
ADDIS ABABA UNIVERSITY  
SCHOOL OF GRADUATE STUDIES  

ENVIRONMENTAL SCIENCE PROGRAM  
 

 
 

FLORISTIC COMPOSITION AND STRUCTURE OF YANGUDI-RASSA 
NATIONAL PARK VEGETATION, NORTHEASTERN ETHIOPIA 

 
BY 

SEMERE BEYENE  
 

A THESIS SUBMITED TO SCHOOL OF GRADUATE STUDIES OF  
ADDIS ABABA UNIVERSITY,  

IN PARTIAL FULFILMENT OF MASTERS DEGREE 
 IN ENVIRONMENTAL SCIENCE 

 

 
 

FEBRUARY, 2010 



ADDIS ABABA UNIVERSITY  
SCHOOL OF GRADUATE STUDIES  

ENVIRONMENTAL SCIENCE PROGRAM  
 
 
 

FLORISTIC COMPOSITION AND STRUCTURE OF YANGUDI-RASSA 
NATIONAL PARK VEGETATION, NORTHEASTERN ETHIOPIA 

 
 

BY 

SEMERE BEYENE 

 

 

APPROVED BY THE EXAMINING BOARD:  

___________________________________                                 ___________  

CHAIRMAN, DEPARTMENT’S GRADUATE COMMITTEE  

______________________________________                       ____________  

ADVISOR  

______________________________________                      ____________  

EXAMINER  

______________________________________                    ____________  

EXAMINER  

________________________________________                 ____________  

EXAMINER  

 

 

 

 

 

 

 



iii 

 

Acknowledgments 

First and foremost, unconditional thanks and appreciation goes to my principal advisor Dr. 

Mekuria Argaw (Ph.D.) and Dr. Gemedo Dalle (Ph.D.) for their continual follow-up and 

guidance from start-up of proposal writing up to the end of this study in its present form. Equally 

important is his heart-felt and fatherhood approach has had paramount significances to my 

personal well-beings, in part. Especially Mekuria Argaw (Ph.D.) helped me in finding sponsors 

for financial support. 

I would like to thank the Institute of Biodiversity Conservation (IBC) and Addis Ababa 

University (AAU) for funding the project. I also acknowledge assistance from the staff members 

of the Yangudi-Rassa National Park head office in Gewane.  

I would also like to thank staff members of the National Herbarium, Addis Ababa University, 

particularly W/t Shewangziwe Lemma and Ato Melaku Wondafrash   for their help during the 

identification of plant specimens.  

My special thanks goes to colleagues and friends, Ato Solomon Debele, Ato Befikadu 

Woldetsadik, Ato Bilhat Leta for sharing their experience and provision of useful materials that 

are important for this work.  

Last but not least, many thanks go to my family, particularity my beloved mother W/o Abrhet 

Abate, Gebreyesus and Bashay Amare.  

 

 

 

 

 

 

 



iv 

 

TABLE OF CONTENTS 

ACKNOWLEDGMENTS ................................................................................................................ III 

LIST OF TABLES ............................................................................................................................ VI 

LIST OF FIGURES .......................................................................................................................... VI 

LIST OF APPENDIXES .................................................................................................................. VI 

ABSTRACT .................................................................................................................................... VIII 

1.  INTRODUCTION ........................................................................................................................... 1 

1.1. BACKGROUND AND JUSTIFICATION ............................................................................................... 1 

1.2. OBJECTIVES .................................................................................................................................. 4 

1.2.1. General objective ................................................................................................................. 4 

1.2.2. Specific objectives ................................................................................................................ 4 

1.2.3. Research Questions ............................................................................................................. 4 

2. LITERATURE REVIEW ............................................................................................................... 5 

2.1. DEFINITIONS AND CONCEPTS OF DRYLANDS ................................................................................. 5 

2.2. DISTRIBUTIONS OF THE DRYLANDS ............................................................................................... 6 

2.3. BIODIVERSITY IN ETHIOPIA .......................................................................................................... 7 

2.4. MAJOR ECOSYSTEMS OF ETHIOPIA ............................................................................................... 7 

2.4.1. The dryland vegetation in Ethiopia ..................................................................................... 8 

2.5. FLORISTIC COMPOSITION AND STRUCTURE .................................................................................. 10 

2.6. SPECIES DIVERSITY, EVENNESS AND SIMILARITY......................................................................... 11 

2.7. PLANT POPULATION STRUCTURE ................................................................................................. 12 

2.8. FREQUENCY AND IMPORTANT VALUE INDEX ............................................................................... 13 

2.9. TECHNIQUES OF VEGETATION DATA ANALYSIS ......................................................................... 14 

2.9.1. Classification ..................................................................................................................... 14 

2.10. ENVIRONMENTAL FACTORS AND VEGETATION IN ETHIOPIA ...................................................... 17 

3. MATERIALS AND METHODS .................................................................................................. 20 

3.1. THE STUDY AREA ....................................................................................................................... 20 

3.1.1. Location and description ................................................................................................... 20 

3.1.2. Climate ............................................................................................................................... 22 



v 

 

3.1.3. Geology and soil ................................................................................................................ 23 

3.1.4. Vegetation .......................................................................................................................... 24 

3.1.5. Wildlife and habitats .......................................................................................................... 24 

3.1.6. Land use ............................................................................................................................. 25 

3.2. METHODOLOGY.......................................................................................................................... 25 

3.2.1. Reconnaissance Survey ...................................................................................................... 25 

3.2.2. Sampling Design ................................................................................................................ 25 

3.2.2.1. Vegetation data collection .......................................................................................... 26 

3.2.3. Vegetation data analysis .................................................................................................... 27 

3.2.3.1. Plant community determination ................................................................................. 27 

3.2.3.2. Structural data analysis ............................................................................................... 28 

3.2.3.3. Plant diversity analysis ............................................................................................... 30 

4. RESULTS AND DISCUSSION .................................................................................................... 32 

4.1. FLORISTIC COMPOSITION ............................................................................................................ 32 

4.2. WOODY SPECIES ......................................................................................................................... 32 

4.2.1. Vegetation structure .......................................................................................................... 33 

4.2.1.1. Woody species density ............................................................................................... 33 

4.2.1.2. Basal area (BA) .......................................................................................................... 34 

4.2.1.3. Frequency ................................................................................................................... 35 

4.2.1.4. Importance Value Index ............................................................................................. 36 

4.2.1.5. Population structure of the dominant woody plant species ........................................ 37 

4.2.1.6. Regeneration status of the Yangudi-Rassa National Park vegetation ........................ 39 

4.3. EXISTING PLANT COMMUNITIES ................................................................................................. 40 

4.4. SPECIES DIVERSITY ..................................................................................................................... 50 

5. CONCLUSION AND RECOMMENDATIONS ......................................................................... 52 

5.1. CONCLUSION .............................................................................................................................. 52 

5.2. RECOMMENDATIONS .................................................................................................................. 53 

REFERENCES ................................................................................................................................... 54 

APPENDICES .................................................................................................................................... 65 

 



vi 

 

LIST OF TABLES  
Table 1.  Species frequency class of YRNP woody species ......................................................... 35 

Table 2. Importance Value index of woody species of YRNP Vegetation .................................. 36 

Table 3. The regeneration status of different Woody species in YRNP vegetation ..................... 40 

Table 4. TWINSPAN out put of Yangudi-Rassa national park vegetation .................................. 47 

Table 5. Synoptic cover-abundance values for species having a value of > 1.0 in at least one 

community type. .............................................................................................................. 48 

Table 6.  Comparison of plant species diversity (H’), evenness (J) and richness (S) among the 

seven community types following Shannon-Weiner index. ......................................................... 51 

 

 

 

LIST OF FIGURES 
Figure 1. Map of the study area .................................................................................................... 21 

Figure  2. Climatic diagram for Mille ........................................................................................... 23 

Figure 3. Sampling design for the DBH/DSH, coverage, and number of stems of woody plants 

and of coverage herbaceous in the Yangudi-Rassa ........................................................ 26 

Figure 4. Growth forms by Habit types ........................................................................................ 32 

Figure 5. Average number of individual trees and shrubs per hectare ......................................... 34 

Figure 6. Diameter class frequency distribution of selected woody species in the Yangudi-Rassa 

National Park ................................................................................................................. 39 

 

 

 

 

 

 

 

 



vi 

 

LIST OF APPENDIXES 
Appendix 1. List of plant species, family and growth habit recorded from Yangudi-Rassa 

National Park Vegetation ......................................................................................... 65 

Appendix 2. Tree species, Families and density of Yangudi-Rassa national park Vegetation .... 68 

Appendix 3.  Percentage relative density and frequency of tree species of Yangudi-Rassa 

National park Vegetation ......................................................................................... 69 

Appendix 4. Mean basal area, Dominance and relative dominance of tree species of Yangudi-

Rassa National park Vegetation ............................................................................... 70 

Appendix 5. Importance value Index (IVI) of dominant shrubs and trees species of Yangudi-

Rassa National park Vegetation. .............................................................................. 71 

Appendix 6. Basal area (BA), BA/ha and percentage BA of tree/Shurb individuals of Yangudi-

Rassa National park Vegetation ............................................................................... 72 

Appendix 7: The regeneration status of Yangudi-Rassa National park Vegetation (the number of 

seedlings and saplings per hectare of each tree species).......................................... 73 



 

 

vii

ACRONYMS 

 

AAU    Addis Ababa University  

BA    Basal Area  

BWDA  Bati Wereda Department of Agriculture  

CBD   Convention on Biological Diversity             

CSA   Central Statistical Agency 

DBH   Diameter at Breast Height  

BSH   Diameter at the Stamp Height 

EPA   Environmental Protection Authority 

EWNHS  Ethiopian Wildlife and Natural History Society  

FAO   Food and Agriculture Organization of the United Nations 

GPS   Geographic Positioning Systems 

IBC   Institute of Biodiversity Conservation  

IUCN   International Union for the Conservation of Nature  

IVI    Importance Value Index  

MEDaC  Ministry of Economic Development and Cooperation 

MoA   Ministry of Agriculture 

NMSA   National Meteorological Services Agency  

PET    Potential Evapotranspiration     

RPSUD                       Research Program for Sustainable Use of Dryland Biodiversity  

TWINSPAN  Two-Way Indicator Species Analysis  

UNEP   United Nations Environmental Program  

UN-EUE  United Nations Emergencies Unit for Ethiopia 

YRNP   Yangudi-Rassa National Park  

WCWC  World Conservation Monitoring Center   

WRI   World Resource Institute    

WWF    World Wildlife Fund      

 

 

 



 

 

viii 

ABSTRACT 

This study was carried out at Yangudi-Rassa National Park, northeastern Ethiopia with the aim 

of compiling floristic composition, vegetation structure and to identify community types. A total 

of 90 relevés, 20 m x 20 m at 200 m intervals within six transect line were laid to collect the data 

on cover-abundance (for woody species and herbs), DBH, height, density, seedling and sapling 

count (for woody species only). The data on herbaceous species were collected from five, 1 m x 1 

m subplots laid at four corners each and one at the centre of the large relevé. Two Way Indicator 

Species Analysis (TWINSPAN) was used to classify the vegetation community types. The 

importance value index (IVI) of dominant woody species was estimated and finally, the Shannon-

Weiner diversity and evenness indices were calculated.  

