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Abstract
We describe the distribution and diversity of vascular plants at high elevations (3980–4570 m above sea level) in the Rwen-
zori Mountains and Mount Elgon National Parks in Uganda. These were the first target regions of the “Global Observation 
Research Initiative in Alpine Environments” (“GLORIA”) on the African continent. In each target region, four summits 
spanning elevations from the treeline ecotone up to the limits of vascular plant life were selected and assessed in July and 
August 2011 using the standardised GLORIA protocol. Few vascular plant species were present on high elevation summits, 
particularly in Rwenzori, where many sub-plots had little or no vascular plant cover. Observations from Rwenzori include 26 
vascular plant species, and from Mount Elgon 47, of which 10 and 15 species, respectively, were endemic. In contrast, non-
vascular plant cover greatly increased with elevation. The lowest sites showed considerable diversity and were floristically 
dissimilar to the highest summits. Subsequent resurveys, repeating the GLORIA protocol, will be critical in the assessment 
of ongoing dynamics and change.

Keywords Afroalpine species · Climate change · Species richness · Endemism · Mount Elgon · Rwenzori Mountains · 
Climate warming · Biogeography
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Introduction

Marked ecological impacts from a warming climate are 
expected in high-mountain regions (Pauli et  al. 2012; 
Hantemirov et al. 2022). Endemic vascular plant species 
appear threatened, since their habitats could be drastically 
reduced. Studies conducted in Europe, Australia and South 
America suggest that the distribution of alpine plants will 
move upslope and that high elevation cryophilic species 
may decline because of limited dispersal opportunities and 
weak competitive abilities (Pickering et al. 2008; Gottfried 
et al. 2012; Carilla et al. 2018). Other studies have indicated 
that species restricted to narrow vegetation belts will also 
decline (Dirnböck et al. 2011; Chala et al. 2017; Valencia 
et al. 2020). The severity of such impacts, and their role 
among other potential drivers of ecological change—such as 
variations in moisture availability, cloud cover, disturbance, 
and alien plants—can best be detected through long-term 
observations designed to provide information directly appli-
cable to conservation management and adaptation (Pauli and 
Halloy 2019).

With its network of long-term alpine biodiversity moni-
toring sites developed across six continents (Grabherr et al. 
2001; Pauli et al. 2015), the “Global Observation Research 
Initiative in Alpine Environments (GLORIA)" aims to assess 
how alpine biota are changing across high mountain eco-
systems (www. gloria. ac. at). High mountains are especially 
suited to studying effects of climate change because of their 
steep temperature gradients (Pauli et al. 2012; Dangles et al. 
2017). GLORIA studies from Europe and South America 
have found that changes in species richness and composition 
are occurring across numerous summits on high mountains 
(Moret et al. 2016; Seimon et al. 2017; Carilla et al. 2018; 
Steinbauer et al. 2018; Cuesta et al. 2023). However, such 
assessments in Africa are few (see Gehrke and Linder 2014). 
Thus, in 2011, two GLORIA target regions were established 
in Tropical East Africa. The Rwenzori Mountains and 
Mount Elgon National Parks in Uganda are known hotspots 
of plant diversity and endemism and are highly vulnerable to 
climate change (Taylor et al. 2006; Gehrke and Linder 2014; 
Brochmann et al. 2022).

Here, we provide results of the initial baseline sampling 
in these first GLORIA target regions in Africa. We exam-
ined the distribution and abundance of vascular plant spe-
cies on selected summits. Specifically, we asked: (1) how 
plant communities differ and (2) how the distributions vary 
with elevation and slope. We expected that the vascular 
plant communities would differ over the elevation gradient 
as well as between the mountain regions. This study offers 
a foundation for building the much-needed understanding of 
climate change and other potential impacts on vegetation in 
the mountains of Tropical East Africa.

