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Abstract: The study was carried out at 8°55°N-9°05"N latitude and 40°50°E-40°51’E longitude, South-Eastern Ethiopia at
Jello-Muktar dry afromontane forest to assess variations in distributions and Importance Value Index of woody species under
three successional stages. We laid out a total of 90 sample plots for the three suceestional stages. For each successional stage,
three sites were selected each with 10 sample plots. The average distance between the plots was 200 m and each plot have
radius of 30m. In each plots, identification, counting and measurement of diameter at breast height (DBH) of all trees and
shrubs (DBH> 10cm) was conducted. Analysis of The Importance Value Index (IVI) at different successional stages and sites
was based on the frequency, density and dominance of each species at different successional stages. The result showed a
gradual increase in the total number of trees and shrub species from the ES to the IS and MS succession and species of mature
forests were present throughout the chrono-sequences of all stages. Species of Vernonia amygdalina, Juniperus procera, Olea
africana, Olea capensis, Hagenia abyssinica, Prunus africana, Rosa abyssinica, Discopodium penninervium and Premna
resinosa were found in all successional stages. In the ES succession, Vernonia amygdalina was the highest in terms of its IVI
of 36.58 followed by Vernonia auriculifera (31.66) and Hagenia abyssinic (30.28). Species of Hagenia abyssinica had the
highest IVI of 67 and 23 in IS and MS successions respectively. There must be conservation strategies and priorities for those
species that occurred only once in one of the sites and species with low I'VI in addition to the dominant ones.
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disturbance related to anthropogenic impacts [9].

Today anthropogenic impacts of agricultural land
expansion put Tropical afromontane Forests under the state
of secondary succession [6, 14] and changed both the
structure and composition of these forests [4]. In the absence
of complete transformation of tropical dry afromontane
forests to pastures or fields, anthropogenic disturbances can
result in a higher floristic diversity, biomass and density of
woody vegetation than the original mature stages which can
help to determine plant distribution at different succession [7,
17, 27]. Determination of plant distribution patterns
following succssional stages is necessary in a forest
ecosystem which can help to better recognize biodiversity
patterns and ecological processes. The plant cover at different
succession is fundamentally characterized by its density,

1. Introduction

There is a change in plant species composition within an
ecological community species to be dominant while others to
disappear gradually of existence. It is also true that there is
change in structure and establishment of species over time
the phenomenon which was initially conceived as a natural
process of ecological communities [8]. In the same
geographical area, Communities with different plant
composition can represent distinct mature stages. The initial
floristic composition model [11] suggests that species from
late stages may also be present in the stands initial
successional process (Collins et al, 1995). However, thenon-
equilibrium hypothesis suggested that the distribution of
plant species should be higher at intermediate levels of
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DBH and frequency parameters [18]. Species importance
value as an index covers all of these parameters together for
the determination of distribution and frequency patterns of
species as well as judgments about ecological conditions that
have more significance in forest succession [28]. There is
very little information with respect to the distribution and
importance value index of different species at different
successional patterns in Tropical dry afromontane forests
[32].

Most of the studies so far conducted with respect to
Variations in distribution and Importance Value Index of
Woody Species Following Successional Stages are from the
temperate forests. Likewise, some early studies in Jello-
Muktar dry afromontane were focused on diversity and
socio-economic importance of Non-Timber Forest Products
[24], species diversity [23], soil fertility and forest economics
[21, 26, 13]. No study has been conductedwith respect to the
variation in distribution and Importance Value Index of
woody species under different succsessional patterns in Jello-
Muktar dry afromontane. In this study comparison of sites
representing different successional stages to describe changes
in distribution and Importance Value Index of the woody
species with diameter at breast height (DBH)>10cm under

three succession stages within the Jello-Muktar dry
afromontane forest, South-Eastern Ethiopia had been
conducted.