A total of 70 plant specimens belonging to 25 families and 55 genera were identified  of which 

58.6% were herbs other than grasses, 12.9% were shrubs, 12.9% were grasses, 11.4% were tree 

or shrub and 4.3% were trees. Two Way Indicator Species Analysis (TWINSPAN) classified 

vegetation of the Yangudi-Rassa National Park into seven community types:  (I) Cenchrus 

pennisetiformis - Commelina imberbis type; ( II)  Chloris virgata - Aristida adscensionis type; 

(III) Heliotropium strigosum - Convolvulus farinosus type; (IV) Caralluma speciosa - Grewia 

villosa  type; (V) Dichrostachys cinerea - Senna italica type; (VI) Heliotropium steudneri -

Dichrostachys cinerea type and (VII) Ziziphus spina-christi - Cleome scaposa type. The Density 

of woody species with DBH > 2.5cm (ca. 427/ha), basal area (ca. 3.12 m
2
/ha), frequency of all 

the tree species (241/ha) and  then among the woody plants with higher value of the importance 

value index (IVI) were Acacia mellifera, Cadaba rotundifolia, Acacia oliveri, and Grewia tenax. 

Finally, the result of Shannon-Weiner diversity and evenness indices showed that community 

type VII was the most diverse and had the highest species richness. On other hand, Community 

type VI had the least diverse and least number of species with least even distribution when it 

compared with the other communities. The study indicated that the population structure of the 

most woody plant species in Yangudi-Rassa National Park is in a good state of regeneration but 

poor recruitment level and there is a need to further investigate on soils and ethno-botanical 

studies.  

 

Key words: Yangudi-Rassa, floristic composition, Structure, plant community 
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1.  Introduction 

1.1. Background and justification  
 

Ecosystems are large geographic areas that contain similar biological communities and abiotic 

conditions such as temperature, rainfall and seasons. They are tied through flows of energy and 

often identified by the dominant plant communities found in the region (Kimmins, 1997). The 

plant species found in these biological regions are a function of many factors, including climate, 

interactions among species, and disturbance regimes (Whelan, 1995). 

 

The biodiversity of the different ecosystems of the globe is not evenly distributed (Barthlott, 

1998). For example, some regions of the world like that of tropics are relatively richer in 

biodiversity as compared to other places. However, most of those countries of the tropics that are 

endowed with such huge biodiversity have poor economies, which is the major challenge to 

conserve their biodiversity. Ethiopia is one of the top 25 richest countries of the world in terms 

of biodiversity(WCMC, 1994), and it is well known for its high level of crop genetic diversity 

and, as a result it is one of the seven Vavilov’s centers of crop origin (Vavilov, 1951; Harlan, 

1969).  

 

The desert and semi-desert ecosystem is among the major ecosystems found in this country 

(IBC, 2005). These ecosystems have vast ecological and social values both at national and global 

levels. They host unique combination of flora and fauna that are adapted to survive in adverse 

environmental conditions. Widely accentuated is that these ecosystems serve as enormous 

sources of genetic materials of drought tolerant biological species that are important for the 

protection and restoration of arid lands. In addition, a report by Ensermu Kelbessa et al. (1992) 

for example, indicated that six of the seven endangered endemic plant species of this ecosystem 

are found in the Ogaden region of the ecosystem only, which is floristically the richest in 

endemism in Ethiopia. The pastoral communities of the desert and semi-desert ecosystems have 

lived harmoniously with the biological diversity and they have been reported as guardians of this 

biological diversity. This is also magnified in the traditional management systems that have 

increasingly been acknowledged for their indigenous knowledge. 
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Despite, the desert and semi-desert scrubland ecosystem is characterized by highly drought 

tolerant species such as Acacia brichettiana, A. stuhlmanii, A. walawlensis, Boswellia 

ogadenenesis, Commiphora longipedicillata and C. staphyleifolia, different species of birds such 

as Kori Bustard, Arabian Bustard, Blackhead Plover, Temminck's Courser, Two-banded Courser, 

Tawny Pipit, Chestnut-bellied Sandgrouse, Lichstenstien's Sandgrouse, Singing Bush Lark and 

Masked Lark  and wild animals such as Wild Ass which, is critically endangered and has 

appeared in the 1996 IUCN list of threatened animals, this ecosystem is being subjected to 

increased grazing, threatened by bush encroachment and the failure to manage the expansion of 

invasive exotic species, such as Prosopis Juliflora (IBC, 2005). These factors coupled with 

fragility of this ecosystem and recurrent drought makes the degradation of biological resources to 

be more severe than it is on relatively less degraded ecosystems. As indicated in the reports of 

various studies, the plant and animal species that are important both at national and global levels 

are becoming endangered and, this is mainly attributed to lack of proper conservation strategies 

and practices (Ensermu Kelbessa et al. 1992; Getachew Tesfaye, 2002). As the plant and animal 

species are lost from the area, the indigenous knowledge and associated practices will also be 

obscured and finally become lost forever. Consequently, the danger certainly poses a major 

threat to the well being of the population that depends on the biological resources of this 

ecosystem.  

 

Modifications of ecosystems by human beings for different purposes; such as, land uses for 

agriculture, grazing,  human settlement and etc. are considered to be the major threats to the 

conservation of biodiversity  in developing countries (Chapin et al., 2000; Swanson, 1999). In 

Ethiopia, land uses for agriculture purposes are among the greatest threats to biodiversity 

conservation. This is due to the fact that over 85% of the total populations of the country depend 

on agriculture and agricultural products (MEDaC, 1995). In such cases, the demands for higher 

yields to feed the growing population are currently fulfilled by increasing the areas of cultivated 

land, which imposes a limitation to the sustainability of the natural resources. Hence, it is 

important to establish a system of protected areas or reserved to conserve biodiversity 

(WRI/IUCN/UNEP, 1992). Even though, Ethiopia is considered as one of the top twenty five 

richest countries in the world in terms of biodiversity (WCMC, 1994), the most of the 

ecosystems or habitats important for biodiversity conservation are not included in the country’s 
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system of protected areas. In order to conserve the wildlife genetic resources, Ethiopia has 

established protected areas at different levels and dedicated ca 193,600 Km
2 

of land to wildlife 

protection area. The Wildlife Conservation Areas are divided into two main categories, namely, 

Principal Wildlife Conservation Areas, which include nine National Parks and four Wildlife 

Sanctuaries, and Secondary Wildlife Conservation Areas comprising eight Wildlife Reserves and 

eighteen Controlled Hunting Areas (Hillman, 1993; Mohammed Abdi et al., 2003). But up to 

now, no area has been formally protected in the country to conserve an ecosystem or habitat 

important for plant species although Ethiopia’s biodiversity is mainly due to the high diversity of 

the plant species (Mesfin Tadesse, 1991). 

 

More importantly, research activities should be geared to assess the biophysical, social and 

economic variations in the environment. Thus, careful characterization and understanding of the 

nature and complexity of different agro-ecological zones particularly in the dry and/or lowland 

areas are essential for the development of a sound strategy for food security and related research 

priorities based on sustainable resource management (Mulugeta Lemenih, 2005). Currently, there 

is a growing national need for conserving hot spot areas including the desert and semi-desert 

regions. Nevertheless, the existing information about the floristic composition and structure of 

vegetation within these ecosystems has still been scant and, as a result little is known. 

 

This study attempts to assess and explain the status of the floristic species diversity and structure 

of the Yangudi-Rassa National Park which is located in the Northeastern part of Ethiopia. The 

results obtained from this study generally will help decision- makers towards the protection and 

design of appropriate strategies for conservation and management in desert and semi-desert 

ecosystems and, to similar areas in Ethiopia. The information generated from this study, in 

particular would have an immense contribution to protect and conserve endangered, endemic 

and/or rare species of plants found in the Yangudi- Rassa National Park.  
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1.2. Objectives 

1.2.1. General objective 

• To assess the floristic composition of the vegetation and structure of woody vegetation 

within the Yangudi-Rassa National Park. 

1.2.2. Specific objectives 

• To compile a floristic list of the study area.  

• To categorize and describe the major plant-community types existing within the park 

using TWINSPAN software.  

• To analyze and explain the species population-structure and regeneration status of the 

woody plant species of the study area. 

• To recommend appropriate measures for further protection and conservation of the flora 

of the park. 

 

1.2.3. Research Questions  

 

The objectives of the study were achieved by way of seeking answers to the following questions. 

 

1. What are the floristic composition and diversity of plant species in the study area? 

2. What is the population-structure of the dominant woody species in the study area? 

3. What are the major plant-communities types existing within the park? 

4. What is the regeneration status of the woody species? 
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2. Literature Review 

2.1. Definitions and Concepts of drylands 
 

Drylands are generally, characterized by high temperature, low rainfall (less than 800 mm per 

annum), variable, often unreliable, and unevenly distributed throughout the year and high 

evapotranspiration (IUCN, 1999). Thus, dryland ecosystems are defined as areas receiving 

between 0.05 and 0.65 minimum and maximum ratio values of annual precipitation to potential 

evapotranspiration.  

 

Drylands cover hyper arid, semi-arid and dry sub humid ecosystems having low ratio of annual 

precipitation to potential evapotranspiration (IUCN, 1999), with unpredictable precipitation 

receiving low total amounts. On top of these, the more arid areas have high diurnal temperature 

variability. Drylands have highly seasonal rainfall regimes with significant inter-annual 

variability and mean annual precipitation values, which vary from about 800mm in summer 

rainfall areas to 250mm in winter regimes (IUCN, 1999).  

 

Because drylands cover wide varieties of terrestrial biomes that are extremely diverse in their 

landforms, soil, flora, fauna, water balances and human activities (UNEP, 1992), it has been 

difficult to derive a pragmatic definition of dryland environments due to diversified 

characteristics of these ecosystems. Nevertheless, despite these differences among the various 

dryland ecosystems; they have common unifying characteristics that include low and extremely 

variable precipitation (UNEP, 1992).  

 

A common misconception with regard to drylands is that they are considered as dead, empty, 

isolated and unproductive places where people couldn’t survive (RPSUD, 2005). However, it 

was learned that these ecosystems have supported people’s livelihoods though myriad or goods 

and services they provide. This includes grazing, cropping, forestry, tourism, settlement and 

mining. In addition to this, they supposed to host approximately two billion people worldwide 

(WRI, 2002). Furthermore, they are also the original homes of many of the world’s most 

important food grains like millet and sorghum, botanical medicines, resins and oils (IUCN, 1999) 

and as Amaha Kasshun (2002) reported that, the dryland areas are important stores of biological 
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diversity and provide crop and rangeland resources, forest products, water, energy, and wetlands. 