Study area

The Rwenzori Mountains (hereafter “Rwenzori”) are a 3000-
km2 metamorphic basement block within the Albertine Rift 
lying at the Uganda–Congo border just north of the equator. 
On the Ugandan side, the mountains lie within the Rwenzori 
Mountains National Park—a UNESCO World Heritage site 
located between 0°06–0°46' N and 29°47'–30°11' E and cov-
ering 996  km2 (Butynski and Kalina 1993). The third highest 
massif in Africa (after Kilimanjaro and Mt Kenya), Rwen-
zori’s topography ranges from about 1600 to 5109 m above 
sea level (asl; all elevations shown hereafter are asl) (Karner 
et al. 2000). The dominant bedrock is Precambrian compris-
ing gneisses, schists and amphibolites belonging to the Toro-
belt and the Archean basement of the Democratic Republic 
of Congo and Tanzania cratons (Eggermont et al. 2007). 
The mountains are steep, rugged and include the largest area 
of glaciers in Africa (Kaser and Noggler 1991). However, 
the glaciers are shrinking: from approximately 7.5  km2 in 
1906 to about 1  km2 in 2003 (UNESCO and IUCN 2020). 
The Rwenzori range is associated with frequent cloud cover 
above 2500 m, where the mountains trap humid air from 
the Congo basin (Lentini et al. 2011; UNESCO and IUCN 
2020). Annual precipitation is between 2000 and 3000 mm, 
with peaks in March–May and August–November (Osmas-
ton 2006). Snowfall has been observed above 4300 m mainly 
during periods of heavy precipitation. Daily air tempera-
ture varies between – 5 and 20 °C in the alpine (~ 3800 to 
4500 m) and nival zones (> 4500 m), with nocturnal freezing 
occurring 80–90% of nights (Eggermont et al. 2007).

Mount Elgon (hereafter “Elgon”) is a Miocene volcanic 
mountain located at the border between Uganda and Kenya 
(0°54'–1°25' N and 34°14'–34°45' E). It is the oldest of the 
large (> 4000 m) East African volcanoes. The mountain is 
composed of tuff, rock, ash and coarse agglomerates (van 
Heist 1994; Lundberg and McFarlane 2006). Approximately 
1120  km2 of the Ugandan part comprises Mount Elgon 
National Park; a national park of similar size (1179  km2) 
is contiguous on the Kenyan side of the border (Petursson 
et al. 2013). The mountain is capped by one of the world’s 
largest calderas, measuring 8 km wide and bearing the high-
est peak, Wagagai, which reaches 4321 m and lies wholly 
within Uganda (Scoon 2017). On a larger scale the slopes are 
gentle, averaging about 4 degrees, though rocky cliffs and 
outcrops create a rugged terrain in many regions. Glaciers 
are believed to have covered the summit region during the 
Pleistocene, reaching as low as 3400 m, but the entire area is 
currently deglaciated (Lundberg and McFarlane 2006). The 
climate is dominated by seasonally alternating moist south-
westerly and dry north-easterly winds. Annual precipitation 
on Elgon is between 1500 and 2000 mm, varying with eleva-
tion and slope aspect. The wettest months are April–May 

http://www.gloria.ac.at
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and September–November (Scott 1998). At high elevation 
(i.e., 3750 m and above), the mean minimum and maximum 
temperatures range between – 2.0 and 1.7 °C and between 
11.2 and 20.4 °C, respectively (Wesche 2003).

Both these sites have high endemism but low floristic 
richness. Elgon supports a relatively richer flora due to 
being older and more centrally located within the tropical 
Afroalpine mountain region (Hedberg 1992; van Heist 1994; 
Gehrke and Linder 2014). Mountain-wide records show that 
167 and 273 vascular plant species occur roughly above 
3200 m in Rwenzori and Elgon, respectively (Gehrke and 
Linder 2014). The two mountains host a rich fauna, includ-
ing buffalo Syncerus caffer, red-flanked duiker Cephalophus 
rufilatus, rock hyrax Procavia capensis and sunbirds Nectar-
inia spp. (Howard 1991; Mwaura and Oginah 2018). They 
both host and sustain the headwaters of rivers which drain 
into Lakes George, Edward and Albert (for Rwenzori) and 
Lakes Turkana, Kyoga and Victoria (for Elgon) and smaller 
lakes that provide water to a large number of people (Butyn-
ski and Kalina 1993; Scott 1998). The eight summits consid-
ered in this study are located in the alpine zone, above the 
climatic treeline. This alpine zone extends between about 
3800 and 4500 m, while the nival zone, typified by sparse 
and discontinuous vegetation cover, occurs above 4500 m 
(Hedberg 1964; Wesche 2003; Linder and Gehrke 2006).

