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ABSTRACT 
 

This study was conducted on Angada Forest in Merti Wereda, which is a dry evergreen 
afromontane type of forest. The objective of the study was to assess woody species 
composition, vegetation structure, diversity and to make a phytogeographical 
comparison of the forest under study with some similar forests in Ethiopia. Systematic 
sampling method was used to collect vegetation data from eighty 20 m x 20 m sample 
plots for woody species and five 2 m x 2 m subplots within each main plot for 
regeneration of woody plants. The sample plots were laid at every 200 m interval along 
transects at 400 m apart. The composition and population structure data for woody 
species (DBH > 2.5 cm   and height > 2 m), saplings (DBH < 2.5 cm and 1 – 2 m height) 
and all seedlings (height < 1 m) and their regeneration count were recorded in each plot. 
The vegetation classification was performed using PC – ORD software package. The 
quantitative species diversity, richness and evenness were computed to describe plant 
diversity in each community type. Species abundance, cover, and environmental 
variables (altitude, aspect, UTM) were recorded in each sample plot. A total of 87 woody 
vascular plants belonging to 82 genera and 50 families were identified. Fabaceae family 
had the highest number of taxa followed by Asteraceae. Five plant community types were 
recognized. Jaccard’s similarity coefficients were below 0.5 for all communities, 
indicating low similarities among the communities. Thus, all the communities identified 
are important in terms of woody species diversity and sensitivity from conservation point 
of view. Woody species densities for mature individuals were 4,964 stem ha-1, 1,199 
stems ha-1 for saplings and 3,929 stems ha-1 for seedlings. The total basal area of the 
forest was 79.8 m2ha-1. The population structure of woody plants and the regeneration 
status in the forest revealed that there is a need for conservation priority for those 
species with poor regeneration status. The presence of strong anthropogenic disturbance 
in the area necessitates the need for an immediate conservation action in order to ensure 
sustainable utilization and management of the Forest.  
 
Keywords: afromontane forest, conservation, diversity, plant community, population 

structure, regeneration, species composition 
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1. INTRODUCTION 

   1.1. Background and Justification  

Ethiopia is located in the Horn of Africa between 3-150 North latitude and 33-480 East 

longitude. It is a country with great topographic features. Most parts of the country 

consist of high plateau and mountain ranges with precipitous edges dissected by 

numerous streams, which are tributaries of major rivers (Demel Teketay, 2002). The 

physical conditions and variations in altitudes have resulted in a great diversity of 

climate, soil and vegetation cover of the country (Zerihun Woldu, 1999; Demel Teketay, 

2002). Environmental degradation and deforestation have been taking place for many 

years in the country. Especially during the last century, Ethiopia’s forest and woodlands 

have declined both in size (deforestation) and quality (degradation). Most of the 

Ethiopian highlands were once covered with dense forests. The extent to which the 

Ethiopian highlands were once covered with forests is evidently indicated by the 

numerous isolated mature forest trees or patches of forests or woodlands of 

approximately the same species composition found in the remaining closed forests (Friis, 

1986).  

 

Historical sources indicate at the turn of the 19th century about 40% of the land surfaces 

of Ethiopia were under forest cover. Deforestation and degradation have definitely 

accelerated in the 20th century. By the early 1950s, high forest areas were reduced to 16% 

of the total land area. It has been estimated that by the early 1980s, the land area covered 

by forests declined to 3.6%, by 1989 to about 2.7 % and by 2003 to 2.3%. According to 

EFAP (1994), cited in Kitessa Hundera (2008), the annual deforestation rate was 

estimated to be 150,000 to 200,000 ha/year. Because of this, a considerable area of what 

was once a closed forest had been converted to a highly disturbed forest.  According to 

Brenan (1978), cited in EWNHS (1996), Ethiopia is one of the tropical countries with 

diverse habitats that are suitable for the evolution and survival of various plants and 

animals. The size of Ethiopian flora is about 6,000 species of vascular plants, of which 

about 10 are considered as endemic (Ensermu Kelbessa, per. Comm.). 
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 The conversion of natural vegetation is currently one of the leading agenda for a number 

of world conservation organizations, authorities and interest groups (UNDESA, 2004). 

Human beings are dependent for their subsistence, health, well being and enjoyment on 

forests. Forests have been providing raw materials for wooden and non-wooden products 

and space for human settlements and agriculture. Forests indirectly influence global 

climate, serve as wildlife habitat, provide genetic pool for biotic diversity and provide 

ecosystem services for watershed protection and erosion control (MoA, 1998). As 

indicated by Ramirez-Marical et al., (2001) and Reyers (2004), the concern over 

vegetation conservation generally depends on anthropogenic activities that lead to 

depletion of forest resources. According to these authors, the major reasons of forest 

degradation, habitat change and biodiversity loss are: forest conversion to farmland, 

exploitation through selective harvest, shifting cultivation, firewood and charcoal 

production, seasonally set forest fires, overgrazing, inappropriate investment activities, 

lack of viable land use policy and hunting of native herbivores.  

 

The disturbance created by these activities influence the vegetation dynamics and tree 

density at the local and regional scales (Hubbell et al., 1999) and are important in 

structuring plant communities (Sumina, 1994); particularly evidence in changing size 

class distribution of species (Luoga et al., 2004; Canham, 2005). Moreover, 

environmental problems such as soil degradation, erosion and decrease in biodiversity, 

loss of potential natural resources, loss of genetic resources and a number of valuable 

medicinal plants and the associated indigenous knowledge are negative effects resulting 

from the destruction of these habitats. In the face of these problems ecologists and 

conservation biologists have sought to protect forest vegetation using different strategies 

from strict protection in the national parks to suitable management and other integrated 

conservation and development programs (Borgerhoff and Coppolillo, 2005). 

 

 Sustainable forest management has been the main focus of the world wide forestry 

sectors over the last few decades. It aims to ensure that all uses derived from the forest 

meet present day need without compromising the ability of future generations to satisfy 

their own requirements. Sustainable forest management also aims at balancing social, 
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economic and environmental objectives. However, only about 5% of the total forest areas 

in developing countries is managed properly (FAO, 2001), which is very low when 

compared with about 89% of the total forest area in developed countries (Girma Amente, 

2005). The ever increasing demand for forest products and forest land, together with the 

alarming rate of population growth has put the remaining few patches of forests on the 

verge of extinction (Tamrat Bekele, 1994). Decreasing the rate of deforestation is 

possible if appropriate measures are taken based on scientific studies to halt the trend. 

Scientific information on composition, structure and distribution of species is required to 

maintain the ecological equilibrium and to meet the forest resource requirement of the 

people.  

 

Angada Forest is one of the 58 National Forest Priority Areas of Ethiopia and it is one of 

the remenant dry afromontane forests in this country with high diversity of flora and 

fauna. Ecological assessments of this forest would serve as a basis for meaningful 

planning, sustainable utilization and conservation of this valuable natural resource. For 

effective management and conservation of this ecosystem of the country, there is an 

urgent need to develop a successful management plan and this in turn requires detailed 

baseline information regarding the ecology of the area. The general biodiversity, floristic 

composition, plant community and structural analysis of the Angada Forest have not yet 

been investigated. Thus, the current work on woody species composition, diversity and 

structural analysis of the vegetation in the study area is believed to contribute a lot to the 

effort being made in the development of an efficient management plan for effective 

conservation of the forest.    

 

           1.2. Statement of the Problem    

The availability of accurate data on forest resources is an essential requirement for 

management and planning within the context of sustainable development (FAO, 2007). 

Assessments such as woody species composition and structural studies are essential in 

understanding the extent of plant diversity in forest ecosystem (WCMC, 1992). 

Knowledge of floristic composition and structure of forest resources is also useful in 

identifying important elements of plant diversity, protecting threatened and economic 
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species and monitoring the state of reference among others (Segawa and Nkutuu, 2006). 

The study of floristic composition and structure of tropical forest becomes more 

imperative in the face of ever increasing threat to the forest ecosystem. Reduction in 

forest cover has a number of consequences including soil erosion and reduction capacity 

for carbon sequestration, loss of biodiversity and instability of ecosystems and reduced 

availability of various wood and non-wood forest products and services (Alemu 

Mekonnen and Bluffstone, 2007). The depletion of natural vegetation in many parts of 

the country has also lead to the threat and decline in number and area of distribution of 

many plant species (Tesfaye Bekele, 2000). According to Ensermu Kelbessa et al., 

(1992), 120 threatened endemic plant species are known from Ethiopia, out of these 35 

species were from the dry afromontane forest. 

 

 In order to maintain ecological equilibrium and to meet the forest product requirements, 

such information is obtained by assessing the properties of various sites in the forest. 

There is also low information and poor management system of the forest before and that 

may lead to destruction of plant species. Thus, the present study aims to reveal the 

problems and to suggest possible solutions. 

 

            1.3. Significance of the Study  

Various attempts have been made to study the forests in different parts of Ethiopia. 

However, the assessment of woody species composition diversity and structural analysis 

and other attributes has not been studied so for on Angada Forest though it renders 

significant ecological and socio-economic services to the local communities. Though, 

Angada Forest is one of the protected forest areas under Arba-Gugu forests, currently it is 

under severe anthropogenic impacts. Hence, there is a need of sound conservation and 

sustainable use of this forest. This necessitates perceiving the nature of its plant 

community, species diversity and its linkage to the local communities. Lack of such basic 

information is one of the serious problems that hampered the conservation and rational 

utilization of the forest resources of the area. Thus, species documentation, community 

identification and description of this forest are important and this study is initiated to 

provide primary information about woody plant composition, species diversity and 
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population structure of Angada Forest. Further, the aim of such study on vegetation 

management is for proper utilization of the resource and plays pivotal role in avoiding 

environmental degradation for the local communities and for others who rely on the 

forest.  

 

1.4. Objectives of the Study  

 

    1.4.1 General objective  

The main objective of this study is to understand and document the overall woody species 

composition, diversity and structure of Angada Forest for sustainable forest management.  

     

    1.4.2 Specific objectives  

This research has the following specific objectives 

- to document list of woody plant species in the study area; 

- to classify the structure of the forest into community types;  

- to make phytogeographical comparison of the forest with other similar forests in 

the country; 

- to come up with recommendations that may help in the conservation and 

management of the forest resources of the area;  
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2. LITERATURE REVIEW  

  2.1. Vegetation Types and Forest Resources of Ethiopia 

     2.1.1. Survey of  the Ethiopian vegetation  

Ethiopia is one of the countries in the world endowed with rich biological resources. One 

of these resources is natural vegetation where floristic and faunistic life forms dynamic 

ecosystems (Girma Balcha, 2002). As defined by Goldsmith et al., (1986), vegetation is 

an assemblage of plants growing together in a particular location and characterized either 

by its component species or by the combination of structural and functional characters 

that determine the appearance, or physiognomy of vegetation. The varied topography, the 

rift valley and the surrounding lowlands have given Ethiopia a wide spectrum of habitats 

and a large number of endemic plants and animals (EFAP, 1994; Demel Teketay, 1999; 

Zerihun Woldu, 1999). 

 

Many scholars and professionals have attempted to classify and describe the Ethiopian 

vegetation. Among these Breitenbach (1963), Tamrat Bekele (1994), Zerihun Woldu 

(1999), Friis and Sebsebe Demissew (2001), Sebsebe Demisew et al. (2004), Sebsebe 

Demissew and Friis (2009) and others have made a considerable contribution in 

classification and description of the natural vegetation types mostly based on 

physiognomic basis as well as in proposing their appropriate conservation measures.  

 

The oldest and overall survey of the vegetation of Ethiopia made by Pichi-Sermolli 

(1957) recognized 24 vegetation types laid the foundation for systematic studies of the 

vegetation and environmental factors in Ethiopia (Zerihun Woldu, 1999). Studies made 

by Sebsebe Demissew (1980), Hailu Shiferaw (1982), Friis et al., (1982), Zerihun Woldu 

et al., (1989), Zerihun Woldu and Mesfin Tadesse (1990), Tamrat Bekele (1993), Tesfaye 

Awas et al., (2001), Kumlachew Yeshitela and Tamrat Bekele (2002), Leul Kidane 

(2003), Abate Ayalew (2006), Kitessa Hundera et al., (2008), etc., are some of the main 

vegetation surveys in different parts of Ethiopia aimed at describing community types 

and their relationship with some natural and anthropogenic features. 
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The present Ethiopian vegetation is broadly divided into nine major types (Sebsebe 

Demissew and Friis, 2009), some of which are divided into subtypes or form of 

vegetation mosaics. These are: 

 1. Desert and semi-desert scrubland, 

 2. Acacia – Commiphora woodland, 

 3. Moist Evergreen Montane rainforest which can be divided into two natural subtypes 

(Afro-montane rainforest and Transitional rainforest), 

 4. Lowland semi-evergreen forest,  

5. Combretum-Terminalia Woodland and Savannah, 

 6. Dry evergreen Montane forest and Grassland complex which is divided into four 

distinct subtypes (Undifferentiated Afro-montane forest, Dry single –dominant Afro-

montane forest of the eastern escarpments and transition between single dominant Afro-

montane forest and East African evergreen and semi-evergeen bushland),  

7. Afro-Alpine and sub-afro – alpine vegetation, 

 8. Riparian and 

 9. Swamp vegetation. 

These major vegetation types are considered natural ecosystems of the country. The 

vegetation of the present study area falls in the dry evergreen afromontane forest 

vegetation type in the country (Friis 1992; Tamrat Bekele, 1994; EFAP 1994; Sebsebe 

Demissew and Friis, 2009). 

 

The Ethiopian highlands cover more than 50% of the country's land area with 

Afromontane vegetation (Tamrat Bekele 1993 and 1994; Yalden, 1983), of which dry 

Afromontane forests form the largest part. The dry Afromontane forests are either 

Juniperus-Podocarpus forests or predominantly Podocarpus forests, both with broad-

leaved species. They occur in both the Northwest and Southeast Highlands, especially on 

the plateau of Shewa, Wello, Sidamo, Bale and Harerge at altitudes of 1500-2700 m. The 

average annual temperature varies between 14 and 20°C and the annual rainfall between 

700 and 1100 mm, with most of the rain recorded in July (Friis, 1992). 
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    2.1.2 Trends and rate of deforestations in Ethiopian vegetation 

According to Friis (1986), it is believed that a substantial portion of the land area in 

highlands of Ethiopia was covered with forests having wide coverage than at present. The 

presence of a number of isolated forest trees, even on farmlands or patches of forests 

around churchyards and religious burial grounds in this country indicate the occurrence 

of vast expanse of forests earlier (Tamrat Bekele, 1993). Historical sources indicate that 

forests might have covered 35-40% of the total land area of the country, which is about 

110 million ha, was covered with high forests before human settlement took place. With 

the inclusion of savanna woodlands about 66% of the country was covered with forests at 

that time (Peoples Democratic Republic of Ethiopia, 1990).  

 

However, the country’s high forests and woodlands coverage have been declining both in 

size and quality. This is due to the increased use of forest lands for farmlands; unwise use 

and excessive utilization of forest products without considering the ecological and 

economical consequences (EFAP, 1994). By the early 1950s high forests were reduced to 

16% of the total land area. Forests on the entire country then went to decline at faster rate 

and reached 3.6% by 1980, 2.6% by 1987 and an estimated 2.4% in 1992 (Sayer et al., 

1992). In Ethiopia the annual deforestation rate was estimated at about 150,000-200,000 

ha (EFAP, 1994). According to Reusing (1998), the rate is estimated as 163,000 ha/year. 