It is also an important area of economic production to the nations that utilizes marginal land 

resources by converting range feed bases into high quality foodstuffs(meat and milk) and 

industrial values(Skins, hides, bones, blood, hooves, and horn). Generally, drylands support 

some of the poorest communities in the world with the highest dependency on natural habitats 

and biological resources (UNEP, 1992; IUCN, 1999).  

 

Therefore, scientific explanations of dryland ecosystems at landscape level is necessary to 

understand the evolutionary, ecological and socio-cultural importance of ecosystem components 

thereby optimize natural resources use obtained from ecosystem functions and processes. The 

following related literatures obtained from various references materials are summarized, with the 

main focus on Ethiopian dryland ecosystems located in the low elevation areas, as follows:    

2.2. Distributions of the drylands  
 

Globally dryland ecosystems cover more than one third of the earth’s land surface and are home 

to about one-fourth of the earth’s population (IUCN, 1999). Above 50% of the land surface of 

the developing countries is situated in the arid and semi-arid zones and nearly 30-40% of the 

total land surface is arid and semi arid (Kigomo and Chikamai, 2003). Drylands occur in all 

continents and are estimated to cover approximately 61 million square kilometers or more than 

47% of the earth’s land surface, excluding cold climate regions (UNEP, 1992; IUCN, 1999).  

 

Regionally the African dryland areas cover about 65% of the total land surface, where areas 

south of the Sahara desert are widely recognized to be more susceptible to various land 

degradation processes and forms (Dejene et al., 1997). About 70% of Eastern Africa land area is 

covered by drylands that support 75% of the human population and 50% of the livestock 

population (Kigomo and Chikamai, 2003; White, 1983). In Eastern Africa, arid and semi-arid 

climates are found in Ethiopia, Kenya, Tanzania, Somalia, Djibouti and Eritrea with annual 

rainfall ranging between 400mm and 750mm (Kigomo and Chikamai, 2003; White, 1983).  

 

In Ethiopia, drylands cover nearly 75% of the total landmass of the country (Hawando, 2000), 

where 12% of the human population and 20% of livestock population are found within this 
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ecosystem (CSA, 1995; Leipzing, 1996). Agro-ecologically, “Kolla” or warm to hot semi-arid 

and “Bereha” or hot arid climates are found between 500 and 1800m; and under 500m, 

respectively. In the arid zones of the country, the mean annual rainfall distribution is from 100 to 

600mm (EPA, 1997; MoA, 1998); while the semi-arid zone has a respective mean annual rainfall 

distribution and potential evapotranspiration   ranging from 300 to 800mm and 1900 to 2100mm 

with a growing period of 46-60 days.  The monthly potential evapotranspiration exceeds rainfall 

in most parts of arid and semi-arid areas of the country (MoA, 1998; Bourne, 2002).  

2.3. Biodiversity in Ethiopia 
 

Obviously, Ethiopia is one of the tropical countries with varied ecological and climatic 

conditions. These make the country to be a home for diverse flora and fauna. Among the 

different types of agro-ecological zones in the country, dry land, which is under the arid and 

semi-arid environmental condition represents about 620,000 km
2
 (Mulgeta Limenih and Demel 

Teketay,2004).  

 

This huge land mass is known to be dominated by dry decidious woodland and bushland which 

is estimated to be 25 million hectares (Abeje Eshete, 2002). The representative genera inhabiting 

such dry deciduous woodland and wooded grassland ecosystems of the country are Boswellia, 

Commiphora, Acacia, Balanites, different types of shrubs, grasses and other plant forms (Oba et 

al., 2000; Abeje Eshete, 2002).  

 

Arid areas have mean annual rainfall of between 100-800mm, mean annual temperature of 21-

27.5° C and mean annual potential evapotranspiration of between 1700 -2600mm. The semi-arid 

areas have mean annual rainfall of between 300– 800mm, mean annual evapotranspiration of 

1600-2100mm and mean annual temperature of between 16-27°C. The dry sub-humid zones of 

the country are characterized by mean annual temperature of between 16-28° C and mean annual 

rainfall ranging between 700-1000mm (EPA, 1997). 

 2.4. Major Ecosystems of Ethiopia 
 

Ethiopia has a wide range of habitats that makes it the center of biodiversity and this is mainly 

attributed to the various bio-physical factors overwhelming throughout the country (IBCR, 
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2001). For example, the enormous variations in elevation have caused the diversity of the flora 

under wide spectra. Ethiopia has the fifth largest flora in Africa (Anonymous, 1997a, b). The 

flora is very heterogeneous and has a rich endemic element owing to the diversity in climate, 

vegetation and terrain. It is estimated to contain between 6,500–7000 species of higher plants, of 

which about 12% are endemic (Tewolde Berhan Gebere Egziabher, 1991). Endemism is 

particularly high in the high mountains and in the Ogaden area, southeastern. This endemism is 

common in the drylands; particularly around the Ogaden and Borana lowlands (Stuart et al., 

1990). 

Attempts to identify or classify ecosystems of Ethiopia have been very limited or nonexistent 

thus far. Vegetation types (Anonymous, 1992; Sebsebe Demissew et al. 1996; EPA, 1997; 

Zerihun Woldu, 1999, Friis and Sebsebe Demisssew, 2001) in the country are being considered 

as ecosystems. The new classification of ecosystems in Ethiopia is as follows: 

• Afroalpine and Sub-Afroalpine,  

• Dry Evergreen Montane Forest and Grassland Complex,  

• Moist Evergreen Montane Forest,  

• Acacia-Commiphora Woodland,  

• Combretum-Terminalia Woodland,  

• Lowland Semi-evergreen Forest,  

• Desert and Semi- Desert Scrubland, and  

• Inland Waters. 

2.4.1. The dryland vegetation in Ethiopia  
 

The drylands of Ethiopia includes rangelands, wooded grasslands, shrublands and bushlands. 

The bushlands and shrublands contribute 21.4%, while the grasslands accounts for 30.5% of the 

total landmass of Ethiopia (CSA, 1995). The shrub communities are the results of the 

degradation of the forest or grassland ecosystem as a result of overgrazing or deforestation. 

Currently, these shrublands that are important for livestock and wildlife forage are being 

overgrazed, misused as farmland, and deforested for firewood, allowing deserts to encroach on 

them (Leipzing, 1996). The main Ethiopian dryland vegetation types are described as follows;  

 

Desert and Semi-desert vegetation  
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The most arid vegetation type is found in the drier regions of southern and eastern Ethiopia 

below altitude of 900m (EWNHS, 1996; Zerihun Woldu, 1999). There is basically very small 

proportion of true desert vegetation in Ethiopia, particularly in the Afar depression, the Ogaden, 

Lake Bahir and the Omo Delta (Beals, 1969).  Rainfall is typically low and erratic with unimodal 

distribution (EWNHS, 1996). It is predominantly composed of drought tolerant and deciduous 

species with scattered and less frequent evergreen shrubs and succulents. These include small 

trees and shrubs species of Acacia, Commiphora, Boscia, Cadaba, Maerua, and Ziziphus; 

succulent species of Euphorbia, Cissus, Aloe and Sanseviera and grass species of 

Dactyloctenium and Panicum. Grass species are more or less absent from rocky areas and are 

occurring on flat areas where water may lie during the rainy season (EWNHS, 1996; White, 

1983). The soils in this vegetation type are alluvial and thus are vulnerable t erosion. Water is 

very scarce and evapotranspiration is very high consequently vegetation is very scantly 

(EWNHS, 1996; Leipzing, 1996). According to Zerihun Woldu (1999), soil salinity is a potential 

environmental problem in the area and this zone is liable to be converted into a desert if the 

current human activities continue uncontrolled and the drought conditions persist 

 

Acacia- Commiphora Deciduous Bushland and Thicket  

Acacia - Commiphora deciduous bushland and Thicket occur mainly in the north, east, south, 

and central parts of the country at altitudes between 900 and 1900 m (EWNHS, 1996; Zerihun 

Woldu, 1999). Average annual precipitation in this region is generally less than 500mm in the 

most places and may be reduced to 20 mm in some places. This vegetation zone is established 

with mean annual temperature ranging from 18
o
C to 27

 o
C and mean annual rain fall between 

400mm and 820mm. the soil in the region is extremely diverse in type (IUCN, 1999; WWF, 

2001). 

Shrubs, bushes and thicket generally occur under a wide range of climatic and edaphic 

conditions and grasses are present in most type of bush lands (White, 1983). Small leafed 

deciduous vegetation is dominant in this region. The common species include Acacia, 

commiphora, Ziziphus, Maerua, Cadaba, Boselia, Euphorbia, Aloe, and Sanseviera (White, 

1983; EWNHS, 1996; Zerihun Woldu, 1999). 
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The vegetation type has been grazing areas although it is highly sensitive to overgrazing due to 

prolonged dry season that stays up to 10moths. Moreover, this vegetation is becoming more 

vulnerable and increasingly depleted owing to the supply of fuel wood and charcoal to 

population centers (Ensermu Kelbessa et al., 1992; Zerihun Woldu, 1999). Since the soil is fine, 

it is more susceptible to wind and water erosion (EWNHS, 1996; EPA, 1997; Zerihun Woldu, 

1999). 

 

Combretum – Terminalia woodland  

The broad-leaved deciduous woodlands are found in the northwestern, western parts and the 

southwest along the Ethio-Sudan boundary between 500- 1900 m a.s.l. The vegetation is 

characterized by Combretum spp., Terminallia spp., Oxytenanthera abyssinica (A. Rich.) Munro, 

Boswellia papyrifera, Lannea schimperi, Anogeisus leiocarpus, and Stereospermim kunthianum 

Cham, where the under story constitute a combination of herbs and grasses. 

 

Riparian Vegetation  

This vegetation type is characterized by different tree and shrub by species associated with herbs 

and grasses. Tamarindus indica, Tamarix aphylla, Ficus sycomorus, Maytenus senegalensis, 

Celtis africana, Dobera glabra, and different Acacia species like Acacia mellifera, Acacia 

Senegal are found (EWNHS, 1996; EPA, 1997). Swamps are dominated by sedges like species 

of Cyperus, Eleocharis and Scirpus and grasses like species of Echinocloa (EWNHS, 1996). 