Methods

We established permanent vegetation plots in the Rwen-
zori and Elgon GLORIA target regions following standard-
ised procedures in July and August 2011 (Ssali et al. 2011; 
Pauli et al. 2015; Fig. 1; S1 Appendix). In each region we 
selected four summits spanning elevations from the treeline 
ecotone up to the limits of vascular plant life. Each summit 
was divided into an upper summit area (5 m), down to five 
metres below the highest summit peak and a lower sum-
mit area (10 m), from the 5-m down to the 10 m contour 
line. Upper and lower summit areas were each subdivided 
into four summit area sections (SASs), oriented along the 
cardinal directions (N, E, S, W), i.e., a summit consisted 
of eight SASs. Vascular plants occurring in the SASs were 
inventoried using a line transect of 50 m length and pointing 
every 50 cm (100 points) in the case of the 5-m SASs and 
of 100 m length with 200 points in the larger 10-m SASs. 
Subsequently the entire area of each SAS was explored for 
additional species. Moreover, we established 3 × 3-m grids, 
comprising nine 1-m2 quadrats, immediately upslope of each 
corner of the 5-m summit area, in each cardinal direction. 
The four corner quadrats were then established as permanent 
plots, with short aluminium tubes positioned at the corners 
of the quadrats as permanent marks. With each of the 16 
quadrats per summit, the top cover of surface types (i.e., 

vascular plant cover, solid rock, lichens on soil, bryophytes 
on soil, bare ground and litter) as well as the vascular plant 
species were recorded (see Pauli et al. 2015). Plant species 
were inventoried using a wooden frame of 1-m2 inner width 
at 100 crossthread points. Plant species that occurred at the 
summits which were not detected under the 100 points were 
recorded and their respective percent cover values visually 
estimated. Voucher specimens were collected and deposited 
in the herbarium at the Institute for Tropical Forest Con-
servation (ITFC) research station for identification by an 
experienced botanist. Photographs of each of the 16 quadrats 
were taken perpendicular to the slope, both with and without 
the sampling grid in place, and the position of every plot 
marked using a handheld GPS. The full setup and the stand-
ardised recording required approximately 86 person-days in 
Rwenzori and approximately 94 person-days in Elgon (Ssali 
et al. 2011).

After completing the field expeditions, taxonomic identi-
ties were verified with the help of botanical specialists at the 
Institute for Tropical Forest Conservation (ITFC) research 
station, Makerere University herbarium and the GLORIA 
coordination office. Species and family names follow CJB 
African plant Database (https:// www. afric anpla ntdat abase. 
ch). We determined whether each of the identified species 
was endemic to the high East African mountains using the 
Global Biodiversity Information Facility (GBIF) (www. gbif. 
org) and assigned a life form category to each species fol-
lowing Hedberg (1964) and other authorities on Afroalpine 
vegetation (e.g.,Gehrke and Linder 2014; Kipkoech et al. 
2020; Kidane 2022; Rono et al. 2023).

To examine patterns in the diversity and distribution 
of vascular plant species and to determine whether the 
observed patterns vary with topographic factors data were 
managed, summarised, plotted and analysed using R (R Core 
Team 2020). We tested associations between variables using 
bivariate Kendall’s rank correlations and summarised spe-
cies diversity patterns using Shannon and Fisher’s diversity 
indices. We performed non-metric multidimensional scal-
ing (NMDS) to assess compositional dissimilarity between 
neighbouring summits and between the lowest and highest 
elevation summits using the community ecology package 
“vegan” (Oksanen et al. 2020).

