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Abstract: Woody species composition at local scale has been studied well in the tropics. However, how the species
composition is related to the spatial and environmental gradients was poorly studied. Here, we examined the effects of the
topographic aspects and altitude gradient on the species composition across four sites of Acacia-Commiphora woodland and
bushland ecosystem. We collected data on the number of species, number of individuals, dbh and total height for those dbh was
≥ 2.5cm from ten quadrates (size: 50 × 50 m each) along transect of about 2kms laid out in each four sites. Altitude was taken
with handheld GPS (Garmin GPSMAP 60CSx) and topographic aspects were recorded for each quadrate. The species
composition was dissimilar among the four sites, across altitudinal gradients and topographic aspects. Here, the majority of the
rare species are specific to each site, for example, Olea europea is the rare species in site (A) but not recorded in the rest of the
three sites. Our overall results underscore the importance of considering the spatial scales and environmental variables in
designing conservation methods. Nevertheless, identifying the biotic attributes driving the species composition in the
ecosystem envisages further studies.
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1. Introduction
Understanding the factors driving the spatial patterns of
species composition is critically important in conservation
planning [1, 2]. However, since vegetation is not spatially
uniformly distributed, it is a challenge but also a major task
in community ecology to understand such heterogeneity [3].
For example, some areas are comprised of high diversity,
other extreme areas are devoid of vegetation while most lie in
between teemed with intermediate diversity [4]. Therefore,
understanding the patterns of species composition across
spatial scales and environmental gradients is essential for
developing conservation strategies mainly under the currently
prevailing climate change [5, 6].
The change in species composition at different spatial scales
naturally occurs when the local species diversity complements
the regional species pool and in vice-versa when the regional
species diversity supplements the local species diversity [7].

Moreover, due to the random occurrence of stochastic
disturbances, fragmentation of natural habitats and other
ecological processes conserving the ecosystem at regional
scale does not guarantee the protection of rare species and
merely conservation efforts at the specific species level may
not lead to the healthy ecosystem at regional scale [7]. These
natural and artificial dynamic processes are drivers of species
composition across spatial scales and are fundamental in
vegetation description [3, 6, 8, 9].
The knowledge of the species diversity across spatial
scales is crucial to develop conservation strategies and ensure
biodiversity conservation [10, 11]. Despite there is high
diversity of vegetation ecosystems in the tropical regions our
understanding of the spatial pattern and extent of change in
species composition is poor [12]. In other regions, the
dissimilarity in species composition across spatial and
environmental gradients was shown by previous studies [1,
6]). In tropical regions, most of the previous studies were
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limited to the local scales or case studies and less is
understood across scales [13]. For example, in Ethiopia,
many of the earlier studies described vegetation structure
only at local scale [14–19]. Nevertheless, environmental
variables such as, altitude and aspect could be important
driver of vegetation composition [20]. Here, we aim to fill
this gap by performing woody species composition analysis
across four sites in Acacia-Commiphora woodland and
bushland ecosystem of Ethiopia (Figure 1).
The Acacia-Commiphora woodland and bushland
ecosystem is located relatively in dry low land areas and lies
between altitudes 900–1900 m a.s.l. and is one of the most
diverse ecosystems identified in Ethiopia [21]. Hence, we
hypothesized that the woody species composition is
dissimilar across spatial and environmental gradients. The
assumption behind this is that the differences in species
specific properties, the variation in habitat suitability and
other ecological processes may cause the changes in species
composition across sites and environmental gradients such
as, altitude and topographic aspects.

2. Materials and Methods
2.1. Study Sites
The study was performed in Liben woreda of Guji zone of
Oromia region, south Ethiopia (Figure 1, 5° 35'–5° 41' N and
39° 29'–39° 34' E, Figure 1). The topography of the study
area is characterized by moderate, undulating land, flat slopes
and lies at 1175–1591 m a.s.l. The vegetation type belongs to
Acacia-Commiphora woodland and bushland ecosystem
which is largely found in dry low land area in the rift valley

region. This ecosystem is mainly dominated by drought
tolerant Acacia and Commiphora tree species. The soil on the
sloppy side of the topography is sandy, reddish brown in
colour but at the lower altitudes with flat areas the soil is
black, alluvial and vertisols where the drainage is impeded.
The area gets mean annual rainfall of between 200-600mm
with bimodal seasons where the main rainfall season is
during April-May and the minor one is in October-November
[21].
2.2. Study Design
Before we started the actual field data collection, we
performed reconnaissance survey to get the overview of the
study area during May 05-08, 2015. On top of this, we used
satellite image in Google Earth to randomly select four sites
(identified as site A, B, C and D) in north-south direction
(Figure 1) having similar structure. In general, a vegetation
study was conducted on a total area of 40.7 km2. The
minimum and maximum distance among sites was 1.27–2.7
km. On each of the four sites selected, one straight line
transect (approx. 2kms) that longitudinally cross through the
vegetation was laid out so as to capture the environmental
gradients by walking using hand-held compass (Figure 1).
Ten quadrates (size: 50 × 50 m each) were laid out along
each transect with about 200 m interval among the quadrates.
Following this method, data was collected from four sites
during 09-18 May, 2015. Moreover, specimens of trees and
shrubs were collected and identified to different taxonomic
levels (genera and species) at the herbarium of Ethiopian
biodiversity institute and Addis Ababa University.