2. Materials and Methods
2.1. Study Site

The study site is situated at 8,55'N-9,05°N latitude and
40050’E-40,51’E longitude, about 342kms southeast of
Addis Ababa. It covers a land area of about 1710 hectares. Its
altitude ranges from 1900 to over 3310 m. a. s. 1, having
subtropical climatic condition with mean annual temperature
of 10,C and mean rainfall of 1220mm. Its length of growing
period ranges from 210-270 days [20]. It is part of the
Chercher highlands in Hararghe highlands with extensive
mountain range separating the Rift system from the Eastern
plateau and lowlands, having numerous micro-catchments
with  diversified Dbio-physical and  socio-economic
environments [13, 26]. The landform feature of this sub-

watershed is almost similar to Jello micro-catchment
positioned on its rear side and also suited to the classification
of topo-sequences: summit, shoulder, back slope, foot slope
and toe slope that do not necessarily follow sequential
arrangements in descending slope position & form complex
landform associations [21].

Anthropogenic processes due to shifting cultivation and
forest clearing have led to continuous removal of soil
materials that strongly affected the micro-climate and soil
development of the area [13]). The study area is dissected by
streams due to their erosive processes for prolonged period of
time. The sub-watershed is within Wabi-shebele and Rift
Valley drainage systems, drained by Chiro Qela and Jello
perennial streams towards the Rift system while perennial
streams like Welenso and Ula Quni and seasonal streams like
Rukele Arba Feno and Dingete draining towards Wabi
Shebelle drainage system [12].

2.2. Selection of Sites, Plot Lay out and Vegetation
Sampling

The selection of sites was made adopting [5] where nine
sites each represented by three successional stages. Each
succession stage was again represented by 10 sample plots
each having an area of 0.283ha and the distance between
each plot was 200m. In each plot, diameter at breast height
(DBH) >10cm of all trees and shrubs was measured with
diameter tape. Identification of species was made with the
help of para-taxonomists. For those species difficult to
identify in the field, specimens were taken to the National
Herbarium, Addis Ababa University.

2.3. Data Analysis

The importance value index (IVI) of each species at the
three successional stages was calculated to examine which
species is ecologically significant in the forest ecosystem and
this index was used to relate how important they are in
providing ecosystem goods. The index was calculated by
integrating the Relative Frequency (RF); Relative Density
(RD) and Relative Dominance (RB) of each woody species
[25] as follows:

IVI = (RF+RD+RB) €]
RF = (Frequency of a species / Frequency of all species)*100 2)
RD = (Number of individuals of a species / Total number of individuals)*100 3)
RB = Dominance of a species / Dominance of all species)x100 4

3. Results and Discussion
3.1. Distribution of Woody Species at Succession Stages

The distribution of 114 woody species recorded in this
study in each successional stage showed that 50, 61 and 81

species were recorded in ES, IS and MS stages respectively.
Of the total number of species recorded in ES stage, the ES1
sites comprised 20 species while ES2 and ES3 sites
comprised 16 and 14 species respectively (Table 1). In the IS
stage forest, the sites of IS1 and IS2 each comprised 23
species while 15 species were recorded in IS3 sites. With
respect to MS stage forest, 35, 30 and 16 species were
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recorded in MS1, MS2 and MS3 sites respectively. There
was high probability for some species to be recorded in all
successional stages.

A total of 10 woody species namely, Vernonia
amygdalina, Juniperus procera, Olea africana, Olea
capensis, Hagenia abyssinica, Prunus africana, Rosa

abyssinica, Discopodium penninervium and Premna resinosa
were found in all successional stages while 44 species (36
trees and 8 shrub) including Schinus molle, Carissa edulis,
Ilex mitis, Cussonia holstii, Arundinaria alpine, Jacaranda
mimosifolia, Caesalpina decapetala, Delonix regia, Maytenus

obscura, Diospyros abyssinica, FEuphorbia abyssinica,
Euphorbia pulcherrima, Acacia decurrence, Calpunia
subdecandra, Entada abyssinica, Leucena leucocephala,

Dovyalis abyssinica, Flacourtia indica, Hypericum revoltum,

Ocotea kenyensis, Buddleja polystacha, Strychnos mitis,
Morus alba, Embelia schimpri, Casuarina equisetifolia,
Eucalyptus camaldulensis, Eucalyptus globules, Olina
rochetiana, Erythrina brucei, Phytolaca deodecandra, Pinus
radiate, Pittosporum abyssinicum, Gravelia robusta,
Rhamnus prenoids, Gardenia lutea, Rytigynia neglecta,
Diphasia dainelli, Fagaropsis angolensis, Teclea nobilis, Vitis
vinifera, Dodonaea angustifolia, Brucea antidysenterica,
Lippia adeonsis and Vepris dainellii were found only in one
of sites in either of the three successional stages. These
species comprised about 38.6% of all the total species
recorded in this study. Even though these species were found
in only one of the successional sites, it does not mean they
were lower in terms of their relative frequency.