Results

We established permanent vegetation plots on eight summits 
in the two target regions in Rwenzori and Elgon under dif-
ficult field conditions, including dense fog and snow cover 
at higher elevations. The summits were typically steep with 
slopes along the four cardinal directions ranging between 10 
and 45° for Rwenzori and between 1 and 45° for Elgon. The 
summits’ elevations spanned 590 m (from 3980 to 4570 m 

https://www.africanplantdatabase.ch
https://www.africanplantdatabase.ch
http://www.gbif.org
http://www.gbif.org
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asl) for Rwenzori and 351 m (from 3948 to 4299 m asl) 
for Elgon (Table 1; Fig. 1). Faeces of wild animals (mainly 
duikers and rodents) and charred vegetation were noted in 
plots on the two lowest elevation summits in Rwenzori and 
within all four summits in Elgon. While both national parks 

are occasionally visited by mountain climbers, there were 
no obvious signs of human trampling within any of the plots 
or the vicinity.

Vegetation varied considerably among the plots (Table 1). 
Across the four Rwenzori GLORIA summits we recorded 26 

Fig. 1  a GLORIA summits 
established in A Rwenzori 
Mountains National Park 
and B Mount Elgon National 
Park, Uganda; b–e overview 
of selected summits: RWE1, 
RWE3, ELG2 and ELG4 
located at 4570 m, 4115 m, 
4201 m and 3948 m asl, 
respectively. The country map 
was adapted from www. mapsl 
and. com

http://www.mapsland.com
http://www.mapsland.com
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vascular species, belonging to 21 genera and 15 families. Of 
these species 10 (39%) are endemic. Across the four Elgon 
GLORIA summits we recorded 47 vascular plant species, 
belonging to 33 genera and 19 families. Of these species 
15 (32%) are endemic. In Rwenzori, only two species Den-
drosenecio adnivalis and Helichrysum stuhlmannii occurred 
on all four summits, while 16 species, mainly shrubs and 
forbs, such as Hypericum bequaertii, Lobelia wollastonii 
and Galium ruwenzoriense, were restricted to the two lowest 
elevation summits (Table 2). In Elgon, 24 species includ-
ing Dendrosenecio elgonensis, Deschampsia cespitosa and 
Agrostis quinqueseta occurred on all four summits, while 11 
species that included Erica arborea, Galium ossirwaense 
and Kniphofia thomsonii were restricted to the two lowest 
elevation summits. Both mountain regions shared five spe-
cies, including Afrosciadium kerstenii, Arabis pterosperma 
and Deschampsia cespitosa (Table 2). Lower elevation sum-
mits on both mountains had higher species richness, Shan-
non and Fisher’s diversity indices and vascular plant cover 
values compared to higher elevation summits (Table 1). 
In contrast, non-vascular vegetation cover (bryophyte and 
lichen) increased from the lower to the higher sites. We con-
firmed negative and highly significant correlations between 
vascular plant species richness and elevation in Rwenzori 
(τ = – 0.56, n = 16, P = 0.006) and Elgon (Kendall’s rank cor-
relation, τ = – 0.67, n = 16, P = 0.001) and between vascular 
plant cover and elevation in Rwenzori (τ = – 0.75, n = 16, 
P < 0.001). Other relationships, including Fisher’s alpha 
versus elevation, species richness versus slope and vascular 
plant cover versus slope on each mountain, were not signifi-
cant (Fig. 2).

The vast majority of vascular plants encountered in the 
two mountains were identified to family (66 of 67), genus 
(66 of 67) and species (63 of 67); the family of just one 
voucher specimen remained unknown (Table 2). Of the 15 
families recorded in Rwenzori, Asteraceae dominated with 
about a quarter (6 of 26) of the species, followed by Poaceae 
(5 of 26), Rosaceae (2 of 26) and Brassicaceae (2 of the 26 
species recorded, see S2 Appendix). Asteraceae also domi-
nated in Elgon, representing about two fifths (19 of 47) of 
the species recorded (S2 Appendix). Poaceae, Apiaceae and 
Rosaceae (each represented by 3 of 47 species) were the 
other well-represented families in Elgon. Just under three 
quarters of the families recorded in Rwenzori (11 of 15) and 
just under two-thirds of the families in Elgon (12 of 19) were 
represented by a single species (S2 Appendix).

