database. A correction has been 
submitted for a taxonomic re-annotation of this SH cluster.

Methodological considerations

This study allows us to conclude with some considerations regarding the sam-
pling strategy. Our approach of assessing eDNA from roots rather than soil 
samples proved to be both labour-intensive and time-consuming. The goal was 
to capture a more complete ectomycorrhizal (EcM) fungal community associ-
ated with a specific host plant. However, given that only 13% of the genus-level 
identifiable SHs consists of ectomycorrhizal representatives, we question the 
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added value of this method compared to soil sampling. As it proved impossible 
to completely remove soil particles from the roots, many of these non-EcM taxa 
likely originate from these residual particles. Likewise, it is possible that not all 
EcM identified here are truly colonising the tree roots. To better understand the 
relative merits of these approaches, more direct comparative research is need-
ed, involving eDNA analyses from root tips and soil samples collected from the 
same plots. Additionally, we recognise limitations in the selection of our study 
sites. For example, the lower richness in EcM-lineages in Miombo woodland 
compared to Sudanian woodland can likely be attributed to the smaller covered 
sampling area in Miombo, rather than a true biological phenomenon. We do, 
however, believe that the Guineo-Congolian Region is less diverse compared to 
the woodlands, both in species richness as in EcM-lineages, as the sampling 
area covered is larger than the Miombo and Sudanian woodland. Ideally, the dis-
tances between different plots in every vegetation type would be standardised 
to ensure comparability. However, this was not feasible due to the logistical 
challenges of working in Africa, where site selection depends heavily on ac-
cessible areas, the availability of local partners and other practical constraints.

Conclusions

In this study, we characterise the ectomycorrhizal (EcM) community across 
three African vegetation types using root-tip metabarcoding: Sudanian wood-
land, Miombo woodland and Guineo-Congolian forests. Each vegetation type 
shows a distinct EcM community, reflecting each of their ecology. Notably, 
riparian forests within the Sudanian woodlands and Guineo-Congolian zone 
show a high resemblance to the EcM communities of Guineo-Congolian rain-
forests. These riparian forests may act as ecological corridors, facilitating 
the migration of rare and specialised rainforest-associated EcM taxa into ad-
jacent woodland areas. Thus, local edaphic conditions can override distance 
decay in shaping the community structure of African EcM. We also show that 
host specificity shapes EcM community composition at a large spatial scale, 
in contrast to previous studies.

Across all three vegetation types, Russulaceae is confirmed as the dominant 
EcM clade, consistent with its known prevalence in African ecosystems. How-
ever, there are pronounced differences in the abundances of other EcM clades 
between below – and above-ground diversity. The accuracy of the SH-match-
ing tool was evaluated by comparing metabarcoding results with our fungari-
um collections of the genus Lactifluus (Russulaceae). Over 80% of the identi-
fied SHs correspond to specimens in our herbarium, highlighting the utility of 
SH-matching for taxonomic classification in genera with good reference data. 
The SHs generated through the SH matching tool align well with our own spe-
cies concepts based on our collections. However, the approach shows limita-
tions, particularly in resolving species complexes.

Acknowledgements

We would like to express our gratitude to everyone who helped during the field-
work for this study. In Zambia, we thank Mike and Lari Merritt at Mutinondo Wil-
derness Area for their help in the field and Prof. Dr. Evans Kaimoyo of University 



18IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems 

of Zambia for his help with coordination. In Cameroon, we thank all our field 
guides for sharing their knowledge on EcM fungi, especially Mme Nkachi-
ra Rose and Merlin. In Togo, we thank Dao Lamega Maba, Kamou Hodabalo, 
Koudzu Koda Donko and Simeon Edmond Abalo-loko for their help with field-
work at Fazao Malfakassa National Park. We thank Viki Vandomme and Pieter 
Asselman for their help with molecular work. We would like to thank everyone 
who provided material for this and previous studies on Lactifluus. We thank 
Research Foundation Flanders, the King Leopold III Fund for Nature Exploration 
and Conservation and the Faculty Committee Scientific Research (FCWO) of 
Ghent University for supporting the various mycological surveys which led to 
collections for this study. We would like to thank both reviewers for their exten-
sive feedback and insightful comments to the manuscript.

