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Abstract: Understanding plant species distribution across ecosystems is fundamental for designing conservation
mechanisms at different ecological scales. Here, the aim of this study is to examine the pattern of plant species richness,
unique/restricted, endemic and threatened species across eleven vegetation ecosystems of Ethiopia. The species data were
compiled from the atlas of the potential vegetation of Ethiopia that describes the plant species by ecosystems and elevational
gradients. Moreover, the data on threatened species was collated from the Red List Endemic Trees and Shrubs of Ethiopia and
Eritrea. The comparative patterns of these different characteristic species were analyzed using descriptive statistics. Moreover,
the relationship between the ecosystem characteristic species richness vs. species unique to each ecosystems; ecosystem
characteristic species richness vs. species common to ecosystems; ecosystem characteristic species richness vs. species unique
to each ecosystems and species unique to each ecosystems vs. endemic species richness across ecosystems was tested with
Pearson’s correlation using R statistical program. The results showed that the Acacia-Commiphora woodland bushland
ecosystem is comprised of the higher number of species (i.e., 37% of the total ecosystem characteristic species), while in
contrast, the Afroalpine belt and Wooded grassland of the western Gambela region ecosystems had lower species richness (i.e.,
1.4-1.5%) when compared with the other ecosystems. Dry evergreen Afromontane forest and grassland complex ecosystem is
composed of the higher number of species that are common to the majority of other ecosystems, but Desert and semi-desert
scrubland does not have any species which are common to other ecosystems. The number of ecosystem characteristic species,
endemic and threatened species are higher in Acacia-Commiphora woodland bushland ecosystems and the majority are found
in Euphorbiaceae and Fabaceae families. Moreover, the ecosystem characteristic species richness in general and of endemic in
particular took hump-shaped pattern where the number of species was higher at “mid altitude”. These different patterns may
indicate that conserving the whole system only at mega scale may not necessarily mean that the rare/unique, endemic and
threatened species are conserved. Therefore, the overall results emphasize the importance of understanding the ecological
processes in each ecosystem and the corresponding species specific properties to plan and design conservation system
following either ecosystem approach or multiple spatial scales.
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ecosystems in the tropical regions, the understanding of the
spatial pattern and extent of change in species distribution is
inadequate [6].

Even though the vegetation is heterogeneously distributed
across spatial scales and environmental gradients [5, 4, 7, 2],
most of the previous studies undertaken on vegetation
ecosystems so far have focused on the diversity of a certain
locality or site mainly in understudied tropical regions [8, 9].
For example, in Ethiopia, many of the earlier studies
described vegetation structure only at local scale and lack

1. Introduction

Understanding the spatial patterns of species distribution is
one of the major components in conservation planning
mainly under the currently prevailing climate change [1-4].
With this respect, some areas are comprised of enormous
diversity, the other extreme areas are devoid of vegetation
while most lie in between teemed with intermediate species
diversity [5]. Despite there is high diversity of vegetation
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explorations across spatial scales [10-15]. Here, the aim of
this study is to fill the existing gap by analyzing the patterns
of the diversity of characteristic species, endemic and
threatened species across the vegetation ecosystems and
elevational gradients of Ethiopia.

