
Plant Ecology and Evolution 150 (1): 45–58, 2017
https://doi.org/10.5091/plecevo.2017.1162

Elucidating woody vegetation patterns in relation to soil and topography 
in tropical Africa: the case of Nech Sar National Park (Ethiopia)

Gatew M. Shetie1,2, Stefaan Dondeyne2,*, Jan Nyssen3,  
Karen Vancampenhout4 & Jozef Deckers2

1Faculty of Natural Sciences, Department of Biology, Arba Minch University, Ethiopia
2Department of Earth and Environmental Sciences, KU Leuven, Celestijnenlaan 200E, B-3001 Leuven, Belgium
3Department of Geography, Ghent University, Krijgslaan 281 (S8), B-9000 Ghent, Belgium
4Cluster for Bio-engineering Technology, Department Microbial and Molecular Systems, KU Leuven Campus Geel, Kleinhoefstraat 4, 
B-2440 Geel, Belgium
*Author for correspondence: stefaan_dondeyne@yahoo.co.uk

INTRODUCTION

Vegetation patterns, and the relative abundance of plant 
species, are known to be governed by climate, soil texture, 
soil depth, soil fertility, drainage, topography (slope, terrain 
roughness, altitude), and disturbance regimes (fire, grazing, 
browsing) (Scholes & Archer 1997, Augustine 2003, Demel 
2005, Doku et al. 2007). Even in apparently homogeneous 

landscapes, there are complex mosaics of plant communities, 
many related to soil variations as well as to the interaction 
of topography and climate (Furley 1976, Chen et al. 1997). 
Soil characteristics, such as salinity, acidity and nutrient 
availability influence vegetation diversity (Chen et al. 1997, 
Kubota et al. 1998, van Breemen & Finzi 1998). Vegetation, 
in turn, influences soil characteristics mainly through addi-
tion of organic matter to the soil (Finzi et al. 1998). Though 
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Background and aims – Although soils and topography are reported to be key factors determining 
vegetation patterns, there are very few studies on this topic in tropical Africa. Given the young nature 
of the soils of Nech Sar National park, we hypothesised that the woody vegetation would be related to 
both topsoil and subsoil characteristics. As topography also determines soil characteristics, we investigated 
whether soil and topography could be considered independently.
Methods – Abundance of woody plant species was measured in 19 stratified randomly selected plots of 
20 m × 20 m. At the centre of each plot a soil profile pit was dug and samples were taken from each horizon. 
Topographic characteristics were derived from a 30 m × 30 m digital elevation model. TWINSPAN and 
Detrended Correspondence Analysis (DCA) were used to identify major patterns in species composition. 
Factor Analysis was used to assess the variability of, and correlation between, the soil characteristics. 
Differences between the vegetation groups in-terms of stand and environmental characteristics was tested 
with the Mann-Whitney U test. DCA axes describing the major variation in vegetation patterns were 
correlated with soil and topographic characteristics.
Results – Forest vegetation was found on Fluvisols and Gleyic Cambisols while bushland was found on 
Andosols and Vertic Cambisols. The vegetation gradient from forest to bushland (DCA-1) was correlated 
with both topsoil and subsoil characteristics reflecting parent material and alkalinity; these could however 
not be dissociated from topography. In contrast, variation both within the forest and the bushland (DCA-2) 
was not correlated with environmental characteristics. We attribute this variation to disturbances such as 
collection of firewood or logging, and to the absence of large browser or scarcity of wildfires.
Conclusions – This study calls for giving equal attention to topsoil and subsoil for elucidating woody 
vegetation patterns. Though vegetation patterns vary with topography, a comprehensive understanding 
requires insights into soils.
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the relation between environmental factors and forest vegeta-
tion has gained interest over the last decades (e.g. Florinsky 
& Kuryakova 1996, Chen et al. 1997, John et al. 2007), there 
are only few quantitative field studies from tropical Africa. 
Some examples are the studies of Parmentier (2003), Don-
deyne et al. (2004), Yimer et al. (2006) and Vleminckx et al. 
(2015). Furley (1976) and Ruggiero et al. (2002) who stud-
ied the relation between woody vegetation and soils in tropi-
cal America, reported high correlations between vegetation 
patterns and soil surface characteristics, while they found 
low correlations with subsoil characteristics. Ruggiero et al. 
(2002) argued that vegetation influenced the characteristics 
of the upper soil layers by the transfer of organic matter and 
nutrients of soils that have very homogenous subsoil charac-
teristics.

Nech Sar National Park, in the rift valley of south-
ern Ethiopia (fig. 1A), is one of the country’s major tourist 
destinations. It was specifically established to protect the 
Swayne’s hartebeest (Alcelaphus buselaphus swaynei Sclat-
er, 1892), an endemic antelope (Vymyslická et al. 2011). 
Vegetation varies from evergreen riverine forest over wood-
land, shrubland to grassland and swamp (fig. 1B). Climate is 
rather homogenous within the park and altitude ranges from 
1,100 to 1,650 m a.s.l. Previous studies in the park focused 
on the encroachment of woody species into the grasslands, 
population dynamics of large mammals and bird species 
diversity (Duckworth et al. 1992, Aregu & Demeke 2006, 
Samson 2010, Yusuf et al. 2011, Datiko & Bekele 2011). Re-
cently, Marsboom (2014) and Fetene et al. (2016) analysed 
land-cover changes of the park using remote sensing data 
and field observation (fig. 1B). 