If the existing rate of deforestation and trend of exploiting the remained scarce forests 

continuous, there will be little hope of having any forest worth mentioning after a few 

years (EFAP, 1994; EPA, 1997a; Sebsebe Demissew, 1998). 

 

In Ethiopia the excessive exploitation of natural pasture and forests without the minimum 

repair, the extension of cultivation to marginal lands by clearing and burning fragile 

ecosystems, forest fires, lack of proper forest administration and sound forest 

management, lack of compatible forest proclamation and other legislations, lack of 

constant and sustainable institutional organization has resulted in total deforestation and 

degradation of fertile cultivable land and soil fertility, exposing the country to drought  

and famine. Thus, the earlier fertile Ethiopia is now on its way changing into a ‘stone 

desert’ (UNEP, 1995). According to Gebremarkos Woldesillassie (1998), the drought and 
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famine that repeatedly visited Ethiopia for the last few decades is the actual result of 

shortages of rainfall and change of temperature related to deforestation, environmental 

degradation and desertification. The fast rate of deforestation in this country also 

seriously exposed the fertile soil to the highest magnitude of erosion. Reversing the trend 

is possible as long as appropriate measures are taken by the concerned governmental 

sector and the whole society. 

 

2.1.3 Socio-ecological services of forests 

     2.1.3.1 Ecological sevices of forests 

The services provided by forests cover a wide range of ecological, economical, social and 

cultural considerations and processes. Hence, ecosystem services are the outcome from 

ecosystem functions that benefit human being (Nasir et al., 2002). There are a number of 

services that forests provide in addition to their values of basic goods. They contribute 

more than other terrestrial biomass to climate relevant cycles and biodiversity related 

processes. As stated by Dail (1997),  the major services provided by forests includes: 

Regulation of water regimes, modulating climate,  maintenance of soil  quality, carbon 

sequestration, maintenance of biodiversity in themselves and being a habitat for other 

species, biological control, cultural, aestatic and amenity services.  

       2.1.3.2 Socio-economic services of forests 

Forests provide a wide range of products and services catering to a variety of man’s 

socio-economic needs. The economic values of the forest are the basis of a variety of 

industries including timber, processed wood and paper, rubber, and fruits. They also 

contain products that are necessary for rural communities including fuel, construction 

materials and medicines (FAO, 2005). The forest resource of Ethiopia play pivotal role as 

source of energy and non-timber products. The energy consumption of rural Ethiopia is 

mainly based on biomass sources for which fuelwood being the highest component. The 

rural Ethiopian households entirely depend on biomass fuel to meet their energy 

requirements for cooking, heating and lighting. Biomass based fuel accounts for 85% and 

95% of the total energy and household consumptions respectively. In the share of 
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different biomass based fuels in the total domestic energy, fuelwood and tree residues 

take 70%, Animal dung 8%, agricultural residues 7% and the rest comes from other 

sources (EARO, 2000). According to Demel Teketay (2002), the most important NTFPs 

in Ethiopia include Gum Arabic, resin, coffee, spices, incense, edible plant products 

(fruit, seeds, oil, fodder, etc), fibers, essential oils, tannin and dyes. 

      2.1.4 The threats to the conservation of Ethiopian vegetation 

The Ethiopian vegetations, particularly the forest resources are under severe pressure as a 

consequence of inhabitants, the need for farmlands and grazing lands. There is a severe 

and increasing fuelwood gap in the country; which leads to depletion of the standing 

stock and hence, further degradation of the remaining forest stands (EPA, 1997). The loss 

of forest resource is severe in the Ethiopian highlands where most of the vast mountain 

massifs in the heart of the country lie above 1500 m a.s.l (Diriba Geleti, 2006). These 

highlands cover about 44% of Ethiopian land area; accommodate 88% of the total 

population because of their agricultural potential and low prevalence of diseases, contain 

about 95% cultivated land and more than 67% of the livestock (EFAP, 1994). The 

location of Ethiopian high forests on the zone of these densely populated highlands and 

their unique ecology make them endangered and more susceptible to strong deforestation 

of forests (Shiferaw Dessie and Taye Bekele, 2002). Another threat is the conversion of 

high forest sites to coffee and tea plantations. Currently a number of investors have filed 

applications for forest land with the regional authorities. 

 

According to FAO, (1985) and Getachew Berhan and Yosef Assefa, (2002), the major 

threats to the conservation of the Ethiopian vegetation are increasingly intensive use of 

forest lands for agriculture and livestock, need of fuelwood and construction materials, 

forest fires and human settlement. These major causes of forest destruction are very much 

interrelated and most are ultimately initiated by the rapid population growth in the 

country.  
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Fire is both a natural and human enhanced factor in ecological system. Forest fires inflict 

great damages to both the natural and plantation vegetations. In Ethiopia, the forest fires 

occur during the dry seasons between January and April ranging for three Months (Desta 

Hamito, 2001). The causes of fires vary between highlands and lowlands of the country. 

As explained by Kinfe Abebe (1993) and Dhaba Wirtu, (2001), three types of forest fires 

are distinguished: ground fire (a forest fire which consumes the organic materials beneath 

surface litter of forest floor), surface fire (a fire that burns surface litter, other loose debris 

of the forest floor and small vegetation) and crown fire (a fire that advances from bottom 

to top of the trees or shrubs more or less independently of the surface fire).  

 

          2.2 Plant Diversity 

The Convention on Biological Diversity (CBD, 2003) defines biodiversity as: “Biological 

diversity” means the variability among living organisms from all sources including inter 

alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of 

which they are part; this includes diversity within species, between species, and of 

ecosystems. Biodiversity is the total variety of life on earth. It includes all genes, species 

and ecosystems and the ecological processes of which they are part (ICBP, 1992). 

 

Biodiversity has four components: ecosystems, species, genes and cultural diversity. It 

includes all levels of natural variation (Huston, 1994). It encompasses the natural 

variation from the molecular level and genetic level to the species level, where most 

interactions of the biological diversity take place (Whittaker, 1975). 

 

The topography and diverse climatic conditions of Ethiopia have led to the occurrence of 

habitats that harbor some unique plant species and animals and their assemblages. As a 

result, Ethiopia is one of the countries in the world with high level of biodiversity. The 

overall results of the environmental degradation in Ethiopia, whether at a local level or 

ecosystem level, leads to desertification and its manifestations which eventually become 

the overriding cause for loss of biodiversity. These disruptions have meant that much 

endemic biodiversity has been lost and more is threatened (Zerihun Woldu, 2008). 
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Biodiversity is influenced by different mechanisms, to the extent that particular species 

may exist where others perish in response to the same environmental conditions 

(Crawley, 1998). Globally, patterns of plant species diversity are influenced by 

latitudinal, altitudinal and soil gradient (Huston, 1994). The diversity of higher plant 

species increases as one moves from the poles to the tropics, reaching its peak in the 

tropical rainforests. Generally, species diversity tends to decrease with an increase in 

elevation (Whittaker, 1975). 

 

2.3 The Value of Plant Diversity 

Various plant species have different use values depending on socio-economic conditions 

of a given community. Natural forests are important sources of non-timber forest 

products such as fruits, fodder, honey, herbal medicine, as sources of tools and 

construction materials, timber and food for local communities. Forests also shelter 

several animal species including those that are endemic to Ethiopia alone. In Ethiopia, the 

majority of the woody species have economic uses. This has tended to promote 

unsustainable utilization of tree and shrub species, such unsustainable utilization of few 

species, especially timber and fuelwood species put them in the endangered category. 

Hence, there is less awareness of sustainable forest management in the local community. 

         2.4 The plant community 

Many ecologists attempted to give the botanical definitions for the plant community. 

Some of these are: Grubb (1987) and Kent and Coker (1992). Plant communities are 

defined as an assemblage of functionally similar species populations that occur together 

in time and space (Magurran, 1988). Distinguishing plant communities focuses on the 

distribution, composition and classification of plant communities (Kashian et al., 2003). 

Plant communities are separated from each other based on indicator species in 

combination with a distinctive floristic composition. There is no fixed size for a 

community. They can range from very small size to variable expanses of grassland or 

forest (Chapman and Reiss, 2008).  
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The structure of plant community includes attributes such as the number of species, the 

relative abundance of species, and the kind of species comprising a community (Manual 

and Molles, 2007). The overall structure of the plant community will be determined by a 

combination of several features such as the physical environment, community size, and 

longevity of species present. The community may be stable or unstable, with high or low 

primary productivity, and may change seasonally or even daily (Chapman and Reiss, 

2008). 

 

   2.5 Diversity Indices 

Floristic description of vegetation community involves the analysis of species diversity, 

evenness and similarity. Species diversity is one of the most important indices used for 

evaluating the sustainability of forest communities. Diversity and equitability of species 

in a given vegetation community is used to interpret the relative variation among and 

within the community and help to explain the underlying reasons for such a difference 

(Kent and Coker, 1992). Species diversity is described on the basis of two concepts 

(factors), the total number of species in the community (species richness) and the relative 

abundance of species (species evenness) within the sample or community. 

 

Species richness is a measure of the number of different species in a given site and can be 

expressed in a mathematical index to compare diversity between sites (Zerihun Woldu, 

1985). Species richness index is of great importance in assessing taxonomic and 

ecological values of a habitat. Evenness is a measure of the relative abundance of the 

different species making up the richness of an area. 

 

Thus, species diversity is a product of species richness and evenness or equitability. 

Species diversity index provides information about species endemism, rarity and 

commonness. Measures of species diversity are usually seen to be key indicators for the 

well being of ecological systems (Heywood, 1995; Shackelton, 2000). 
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Among many species diversity indices, widely used include Simpson's index and 

Shannon-Weiner index and Sorenson index of similarity (Mueller-Dombois and 

Ellenberg, 1974). 

 

      2.5.1 Simpson's Diversity Indices  

The term Simpson's Diversity Index can refer to any one of 3 closely related indices 

namely: Simpson's Index (D), Simpson's Index of Diversity (1-D) and Simpson's 

Reciprocal Index (1/D).   

i. Simpson's Index (D) = Σ (n/N) 2 or D = Σ n (n-1) 

                 N (N-1) 

Where,                                                                                                                                                                                                                                                                       

n= the number of organisms of a particular species 

N= the total number of organisms of all species. 

The value of this index ranges between 0 and 1, and the bigger the value of D, the lower 

the diversity. This index (D) measures the probability that two individuals randomly 

selected from a sample will belong to the same species. 

 

ii. Simpson's Index of Diversity (1-D) has a value ranging between 0 and 1, but now the 

greater the value, the greater the sample diversity. In this case, the index represents the 

probability that individuals randomly selected from a sample will belong to different 

species. 

 

iii. Simpson's Reciprocal Index (1/D) represents the number of species contained in a 

sample. The value of this index starts with 1 as the lowest possible figure. The higher the 

value, the greater the diversity. 

 

       2.5.2 Shannon - Wiener Index of Diversity 

It is the most applicable index of diversity (Greig-Smith, 1983). Like Simpson's Index, 

Shannon's Index accounts for both abundance and evenness of the species present. 

The Shannon Diversity Index (H') is calculated using the following formula:  
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Where,    S = total number of species, Pi = the proportion of individuals or the abundance 

of the ith species expressed as a proportion of total cover. ln = log base n. 

Shannon's equitability (EH) or Evenness is calculated as follows: 

 EH = H/Hmax = H/lns 

Equitability assumes a value between 0 and 1 with 1 being complete evenness.  

 

        2.5.3 Measurement of Similarity and Dissimilarity 

Similarity indices measure the degree to which the species composition of quadrats or 

samples is alike, whereas dissimilarity coefficient assesses which two quadrats or 

samples differ in composition. Jaccard and SØrensen are the most common binary 

similarity coefficients because they rely on presence or absence of data. 

 

SØrensen's coefficient is expressed as:  Ss =     2a 

                                              (2a+b+c)  

  (Kent and Coker, 1992) 

Where, a = number of species common to both quadrants/samples 

  b = number of species unique to quadrant/sample 1 

  c = number of species unique to quadrant/sample 2 

Often, the coefficient is multiplied by 100 to give a percentage similarity index. 

Dissimilarity is then computed as: 

  Ds =     b + c  or  1 - Ss 

            2a+b+c 

   

 2.6. Regeneration Ecology of Forests 

The study of regeneration ecology of forests is essential to gather information on the 

presence and absence of persistent soil seed banks or seedling banks, quantity and quality 

of seed rain, longevity of seeds in the soil, losses of seeds to predation and deterioration, 

source of re-growth after disturbances, etc. Forest plants have been reported to possess 

various pathways of regeneration. 
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Studies on natural regeneration and seedling ecology can also provide options to forest 

development through improvement in recruitment, establishment and growth of the 

desired seedlings. Also, studies on tree seedling density, their rate of mortality and 

damage help in the understanding the status of species and natural regeneration (Hubbel 

et al., 1986).  

 

Seedlings are more vulnerable to environmental hazards and biotic factors especially at 

the early stages of seedling establishment. Potential causes of seedling mortality include 

abiotic stresses such as shade and drought and biotic influences such as herbivores, 

trampling, disease or root competition (Demel Teketay, 1996). To reduce the impact of 

humans on the natural priority species, information on seedling ecology and population 

structure of these plants has to be obtained. 

 

2.7 Human Pressure on Forest Resources of Ethiopia 

Although, forests provide many valuable goods and services to mankind, man has a bad 

record of misuse of these forests. Present day disturbances include wind throw, both 

natural and man-made fires, landslides, grazing and tree felling and clearing for 

cultivation. Among these, the major disturbance is the extensive clearing or burning of 

forests and converting them into permanent agricultural land. This in fact has caused 

huge losses to Ethiopian forest biodiversity due to habitat destruction through 

deforestation, fragmentation and degradation. Like all tropical forests, Ethiopian forests 

have fragile ecosystems with species that are extremely vulnerable to habitat change due 

to their limited distribution and adaptation to specific ecological niches. 

 

Also in Ethiopia, forest clearing has continued through time and has become more serious 

problem because of several interrelated problems. Population pressure is the major factor 

for the loss of natural forests in Ethiopia. The high population pressure and lack of proper 

policy framework for land use led to expansion of agricultural land, overgrazing, and 

indiscriminate felling of trees for logging, fuelwood and construction materials. 

Population pressure also created a huge gap between demand and supply of forest 
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products and services in Ethiopia. As was indicated by EFAP (1994), the consumption of 

wood in the country exceeds production. Estimate made in 1992 shows that annual 

production of wood was 14.4 million m3, of which fuelwood comprised 12.2 million m3, 

while total annual requirement was 47.5 million m3, of which 45 million m3 was the total 

wood requirement. This deficit will continue to be a major threat for the few remaining 

natural forests. 

 

The existing budget and facilities are inadequate to manage the existing forest resource of 

the country. Industrial log production has been poorly managed and loggers often engage 

in destructive exploitation without being aware of the consequences of their practices on 

regeneration and replacement. 

 

This general destruction of vegetation results in increased soil erosion, loss of soil 

fertility, loss of plant and animal genetic resources, climatic changes, increased run off 

that lead to flooding, reduced infiltration to the water table and decreased water supply to 

rivers during dry seasons. In an effort to cope with the rapid depletion of forests in the 

recent years, the Ethiopian government has classified 58 of the most important high forest 

areas as National Forest Priority Areas (NFPAs) for management purposes. Their sizes 

range from 10,000 to 300,000 ha (NFAP, 1994). 