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Adherence to national and international regulations
The collection and use of the samples and genetic resources are in compliance with the 
legal and ethical frameworks established by the respective nations of origin at the time 
of acquisition (Cameroon MINRESI/B00/C00/C10/C12, Togo 105206/14/DPV, Zambia 
17/02/2014 University of Zambia).

Funding
L.T. was supported by the Research Foundation-Flanders (Fellowship Fundamental 
Research 1119825N, financed by Meise Botanic Garden). E.D.C. was supported by 
Ghent University (Special Research Fund Ghent University, grants B/13485/01 and BOF-
PDO-2017-001201). Field expeditions were supported by Research Foundation Flan-
ders (FWO, K2.020.14N & V4.162.14N), the King Leopold III Fund for Nature Exploration 
and Conservation (LF/JVG/vm/14.30) and the Faculty Committee Scientific Research 
(FCWO) of Ghent University. G.D. was supported by the Research Foundation-Flanders 
(Fellowship Fundamental Research 1126223N, financed by the Research Institute for 
Nature and Forest) and Ghent University BOF24/CDV/150.

Author contributions
Conceptualization: AV, EDC. Data curation: LT. Formal analysis: GD, LT. Funding acquisi-
tion: AV, EDC. Methodology: AV, EDC, GD, ALN, AKG, JG, JN, LT, TS. Project administra-
tion: AV. Supervision: AV. Visualization: LT. Writing – original draft: ALN, TS, AV, EDC, JG, 
AKG, JN, GD, LT. Writing - review and editing: LT.

Author ORCIDs
Lowie Tondeleir  https://orcid.org/0009-0008-5951-1709
Eske De Crop  https://orcid.org/0000-0002-9067-6981
Jorinde Nuytinck  https://orcid.org/0000-0001-9250-377X
André-Ledoux Njouonkou  https://orcid.org/0000-0002-8375-024X

https://orcid.org/0009-0008-5951-1709
https://orcid.org/0000-0002-9067-6981
https://orcid.org/0000-0001-9250-377X
https://orcid.org/0000-0002-8375-024X


19IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems

Glen Dierickx  https://orcid.org/0000-0001-5387-8544
József Geml  https://orcid.org/0000-0001-8745-0423
Annemieke Verbeken  https://orcid.org/0000-0002-6266-3091

Data availability
Raw sequence data have been submitted to GenBank SRA under BioProject number 
PRJNA1228630. ITS sequences for the comparative analysis of Lactifluus were submit-
ted to GenBank under accession numbers PV135576 to PV135705. The SH table used 
for the statistical analyses, as well as a table containing the metadata for each sample, 
are provided as supplementary data.

References

Abarenkov K, Kõljalg U, Nilsson RH (2022) UNITE Species Hypotheses matching analysis. 
Biodiversity Information Science and Standards 6: e93856. https://doi.org/10.3897/
biss.6.93856

Abarenkov K, Nilsson RH, Larsson K-H et al. (2024) The UNITE database for molecular 
identification and taxonomic communication of fungi and other eukaryotes: 
sequences, taxa and classifications reconsidered. Nucleic Acids Research 52: 791–
797. https://doi.org/10.1093/nar/gkad1039

Bâ AM, Duponnois R, Moyersoen B et al. (2012) Ectomycorrhizal symbiosis of tropical 
African trees. Mycorrhiza 22: 1–29. https://doi.org/10.1007/s00572-011-0415-x

Badou SA, Houdanon RD, Tchan KI et al. (2022) Effects of microclimate on bolete spe-
cies richness and biomass in a Northern Benin woodland. African Journal of Ecology 
60: 648–657. https://doi.org/10.1111/aje.12948

Botnen SS, Davey ML, Halvorsen R et al. (2018) Sequence clustering threshold has 
little effect on the recovery of microbial community structure. Molecular Ecology 
Resources 18: 1064–1076. https://doi.org/10.1111/1755-0998.12894

Cáceres MD, Legendre P (2009) Associations between species and groups of sites: 
indices and statistical inference. Ecology 90: 3566–3574. https://doi.org/10.1890/08-
1823.1

