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families, Asteraceae (29 species) and Lamiaceae (eight 
species) accounted for 30% of the total number of species. 
The highest number of species (54%) was herbs. Four major 
community types (viz., Olinia rochetiana-Myrsine melano-
phloeos, Ilex mitis-Galiniera saxifraga, Erica arborea-Pro-
tea gaguedi, and Hagenia abyssinica-Juniperus procera) 
were identified. The highest species richness, evenness, 
diversity, and importance value index were in community 
types 2 and 4. About 82% of the species and all endemic taxa 
except five were recorded in these two community types. 
The most dominant woody species were O. rochetiana, E. 
arborea, Olea europaea subsp. cuspidata, Myrica salicifo-
lia, I. mitis var. mitis, and H. abyssinica with different pat-
terns of population structure. The results show that there was 
a weak correlation between species richness and altitude. 
Our findings confirm that environmental variables both with 
interactions (such as altitude) and without interactions (such 
as livestock grazing) significantly (p < 0.05) affect species 
richness. Anthropogenic activities and overgrazing by live-
stock appear to be the main threat in community types 2 
and 3. Urgent management practices and conservation meas-
ures such as prohibiting forest clearing and overgrazing and 
planting indigenous trees through community participation 
should be considered in community types that are rich in 
endemic species but are highly threatened.

Keywords Endemic species · Environmental gradient · 
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Introduction

Forests are a valuable natural resource that can provide 
several ecosystem services, including carbon storage, soil 

Abstract Dry evergreen montane forests in Ethiopia are 
severely threatened. The status of species composition and 
structure of forest vegetation are important indicators to 
understand the trends of threats on local plant communities. 
In the present study, we examined the floristic composition 
and structure of the Kibate Forest, Wonchi Highland, Ethio-
pia along environmental gradients. Sixty-six (30 m × 30 m) 
plots were established every 100 m interval along altitu-
dinal gradients (2811‒3073 m a.s.l.) in five transect lines 
for vegetation and environmental data collection. In total, 
125 vascular plant species belonging to 104 genera and 
52 families were identified. Eighteen species (14%) were 
endemic to Ethiopia and Eritrea. The two most dominant 
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preservation, nutrient cycling, and habitat to diverse spe-
cies, and provide important socio-economic and cultural 
benefits (van Breugel et al. 2011; Kent 2012; RBG Kew 
2016). Ethiopia is a hotspot of biodiversity due to its great 
variety of forest types (EBI 2014). However, dry evergreen 
montane forests are severely threatened due to the expansion 
of agriculture, overgrazing by livestock, and ineffective man-
agement (Getahun 2018). Accordingly, the current status of 
species composition and structure of these forests are impor-
tant indicators to understanding the trends of threats on local 
plant communities (Lykke 1998; Chiarucci et al. 2011; Kent 
2012; Longa et al. 2020). Plant species richness and abun-
dance distribution vary along wide altitudinal gradients, 
either in a monotonic or hump-shaped pattern (Stevens 
1992; Rahbek 1995). The decrease in species richness with 
increasing altitude seems to be a general pattern (Rahbek 
1995; Didita et al. 2010; Dibaba et al. 2014; Berhanu et al. 
2016; Pandey et al. 2016; Girma et al. 2018). According to 
Rahbek (1995), the variation of species richness with eleva-
tion might be connected to reduced temperatures and pre-
cipitation, area, and mountain slopes and the assumed cor-
responding reduction in productivity. However, the highest 
community diversity and species richness per hectare were 
reported at relatively high altitudes (2359‒3078 m a.s.l.) 
(Meragiaw et al. 2018). Similar results have been reported 
elsewhere in Ethiopia (Mekonnen 2009; Adugna 2010) and 
for tree species in China (Zhang et al. 2016). However, other 
studies conducted in the southwestern Ethiopian highlands 
showed that species richness did not show a strong response 
to wide altitudinal gradients (1000‒3000 m a.s.l.) (Desalegn 
and Beierkuhnlein 2010). These studies indicate a lack of 
consensus about the relationship between species richness 
and altitude.

According to Jamil (2012) and Dorji et al. (2014), the 
relationships of species richness and environmental vari-
ables are stronger in the interaction between variables than 
in variables without interaction. Generally, the interaction 
between physical environmental variables such as altitude, 
slope, and anthropogenic factors, including human distur-
bance and grazing by livestock, could control and shape 
floristic composition and diversity (Stevens1992; Rahbek 
1995; Hadera 2000; Soromessa et al. 2004; Jamil 2012; Lee 
et al. 2012; Zhang et al. 2016; Girma et al. 2018; Mera-
giaw et al. 2018). With its diverse climatic conditions and 
wide range of ecological types, Ethiopia is a major center of 
plant diversity and endemism (Kelbessa et al. 1992; WCMC 
1992; Vivero et al. 2006; Friis et al. 2010). Accordingly, the 
Flora of Ethiopia and Eritrea is diverse, with about 6500 to 
7000 higher plant species, of which about 12% are endemic 
(WCMC 1992; Hedberg et al. 2009). However, many rare 
species are increasingly threatened by habitat loss and deg-
radation (Vivero et al. 2006).

According to the International Union for Conservation 
of Nature (IUCN) Red List, about 21% of global plant spe-
cies are currently threatened with extinction. In the tropics, 
the destruction of forests due to ever-increasing anthropo-
genic influences was identified as the main threat to 85% 
of threatened species (IUCN 2015; RBG Kew 2016). Like-
wise, the remnant natural forest cover of Ethiopia has been 
decreasing over time due to various forms of anthropo-
genic- induced pressures (Didita et al. 2010; van Breugel 
et al. 2011; Gashaw et al. 2015). Expansion of agricultural 
land, overgrazing by livestock, and selective tree felling for 
charcoal, fire-wood, and construction are some of the anthro-
pogenic factors (WCMC 1992; Hadera 2000; Desalegn and 
Beierkuhlein 2010; Meragiaw et al. 2018). Generally, many 
researchers agree that disturbances to natural vegetation is 
a complex interaction of both natural and anthropogenic 
factors that govern the distribution of species abundance 
(Desalegn and Beierkuhlein 2010; Sunil et al. 2017; Mera-
giaw et al. 2018).