 

However, on the whole, the measures so far taken to conserve and manage the country's 

forest did not bring about the expected results and hence the process of deforestation has 

continued. Therefore, in order to ensure optimum protection, conservation and utilization 

of natural forests on sustainable basis, the major constraints which hindered the 

introduction of sound natural forest management must be removed. At the same time, to 

enhance productivity of these forests, different studies should be carried out on the 

NFPAs to provide information to introduce suitable management systems. 
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  3. MATERIALS AND METHODS  

      3.1 Location of the Study Site 

The study was conducted in Oromia National Regional State, Arsi Zone on Angada 

forest, located 223 kms southeast of Addis Ababa and 183 kms east of the zonal capital 

Asella Town in Merti Wereda. The site is the part of southeast highlands, which is the 

extension of Harerge, Arsi and Bale highland massifs (Demel Teketay, 1996). The Forest 

is located between 593000-588000N latitude and 935000-924000E longitude. It is 

located 18 kms east of Abomsa Town which is the capital of the Wereda and has a total 

area of 300 hectares (Figure.1). This forest plays a vital role in regulating the watershed 

of the surrounding areas. It is situated between two rivers Arba-Gudda and Aba-Xinna 

Rivers.  

 

Merti is one of the 26 Weredas of Arsi Zone. It shares a boundary with Aseko Wereda in 

the east, Jeju Wereda in the west, Guna Wereda in the south and Fentale Wereda in the 

north direction (MDRADO, 2010).  

 

 

   Figure 3 Map of the study site  
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3.1.1 Geology and soil  

The present land form of the Wereda was formed due to tectonic force acting up on the 

internal part of the earth during Cenozoic era of quaternary period at different epoch 

(MDARDO, 2010). The major soil types are clay (3.4%) sandy (26%), loam (36.6%), and 

clay loam (34%). The fertility status is good. However, the rapid erosion due to high rate 

of deforestation is one of the major problems of the District as it was observed during 

data collection.  

3.1.2 Relief and drainage 

The relief of Merti Wereda is characterized by undulating high plateau dissected by 

streams and rivers flowing from these plateau towards the rift valley. Its altitude ranges 

from approximately 1050 to 2800 meters above sea level. Gora maintain is the highest 

peak (2800 m a.s.l.) in this Wereda. The major perennial rivers are Arba-dima, Arba-

guracha and Homba.  These rivers are mainly used for irrigation because of their network 

formed around the Abomsa Town. The District has also eight main streams of which 

three are seasonal (MDARDO, 2010).  

3.1.3 Climate 

The rainfall and temperature data for this study were collected from the nearest 

Meteorological station of Abomsa Town about 18 km from the Angada Forest. Abomsa 

is located at 70 19' 37"N and 330 45' 39"E with altitude of 1550 m a.s.l. Ten years data 

(1999-2009) were taken and calculated from the National Meteorological Services 

Agency (NMSA, 2010). Due to its altitudinal location, the Wereda is divided into three 

agro-climatic zones. Dega (>2300 m.a.s.l) which covers 10% of the total area of the 

Wereda, Woina Dega (2000-2300 m) which is 35% and Kolla (500-2000 m) covers about 

55% (MDRADO, 2010). The mean annual temperature is about 21.80C and the mean 

minimum temperature is 12.70C whereas the mean maximum temperature is 310C. The 

hottest month is June with maximum temperature of 32.50C and the coldest month is 

January with minimum temperature of 50C. The area is also characterized with minimum 

annual rainfall of about 900 mm and maximum annual rainfall of 1400 mm. The mean 

annual rainfall is 1150 mm. From 18 Kebeles found in the District, only eight Kebeles are 
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characterized with bimodal rainfall pattern, which are short spring rainy season (Belg 

season) that occurs from the beginning of March to mid-May and long summer rainy 

season (Meher season) from end of May to the mid-October.  

 

 
 

          Figure 4: Climatic Diagram for Abomsa Town (1999-2009) 

 

3.1.4 Land use pattern  

The classification of land of an area under different type of socio-economic uses is 

important for socio-economic purposes. Patterns of land use changes from time to time 

depending up on socio-economic change. 
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According to MDRADO (2010), a survey of land in this Wereda shows 24.5% of its land 

is cultivated, 5.6% forest, 4.5% woodland and bushland, 33.3% pasture, 2.8% land for 

investment and the remaining 29.3% includes non cultivated, water bodies, swampy and 

rocky mountain areas and others. Different land use patterns of the Wereda can be 

recognized from the table below.  

 

         Table 2 Land use characteristics of Merti Wereda 

  

Source: MDARDO, 2010. 

3.1.5 Population size and distribution 

Based on the data obtained from Merti Wereda Agricultural and Rural Development 

Office (MDRADO, 2010) in the year 2010, the Wereda had a total population of 99,073 

of which female population accounts about 47,969 and about 51,104 are males. Out of 

these 12,871 (26.8%) of females are found in rural areas and 35,098 (73.2%) of females 

are reside in urban areas. Male population in rural areas accounts about 38,954 (76.2%) 

and at urban 12,150 (23.8%). An average family size is 6.1 persons per household. The 

maximum number of population per household is 27 which is found at Dembeka Iftu 

Kebele and the minimum number is 2 which are only a wife and a husband.   

Component  Area in hectare Percent 

Cultivated land  26,756 24.5 

High forest land 6,085 5.6 

Woodland and bushland 4,885 4.5 

crops and Pasture land   36,310 33.3 

Land for investment 733 0.7 

Reserved lands for investments 2,317 2.1 

Others 31,955 29.3 

Total 109,041 100.00 
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3.1.6 Socio-economic conditions 

   3.1.6.1 Crop production  

From the 18 Kebeles, only eight Kebeles of the Wereda has bimodal type of rainfall 

which provides a wide opportunity for the Wereda to produce variety of crops and use the 

same land twice a year (during ‘Meher’ and ‘Belg’ seasons). However, Meher is the main 

growing season in terms of cultivated land and products obtained. 

 

The major annual crops grown in the Wereda are cereals, pulses and oil seeds. From 

cereal crops barely, teff, sorghum, bean, wheat and maize are the most widely grown 

crops in the District. In addition, the area is well known by production of vegetables like 

(potato, tomato and onion), fruits like (mango, papaya, orange) and coffee.  

   3.1.6.2 Livestock rearing practices 

Cattle, goats, sheep, horses, mules, donkeys and camels are the major type of livestock 

rearing in the Wereda. From the total livestock found in the Wereda cattle, goats and 

sheep account for about 42%, 22.8% and 14.4% respectively (MDARDO, 2010). 

           

       Table 3 Livestock Population of Merti District 

 

 

 

 

 

 

Type of Livestock 2010 %  

Cattle  74,375 42 

Sheep 25,538 14.4 

Goats 40,260 22.8 

Donkeys 11,641 6.6 

Horses 7,164 4.1 

Mules 3,140 1.8 

Camel 14,684 8.3 

Total 176,802 100.00 

          

       Source: MDARDO, 2010. 



 

3.1.6.3 Beekeeping activity

Another source of income generating and food for farmers

keeping. There were 48 modern beehives and 6,536 traditional beehives in the year 2009 

in the Wereda (MDARDO, 2010). However, rapid deforestation rate of vegetations, use 
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3.1.7 Vegetation of the area
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Beekeeping activity  

Another source of income generating and food for farmers family in the Wereda is bee

keeping. There were 48 modern beehives and 6,536 traditional beehives in the year 2009 

in the Wereda (MDARDO, 2010). However, rapid deforestation rate of vegetations, use 

of herbicides and insecticide are the main problems in bee farming. 

Vegetation of the area  

The vegetation of the study area is dry evergreen montane forest with important tree 

Junipers procera, Podocarpus falcatus, Prunus africana

Olea europaea, Croton macrostachyus, Bersama abyssinica

Olinia rochetiana and Allophylus abyssinicus (Plate 1). There are also 

woodlands, bushlands, sub afro-alpine vegetation and grasslands which are the major 

vegetation types in the Wereda but are not included in the present study. Angada Forest is 

-Gugu forests.  

South view of part of Angada Forest. 

family in the Wereda is bee-

keeping. There were 48 modern beehives and 6,536 traditional beehives in the year 2009 

in the Wereda (MDARDO, 2010). However, rapid deforestation rate of vegetations, use 

The vegetation of the study area is dry evergreen montane forest with important tree 

Prunus africana, Teclea nobilis, 

Bersama abyssinica, Olea 

(Plate 1). There are also 

alpine vegetation and grasslands which are the major 

ed in the present study. Angada Forest is 
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      3.1.8 Wildlife 

 
There are various wild animals in Angada Forest including mammals, birds, reptiles, 

amphibians and insects like wild honey bees and monkeys, apes, columbus monkeys, 

bush-buck, leopard, hyena, antelopes and porcupine are some of the mammals. There is 

also a large number of bird species as observed during the study. However, these wild 

animals are under severe threat due to human interferences and high rate of destruction of 

the forest.  
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 3.2 METHODS  

      3.2.1 Site selection and establishment of quadrats 

A reconnaissance survey of study area was undertaken in the first week of November 

2010. During that period, overall information on the study site was obtained and 

representative sampling sites were identified. Three representative sampling sites were 

selected based on altitudinal gradients. These sites were chosen because they are 

relatively better protected and the extent of human disturbance is relatively less than in 

the other areas of the dry Afromontane Forest of the site. At each sites, two line transects 

were laid at 400 m apart and quadrats of size 20 m x20 m were established systematically 

at every 200 m interval along these line transects following altitudinal gradient at 

appropriate direction. A total of 80 sampling plots (20 m x 20 m) were systematically 

established for the documentation of trees, shrubs and lianas following the Braun-

Blanguet approach (Mueller-Dombois and Ellenberge, 1974; Kent and Coker, 1992; 

Desalegn Wana and Zerihun Woldu, 2005). For the ground flora (seedlings and saplings), 

a 2 m x 2 m subplot was established within the main sampling plot.   

 

   3.2.2 Vegetation data collection 

Vegetation data was collected between November and December 2010. All the woody 

plant species encountered in each sample plot were recorded using vernacular or local 

names. The plant species occurring outside sample plots within 10 m distance were 

recorded only as ‘present’, but they were not used in the subsequent vegetation data 

analysis (Tamrat Bekele, 1994). In each plot, trees and shrubs with DBH > 2.50 cm were 

measured and recorded for height and diameter at breast height (DBH). At each of the 

plots established, diameter of trees and shrubs with Diameter at Breast Height (DBH) > 

2.5 cm was measured using a diameter tape. Counting of trees, and shrubs with DBH > 

2.5 cm and conversion of Diameter at Breast Height (DBH) to basal area were made 

later.      

 

The measurement was taken for trees and shrubs with the height >2 m and DBH > 2.5 

cm. For trees and shrubs that are branched around the breast height, the circumference 
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were measured separately and averaged. In each plot, the number and height of seedlings 

and saplings were recorded to determine the status of their regeneration. The 

undergrowths of woody species with the height less than 1 m were considered as 

seedlings, single-stemmed individuals with the height of greater than 2 m were 

considered as trees and those in between the seedling and trees/shrubs (with height of 1-2 

m) were considered as sapling (Singhal, 1996).  

 

The height of these species was taken by using clinometer and visual estimation. All 

individuals of each study species were then categorized into DBH and Height classes. 

Physiographic variables such as altitude, aspect, slope and UTM were recorded for each 

sampling plots using GPS (Appendex 1). Species composition and cover value (the area 

of ground within a sampling plot occupied by the above-ground parts of each species) 

(Kent and Coker, 1992), were recorded for each species to determine the plant 

community types.  

 

Voucher specimens were collected and pressed for identification of the species diversity 

in the study area and brought to the National Herbarium (ETH), Addis Ababa University, 

where they were properly identified to species (and subspecies) levels. The identification 

was done using the Flora of Ethiopia and Eritrea and by comparing the specimens with 

the authentic specimens in the National Herbarium. The nomenclature of plant species 

follows the Flora of Ethiopia and Eritrea. The vouchers have been deposited at the 

National Herbarium.  

  3.2.3 Data analysis  

     3.2.3.1 Diversity and similarity indices 

The quantitative indices of species diversity, richness and evenness were measured using 

the Shannon- Wiener index (Magurran, 1988) using the formulae as indicated in section 

2.5.2. The minimum value of H' is 0, which is the value for a community with a single 

species, and increases as species richness and evenness increases (Manuel and Molles, 

2007).  
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The species evenness that measures the equity of species in a given sample area is 

represented by 0 and 1, where 0 indicates the abundance of few species and 1 indicates 

the condition where all species are equally abundant (Whittaker, 1975).  

 

The Jaccard’s and Sorensen’s similarity indices were used to determine the pattern of 

species turnover among the communities and to evaluate the similarity between Angada 

Forest and other similar forests in Ethiopia based on their species composition as stated in 

section 2.5.3.  

    3.2.3.2 Structural analysis  

 
The structure of the vegetation was described based on the analysis of species density, 

DBH, height, basal area, frequency and important value Index (IVI). The regeneration 

status of the trees, shrubs and lianas was also determined by computing density ratios 

between seedlings and mature individuals, seedlings and saplings, and sapling and mature 

individuals. The Diameter at Breast Height (DBH) and tree height were classified into 

DBH classes and height classes. The percentage frequency distribution of individuals in 

each class was calculated. The tree or shrub density and basal area, values were computed 

on hectare basis. These vegetation data were computed and summarized using Microsoft 

Office Excel (2007) spread sheet using the following formulae (Mueller-Dombois and 

Ellenberg, 1974; Kent and Coker, 1992).  

The frequency distribution of tree species was calculated as: 

Frequency (F): Is the chance of finding a species in a particular area in a particular trial 

samples.  

     100x
sitestudytheinoutlaidplotsofnumbertotal

occurspeciesawhichinplotsofNumber
F =      

Relative Frequency (RF): It is the frequency of species A/ sum of frequencies of all 

species x 100. 

Density of a species = the number of individuals of that species /area sampled.  

 

   
)(hahectareinareasampled

counteredspeciesaofstemsgroundaboveofNumber
D =  
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Relative density = Density of species A /total density of all species x 100. 

Basal area (BA): It is the area outline of a plant near ground surface for trees. It is 

measured through diameter, usually at breast height (DBH) that is 1.3 m above 

ground level. The analysis of species dominance was made using basal area 

measurements.   

          4
2dBA π=  Where BA = Basal Area in m2 per hectare  

     d = diameter at breast height in meter.  

              π = 3.14 

Dominance: It is the mean basal area per species times number of the species. 

Relative dominance (RDO): It is basal area of a species /total basal area of all species x 

100  

 

Important values index (IVI) was analyzed for woody species. IVI of a species was 

calculated from the sum of relative dominance (RDO), relative density (RD) and relative 

frequency (RF) (Kent and Coker, 1992).  