Castellano MA, Elliott TF, Truong C et al. (2016) Kombocles bakaiana gen. sp. nov. 
(Boletaceae), a new sequestrate fungus from Cameroon. IMA fungus 7: 239–245. 
https://doi.org/10.5598/imafungus.2016.07.02.03

Chao A, Gotelli NJ, Hsieh TC et al. (2014) Rarefaction and extrapolation with Hill num-
bers: a framework for sampling and estimation in species diversity studies. Ecologi-
cal Monographs 84: 45–67. https://doi.org/10.1890/13-0133.1

Corcoran D (2023) AICcPermanova: Model selection of PERMANOVA models using 
AICc. [Available from:] https://cran.r-project.org/web/packages/AICcPermanova/
index.html

Corrales A, Henkel TW, Smith ME (2018) Ectomycorrhizal associations in the tropics – 
biogeography, diversity patterns and ecosystem roles. New Phytologist 220: 1076–
1091. https://doi.org/10.1111/nph.15151

Corrales A, Koch RA, Vasco-Palacios AM et al. (2022) Diversity and distribution of trop-
ical ectomycorrhizal fungi. Mycologia 114: 919–933. https://doi.org/10.1080/00275
514.2022.2115284

De Crop E, Tibuhwa D, Baribwegure D et al. (2012) Lactifluus kigomaensis sp. nov. 
from Kigoma Province, Tanzania. Cryptogamie, Mycologie 33: 421–426. https://doi.
org/10.7872/crym.v33.iss4.2012.421

https://orcid.org/0000-0001-5387-8544
https://orcid.org/0000-0001-8745-0423
https://orcid.org/0000-0002-6266-3091
http://www.ncbi.nlm.nih.gov/nuccore/PV135576
http://www.ncbi.nlm.nih.gov/nuccore/PV135705
https://doi.org/10.3897/biss.6.93856
https://doi.org/10.3897/biss.6.93856
https://doi.org/10.1093/nar/gkad1039
https://doi.org/10.1007/s00572-011-0415-x
https://doi.org/10.1111/aje.12948
https://doi.org/10.1111/1755-0998.12894
https://doi.org/10.1890/08-1823.1
https://doi.org/10.1890/08-1823.1
https://doi.org/10.5598/imafungus.2016.07.02.03
https://doi.org/10.1890/13-0133.1
https://cran.r-project.org/web/packages/AICcPermanova/index.html
https://cran.r-project.org/web/packages/AICcPermanova/index.html
https://doi.org/10.1111/nph.15151
https://doi.org/10.1080/00275514.2022.2115284
https://doi.org/10.1080/00275514.2022.2115284
https://doi.org/10.7872/crym.v33.iss4.2012.421
https://doi.org/10.7872/crym.v33.iss4.2012.421


20IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems 

De Crop E, Putte K, Wilde S et al. (2016) Lactifluus foetens and Lf. albomembranaceus 
sp. nov. (Russulaceae): Look-alike milkcaps from gallery forests in tropical Africa. 
Phytotaxa 277: 159–170. https://doi.org/10.11646/phytotaxa.277.2.3

De Crop E, Nuytinck J, Van de Putte K et al. (2017) A multi-gene phylogeny of Lactifluus 
(Basidiomycota, Russulales) translated into a new infrageneric classification of the 
genus. Persoonia 38: 58–80. https://doi.org/10.3767/003158517X693255

De Crop E, Lescroart J, Njouonkou A-L et al. (2019) Lactifluus bicapillus (Russulales, 
Russulaceae), a new species from the Guineo-Congolian rainforest. MycoKeys 45: 
25–39. https://doi.org/10.3897/mycokeys.45.29964

De Crop E, Delgat L, Nuytinck J et al. (2021) A short story of nearly everything in Lacti­
fluus (Russulaceae). Fungal Systematics and Evolution 7: 133–164. https://doi.
org/10.3114/fuse.2021.07.07

De Kesel A, Boukary A-A, Yorou N et al. (2024) Champignons comestibles d’Afrique de 
l’Ouest. CEBioS, Royal Belgium Institute of Natural Sciences, Brussels, 325 pp.