Figure 1. The vegetation assessment sites shown in relation to the relative location in Oromia region Ethiopia. The lines indicated with dots are transects
(approx. each 2kms long) and the dots are the sample plots.
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2.3. Data Collection
The vegetation data including the number of woody plant
species, number of individuals of each species, dbh and total
height were recorded for both trees and shrubs whose dbh
was ≥ 2.5cm. Along with this vegetation data, we also
recorded other environmental variables such as altitude,
topographic aspects of the quadrates, and geographic points
were taken with handheld GPS (Garmin GPSMAP 60CSx)
for each quadrate along each transect. The variation between
the lowest and the highest altitudes of the study area was
416m (1175–1591 m a.s.l.).
2.4. Statistical Analysis
The effect of altitude and aspect on the woody species
richness was tested using the generalized linear mixed effects
model with Poisson distribution using glmer function in
lmer4 package [22]. In the model, altitude and aspect
variables were included in the model as fixed factors while
sites identity were considered as random factors. Here,
altitude was standardized before it was included in the model.
The multivariate methods such as PCA ordination and Adonis
function with permutation 999 (in vegan package) were used
to analyze the dissimilarity in species composition among
sites and the effect of the environmental variables on species
composition. The Adonis function is analogous to
multivariate analysis of variance and uses the dissimilarity
distance matrices [23]. For all the above analysis, R
statistical program (version 3.2.3) was used [24]. To identify
the most common and rare species, the importance value of
each species (Ij) was calculated according to the following
equation [25, 26].
Ij=100(nj/N) + (dj/D) + (xj/X)

(1)
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and 37 (56%) were recorded from site (D). From the total of
66 species 11 species (16.7%) were common to the four
sites, 6 species (9%), 5 species (7.6%), 7 species (10.6%)
and 2 species (3%) respectively were exclusive to each site
(Figure 2). The mean number of species from the four sites
is 38 species of shrubs and tree species. The species
sampling efforts across the four sites (A–D) was shown in
Figure 3. The estimated accumulative number of species
from ten sample plots of each site with 95% confidence
interval does not show a significant variation in sampling
efforts among the four sites (Figure 3). The generalized
mixed effects model showed that the species richness was
significantly differed by aspect (χ2(1, 7) = 17.16, P = 0.012,
Figure 4).

Figure 2. The vain diagram showing the pattern of species composition
among four sites (A–D) in Acacia-Commiphora woodland and bushland
ecosystem. The numbers in the vain diagram indicate the number of species
which are common across sites and also exclusive to each site.

where I j is the importance value of the jth species, nj is the
number of quadrates where the jth species is present, N is
the total number of sampling units, d j is the number of
individuals of the jth species present in sample population,
D is the total number of individuals in sample population
(D_∑dj), xj is the sum of size parameter (generally basal
area or volume) for the jth species, and X is the total size
parameter across all species X _ ∑xj. To illustrate the
species sampling efforts across the four sites (A–D),
species accumulation curve was computed with samplebased incidence within EstimateS program, Version 9.1.0
[27].

3. Results
3.1. Species Richness
Altogether 66 woody species of shrubs and trees that
belong to 26 families were recorded from the four sites (site
A–D) inventoried in Acacia-Commiphora woodland and
bushland ecosystem. Forty six woody species (70%) from
site (A), 38 (57.6%) from site (B), 31 (47%) from site (C)

Figure 3. Species accumulation curve showing the accumulated number
of species across plots with 95% confidence interval for the four sites
(A–D).
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Figure 4. Boxplot showing the number of species in relation to the topographic features, east (E), northeast (NE), northwest (NW), south(S), southeast (SE),
southwest (SW) and west (W) aspects.