IVI = RDO + RD + RF 
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   4. RESULTS AND DISCUSSION  

   4.1 Floristic Composition 
A total of 87 woody species belonging to 82 genera and 50 families were identified from 

Angada Forest (Appendix 2). Two species were observed outside the sampling plots in 

the study area within the ranges of ten meters distance. These were Ficus carica, and 

Solanum marginatum. The collected species were composed of 46% trees, 2.3% 

trees/shrubs, 34.5% shrubs and 16.1% lianas. The major families were Fabaceae 

represented by 6 (6.7%) species, Asteraceae by 5 (5.7%) species, Rosaceae, Oleaceae, 

Rubiaceae each with 4 (4.6%) species and Celastraceae, Euphorbiaceae and Myrsinaceae 

each of them are represented by 3 (3.3% each) species of the total woody composition. 

The remaining families were represented by one or two species each (Appendix 3). 

4.2 Plant community classification 

Five plant community types (clusters) were identified at 12.5% to 25% similarity level 

from hierarchical cluster analysis of PC-ORD software by using Jaccard and wards 

method (Figure 3). Vegetation community types were given names after one or two 

dominant and/or characteristic species and the input data matrix has 80 plots and 87 

species. 

 
Table 3 Communities and the distribution of sample plots in the communities  
 
Community 

type 

Plots in the community Total 

plots 

Altitude 

(m) 

I  1,2,3,4,5,6,7,8,9,10,11,12,13,15 14 2145-2562 

II  46,72,73,74,75,76,77,78,79,80 10  2287-2469 

III  54,55,56,57,58,59,60,61,62,63,64,65, 

66,67,68,69,70,71 

 

18 

 

2449-2463 

IV  14,16,17,18,19,30,31,33,34,36,37,38,40,41, 

42,43,44,45,47,48,49,50,51,52,53, 

 

25 2256-2539 

     V 

 

 
20,21,22,23,24,25,26,27,28,29,30,32,35 

 
       13 

 
2289-2444 
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Table 4 Indicator species for each community and the Monte Carlo test of significance (P*)  
               observed for each indicator species 

Indicator Species 
Communities 

P* Value 1 2 3 4 5 

Bersama abyssinica 58 0 3 0 0 0.0002 
Calpurnia aurea 41 1 7 1 2 0.001 
Maesa lanceolata 35 3 23 1 1 0.009 
Maytenus addat 28 1 1 0 3 0.0132 
Teclea nobilis 33 3 7 0 0 0.0166 
Rubus steudneri 39 3 13 1 2 0.0332 
Clematis simensis 27 0 4 11 0 0.038 
Croton macrostachyus 0 33 0 9 0 0.0052 
Cassipourea malosana 0 36 5 3 0 0.0052 
Cordia Africana 0 22 0 0 1 0.018 
Carrisa spinarum 31 35 15 6 5 0.0232 
Secamoneparvifolia 1 26 8 0 8 0.0408 

Juniperus procera 11 3 36 13 3 0.009 
Dovyalis abyssinica 0 0 41 47 6 0.0002 
Lepidotrichilia volkensii 0 43 0 52 4 0.0002 
Podocarpus falcatus 0 0 0 27 56 0.0022 
Myrsine Africana 0 5 1 31 52 0.0044 
Osyris quadripartite 10 2 1 26 49 0.035 

                                                                   
4.2.1 Bersama abyssinica - Calpurnia aurea community type 
This community is located between the altitudinal ranges of 2145 and 2562 m a.s.l. in the 

vegetation. It was represented by 14 plots and 15 species. Along with the dominant 

species used in the naming of the community, Maesa lanceolata, Dovyalis abyssinica, 

Bersama abyssinica, Teclea nobilis, Podocarpus falcatus, Maytenus addat, Allophylus 

abyssinicus were the dominant species in the tree layer of the community. Rubus 

steudneri, Rosa abyssinica, Calpurnia aurea and Premna schimperi were important 

species in the shrub layer. The common climbers in this community include Clematis 

simenis and Dregea abysinica.   

  

4.2.2 Croton macrostachyus Community type  
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This community is situated at altitude between 2287 and 2469 m a.s.l. It comprises 10 

plots and 14 species belong to the group. Croton macrostachyus, Cassipourea malosana, 

Bersama abyssinica, Teclea nobilis, Podocarpus falcatus, Juniperus procera,  

Olinia rochetiana, Premna schimperi, Cordia africana, Psydrax schimperiana, Olea 

hochstetteri and Dombeya torrida were the dominant species of the tree layer of the 

community. The shrub layer was dominanted by Conyza hypoleuca, Carrisa spinarum, 

Acanthus senni, Myrsine africana, Osyris quadripartita, Calpurnia aurea, Hypericum 

revolutum and Dodonaea angustifolia. The common climbers in this community include 

Caucanthus auricalatus, Secamone parvifolia and Cyphostemma adenocaule. 

.   

4.2.3 Juniperus procera-Maytenus addat Community type  
  
This community is situated at altitude between 2449 and 2463 m a.s.l. It comprises 18 

plots and 19 species belong to the group. Podocarpus falcatus, Celtis africana, Maytenus 

addat, Croton macrostachyus, Dracaena steudneri, Dovyalis verrucosa, Erythrina 

brucei, Juniperus procera, Olinia rochetiana, Rhus vulgaris, Bersama abyssinica, Maesa 

lanceolata, Millettia ferruginea, Ficus vasta and Teclea nobilis were the dominant 

species of the tree layer of the community. The shrub layer was dominated by Osyris 

quadripartita, Carissa spinarum, Brucea antidysenterica and Myrsine africana. The 

common climbers in this community include Toddalia asiatica and Caucanthus 

auricalatus. 

4.2.4 Dovyalis abyssinica Community type   
This community type was distributed between 2256 and 2539 m a.s.l. The community 

consists of 25 plots and 22 plant species that were associated in the group. Premna 

schimperi, Dombeya torrida, Croton macrostachyus, Cupressus lusitanica, Psydrax 

schimperiana, Hyppocratea africana, Erythrina brucei, Olea europaea, Dovyalis 

abyssinica, Bersama abyssinica, Teclea nobilis, Podocarpus falcatus, and Olinia 

rochetiana were important tree species in the group. The common species in the shrub 

layer were Carissa spinarum, Teclea nobilis, Dodonae angustifolia, Solanum 

marginatum, Ricinus communis, Rubus steudneri, Solanecio gigas, Discopodium 

penninervum, Brucea antidysenterica and Myrsine africana. The common climbers in 
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this community include Clematis simenis, Jasminum abyssinicum, Lagenaria abyssinica 

and Phytolaca dodecandra.   

4.2.5 Podocorpus falcatus-Myrsine africana Community type 
 
This community prevails between the altitudinal ranges from 2289 to 2444 m a.s.l. The 

community comprises 13 plots and 17 plant species in the association. The dominant tree 

species in this community are Juniperus procera, Maytenus addat, Dovyalis abyssinica, 

Olea europaea, Pavetta abyssinica, Millettia ferruginea and Podocarpus falcatus. 

Buddleja davidii, Osyris quadripartita, Conyza hypoleuca and Myrsine africana were 

dominant in the shrub layer of this community. Premna schimperi, Cordia africana, 

Millettia ferruginea and Erythrina brucei were the characteristic tree species in this 

community. Dodonaea angustifolia was the characteristic shrub. The common climbers 

in this community include   Toddalia asiatica and Caucanthus auricalatus. 

 

The distribution of plant communities is the manifestation of physical gradients like 

microclimate, soil heterogeneity and elevation, biotic response to physical gradients and 

historical disturbances (Urban et al., 2000). As it has been indicated by Tadesse 

Woldemariam (2008), environmental factors such as slope, landscape pattern and altitude 

also characterize the distribution of plant communities. These environmental factors 

might influence the plant community formation of the present study in a similar manner. 
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Figure 3 Dendrodram of the vegetation data obtained from the hierarchical cluster 

analysis with the level of grouping based on 20% information remaining 
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4.3 Species diversity, richness and evenness of the plant community 

types   

Species diversity is a combination of the number of species and their relative abundance. 

The values of species diversity depend upon levels of species richness and evenness 

(Manuel and Molles, 2007). The Shannon – Wiener diversity index (H’) was computed 

for each plant community types. The different values of H’ for the communities reflect 

the difference in their species richness and evenness. The minimum value of H’ is 0, 

which a value for a community with a single species and increases as species richness 

and evenness increases. 

 

 Based on the outcome of the Shannon-Weiner diversity index analysis, community type 

V had the highest species diversity followed by communities II, I, IV, and III 

respectively. The highest species richness was obtained for community type IV. 

Community types I, II, III and V took the second, third, fourth and fifth rank respectively. 

Community type I, III and IV each, V and II took the first, second, third and fourth rank 

respectively in the species eveness. Community type V was least in its species richness 

but come the third in its species evenness.  Community type II had the least species 

evenness. Low species evenness can be attributed to excessive environmental 

disturbances, variable conditions for regeneration and selective exploitation of some 

species. Community type I had the highest species eveness (Table 4). 

 
Table 5 Shannon - Wiener indices, species richness and evenness of the plant communities 
 
Communities  Altitude 

(m) 

Species 

richness  

Diversity 

index (H’) 

H’max  Species 

evenness (J) 

I 2145-2562 53 3.40 6.65 0.51 

II  2287-2469 43 3.58 6.08 0.08 

III 2449-2463 35 3.03 6.72 0.45 

IV 2256-2539 61 3.30 7.28 0.45 

V 2289-2444 32 3.83 6.54 0.43 
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 High species diversity and evenness could be attributed to the presence of optimum 

environmental factors such as altitude, slope and adequate nutrient and moisture. Reports 

from other studies indicated that species richness and diversity tend to peak at an 

intermediate altitude and decline at the lower and upper elevations (Desalegn Wana and 

Zerihun Woldu, 2005). The result of the present study more or less agrees with this 

regarding species richness. 

 

4.3.1 Similarity among the Plant Communities 

The Jaccard’s similarity coefficient was used to detect similarities among the plant 

communities. The distribution of species among the communities showed significant 

dissimilarity; this was observed from the computed Jaccard’s similarity coefficient (Table 

5). More similarity coefficient (Sj = 0.21) was observed between community types (I and 

III), (II and V) and (community V and IV). Less similarity (Sj = 0.16) was observed 

between community types (I and V) and (V and III) community types. The relatively 

higher similarities between community types (I and III), (II and V) and (community V 

and IV) is probably due to the similar environmental conditions. As it was reported by 

Desalegn Wana and Zerihun Woldu (2005) and Dereje Denu (2007), in addition to 

altitudinal gradient, other environmental factors such as aspect, slope, soil, physical and 

chemical properties have sound effects on patterns of plants in communities. For all 

communities, the Jaccards similarity coefficient values were below 0.5, indicating the 

existence of low similarities among the recognized communities which implies that all 

the communities are important in terms of floristic diversity and needs attention from a 

conservation point of view.  
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Table 6 Jaccard's similarity coefficients among the the plant communities 
 
Communities  I  II  III  IV  V 

I 1.00 0.80 0.81 0.80 0.84 

II  0.17 1.00 0.79 0.83 0.81 

III  0.21 0.19 1.00 0.84 0.16 

IV  0.17 0.17 0.19 1.00 0.21 

V 0.16 0.21 0.81 0.20 1.00 

*Values in bold refer to Jaccard’s dissimilarty coefficients.   

       

4.4 Analysis of Vegetation Structure 

 4.4.1. Density of woody species 

Tree density is expressed as the number of trees per unit area and it is a crucial parameter 

for sustainable forest management. The total density of mature woody species with DBH 

> 2.50 cm in Angada Forest was 1,000 individuals per hectare, those with DBH greater 

than 10 cm was 372.8 individuals per hectare and those with DBH greater than 20 cm 

was 252.0 individuals per hectare (Table 6). Podocorpus falcatus contributed 33.0%, 

31.4% and 35.5% for each DBH class respectively followed by Croton macrostachyus 

(12.0%), 6.4% and 8.1% and Juniperus procera (8.5%), 16.5% and 9.3% for each DBH 

class. This indicates that Podocorpus falcatus is the most dominant tree species in the 

forest. 
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Table 7 Density of trees with DBH > 2 cm, 10 cm and > 20 cm in Angada forest 

 >2cm >10cm >2ocm 

Species 

Individuals/ha 

% 

Individuals/ha 

% 

Individuals/ha 

% 

Bersama abyssinica 44.7 4.5 21.3 5.7 17.1 6.8 

Nuxia congesta 8.5 0.9 1.7 0.5 1.7 0.7 

Carissa spinarum 3.4 0.4 3.4 0.9 1.7 0.7 

Premna schimperi 0 0 0 0 0 0 

Croton macrostachyus 119 11.9 23.8 6.4 20.4 8.1 

Toddalia asiatica 1.7 0.2 0  0  

Ekebergia capensis 40.4 4.14 5.1 1.4 5.1 2.0 

Rubus steudneri 0  0  0  

Mytenus addat 8.5 0.9 5.1 1.4 5.1 2.0 

Dodonaea angustifolia 1.7 0.2 1.7 0.5 0 0 

Podocorpus falcatus 329.8 33 117.1 31.4 89.4 35.5 

Allophylus abyssinicus 61.7 6.2 21.3 5.7 21.3 8.4 

Lepidotrichilia volkensi 14.9 1.5 8.5 2.3 1.7 0.7 

Brucea antidysenterica 2 0.2 3.4 0.9 1.7 0.7 

Polyscias fulva 12.5 1.3 3.4 0.9 1.7 0.7 

Junipers procera 85.1 8.5 61.7 16.5 23.4 9.3 

Cupressus lusitanica 3.4 0.4 1.7 0.5 0  

Acacia abyssinica 5.1 0.5 1.7 0.5 0  

Psydrax schimperiana 23.4 2.4 5.1 1.4 3.4 1.3 

Vernonia amygdalina 1.7 0.2 0 0 0 0 

Olea hochstetteri 14.9 1.5 5.1 1.4 5.1 2.0 

Teclea nobilis 1.7 0.2 1.7 0.5 1.7 0.7 

Schefflera abyssinica 8.5 0.9 1.7 0.5 0  

Pterolobium stellitun 14.9 1.5 8.5 2.3 0  

Millettia ferruginea 8.5 0.9 3.4 0.9 0  

Syzygium guineense 12.5 1.3 3.4 0.9 1.7 0.7 

Ficus vasta 23.4 2.4 5.1 1.4 5.1 2.0 

Embelia schimperi 8.5 0.9 0  0  

Cassipourea malosena 5.1 0.5 0  0  

Celtis africana 38.3 3.9 5.1 1.4 5.1 2.0 

Prunus africana 12.5 1.3 5.1 1.4 5.1 2.0 

Mytenus obscura 23.4 2.4 12.5 3.4 12.5 5 

Olinia rochetiana 48.9 4.9 14.9 4 8.5 3.4 

Rhus vulgaris 14.9 1.5 8.5 2.3 8.5 3.4 

Dovyalis abyssinica 1.7 0.2 0  0  

Hagenia abyssinica 5.1 0.5 3.4 0.9 0  

Maesa lanceolata 5.1 0.5 0  0  

Calpurnia aurea 8.5 0.9 8.5 2.3 5.1 2.1 

Vengueria madagascariensis 1.7 0.2 0  0  

Ochinia inermis 5.1 0.5 0  0  

Osyris quadripartite 1.7 0.2 0  0  

Ehretia cymosa 3.4 0.4 0  0  
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Dovyalis verrucosa 5.1 0.5 0  0  

Pittosporum viridiflorum 1.7 0.2 0  0  

Abutilon longicuspe 1.7 0.2 0  0  

Total 1,000 100 372.8 100 252.0 100 

 

 According to Grubb et al. (1963), the ratio of ‘density at DBH class >10 cm to ‘density 

at DBH class >20 cm can be used as a measure of the distribution of the different size 

classes. The ratio of density of trees with DBH greater than 10 cm to DBH greater than 

20 cm for Angada Forest is 1.47 indicating that there is predominance of large-sized 

individuals for some species in the study site. Angada Forest has been compared with 

other forests of Ethiopia as shown in Table 7. 