De Lange R, De Crop E, Delgat L et al. (2018) Lactifluus kigomaensis and L. subkigo­
maensis: two look-alikes in Tanzania. Mycoscience 59: 371–378. https://doi.
org/10.1016/j.myc.2018.02.004

Delgat L, De Crop E, Njouonkou A-L et al. (2017) Lactifluus persicinus sp. nov. from 
the gallery forests of West Cameroon. Mycotaxon 132: 471–483. https://doi.
org/10.5248/132.471

Diédhiou AG, Selosse M-A, Galiana A et al. (2010) Multi-host ectomycorrhizal fungi are 
predominant in a Guinean tropical rainforest and shared between canopy trees and 
seedlings. Environmental Microbiology 12: 2219–2232. https://doi.org/10.1111/
j.1462-2920.2010.02183.x

Dormann C, Frund J, Bluthgen N et al. (2009) Indices, graphs and null models: Ana-
lyzing bipartite ecological networks. Open Journal of Ecology 2: 7–24. https://doi.
org/10.2174/1874213000902010007

Einarsson SV, Rivers AR (2024) ITSxpress version 2: software to rapidly trim internal 
transcribed spacer sequences with quality scores for amplicon sequencing. Microbi-
ology Spectrum 12: e00601-24. https://doi.org/10.1128/spectrum.00601-24

Frost P (1996) The ecology of miombo woodlands. In: The Miombo in Transition: Wood-
lands and Welfare in Africa. Center for International Forestry Research, Bogor, 11–55.

Garnica S, Schön ME, Abarenkov K et al. (2016) Determining threshold values for bar-
coding fungi: lessons from Cortinarius (Basidiomycota), a highly diverse and wide-
spread ectomycorrhizal genus. FEMS Microbiology Ecology 92: fiw045. https://doi.
org/10.1093/femsec/fiw045

Gautier-Hion A, Brugière D (2005) Significance of riparian forests for the conservation of 
Central African primates. International Journal of Primatology 26: 515–523. https://
doi.org/10.1007/s10764-005-4363-1

Geml J, Gravendeel B, van der Gaag KJ et al. (2014) The contribution of DNA metabar-
coding to fungal conservation: diversity assessment, habitat partitioning and map-
ping red-listed fungi in protected coastal Salix repens communities in the Nether-
lands. PLOS ONE 9: e99852. https://doi.org/10.1371/journal.pone.0099852

Hall JS, Harris DJ, Saltonstall K et al. (2020) Resource acquisition strategies facilitate 
Gilbertiodendron dewevrei monodominance in African lowland forests. Journal of 
Ecology 108: 433–448. https://doi.org/10.1111/1365-2745.13278

Heimpel E, Ahrends A, Dexter KG et al. (2024) Floristic and structural distinctness of 
monodominant Gilbertiodendron dewevrei forest in the western Congo Basin. Plant 
Ecology and Evolution 157: 55–74. https://doi.org/10.5091/plecevo.111539

https://doi.org/10.11646/phytotaxa.277.2.3
https://doi.org/10.3767/003158517X693255
https://doi.org/10.3897/mycokeys.45.29964
https://doi.org/10.3114/fuse.2021.07.07
https://doi.org/10.3114/fuse.2021.07.07
https://doi.org/10.1016/j.myc.2018.02.004
https://doi.org/10.1016/j.myc.2018.02.004
https://doi.org/10.5248/132.471
https://doi.org/10.5248/132.471
https://doi.org/10.1111/j.1462-2920.2010.02183.x
https://doi.org/10.1111/j.1462-2920.2010.02183.x
https://doi.org/10.2174/1874213000902010007
https://doi.org/10.2174/1874213000902010007
https://doi.org/10.1128/spectrum.00601-24
https://doi.org/10.1093/femsec/fiw045
https://doi.org/10.1093/femsec/fiw045
https://doi.org/10.1007/s10764-005-4363-1
https://doi.org/10.1007/s10764-005-4363-1
https://doi.org/10.1371/journal.pone.0099852
https://doi.org/10.1111/1365-2745.13278
https://doi.org/10.5091/plecevo.111539


21IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems

Högberg P, Nylund J-E (1981) Ectomycorrhizae in coastal Miombo woodland of Tanzania. 
Plant and Soil 63: 283–289. https://doi.org/10.1007/BF02374606