In Rwenzori the highest summit had a high proportion of 
bare soil and rock (average of all samples was 36%), and this 
was much lower on the next highest summit (17%) and on 
the two lower summits (9% and 13% for RWE3 and RWE4, 
respectively) (S3 Appendix). On the other hand, the higher 
elevation sites had the greatest non-vascular plant cover 
(bryophytes and lichens) of 58% and 65% for RWE1 and Ta
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RWE2, respectively, compared to the lower sites (13% and 
29% for RWE3 and RWE4, respectively). Graminoids and 
forbs were the two most dominant vascular plant life forms 
in terms of number of species recorded in Rwenzori, while 
forbs and shrubs formed the two most dominant groups in 
Elgon (S4 Appendix). Caulescent rosettes of Dendrosene-
cio adnivalis in Rwenzori and Dendrosenecio elgonensis 
and Lobelia gregoriana in Elgon reached larger sizes and 
occurred at lower and higher elevations (Table 2). Out of 
26 species, 21 genera and 15 families recorded in Rwen-
zori, only two species, two genera and two families were 
shared across all four summits. In Elgon, 23 of 47 species, 
15 of 32 genera and 10 of 19 families were shared across 
all four summits (Table 2; S5 Appendix). The two lower 
elevation summits in Rwenzori and Elgon (RWE3 versus 
RWE4 and ELG3 versus ELG4) shared 14 and 36 species, 
respectively, while the two higher elevation summits (RWE1 
versus RWE2 and ELG1 versus ELG2) shared three spe-
cies: Dendrosenecio adnivalis, Deschampsia flexuosa and 
Helichrysum stuhlmannii and 25 species, respectively. The 
lowest and highest elevation summits in Rwenzori (RWE1 
versus RWE4) spanned 590 m and shared two species, i.e., 
Dendrosenecio adnivalis and Helichrysum stuhlmannii, 
while the equivalent pair of summits in Elgon (ELG1 ver-
sus ELG4) spanned 351 m but shared 25 species (Table 2; 
S5 Appendix).

Non-metric multidimensional scaling (NMDS) indi-
cated that Elgon summits were more similar to each other 
in ordination space compared to Rwenzori summits, sug-
gesting again that the observed floristic dissimilarity may 
be explained by elevation (Fig. 3). Unsurprisingly given the 
high levels of endemism, when we compared summits that 
are most similar in elevation, we found that few species were 
shared (maximum was 7% of the combined total between 
RWE3 and ELG3), though greater similarity emerged at 
the genus and family levels (S6 Appendix). The summits 
in Elgon consistently displayed a higher number of vascu-
lar plant species and endemics compared to the summits 
in Rwenzori (for all vascular species: ELG1 versus RWE2; 
Mann Whitney test, W = 16, P = 0.028; ELG3 versus RWE3; 
W = 16, P = 0.029; ELG4 versus RWE4; W = 16, P = 0.029; 
for endemics: ELG1 versus RWE2; W = 16, P = 0.020; ELG3 
versus RWE3; W = 15.5, P = 0.040; ELG4 versus RWE4; 
W = 10.56, P = 0.552; see Table 1).

Discussion

This study provides baseline data for monitoring the distri-
bution of vascular plant species in the first GLORIA target 
regions in Africa. As climate warming continues to acceler-
ate and glaciers recede rapidly (Taylor et al. 2009; Chala 

et al. 2016; Brochmann et al. 2022), plant species are likely 
to shift their ranges.