Understanding the patterns of plant species distribution 
and factors influencing them is a fundamental precondition 
for effective conservation of biodiversity (Magurran 2004; 
Lee et al. 2012; Sosef et al. 2017). Despite the present high 
rate of deforestation in Ethiopia (Moges et al. 2010), the 
remnant forests are still considered rich, both in species 
diversity and endemism (Kelbessa et al. 1992; Vivero et al. 
2006; Hedberg et al. 2009; Friis et al. 2010; Meragiaw et al. 
2018). A study on the remnant forest patches of Ethiopia is 
thus urgently needed as baseline information for ensuring 
sustainable use of natural vegetation, its conservation, and 
ecological management practices. However, baseline infor-
mation on the status of floristic composition and structure is 
still lacking in some dry evergreen forests in general and for 
the Kibate Forest vegetation in particular. Investigation of 
the floristic composition and structure of the Kibate Forest 
along environmental gradients was conducted to address the 
following questions: (1) What are the main plant community 
types and do they vary in composition and diversity, i.e., in 
species richness, evenness, endemism, and dominance? (2) 
What does the vegetation structure look like? (3) How do 
anthropogenic and physical environmental gradients affect 
species richness? and, (4) What are the major threats to the 
Forest? To answer these questions, the following specific 
objectives of this study were formulated. These were to: (1) 
identify the main plant community types by species richness, 
evenness, endemism, diversity, and similarity (Sorensen’s) 
and comparison among the community types; (2) examine 
the vegetation structure using frequency, importance value 
index, population distribution pattern, and species domi-
nance; (3) assess the relationship between species richness 
with environmental and anthropogenic factors, without 
the interaction of variables and with interactions between 
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variables; and, (4) investigate the major threats to the Kibate 
Forest and suggest possible management practices.

Materials and methods

Description of the study area

The study was conducted in the Kibate Forest 155 km south-
west of Addis Ababa in Wonchi District, characterized by 
the Wonchi Crater Lake. Wonchi is found in the southwest 
Shewa Zone of Oromia Regional State (Fig. 1). Kibate For-
est is a small forest patch that covers 450.2 ha, situated in 
the Gibe watershed of the Shewa floristic region at 8° 46′ 
30.1908′’‒8° 47′ 36.7584′’ N and 37° 51′ 53.8524′’‒37° 54′ 
19.0152′’ E. Altitudes range between 2800 and 3387 m a.s.l. 
The vegetation type is dry evergreen montane forest, widely 
intersected by areas of cultivation (Friis et al. 2010). In addi-
tion, Kibate Forest includes a small portion of sub-afroalpine 
vegetation at its peak and Walga River riparian vegetation 
that connects to the Wonchi Crater Lake (Meragiaw et al. 
2018). The local dominant soil types are luvisols with vol-
canic ash as parent material (Mengistu 2006).

Primary climate data of the nearest station, Woliso-Giyon 
(2058 m a.s.l.), was collected from the National Meteorology 
Agency of Ethiopia. The study area has a unimodal rainfall 
distribution of an annual 1160 mm. The long rainy season 
stretches from March to the end of September. The highest 
rainfall is recorded in July and August, while a short dry 
season runs from October to February with little rainfall. 
Mean annual temperature is 19.3 °C with 1 °C and 28.0 °C 
mean minimum and maximum, respectively.

Data collection and analysis.

Sampling design

A reconnaissance survey was carried out in the Kibate For-
est from December 2017 to January 2018 to collect infor-
mation on the accessibility of sites and to determine sam-
pling methods. Following the reconnaissance survey, five 
transect lines were laid out systematically along the edges 
of Wonchi Crater Lake, forest track/road, two small forest 
valleys with streams, and along the Walga stream. For the 
systematic sample of the five transects, the altitudinal ranges 
(2800‒3100 m a.s.l.) were divided into three classes with a 
100 m a.s.l. interval, point position recorded using Gramin 

Fig. 1  Map of Ethiopia showing the Kibate Forest in Wonchi District, Southwest Shewa Zone of Ormia Regional State
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GPS 72 with an accuracy of 5 to 10 m under normal condi-
tions, extending within 15 m under the dense forest canopy. 
Similarly, slopes (20‒70%) of each plot were recorded using 
a clinometer (percent scale). Vegetation and environmental 
data collection began at the lower edge of the forest and 
continued to the heights along the altitudinal gradient in 
all transects to include the representative floristic compo-
sition in each elevation class. Sixty-six 30 m × 30 m plots 
were established every 100 m. The number of plots in each 
elevation class was determined by the length of transect and 
varied from nine plots, (following the small stream in the 
middle of the forest), to 18 (along the bank of the Walga 
stream).

Vegetation data collection

In each plot, cover-abundance percentages were estimated 
for all vascular plant species following the Braun-Blanquet 
scale and then converted by van der Maarel ordinal transfor-
mation (van der Maarel 1979). For population structure anal-
ysis, diameter at breast height (DBH) of each woody spe-
cies with DBH ≥ 2.5 cm and height ≥ 2.5 m were recorded 
(Woldu et al. 1999) using a diameter tape and Suunto cli-
nometers, respectively. Woody species with DBH ≤ 2.5 cm 
were counted. Vascular plant specimens were collected with 
the help of local guides, pressed, dried, and brought to the 
National Herbarium of Ethiopia (ETH) at Addis Ababa Uni-
versity. They were then identified as per herbarium proce-
dures, confirmed by a taxonomic expert, and deposited at 
the ETH. In addition, the status of endemic species and their 
distribution in the flora were cross-checked with previous 
research (Vivero et al. 2006; Hedberg et al. 2009; Meragiaw 
et al. 2016; IUCN 2019).

Environmental data collection:

Altitude and geographic coordinates were recorded for 
each of the 66 plots using GPS. In addition, ecological 
disturbances such as grazing intensity and human distur-
bances (felling of trees for firewood, charcoal production, 
and burning of vegetation for expansion of agricultural 
land) were noted, based on visual inspection. The status of 
human interference was estimated through the etic or cross-
cultural approach following Hadera (2000), and subjective 
scales were designated as 0 = nil; 1 = low; 2 = moderate, 
and 3 = heavy. Similarly, intensity of livestock grazing was 
estimated following Woldu and Backeus (1991) as 0 = nil, 
1 = slight, 2 = moderate, 3 = heavy, and 4 = destructive.