Högberg P, Alexander IJ (1995) Roles of root symbioses in African woodland and forest: 
Evidence from n-15 abundance and foliar analysis. Journal of Ecology 83: 217–224. 
https://doi.org/10.2307/2261560

Horton TR, Bruns TD (2001) The molecular revolution in ectomycorrhizal ecology: peek-
ing into the black‐box. Molecular Ecology 10: 1855–1871. https://doi.org/10.1046/
j.0962-1083.2001.01333.x

Houdanon R, Tchan I, Laourou G et al. (2019) Spatial structure of ectomycorrhizal trees 
in wooded savannas of Guineo-Sudanian ecozone in West Africa. Journal of Tropical 
Forest Science 31: 1–11. https://doi.org/10.26525/jtfs2019.31.1.001011

Ihrmark K, Bödeker ITM, Cruz-Martinez K et al. (2012) New primers to amplify the fungal 
ITS2 region – evaluation by 454-sequencing of artificial and natural communities. 
FEMS Microbiology Ecology 82: 666–677. https://doi.org/10.1111/j.1574-
6941.2012.01437.x

Karhula P, Härkönen M, Saarimäki T (1998) Tanzanian mushrooms and their uses 6. 
Lactarius. Karstenia 38: 49–68. https://doi.org/10.29203/ka.1998.330

Lajtha K, Driscoll CT, Jarrell WM et al. (1999) Soil phosphorus: Characterization 
and total element analysis. In: Standard Soil Methods for Long-Term Ecological 
Research. Oxford University Press, New York, 115–142. https://doi.org/10.1093/
oso/9780195120837.003.0007

Maba DL, Guelly AK, Yorou NS et al. (2014) Two new Lactifluus species (Basidiomycota, 
Russulales) from Fazao Malfakassa National Park (Togo, West Africa). Mycological 
Progress 13: 513–524. https://doi.org/10.1007/s11557-013-0932-4

McMurdie PJ, Holmes S (2013) phyloseq: an R package for reproducible interactive 
analysis and graphics of microbiome census data. PLOS ONE 8: e61217. https://doi.
org/10.1371/journal.pone.0061217

Meidl P, Furneaux B, Tchan KI et al. (2021) Soil fungal communities of ectomycorrhi-
zal dominated woodlands across West Africa. MycoKeys 81: 45–68. https://doi.
org/10.3897/mycokeys.81.66249

Michaëlla Ebenye HC, Taudière A, Niang N et al. (2017) Ectomycorrhizal fungi are shared 
between seedlings and adults in a monodominant Gilbertiodendron dewevrei rainfor-
est in Cameroon. Biotropica 49: 256–267. https://doi.org/10.1111/btp.12415

Milenge Kamalebo H, De Kesel A (2020) Wild edible ectomycorrhizal fungi: an underuti-
lized food resource from the rainforests of Tshopo province (Democratic Republic 
of the Congo). Journal of Ethnobiology and Ethnomedicine 16: 1–13. https://doi.
org/10.1186/s13002-020-0357-5

Milenge Kamalebo H, Nshimba Seya Wa Malale H, Masumbuko Ndabaga C et al. (2018) 
Uses and importance of wild fungi: traditional knowledge from the Tshopo province 
in the Democratic Republic of the Congo. Journal of Ethnobiology and Ethnomedicine 
14: 13. https://doi.org/10.1186/s13002-017-0203-6

Mony C, Uroy L, Khalfallah F et al. (2022) Landscape connectivity for the invisibles. 
Ecography 2022: e06041. https://doi.org/10.1111/ecog.06041

Naiman R, Decamps H (1997) The ecology of interfaces: riparian zones. Annual Review 
of Ecology and Systematics 28: 621–658. https://doi.org/10.1146/annurev.ecol-
sys.28.1.621

Ndong H, Degreef J, Kesel A (2011) Champignons comestibles des forêts denses 
d’Afrique centrale – Taxonomie et identification. CEBioS, Royal Belgium Institute of 
Natural Sciences, Brussels, 262 pp.