This vegetation is found along dry riverbeds, catchments and tributaries of the Awash River and 

is also found in the riverine vegetation of the study area. Mitiku Tiksa (2001) has identified one 

community type along the vegetation of the lower Awash being dominated by Acacia mellifera, 

Acacia oerfota, Acacia senegal and Dobera glabra at altitudes between 740 and 920m 

 

2.5. Floristic composition and structure  
 

The vegetation patterns of the dryland ecosystems  are classified mainly based on the height and 

density of the principal growth forms and species composition, and these vegetation types 

include bushes, shrubs, succulents, thorny or leafless shrubs, steppe and grasslands, savanna and 

scrub vegetation. The native vegetation is represented by a variety of species; such as, grasses, 

other herbs, forbs, shrubs, and trees. Semi-arid regions include steppe and grasslands with some 
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savanna and tropical vegetation (UNEP, 1992; IUCN, 1999). However, the majority of the semi-

arid ecosystem is Acacia savannas (Kigomo and Chikamai, 2003; Menault and Cesar, 1985).  

 

The vegetation cover of the drylands is characterized by low plant density and coverage, little 

variation and plant productivity per unit area. Generally, biodiversity as represented by species 

richness is found to decline with increasing aridity for most taxa. However, dryland ecosystems 

are unique and unexpectedly may incorporate diversified species (WCMC, 1992; IUCN, 1999). 

Besides, many types of grasslands in the drylands were found to have high levels of floristic 

diversity, in some cases, this could approach the diversity of the tropical forests. Consequently, 

various arid areas and grassland savannas support high endemism and the latter often support 

high biomass of plant communities (IUCN, 1999).  

 

Vegetation data is often voluminous and seemingly disorganized. Thus, the complete data set 

cannot be easily interpreted unless summarized; retaining the information in the given data. 

Application of precise numerical techniques to a data matrix having vegetation and other 

environmental data is required for vegetation analysis (Allen, 1987; Austin, 1987; Digby, and 

Kempton, 1987). These techniques are classification and ordination (Muller-Dombois and 

Ellenberg, 1974; Whittaker, 1975; Greig- Smith, 1983; Pielou, 1984; Austin, 1987; Digby, and 

Kempton, 1987; Kent and Coker, 1992). The choice among these techniques depends on the 

objective of the research, size and complexity of the data (Gauch and whittaker, 1981; Gauch, 

1982).  

2.6. Species diversity, evenness and similarity 
 

The description of plant community involves the analyses of species diversity, evenness and 

similarity (Whittaker, 1975). Diversity index is a mathematical measure of species diversity in a 

community. Diversity indices provide more information about community composition than 

simply species richness (i.e., the number of species present); they also take the relative 

abundances of different species into account. Diversity and equitability of species in a given 

plant community is used to interpret the relative variations between and within the community 

and help to explain the underlying reasons for such a difference.  Generally the diversity and 

evenness of a community is calculated using Shannon diversity index (H) since it characterizes 
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species diversity in a community and accounting both for abundance and evenness of the species 

present. Normally Shannon diversity index varies between 1.5 and 3.5 and rarely exceeds 4.5 

(Magurran, 1988; Kent and Coker, 1992). 

 

Since heterogeneity/diversity contains two separate ideas-such as species richness and evenness, 

then they tried to measure the evenness component separately. Whittaker (1975), on the other 

hand expressed this concept as equitability. Its base is on the fact that most communities of plant 

and animals contain a few dominant species and many species that are relatively uncommon. 

Evenness measure attempts to quantify this unique representation against a hypothetical 

community in which all species are equally common such that all species have equal abundances 

in the community, and hence, evenness is maximal. 

 

Examining the degree of association between species and the level of similarity between 

quadrats or samples is one of the simplest means of analyzing floristic vegetation data and the 

degree to which the species composition of quadrats or sample matches is alike what is measured 

with similarity indices (Sorensen’s Similarity Index). Its coefficient values ranges from 0 

(complete dissimilarity to 1 (total similarity) (e.g. Kent and Coker, 1992). 

 

 2.7. Plant population structure 
 

Population structure is defined as the distribution of individuals of each species in arbitrarily 

diameter-height size classes to provide the overall regeneration profile of the study species 

(Peters, 1996; Simon Shibru and Girma Balcha, 2004). Information on population structure of a 

tree species indicates the history of the past disturbance to that species and the environment and 

hence, used to forecast the future trend of the population of that particular species (Peters, 1996). 

 

Population structure is extremely useful tool for orienting management activities and, perhaps 

most important for assessing both the potential of a given resources and the impact of resource 

extraction (Peters, 1996). Analysis of population structure has then something to do with the 

future management of the key and untapped resources of the dryland of Ethiopia. Information on 
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population structure helps to respect the healthy regeneration of the species under utilization 

(Kindeya G/Hiwot, 2003). 

 

The population structure of a given species can be roughly grouped in to three types: Type I, II 

and III. Type I, shows the case in which diameter/height size class distribution of the species 

displays a greater number of smaller trees than big trees and almost 9 constant reductions in 

number from one size class to the next (Peters, 1996; Simon Shibru and Girma Balcha, 2004; 

Abeje Eshete et al., 2005). Such a pattern skewed to a reversed J-shape distribution in a forest 

are considered to have a favorable status of regeneration and recruitment and hence, stable and 

healthy population (Kindeya G/Hiwot, 2003). Type II, is characteristic of species that show 

discontinuous, irregular and/or periodic recruitment. In this type, the frequency exhibited, for 

instance, in diameter/height size class causes discontinuities in the structure of the population as 

the established seedlings and saplings grow in to larger size classes. Type III, reflects a species 

whose regeneration is severely limited for some reasons (Peters, 19996). Hence, knowledge 

about the category in which our study species fall is important issue before planning to utilize the 

resources.  

2.8. Frequency and important value index 
 

Frequency is defined as the proportion of sample quadrats in which individuals of a species are 

recorded. Frequency measures reveal the uniformity of the distribution of the species in the study 

area, which again tells about the habitat preference of the species (Silvertown and Doust, 1993 

cited in Abeje Eshete et al., 2005). In other words, it gives an approximate indication of the 

homogeneity of the stand under consideration (Kent and Coker, 1992). 

 

The important value index (IVI) permits a comparison of species in a given forest type and 

depict the sociological structure of a population in its totality in the community. It often reflects 

the extent of the dominance, occurrence and abundance of a given species in relation to other 

associated species in an area (Kent and Coker, 1992; Kindeya G/Hiwot, 2003; Simon Shibru and 

Girma Balcha, 2004). It is also important to compare the ecological significance of a given 

species. Therefore, it is a good index for summarizing vegetation characteristics and ranking 

species for management and conservation practices. 
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2.9. Techniques of Vegetation Data Analysis 
 

The community classification approaches include physiogrnomic approach, dominance types, 

Braun-Blanquet associated approach and numerical approach (Oksanen, 2003). Quantitative 

community ecology is one of the most challenging branches of modern environmetrics. 

Community ecologists sometimes could need to analyze the effect of multiple environmental 

factors on dozens of species simultaneously. Thus vegetation ecologists have employed a variety 

of multivariate approaches to study the complex nature of plant communities with the general 

objectives of summarizing large complex data sets obtained from community samples, aiding in 

the interpretation of the data and the generation of hypotheses about community structure and 

variation (Gauch and Whittaker, 1972; Gauch, 1982). The descriptive nature and functional 

characteristics of vegetation, results from the interaction between the properties of the plant 

species it contains and the environment in which they occur. To this end, hierarchical, polythetic 

and divisive techniques had increasingly been employed to analyze vegetation data of such 

studies using the computer program TWINSPAN as indicated by Kent and Coker (1992) and Hill 

(1994).  

2.9.1. Classification 
Many studies pointed out that among the multivariate approaches classification is one of the 

main methods. Classification continues to contribute materially to the elucidating of the 

complexities within communities. Therefore, the choice of the method to be used depends on the 

ecological question to be answered (Gauch and Whittaker, 1972; Gauch, 1982).Classification is 

the placement of species and/or sample units in to groups.It aims at grouping individual stands in 

to categories. The members of each category have in common a constellation of attributes, which 

serve to set them apart from members of another category (Anderson, 1965). 

 

Stands which are closely similar with one another form one class, which is separated from other 

classes that also consist of similar stands (Greig-Smith, 1979). Classification or putting samples 

into (perhaps hierarchical) classes is often useful when one wishes to assign names to, or to map, 

ecological communities. In classification similar samples are combined in the same category, but 

in ordination the objective is to consider sample differences rather than similarities so as to 
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dispose the samples in a linear or multi dimensional network that reveals the relationships 

between the samples and their environment (Kumar, 1981).Vegetation classification attempts to 

identify discrete, repeatable classes of relatively homogenous vegetation communities or 

association about which reliable statements can be made. Classification assumes either that 

natural vegetation groupings (communities) do occur or that it is reasonable to separate a 

continuum of vegetation in vegetation composition and/or structure in to a series of arbitrary 

classes. 

 

There are a large number of contrasting algorithms available for the classification of samples 

clustering strategies may be classified according to whether they are hierarchical or non-

hierarchical, divisive or agglomerative and polythetic or monothetic (Lambert and William, 

1966; Orloci, 1967; Gauch and Whittaker, 1981). Non-hierarchical techniques partition samples 

in to a number of clusters but specify no structure inter-relating the clusters. 

 

Hierarchical clustering techniques define relationships among the clusters too. A single 

hierarchical analysis allows one to choose the final number of groups by selecting an appropriate 

level in the hierarchy, and this choice can be made after seeing what kind of structure the data set 

has. If the only requirement in a clustering application is that a given number of clusters be 

formed (but not related to one another), non-hierarchical may be best (Gauch and Whittaker, 

1981). 

 

Divisive hierarchical clustering strategies begin with all samples in a single cluster and divide 

them usually in to two clusters; these clusters are further subdivided until each clusters contains 

no more than a specified numbers of samples. Agglomerative clustering strategies begin with the 

individual samples; fuse these in to successively larger cluster until finally a single cluster 

contains all samples. Divisive methods have an advantage over agglomerative ones in that they 

use all available information at the initial stage and are less likely to be irrevocably led astray by 

chance; the computations are much quicker, since they do not usually continue to the point at 

which individual classes are recognized as classes (Pielou, 1984). 
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Monothetic techniques partition on the basis of presence or absence of a single character usually 

species in the case of community samples. Association analysis was an important early 

monothetic technique but had an undesirable high rate of misclassification (William and 

Lambert, 1959; Orloci, 1967). 

Polythetic techniques partition on the basis of more than one (usually all) species, such 

techniques use the data as fully as possible it has the obvious advantage over monothetic 

techniques in that it can be made to take account of as many properties of the vegetation as we 

wish to measure or record (Noy Meir, 1973; Pielou, 1984). On theoretical grounds, divisive 

polythetic procedures are superior to both divisive monothetic and agglomerative procedures 

because a maximum amount of information is used at the major (first) division of hierarchy 

(Pielou, 1984; Goldsmith et al. 1986). 