 

Table 8 Comparison of tree density of Angada and other dry evergreen montane forests in 

Ethiopia 

Forest DBH>10 cm (a) DBH>20  cm (b) a/b 

Chilimo 638 250 2.6 

Menagesha Suba  482 208 2.3 

Wof-washa 329 215 1.5 

Denkoro 526 285 1.9 

Dodola 521 351 1.5 

Dindin 437 219 1.9 

Angada(present study) 372.8 252 1.47 

Menagesha Amba Mariam 155.5 197 0.8 

 

Sources: Tamirat Bekele (1994); Kitessa Hundera (2003), Abate Ayalew et al., (2006); 

Simon Shibru and Girma Balcha (2004) and Abiyou Tilahun (2009). 

 

The a/b ratio of Angada Forest is less than all other forests except for Menagesha Amba 

Mariam Forest. This indicates that there is predominance of large-sized individuals for 

some species in Angada Forest than other forests which is largely due to the high density 

of Podocarpus falcatus, Croton macrostachyus and Juniperus procera. 
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Six common species in this forest were found to contribute 68.9% of the density of trees 

with DBH > 2 cm, 69.8% of the density with DBH >10 cm and 71.4% of tree density 

with DBH> 20 cm. Among these Podocorpus falcatus was found to have the highest 

density and percentage in all DBH classes, followed by Croton macrostachyus and 

Juniperus procera for the density of trees with DBH >2 cm, Juniperus procera and 

Croton macrostachyus for the density of trees with DBH > 10 cm and Juniperus procera 

and Allophylus abyssinicus for the density of trees with DBH > 20 cm (Table 8). 

 

Table 9 Density and Percent contribution of six common trees in Angada Forest 

 >2cm >10cm >2ocm 

Species 
Individuals/ha 

% 
Individuals/ha 

% 
Individuals/ha 

% 

Podocorpus falcatus 329.8 33.0 117.0 31.4 89.4 35.5 

Croton macrostachyus 119 11.9 23.8 6.4 20.4 8.1 

Juniperus procera 85.1 8.5 61.7 16.6 23.4 9.3 

Allophylus abyssinicus 61.7 6.1 21.2 5.7 21.3 8.4 

Olinia rochetiana 48.9 4.9 14.9 4.0 8.5 3.3 

Bersama abyssinica 44.7 4.5 21.2 5.7 17.0 6.8 

 Total 689.2 68.9 259.8 69.8 180.0 71.4 

 

   4.4.2. Diameter at Breast Height (DBH) 

The distribution of trees in different DBH classes was analyzed. The DBH was classified 

into seven classes: 1) < 20 cm, 2) 20.01-40 cm, 3) 40.01 – 60 cm, 4) 60.01 – 80 cm, 5) 

80.01 – 100 cm, 6) 100.01 – 120 cm and 7) > 120 cm. 

 

The majority of the tree individuals are distributed in the first DBH class (DBH < 20 cm) 

with 216 individual’s ha-1 (40.4%). The distribution of trees in DBH class 2 was 159 

individuals ha-1 (29.8%) and 69 (12.9%), 48 (9.0%), 29 (5.4%), 4 (0.7%), 9 (1.7%) ha-1 in 

DBH classes 3, 4,5,6,7 respectively (Figure 4). The analysis of DBH class distribution 

revealed more or less similar trends to that of height class distribution (Figure 5).  
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The DBH analysis revealed that more number of individuals was distributed in the lower 

DBH classes which are followed by a considerable decrease in the middle DBH classes 

and eventually by slight increase in DBH class 7. This fosters the normal inverted J- 

shape. Similar pattern was observed in Dindin Forest (Simon Shibiru and Girma Balcha, 

2004) and in Menagesha Amba Mariam Forest (Abiyou Tilahun, 2009). This pattern 

indicates that the vegetation has good reproduction but low recruitment which might have 

been due to selective cutting of large tree individuals.  

 

 
 

Figure 4 DBH classes and percentage of number of individuals ha-1 
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Table 10 Percentage distributions of individual tree species DBH in Angada Forest 

 Species 

                         DBH classes (cm) 
         

1 2 3 4 5 6 7 

  <20 %  20.1-40 % 40.01-60 % 60.01-80 % 80.01-100 % 
 100.01-
120 % >120 % 

Bersama abyssinica 23.9 4.12 15.3 6.49 10.2 7.68 1.7 1.63 0 0 0 0 0 0 

Croton macrostachyus 62.9 10.86 37.4 15.88 6.8 5.12 6.8 6.55 0 0 0 0 0 0 

Ekebergia capensis 5.1 0.88 5.1 2.16 1.7 1.28 3.4 3.27 3.4 5.71 0 0 0 0 

Allophylus abyssinicus 188.9 32.63 88.5 37.58 80 60.28 61.2 59.01 39.1 65.71 11.9 77.77 0 0 

Juniperus procera 23.8 4.11 21.27 9.03 10.2 7.68 5.1 4.91 1.7 1.84 0 0 0 0 

Acacia abyssinica 69.7 12.04 5.1 2.16 5.1 3.84 8.5 8.19 5.1 8.57 0 0 0 0 

Schefflera abyssinica 0 0 1.7 0.72 0 0 0 0 1.7 1.84 0 0 0 0 

Millettia ferruginia 1.7 0.29 1.7 0.72 0 0 0 0 0 0 1.7 11.11 0 0 

Ficus vasta 0 0 1.7 0.72 1.7 1.28 1.7 1.63 0 0 0 0 0 0 

Toddalia asiatica 5.1 0.88 0 0  0 1.7 1.63 3.4 5.71 0 0 0 0 

Celtis africana 11.9 2.05 3.4 1.44 5.1 3.84 1.7 1.63 1.7 1.84 0 0 1.7 50 

Prunus africana 40.8 7.04 3.4 1.44 1.7 1.28 0 0 0 0 0 0 0 0 

Carissa spinarum 8.5 1.46 11.9 2.05 1.7 1.28 3.4 3.27 1.7 1.84 0 0 0 0 

Vangueria madagascariensis 3.4 0.58 1.7 0.72 1.7 1.28 3.4 3.27 1.7 1.84 0 0 0 0 

Dovyalis verrucosa 8.5 1.46 0 0 0 0 0 0 0 0 0 0 0 0 

Calpurnia aurea 1.7 0.29 1.7 0.72 0 0 0 0 0 0 0 0 0 0 

Lepidotrichilia volkensii 1.7 0.29 0 0 0 0 0 0 0 0 0 0 0 0 

Psydrax schimperiana 3.4 0.58 3.4 1.44 0 0 0 0 0 0 0 0 0 0 

Polycias fulva 32.9 5.68 0 0 0 0 0 0 0 0 0 0 0 0 

Olea hochstetteri 1.7 0.29 1.7 0.72 0 0 0 0 0 0 0 0 0 0 

Olinia rochetiana 8.5 1.46 3.4 1.44 0 0 0 0 0 0 0 0 0 0 

Teclea nobilis 0 0 1.7 0.72 0 0 0 0 0 0 0 0 0 0 

Maytinus addat 5.1 0.88 0 0 0 0 0 0 0 0 0 0 0 0 

Casipourea malosana 20.4 3.52 6.8 2.88 5.1 3.84 0 0 0 0 0 0 0 0 

Cupressus lusitanica 3.4 0.58 0 0 0 0 0 0 0 0 0 0 0 0 

Erythrina brucei 1.7 0.29 3.4 1.44 0 0 0 0 0 0 0 0 0 0 

Maytenus obscura 0 0 1.7 0.72 0 0 0 0 0 0 0 0 0 0 

Rhus vulgaris 0 0 1.7 0.72 1.7 1.28 0 0 0 0 0 0 0 0 

Nuxia congesta 0 0 0 0 0 0 5.1 4.91 1.7 1.84 1.7 11.11 1.7 50 

Osyris quadripartite 10.2 1.76 1.7 0.72 0 0 0 0 0 0 0 0 0 0 

Schinus molle 15.3 2.64 6.8 2.88 0 0 0 0 0 0 0 0 0 0 

Brucea antidysenterica 6.8 1.17 1.7 0.72 0 0 0 0 0 0 0 0 0 0 

Pittosporum viridiflorum 1.7 0.29 0 0 0 0 0 0 0 0 0 0 0 0 

Maesa lanceolata 1.7 0.29 1.7 0.72 0 0 0 0 0 0 0 0 0 0 

Abutilon longicuspe 
3.4 0.58 0 0 0 0 0 0 0 0 0 0 0 0 

Total 578.9 100 235.47 100 132.7 100 103.7 100 59.5 100 15.3 

100 
3.4 
 

100 
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4.4.3. Tree height  

Tree individuals recorded in the study area were classified into eight height classes: I) < 5 

m, II) 5.01 – 10 m, III) 10.01 – 15 m, IV) 15.01 – 20 m, V) 20.01 – 25 m, VI) 25.01 – 30 

m, VII) 30.01 – 35 m and VIII) > 35 m and these were described (Figure 5). 

 

There is higher number of tree individuals in the height class I which accounts 27.4% of 

the total height classes. The species that contribute to the values in the lowest height class 

are Podocarpus falcatus, Vernonia auriculifera, Maesa lanceolata, Lepidotrichilia 

volkensii, Dovyalis abyssinica, Celtis africana, Bersama abyssinica, Teclea nobilis, 

Premna schimperi and Croton macrostachyus. Trees in height class II (5.01-10 m), III 

(10.01-15 m), IV (15.01-20 m), V (20.01 – 25 m) and VI (25.01-30 m),  VII (30.01-35 m) 

and VIII (>35 m) contribute 18.7%, 17.7%, 14.4%, 3.3%, 6.7%, 6.9%, 8.3% of the total 

height classes in the Forest respectively. From the analysis, tree species distributed in 

height classes VII (30.01-35 m) and VIII (>35 m) dominated the upper canopy of the 

forest which were Podocarpus falcatus, croton macrostachyus and Juniperus procera. 

Podocarpus falcatus is the emergent tree which grows above all the canopies of trees in 

the Forest. The tree height class distribution values were highest in the lower class 

followed by decrease in the middle classes (Figure 5) and finally terminate by slight 

increase in class six, seven and eight for Podocarpus falcatus, croton macrostachyus and 

Juniperus procera.  
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Figure 5 Percentage distribution of trees in height classes 

 

Similar results were reported in Chilimo and Menagesha Forests of central plateau of 

Ethiopia (Tamrat Bekele, 1994), in Denkero Forest (Abate Ayalew et al., 2006) and in 

Menagesha Amba Mariam Forest (Abiyou Tilahun, 2009). The highest tree distribution 

in the lowest class height implies that the forest has been heavily influenced by the local 

anthropogenic activities through selective cutting for fuelwood, construction and illegal 

wood harvest for timber production as it is now in different stages of secondary 

development. Currently, there are some large trees and small to medium-sized 

individuals. The dominance of small-sized individuals is the attribute of good 

regeneration but low recruitment, which might have been caused by anthropogenic 

activities. 

 

    4.4.4. Basal area 

The total basal area of all tree species in Angada Forest was calculated from DBH data 

and it was found to be 79.8 m2 ha-1 (Table 11). About 56.5% of the total area is 

distributed in the highest diameter class (Figure 6), which was due to the presence of few 

but large-sized individuals such as Podocarpus falcatus, Croton macrostachyus and 
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Juniperus procera. As shown in Table 11, 34.7% of the total basal area is that of 

Podocarpus falcatus, followed by Croton macrostachyus (15.5%) and Juniperus procera 

(8.9%). About 69.3% of the total basal area is contributed by five tree species: 

Podocarpus falcatus, Croton macrostachyus, Juniperus procera, Polyscias fulva and 

Allophylus abyssinicus. 

 

 

 
 

Figure 6 Basal area distribution over DBH classes in Angada Forest 

 

Basal area provides a better measure of the relative importance of the species than simple 

stem count (Cain and Castro 1959), cited in Tamrat Bekele (1994). Species with the 

largest contribution in basal area can be considered the most important woody species in 

the forest. Accordingly, the most important species of Angada Forest were Podocarpus 

falcatus, Croton macrostachyus, Juniperus procera, Polyscias fulva and Allophylus 

abyssinicus. The basal area of Angada Forest is compared with basal areas of other six 

dry afromontane forests in Ethiopia (Table 10). 
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  Table 11 Comparison of Angada Forest with other six dry afromantane forests in Ethiopia. 
 

Forest Basal area (m2/ 

ha) 

Source 

Waf – Washa  101.80 Tamrat Bekele (1994) 

Menagesha Amba Mariam  84.17 Abiyou Tilahun (2009) 

Angada (present study) 79.8 Present study 

Dindin 49.00 Simon Shibiru and Girma Balcha (2004) 

Denkoro 45.00 Abate Ayalew et al., (2006) 

Menagesha – Suba 36.10 Tamrat Bekele (1994) 

Senka Meda 34.70 Shambel Bantiwalu (2010) 

Chilimo 30.10 Tamrat Bekele (1994) 

 

Comparison of basal area of Angada Forest with other montane forests of Ethiopia 

indicates that it is greater than that of Dindin (49 m2/ha) (Simon Shibiru and Girma 

Balcha, 2004); Denkoro (45 m2/ha) (Abate Ayalew, 2006), Menagesha-Suba (36.1 m2/ha) 

and Chilimo (30.1 m2/ha) (Tamrat Bekele, 1994) forests. This is due to the presence of 

individual tree species in Angada Forest with relatively higher DBH than in the forests 

mentioned. This also indicates that the Angada Forest is found in advanced stage of 

development than Menagesha-Suba, Chilimo, Dindin, and Denkoro forests. The trend of 

basal area for the compared forests was shown in descending order (Table 10). 
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Table 12 Basal area (m2/ha) of trees and their percentage contribution in Angada Forest. 
 

      4.4.5. Frequency 

The frequency and percentage frequency values of each woody species in Angada Forest 

were analyzed. In Angada Forest the most frequent trees with their frequency values are 

given in Table 12. It was found that Podocorpus falcatus was the most frequent species 

Species BA (m2/ha) % 
Bersama abyssinica 2.6 3.42 
Croton macrostachyus 11.9 15.46 
Ekebergia capensis 6.6 8.58 
Podocorpus falcatus 26.7 34.68 
Carissa spinarum 0.0076 0.0098 
Dovyalis verucosa 0.2 0.22 
Psydrax schimperiana 0.7 0.93 
Rhus vulgaris 0.7 0.92 
Celtis Africana 1.5 1.96 
Allophylus abyssinicus 3.7 4.86 
Pittosporum viridiflorum 0.003 0.003 
Scheflerra abyssinica 2.0 2.61 
Cassipourea malosana 
 0.1 0.16 
Brucea antideysenterica 0.1 0.09 
Osyris quadrpartita 0.04 0.05 
Calpurnia aurea 0.01 0.01 
Ficus vasta 2.4 3.08 
Cupressus lusitanica 0.3 0.42 
Syzyguim guineense 1.4 1.75 
Olinia rochetiana 2.3 2.95 
Polysscias fulva 4.2 5.39 
Lepidortichilia volkensi 0.06 0.08 
Abutilon lonnicuspe 0.002 0.003 
Ochna inermis 0.0022 0.0029 
Maytenus obscura 0.5 0.61 
Premna schimperi 0.007 0.01 
Olea europaea 0.3 0.32 
Acacia abyssinica 1.1 1.42 
Millettia ferruginea 0.8 0.98 
Vangueria madagascariensis 0.0007 0.0009 
Juniperus procera 6.8 8.88 
Total 79.8 100 
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occurring in all (100%) of the quadrats sampled, followed by Maytenus addat (90%), 

Carissa spinarum (81.3%), Croton macrostachyus (81.3%), Bersama abyssinica (68%), 

Vangueria madagascariensis (63.8%) and Juniperus procera (60%) of the total quadrats 

sampled. A complete list of frequency of woody species in Angada Forest is given in 

Appendix IV. 