https://doi.org/10.1007/BF02374606
https://doi.org/10.2307/2261560
https://doi.org/10.1046/j.0962-1083.2001.01333.x
https://doi.org/10.1046/j.0962-1083.2001.01333.x
https://doi.org/10.26525/jtfs2019.31.1.001011
https://doi.org/10.1111/j.1574-6941.2012.01437.x
https://doi.org/10.1111/j.1574-6941.2012.01437.x
https://doi.org/10.29203/ka.1998.330
https://doi.org/10.1093/oso/9780195120837.003.0007
https://doi.org/10.1093/oso/9780195120837.003.0007
https://doi.org/10.1007/s11557-013-0932-4
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.3897/mycokeys.81.66249
https://doi.org/10.3897/mycokeys.81.66249
https://doi.org/10.1111/btp.12415
https://doi.org/10.1186/s13002-020-0357-5
https://doi.org/10.1186/s13002-020-0357-5
https://doi.org/10.1186/s13002-017-0203-6
https://doi.org/10.1111/ecog.06041
https://doi.org/10.1146/annurev.ecolsys.28.1.621
https://doi.org/10.1146/annurev.ecolsys.28.1.621


22IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems 

Oksanen J, Simpson GL, Blanchet FG et al. (2024) vegan: Community ecology package. 
[Available from:] https://cran.r-project.org/web/packages/vegan/index.html

Olson D, Dinerstein E, Wikramanayake E et al. (2001) Terrestrial ecoregions of 
the world: a new map of life on Earth. BioScience 51: 933–938. https://doi.
org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2

Peay K, Kennedy P, Bruns T (2008) Fungal community ecology: a hybrid beast with a 
molecular master. Bioscience 58: 799–810. https://doi.org/10.1641/B580907

Piepenbring M, Maciá-Vicente JG, Codjia JEI et al. (2020) Mapping mycological igno-
rance – checklists and diversity patterns of fungi known for West Africa. IMA Fungus 
11: 13. https://doi.org/10.1186/s43008-020-00034-y

Põlme S, Abarenkov K, Nilsson RH et al. (2020) FungalTraits: a user-friendly traits data-
base of fungi and fungus-like stramenopiles. Fungal Diversity 105: 1–16. https://doi.
org/10.1007/s13225-020-00466-2

R Core Team (2023) R: A language and environment for statistical computing. [Available 
from:] https://www.R-project.org/

Rognes T, Flouri T, Nichols B et al. (2016) VSEARCH: a versatile open source tool for 
metagenomics. PeerJ 4: e2584. https://doi.org/10.7717/peerj.2584

Russel J (2024) MicEco. [Available from:] https://github.com/Russel88/MicEco
Ryberg M, Nilsson RH (2018) New light on names and naming of dark taxa. MycoKeys: 

31–39. https://doi.org/10.3897/mycokeys.30.24376
Selosse M-A, Bauer R, Moyersoen B (2002) Basal hymenomycetes belonging to the 

Sebacinaceae are ectomycorrhizal on temperate deciduous trees. New Phytologist 
155: 183–195. https://doi.org/10.1046/j.1469-8137.2002.00442.x

Smith PP, Allen Q (2004) Field guide to the trees and shrubs of the Miombo woodlands. 
Royal Botanic Gardens, Kew, 184 pp.

Sonké B, Couvreur T (2014) Tree diversity of the Dja Faunal Reserve, southeastern Cam-
eroon. Biodiversity Data Journal 2: e1049. https://doi.org/10.3897/BDJ.2.e1049

Taylor AFS, Martin F, Read DJ (2000) Fungal diversity in ectomycorrhizal communities 
of Norway spruce [Picea abies (L.) Karst.] and beech (Fagus sylvatica L.) along north-
south transects in Europe. In: Schulze E-D (Ed.) Carbon and Nitrogen Cycling in Euro-
pean Forest Ecosystems. Ecological Studies. Springer Berlin Heidelberg, Berlin, Hei-
delberg, 343–365. https://doi.org/10.1007/978-3-642-57219-7_16

Tedersoo L, Smith ME (2013) Lineages of ectomycorrhizal fungi revisited: Foraging 
strategies and novel lineages revealed by sequences from belowground. Fungal Biol-
ogy Reviews 27: 83–99. https://doi.org/10.1016/j.fbr.2013.09.001