The ecosystems in Ethiopia were characterized based on
the potential natural vegetation types. These vegetation types
are in turn dependent on several factors such as, topographic
features (i.e., altitudinal variation and aspect), climate (i.e.,
precipitation and temperature), geology and soil conditions.
The ecosystems in Ethiopia has been described by several
authors and previously reported as there are ten (10)
ecosystems [16, 18]. However, following similar approach,
[17] has recently revised the previous classifications into the
following 12 major ecosystem types. (1) Afroalpine belt
(AA): is found in areas of highest mountains that peak
approximately above an altitude of 3200 m a. s. 1., (2)
Ericaceous belt (EB): is found adjacent to Afroalpine belt
ecosystem in most of the higher mountains in Ethiopia
between the altitudinal range of 3000-3200m a. s. L, (3)
Transitional rain forest ecosystem (TRF): is found adjacent to
Moist evergreen Afromontane forest ecosystem in southwest
Ethiopia, (4) Moist evergreen Afromontane forest (MAF): is
characterized by closed strata that may reach to the height of
30 to 40m and where wild coffee is found within the
altitudinal range of between 1500-3000m a. s. 1. and in areas
receiving an annual rainfall between 700-2000mm, (5) Dry
evergreen Afromontane forest and grassland complex (DAF):
this represents the largest and complex ecosystem in Ethiopia
and found in different regions of the country between the
altitudes of 1800-3000m, (6) Combretum-Terminalia
woodland and wooded grassland (CTW): comprises fairly
large sized deciduous trees and grasses and is widely found
in lowland areas and western escarpments of Ethiopia, (7)
Wooded grassland of the western Gambela region (WGGQG): is
characterized by a tall grass stratum, herbaceous flora, grass
species and different acacia species, (8) Acacia-Commiphora
woodland bushland (ACB): is found in dry lowland areas of
eastern, southern part of Ethiopia and to the east of the
highlands in the Rift Valley, (9) Desert and semi-desert
scrubland (DSS): here the vegetation cover is scarce and
comprises mainly drought tolerant species. Some areas are
bare, for example, the salt pans in the Danakil depression
lying below 400m a. s. 1. altitude in eastern Ethiopia, (10)
Riverine vegetation (RV): big rivers and their tributaries form
the drainage systems and in areas where altitude is
approximately below 1800m a. s. 1. these rivers have riverine
forests, (11) Freshwater lakes, lake shores, marsh and
floodplain (FLV): the major fresh water lakes include Lake
Tana, Lake Ashange, Lake Langano, Lake Ziway, Lake
Awasa, Lake Abaya and Chamo and Turkana and (12) Salt
lakes, salt-lake shores, marsh and pan vegetation (SLV): is
represented by salt tolerant species. The salt lakes in Ethiopia
are Lake Asale in Danakil depression of Afar region, Lake
Abe, lake Afderera, Lake Abijata and Lake Matahara
(Basaka).

2. Material and Methods
2.1. Study Areas

Ethiopia is located in horn of Africa extending between 3°—
15°N latitudes and 33°— 48°E longitudes. Its area is about 1.13
million square kilometers. Even though Ethiopia is a land
locked country, it is called a “Water Tower” for many of the
east African countries because of the complex land forms with
continuous mountain massifs in eastern and western highlands
and the presence of several rivers form watershed between
Mediterranean and Indian oceans [19]. The eastern and
western highlands are separated by the rift valley that runs
from northeast (from Red sea) to southwest through central
Ethiopia. The topographic feature of Ethiopia is complex-
rugged and has wide altitudinal variation of between 125m
below sea level at Afar depression and peaks to 4533m a. s. 1.
at Ras Dashen Mountain. The continued occurrence of the
volcanic activity on highlands and throughout the rift valley
region has formed different soil types. The soils in Ethiopia are
mosaic types, complex in nature and are associated with the
different topographic features.

The two main topographic factors that govern the climate
of Ethiopia are the proximity to the Equator in the southern
border and the complexity of the topography [17]. The
variation in topography and altitude has induced the
variability in seasons and climatic conditions across Ethiopia.
In line with these variations, precipitation also wvaries,
highland and cold areas receive higher precipitation while
lowland and desert or hot areas get meager rainfall. The
spatial rainfall pattern in the country varies from, unimodal
where areas get rainfall during the main rainfall season only
once in a year between June-August), bimodal where the
areas get main rainfall and also short rainfall during March-
April and, to some areas where the rainfall occurs throughout
the year. These variants have endowed the country to have
exclusively diverse ecosystems which comprised of high
flora and fauna diversity. Ethiopia is one of the top 25
biodiversity-rich countries in the world [21], and hosts two of
the world’s 34 biodiversity hotspots, namely, the Eastern
Afromontane and the Horn of Africa hotspots. It is also
among the countries in the Horn of Africa recognized as the
center of diversity and endemism for several plant species.
The so far known higher plants in Ethiopia are 6000 species
of which 10% are endemic [22]. However, since the
vegetation description is not yet exhaustive in the country,
new native and endemic plants are described every time.
Among these higher plant species, woody plants constitute
about 1000 species [23]. The natural vegetation is classified
into 12 major vegetation ecosystems [23, Figure 1]. Forests
form the major types of vegetation ecosystems and thus
conservation of forest genetic resources is among the priority
areas of biodiversity conservation in Ethiopia. About 56.9
million hectares (15% of the area of Ethiopia) is occupied by
natural, woodland, grasslands and plantation forests [24, 25].
These forests are depositories and gene pools for high
diversity of wild plants such as, coffee and wild relatives of
domesticated plants.
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Source: Friis et al. (2010), used with online permission using the link of https://ecodiv.earth/projects/vegetation_ethiopia/).