Table 13 List of most frequent trees in Angada Forest 

 

Lamprecht (1989), indicated that high value in higher frequency and low value in lower 

frequency classes reveal constant or similar composition and conversely, high percentage 

of number of species in the lower frequency classes and low percentage of number of 

species in the higher frequency classes points out a high degree of floristic heterogencity 

(Simon Shibru and Girma Balcha, 2004). Based on the percentage frequency values, the 

woody plant species were classified into five frequency classes: 1) 0-20, 2) 21-40, 3) 41-

60, 4) 61-80 and 5) 81 – 100 which is expressed in percentage. Four species that 

distributed in frequency class 5 are Podocarpus falcatus (100%), Maytenus addat (90%) 

Carissa spinarum (81.3%) and Croton macrostachyus (81.3%). These four species have 

the highest frequency values in the frequency classes. In the next higher class 4 (2%) 

species observed are Bersama abyssinica and Vangueria madagascariensis.  

Scientific name No of quadrats 

present in 

Total quadrats  

Sampled 

 % Frequency Relative 

frequency 

 

Podocorpus falcatus 80 80 100 7.9 

Maytenus addat 72 80 90 7.1 

Carissa spinarum 65 80 81.3 6.4 

Croton macrostachyus 65 80 81.3 6.4 

Bersama abyssinica 55 80 68.8 5.4 

Vangueria 

madagascariensis 

51 80 63.8 5.1 

Juniperus procera 48 80 60 4.8 
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The remaining species were distributed in frequency classes 3, 2, and 1 containing 11%, 

11% and 38% respectively. The present study revealed high percentage of number of 

species in lower frequency classes and relatively low percentage of number of species in 

high frequency classes (Figure 7). Thus, the result verifies the existence of high degree of 

floristic heterogeneity in Angada Forest.  

 

Figure 7 Frequency distribution for woody species in Angada Forest. Where: 1) 0-20, 2) 21-40,  

                                 3) 41-60, 4) 61-80 and 5)80-100 frequency classes.     

  4.4.6. Importance Value Index (IVI) 

Importance value index indicates the structural importance of a species within a stand of 

mixed species and it is calculated by summing up the relative percentages of basal area, 

density and frequency of species in the study area. As indicated by Lamprecht (1989), it 

is used for comparison of ecological significance of species in which high IVI value 

indicates that the species sociological structure in the community is high. Thus, IVI is the 

most reasonable aspect in the vegetation study. Moreover, species with the greatest 

importance value are the most dominant of particular vegetation (Simon Shibiru and 

Girma Balcha, 2004).  

The importance value index of the most common and a frequent tree of Angada Forest is 

given in Table 13. As shown in the table Podocarpus falcatus was found to have the 

highest IVI (80.3), followed by Croton macrostachyus (33.7), Juniperus procera (22.1), 

Ekebergia capensis (16.2), Allophylus abyssinicus (15.6) and Bersama abyssinica (13.3). 
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The highest basal area of Podocarpus falcatus made the species to have large value of 

relative dominance and hence got the highest IVI. 

Table 14 Importance value index of common trees in Angada Forest 

     
No Species RD RDO RF IVI 

1 Juniperus  procera  8.51 8.82 4.75 22.08 

2 Podocarpus  falcatus  32.97 39.45 7.92 80.34 

3 Maytenus  addat 0.85 0.01 7.13 7.99 

4 Teclea nobilis 0.17 0.077 0.42 0.66 

5 Dovyalis abyssinica 0.17 0.034 0.84 1.04 

6 Croton macrostachyus 11.9 15.36 6.43 33.69 

7 Bersama  abyssinica 4.46 3.39 5.44 13.29 

8 Maesa  lanceolata 0.54 0.05 2.94 3.53 

9 Lepidotrichilia volkensii 0.14 0.085 1.01 1.23 

10 Premna  schimperi 0.13 0.01 0.21 0.35 

11 Calpurnea aurea 0.85 0.015 5.00 5.86 

12 Cassipourea  malosana 0.02 0.15 1.03 1.2 

13 Carissa  spinarum 0.34 0.098 6.43 6.86 

14 Ekebergia capensis 4.04 8.53 3.58 16.15 

15 Brucea antidysenterica 0.20 9.04 1.86 11.1 

16 Olea  europaea subsp. Cuspidata 1.48 0.32 1.47 3.27 

17 Olinia rochetiana  4.89 2.86 3.58 11.33 

18 Polyscias fulva 1.25 5.36 1.02 7.63 

19 Cupressus lusitanica 0.34 0.42 0.84 1.6 

20 Vangueria madagascariensis  0.17 0.009 5.05 5.22 

21 Psydrax  schimperiana 2.34 0.068 2.25 4.65 

22 Schefflera abssinica  0.84 2.59 0.42 3.85 

23 Hagenia abyssinica  0.02 0.16 0.001 0.18 

24 Prunus africana 1.25 3.26 0.02 4.53 

25 Allophylus abyssinicus 6.17 4.82 4.63 15.62 

26 Celtis africana 0.17 1.95 2.73 4.85 

27 Acacia abyssinica  1.23 1.48 0.24 2.95 

28 Pterolobium stellatum 0.17 0.13 1.68 1.98 

29 Syzygium guineense 1.25 1.74 0.84 3.83 

30 Ficus vasta 2.34 3.06 2.52 7.92 

31 Millettia ferruginea 0.85 0.98 0.50 2.33 
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The dominant and ecologically most significant tree species in Angada Forest were 

Podocarpus falcatus, Juniperus procera, Croton macrostachyus, Ekebergia capensis, 

Allophylus abyssinicus, Bersama abysinica, Brucea antidysentrica and Olinia rochetiana 

on the basis of their IVI values relative to other species. The tree species in the forest 

were grouped into six classes based on their IVI values for conservation priority as 

follows. 1) >20, 2) 15.01-20, 3) 10.01 – 15, 4) 5.01-10, 5) 1.01-5, 6) <1 IVI.  

Table 15 list of species under each IVI priority classes 

Class 6 Class 5 Class 4 

Hagenia abyssinica 

Teclea nobilis 

Premna schimperi 

 

Cassipourea malosana 

Lepidotrichlia volkensii 

Oleae europaea subsp.cuspidata  

Celtis africana 

Acacia abyssinica 

Pterolobium stellatum 

Millettia ferruginea  

Syzygium guineense 

Maesa lanceolata 

Dovyalis abyssinica 

Cupressus lusitanica 

Psydrax schimperiana 

Scheffelera abyssinica 

Prunus africana 

 

Maytenus addat 

Calpurnea aurea 

Carissa  spinarum 

Ficus vasta 

Vangueria madagascariensis 

Polyscias fulva 

Class 3 Class 2 Class 1 

Bersama abyssinica 

Brucea antidysenterica 

Olinia rochetiana 

Allophylus abyssinicus 

Ekebergia capensis 

Podocarpus falcatus 

Juniperus procera 

Croton macrostachyus 
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4.5 Population structure of tree species 

Population structure is the distribution of individuals of each species in arbitrary diameter 

height size classes to provide the overall profile of species under study. As it has been 

pointed out by Steininger (2000), the population structural patterns could be interpreted 

as an indication of variation in population dynamics that may happen from inherent traits 

or due to intervention of anthropogenic activities. This has significant implications to 

their management, sustainable use and conservation (Simon Shibiru and Girma Balcha, 

2004). The analysis based on relative density distributions by diameter classes carried out 

for tree  species in Angada Forest showed different patterns from the analysis of  tree 

species in the forest, the existence of five general patterns of population structure were 

recognized. These were described using representative species in Figure 8a-e. 

 

The first pattern was a guass- type represented by Podocarpus falcatus (Figure 8a). In 

this pattern the lowest DBH classes have lower densities followed by increase in the 

number of individuals towards the middle classes and then a progressive decrease 

towards the higher DBH classes and finally terminate by slight increase for DBH classes 

seven and eight. The tree species in this pattern of population structure is Cassipourea 

malosana and species with such distribution pattern indicate a poor reproduction and 

recruitment which may be associated with different factors that inhibit reproduction or 

the presence of only few seed bearing individuals.  

 

The second pattern is represented by Croton macrostachyus (Figure 8b). This pattern 

indicates presence of the highest density in the lower DBH classes with gradual decrease 

in density towards the bigger classes. It represents an inverted J-shaped curve except for a 

slight decline in the first DBH class, and it suggests good reproduction and recruitment.    

 

The third pattern was represented by a single species of Juniperus procera (Figure 8c). 

This species has the highest frequency in higher DBH classes and low frequency in the 
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middle DBH classes and slightly increased frequency in the lower DBH classes. The 

species with this type of pattern have large individuals that are with less competent to 

reproduce and in a weak position of regeneration status (Feyera Senbata et al., 2007).  

 

The fourth population structure pattern is represented by Ekebergia capensis (Figure 8d). 

In this pattern DBH classes were less in the two lower DBH classes and missed four or 

more from higher DBH classes. Another species which exhibited similar population 

pattern is Hagenia abyssinica. Since these species are under high anthropogenic threat in 

the Angada Forest, the intensity and type of anthropogenic disturbances might be 

responsible for such type of trend in population structural pattern. As indicated by 

Dalling et al., (2002), several factors such as surrounding vegetation by means of inter- 

specific interactions, environmental modification, seedling bank, availability of 

resources, disturbance levels together with stochastic factors like random climatic 

variability, fluctuations of resources and dispersal limitation may influence the vegetation 

structure.  

 

The fifth population structural pattern consists of a species in the medium DBH classes 

and absent from the lower and higher DHB classes. This pattern is represented by 

Allophylus abyssinicus (Figure 8e). The other species showing this pattern include Acacia 

abyssinica, Celtis africana, Erytherina brucei, Schefflera abyssinica and Premna 

schimperi. This might have happened due to the stagnated and /or retarded reproductive 

capacities of the old-aged individuals of the species. 
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Figure 8 Five representative patterns of population structure and tree species in Angada 

Forest. Where 1) < 20 cm, 2) 20.01-40 cm, 3) 40.01 – 60 cm, 4) 60.01 – 80 cm, 5) 

80.01 – 100 cm, 6) 100.01 – 120 cm, 7) 120-140 cm and 8) >140 cm DBH classes. 
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  4.6 Regeneration of Woody Species in Angada Forest 

The population structure of a species in a forest can convey its regeneration behavior. 

The population structure characterized by the presence of sufficient population of 

seedlings, saplings and adults, indicates successful regeneration of forest species and the 

presence of saplings under the canopies of adult trees also indicates the future 

composition of a community. Regeneration status of trees can be predicted by the age 

structure of their populations. Regeneration of a particular species is poor if seedlings and 

saplings are much less than the mature trees. The study of regeneration of forest trees has 

important implications for the management of natural forests. 

  

From the analysis of seedlings and saplings data, the total seedling density of the woody 

species in the forest was 3,929 ha-1, the densities of tree, shrub and liana species seedlings 

were 3,137 ha-1, 632 ha-1 and 160 ha-1 respectively. Similarly, the total density of saplings 

accounts 1,199 ha-1 and that of mature tree was 4,969 ha-1. The distribution of mature 

individuals is greater than seedlings and sapling indicates that the regeneration status of 

the forest is at low state.  

   

According to Dhaulkhandi et al. (2008), the density values of seedlings and saplings are 

considered regeneration potential of the species. The presence of good regeneration 

potential shows stability of the species to the environment. Climatic factors and biotic 

interferences influence the regeneration of different species in vegetation. Higher 

seedling density values get reduced to sapling due to biotic disturbances and competition 

for space and nutrients. The data analysis revealed that the density values for seedlings 

and saplings of the population structure of the Forest are low and deviates from the 

normal patters of the population. This might be due to high disturbances existing in the 

Forest. This implies a need to develop and implement effective forest management 

regimes in the area to promote healthy regeneration and the sustainable use of these 

species. 
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 Depending upon the general pattern of frequency distribution, the regeneration of all tree 

species and selected shrubs were divided into four regeneration patterns; the first 

category is represented by Olinia rochetiana and the other categories are represented and 

described under Podocarpus falcatus, Prunus africana, and Olea europaea, subsp, 

cuspidata (Figure 9a-d).   

 

Olinia rochetiana (Figure 9a): This pattern of distribution shows higher number of 

seedlings than saplings and the mother plants and the number of saplings are represented 

nearly equall with mature individuals of trees or shrubs. The pattern has many individuals 

at seedling stage and decreasing number of individual successively at saplings and adult 

stages and exhibited typical inverted J-shape curves. The plant species included in this 

regeneration category is Vernonia auriculifera. The inverted J-shape pattern signifies that 

these species have good regeneration potential.  

 

Podocarpus falcatus (Figure 9b): This category represents the pattern in which the 

density of seedlings is greater than saplings but mature trees are well represented. The 

species exhibiting this type of regeneration curve are Maesa lanceolata and Juniperus 

procera. The pattern indicates that the juvenile performances of these species are under 

strong influence factors. These might be anthrogenic disturbances or environmental 

factors that alter the seedling survival ship. The present study also followed similar 

distribution with more number of individuals in the seedling stage than sapling and with 

high number of individuals of mature trees. 

 

Prunus africana (Figure 9c):  The distribution pattern of regeneration was represented by 

Gassian type of distribution. The species with this type of pattern are Bersama 

abyssinica, Conyza hypoleuca, Discopodium penninervum, Premna shimperi, Psydrax 

schimperiana, Rubus steudneri, Schefflera abyssinica and Teclea nobilis. This pattern of 

distribution has high number of saplings than seedlings and mature trees.  



 

 

Olea europaea subsp. cuspidata

of seedlings and mature individuals than saplings. The regeneration pattern

shape indicating less number of saplings than seedlings and mature individuals. This may 

suggest that the saplings are influenced by disturbances or by environmental factors in 

the forest. Species with pattern of regeneration behavior include 

marostachyus, Dovyalis abyssinica

Cassipouria malosana.  