Table 1. Plant species Composition (DBH> 10cm) identified in nine sites, three successional stages in Jello-Muktar Dry Afro-montane forests, South-Eastern

Ethiopia.

Successional Stages
Species Life form ES IS MS

1 2 3 1 2 3 1 2 3
Dracaena steudneri Shrub X
Rhus glutinosa Shrub X
Schinus molle Tree X
Acokanthera schimperi Tree X X
Carissa edulis Shrub
Carissa spinarum Shrub X
llex mitis Tree
Cussonia holstii Tree X
Polyscias fulva Tree
Schefflera abyssinica Tree
Vernonia amygdalina Tree X X X X X
Vernonia auriculifera Shrub X
Vernonia leopoldii Shrub X X
Balanytus aegyptica Tree X
Arundinaria alpina Tree X
Jacaranda mimosifolia Tree
Cordia africana Tree X X X
Ehretia cymosa Tree X X
Caesalpina decapetala Tree X
Delonix regia Tree X
Chata edulis Tree X
Maytenus addat Tree
Maytenus arbutifolia Tree X
Maytenus obscura Tree
Cupressus lusitanica Tree X X
Juniperus procera Tree X X X
Diospyros abyssinica Tree
Erica arborea Shrub X X
Croton macrostachys Tree X X X
Euphorbia abyssinica Tree X
Euphorbia pulcherrima Tree X
Macaranga kilimandsharica Tree X X X
Sapium ellipticum Tree X
Acacia abyssinica Tree X X X
Acacia decurrence Tree X
Albizzia gummifera Tree X X X
Calpunia subdecandra Shrub X
Calpurina aura Tree X X X
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Successional Stages

Species Life form ES IS MS

1 2 3 1 1 3
Entada abyssinica Shrub X
Leucena leucocephala Tree X
Dovyalis abyssinica Shrub X
Dovyalis vericosa Shrub
Flacourtia indica Shrub X
Hypericum revoltum Tree
Apodytes dimidiata Shrub
Ocimum lamifolium Shrub X X
Ocotea kenyensis Shrub
Persea americana Tree X X
Buddleja polystacha Tree
Strychnos mitis Tree
Ekebergia capensis Tree X
Lepidotrichilia volkensis Tree X
Bersama abyssinica Tree X
Ficus sur Shrub X
Ficus thonningi Tree X
Morus alba Tree X
Embelia schimpri Tree X
Maesa lanceolata Shrub X
Mpyrsine africana Shrub
Mpyrsine melanophloeos Shrub X X
Rapanea simensis Tree X
Callistemon citirnus Tree X
Casuarina equisetifolia Tree X
Eucalyptus camaldulensis Tree
Eucalyptus globulus Tree
Eucalyptus saligna Tree
Psidium guajava Tree X
Sizygeem guineense Tree X
Jasminum abyssinicum Tree X
Olea africana Tree X X
Olea capensis Tree X X X
Olea europea Tree X X
Olina rochetiana Tree
Milletia ferruginea Tree X
Mimusops kummel Tree
Sesbania sesban Shrub
Erythrina abyssinica Shrub
Erythrina brucei Tree X
Passiflora edulis Tree X X
Phytolaca deodecandra Tree
Pinus patula Shrub X X
Pinus radiata Tree
Pittosporum abyssinicum Tree X
Arundo donax Tree X
Podocarpus falcatus Tree X
Rumex abyssinicus Tree X X
Rumex nurvosus Shrub X
Gravelia robusta Shrub
Rhamnusp renoids Tree
Hagenia abyssinica Shrub X X X X
Prunus africana Tree X X
Rosa abyssinica Tree X X X X X
Rosmarinus offinalis Shrub X X
Rubus apetalus Shrub X X
Rubus steudneri Shrub X
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Successional Stages