The potential vegetation map of eastern Africa indicates 
that Somalia-Masai Acacia-Commiphora deciduous bush-
land and thicket vegetation would be the dominant natural 
vegetation of the rift valley in southern Ethiopia (Lillesø et 
al. 2011). This vegetation type is the climax vegetation over 
the greater part of the Somalia-Masai floristic region and 
characteristically consists of a dense bushland, 3 to 5 m tall 
with scattered emergent trees up to 9 m (Kindt et al. 2011a). 
However, vegetation types of Nech Sar National park are 
more diverse than what the potential vegetation map would 
suggest. Evergreen riverine forests are prominent in the west-
ern part of the park along the Kulfo river (fig. 1B). Besides 
being tied to the river these forests also depend on shallow 
groundwater and the numerous springs occuring at the base 
of the escarpment. According to Duckworth et al. (1992) 
and Friis et al. (2010), typical forest canopy tree species are 
Ficus sycomorus L., Garcinia livingstonei T.Anderson, Cor-
dia africana Lam., Diospyros abyssinica (Hiern) F.White, 
Trichilia emetica Vahl, Croton macrostachyus Hochst. ex 
Delile, Celtis africana Burm. f., Acacia polyacantha Willd. 
and Lecaniodiscus fraxinifolius Baker. Woodlands, defined 
by Kindt et al. (2011b: 1) “as open stands of trees of at least 
8 m tall with a canopy cover of 20–40% or more, but never 
with interlocking crowns and usually with a field layer of 
heliophilous (‘sun-loving’) grasses”, occur in Nech Sar Na-
tional Park on footslopes and gentle hill slopes. As described 
by Duckworth et al. (1992) and Fetene et al. (2016), typical 
tree species are Acacia polyacantha, A. nilotica (L.) Willd. 
ex Delile, A. mellifera (Vahl) Benth., Balanites rotundifolia 

(Tiegh.) Blatt., Boswellia neglecta S.Moore, Commiphora 
africana (A.Rich.) Engl., Dobera glabra (Forssk.) Juss. ex 
Poir., Salvadora persica L., Sterculia africana (Lour.) Fiori 
and Terminalia brownii Fresen. On steep slopes the wood-
lands grade into dense shrublands, forming closed stands 
of bushes usually 3 to 7 m tall, with Acacia mellifera, 
A. nilotica, Cadaba farinosa Forssk., Cordia monoica Roxb., 
C.  sinensis Lam. as typical species. At other places, the 
woodland grades into open woodland and grassland, with as 
most common grasses Chrysopogon aucheri (Boiss.) Stapf, 
Tetrapogon roxburghiana (Schult.) P.M.Peterson, Cenchrus 
ciliaris L., Ischaemum afrum (J.F.Gmel.) Dandy, Heteropo-
gon contortus (L.) P.Beauv. ex Roem. & Schult., Bothrio
chloa radicans (Lehm.) A.Camus and Themeda triandra 
Forssk.

Given the above described variation in vegetation, we 
investigated how soil characteristics and topography relate 
to vegetation patterns in the western part of the park. De-
spite the wide interest for the ecology of the East African rift 
valley, factors that govern the variation in forest vegetation 
patterns, and particularly soils, have never been studied be-
fore in the area. We limited this research to the woody spe-
cies because herbaceous species under the woody vegetation 
are easily affected by seasonality, while woody species are 
obviously persistent. As digging and describing soil profile 
pits in this environment is time demanding (typically at least 
one day, for four persons), this research was limited to 19 
study sites. Consequently, this research is, to some extent, 
exploratory in nature. The specific objectives, and related 
hypotheses, were to investigate to which extent vegetation 
composition and species diversity are related to variation in 
both soil and topographic characteristics. In theories on soil 
genesis, topography is a key factor linked to soil formation 
(Jenny 1941, Schaetzl & Thompson 2015). We therefore 
wanted to test whether soil characteristics can be considered 
independently from topography to explain variation in veg-
etation composition, or alternatively whether they need to be 
considered conjunctively. Additionally, we wanted to assess 
the relative importance of topsoil and subsoil characteristics, 
particularly as topsoil characteristics are often reported to be 
more important in relation to vegetation (e.g. Ruggiero et al. 
2002, Amorim & Batalha 2008), while subsoil characteristics 
are considered important in soil classification systems (e.g. 
Soil Survey Staff 2014, IUSS Working Group WRB 2015).

MATERIALS AND METHODS

Study area

Nech Sar National Park covers an area of 450 km2 of which 
85% is terrestrial, the remaining belonging to two lakes. The 
park is bounded in the west, next to Arba Minch town, by 
a steep escarpment, in the east by the Amaro mountains, in 
the north by Lake Abaya and in the south by Lake Chamo 
(fig. 1B). Two major rivers drain the surrounding areas and 
flow through the park: in the western part the Kulfo river 
runs southwards through the evergreen riverine forest (Duck-
worth et al. 1992, Aregu & Demeke 2006); the eastern part is 
drained by the Sermele river which runs to the south (fig. 1). 
Mean annual rainfall in Arba Minch town is around 860 mm 
and follows a bimodal distribution with a major rainy season 
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Figure 1 – A, location of Nech Sar National Park in the rift valley of southern Ethiopia (adapted from https://commons.wikimedia.org/); 
B, vegetation of Nech Sar National Park and location of the study site (adapted from Marsboom 2014), where FP stands for sites in the 
“forest” and “P” sites in the “bushland”; C, major vegetation and geomorphologic units along a topographic transect (topography based on 
SRTM data available from http://earthexplorer.usgs.gov; geology based on Makin et al. 1975).