Figure 1. Map of the potential vegetation ecosystems of Ethiopia.

2.2. Data Collection

The twelfth ecosystem, Salt lakes, salt-lake shores, marsh
and pan (SLV), was deliberately excluded from this study
since the characteristic species are mostly bryophytes and is
devoid of vegetation except the presence of few salt tolerant
species. Hence, the data of characteristic species of the
eleven vegetation ecosystems that were published in Atlas of
potential vegetation ecosystems of Ethiopia [17] were
collected and compiled for data analysis on the distribution
of species by ecosystems and altitudinal gradients. Moreover,
the data on IUCN red lists of the endemic plants of Ethiopia
were used from the book of The Red List Endemic Trees and
Shrubs of Ethiopia and Eritrea [26]. The map produced by
[17] for vegetation ecosystems was obtained with online
permission using the link of
https://ecodiv.earth/projects/vegetation_ethiopia/. Moreover,
the information on the forest genetic resources conservation
efforts was collated from the unpublished technical reports of
Ethiopia biodiversity institute (EBI) of 2016.

2.3. Statistical Analysis

We analyzed the comparative pattern of characteristic
species across the eleven ecosystems such as species
richness, species shared/common to different ecosystems,
species specific/ unique to each ecosystems, endemic
species across ecosystems using descriptive statistics.

Moreover, the relationship between the ecosystem
characteristic species richness vs. species specific/unique to
each ecosystems; ecosystem characteristic species richness
vs. shared/common species among ecosystems; ecosystem
characteristic species richness vs. species/unique specific to
each ecosystems and species specific/unique to each
ecosystems vs. endemic species richness across ecosystems
was tested with Pearson’s correlation using R statistical
program [version 3.2.5, 27].

3. Results

3.1. General Ecosystem Characteristic Species Richness

Altogether, about 773 flora species (belong to 124
families) that characterize eleven vegetation ecosystems were
compiled from the atlas of potential vegetation of Ethiopia.
The ACB ecosystem is comprised of the higher number of
species (i.e., 37% of the total ecosystem characteristic
species), while in contrast, the AA and WGG ecosystems had
lower species richness (i.e., 1.4—1.5%) when compared with
the other ecosystems (Figure 2A). The DAF and MAF
ecosystems share the higher proportion of species (36%, 33%
respectively), FLV shares lower proportion (0.88%), but DSS
does not have any species in common with other ecosystems
(Figure 2B).
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Figure 2. The proportion of the ecosystem characteristic species and shared/common species among ecosystems.

The life form that consists of the higher proportion of the total species is tree (38%), followed by shrub (32.7%) and herbs
(14.9%), while, the least life forms found are liana and geophytes (i.e., < 0.4 % by proportion, Figure 3).

Figure 3. The ecosystem characteristic species richness by life forms.

The richest families in number of species (n217) in descending order are Euphorbiaceae, Fabaceae, Burseraceae,
Acanthaceae and Convolvulaceae (Table 1). And most of these richest families are found in ACB ecosystem.

Table 1. The families that are the richest in species (n 217) in relation to ecosystems and the numbers in parenthesis indicates the number of species in

respective families.