Tedersoo L, Smith ME (2017) Ectomycorrhizal fungal lineages: Detection of four new 
groups and notes on consistent recognition of ectomycorrhizal taxa in high-through-
put sequencing studies. In: Tedersoo L (Ed.) Biogeography of Mycorrhizal Symbiosis. 
Springer International Publishing, New York, 125–142. https://doi.org/10.1007/978-
3-319-56363-3_6

Tedersoo L, May T, Smith M (2009) Ectomycorrhizal lifestyle in fungi: Global diversity, 
distribution, and evolution of phylogenetic lineages. Mycorrhiza 20: 217–263. https://
doi.org/10.1007/s00572-009-0274-x

Tedersoo L, Bahram M, Jairus T et al. (2011) Spatial structure and the effects of host 
and soil environments on communities of ectomycorrhizal fungi in wooded savan-
nas and rain forests of Continental Africa and Madagascar. Molecular Ecology 20: 
3071–3080. https://doi.org/10.1111/j.1365-294X.2011.05145.x

https://cran.r-project.org/web/packages/vegan/index.html
https://doi.org/10.1641/0006-3568(2001)051%5B0933:TEOTWA%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051%5B0933:TEOTWA%5D2.0.CO;2
https://doi.org/10.1641/B580907
https://doi.org/10.1186/s43008-020-00034-y
https://doi.org/10.1007/s13225-020-00466-2
https://doi.org/10.1007/s13225-020-00466-2
https://www.R-project.org/
https://doi.org/10.7717/peerj.2584
https://github.com/Russel88/MicEco
https://doi.org/10.3897/mycokeys.30.24376
https://doi.org/10.1046/j.1469-8137.2002.00442.x
https://doi.org/10.3897/BDJ.2.e1049
https://doi.org/10.1007/978-3-642-57219-7_16
https://doi.org/10.1016/j.fbr.2013.09.001
https://doi.org/10.1007/978-3-319-56363-3_6
https://doi.org/10.1007/978-3-319-56363-3_6
https://doi.org/10.1007/s00572-009-0274-x
https://doi.org/10.1007/s00572-009-0274-x
https://doi.org/10.1111/j.1365-294X.2011.05145.x


23IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems

Tedersoo L, Bahram M, Ryberg M et al. (2014a) Global biogeography of the ectomy-
corrhizal/sebacina lineage (Fungi, Sebacinales) as revealed from comparative phy-
logenetic analyses. Molecular Ecology 23: 4168–4183. https://doi.org/10.1111/
mec.12849

Tedersoo L, Bahram M, Põlme S et al. (2014b) Global diversity and geography of soil 
fungi. Science 346: 1256688. https://doi.org/10.1126/science.1256688

Tedersoo L, Anslan S, Bahram M et al. (2015) Shotgun metagenomes and multi-
ple primer pair-barcode combinations of amplicons reveal biases in metabar-
coding analyses of fungi. MycoKeys 10: 1–43. https://doi.org/10.3897/mycok-
eys.10.4852

Verbeken A (1995) Studies in tropical African Lactarius species. 1. Lactarius gymnocarpus 
Singer ex R. Heim and allied species. Mycotaxon 55: 515–542.

Verbeken A (1996) New Taxa of Lactarius (Russulaceae) in Tropical Africa. Bulletin du 
Jardin botanique national de Belgique / Bulletin van de National Plantentuin van Bel-
gië 65: 197–213. https://doi.org/10.2307/3668185

Verbeken A (1998) Studies in tropical African Lactarius species. 5. A synopsis of the 
subgenus Lactifluus (Burl.) Hesler & A.H. SM. Emend. Mycotaxon 66: 363–386.

Verbeken A, Walleyn R (1999) Studies in tropical African Lactarius species 7. A synopsis 
of the section Edules and a review on the edible species. Belgian Journal of Botany 
132: 175–184.