Species Life form ES IS MS

1 2 3 2 3 1 3
Coffea arabica Shrub X X
Gardenia lutea Tree X
Rytigynia neglecta Tree X
Clausena anisata Shrub X X X
Diphasia dainelli Tree
Fagaropsis angolensis Tree X
Teclea nobilis Tree
Vepris dainellii Tree
Dodonaea angustifolia Tree X
Aningeria altissima Tree X X
Brucea antidysenterica Tree X
Discopodium penninervium Shrub X X X X X
Dombeya torrida Shrub X
Celtis africana Tree X X X X X
Clerodendron myricoides Tree X X X
Lippia adeonsis Shrub X
Premna schimperi Shrub X
Premna resinosa Shrub X X X
Vitis vinifera Shrub X

The total number of woody species that had been recorded
under the three successional stages in this study is
comparable to the total number of woody plants reported
from elsewhere for other similar forest types in Ethiopia [15,
16, 19]. It is also comparable to the number of plant species
reported from the Forest of Likouala in the Republic of
Congo [31] but by far higher when it is compared to the
number of woody species reported from Ades dry
Afomontane forest of South-Eastern Ethiopia of the same
agro-ecology the total number of species recorded at Ades
dry afromontane forest of the same agro-ecology [22]. It is
also higher than the number of woody plan species reported
for other dry afromontane forests [29, 1, 2]. The high number
of species recorded in this study is related to the demarcation
of the Jello-Muktar forest as pre-requesite for conservation
Sstrategy.

3.2. Importance Value Index (IVI)

The analysis of the IVI was done for each species
with >10 cm DBH under the three successional stages and
nine successional sites to select the dominant species of the
area as shown on the Tables below. The identification of
trees and shrub species that are dominant in Jello-Muktar
dry afromontane forest based on the analysis of IVI was
made. Species with higher IVI are also ecologically
dominant ones in the successional sites and stages as well
[10].

Accordingly in the ES succession, Vernonia amygdalina
was the highest with IVI of 36.58from the site of ESI
followed by Vernonia auriculifera (31.66) in ES1, Hagenia
abyssinica (30.28) from ES3, Ficus sur, Olea africana,
Dovyalis caffra, Teclea nobilis, Grevillea robusta, Rhamnus
prinoides, Juniperusprocera, Croton macrostachys, Aningeria
altissima, Prunus africana, Eucalyptus saligna, Schinus
molle, Bersama abyssinica, Dombeya torrid, Ehretia cymosa,

Sesbania sesban and Carissa edulis (Table 2).

Table 2. The 1VI of the top ten woody species in 3 sites of ES successional
stage at Jello-Muktar Dry Afromotane Forest South-Eastern Ethiopia.

Species R.F RD RBA VI
ES1

Vernonia amygdalina 9.8 8.44 18.3 36.58
Vernonia auriculifera 4.9 18.47 8.27 31.66
Ficus sur 6.6 2.11 19.14 27.81
Dovyalis caffra 6.6 15.3 4.39 26.25
Teclea nobilis 11.5 6.86 4.42 22.76
Grevillea robusta 9.8 4.22 8.34 22.39
Rhamnus prinoides 8.2 12.66 091 21.77
Schinus molle 6.6 4.22 6.82 17.6
Dombeya torrida 6.6 6.07 4.59 17.22
Sesbania sesban 6.6 8.97 1.45 16.97
ES2

Olea africana 5 3.37 17.88 26.25
Juniperus procera 5 5.62 10.73 21.34
Croton macrostachys 42 5.62 10.73 20.51
Eucalyptus saligna 5.8 5.62 6.3 17.76
Bersama abyssinica 5.8 9.55 2.03 17.41
Carissa edulis 5.8 8.15 2.92 16.9
Vernonia amygdalina 33 8.99 322 15.54
Apodytes dimidiata 5.8 5.62 2.68 14.13
Sesbania sesban 5 6.18 1.31 12.49
Ekebergia capensis 5 3.37 3.15 11.52
ES3

Hagenia abyssinica 7.77 7.42 15.09 30.28
Olea africana 7.77 7.42 11.92 27.11
Aningeria altissima 291 0.78 16.49 20.19
Vernonia auriculifera 6.8 12.11 0.78 19.68
Prunusafricana 0.97 0.78 17.65 19.4
Ehretia cymosa 5.83 7.81 3.46 17.1
Vernonia amygdalina 5.83 8.59 1.35 15.77
Brucea antidysentrica 6.8 7.81 1.13 15.74
Juniperus procera 291 1.17 11.3 15.39
Erythrina brucei 5.83 6.64 2.16 14.63

The ES was characterized by high species dominance. This
pattern is typical of disturbed plant communities where
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pioneer species have high values of relative importance in
relation to other species. It was also reported that there is
asymptotical increase in total number of large sized
individuals with forest age [17]. Few seedlings of different
species that manage to colonize the unfavorable conditions
determined the recruitments forests in the ES succession.