 

Two-Way Indicator Species Analysis (TWINSPAN) is a polythetic divisive technique (Hill, 

1979). The sample division is refined by reclassifications using species with maximum indicator 

value. The process is repeated on the two subsets to give four clusters, and so on, until each 

cluster has no more than a chosen minimum number of members. A corresponding species 

classification is produced, and the sample and species clusters are used together to produce 

reordered data matrix. In its emphasis on indicator species (and their fidelity to nodal) the 

technique has similarities to the approach of Braun-Blanquett (Gauch and Whittaker, 1981). The 

program TWINSPAN produces a hierarchy with integer levels to express relative cluster 

similarity, but the levels at which clusters are united can be calculated as the average distance 

between all pairs of samples (within a cluster using all pairs of members, and between clusters 

using all pairs with one members from each cluster). 

 

The TWINSPAN method differs fundamentally from the agglomerative techniques in its divisive 

strategy, and is usually more informative. Generally, advantages of polythetic divisive 

(TWINSPAN) method are:  

1. It uses the original vegetation data, rather than secondary matrix; 

2. It orders the sample sequence in Dendrogram; 

3. It clusters species also; 

4. It produces and ordered data matrix and 
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5. It is economical in the use of computer time and store. 

 

Cluster analysis is the general term applied to many techniques used to build classification. The 

concept of classification in ecological works aims at grouping individual stands or species in to 

homogenous categories based on their similarity with one another. The stands those are similar 

with one another form one class, which is separated from other such classes that also consists of 

similar stands (Digdy and Kempton, 1996). The properties common to a group of similar stands 

are then abstracted to serve as a description of that class. Therefore, the abstracted class 

proprieties may be compared to the average or mean of a set of various values when combined 

with a measure of range. For practical and scientific validity, the abstracted class features should 

adequately describe the individual members of each class (Mueller-Dombosis and Ellenberg, 

1974; Digdy and Kempton 1996). This technique is primarily qualitative. 

 

However, since this makes it too broad or too narrow for practical purpose, it is necessary to 

consider the quantity of more prominent species. This means that it provides a useful summary 

when complemented by an ordination (Digby and Kempton, 1996). 

 

Ordination is a technique used to order a group of objects along a given gradients (Kent and 

Coker, 1992). The usual objective of ordination in ecological work is to generate hypothesis 

about the relationship between the species composition at a site and the underlying 

environmental factors (Digby and Kempton, 1996). Ordination summarizes the patterns of 

species and samples along environmental variables by collapsing the data in to a single graph so 

that similar species or samples are close together. Digby and Kempton (1996) provided a detail 

of Direct Gradient Analysis, Detrended correspondence analysis (DCA), Principal components 

analysis (PCA), Canonical correspondence Analysis (CCA), principal co ordinate’s analysis and 

many other different ordination approaches.  

2.10. Environmental factors and vegetation in Ethiopia 
 

The complex interaction of environmental variables along spatial gradients will form a complex 

environmental gradient that characterizes the nature and distribution of communities along 

landscapes (Begon et al., 1996). Ethiopia has very diverse climatic conditions varying from hot 
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and dry desert in the lowland areas, part of which are as deep as 116 m below sea level, to cold 

and humid alpine habitats in highlands, which rises to over 4000 m a.s.l. Such diverse climatic 

conditions and habitats partly contributed to the presence of high species diversity in plants and 

animals, making Ethiopia one of the top 25 richest countries of the world in biodiversity 

(WCMC, 1994). 

 

The complexity arises from the great variations in altitude implying equally great spatial 

differences in moisture regimes as well as temperatures within very short horizontal distances. 

The potential distribution of a community can be predicted based on annual rainfall and elevation 

data. At relatively low temperature and high rainfall distribution, evergreen shrubs, herbs and 

grasses are dominant, while deciduous and spiny shrubs are dominant and grasses are less 

abundant at low temperature and rainfall distribution (Getachew Tadesse, 2005). 

 

Altitude affects temperature, moisture, radiation and atmospheric pressure and thereby influences 

the growth and development of plants and the distribution of vegetation. Altitude is one of the 

most important environmental factors that determine the type of plant community (Whittaker, 

1967; Smith and Huston, 1989). Moreover, altitudinal factors determining the nature of soil and 

the prevailing moisture and temperature conditions have a very significant effect on vegetation. 

According to Zerihun Woldu et al., (1989), the most important factor that orders the tree-shrub 

layer into respective vegetation type is altitude for it is positively correlated with other 

environmental factors like organic matter and negatively correlated with pH, clay and calcium. 

 

The change of temperature gives rise to altitudinal zonation of vegetation. In addition mountain 

regions usually have more rainfall, higher relative humidity and greater wind speeds. Mountain 

region have mainly steep slopes and rocky soils. Therefore, altitude is an important factor, which 

affects temperature, radiation, moisture and atmospheric pressure, and influences the growth and 

development of plants and vegetation distribution and composition (Toomey, 1947; Oasting, 

1956). In general, it is possible to say that altitude affects climate and its effect on temperature 

varies considerably according to the prevailing conditions specially the aspect and steepness of 

the slope. Altitude, exposure to wind and to a lesser extent disturbance was found to be the major 
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determinant of vegetation variation where as parent rock and inclination were less important 

(Fernandez- Palacious and de Nicolas, 1995). 

 

Topographic features act on local vegetation largely through climate or edaphic features. Polunin 

(1960), Riley and Young (1966) and Avila (1992) agree on the fact that strong topographical 

relief tend to produce more marked local climate. Maintaining optimal biomass at a given level 

may be problematic because plant productivity is sustained by the climate, which causes high 

inter annual variability in forage production in arid rangelands. This might mean that herbaceous 

species richness for any site fluctuates from season to season and from year to year, with years of 

exceptional rainfall producing greater herbaceous species richness than in dry years. Altogether 

climatic variation become more and more extreme and rapid with increasing altitude, such local 

climate would not take place if it were not for the topography (Hedberg, 1964; Daniel Gemechu, 

1986). 

 

In Borana lowlands, at higher altitudes from 700 to 1100m a.s.l., dense woodland and bushland 

thickets of predominantly Acacia species occurred. At lower altitudes from 200 to 700m a.s.l., 

savanna and xerophilic vegetation types predominated (Lemenih et al., 2003). Moreover, the soil 

physical and chemical properties are greatly influenced by the topography, the rate of 

decomposition of the litter fall, the inherent quality of the litter, environmental conditions, and 

the available decomposer community (Swift et al., 1979; cited in Alicia and Roberto, 2003). 

 

Different studies have revealed that although competition influences the growth and distribution 

of the plants, soil characteristics are of high importance in distribution of salt lands plants. In 

areas of saline soils, there is low plant diversity. Because, of that plants can absorb their 

necessary ions only when there is a constant ionic ratio among existing ions in the soil, otherwise 

roots will not be able to absorb soil ions and this causes a disturbance in plants growth and 

distribution. Low diversity of plants in such saline soils is an evidence for this material. In 

addition, high soil salinity and unsuitable structure are other reasons that make difficulty in the 

establishment and regeneration of saline land plants. Only high adaptability plants to salinity can 

grow in the mentioned conditions (Jafari, et al, 2003). 
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3. Materials and Methods 

3.1. The study area  

3.1.1. Location and description   
 

The study was conducted in the Yangudi-Rassa National Park of the northeastern Ethiopia, found 

in the Afar regional state (see figure 1). Yangudi-Rassa National Park (with central coordinates 

41
o
 15’ east and 10

o
 52’ north) is located about 500 km from Addis Ababa. The area lies in the 

Great Rift Valley, in a very dry zone, and most of the area is flatland with elevation ranges from 

400 to 1460m a.s.l. in altitude.  

 

The park covers an area 4,731km
2
 and was established in 1978, which was meant to protect Wild 

ass (Equus africanus somalicus) (Hillman, 1993), but not legally gazetted yet.  Yangudi-Rassa 

National Park is the only protected area in the Ethiopia that was designated for representing the 

desert and semi-desert scrubland and Acacia-Commiphora woodland (Hillman, 1993; 

Mohammed Abdi et al., 2003) 

 

The name of the national park is derived from two prominent features in the area called the 

Yangudi Mountain and Rassa plains and ultimately to form Yangudi-Rassa National Park. The 

roots of the two words emanate from Afar language, which means Yangudi is an echo producing 

mountain and Rassa is a plain. On the other hand, the ‘Issa’ tribe of the Somali ethnic group calls 

this area as ‘Qiqile’. Yangudi-Rassa National Park is found between Hundufo and Adaitu towns 

on the main highway to Djibouti (Lakew Berhanu et al., 2006) 
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Figure 1. Map of the study area 
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3.1.2. Climate  
 

The study area is generally characterized by diverse agroclimatic zones; most of which are the 

“Bereha” and “Kolla” climates that are comparable to hot arid and warm to hot semi-arid 

climatic types respectively; nevertheless, there are variable climatic and other environmental 

conditions (MoA, 1998; BWDA, 2001). The area is most often characterized by scant and 

unpredictable precipitation, and temperature ranges of 16 and 47
 o

C (Anonymous, 1996). 

 

The Afar region has irregular rainfall; with less than 200 mm over most of the north of the region 

and around 500 mm in the south (Anonymous, 1996). Generally, the rainfall distribution of the 

Afar region is bimodal.  The small “Sugum” rains normally occur in March and April and the 

main “Karma” rains occur from July to August. Besides, some areas along the escarpment of the 

eastern part of Tigray and Wello, as well as the southern part of Afar near Awash town, 

benefited from a slight shower period in December, called “Dadaa” (Piguet, 2002). The highest 

amount of the average monthly rainfall is received in August, which is 27 mm and 110 mm at 

Assaita and Gewane towns respectively (Anonymous, 2002).   Most of the Afar region receives 

only erratic and insufficient precipitation to regenerate grasses. The mean annual 

evapotranspiration is high in Afar region, which can be as high as 3000 mm in the Afar 

depression (EWNHS, 1996).  

 

According to the moisture regime classification, the whole study area can be characterized as 

hyper-arid and arid. The average annual rainfall of the hyper-arid and arid is below 200 mm and 

between 200 mm and 500 mm, respectively. The annual mean temperature of the hyper-arid 

region is above 30
o
C, while that of the arid is above 20

o
C. Generally, temperature is high 

throughout the year. The temperature of the area varies from 25
o
C during the rainy season 

(September up to March) to 48
o
C during the dry season (March up to September) (UN-EVE, 

2003). 

 

Based on the available data from the National Meteorological Services Agency of Mille; a 

nearest town to the study area, a climatic diagram as shown in (figure 4-2) was constructed 

according to Walter (1975) on the basis of the mean monthly rainfall and temperature that were 

recorded for about 25 years.  
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Figure  2. Climatic diagram for Mille 

  * Mean monthly rainfall values above 100 mm was log transformed following Walter   

(1975 as cited in Getachew Tadesse, 2005).  