Families and list of species

Ecosystem

Acanthaceae Burseraceae Convolvulaceae Euphorbiaceae Fabaceae
ACB (17) 31) (17) (42) (40)
Anisotes involucratus Boswellia microphylla Astripomoea nogalensis Bridelia cathartica Acacia albida

Anisotes tanensis

Anisotes trisulcus

Asystasia excellens
Crossandra infundibuliformis
Ecbolium boranense
Ecbolium gymnostachyum
Ichtyostoma thulinii

Justicia grisea

Boswellia neglecta
Commiphora alaticaulis
Commiphora albiflora
Commiphora ancistrophora
Commiphora boiviniana
Commiphora boranensis
Commiphora ciliata

Commiphora compestris

Cladostigma hildebrandtioides
Cladostigma nigistiae
Hildebrandtia africana
Hildebrandtia aloysii
Hildebrandtia diredawensis
Hildebrandtia obcordata
Hildebrandtia puberula
Hildebrandtia sepalosa

Cephalocroton cordofanus
Croton dichogamus
Croton meynhartii

Croton schimperianus
Croton somalense
Euphorbia adjurana
Euphorbia awashensis

Euphorbia betulicortex

Acacia bussi

Acacia condyloclada
Acacia drepanolobuim
Acacia etbaica
Acacia etbaica
Acacia goetzei
Acacia hamulosa

Acacia hamulosa
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Families and list of species

Ecosystem
Acanthaceae Burseraceae Convolvulaceae Euphorbiaceae Fabaceae
Justicia phillpsiae Commiphora confusa Ipomoea chrysosperma Euphorbia breviarticulata Acacia nilotica
Justicia potamopila Commiphora coronillifolia Ipomoea cicatricosa Euphorbia burenensis Acacia ogadensis
Justicia rendlei Commiphora corrugata Ipomoea citrina Euphorbia burgeri Acacia paolii
Megalochlamys violacea Commiphora cyclophylla Ipomoea kituiensis Euphorbia cryptocaulis Acacia prasinata
Ruellia discifolia Commiphora ellenbeckii Ipomoea marmorata Euphorbia cryptospinosa Acacia reficiens
Ruspolia hypocrateriformis Commiphora gowello Ipomoea pogonantha Euphorbia cuneata Acacia senegal
Satanocrater parudoxus Commiphora hildebrandtii Ipomoea somalica Euphorbia dalettiensis Acacia seyal
Satanocrater somalensis Commiphora hodal Ipomoea spathulata Euphorbia erlangeri Acacia tortilis
Commiphora horrida Euphorbia gymnocalycioides  Acacia zizyphispina
Commiphora mildbraedii Euphorbia jatrophoides Bauhinia ellenbeckii
Commiphora monoica Euphorbia kelleri Caesalpinia dauensis
Commiphora myrrha Euphorbia longispina Caesalpinia oligophylla
Commiphora obovata Euphorbia migiurtinorum Caesalpinia trothae
Commiphora ogadensis Euphorbia monacantha Cordyla somalensis
Commiphora quadricincta Euphorbia nigrispina Craibia brevicaudata
Commiphora rostrata Euphorbia nigrispinioides Dalbergia commiphoroides
Commiphora serrulata Euphorbia omariana Dalbergia microphylla
Commiphora sphaerophylla Euphorbia piscidermis Delonix baccal
Commiphora tenuis Euphorbia robecchii Dichrostachys kirkii
Commiphora terebinthina Euphorbia schefferi Dicraeopetalum stipulare
Commiphora truncata Euphorbia sebsebei Entada leptostachya
Commiphora tubuk Euphorbia somalensis Erythrina burana
Euphorbia tescorum Erythrina melanacantha
Euphorbia uniglans Indigofera binderi
Flueggea leucopyrus Indigofera curvirostrata
Givotia gosai Indigofera lupatana
Jatropha dichtar Indigofera macrantha
Jatropha ellenbeckii Ormocarpum muricatum
Jatropha quercifolia Ormocarpum
trachycarpum
Jatropha rivae Platycelyphium voense
Phyllanthus borenensis Senna baccarinii
Phyllanthus hildebrandtii
CTW (18)
Abrus precatorius

Acacia amythetophylla
Acacia gerrardii
Acacia hecatophylla
Acacia hockii
Dalbergia melanoxylon
Dichrostachys cinerea
Entada africana

Entada venenifica
Indigofera garckeana
Lonchocarpus laxiflorus
Mucuna stans
Ormocarpum pubescens
Piliostigma thonningii
Pterocarpus lucens
Senna singueana
Tamarindus indica

Taverniera schimperi
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Figure 4. The hump-shaped pattern of the richness of the ecosystem characteristic species in relation to altitudinal gradient.