In the IS successional stage, Hagenia abyssinica was the
tree with highest IVI (67.0) from the IS2 sites followed by
Sizygeem guineense (23), Podocarpus falcatus (17. 57) and
Vernonia amygdalina (17.38) all from IS3 sites (Table3).
Hagenia abyssinica was again the tree species with highest
IVI in all sites of the IS successional sites. The Analysis of
IVI values could best be unraveled the relative ecological
significance and/or dominance of tree species in a forest
ecosystem [10]. The results of the calculation of IVI in this
study thus helped to identify the dominant tree species in
Jello-Muktar Dry afromontane forest of southeastern
Ethiopia. The Index was also calculated to examine which
species were ecologically significant in the forest ecosystem
and this index was used to relate how important they were in
providing ecosystem goods.

Table 3. The IVI of the top ten woody species in 3 sites of the IS successional
stage at Jello-Muktar Dry Afromotane Forest South-Eastern Ethiopia.

of large number of trees and shrubs in the IS that could later be
shifted in the MS succession by trees and shrubs of larger sizes
resulting in the reduction of plant densities [5].

The highest IVI in MS sites were exhibited by Species of
Hagenia abyssinica, Juniperus procera and Olea africana, from
MS?2 sites followed by Podocarpus falcatus from MSI sites
respectively, Podocarpus falcatus was again tree species with
highest IVI in both MSI1 and MS3 sites (Table 4). Hagenia
abyssinica, Prunus africana, Podocarpus falcatus and Juniperus
procera were species which are those tree species prohibited
from cutting in Ethiopia having higher IVI in Jello-Muktar Dry
Afromontane Forest. This could be due to the establishment of
Participatory Forest Management established which gave due
attention for conservation of such species.

Table 4. The IVI of the top ten woody species in 3 sites of MS successional
stage at Jello-Muktar dry afromotane forest South-Eastern Ethiopia.

Species RF RD RBA 1IVI
IS1

Hagenia abyssinica 3.9 4.87 13.21 21.98
Prunus africana 1.95 2.17 12.06 16.18
Eucalyptus saligna 2.6 3.25 8.81 14.65
Acacia decurrence 1.95 2.71 8.35 13.01
Embelia schimpri 5.84 4.87 2.11 12.83
Vernonia amygdalina 3.25 5.05 4.4 12.7
Olina rochetiana 3.9 3.61 4.8 12.3
Dombeya torrida 4.55 3.25 3.91 11.71
Calpunia subdecandra 3.9 542 1.63 10.94
Juniperus procera 4.55 2.53 3.68 10.76
1S2

Hagenia abyssinica 4.88 6.23 55.89 67
Vernonia amygdalina 4.27 5.34 4.54 14.14
Juniperus procera 3.66 4.15 3.89 11.7
Phytolacca

dedocandra 4.27 6.38 0.49 11.14
Barsama abyssinica 3.05 6.53 1.12 10.7
Hypericum revoltum 3.66 5.79 1.23 10.67
Olea africana 5.49 3.41 1.04 9.94
Mpyrsine africana 4.27 4.45 0.94 9.66
Maesa lanceolata 2.44 3.86 3.28 9.57
Vernonia auriculifera 4.27 5.34 4.54 14.14
1S3

Sizygeem guineense 5.6 4.99 13.1 23.73
Podocarpus falcatus 4 4.08 9.5 17.57
Vernonia amygdalina 4 6.8 6.6 17.38
Apodytes dimidiata 6.4 7.71 32 17.26
Hagenia abyssinica 5.6 34 7.4 16.41
Schiflera abyssinica 4.8 522 6.1 16.12
Prunus africana 32 227 9.2 14.69
Ehretia cymosa 6.4 4.99 3.1 14.48
Polyscias fulva 4.8 3.85 4.5 13.17
Ficus sur 0.8 0.91 9.3 10.98