 

Figure 9 Seedlings, saplings and mature individuals distribution of selected species indicating the 
                   Regeneration patterns in Angada Forest.
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. cuspidata (Figure 9d): This distribution pattern has higher number 

of seedlings and mature individuals than saplings. The regeneration pattern

shape indicating less number of saplings than seedlings and mature individuals. This may 

suggest that the saplings are influenced by disturbances or by environmental factors in 

the forest. Species with pattern of regeneration behavior include Calpurnia aurea

Dovyalis abyssinica, Lopidotrichilia volkensii, Mayrsine africana

 

 

Figure 9 Seedlings, saplings and mature individuals distribution of selected species indicating the 
Regeneration patterns in Angada Forest. 
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(Figure 9d): This distribution pattern has higher number 

of seedlings and mature individuals than saplings. The regeneration pattern forms U-

shape indicating less number of saplings than seedlings and mature individuals. This may 

suggest that the saplings are influenced by disturbances or by environmental factors in 

urnia aurea, Croton 

Mayrsine africana and 
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4.7 Phytogeographic Comparison 

Although floristic elements may be defined in different ways and the assessment of taxa 

to floristic elements may be more confident for some taxa than others, and the floristic 

element approach has been used widely, geographical position of a flora plays a more 

important role in determining the composition of floristic elements than climate. This 

may be in part because floristic elements are defined by their geographical, rather than 

ecological distributions (Qian et al., 2006).  

 

The direct comparison of the species diversity of one forest with other forests is not 

feasible due to variations in size, survey methods used, and objective of the study among 

forests (Tadesse Woldemariam, 2003). However, the overall species richness of the forest 

can give more or less a general impression of their diversity and phytogeographical 

similarity. In this regard Angada Forest is compared with six dry evergreen Afromontane 

forests in the country to see the distribution pattern of woody species in the study area 

and to know the relative similarity in its woody species composition (Table 14). These 

are Biteyo, Dindin, Menagesha Suba, Menagesha Amba Mariam, Munessa and Denkoro 

dry everygreen afromontane forests.  

 

Biteyu is located at the edge of western escarpment of Gurage Mountain in Southern 

Shewa 17 km northwest of Butajira Town. Its altitude ranges from 2590 – 2890 m a.s.l. 

Dindin Forest is situated in southeastern Ethiopia between 080 37'-080 39' N and 40011' – 

40016'E and its elevation is from 2150-3000 m a.s.1. (Simon Shibru and Girma Balcha, 

2004); the Menagesha- Suba Forest is a relatively well protected forest located about 30 

km southwest of Addis Ababa between 800 56' – 90 00'N and 380 32' - 380 34'E. Its 

altitude ranges from 2440 – 3400 m a.s.l. (Abate Zawudie, 2007). Menagesha Amba 

Mariam Forest is located at about 28 km west of Addis Ababa between  9001' – 090 00'N 

and 38035' - 38034' E. Its altitude ranges from 2574 – 2948 m a.s.1. (Abiyou Tilahun, 
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2009). Denkoro Forest is located in south Wello between 100 35'-110 15'N and 38035' – 

38036'E. It elevates from 1500 – 3500 m a.s.1. (Abate Ayalew et al., 2006). Munessa 

Shashemene Forest is located 230 km south of Addis Ababa at 7031'N and 38037'E. Its 

altitude extends from 2100 – 2700 m a.s.1. (Getachew Tesfaye, 2007). In the analysis of 

the data from the seven forests, Sorensen’s (1948) similarity index was used with the 

formula, Ss = cba
a

++2
2  

Where, Ss = Soresen’s similarity coefficient;  

            a = number of woody species common to Angada Forest and other forests in 

comparison;   

           b = Number of woody species found only in Angada Forest;  

           c = Number of woody species found only in the forest in comparison with Angada 

forest.  

   Table 16  Phytogeographical comparison between Angada and other forests. 
                
 
Forest  Altitudinal 

range  

a b c Ss 

Biteyu  2590-2890 31 35 49 0.42 

Menagesha- Suba  2440-3400 28 37 33 0.44 

Menagesha Amba Mariam   2574-2948 35 29 42 0.49 

Dindin  2150-3000 42 27 24 0.62 

Munessa – Shashemene 2100-2700 25 49 35 0.37 

Denkoro 1500-3500 40 35 20 0.59 

Senka Meda 1200-3574 41 35 32 0.55 

 

Sorensen’s similarity index which is dependent on the number of common species shared 

by the forests being compared indicated that Angada and Dindin forests show the highest 

similarity (62%). This was followed by Denkoro and Menagesha Amba Mariam Forests 
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with similarity of 59% and 49% respectively. The Angada and Munessa-Shashemene 

forests had the lowest similarity of 37%. The implication for high similarity between 

Angada and Dindin forests is that both forests are located close to each other on the 

Hararge - Arsi - Bale landmass of the same altitudinal range as well as geological 

formation and topography. 

  

The distribution range of a species which is controlled by environmental factors and 

evolutionary changes that greatly influence the potential range of species (Mwasumbia et 

al., 2000) indicates high dissimilarity between species confined to Angada and Munessa-

Shashemene forests.  

 

  4.8 Management Practices and Threats to Angada Forest 

As it was seen during field work, Angada Forest is poorly protected by all the concerned 

bodies including local communities. Agriculture is the main threat, coupled with 

exploitation of trees for fuelwood and timber. The expanding rural population in the area 

which utilizes this forest for construction material, firewood and charcoal, threatened the 

forest. Traditionally, the forest was used for gathering honey; as one of the major 

activities of the local people is livestock production, it also provides grazing area to the 

local communities.  

 

Currently, the conservation status of the Angada Forest is at a very low status. At present, 

the largest proportion of this forest has been burned and cleared for cultivation. Great 

areas of the drier slopes in the north and southwest are burnt each year and erosion is 

severe (Plate 2). 
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. 

 

Plate 2 Expansion of the farmland in the southwestern of Angada Forest  
  
 
The local inhabitants use the Forest as a primary source of fuel and grazing area. They 

chiefly use Olea europaea as a fuelwood, Juniperus procera for construction purposes, 

Podocarpus falcatus for timber production through traditional way of logging, Allophylus 

abyssinicus and Acacia abyssinica for making charcoal and Teclea nobilis for making 

farming implements and sticks.  

 

Another and destructive habit of the local communities is their cutting of Juniperus 

procera and Podocarpus falcatus. The bark of these trees is used for making traditional 

beehives and for making the roofs of the house and they always choose smooth trunked 

large trees. 
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Plate 3 Podocarpus falcatus cut by local community for logging. 

 

 

 

 

 

 

 

 

 

 

 

 



73 
 

5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

It was found that Angada Forest is still rich in plant diversity compared to other similar 

montane forests of the country. Therefore, the forest can be a very important area for the 

conservation of threatened species in particular and the whole biodiversity in general.  

 

The woody composition, structure and diversity of plant species in Angada Forest have 

been studied. The results of the study indicated that the forest has high species diversity 

that is, 87 woody plant species belonging to 82 genera and 50 families were recognized. 

Fabaceae was found to be the most dominant family followed by Asteraceae and 

Oleaceae and Rosaceae.  

 

From the out put of PC ORD soft ware, the vegetation was grouped into five plant 

community types. Species diversity and richness varied among the community types and 

also along the altitudinal gradient. The variation in species composition and diversity 

among communities could be attributed to different factors, such as altitude, soil 

property, slope, anthropogenic activities, of which altitude play a major role. 

 

 From the structural analysis, the density of tree species in the forest decreases with 

increasing DBH and Height classes, which implied the predominance of small-sized 

individuals in the lower classes than in the higher classes, indicating good recruitment of 

the forest and rare occurrence of large individuals. This is an impilication for the 

occurrence of excessive cutting of selected size classes.  

 

The analysis of frequency classes for woody species revealed higher percentage of 

species number of individuals in the lower frequency classes which is evident for the 

floristic heterogeneity of the forest. As can be seen from the importance value index of 
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tree species, Podocarpus falcatus and Croton macrostachyus are the most dominant tree 

species at Angada Forest.  

 

The analysis of population structure depicts that tree species like Podocarpus falcatus 

have poor reproduction and calls the need for conservation priority. It also indicates that 

there is selective removal of preferred size classes in the forest. 

 

The phytogeographic comparison indicates that Angada and Dindin forest which is 

situated in southeastern Ethiopia show the highest similarity. 

 

Even though the Angada Forest is one of the National Forest Priority Areas of Ethiopia, 

currently it is experiencing high rate of destruction because of the unwise use of the 

people from nearby villages for their requirements. This has resulted in the depletion of 

the forest, thereby causing damage to both plant and animal diversity of the area.  
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5.2 Recommendations 

The Angada Forest is currently being exploited by the local people and the state owned 

saw mill located at Guna Wereda, near the natural forest. This calls for the need of 

serious attention for conservation and management of this forest as a whole. Hence the 

following recommendations are made to meet these objectives: 

� The Present study can contribute towards the understanding of woody plant species 

diversity, structure and composition which has considerable importance in its 

conservation. It is recommended that subsequent ecological studies are vital 

concerning species composition, diversity, and distribution of possible plant 

communities with respect to other environmental factors.  

� Raising awareness of local communities on the value of forest resources and 

ecological consequences of deforestation.  

� Creating mechanisms such as participatory forest management by which human 

impacts can be minimized through discussion and consultation with the local 

communities. 

� The present study was limited to composition, diversity and structure of woody plants 

thus, further studies on soil seed bank, seed physiology, herbaceous plants and land 

use management system in the area are recommended. 

� Detailed ethnobotanical studies are also required to explore the wealth of indigenous 

knowledge on the diversity of plants and their implications in conservation.  

� Minimizing the pressure of cattle grazing in the forest and allow regeneration of 

plants. 

� Educating and encouraging the local communities to the alternative materials such as 

crop residues and others for their needs.  

� Tree planting by the local community has to be encouraged to reduce the pressure on 

the natural forests and to create buffer zones.  
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� The government and its institutions should play their pivotal roles and responsiblities    

in strengthening as well as in correcting the gaps and in creating integrated 

mechanisms at national, regional and local levels for conservation and sustainable 

use of forest resources. 

� Based on the finding, the forest has to be managed for biological diversities found in 

the area and for carbon sequestration.  
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                                APPENDICES 

Appendix 1: Relative characteristics of Angada Forest. 
 

No Transect Quadrant  
number 

Aspect UTM Altitude(m)  Locality 

 1 1 NW 0590704 0924671 2295 Yabalaa 
  2 NW 0590687 0924128 2356 Yabalaa 
  3 WN 0590508 0923680 2449 Yabalaa 
  4 NW O590815 0923700 2493 Yabalaa 
  5 WN 0591535 0924396 2420 Yabalaa 
  6 WN 0590934 0925743 2316 Huusaa 
  7 WN 0591102 0925576 2168 Huusaa 
  8 NW 0591365 0925616 2175 Huusaa 
  9 WN 0591547 0925659 2145 Huusaa 
  10 WN 0591744 0925631 2187 Qacaa 
  11 WN 0590443 0924640 2424 Qacaa 
 2 12 WN 0590303 0924549 2477 Qacaa 
  13 WN 0590213 0924504 2436 Qacaa 
  14 WN 0590144 0924336 2539 Qacaa 
  15 WN 0589779 0924256 2562 Qacaa 
  16 WN 0590212 0924002 2480 Gaara goraa 
  17 NW 0590524 0924094 2407 Gaara goraa 
  18 WN 0590792 0925007 2256 Gaara goraa 
  19 NW 0590833 0924947 2277 Gaara goraa 
  20 WN 0590879 0924918 2289 Gaara goraa 
  21 WN 0590946 0924851 2340 Gunaa 
  22 WN 0591092 0924801 2372 Gunaa 
  23 NW 0591100 0924745 2387 Gunaa 
  24 NW 0591134 0924724 2398 Gunaa 
  25 NW 0591131 0924603 2410 Gunaa 
  26 WN 0591110 0924532 2444 Gunaa 
  27 WN 0591120 0924489 2433 Gunaa 
  28 WN 0591182 0924609 2404 Gunaa 
  29 WN 0591246 0924626 2384 Gunaa 
 3 30 WN 0591341 0924629 2374 Gunaa 
  31 NW 0591317 0924898 2348 Gunaa 
  32 NW 0593335 0924709 2356 Gunaa 
  33 NW 0593484 0924684 2290 Gunaa 
  34 WN 0593434 0924771 2307 Gunaa 
  35 NW 0593353 0924817 2324 Gunaa 
  36 WN 0593366 0924919 2357 Cufaa harree 
  37 NW 0593338 0924996 2361 Cufaa harree 
  38 WN 0593301 0925074 2328 Cufaa harree 
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No Transect Quadrant  
number 

Aspect UTM Altitude(m)  Locality 

  39 WN 0593201 0925013 2313 Cufaa harree 
  40 ES 0592946 0925125 2273 Cufaa harree 
  41 ES 0592899 0925189 2258 Cufaa harree 
  42 SE 0592854 0925090 2318 Cufaa harree 
  43 SE 0592786 0925029 2319 Cufaa harree 
  44 NW 0592677 0925158 2305 Cufaa harree 
  45 WN 0592545 0925243 2316 Cufaa harree 
  46 WN 0591916 0925514 2258 Cufaa harree 
  47 NW 0591773 0925554 2264 Cufaa harree 
  48 WN 0590911 0925083 2258 Cufaa harree 
  49 NW 0590976 0925037 2277 Cufaa harree 
  50 NW 0590973 0925115 2287 Cufaa harree 
  51 NW 0595316 0925882 2469 Cufaa harree 
 4 52 WN 0591648 0924934 2446 Cufaa harree 
  53 WN 0595812 0925895 2471 Cufaa harree 
  54 WN 0595683 0925909 2463 Cufaa harree 
  55 WN 0595553 0925777 2455 Cufaa harree 
  56 WN 0995519 0925707 2449 Cufaa harree 
  57 NW 0595559 0925683 2451 Cufaa harree 
  58 WN 0595552 0925734 2230 Yabalaa 

  59 WN 0585437 0925463 2245 Yabalaa 

  60 ES 0591925 0925513 2297 Yabalaa 

  61 ES 0591356 0925545 2311 Yabalaa 

  62 SE 0590912 0925090 2340 Yabalaa 

  63 SE 0590948 0925029 2323 Huusaa 

  64 NW 0590945 0925117 2365 Huusaa 

  65 WN 0595323 0925876 2401 Huusaa 

  66 WN 0591684 0924933 2432 Huusaa 

  67 NW 0595821 0925898 2488 Qacaa 

 5 68 WN 0595623 0925910 2207 Qacaa 

  69 NW 0593363 0924815 2235 Qacaa 

  70 NW 0593325 0924923 2254 Qacaa 

  71 ES 0593326 0924968 2287 Qacaa 

  72 SE 0593311 0925047 2319 Gaara goraa 

  73 ES 0593201 0925012 2345 Gaara goraa 
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No Transect Quadrant  
number 

Aspect UTM Altitude(m)  Locality 

  74 SE 0592941 0925134 
2306 

Gaara goraa 

 6 75 ES 0592887 0925198 2286 Gaara goraa 

  76 ES 0592824 0925080 2348 Gaara goraa 

  77 ES 0591538 0924387 2378 Gunaa 

  78 SE 0590943 0925723 2287 Gunaa 

  79 SE 0591114 0925578 2293 Gunaa 

  80 SE 0591356 0925619 2313 Gunaa 
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Appendix 2: List of plant species collected in Angada Forest, Southeast of Ethiopia. 
 