Plant community type analysis:

Vegetation data were analyzed using R Statistical Program 
following Crawley (2013), Oksanen et al. (2016), and Woldu 

(2017). Four community types were identified using a hier-
archical clustering strategy of one minus similarity ratio as 
resemblance index with the ward’s method. A synoptic table 
analysis was produced to determine the characteristic species 
within each of the 66 plots. Two characteristic species with 
high synoptic cover-abundance values (mean frequency x 
mean cover-abundance) were used to name the plant com-
munity following Kent (2012).

Vegetation structure analysis:

All recorded species and transformed abundance scores were 
used as input data for the similarity matrix. The vegetation 
structure was described using frequency distribution, den-
sity, DBH, height, and importance value index (IVI) for each 
species. The IVI was calculated by summing relative den-
sity, frequency, and dominance following Phillips (1959) 
and Kent (2012) to determine vegetation structure and the 
dominant forest species.

Analysis of population structure was categorized into four 
distribution patterns on the basis of stem density/ha across 
five DBH classes (Class1 = 2.5‒15.0; Class 2 = 15.1‒30.0; 
Class 3 = 30.1‒45.0; Class 4 = 45.1‒60.0; and Class 
5 ≥ 60.1 cm). Basal area (BA), DBH, and heights were cal-
culated following Aldred and Alemdag (1988).

Community diversity analysis:

Shannon–Wiener indices of diversity (H), species rich-
ness, and Shannon’s equitability or evenness (J) were used 
to describe community diversity in the Kibate Forest using 
R Statistical package (vegan) (Woldu 2017), based on the 
original formula of Shannon and Wiener (1949). Similarly, 
Sorensen’s similarity (Ss) coefficient evaluated the similarity 
between community types (Sorenson 1948; Kent 2012). Spe-
cies richness is often used in conservation studies to deter-
mine the healthy functioning of natural ecosystems. The 
index is not diversity by itself, rather it can be converted into 
the effective number of species (true diversity) that allows 
a comparison of biodiversity with other community types. 
The conversion of H (diversity) into true diversity (D) fol-
lowed Jost (2007).

Environmental data analysis:

In addition to hierarchical agglomerative clustering to iden-
tify community types, canonical correspondence analysis 
(CCA) was used to analyze the relationship between sample 
plots in community types and environmental factors, includ-
ing altitude and anthropogenic influence. In addition, the 
relationship between species richness and abundance distri-
bution with environmental variables (i.e., variables without 
interactions and interaction between variables) was tested 
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using a multiple regression model significant at p < 0.05. 
Pearson’s correlation for the relationship between species 
richness and altitude was applied using a scatter plot graph.

Results

Floristic composition and diversity of Kibate Forest

Based on the floristic analysis, 125 vascular plants belonging 
to 104 genera in 52 families were found in 66 plots. A com-
plete list of species is presented in Supplementary Material 
(Table S1). Few woody species (14%) were dominant but 
Agarista salicifolia (Comm. ex Lam.) Don., Erica arbo-
rea L., Hagenia abyssinica (Bruce) J.F.Gmelin, Ilex mitis 
(L.) Radlk. var.mitis, Juniperus procera Hochst. ex. Endl., 
Myrica salicifolia Hochst. ex A. Rich., Myrsine melano-
phloeos (L.) R. Br., Nuxia congesta R.Br. ex Fresen., Olea 
europaea L. subsp. cuspidata, and Olinia rochetiana A. Juss 
in the upper canopy, Conyza hypoleuca A. Rich., Hyperi-
cum revolutum Vahl., Myrsine africana L., Osyris quadri-
partita Decn., Rosa abyssinica Lendley., Rubus apetalus 
Poir, and Rumex nervosus Vahl. in the middle canopy and 
Thymus schimperi Ron. subsp. schimperi in the lower can-
opy accounted for more than half (66%) of the total cover-
abundance values. The majority of families (92%) were 
angiosperms. Pteridophytes, consisting of three families 
represented by four species, and gymnosperms represented 
by only one family (Cupressaceae) were also recorded.

The species distribution patterns across the families were 
unequal. About 19% of the families were represented by 
more than two species. More than one-fourth (30%) of the 
species were recorded in the two most dominant families, 
Asteraceae and Lamiaceae, which were represented by 29 
and eight species, respectively, Fabaceae and Poaceae by six 
species, Rosaceae and Urticaceae by five species, followed 
by Rubiaceae and Solanaceae, each by four species. Both 
Myrsinaceae and Scrophulariaceae were each represented by 
three species, and nine families (17.3%) by two species. The 
remaining 33 families (i.e., 63.5%) were each represented 
by one species.

Diversity and distribution of endemic taxa in the Kibate 
Forest

Eighteen species (14%) were endemic to Ethiopia and Eri-
trea. Fourteen were endemic to Ethiopia but the remaining 
were near-endemic, confined to both Ethiopia and Eritrea. 
All endemic species are widely distributed except Pel-
argonium wonchiense Vorster and M.G. Gilbert which is 
restricted to the study area (Shewa floristic region of Ethio-
pia). Table 1 shows the distribution of the species in plant 
families, the habit of each species, the IUCN threat level, 

and their distribution in the floristic regions of Ethiopia as 
described in the Flora of Ethiopia and Eritrea.

Plant growth forms in the Kibate Forest

The analysis of growth forms showed that herbaceous spe-
cies accounted for more than half of the total number of 
species (54%), while shrub and tree species accounted for 
approximately 24% and 10%, respectively. Seven species 
(5% of the total) appeared as shrub or tree forms at vari-
ous sites. In addition, four fern species, two lianas, and one 
epiphyte were identified. The herbaceous species, including 
all nonwoody monocotyledons and dicotyledons, belonged 
to the families Cyperaceae, Poaceae, Asteraceae, and 
Menispermaceae.