Species richness and vascular plant cover were negatively 
correlated with elevation (Table 1; Fig. 2), indicating the 
effects of decreasing temperature, dispersal capabilities and 
areal extent of the mountains on establishment and persis-
tence of plants (Cuesta et al. 2017; Körner and Hiltbrunner 
2021). High elevation summits, particularly the two sum-
mits above 4300 m in Rwenzori, typically contained few 
vascular plant species (n ≤ 6 species, see Table 1). This sug-
gests that with a few exceptions, including Dendrosenecio 
adnivalis (Asteraceae), Deschampsia flexuosa (Poaceae) 
and Helichrysum stuhlmannii (Asteraceae), most vascular 
plants on the two high summits probably reach their limits 
at or close to these elevations, where plants have to cope 
with lower air and soil temperatures and heavier night frosts 
(Hedberg 1964; Wesche 2003). On Rwenzori, in addition, 
steepness and the limited availability of substrate at higher 
elevations could be important. Range-restricted taxa, such 
as Anthoxanthum nivale and giant rosette plants, including 
Dendrosenecio and Lobelia spp. recorded here, could be at a 
high risk of extinction following the ongoing climate change 
which is increasingly becoming evident in East Africa’s high 
mountain regions as indicated by glaciers which continue to 
recede rapidly (Taylor et al. 2009; Chala et al. 2016; Bro-
chmann et al. 2022). Continued monitoring is needed to 
determine how the expected changes in climate will impact 
high elevation taxa, many of which are range restricted and 
vulnerable.

Our data show that graminoids and forbs were the domi-
nant vascular plant life forms in terms of number of species 
recorded in Rwenzori, while forbs and shrubs were domi-
nant in Elgon (Table 2 and S4 Appendix). The tall caules-
cent rosettes of Dendrosenecio spp., were a remarkable and 
dominant feature of the landscape in the two mountains 
occurring at lower and higher elevations (Table 2). Giant 
rosette plants such as Dendrosenecio and Lobelia spp. tend 
to maintain a layer of insulating old leaves that acts as a 
defence against frost (as the ground freezes nightly) and fire 
and herbivory (noted at the lowest summits in Rwenzori 
and across the summits in Elgon), while graminoids such as 
Carex runssoroensis, Carpha eminii and Festuca abyssinica 
grow as dense tussocks, which insulate the youngest leaves 
in the central part of the tussock (Hedberg 1964; Beck et al. 
1982; Smith and Young 1987; Wesche 2000; Struhsaker 
2020). In addition, graminoids may employ supercooling, 
a mechanism by which plants slow cooling and thus limit 
ice growth, to withstand recurrent night frosts (Sakai and 
Larcher 1987).

Total vascular plant species richness in the Elgon target 
region (47 species) was nearly twice that in Rwenzori (26 
species) but much lower than those recorded at GLORIA 
summits in Europe, Australia and South America. A total 
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of 140 species were recorded in the Central Alps (Ersch-
bamer et al. 2010), 116 species in the Central Caucasus 
(Erschbamer et al. 2010), 91 species on Mount Clarke in 
the Australian Alps (Verrall et al. 2021), 139 species in 
Cumbres Calchaquíes, Tucumán, Argentina (Carilla et al. 
2018) and 175 species in Sierra de Famatina, Argentina 
(Musicante et al. 2015). The lower species richness at our 
summits likely reflects the small areas above the climatic 
treeline involved in this “archipelago of isolated moun-
tain tops” that comprises the Afroalpine flora with about 
370 species in 140 genera (Hedberg 1969). The relatively 
richer flora in Elgon may be explained by the greater geo-
logical age of this mountain, and thus more time for plants 
to accumulate and differentiate, as well as its more central 
location and presence of hot springs which likely provided 
refugia during past glaciations, and by the more extensive 
glacial advances over the higher Rwenzori range (Hed-
berg 1992; Taylor et al. 2009; Gehrke and Linder 2014). 
Finally, Elgon’s gentle slope and lower elevations (e.g., 
the highest summit on Elgon is 270 m lower and thus not 
as close to the limits of plant life as the one on Rwenzori, 
see Table 1) likely enabled the establishment of a richer 
vascular plant community.