3.1.3. Geology and soil  

The Afar depression lies in the triple junction of the east African rift, Red Sea rift and the Gulf of 

Aden Rift. The Yangudi-Rassa National Park is the part of the east Africa Rift valley, which 

stretches from Damascus, Syria to the north Mozambique up to the south of Africa (Mohr, 1961). 

The opening of the Afar depression started in the early Miocene, around 23-25 million years ago 

(Barberi et al., 1975). The Chorora and the West Central Afar Sedimentary Basin (WCASB) 

were the first lake basins in the Afar depression developed during the Mio-Pliocene (Sickenburg 

and Schonfeld, 1975), and have stayed relatively up to the present. The interior of the Afar 

depression was flooded by two series of stratoid basalts, the older being 7-4 million years ago 

(Barberi et al., 1975).  

Most parts of the area are dominated by loose shallow sandy soils and vertisols; which have low 

organic contents, and are prone to salinization and soil erosion.  
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3.1.4. Vegetation  

The vegetation type of the Yangudi-Rassa National Park is characterized by patches of scattered 

dry forests, Acacia woodland, bushland, wooded savanna and scrubland (MOA, 1997). 

According to Friis (1992), the major part of the Afar depression is covered by Somalia-Masai 

Semi-desert grassland and bushland. Hence, the overall vegetation type and floristic composition 

of the study area are typically characteristic of the Somali- Masai Biome type. Generally, the 

vegetation type of the study area can be grouped into open grasslands, Acacia-wooded grasslands 

and deciduous bushland.  

According to Getachew Tesfaye (2002) dominant plant species in afar region, among the others 

are, Acacia nilotica, A. ehrenbergiana, A. senegal, A. etbica, A. tortilis, A. brevispica, A. 

zanzibarica, A. oerfata, Balanites aegyptica, B. rotundifolia, clotropis sp., Atriplex sp., Boscia 

angustiflia, Tamarix nilotica, Phoenix reclinata, Ficus sp., Ziziphus spina-christi, Cadaba 

rotundifolia, Capparies tomentosa, Terminalia brevipes and Phylianthus sp. while the dominant 

grasses are, Chrysopogon sp., Pennisetum sp., Aristida sp., Cynodon sp., Setaria sp.  

3.1.5. Wildlife and habitats  

The park contains 36 species of mammals and more than 230 species of birds (EWNHS, 1996) 

with various habitats, which include savanna grasslands, bush lands, semi-desert steppe and 

wetlands such as lakes, rivers, ponds and marshlands. These habitats support unique varieties of 

faunastic populations that are rare, endangered and globally threatened species.  

For example, mammals include the globally threatened species such as the African Wild ass 

(Equus africanus somalicus), Grevy’s zebra (Equss grevyi), Cheetah (Acynonix jubatus) and 

common species like lion (Panthera leo), beisa oryx (Oryx beisa beisa), Soemmering’s gazelle 

(Gazella soemmeringi), greater and lesser kudus (Tragelaphus strepsiceros, T. imberbis) and 

Hamardryas baboon (Papio hamadryas). The IUCN/SSC/Equid specialist groups determined the 

African Wild Ass as the world’s most endangered Equid species (Moehiman et al., 2001).  

Among birds, the northern races of Ostrich (red-necked) is common, other resident and migrant 

species of the area include the Arabian bustard (Ardeotis arabs), the Kori bustard (Ardeotis kori) 

(less common here than the former one), the lesser flamingo (phoenicopterus minor), Verreaux’s 
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eagle (Aquila verreauxii). The Yangudi-Rassa national park and the surrounding areas are 

considered as an important flyway for Terek sandpiper (Xenus cinereeus), redshank (Tringa 

tetanus), great shrike (Lanius excubitor), lesser grey shrike (Lanius minor), woodchat shrike 

(Lanius senator), Upcher’s warbler (Hippolais languida), blackcap (Sylvia articapila) and Pale 

rock sparrow (Petronia brachydactyla). Two species of birds presents in Yangudi-Rassa national 

park are classified in category I of globally threatened species; near threatened: the lesser Kestrel 

(Falco naumanni) and the palled harrier (Circus macrourus) (EWNHS, 1996).  

3.1.6. Land use  
 

The whole region is mainly a desert and semi-desert ecosystem that is unsuitable to settle 

agriculture. The basic resources are soil and water and the products are vegetation, livestock and 

wildlife and the inhabitants are by and large pastoralists. Thus, in most of the low-lying parts the 

predominant land uses is for grazing both by livestock and wildlife. The area is tsetse free and 

this may be one of the possible reasons for high populations of livestock in the area. 

3.2. Methodology  

3.2.1. Reconnaissance Survey  
A reconnaissance survey was made in July, 2007 across the Yangudi-Rassa National Park in 

order to obtain vegetation patterns of the study area and determine representative sampling sites.  

The data collection was conducted from August-September, 2007.   

3.2.2. Sampling Design  
 

Stratified-Systematic sampling design was used for this study to collect vegetation data. 

Stratification was made based on the three different land cover (habitats) namely open 

grasslands, Acacia-wooded grasslands and deciduous bushlands which are the prominent land 

cover types of the study area. For each of the sampling sites, two parallel transect lines (right and 

left side of the main road of Ethiopia-Djibouti highway) were chosen. Six transect lines each 

having thirty main plots were used to sample vegetation data, this resulted a total of ninety main 

sampling plots (each having five subplots). The first sampling point was established 

systematically which is 300 m away from the main road. Main plots having equal size of 20 m x 

20 m (400 m
2

) were laid out to collect the data on woody species, while subplots having equal 

size of 1 m x 1 m (1m
2
) at the four corners and the center within each main plot were laid out to 
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collect data on  herbaceous species ( see Figure 3). The distance between main plots was 200 m 

along each of the transect lines. The latitude, longitude and altitude were taken from the center of 

each main plot and measured using GPS. 

 

                 

                     20m 

 

                  

 

                                                                                  20m 

 

Figure 3. Sampling design for the DBH/DSH, coverage, and number of stems of woody plants 

and of coverage herbaceous in the Yangudi-Rassa 

3.2.2.1. Vegetation data collection  

In each main sampling plot all the plant species were recorded by their local names.  Data on 

DBH/DSH of the trees/ shrubs, height of trees/shrubs, number of stems, coverage of each 

trees/shrubs and coverage of herbaceous composition were collected from total of 90 quadrats of 

20 x 20 m. DBH/DSH and height were measured for woody species having DBH greater than or 

equal to 2.5 cm and height greater than 1 m as used by Gemedo Dalle et al. (2006).  DBH/DSH 

and height were measured using caliper and hypsometer respectively and the canopy coverage 

was estimated visually for individual woody species. Number of similar individual woody 

species within the main plots was counted. In the same fashion, number of seedlings (woody 

plants with DBH/DSH less than 2.5cm and height less than or equal to one meter) and saplings 

(young woody plants with DBH/DSH less than 2.5 cm and 1 m height) were counted and 

recorded.   

Herbaceous species were recorded and their canopy cover of similar species were estimated 

visually which were encountered at five subplots within the main plots. New species occurring 

outside the sampling plots were also recorded. 

 

         1m 

 

1m  
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Voucher specimens of plant species were difficult to identify in the field and so all plants that 

had fruits and flowers during the survey were collected, pressed, dried and identified at the 

National Herbarium of the Addis Ababa University. The nomenclature of plant species follows 

Hedberg & Edwards (1989), Edwards et al. (1995), Hedberg & Edwards (1995), Edwards et al 

(1997), Edwards, Mesfin Tadesse et al. (2000), Hedberg & Edwards (1997), Hedberg et al. 

(2003), Mesfin Tadesse (2004). 

3.2.3. Vegetation data analysis  

3.2.3.1. Plant community determination 
 

The Vegetation classification was made using cover abundance values as class labels. In 

addition, a floristic approach of Braun-Blanquet (1983) scale was to determine the relative cover 

proportion of individual species for each of the community types. This had also been previously 

used by Williams and Lambert (1966), Kershaw (1973), Muller-Dombois and Ellenberg (1974), 

Werger (1974) and Chapman (1976). The percentage cover/abundance of each species was 

converted into 1-9 Braun- Blanquate scale. All vascular plant species present in sampling unit 

were recorded and percentage  Canopy cover of each species was estimated visually and later 

converted in to modified  1-9  Braun-Blanquet scale (Van der Maarel, 1979) as follows: 1 = rare 

generally only one individual; 2 = sporadic (few) which are less than 5% cover of the total area; 

3 = abundant with less than 5% cover of the total area; 4 = very abundant and less than 5% cover 

of the total area; 5 = 5-12% cover of the total area; 6 = 12.5-25% cover of the total area; 7 = 25-

50% cover of the total area; 8 = 50-75% cover of the total area; 9 = 75-100% cover of the total 

area. Finally, the data were entered into the spreadsheet of the TWINSPAN software program.  

 

Floristic data analysis and interpretation were made following classification and ordination 

techniques, as used in other similar studies such as by Digby and Kempton (1987) and Kent and 

Coker (1992, to determine the dominant cover species for each community type. Hierarchical, 

polythetic and divisive techniques were employed during analysis and interpretation of generated 

data obtained from the computer program, TWINSPAN, following Kent and Coker (1992) and 

Hill (1994).  

The TWINSPAN software program was used to analyze the vegetation based on the following 

options:  
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• Ninety reveles and 65 species 

• Species pseudospecies cut level = 5 (0 2 5 10 20) 

• Minimum group size for division = 5 

• Maximum number of indicators per division = 5 

• Maximum number of species in final table = 65  

• Maximum level of divisions = 6 

Synoptic cover-abundance value was calculated as mean cover-abundance values for each 

species (Kent and Coker, 1992). This was calculated by adding all the cover values of the species 

occurring in reveles belonging to that community and dividing the figure with the number of 

reveles the species found in. Then the average cover/abundance value of each species in each 

cluster identified was computed and then characteristic species and local plant community types 

of the cluster were recognized. The naming of the communities was given after one or two 

dominant characteristic species with higher synoptic values.  Finally results were presented using 

tables, charts and graphs. 

3.2.3.2. Structural data analysis 
 

All tree species recorded in all the 90 relevés were used in the analysis of the vegetation 

structure. The tree density, diameter at breast height (DBH), and basal area were used for 

description of vegetation structure. 

 

Diameter at breast height (DBH): DBH measurement is taken at about 1.3 m from the ground 

using a measuring tape. This technique is easy, quick, inexpensive and relatively accurate. There 

is direct relationship between DBH and basal area. 

 

• Basal area =∑π (d/2)
2
          where d is diameter at breast-height 

           

• Relative Dominance 100
species all of dominance

species  treeof *Dominance
×







=  

             Where Dominance* is mean basal area per tree times the number of tree species. 
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Woody species density: The number of individuals of each tree and shrub (woody species) was 

counted in the total 90 plots of 20 x 20 m (3.6ha). All the dominant trees and shrubs were 

counted. The number of samples within which a species found (frequency) and the number of 

individuals of a species in a sample (abundance) was calculated for all tree and shrub species 

(woody species) that are recorded in the 90 plots (3.6ha).  Finally, the average number of 

individuals of each tree and shrub species was converted into individuals per hectare for each 

community as indicated in Kent and Coker (1992).  