3.2. Specific/Unique Species to Each Ecosystem

The species specific/unique to an ecosystem was higher in
ACB ecosystem (42%) while it was lower in WGG (0.96%)
when compared with the total number of species specific to
each ecosystem (Figure 5). The number of species specific to
each ecosystems was strongly and positively correlated with
the ecosystems characteristic species richness (r = 0.99)
where the proportion of species which are specific to each
ecosystem increased with increasing the proportion of
species richness across ecosystems (R* = 0.97, P<0.001,
Figure 6A).

Figure 5. The proportion of unique/specific species richness across ecosystems.

Figure 6. The Pearson’s correlation between the proportion of ecosystem characteristic species richness vs. unique species, unique species vs. endemic
species, and ecosystem characteristic species vs. endemic species.
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3.3. Endemic Species Across Ecosystems

The number of endemic species was higher in ACB (34%),
but no endemic species was recorded in FLV and WGG
ecosystems (Figure 7). The proportion of endemic species
across ecosystems and the proportion of species which are
specific to each ecosystem also had a strong positive
correlation (r = 0.88); the proportion of endemic species
increased with increasing proportion of species which are
specific to each ecosystems (R* = 0.78, P<0.001, Figure 6B).
Moreover, the proportion of endemic species was strongly
and positively correlated with the proportion of the
ecosystem characteristic species richness (r = 0.89) and here
the proportion of endemic species was increasing as the
proportion of the ecosystem characteristic species richness
increases (R* = 0.80, P<0.001, Figure 6C).

Figure 7. The proportion of endemic species richness across ecosystems.

The pattern of endemic plants species richness across
altitudinal gradient was found to be higher at approximately
mid altitude and then decreases with increasing altitude to
3200 m and again showed increasing trend beyond the
altitude of 3200m (Figure 8).

Figure 8. The pattern of the endemic species richness in relation to
altitudinal gradient.

3.4. Threatened Species Across Ecosystems

The ACB ecosystem comprises the higher number of the
plant species that were characterized under the different
IUCN red list categories. For example, the number of
species that are under critically endangered, endangered and
vulnerable are higher in ACB when compared with other
ecosystems (Figure 9). In RV and TRF ecosystems, no plant
species was characterized under critically endangered and
near threatened (Figure 9). The higher number of species
that were threatened are found in the families of Fabaceae
and Euphorbiaceae in DAF and ACB ecosystems (Table 2).
Although the conservation efforts are so meager when
compared with the diversity of ecosystems in the country
and the number of in-situ conservation sites established is
higher in DAF but relatively lower in ACB ecosystem
(Figure 10).

uVulnerable

65 = Near threatened
60 mLeast concem
55

50 = Endangerad

45 e u Critically endangered

No. of species
(9]
(5]

AA ACB CTW DAF DSS EB MAF RV TRF

Ecosystems

Figure 9. The pattern of the number of species in relation to the IUCN
threatened category across ecosystems.

In total, until 2016, in-situ conservation sites were
established by EBI only in five ecosystems out of the twelve
in the country (Figure 10).

Figure 10. The number of in-situ sites established until 2016 by ecosystems.
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Table 2. The families comprising the larger number of threatened/endangered species (n=3) in relation to the ecosystems and the numbers in parenthesis stand
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for the number of species in respective families.