Classification of the vegetation data in the Kibate 
Forest

Classification was derived from the cover-abundance of the 
plot data consisting of 125 species collected in 66 plots. All 
these vegetation data, subjected to hierarchical agglomera-
tive classification, produced four distinct community types 
(C1–C4) determined at a dissimilarity height of 1.2 of the 
dendrogram (Fig. 2). The adjacent branches of the dendro-
gram show proximity in slope and altitudinal ranges and 
hence exhibit corresponding similarity in species compo-
sition. The highest number of species was recorded in C2 
and C4 while the least in C3. The first two are also rich in 
endemic taxa (Table 1).

The vertical axis of the dendrogram represents the dis-
tance or dissimilarity between labeled clusters, and the hori-
zontal axis represents the sampled sites (plot 1‒66) cluster-
ing in four branches.

The community types were named after two characteristic 
species. Based on the mean frequency and mean cover-abun-
dance values of the synoptic table, four community types 
were recognized. These are O. rochetiana-M. melanophloeos 
community type (C1), I. mitis-Galiniera saxifraga commu-
nity type (C2), E. arborea-Protea gaguedi community type 
(C3), and H. abyssinica-J. procera community type (C4). 
The dominant species have a cover-abundance value of 2.0 
and more, and characteristic species, ones confined in one 
community type with values greater than or equal to 1.0, are 
presented in the Supplementary Material (Table S2).

Distribution of community types in the Kibate Forest

Community type 1 O. rochetiana-M. melanophloeos: This 
community type is distributed between 2876 and 3021 m 
a.s.l. except for plot 1 located at 2838 m a.s.l. It is repre-
sented by 19 plots where 54 species are recorded. Eleven of 
thesesare unique to this community type; the other 43 are 
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shared with other community types. Six species are shared 
only with C2. The 11 species exclusively associated with this 
community type include Andoropogon amethystinus Steud., 
Argyrolobium ramosissimum Bak., Brucea antidysenterica 
J. F. Mill., Carex steudneri Bock, Cineraria abyssinica Sch. 
Bip. ex A. Rich., Cyathula cylindrica Moq., Orobanche 
ramosa L., Primula verticillata subsp. simensis, Satureja 
punctata subsp. ovata, Senecio inornatus DC., and Sola-
num nigrum L. subsp. nigrum. A. salicifolia, M. africana, 
M. melanophloeos, N. congesta, O. europaea, O. rochetiana, 
and R. abyssinica are the main characteristic and dominant 
woody species in C1.

Community type 2 I. mitis-G. saxifraga: This commu-
nity type is distributed in the wider altitudinal range from 
2867 to 3044 m a.s.l.,showing some overlap in altitude with 
community type 1. It is represented by the highest num-
ber of species (73) in 18 plots. Of the total species, 54 are 

commonly shared with other community types, while 19 are 
found only in this community type. Species exclusiveto this 
community include Adenocarpus mannii (Hook. j) Hook. 
f., Echinops macrochaetus Fresen., Galium simense Fre-
sen., Maytenus addat, Mentha x piperita L., Pilea johnsto-
nii Oliv., Polygala abyssinica Fresen., Schefflera volkensii 
(Engl.) Harms, Senecio ochrocarpus, Silene burchellii DC. 
form D, Solanecio gigas, Stephania abyssinica (Dillon & A. 
Rich.) Walp., Solanum villosum Mill., Tanacetum cinara-
riifolium (Trev.) Sch. Bip., Urera hypselodendron A. Rich., 
Verbascum sinaiticum Benth., Vernonia leopoldi, Vernonia 
sp and Vernonia urticifolia A. Rich. G. saxifraga (Hochst.) 
Bridson, I. mitis var. mitis and R. apetalus are the dominant 
woody species in C2.

Community type 3 E. arborea-P. gaguedi: This com-
munity type is distributed in the highest altitudinal ranges 
between 2955 and 3078 m a.s.l. except for plot 20 which lies 

Table 1  Endemic taxa, level of threat and distribution in community types and floristic regions

Key: Habit (T = Tree, S = Shrub, H = Herb); IUCN Threat categories (LC = Least Concern, NA = Not Available, NT = Near Threatened, and 
Vu = Vulnerable); a & b Not found in the Flora books but discovered by Vivero et al. (2006) and Meragiaw et al. (2016), respectively. Plant com-
munity types include: Olinia rochetiana-Myrsine melanophloeos (C1), Ilex mitis-Galiniera saxifraga (C2), Erica arborea -Protea gaguedi (C3) 
and Hagenia abyssinica-Juniperus procera (C4). Details of four community types are in the next section. Thirteen floristic regions (EW = Eritrea 
West, TU = Tigray, GD = Gondar, GJ = Gojam, WU = Welo, SU = Shewa, AR = Arsi, SD = Sidamo, IL = Ilubabor, KF = Kefa, GG = Gamo Gofa, 
BA = Bale, and HA = Harerge)

Species Family Habit Community types IUCN category Species distribution in the floristic regions

Bidens pachyloma (Oliv. & Hiern) 
Cufod

Asteraceae H C3 NA GD, GJ, WU, SU, AR, GG

Emilia serpentinus Mesfin & Beentje Asteraceae H C3 NA SU, KF, IL, GG, SD, HA
Helichrysum hedbergianum Mesfin & 

Reilly
Asteraceae H All NA GJ, SU

Inula confertiflora A. Rich Asteraceae S All NT WU, SU, AR, BA, HA
Laggera tomentosa (Sch. Bip.ex A. 

Rich.) Oliv. & Hiern
Asteraceae S C4, C2 LC TU, GD, GJ, WU, SU, HA

Mikaniopsis clematoides (Sch. Bip. ex 
A. Rich.) Milne-Redh

Asteraceae H C4 NA TU, GD, WU, SU, AR, KF, BA, HA

Plectocephalus varians (A.Rich.) C. 
Jeffrey ex Cufod

Asteraceae H C3 NA EW, TU, GD, GJ, SU, AR, WG, KF, GG, 
SD, BA, HA

Senecio ochrocarpus Oliv. & Hiern Asteraceae H C2 NA GD, GJ, WU, SU, SD, BA, HA
Solanecio gigas (Vatke) C. Jeffrey Asteraceae S C2 LC GD, GJ, WU, SU, AR, SD, IL, KF, BA, 

HA
Vernonia leopoldi (Sch.Bip. ex Walp.) 