Species RF RD RBA VI
IS1

Podocarpus falcatus 2.06 2.84 13.38 18.27
Sizygeem guineense 2.58 1.79 9.92 14.28
Maesa lanceolata 4.12 6.27 2.66 13.05
Hagenia abyssinica 3.09 2.99 6.9 12.98
Arundinaria alpina 2.58 8.36 1.58 12.51
Juniperus procera 2.06 2.09 7.69 11.84
Diospyros abyssinica 3.61 3.13 421 10.95
Ekebergia capensis 3.09 2.54 4.55 10.18
Prunus africana 2.58 1.94 4.7 9.22
llex mitis 3.09 328 2.48 8.85
MS2

Hagenia abyssinica 4.592 52 13.38 23.18
Juniperus procera 4.592 5.71 11.53 21.83
Olea afvicana 5.102 5 | 9.44 19.55
Podocarpus falcatus 2.041 1.63 891 12.59
Sizygeem guineense 2.551 2.14 6.16 10.85
Prunus africana 2.041 1.43 6.07 9.54
Milletia ferruginea 3.061 3.47 291 9.44
Croton macrostachys 2.041 2.24 4.53 8.81
Polyscias fulva 2.551 2.86 3.17 8.58
Schfflera abyssinica 2.551 2.86 29 8.31
MS3

Podocarpus falcatus 3.55 3.53 9.21 16.29
Olea africana 4.14 3.82 7.83 15.79
Hagenia abyssinica 4.73 4.26 5.23 14.23
Milletia ferruginea 3.55 4.41 5.87 13.84
Maytenus obscura 4.14 3.97 3.73 11.84
Aningeria altissima 2.37 1.91 6.85 11.13
Prunus africana 2.96 2.79 4.67 10.42
Ekebergia capensis 2.96 3.53 3.64 10.13
Vernonia amygdalina 2.37 4.71 1.69 8.77
Croton macrostachys 3.55 2.94 2.26 8.75

Species with high IVI were considered to have more
ecolological importance than those with low IVI. The presence
of continuity of succession resulted in chance for the coexistence

The overall IVI in this study is in line with other studies
reported from Borana Lowlands, southern Ethiopia [33] and
a moist semi-deciduous forest [3]. It has been reported that
that IVI value of tree species in stands with only one species
can reach a maximum of 300 [25]. This value is higher when
compared with the mean IVI reported for Ades forest [22]. It
was reported that some species could be dominance while
others are lower in their abundance under a given ecosystem
due to their variation in survival mechanism (Kent and
Coker, 1992) and the properties of species themselves and
the environmental factors can affect the spatial distribution



American Journal of Agriculture and Forestry 2020; 8(1): 1-8 7

and dominance of species [30].

4. Conclusion and Recommendation

The Analysis of IVI values could best be unraveled the
relative ecological significance and/or dominance of tree
species in a forest ecosystem. The results of the calculation of
IVI in this study thus helped to identify the dominant tree
species in Jello-Muktar Dry afromontane forest of southeastern
Ethiopia. The Index was also calculated to examine which
species were ecologically significant in the forest ecosystem
and this index was used to relate how important they were in
providing ecosystem goods. Species with high IVI were
considered to have more ecolological importance than those
with low IVI. The IVI rank species in a way as to give an
indication on which species come out as important element of
the Jello-Muktar dry afromontane forest trees. Variation was
also observed in IVI between successional stages and among
the sites. Those tree species which were officially declared
endangered at the national level in Ethiopia were found to have
higher IVI in Jello-Muktar dry Afromontane forest. In this case
Hagenia abyssinica, Olea africana, Junipurus procera and
Podocarpus falcatus were tree species that are endangered and
prohibited not to be cut but with higher IVI in the study area.

There must be conservation strategies and priorities for
those species that occurred only once in one of the sites and
species with low I'VI in addition to low dominant ones.

References

[1] Abate Ayalew, Tamrat Bakele, Sebsebe Demissew. 2006. The
undifferentiated fromontane Forest of Denkoro in the Central
Highland of Ethiopia: Floristic and Structural Analysis.
SINET Journal of Science. 29: 45-56.