S.no Botanical name Family Habit Local name  

1 Abutilon longicuspe Hochst.ex .A.Rich. Malvaceae Sh Daannisa  
2 Acacia abyssinica Hochst.ex Benth. Fabaceae T Laaftoo  

3 Acanthus sennii choiv. Acanthaceae Sh Qoree  

4 Adenia pulchra M.Gilbert &Wild. Passifloraceae    
5 Allophylus abyssinicus (Hochst.)Radlk. Sapindaceae T Embus  
6 Apodytes dimidiata E.Mey.ex Arn. Icacinaceae T Muka fardaa  
7 Asparagus africanus Lam. Asparagaceae Sh Sariitii  
8 Bersama abyssinica Fresen. Melianthaceae T Lolchiisaa  
9 Brucea antidysenterica J.F.Mill. Simaroubaceae Sh Abaaloo  

10 Buddleja davidii Franch. Loganiaceae Sh Adaadii  
11 Calpurnia aurea (Ait.) Benth. Fabaceae Sh Ceekkataa  

12 
Galhiera saifraga (Hochst.ex, A.Rich.) 
Bridson Rubiaceae T  

 

13 Carissa spinarum L. Apocynaceae Sh Agamsa  
14 Cassipourea malosana(Baker) Alston Rhizophoraceae T Worer  
15 Caucanthus auricalatus (Radlk.) Nedenzu Malpighiaceae C Gaalee  
16 Canthium oligocarpum Hiern  Rubiaceae Sh Mixoo  
17 Celtis africana Burm .f. Ulmaceae T Cayyii  

   18 Chasmanthera dependens Hochst. Menispermaceae C Hidda antutaa  

   19 Clematis simenis Fresen. Ranunculaceae C Hidda galee  

20 Clematis longicauda Steud. ex A. Rich. Ranunculaceae C Hidda osolee  
21 Clutia abyssinica Jaub & Spach. Euphorbiaceae Sh   
22 Conyza hypouleca A.Rich.  Asteraceae Sh Nechilo  
23 Cordia africana Lam. Boraginaceae T Waddesa  
24 Croton macrostachyus Hochst. ex Del. Euphorbiaceae T Bakkanisa  

25 
 
Cupressus lusitanica Mill Cupressaceae T 

Hindhessa 
faranjii  

 

   26 
Cyphostemma adenocaule (Steud.ex, 
A.Rich.) Vitaceae C Xoorsoo 

 

   27 Discopodium penninervium Hochst Solanaceae Sh Amararoo  
28 Dodonaea angustifolia L.f. Sapindaceae Sh Xaddacha  
29 Dombeya torrida (J.f Gmel.) P.Bamps Sterculaceae T Daannisa  
30 Dovyalis abyssinica (A.Rich.) Warb.  Flacourtiaceae T Koshommii  
31 Dovyalis verrucosa (Hochst.) Warb. Flacourtiaceae T/Sh Mantafullasa  
32 Dracaena steudineri  Engl. Dracaenaceae T Mirqoo  

33 Dregea abyssinica (Hochst.) K.Schum. Asclepidaceae C 
Hida 
warabessa 

 

34 Ehretia cymosa Thonn. Boraginaceae Sh Gaamme  
35 Ekebergia capensis Spam. Meliaceae T Somboo  
36 Embelia schimperi Vatke Myrsinaceae C Hanquu  
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S.no Botanical name Family Habit Local name 
37 Erythrina brucei schweinf. Fabaceae T Waleenaa  
38 Ficus vasta Forssk. Moraceae T Harbuu  
39 Hagnia abyssinica (Brace) J.F. Gmel. Rosaceae T Heexoo  
 
40 Hyppocratea africana (will) Loes. Celastraceae C Gaalee dikii 

 

41 Hypericum revolutom Vahl Hypericaceae T Garambaa 
 

   42 Jasminum abyssinicum Hochst.ex DC. Oleaceae C Hidda ichilbe  
  43 Juniperus procera Hochst. ex.Endl. Cupressaceae T Hindheessa  

44 
Justicia schimperiana (Hochst.ex Nees) 
T.Anders. Acanthaceae Sh Sensel 

 

45 Lagenaria abyssinica (Hook.f.) C .Jeffrey Cucurbitaceae C Garambaa  
   46 Leonotis oecymifolia (Burm.f.) Iwarsson Lamiaceae Sh Bokkoluu  

47 Lippia adoensis Hochst.ex. Walp. Lamiaceae Sh Kusaayee  

48 Lepidotrichilia volkensi (Gurke) Lorey Meliaceae T Ashuu  
   49 Maesa lanceolata Forssk. Myrsinaceae T Abbayyii  

50 Maytenus addat Hochst. ex. A.Rich. Celastraceae T   
51 Maytenus undata (Thunb.) Blackelock Celastraceae T Kokolfaa  
52 Millettia ferruginea (Ho&Hst.) Bak. Fabaceae T Birbirraa  
53 Myrsine africana L. Myrsinaceae Sh Qacama  
54 Nuxia congesta R.Br.ex Fresen. Loganiaceae T Qawweessa  
55 Ochna inermis (Forssk.)Schwenf.ex, Penzig  Ochnaceae Sh Qadiidaa  
56 Ocimum lamiifolium Hochst. ex Benth. Lamiaceae Sh Damaakasee  

57 
Olea europaea L.subsp.cuspidata 
(Wall.exG.Don)C.F. Oleaceae T Ejersa 

 

58 Olea hochstetteri Bak. Oleaceae T Ejersa dhalaa  
   59 Olinia rochetiana A.Juss. Oliniaceae T  Qayabeera  

   60 
Osyris quadripartite (Decn.)Hochst.ex 
Benth. Santalaceae Sh Waatoo 

 

   61 Phytolacca dodecandra L. Herit. Phytolaccaceae C Andoodee  
   62 Rhoicissus tridentata  (L.F.) Vitaceae C Laaluu  

63 Pittosporum viridiflorum Sims. Pittosporaceae T Soolee  
64 Podocorpus falcatus (Thunb.)R.B.ex Mirb. Podocarpaceae T Birbirsa  

   65   Polyscias fulva (Hiern) Harms Araliaceae T 
Muka 
jaldeessa 

 

66 Pouteria adolfi-friederici  (Engl.)Boehni Sapotaceae T Alaagaa  
67 Premna schimperi Engl. Verbanaceae Sh Urgeessa  
68 Prunus africana (Hook.f.) Kalkm. Rosaceae T Hoomii  
69 Pterolobium stellatum (Forssk.)Brenan Fabaceae Sh Qoonxirii  
70 Psydrax schimperiana (A.Rich.) Bridson Rubiaceae T Sagad  
71 Rhus vulgaris Meikle. Anacardiaceae T Xaaxessa  
72 Rhamnus prinoides L.Herit. Rhamnaceae Sh Geeshoo  
73 Ricinus communis L. Euphorbiaceae Sh Qobboo  
74 Rosa abyssinica R.Br. Rosaceae Sh Goraa  
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S.no Botanical name Family Habit Local name  
75 Rubus steudneri Schweinf. Rosaceae Sh Injoorrii  
76 Schefflera abyssinica (Hochst.ex.A.Rich.) Araliaceae T Gatamee  
77 Schinus molle L. Anacardiaceae T Gaale diimaa  

78 
Senna septemtrionalis (Viv.) Irwin 
&Barneby Fabaceae T 

Qoricha 
bofaa 

 

79 Secamone parvifolia (Oliv.) Bullock Asclepiadaceae C Hidda 
 

80 Solanecio gigas (Vatke) C.Jeffrey Asteraceae Sh 
Shokoko 
gommen 

 

81 Syzygium guineense A. Juss. Myrtaceae T Dooqmaa  
82 Taddalia asiatica (L.) Lam. Rutaceae C Harangamaa  
83 Teclea nobilis Del. Rutaceae T Hadheesa  
84 Vangueria madagscariensis Gmel. Rubiaceae T Mata gurree  
85 Vernonia amygdalina Del. Asteraceae T/sh Eebicha  
86 Vernonia hochstetteri Mill.  Asteraceae Sh Ajooftuu  
87 Vernonia hymenolepis A.Rich. Asteraceae Sh Weynagif  

 
T = Tree, Sh = Shrub, T/sh = Tree/shrub, C = Climber 
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Appendix 3: Plant Families with their genera and species distribution in the study 
area.  

No Family Genera % Species % 

1 Acanthaceae  2 4 2 2.29 

2 Anacardiaceae 2 4 2 2.29 

3 Apocynaceae 1 2 1 1.14 

4 Araliaceae 2 4 2 2.29 

5 Asclepiadaceae 2 4 2 2.29 

6 Asparagaceae 1 2 1 1.14 

7 Asteraceae 3 6 5 5.74 

8 Boraginaceae 2 4 2 2.29 

9 Brassicaceae 1 2 1 1.14 

10 Celastraceae 3 6          3 3.34 

11 Cucurbitaceae 1 2 1 1.14 

12 Cupressaceae  2 4 2 2.29 

13 Dracaeanaceae 1 2 1 1.14 

14 Euphorbiaceae 3 6 3 3.34 

15 Fabaceae 6 12 6 6.68 

16 Flacourtiaceae 1 2 2 2.29 

17 Hypericaceae 1 2 1 1.14 

18 Lamiaceae 3 6 3 3.34 

19 Loganiaceae  2 4 2 2.29 

20 Malvaceae 1 2 1 1.14 

21 Meliaceae 2 4 2 2.29 

22 Meliantaceae 1 2 1 1.14 

23 Menspermaceae 1 2 1 1.14 

24 Moraceae 1 2 1 1.14 

25 Myrsinaceae 3 6 3 3.34 

26 Myrtaceae 1 2 1 1.14 

27 Oleaceae 2 4 4 4.59 
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No Family Genera % Species % 

28 Oliniaceae 1 2 1 1.14 

29 Ochnaceae 1 2 1 1.14 

30 Malpighiaceae 1 2 1 1.14 

31 Phytolacaceae 1 2 1 1.14 

32 Passifloraceae 1 2 1 1.14 

33 Pittosporaceae 1 2 1 1.14 

34 Podocarpaceae 1 2 1 1.14 

35 Ranuncluaceae 2 4 2    2.29 

26 Rhaminaceae 1 2 1 1.14 

37 Rhizophoraceae 1 2 1 1.14 

38 Rosaceae 4 8 4 4.59 

39 Rubiaceae 4 8 4 4.59 

40 Rutaceae 2 4 2 2.29 

41 Sapotaceae 1 2 1 1.14 

42 Sapindaceae 1 2 1 1.14 

43 Santalaceae 1 2 1 1.14 

44 Simaroubaceae 1 2 1 1.14 

45 Smilanaceae 1 2 1 1.14 

46 Solanaceae 2 4 2 2.29 

47 Sterculiaceae  1 2 1 1.14 

48 Ulmaceae 1 2 1 1.14 

49 Verbenaceae 1 2 1 1.14 

50 Vitaceae 2 4 2 2.29 
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Appendix 4 Frequency of plants in the study area 

Scientific name No of 

quadrats 

present in 

Total quadrats  

sampled 
 % Frequency Relative 

frequency 

Bersama abyssinica 55 80 68.75 4.35 

Nuxia congesta 5 80 6.25 0.39 

Carrisa spinarum 65 80 81.25 5.15 

Premna schimperi 38 80 47.5 2.98 

Croton macrostachyus 65 80 81.25 5.15 

Vernonia amygdalia 3 80 43.75 2.42 

Ekebergia capensis 36 80 45 2.85 

Rubus steudneri 25 80 31.25 1.98 

Maytenus addat 72 80 90 5.7 

Acacia abyssinica 5 80 6.25 0.39 

Podocorpus falcatus 80 80 100 6.34 

Allophylus abyssinicus 46 80 57.5 3.64 

Lepidotrichilia volkansii 17 80 21.25 1.34 

Brucea antidysenterica 21 80 26.25 1.66 

Rhamnus prinoides 4 80 5 0.31 

Juniperus procera 48 80 60 3.80 

Cupressus lusitanica 8 80 10 0.63 

Solanum marginatum 8 80 10 0.63 

Psydrax schimperiana 25 80 31.25 1.98 

Chasmantera dependens 8 80 10 0.63 

Olea hochstetteri 14 80 17.5 1.07 

Teclea nobilis 38 80 47.5 2.98 

Schefflera abyssinica 4 80 5 0.31 

Cordia africana 8 80 10 0.63 

Millettia ferruginea 5 80 6.25 0.39 

Syzygium guineense 8 80 10 0.63 

Ficus vasta 25 80 31.25 1.98 
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Scientific name No of 

quadrats 

present in 

Total quadrats  

sampled 

 % Frequency Relative 

frequency 

Embelia schimperi 1 80 1.25 0.07 

Solanecio gigas 4 80 5 0.31 

Celtis africana 27 80 33.75 2.14 

Prunus africana 14 80 17.5 1.10 

Maytenus obscura 46 80 57.5 3.64 

Olinia rochetiana 36 80 45 2.85 

Rhus vulgaris 31 80 38.75 2.45 

Dovyalis abyssinica 8 80 10 0.63 

Hagenia abyssinica 1 80 1.25 0.07 

Maesa lanceolata 29 80 36.25 2.29 

Calpurnia aurea 40 80 50 3.17 

Vangueria madagascariensis 51 80 63.75 4.04 

Erethrina brucei 1 80 1.25 0.07 

Lippia adoensis 1 80 1.25 0.07 

Justicia schimperiana 1 80 1.25 0.07 

Dovyalis verucosa 19 80 23.75 1.50 

Pittosporum viridiflorum 1 80 1.25 0.07 

Abutilon longicuspe 10 80 12.5 0.79 

Oleaeuropea subsp. cuspidata 4 80 5 0.31 

Myrsine africana 36 80 45 2.85 

Vernonia hochstetteri 1 80 1.25 0.07 

Cassipora malosana 10 80 12.5 0.79 

Disccopodium penninervium 1 80 1.25 0.07 

Ricinus communis 4 80 5 0.31 

Osyris quadripartita 1 80 1.25 0.07 

Rosa abyssinica 19 80 23.75 1.50 

Clutia abyssinica 8 80 10 0.63 
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Scientific name No of 

quadrats 

present in 

Total quadrats  

sampled 

 % Frequency Relative 

frequency 

Pterolobium stellatum 17 80 21.25 1.34 

Toddalia asiatica 8 80 10 0.63 

Schinus molle 14 80 17.5 1.10 

Hyppocratea africana 8 80 10 0.63 

Ocimum lamifolium 1 80 1.25 0.07 

Vernonia amygadalia 1 80 1.25 0.07 

Pouteria  adolfi-friederic 1 80 1.25 0.07 

Ochinia nermis 4 80 5 0.31 

Caucanthus auriculatus 1 80 1.25 0.07 

Jasminum abyssinica 5 80 6.25 0.39 

Dregea abyssinica 1 80 1.25 0.07 

Ehretia cymosa 1 80 1.25 0.07 

Adenia pulchra 5 80 6.25 0.35 

Polyscias fulva 17 80 21.25 1.34 

 1,262.7  1,577  

     

     

 

Appendix 5: List of endemic species with their IUCN categries from the study area.   
 
Botanical name  Family  Habit  IUCN 

Category 
Acanthus sennii Chiov. Acanthaceae Shrub NT 

Erethrina brucei Schweinf. Fabaceae Trees  LC 

Millettia ferruginea (Hochest.) Bak. Fabacee Tree  LC 

Solanecio gigas (Vatke) (Jefferey) Asteraceae Shrub  LC 

Solanum marginatum L.f. Solanaceae Shrub  LC 
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