Density is defined as the number of plants of a certain species per unit area. It is closely related 

to abundance but more useful in estimating the importance of a species. 

• 
hectareinsizeSample

Density
 treesall of stems ofnumber  Total

=  

 

• 100
species  treeof sindividual ofNumber 

Re ×







=

sindividualofnumbertotal
densitylative  

 

Frequency: The frequency of quadrats occupied by a given species. It is calculated with 

formula: 

• 100
 plots ofnumber  total

occur species ain which  plants ofnumber 
×







=Frequency  

 

The frequencies of the tree species in all the 90 relevés were computed. The higher the 

frequency, the more important the plant is in the community. 

 

A better idea of the importance of a species with the frequency can be obtained by comparing the 

frequency of occurrences of all of the tree species present. The result is called the relative 

frequency and is given by the formula: 

• 100
species all offrequency 

 species  treeofFrequency 
Re ×








=frequencylative  

 

Importance Value Index (IVI): Importance value index combines data for three parameters 

(relative frequency, relative density and relative abundance). That is why ecologists consider it 
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as the most realistic aspect in vegetation study (Curtis and Mcintosh, 1951). It is useful to 

compare the ecological significance of species (Lamprecht, 1989). The importance value index 

(IVI) for each woody plant species were calculated following Curties and Mcintosh (1950; Cited 

in Kent and Coker, 1992) using the formula indicated below.  

• Importance value = Relative density + Relative frequency + Relative dominance 

 
Population structure was analyzed using grouped diameter at breast height (DBH) classes as used 

by Magurran (1988). As of this same author, density of each naturally regenerated woody plant 

species per hectare was derived from the total number of individuals recorded in the sample plot 

for each community type.   

3.2.3.3. Plant diversity analysis  
 

Shannon and Wiener (1949) index of species diversity was applied to quantify species diversity 

and richness. This method is one of the most widely used approaches in measuring the diversity 

of species. 

 

For each community type, species richness and evenness of all identified species was calculated 

using the Shannon-Wiener index. The diversity of each cluster was calculated using Shannon-

Weiner diversity index based on cover/abundance value of the species as input source, while the 

relative Equitability (evenness) of the species in each cluster was also calculated using Microsoft 

Excel for Windows as follows:  

Shannon Diversity Index  ∑
=

−=′

S

i

ii ppH
1

ln  

    Where: 

• H ′ = Diversity of species  

• S = the number of species 

• Pi = the proportion of individuals abundance of the i
th

 species 

• ln =log basee 

 

Equitability or species evenness was calculated using the Shannon Evenness index following the 

equation:   
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Equitability or evenness (J) =  

S

pp

H

H

s

i

ii

ln

ln

'
1

max

∑
=

−

=
′   

 Where:  

• H ′
max= ln S 

• H ′ = Shannon diversity index  

• ln S = the natural logarithm of the total number of species in each community 

• S= number of species in each community (Shannon-Weiner, 1949).  
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4. Results and Discussion 

 4.1. Floristic composition 
 

In this study, seventy species of vascular plants representing 25 families and 55 genera were 

identified and recorded (see Appendix 1).  Out of the 70  identified plant species, 58.6% (41in 

number) were herbs, 12.9% (9 in number) were shrubs, 12.9% (9 in number) were grasses, 

11.4% (8 in number) were tree and/or shrub and 4.3% (3 in number) were trees (see figure 4). 

Likewise,  out of the total families, 15.49 % , 12.68% , 7.04 %, 7.04%, 7.04% , 5.63% and 

5.63% belonged to the families Fabaceae, Poaceae, Acanthaceae, Tiliaceae , Euphorbiaceae,  

Convolvulaceae and Malvaceae consecutively and were  among the dominant families in 

decreasing order.  

 

 

 

Figure 4. Growth forms by Habit types 

 

4.2. Woody species 
 

Out of the 70 identified plant species, 15 were woody species encountered on 90 sample plots 

(3.6 ha), while 2 other woody species were also identified out of the sample plots. These 17 

woody species (shrubs/trees) with > 2.5 cm DBH belonged to 9 families and 13 genera with 

Fabaceae having the highest number of species followed by Capparidaceae and Tiliaceae.  A 
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total of 1538 woody plant species individuals were encountered of which 55.2% were Acacia 

mellifera, with the highest of all woody species (see Appendix 2).  There were 849 Acacia 

mellifera individuals within 3.6 m
2
/ha. Cadaba rotundifolia and Acacia oliveri were the second 

and the third dominant species within the sample plots. Ziziphus spina-christi, Premna resinosa, 

Maerua oblongifolia, Cordia monoica, Caralluma speciosa, and Prosopis juliflora were some of 

the rare species in the study area. Acacia mellifera and Grewia tenax were the most common 

(frequent) woody species in many sample plots in the Yangudi-Rassa National Park. 

4.2.1. Vegetation structure  

4.2.1.1. Woody species density  

The numbers of individuals which have DBH > 2.5cm were 427 per hectare. Acacia mellifera 

occupied 55.2% of the total density and followed by Cadaba rotundifolia (9.95%) and Acacia 

oliveri (9.49%) (See Appendix 2) 

Density calculations are significant for objective analysis of vegetation and comparison 

individuals of non-differential species among communities (Kent and Coker, 1992). Density is 

affected by quadrant size and pattern of species growth. For instance, more individuals of the 

small sized species can grow area compared to larger species (Kent and Coker, 1992) which was 

also observed in the study vegetation.  The average number of the tree and shrub (woody 

species) individuals as calculated from the data taken from all 90 releves (3.6ha) was 1538 (427 

individuals per hectare). The mean density of woody species of the study vegetation was much 

lesser than the Borona lowlands (3149 individuals per hectare) (Gemedo Dalle, 2004).  

 

The density of woody plants was calculated by finding the average individual shrubs and trees 

count, in terms of number of individuals per hectare in each community (figure 5).  
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Figure 5. Average number of individual trees and shrubs per hectare 

 

From the result, (see figure 5), Community type III is the highest in total count of shrubs and 

trees (311 individuals per hectare). This is due to the fact that the plots in this community are not 

suitable for grazing and browsing by the goats, cattle and camels of the pastorals due its 

topography. In parallel to this, this community is far away from the most populated areas. 

Community type VII with 287 individuals per hectare and Community type IV with 198 

individuals per hectare are the next highest woody species density.  

 

On the other hand, community types I and II were found to have the least average counts of 

woody species with 1 and 3 individuals per hectare respectively. This is due to the fact that the 

area covered by this community types was grasslands with very few shrubs and trees. Besides, 

this is the place where there is high disturbance, grazing and browsing by the goats, cattle and 

camels of the pastorals.       

4.2.1.2. Basal area (BA) 
 

The total basal area (BA) of tree/shrub species was 3.12 m
2
/ha (see Appendix 6). Acacia 

mellifera, Acacia oliveri and Cadaba rotundifolia were among the species with high basal area. 

The normal value of basal area (BA) for virgin tropical rain forest in Africa is 23 - 37 m
2 

/ha 

(Dawkins, 1959 cited in Lamprecht, 1989). Even though the vegetation of the study area, which 

was dominated with desert and semi-desert vegetation, was different from virgin tropical rain 

forest, one could expect that the basal area (BA) coverage was the least one. 
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4.2.1.3. Frequency 
 

The most frequent woody species in the Yangudi-Rassa National Park were Acacia mellifera 

(20.33%), Grewia tenax (14.5%) and Cadaba rotundifolia (13.69%). On the other hand, the less 

frequent woody species were Ziziphus spina-christi and Prosopis juliflora. 

 

Frequency indicates an approximate homogeneity and heterogeneity of species. Lampricht 

(1989) pointed out that high value in higher frequency and low value in lower frequency classes 

indicate constant or similar species composition whereas high value in lower frequency classes 

and low values in higher frequency indicate high degree of floristic heterogeneity. For 

convenience, the Yangudi-Rassa National Park woody species had been classified into four 

frequency classes (see Table 1). 

Table 1.  Species frequency class of YRNP woody species 

 

 A B C D 

Frequency class 31- 40 21- 30 11- 20 1 -10 

Sp. Frequency 3 3 2 7 

 

From the above table, the result showed that there was high value in lower frequency classes and 

low values in higher frequency. Therefore, it indicates that the Yangudi-Rassa National Park had 

heterogeneous species composition. 

  

Getachew Tadesse (2005) reported that the most frequent woody species are Grewia bicolor, 

Acacia asak, Acacia tortilis, and Acacia mellifera in the eastern escarpment of the vegetation of 

Wello. Likewise, Acacia tortilis and Acacia mellifera are frequent woody species the Yangudi-

Rassa National Park.  In contrast, Cadaba rotundifolia was less frequent in the eastern 

escarpment of the vegetation of Wello; but it was the most frequent woody species in this study 

area.  Grewia bicolor and Acacia asak were among the frequent woody species in the eastern 

escarpment of the vegetation of Wello, where as these species were not recorded in the 

vegetation of Yangudi-Rassa National Park.   
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4.2.1.4. Importance Value Index  
 

Importance Value Index (IVI) of woody species was calculated (see Appendix 5). Curtis and 

McIntosh (1951) pointed out Important Value Index gives a more realistic figure of dominance 

from the structure standpoints. Lamprecht, (1989) also noted that the IVI is useful to compare the 

ecological significance of species. The result of Importance Value Index (IVI) showed that 

Acacia mellifera (41.8%), Cadaba rotundifolia (11.8%), Acacia oliveri (11.2%), and Grewia 

tenax (9.57%) were plant species with highest importance value index. Species with low 

importance value index include Caralluma speciosa (0.29%), Ziziphus spina-christi (0.34%), 

Maerua oblongifolia (0.49%), Cordia monoica (0.49%), and Prosopis juliflora (0.53%).  

 

The four most dominant woody species of Yangudi-Rassa National Park occupied 74.14% of the 

total important value index (see Appendix 5 and Table 2). Those dominant species were Acacia 

mellifera, Cadaba rotundifolia, Acacia oliveri, and Grewia tenax. This figure shows that much 

of IVI was attributed by few species. About 40% of woody species had IVI value less than 3 

indicates that the requirement of conservation management.  

In terms of abundance, distribution and basal area, the contribution of Acacia mellifera (41.8%) 

and Cadaba rotundifolia (13.69) were the highest of all tree species and accounted by 65.5%. 

These two species were the most frequent (34%) and they had highest BA (1.93m
2 

ha
-1

) out of 

the total BA (3.12 m
2 

ha
-1

). 