[2] Abera A. and Yasin A. 2018. Diversity and Abundance of
Woody Plant Species of Assosa Forest Field Gene,
Benishanigul Gumuz Regional State, Western Ethiopia.
International Journal of Plant Biology & Research 6 (5): 1100.

[3] Addo-Fordjour P, Obeng S, Anning AK &Addo MG. 2009.
Floristic composition, structure and natural regeneration in a
moist semi-deciduous forest following anthropogenic
disturbances and plant invasion. International Journal of
Biodiversity and Conservation 1: 21-37.

[4] Aide, T. M., J. K. Zimmerman, J. B. Pascarella, L. Rivera and
H. Marcano-Vega. 2000. Forest regeneration in a
chronosequence of tropical abandoned pastures: implications
for restoration ecology. Restoration Ecology 8: 328-338.

[S] Almazan-Nufiez, Maria del Coro Arizmendi, Luis E. Eguiarte
and PabloCorcuera. 2012. Changes in composition, diversity
and structure of woody plants in successional stages of
tropical dry forest in southwest Mexico. Revista Mexicana
deBiodiversidad 83: 1096-1109. DOI: 10.7550/rmb.30403.

[6] Ceccon, E. P. Huante and E. Rincon. 2006. Abioticfactors
influencing tropical dry forests regeneration. Brazilian
Archives of Biology and Technology 49: 305-312.

[71 Chapman, C. A. and L. J. Chapman. 1990. Density and growth

(8]

9]

[10]

[11]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

rate of some tropical dry forest trees: Comparisons between
successional forest types. Bulletin of the Torrey Botanical
Society 117: 226-231.

Connell, J. H and R. O. Slatyer. 1977. Mechanisms of
succession in natural communities and their role in
community stability and organization. American Naturalist
111: 1119-144.

Connell, J. H. 1978. Diversity in tropical rain forests and coral
reefs. Science 199: 1302-1310.

Curtis, J. T., and Mcintosh, R. P. 1951. An upland forest
continuum in the prairie-forest border region of Wisconsin.
Ecology 32: 476-96.

Egler, F. E. 1954. Vegetation science concepts I. Initial
floristic composition—a factor in old-field vegetation
development. Vegetation 4: 412-417.

EMA (Ethiopian Mapping Agency). 1999. Bedessa (Kuni),
Ethiopian Topo Sheet 1:50,000. ETH-4, 0840 B2, EMA,
Addis Ababa, Ethiopia.

Eyelachew Zewdie. 1999. Selected Physical, Chemical and
Mineralogical Characteristics of Major Soils Occurring in
Chercher Highlands, Eastern Ethiopia. Ethiopian Journal of
Natural Resources Vol. 1, No 2, pp 173-185.

Griscom, H. P. andM. S. Ashton. 2011. Restoration of dry
tropical forests in Central America: A review of pattern and
process. Forest Ecology and Management 161: 1564-1579.

Killeen, T. J. A. Jardim, F. Mamani and N. Rojas. 1998.
Diversity, composition and structure of a tropical semi
deciduous forest in the Chiquitania region of Santa Cruz,
Bolivia. Journal of Tropical Ecology 14: 803-827.

Lulekal, E., E. Kelbessa, T. Bekele & H. Yineger. 2008. An
ethnobotanical study of medicinal plants in Mana Angetu
District, southeastern Ethiopia. Journal of Ethno biology and
Ethno medicine 4: 10. dx.doi.org/10.1186/1746-42694-10.

Madeira, B. G., M. M. Espirito-Santo, S. D. Neto, Y. R. F.
Nunes, G. A. Sanchez-Azofeita, G. Wilson and M. Quesada.
2009. Changes in tree and liana communities along a
successional gradient in a tropical dry forest in South-eastern
Brazil. Plant Ecology 201: 291-304.

Mc Carthy BC, Small CJ, Rubino DL 2001. Composition,
structure and dynamics of Dysart Woods, an old-growth
mixed mesophytic forest of southeastern Ohio. Forest Ecology
and Management 140: 193-213.

Mesfin Tadesse & Lisanework Nigatu. 1996. An ecological
and ethnobotanical study of wild or spontaneous coffee,
Coffea arabica in Ethiopia. In: L. J. G. van der Maesen, X. M.
van der Burgt, J. M. van Meden bachde Rooy (eds.), The
Biodiversity of African Plants. Proceedings XIVth AETFAT
Congress, 22-27 August 1994, Wageningen, The Netherlands,
Kluwer Academic Publishers. Pp 277-294.