Ecosystems of Ethiopia

Families and list of species

Ecosystems
Asteraceae Euphorbiaceae Fabaceae
AA 4)
Euryops pinifolius
Helichrysum horridum
Crotalaria exaltata
Indigofera ellenbeckii
EB 3)
Crotalaria agatiflora
Crotalaria exaltata
Indigofera ellenbeckii
MAF 4) 3)
Echinops ellenbeckii Crotalaria intonsa
Helichrysum elephantinum Crotalaria sacculata
Stomatanthes meyeri Sesbania melanocaulis
Vernonia tewoldei
DAF 4) (17)
Maytenus addat Acacia bavazzanoi
Maytenus harenensis Stomatanthes meyeri
Maytenus parviflora Acacia negrii
Maytenus serrata Acacia venosa
Argyrolobium schimperianum
Crotalaria agatiflora
Crotalaria exaltata
Crotalaria intonsa
Crotalaria rosenii
Indigofera ellenbeckii
Indigofera rothii
Kotschya recurvifolia
Taverniera abyssinica
Taverniera schimperi
Tephrosia dichroocarpa
Sesbania melanocaulis
Vigna debanensis
ACB @) (14) (11
Blepharispermum obovatum Euphorbia baleensis Acacia bricchettiana
Kleinia gypsophila Euphorbia betulicortex Acacia prasinata
Kleinia negrii Euphorbia burgeri Acacia pseudonigrescens
Phagnalon quartinianum Euphorbia dalettiensis Crotalaria sacculata
Pseudoblepharispermum bremeri Euphorbia doloensis Erythrina burana
Vernonia dalettiensis Euphorbia ellenbeckii Indigofera kelleri
Vernonia tewoldei Euphorbia nigrispinioides Kotschya recurvifolia
Euphorbia ogadenensis Rhynchosia erlangeri
Euphorbia somalensis Rhynchosia erythraea
Euphorbia tetracantha Taverniera abyssinica
Euphorbia uniglans Taverniera schimperi
Phyllanthus borenensis
Tragia abortiva
Tragia negeliensis
CTW 3) “4)
Bothriocline schimperi Acalypha marissima
Vernonia cylindrica Phyllanthus dewildiorum
Vinonia thulinii Phyllanthus limmuensis
Tragia abortiva
DSS (7 ®)

Erythrococca uniflora
Euphorbia doloensis
Euphorbia ellenbeckii
Euphorbia fissispina
Euphorbia ogadenensis
Monadenium shebeliensis

Phyllanthus borenensis

Acacia bricchettiana
Acacia prasinata

Acacia pseudonigrescens
Indigofera curvirostrata

Indigofera kelleri
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4. Discussions

The ecosystem characteristic species richness and
distribution is dissimilar across vegetation ecosystems
(Figure 2). The contribution of trees, shrubs and herbs to the
ecosystem characteristic species richness is higher when
compared with other plant life forms such as, succulents,
grasses, climber, liana, epiphytes and geophytes (Figure 3).

The endemic species richness is higher across ecosystems
where there is higher richness in characteristic species and
higher richness of species specific or unique to each
ecosystem (Figure 2, 5 & 7). However, no such pattern was
found where there is higher number of species that are shared
or common to other ecosystems. For example, when
compared with other ecosystems, DAF and MAF ecosystems
had higher species richness that are common/shared, but they
comprised of lower number of species that are endemic and
unique to each ecosystem (Figure 2B, 5 & 7). DSS ecosystem
had lower species richness and also does not share any
species with other ecosystems. Although DSS, FLV and
WGG ecosystems are similar by having lower characteristic
species richness and unique species, FLV and WGG do not
have endemic plant species (Figure 2A, 5 & 7). Surprisingly,
the endemic species richness was found to be higher in AA
ecosystem despite the ecosystem characteristic species
richness, unique species and the shared species are lower
when compared with most of the other ecosystems (Figure
7). Such pattern may be related to the effect of altitudinal
gradient since AA ecosystem mainly covers the higher
altitudes where the number of endemic species leveled off
between 3000-3200m but increased starting from the
elevation of 3200m (Figure 7). However, still the highest
richness in characteristic and endemic species was found
between the altitudes of 400-1800m (Figure 4 & 8). This
result is in congruent with the previous studies that denoted
that the endemism shows inconsistent pattern with the
variation along altitudinal gradient despite the general pattern
in the tropics is hump-shaped and the endemic plant species
richness reaches maxima at mid altitudes-the range of mid
altitude varies among studies from different regions [28, 29].
These results indicate that altitude could be one of the factors
determining plant distribution and species composition in
tropical region [30, 31]. In this connection, the ecosystems
vary in several environmental variables mainly in altitude,
edaphic and the corresponding precipitation, temperature and
other topographic features such as slope and aspects where
the cumulative effect of which may either directly or
indirectly influence the spatial distribution of plants.
Moreover, the variation in species specific characteristic such
as, dispersal range, spatial population structure, adaptive
variation and competitive ability in interaction with the
historical ecological processes, climatic filters and
anthropogenic effects may influence the general distribution
of plants and endemism [28, 32]. The species which are
found common to different ecosystems are the ones which
have wider adaptive ability and hence may also better adapt