3.2. Species Composition
The Adonis analysis denoted that the woody species
composition was dissimilar among the four sites (F (3, 39) =
4.28, P = 0.001). The PCA showed that the environmental
factors such as altitude and aspects explained the variation
among quadrates (Figure 5) indicating the importance of
modelling the species composition in relation to the
environmental gradients or PCA axes. Here, PC 1 and PC 2
accounted for 50.6% and 14% respectively, of the variation
among the quadrates and sites. The aspects such as W, SW,
NW, E, S and altitude explained the variation in the first axis
(PC1) while aspects including N, W and NW explained the
variation in the second axis (PC2).

hereafter), showing common and rare species across sites
was shown in Figure 6. Even if there is no standard for cutoff
values of IVI to decide which species are common and rare,
the five top common tree species in site (A) are Acacia sp2,
Psydrax schimperiana, Commiphora sp and Terminalia
browni with higher IVI (range: 9.2–31.5, Figure 6A), Acacia
sp2, Commiphora gileadensis, Terminalia browni and
Stericulia Africana in site (B) (IVI range: 5.7–8.9, Figure
6B), Grewia bicolor, Acacia sp2, Lannea triphylla, Acacia
tortlis and Commiphora sohaerocarpa in site (C) (IVI range:
5–32, Figure 6C) and Acacia sp2, Comiphora ogadensis,
Haplocoelum foliolosum, kirkia burger and Terminalia
browni in site (D) (IVI range: 8.9–102, Figure 6D). Among
these, Acacia sp2 is one of the commonly found tree species
across all sites (Figure 6). On the other extreme, the most
five rare species had lower IVI of range between 0.2–0.7
(Figure 6A–D).

4. Discussions

Figure 5. PCA plot showing the first and second principal components and
the relative position of the quadrates (black points) in ordination space. The
arrows indicate how the topographic features such as altitude and aspects
are associated with the sample quadrates and the corresponding species
composition across sites.

The result of the important value index analysis (IVI,

The woody species composition in in AcaciaCommiphora woodland and bushland ecosystem was
dissimilar among the sites. Five to thirteen percent of the
recorded species were exclusive to each site (Figure 2). The
dissimilarity in species composition was also depicted by
altitude gradient and topographic aspects (i.e. the direction
to where the slope if facing). This variation could be due to
the different habitat conditions formed by different
topographic features, for example, in moisture availability;
this is most likely since our study ecosystem lies in a low
land area where rainfall is erratic and soil is fragile that may
impact the plant diversity and the corresponding species
composition. In line with this result, the study conducted at
two sites in Nepal found significant variation in woody
species composition between northeast and southwest
facing slopes [28]. This pattern may also indicate the
indirect impact of altitudinal gradients and topographic
aspects on the species composition by limiting the habitat
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quality and suitability such as soil fertility, precipitation and
temperature to support the vegetation which thereby shape
the spatial structure of the community assemblages [29–33,
11]. Moreover, our study is in congruent with the findings
of the previous studies [33–36] that indicated the effect of
altitude gradient on species composition. Here, the species
composition may be determined by the ecological processes
such as environmental filters, biotic interactions and species
specific neutral mechanism properties such as dispersal
limitation [20, 30, 37, 38]. Specifically, the variation in
edaphic and microclimatic factors across spatial scales,
altitude gradient and the topographic aspects differently
affect the species adaptability and thereby the composition
structure and distribution as this was also found by the
previous findings from China and South Africa [11, 12, 35].
In line with this, our results pointed out that the majority of
the rare species are specific to each site that may attribute
towards the heterogeneities in species composition among
these sites. For example, Olea europea is the rare species in
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sites (A) but it is not even recoded in sites (B–D, Figure 6).
In this case, it is only Acacia sp2 tree species which was
found to be the common one across these four sites (A–D,
Figure 6). These results emphasize that the conservation
system that targets each specific species is vital since
conserving only the ecosystem at large scale may not be
adequate to support the conservation of the rare/threatened
species in the system [7, 39]. This notion could also work
for other mobile organisms such as, bird and insect
pollinator communities in which the conservation of
ecosystem as a system would also consider the
rare/threatened species [40, 41]. In general, our study
indicates the importance of exploring the species
composition in relation to the spatial and environmental
gradients to identify the appropriate conservation approach
and correspondingly set conservation priority that fits to
each site and species characteristics in Acacia-Commiphora
woodland ecosystem.

Figure 6. The most abundant (IVI ≥ 3.1) and rare (IVI ≤ 0.66) woody plant species were shown across the four study sites (A–D).

5. Conclusion
The present study underscores that the woody species
composition exhibits dissimilarity among the sites, altitudinal
gradient and topographic aspects in Acacia-Commiphora
woodland ecosystem. The majority of the rare species are
specific to each site, for example, Olea europea is the rare
species specific to site (A) but was not recorded in the rest of
the study sites. These results demonstrates that the composition

of woody species can better be understood if the vegetation
analysis is performed beyond the local scale. Overall, our
results accentuate the vitality of the conservation approach that
considers both the whole system at large scale and the specific
species since conserving solely the whole system may not
necessarily mean mean that the rare and threatened species are
conserved. Nevertheless, identifying the biotic processes
determining the woody species composition among sites in the
ecosystem envisages further studies.
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