MOA/FAO/UNDP. 1983. Generalized Agroclimatic Map,
Ethiopia. Assistance to Land Use Planning Project.
FAO/UNDP-ETH/78/003. Addis Ababa. Ethiopia.

Mohammed Assen, P. A. L. le Roux, C. H. Barker, and Heluf
Gebrekidan. 2005. Soils of Jelo Micro-Catchment in the
Chercher Highlands of Eastern Ethiopia: Morphological and
Physicochemical Properties. Ethiopian Journal of Natural
Resources, 7 (1): 55-81.



[22]

[23]

[24]

Muktar Reshad ef al.: Distribution and Importance Value Index of Woody Species Under Different Successional
Stages at Jello-muktar Dry Afromontane Forest, South-eastern Ethiopia

Muktar Mohammed, Muktar Reshad, Alemayehu Beyene.
Woody Species Richness and Diversity Following
Successional Stages at Jello-Muktar Dry Afromontane Forest,
South-eastern Ethiopia. American Journal of Agriculture and
Forestry. Vol. 7, No. 6, 2019, pp. 259-269. doi:
10.11648/j.ajaf. 20190706.13.

Muktar Reshad, Alemayehu Beyene, Muktar Mohammed.
Woody Species Richness and Diversity at Ades Dry
Afromontane Forest of South Eastern Ethiopia. American
Journal of Agriculture and Forestry. Vol. 7, No. 2, 2019, pp.
44-52. doi: 10.11648/j.ajaf.20190702.12.m.

Muktar Reshad, Muktar Mohammed, Ahmed Mohammed and
Alemayehu Beyene. 2017. Diversity of Non-Timber Forest
Products (NTFPs) and its Source Plant Species: The Case of
Jello-Muktar Forest, Eastern Ethiopia. Journal of Economics
and Sustainable Development ISSN 2222-1700 (Paper) ISSN
2222-2855 (Online) Vol. 8, No. 17, 2017.

Muller-Dombois, D. and H. Ellenberg. 1974. Aims and
methods of vegetation ecology. John Wiley and Sons, New
York. 547p.

Murphy, P. G. and A. E. Lugo. 1986. Ecology of tropical dry
forest. Annual Review of Ecology and Systematic 17: 67-88.

Powers, J. S., J. M. Becknell, J. Irving and D. Perez-Aviles.
2009. Diversity and structure of regenerating tropical dry
forests in Costa Rica: Geographic patterns and environmental
drivers. Forest Ecology and Management 258: 959-970.

[28]

[29]

Seyed Maziar Razavi, Assadollah Mattaji, Rahmatollah
Rahmani and Farrivar Naghavi. 2012. The Assessment of
Plant Species Importance Value (SIV) in Beech (Fagus
orientalis Forests of Iran. International Research Journal of
Applied and Basic Sciences. Vol. 3 (2), 433-439, 2012.

Simon Shibru and Girma Balcha. 2004. Composition,
Structure and regeneration status of woody species in Dindin
Natural Forest, Southeast Ethiopia: An implication for
conservation. Ethiopian Journal of Biological Science. (1) 3:
15-35.

Solbrig, O. T., E. Medina, and J. F. Silva. 1996. Biodiversity
and Savana ecosystem process: A Perspective Springer-Verlag
Berlin Hedelberg, Berlin.

Suspense et al. 2016. Tree Species Diversity, Richness, and
Similarity in Intact and Degraded Forest in the Tropical
Rainforest of the Congo Basin: Case of the Forest of Likouala
in the Republic of Congo. International Journal of Forestry
Research Volume 2016, Article ID 7593681, 12 pages
http://dx.doi.org/10.1155/2016/7593681

Vieira, D. L. M. and A. Scariot. 2006. Principles of natural
regeneration of tropical dry forests for restoration. Restoration
Ecology 14: 11-20.

Worku A (2006) Population Status and Socio-economic
Importance of Gum and Resin Bearing Species in Borana
Lowlands, southern Ethiopia, (M. Sc. Thesis). Addis Ababa
University, Ethiopia.