Vatke
Asteraceae H C2 LC TU, GD, GJ, WU, SU, KA, GG, HA

Maytenus addat (Loes.) Sebsebe Celastraceae T C2 Vu SU, AR, SD, GG
Kalanchoe petitiana A.Rich Crassulaceae H C4, C2, C1 NA EW, GD, WU, SU, AR, BA, HA
Pelargonium wonchiense Vorster & M. 

G. Gilbert
Geraniaceae H C4 NA SU

Satureja punctata (Benth.) Briq. subsp. 
ovata

Lamiaceae S C1 NT TU, GD, WU, GJ,  SUa

Thymus schimperi Ron. subsp. schimperi Lamiaceae H All LC EW, TU, GD, WU, SU, AR, SD, BA, HA
Jasminum stans Pax Oleaceae S C4, C2, C1 NA SU, AR
Primula verticillata Forssk. subsp. 

simensis
Primulaceae H C1 NA EW, TU, GD,  WUb, SU, HA

Urtica simensis L Urticaceae H C4 NA TU, GD, GJ,  WUb, SU, AR, BA, SD
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at 2910 m a.s.l. It is represented by 16 plots where the fewest 
number of species (44) were recorded. Thirty-three species 
are commonly shared with other community types, while 
11 are confined only in this community. Species unique 
to this community type include Bidens pachyloma, Cam-
panula edulis Forssk, Epipactis africana Rendle, Eupho-
ria platyphyllos L., Isodon schimperi (Vatke) J.K. Morton, 
Mikania capensis DC. Oldenlandia lancifolia (Schumach.) 
DC., Pittosporum viridiflorum Sims., Plectocephalus var-
ians, Scabiosa columbaria L. and Senna multiglandulosa 
(Jacq.) Irwin & Barneby. E. arborea, M. salicifolia, O. quad-
ripartita and P. gaguedi J. F. Gmel. are the dominant woody 
species.

Community type 4 H. abyssinica-J. procera: This com-
munity type is distributed at the lowest altitudes between 
2811and 2899 m a.s.l. with exceptions for three plots located 
at high altitudes. These were plot 56 (2915 m a.s.l.), plot 
42 (2988 m a.s.l.) and plot 47 (3060 m a.s.l.). This com-
munity had the highest number of species (73). Fifty spe-
cies are commonly shared with other communities, while 23 
were exclusiveto this community. Arundo donax K. Schum., 
Astragalus atropilosulus (Hoehst.) Bunge, Carex acuti-
formis Ehrb., C. steudneri, Cichorium intybus L., Crepis 
tenerrima (Sch. Bip. ex A. Rich.) R. E. Fries, Crotalaria 
sp., Distictis buccinatonia (DC.) A. Gentry, Droguetia iners 
(Forssk.) Schweinf, Festuca simensis Hochst. ex A. Rich., 
Girardinia bullosa (Steudel) Wedd., Haplocarpha schim-
peri (Sch.-Bip.) Beauv., Helichrysum formosissimum Sch.
Bip.ex A.Rich., Mikaniopsis clematoides, Parochaetus com-
munis D. Don., P. wonchiense, Pteris cretica L., Rhamnus 
staddo A. Rich., Sanicula elata Buch.-Ham. ex D. Don., 
Solanum marginatum L.f., Sida schimperiana Hochst. ex A. 
Rich., Streblochaete longiarista (A. Rich.) Pilg. and Urtica 

simensis are the species are found only in this community. 
H. abyssinica, H. revolutum, and J. procera, Jasminum stans 
were the dominant woody species.

Species richness, evenness, and diversity of community 
types in the Kibate Forest

Shannon–Wiener diversity index was computed for the four 
plant community types. Community true diversity decreased 
in the order of C2 > C4 > C1 > C3. Regarding species rich-
ness, the highest total number of species (73) were recorded 
in C2 and C4, followed by C1 and C3. The highest Shan-
non’s equitability (evenness) was in C2, whereas the least 
was in C1. Table 2 shows species richness, evenness, diver-
sity index, true diversity, and maximum diversity values.

Similarity among community types in the Kibate Forest

Sorensen’s similarity coefficient (Ss) was computed to detect 
dissimilarities among the four community types. Similarity 
values in species composition ranged from 49 to 64%. The 
highest similarity was recorded between C1 and C2 (64%), 
followed by C2 and C4 (61%), C1 and C3 (54%), C1 and C4 
(52%), C3 and C4 (50%). The least similarity was between 
C2 and C3 (49%).

Vegetation structures in the Kibate Forest

Frequency of plant species in the Kibate Forest

Based on species distribution over the 66 plots, the percent-
age frequency classes were grouped into six with nearly a 
15% interval each. A: 1‒15, B: 16‒30, C: 31‒45, D: 46‒60, 

Fig. 2  Dendrogram of 
hierarchical clustering using 
similarity ratio showing four 
community types of the Kibate 
Forest (Ward’s method, Similar-
ity Ratio)
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E: 61‒75, F: 76‒90. The results indicated that 97 (78%) spe-
cies were in the lowest frequency class (A), followed by 
frequency class B with 12 (10%), D with 5 (4%), C and E 
with 4 (3%) each. The least frequency percentage (2%) was 
in the highest frequency class (F: 76‒90%). O. europaea 
subsp. cuspidata was the most frequent occurrence in 58 
plots, followed by E. arborea in 54 plots, M. salicifolia in 
50 plots, M. africana in 48 plots, O. rochetiana in 46 plots, 
O. quadripartita in 44 plots, R. abyssinica in 40 plots, N. 
congesta in 38 plots, H. abyssinica in 36 plots.

Importance value index of the four community types.

All plant species recorded were grouped into five classes 
based on their IVI values ranging from 1.0 to 30.5. Eighty-
six species were in the IVI class ˂ 7, 14 species to 7‒14, 14 
species to 15‒22, 8 species to 23–28; only 3 species had IVI 
values ˃ 28. Community type 2 had the highest importance 
value (29.8%), followed by C4 (29.0%), C1 (22.9%), and 
C3 (18.3%). Analysis of IVI revealed that the Kibate Forest 
was dominated by 20 woody species, accounting for 49% of 
the total values (979). Of the top 10 species, O. rochetiana 
was first (30.5), followed by E. arborea, O. europaea subsp. 
cuspidata, M. salicifolia, I. mitis var. mitis, H. abyssinica, N. 
congesta, J. procera, A. salicifolia, Maesa lanceolata For-
ssk. with IVI values ranging from 29.0 to 25.0 in that order.