Similar to observations in high elevation sites in the 
Andes and western Himalayas (Cuesta et al. 2017; Carilla 
et al. 2018; Chandra et al. 2018), just a few plant families 
dominate the summits in Rwenzori and Elgon (S2 Appen-
dix). In our study, Asteraceae and Poaceae accounted for 
more than two fifths of the vascular plant species in Rwen-
zori and Elgon (S2 Appendix).

The marked floristic dissimilarity observed between the 
lowest and highest summits in Rwenzori and Elgon (Table 1; 
Fig. 3) reflects the limited elevational ranges of many spe-
cies. Many authors have observed that plant species which 
colonise tropical alpine habitats are predominantly bird- and 
wind-dispersed species that can cross topographic barriers 
(e.g.,Hedberg 1964; Chala et al. 2017; Tovar et al. 2020). 
After arriving on high summits (effectively insular areas), 
some species subsequently tend to evolve towards a loss of 
such dispersal capability, as a means to ensure seeds are 
retained within the adapted ecological area (Carlquist 1974; 
Tovar et al. 2020). The upper limits of these species tend to 
be determined by physical factors (such as temperature, frost 
or period of freezing) and their lower limits by interspecific 
competition (Sheil 2016). As climate warms, plant species 
are expected to move upslope to zones with a colder biocli-
mate. Especially cold-adapted species and endemic species 
may experience range contractions. However, our under-
standing of which species are moving upslope and what they 
require for dispersal is limited. Subsequent resurveys will 
determine if range shifts, which have been observed else-
where (Gigauri et al. 2016; Carilla et al. 2018), are occurring 
in the Afroalpine region.

Fig. 2  Vascular plant species richness (a, b), cover (c, d) and Fisher’s 
alpha (e, f) versus topographic variables across four GLORIA sum-
mits in each mountain. The data points represent values calculated 
for each aspect at the summit scale. Tested relationships are as fol-
lows: species richness versus elevation; in Rwenzori, Kendall’s rank 
correlation, τ = – 0.56, n = 16, P = 0.006; in Elgon, τ = – 0.67, n = 16, 
P = 0.001; species richness versus slope; in Rwenzori, τ = –  0.23, 
n = 16, P = 0.236; in Elgon, τ = 0.07, n = 16, P = 0.716; vascular plant 
cover versus elevation; in Rwenzori, τ = – 0.75, n = 16, P < 0.001; in 
Elgon, τ = – 0.14, n = 16, P = 0.455; vascular plant cover versus slope; 
in Rwenzori, τ = – 0.19, n = 16, P = 0.317; in Elgon, τ = – 0.31, n = 16, 
P = 0.103; Fisher’s alpha versus elevation; in Rwenzori, τ = –  0.41, 
n = 16, P = 0.112; in Elgon, τ = –  0.27, n = 16, P = 0.175; Fisher’s 
alpha versus slope; in Rwenzori, τ = –  0.07, n = 16, P = 0.753; in 
Elgon, τ = – 0.09, n = 16, P = 0.618

Fig. 3  Ordination plots for the vascular plants recorded at each set of 
GLORIA summits in Rwenzori and Elgon along two non-metric mul-
tidimensional scaling axes based on Bray–Curtis dissimilarities (Bray 
and Curtis 1957). Species abundance data for summit area sections 
in each of the four aspects were  log10 (x + 1) transformed to minimise 
the influence of the most abundant species. Summit area sections 
located closer to each other in the figure indicate higher levels of flo-
ristic similarity
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Conclusion

We have described the patterns of diversity and distribu-
tion of vascular plants from the baseline survey conducted 
in the first GLORIA target regions on the African con-
tinent. We hope to revisit these summits once per dec-
ade and evaluate changes over time, which may involve 
losses or additions of certain species (see Klanderud and 
Birks 2003; Wipf et al. 2013). Additional studies directly 
related to GLORIA target regions, particularly in regard to 
arthropods, amphibians, and land use changes, should also 
be conducted if the necessary funds and support become 
available.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00035- 023- 00301-9.
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