Verbeken A, Walleyn R, Sharp C et al. (2000) Studies in tropical African Lactarius spe-
cies. 9. Records from Zimbabwe. Systematics and Geography of Plants 70: 181–215. 
https://doi.org/10.2307/3668621

Verbeken A, Nuytinck J, Buyck B (2012) New combinations in Lactifluus. 1. L. subge-
nera Edules, Lactariopsis, and Russulopsis. Mycotaxon 118: 447–453. https://doi.
org/10.5248/118.447

Verbeken M, Buyck B (2002) Diversity and ecology of tropical ectomycorrhizal fungi in 
Africa. In: Tropical Mycology Vol. 1: Macromycetes. CABI Publishing, Wallingford, 
11–24. https://doi.org/10.1079/9780851995427.0011

White F (1983) The vegetation of Africa: a descriptive memoir to accompany the Unes-
co/AETFAT/UNSO vegetation map of Africa. UNESCO, Paris, 356 pp.

White TJ, Bruns TD, Lee SB et al. (1990) Amplification and direct sequencing of fun-
gal ribosomal RNA Genes for phylogenetics. In: PCR – Protocols and Applications 
– A Laboratory Manual. Academic Press, Cambridge, MA, 315–322. https://doi.
org/10.1016/B978-0-12-372180-8.50042-1

Wickham H (2016) ggplot2: elegant graphics for data analysis. 2nd ed. Springer-Verlag, 
New York, 260 pp.

Yorou N, Kõljalg U, Sinsin B et al. (2007) Studies in African thelephoroid fungi: 1. 
Tomentella capitata and Tomentella brunneocystidia, two new species from Benin 
(West Africa) with capitate cystidia. Mycological Progress 6: 7–18. https://doi.
org/10.1007/s11557-006-0519-4

Yorou N, Koné N, Guissou M-L et al. (2014) Biodiversity and sustainable use of wild 
edible fungi in the Soudanian centre of endemism. A plea for valorisation. In: Ecto-
mycorrhizal Symbioses in Tropical and Neotropical Forests. CRC Press, Boca Raton/
London/New York, 241–269.

https://doi.org/10.1111/mec.12849
https://doi.org/10.1111/mec.12849
https://doi.org/10.1126/science.1256688
https://doi.org/10.3897/mycokeys.10.4852
https://doi.org/10.3897/mycokeys.10.4852
https://doi.org/10.2307/3668185
https://doi.org/10.2307/3668621
https://doi.org/10.5248/118.447
https://doi.org/10.5248/118.447
https://doi.org/10.1079/9780851995427.0011
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1007/s11557-006-0519-4
https://doi.org/10.1007/s11557-006-0519-4


24IMA Fungus 16: e147055 (2025), DOI: 10.3897/imafungus.16.147055

Lowie Tondeleir et al.: Ectomycorrhizal fungi in African ecosystems 

Supplementary material 1

Supplementary figure and table

Authors: Lowie Tondeleir
Data type: doc
Explanation note: figure S1: Sequencing and sampling depth across the vegetation 

types; table S1: PERMANOVA results of Bray-Curtis distances on Hellinger-trans-
formed data. table S2: Ectomycorrhizal indicator species for each forest subtype.

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/imafungus.16.147055.suppl1

Supplementary material 2

Metadata of all samples

Authors: Lowie Tondeleir
Data type: xlsx
Explanation note: Sample ID, pH, C, N, P, OM, elevation, coordinates, country, plot infor-

mation and dominant EcM hosts.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/imafungus.16.147055.suppl2

Supplementary material 3

SH table

Authors: Lowie Tondeleir
Data type: csv
Explanation note: table with read abundances of Species Hypotheses (SHs) per sample.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/imafungus.16.147055.suppl3

http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/imafungus.16.147055.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/imafungus.16.147055.suppl2
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/imafungus.16.147055.suppl3

	Back to the roots: Uncovering ectomycorrhizal communities across three major African vegetation types
	Abstract
	Introduction
	Three main ectomycorrhizal vegetation types in sub-Saharan Africa
	Riparian forests as corridors
	Below – and above-ground EcM diversity in Africa

	Methods
	Study areas and sampling
	Molecular work
	Bioinformatic and statistical analyses

	Results
	Sampling and sequencing depth
	EcM communities and diversity across African vegetation types
	Taxonomic completeness in African Lactifluus

	Discussion
	Diversity of below-ground EcM communities across vegetation types
	EcM community variation between forest types and subtypes
	Riparian forests as a corridor for rare taxa
	Taxonomic framework and accuracy of SH-matching in African Lactifluus
	Methodological considerations

	Conclusions
	Acknowledgements
	Additional information
	References