Population distribution patterns in the Kibate Forest

The population distribution patterns were categorized in four 
classes represented by J. procera, E. arborea, H. abyssinica, 
and O. europaea subsp. cuspidata (Fig. 3a-d). The highest 
number of species was recorded in the first pattern (Fig. 3a), 
followed by the fourth (Fig. 3d).

Relationship between environment and species 
distribution in the Kibate Forest

The distribution pattern of species in the sample plots shows 
that human disturbance negatively affected the community 
types. Based on CCA analysis, human disturbance is associ-
ated more with C2 and C3 in both axes (CCA2 and CCA1). 
Altitude is more correlated with community type 2 which 
is distributed over a wide range of altitudes (Fig. 4). The 
direction and length of arrows show the degree of correla-
tion between the sample plots (plant community types) and 
the variables.

Although there are small patches of forest and riparian 
vegetation at various altitudes, Kibate Forest extends from 
2800 to 3100 m a.s.l. The largest number of plots (37) were 
laid out in the middle altitude (2901‒3000 m a.s.l.) where 
the larger portion of the forest is found, followed by the 
lowest altitude (2800‒2900 m a.s.l.) with 17 plots, while 
the least number of plots (12) were established at the high-
est altitude, above 3001 m a.s.l. Figure 5 shows a correla-
tion of species richness per plot and altitudinal gradient of 
‒0.13 which is an insignificant negative relationship. Further 
multiple regression analysis in Table 3 confirms that species 
richness and abundance distribution do not have a significant 
relationship with altitude alone (p = 0.19).

Although altitude does not significantly affect species 
richness, it is interesting to see that the interactions between 
altitude with human disturbance, altitude with slope, and 
altitude with human disturbance and slope are significant 
(Table 3). This suggests that, as altitude increases, the effects 
of human disturbance and slope becomes less pronounced in 
some sites because of inaccessibility to livestock and people. 
On the other hand, the effect of disturbance at higher alti-
tudes results in the reduction of large trees but the prolifera-
tion of herbaceous species in other sites.

Table 2  Species richness, evenness, and diversity in four community types

Key: CI = Confidence Interval for mean values

Community type Species richness (S) Diversity index (H) True diversity (D) Shannon’s evenness (J) Hmax

C1 (19 plots) 54 3.19 24 0.80 3.99
C2 (18 plots) 73 3.55 35 0.83 4.29
C3 (16 plots) 44 3.08 22 0.81 3.78
C4 (13 plots) 73 3.48 33 0.81 4.29
Mean (95.0% CI) 61 ± 22.99 3.33 ± 0.36 28.5 ± 10.27 0.81 ± 0.02 4.09 ± 0.40
Standard deviation 14.44 0.23 6.46 0.012 0.25
Standard error 7.22 0.11 3.23 0.006 0.12
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Discussion

Floristic composition, community types, and diversity

Kibate Forest, which has a considerable taxonomic diversity 
(52 families and 104 genera) of vascular plant species (125) 
that contain 18 endemic species, is interesting both for its 
unique composition and its relation to environmental factors. 
However, it has a smaller number of woody species (52) 
than other similar sized forest patches elsewhere in Ethio-
pia (Kuma and Shibru 2015; Mekonen et al. 2015; Girma 
et al. 2018; Meragiaw et al. 2018). The degree of human and 
livestock disturbances, topographic, and climatic conditions 
could be considered responsible for the observed differences. 

In line with Desalegn and Beierkuhnlein (2010), altitude has 
not affected species richness per plot in the present study 
(Table 3). Regarding species richness and distribution across 
the plots, both the highest (29 in plot 53) and the least (5 in 
plot 13) number of species were found in community type 4 
at the lowest altitude (2811‒2899 m a.s.l.).

The majority of species are herbs and their proliferation 
could be related to intensive anthropogenic effects, including 
selective felling of woody species for various uses (Mera-
giaw et al. 2016). The family Asteraceae had the highest 
number of species (29) in conformity with other similar flo-
ristic studies (Hundera et al. 2007; Meragiaw et al. 2016, 
2018; Girma et al. 2018). It is the largest dicotyledonous 
family in Ethiopia and Eritrea with 440 species as a result of 
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(a) Juniperus procera 
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(b) Erica arborea 

0

5

10

15

20

25

30

35

1 2 3 4 5

St
em

 d
en

si
ty

 p
er

 h
a

DBH Classes

(c) Hagenia abyssinica 
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(d) Olea europaea subsp. cuspidata 

Fig. 3  Four woody species based on density per ha across five DBH 
classes in the Kibate Forest; species are represented by a Juniperus 
procera, b Erica arborea, c Hagenia abyssinica, d Olea europaea 

subsp. cuspidata. Class 1 = 2.5‒15.0; 2 = 15.1‒30.0; 3 = 30.1‒45.0; 
4 = 45.1‒60.0; 5 ≥ 60.1 cm
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an adaptive rapid seed dispersal mechanism (Hedberg et al. 
2009). Sorensen’s (Ss) similarity coefficients were also used 
to detect similarities between the four plant communities 
of the forest. The highest similarity coefficients (Ss = 0.64) 
between C1 and C2 could be because C2 covered the widest 
range of altitudes with some overlap with C1. This could 
create similar microclimatic conditions that favor the shared 
species in the two communities.The lowest similarity coef-
ficients (Ss = 0.49) were observed between the C2 and C3. 