to the currently prevailing climate change when compared
with those species which are restricted to each specific
ecosystem.

In part, the impact of spatial population structure and
disturbance on plant distribution can be evidenced by the
pattern that though ACB ecosystem had higher proportion of
characteristic species, unique and endemic species, it at the
same time also is comprised of higher proportion of species
that were critically endangered, endangered and vulnerable
(Figure 2A & 9). Of course, the dissimilarity in species
diversity not only occurs among ecosystems, but also can be
observed spatially within an ecosystem due to the variation in
biotic interactions and species specific dispersal ability [33—
36]. Moreover, the variation in edaphic and microclimatic
factors across spatial scales, altitude gradients and in
topographic aspects differently affect the species adaptability,
species composition and distribution structure as also found
by the previous findings from China and South Africa [37, 6,
38]. This variation could be related to the impact of different
habitat conditions such as, moisture availability, formed by
different topographic features on spatial plant distribution.

The proportion of the plants species that were
characterized under different IUCN red lists apparently vary
across ecosystems (Figure 9) which could be due to the
differences in anthropogenic impacts and changes in climatic
conditions. For instance, from all vegetation ecosystems
present in Ethiopia, DAF is the most disturbed and exploited
ecosystem [17] and as a result, next to ACB, DAF has higher
proportion of species that were described under IUCN red list
categories (Figure 9). Moreover, the families such as,
Euphorbiaceae and Fabaceae are the most rich in number of
species and at the same time are comprised of the higher
number of endangered species in DAF and ACB ecosystems.
Presumably, this variation in level of disturbance might have
mediated the conservation efforts on forest genetic resources
to be relatively skewed to these ecosystems (Figure 10).
These results emphasize that the conservation system that
targets each specific species is vital since conserving only the
whole ecosystems at mega scale may not be adequate to
conserve the rare/threatened species in the system [39, 40].
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 [41]. In general, the present study
indicates the importance of exploring the species
composition in relation to the spatial and environmental
gradients with respective to the prevailing ecological
processes specific to each ecosystem to identify the
appropriate conservation approach and correspondingly set
conservation priority that fits to each characteristic species
across ecosystems.

5. Conclusion

The present study accentuates that the plant species
richness, distribution, uniqueness, endemism and threatened
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species exhibit dissimilarity among ecosystems and
altitudinal gradients. Here, some species are restricted or
specific to a particular ecosystem while others, on the
contrary, share/are common to different ecosystems that
differ in ecological variables. Elevational pattern of the
ecosystem characteristic species richness also showed a
hump-shaped pattern. The cumulative effect of
environmental variation (e.g. altitude, edaphic and climatic
filters: precipitation and temperature, slope and topographic
aspects), the anthropogenic effects and the variation in
species specific properties (i.e., dispersal range, spatial
population structure, adaptive and competitive ability) may
differently influence the spatial distribution of plants,
endemism and whether threatened or not across ecosystems.
However, the species which are common to different
ecosystems could have wider adaptability and better
withstand the currently prevailing climate change when
compared with those species which are restricted to each
specific ecosystem. These different patterns may indicate
that conserving the whole system only at mega scale may
not necessarily mean that the rare/unique and threatened
species are conserved. Therefore, the overall results
emphasize the importance of understanding the ecological
processes in each specific ecosystem and the corresponding
species specific properties to plan and design conservation
system following either ecosystem approach or multiple
spatial scales.
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