This could be due to all C3 plots were in the upper highland 
forest. The highest species richness, evenness, and diver-
sity were recorded in C2, whereas the least species richness 
and diversity were in C3 but had the second-highest species 
evenness. However, both community types were subject to 
anthropogenic influences, particularly the selective felling 
of trees and overgrazing. Thus, altitude and slope variations 
may contribute to the differences between these two com-
munity types. In comparison with adjoining vegetation, the 

Fig. 4  Canonical correspond-
ence analysis diagram showing 
the correlation of altitude and 
human disturbance with the 
site (1–66) in four community 
types; red mark indicates to C1, 
green to C2, blue to C3, and 
black to C4

Fig. 5  Scatter plot of species richness versus altitude at each of 
the 66 plots; Pearson’s correction (r = ‒0.13) indicates a weak rela-
tionship between two variables; y stands for species richness on the 
y-axis, and x for altitude (m a.s.l.) on the x-axis

Table 3  Predictive environmental variables for the response of spe-
cies richness distribution and abundance

Key: HI = Human Impacts; LG = Livestock grazing. Residual stand-
ard error: 4.545 on 57 degrees of freedom; Multiple R-squared: 
0.2702, Adjusted R-squared: 0.1677; F-statistic: 2.638 on 8 and 57 
DF, p-value: 0.01563

Estimate Std. Error t value Pr ( >|t|) Sig

Intercept 3.056e+02 1.993e + 02 1.534 0.13068
Altitude ‒9.457e−02 6.991e-02 ‒1.353 0.19149
Slope ‒1.036e+01 3.888e + 00 ‒2.665 0.00999 **
HI ‒2.768e+02 1.317e + 02 ‒2.10 0.03995 *
LG ‒1.616e+00 6.467e-01 ‒2.499 0.01537 *
Altitude:Slope 3.435e−03 1.305e-03 2.632 0.01089 *
Altitude:HI 9.431e−02 4.588e-02 2.056 0.04442 *
Slope:HI 5.475e+00 2.154e + 00 2.541 0.01379 *
Altitude:Slope:HI ‒1.863e−03 7.306e-04 ‒2.550 0.01350 *
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mean value of diversity of all community types of Kibate 
Forest (3.33) is greater than the Woynwuha natural forest 
(Mekonen et. al. 2015) but smaller than that of Walga ripar-
ian vegetation (3.55) that covers a wide range of altitudes 
(Meragiaw et al. 2018). In general, Kibate Forest shows dif-
ferent phytogeographical similarities with other forests in 
Ethiopia. The high number of similar species could be due 
to their geographical proximity, similar altitudes, and agro-
ecological zones (Girma et al. 2018; Meragiaw et al. 2018). 
In contrast, the lowest number of similar species may arise 
from the wide variation in forest types, altitudinal ranges, 
climatic conditions, sample sizes, and degree of anthropo-
genic disturbances (Tegene et al. 2018; Atomsa and Dibbisa 
2019).

Vegetation structure in the Kibate Forest

Seventy-eight percent of the species are in low-frequency 
classes (1, 2, and 3), indicating a high degree of floristic 
heterogeneity (Kent 2012; Dibaba et al. 2014). The low per-
cent in classes 4 and 5may be related to the selective felling 
of large trees. Species that account for 74% of the density 
and basal area include J. procera, N. congesta, I. mitis var. 
mitis, O. europaea subsp. cuspidata, M. salicifolia, A. sali-
cifolia, H. abyssinica, Buddleja polystachya Fresen. and M. 
melanophloeos. E. arborea and O. rochetiana were more 
frequent and were among the ten species which had higher 
IVI values. Similar studies elsewhere in Ethiopia also con-
firmed that species that have high basal area and IVI values 
could be considered as ecologically important woody spe-
cies (Bekele 1994; Meragiaw et al. 2018).

Population structure is indicative of the stability and 
regeneration status of forest vegetation (Kent 2012). Four 
population patterns of forest structure have been docu-
mented in Kibate Forest. For the first pattern, similar 
studies elsewhere in Ethiopia also confirmed a J-shaped 
population distribution which had the highest density in 
DBH classes five and four and then decreased to the lowest 
DBH class, was produced by J. procera, A. salicifolia, M. 
salicifolia, G. saxifraga, Halleria lucida L., M. lanceolata, 
P. viridiflorum and P. gaguedi (Fig. 3a). Seed germination 
in the J-shaped structure, which leads to poor reproduction 
and an abnormal population structure, could be a seri-
ous issue (Bekele 1994; Meragiaw et al. 2018). A small 
number of individuals in lower diameter classes could be 
due to overgrazing and browsing of young seedlings. The 
second population pattern with high relative density in 
DBH classes 1 and 2 but absent in higher DBH classes was 
shown by Erica arborea, B. antidysenterica, and H. revo-
lutum (Fig. 3b). This population pattern may be assumed 
to be an interrupted inverted J-shaped pattern, indicative 
of a recovering forest with many small stems and few large 
ones. The third population distribution pattern is close to a 

bell-shape and was illustrated by species such as M. mel-
anophloeos, O. rochetiana, B. polystachya, H. abyssinica, 
I. mitis var. mitis, M. addat and S. volkensii with high den-
sity in the second and third DBH classes and no individu-
als at either ends (Fig. 3c). The fourth population pattern is 
bell-shaped and produced by two species, N. congesta and 
O. europaea subsp. cuspidata, where density increased 
with increasing DBH and the highest density was at DBH 
class 4 (Fig. 3d). The bell-shaped pattern could be attrib-
uted to several possibilities such as overgrazing at young 
stages for some species and/or slow seed germination due 
to a stony endocarp (e.g., O.europaea subsp. cuspidata) 
and/or selective felling of species with high value wood 
(Bekele 1994; Meragiaw et al. 2018).

Impacts of environmental variables on plant 
distribution in different community types

Altitude plays an important role in determining species 
diversity and abundance (Odland and Birks 1999; Mekon-
nen 2009; Adugna 2010; Didita et al. 2010; Dibaba et al. 
2014; Girma et al. 2018; Meragiaw et al. 2018). In contrast 
to several findings, the distribution of species richness did 
not show a strong response to altitude alone in the pre-
sent study. Desalegn and Beierkuhnlein (2010) arrived at 
conclusions similar to our study. Pandey et al. (2016) sug-
gested, that for slope to have a significant impact on diver-
sity and species richness, it needed to have a wide range 
along a long altitudinal gradient. In agreement with this 
study, a significant negative relationship between species 
richness and slope was reported by Sharma et al. (2009). 
Additionally, the factor with the most notable negative 
influence on vegetation, and hence on community types, 
appears to be disturbance (Fig. 4 and Table 3), but the 
level of intensity is marked at community types 2 and 3. 
Selective felling of trees, expansion of agriculture, and 
overgrazing grazing account for most of the disturbance 
to the vegetation in Kibate Forest. The positive signifi-
cance of species richness with altitude and other factors 
(slope, human disturbance) could be due to an increase 
in herbaceous species as a result of gap formation when 
removal of a large woody species as described by Mis-
ganaw et al. (2016) and Woldu et al. (2020). At low ele-
vations, anthropogenic disturbances contributed to the 
increase of plant diversity, especially shrubs and herbs 
in the understory (Zhang et al. 2016). Other research-
ers conclude that understory layers are more sensitive to 
changes in microenvironment (temperature, topographic 
heterogeneity, intensity of disturbance). Low to moderate 
disturbances can promote early successional species, and 
increase diversity and abundance in the herb layer (Odland 
and Birks 1999; Elliott et al. 2011).
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Endemic species and conservation status of the natural 
vegetation

Kibate Forest has a large number of endemic species (18) 
which shows high ecological stability as proposed by the 
World Conservation and Monitoring Center (WCMC 1992). 
Endemicity is higher (18 species) than in the nearest ripar-
ian vegetation along the Walga river (Meragiaw et al. 2018). 
Among the plant species endemic to Ethiopia, Vivero et al. 
(2006) and IUCN (2019) have shown that M. addat is vul-
nerable to extinction, while Inula confertiflora and S. punc-
tata are in a near-threatened category. However, Laggera 
tomentosa, S. gigas, V. leopoldi and T. schimperi subsp. 
schimperi are of least concern (Table 1). This suggests 
that special attention needs to be given to the community 
types containing species which are vulnerable and threat-
ened. The threat level status of the rest of the 11 species 
is not provided. This requires further work to establish the 
threat level of many of the endemic species in the country. 
P. wonchiense, which carries the name of the study area, is 
confined in Shewa floristic region of the Flora of Ethiopia 
and Eritrea.

Knowledge of composition, diversity, and species distri-
bution in plant community types should be used to design 
sustainable management programs of any forest ecosystem 
(Lykke 1998; Pandey et al. 2016; Girma et al. 2018). The 
green economy plan of Ethiopia includes improving for-
est cover on a large scale and promotes agroforestry at the 
household level around the study area and elsewhere. How-
ever, much attention is given to exotic and other species of 
immediate economic importance. This requires considerable 
attention on species that have multiple ecological and eco-
nomic benefits and provide long-lasting ecosystem services. 
In line with this, agroforestry tree species, including indige-
nous ones, which are suitable for various agroecological and 
farming systems, could be promoted to meet both produc-
tion and ecological objectives as well as to enhance species 
diversity and carbon sequestration (Meragiaw 2017).

A combination of rehabilitation and restoration tech-
niques is available for conservation of natural vegetation 
(Hundera et al. 2007; Didita et al. 2010; Gashaw et al. 2015; 
Meragiaw et al. 2018). These may include reducing grazing 
pressures, prohibiting selective felling of trees, and limit-
ing the expansion of agricultural land. However, a blanket 
recommendation of rehabilitation techniques and passive 
restoration strategies throughout the entire vegetation com-
munities could be unmanageable, both technically and eco-
nomically. Rehabilitation might be achieved through several 
steps (Chiarucci et al. 2011) prioritizing the most vulner-
able parts of the forest such as community types 2 and 3 
and those with the highest number of endemic species such 
as community type 2. Success of the rehabilitation efforts 
could serve as examples for conserving the rest of the forest. 

Duality and complexity of diversity have to be considered in 
designing conservation efforts. While high diversity seems 
to be desirable, even the distribution of a species in a com-
munity indicates a lack of dominance induced by anthropo-
genic influences. In this study, community types which had 
high diversity also had a high number of endemic species. If 
the objective of conservation focuses on species, then a mod-
erate level of disturbance which promotes the proliferation 
of endemic species could be considered a possible option. If, 
however, rehabilitating the vegetation into an intact multi-
story forest is desired, then the sustainability of the endemic 
species could be compromised. Balancing the two contrast-
ing options is a subject for further research.

Conclusions

This investigation of the vegetation ecology of Kibate 
Forest focused on taxonomic diversity, species richness, 
evenness, community types, and population structure. 
Although the forest is subject to considerable disturbances, 
it is floristically rich with 125 species, with more than 14% 
endemic to Ethiopia and Eritrea. The species composition 
is dominated by herbs and shrubs. The Angiosperm fami-
lies Asteraceae and Lamiaceae make up 26% of the total 
plant species, with 20 and seven genera, respectively. The 
relatively high H average (3.33) and patterns of popula-
tion structure are good indicators for harboring diverse 
plant species. The relationship between vegetation data 
and environmental factors shows that slope, livestock graz-
ing, and human activities significantly affect species rich-
ness and distribution in the 66 plots. While altitude had 
no significant influence on species richness and abundance 
per plot, it positively affected interaction with slope and 
human activities. The most dominant woody species that 
showed different patterns of population structure were O. 
rochetiana, E. arborea, O. europaea subsp. cuspidata, M. 
salicifolia, I. mitis var. mitis, and H. abyssinica. From the 
structural analysis, the highest number of species in the 
J-shaped distribution pattern indicates the dominance of 
large individuals in higher classes than in lower classes, 
and results in the rare occurrence of small individuals. 
This is an implication of the existence of overgrazing by 
livestock in the area. Human activities and livestock graz-
ing are the main threats in communities 2 and 3. Some 
of the endemic species are in near threatened status and 
vulnerable to extinction, while most are in the category 
of least concern. Among the community types identified, 
the highest species richness, evenness, diversity, and end-
emism occurred in community type 2, I. mitis-G. saxi-
fraga in the mid-altitudes between 2867 to 3044 m a.s.l. 
More attention needs to be given to the middle altitudes 
of the forest to conserve the vulnerable and threatened 
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endemic taxa. The finding of this study provides base-line 
information for conservation and management practices in 
community types rich in endemic species but are highly 
threatened.
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