Table 2. Importance Value index of woody species of YRNP Vegetation 

 

 No Scientific name  IVI 

1 Acacia mellifera  125.3 

2 Cadaba rotundifolia 35.54 

3 Acacia oliveri 33.48 

4 Grewia tenax  28.1 

5 Acacia oerfota  20.01 

6 Commiphora myrrha  17.67 

7 Acacia tortilis  15.46 

8 Grewia villosa.  7.865 
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9 Dichrostachys cinerea  7.859 

10 Premna resinosa  2.323 

11 Prosopis juliflora 1.588 

12 Cordia monoica 1.47 

13 Maerua oblongifolia  1.468 

14 Ziziphus spina-christi  1.029 

15 Caralluma speciosa  0.868 

4.2.1.5. Population structure of the dominant woody plant species  
 

Six woody plant species from seventeen total woody plant species were selected for this study 

based on preference selection of the local people and the dominance in the study site. These are 

Acacia mellifera, Acacia oliveri, Acacia oerfota, Grewia tenax, Commiphora myrrha and Acacia 

tortilis. The analysis of density distribution by diameter classes of woody species resulted in 

different patterns (see Fig. 6).   

 

The first pattern is represented by Acacia mellifera. Species in this group all have high density in 

the lower DBH class and gradually decreases with increasing DBH (positively skewed). The 

study in species diversity in semi-arid drylands of Borena (Teshome Takele, 2006) showed a 

similar pattern. They show inverted “J” curve pattern. All species in this pattern show good 

reproduction and recruitment.  

.  

The second recognizable pattern indicates a good reproduction but discontinuous recruitment. 

This pattern showed that high densities in small diameter classes indicates a good regeneration 

capacity, while under representation of these classes indicates little regeneration capacity. 

Population patterns indicating selective removal of individuals where detected for Acacia 

oerfota, Acacia tortilis and Grewia tenax showed strong peaks at lower size classes followed by 

decline in the upper diameter classes. The local people usually carry out selective removal of 

these individuals for purpose of construction, fuel wood, and for other purposes. Generally this 

pattern shows good reproduction but recruitment is hampered. 
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The third recognizable pattern indicated a good reproduction but an irregular recruitment as 

shown in Commiphora myrrha and Acacia oliveri. This species was absent in some upper 

diameter classes. The species of this group include those woody species whose reproduction as 

well as recruitment is hampered. All species in this pattern should accord the top priority for 

conservation measures.  

 

Except for Acacia mellifera, which has exhibited an inverted J-shape, the population structure of 

the remaining species has revealed noticeable deviations from the theoretical expectation (see 

Figure 6). For example, Acacia oerfota, Grewia tenax, and Acacia tortilis lack mature 

individuals while Commiphora myrrha and Acacia oliveri have displayed a discontinuity in 

recruitments of saplings to mature individuals. The absence of mature individuals of Acacia 

oerfota, and Acacia tortilis could be due to its extensive uses for the charcoal making and highly 

overgrazed by the camels and goats. The main reason is most of this species are found near to the 

populated area where the pastoralists and the other urban peoples live. With regard to the 

remaining specie with irregular population structure, selective logging may account for the 

observed findings. It has been asserted that diameter class distribution of plant species could 

indicated the general trends of a population dynamics and recruitment process of a given species 

(Feyera Senbeta, 2006). If the current exploitation of Commiphora myrrha, Acacia oliveri, 

Acacia oerfota and Acacia tortilis continue unchecked, it will certainly critically endanger their 

population biology sooner or later. Therefore, a sustainable use of this limited resource is 

essential not only for the normal functioning of biodiversity but also for the basic livelihoods of 

the local inhabitants especially the pastoralists. 
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 Figure 6. Diameter class frequency distribution of selected woody species in the Yangudi-Rassa 

National Park 

            DBH class (cm) A = 0-2.5; B=2.6-7.5; C= 7.6-12.5; D=12.6-17.5; E= > 17.6 

 

4.2.1.6. Regeneration status of the Yangudi-Rassa National Park vegetation  
 

The composition and density of seedlings and saplings of woody species (trees/shrubs) in the 

Yangudi-Rassa National Park included in this study. The number and type of seedlings and 

saplings in any vegetation cover shows the regeneration status of that vegetation cover. The 

woody species (trees/shrubs) in the study area were categorized into two groups based on the 

number of seedlings and saplings encountered during the study (Table 3). 

 

Group “A” = species with ≥ 1 seedlings 

Group “B” = species with no seedling at all 
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Table 3. The regeneration status of different Woody species in YRNP vegetation 

 

No Group “A” Group “B” 

1 Acacia oliveri  Ziziphus spina-christi  

2 Grewia tenax  Caralluma speciosa  

3 Acacia mellifera  

4 Commiphora myrrha   

5 Dichrostachys cinerea   

6 Grewia villosa   

7 Acacia oerfota   

8 Premna resinosa   

9 Maerua oblongifolia   

10 Cadaba rotundifolia   

11 Cordia monoica   

12 Acacia tortilis   

13 Prosopis juliflora   

 

From this study, 331 seedlings/ha and 321 saplings/ha were recorded from 17 woody species 

(trees/shrubs) (Appendix 7). Acacia oerfota, Acacia tortilis, and Cadaba rotundifolia were with 

highest number of sapling/ha. Acacia oerfota, Acacia mellifera, and Acacia tortilis were with the 

highest number of seedlings/ha in the study area. The composition, distribution and density of 

seedlings and saplings indicate the future status of the vegetation cover. Coming to the 

conservation priorities, the woody species in “B” category should be given priority for 

conservation. 

4.3. Existing Plant communities 
 

Accordingly, sixty five identified species out of the total seventy species were used for 

vegetation classification. The result from the output of TWINSPAN (Hill, 1979, 1994) statistical 

data analysis on the plant community of Yangudi-Rassa National Park showed seven different 

types of communities (Clusters) (see Table 1).  These communities were described based on the 

values of their synoptic cover (see table 2). Finally, the following plant communities have been 
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named by two dominant species based on highest mean cover/abundance value that appears 

within each cluster.  

 

Community I.  Cenchrus pennisetiformis - Commelina imberbis type: 

 

Balanites aegyptiaca, Cenchrus pennisetiformis and Commelina imberbis were the characteristic 

and dominant species with high cover value while Barleria homoiotricha and Abutilon 

figarianum are characteristic species with low cover value.   

Cenchrus pennisetiformis, Sorghum purpureo-sericeum, Chrysopogon plumulosus, Panicum 

atrosanguineum and Elionurus muticus are the most common grasses found in the community.   

Balanites aegyptiaca, Barleria homoiotricha, Ipomoea cordofana, Abutilon figarianum, Celosia 

trigyna, Ipomoea polymorpha, Commelina imberbis, Aristolochia bracteata, Polygala erioptera, 

Rhynchosia minima, Euphorbia sp., Priva tenax, Trianthema crystallina, Oldenlandia herbacea, 

Polgala muratii are the herbs associated in this community. 

  

This community consists of eighteen (18) releves (0.72 ha) and 25 species. It is distributed 

between 739 and 816 m a.s.l. This community is found in open grassland which is the opposite 

direction of the community II which is locally called “Deremo”.   
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Community II.  Chloris virgata - Aristida adscensionis type:  

 

The dominant and characteristic species of this community type are Chloris virgata and Senra 

incana. The other dominant and characteristic herbs are Blepharis edulis, Euphorbia 

acalyphoides, Cyphostemma cyphopetalum, Barleria homoiotricha, Ipomoea cordofana, Celosia 

trigyna, Ipomoea polymorpha, Rhynchosia minima, Leucas nubica, Acalypha crenata and 

Polygala erioptera.    

Aristida adscensionis, Chrysopogon plumulosus, Chloris virgata, and Sorghum purpureo-

sericeum are the grasses that are found in this community. Senra incana is the only shrub 

characteristic species. 

 

 This community consists of twelve (12) releves (0.48 ha) and 25 species. It is distributed 

between 716m and 827 m a.s.l. This community is also representing the open grassland land 

cover (habitat) which is on the other side of the community I.  

 

 

 

Community III.  Heliotropium strigosum - Convolvulus farinosus type:   

 

The dominant species of this type are Heliotropium strigosum, Convolvulus farinosus, Barleria 

orbicularis and Meineckia phyllanthoides. 

Jatropha glauca, Acacia oerfata and Acacia mellifera are woody species. Chrysopogon 

plumulosus, Panicum atrosanguineum, Eragrostis pilosa and Aristida adscensionis are the 
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dominant grasses in this community. Blepharis edulis, Euphorbia acalyphoides, Cyphostemma 

cyphopetalum, Euphorbia sp., Barleria homoiotricha, Abutilon figarianum, Cleome gynandra, 

Heliotropium strigosum, Polygala erioptera, Rhynchosia minima, Corchorus schimperi, Priva 

tenax and Trianthema crystallina are the herbs found in this community.  

Grewia villosa, Ruellia patula, and Cadaba rotundifolia are the dominant woody species. 

 

This community consists of sixteen (16) releves (0.64 ha) and 35 species. It is distributed 

between 798 m and 855 m a.s.l. This community is found in the deciduous bushlands land cover 

(habitat) of the Park. It is found near the small village known as “Hundufo”. 

 

 

 

Community IV. Caralluma speciosa  - Grewia villosa  type: 

 

The dominant species of this type are Caralluma speciosa and Grewia villosa.  

Grewia villosa, Jatropha glauca, Acacia mellifera, Caralluma speciosa, Cadaba rotundifolia 

and Cordia monoica are woody species that are found in this community. Chrysopogon 

plumulosus and Sorghum purpureo-sericeum are the dominant grass species.  

Blepharis edulis, Cucumis pustulatus, Cyphostemma cyphopetalum, Abutilon figarianum, Leucas 

nubica, Maerua oblongifolia, Corchorus Schimperi, and Oldenlandia herbacea are characteristic 

herbs.  

 



 

 

44

This community consists of fourteen (14) releves (0.56 ha) and 30 species. It is distributed 

between 806m and 820m a.s.l. This community also representing the deciduous bushlands land 

cover (habitat). This community is found near the smell village known as “Hundufo” but on the 

opposite side of the community III. 

 

 

 

Community V.  Dichrostachys cinerea - Senna italica type:  

 

Acacia mellifera, Senna italica, Prosopis juliflora, Dichrostachys cinerea, Cordia monoica, 

Acacia tortilis, Ruellia patula and Acacia oerfota are woody species. 

Commicarpus plumbagineus, Tribulus terrestris, Ecbolium viride and Corchorus trilocularis are 

the herbs within this community.  

This community consists of eight (8) releves (0.32ha) and 31 species. It is distributed between 

804m and 822m a.s.l. This community is one of the communities that are found in the Acacia-

wooded grasslands. It is found near to the “Adayitu”.  



 

 

45

 

 

Community VI. Heliotropium steudneri -Dichrostachys cinerea type: 

 

The dominant species of this type are Dichrostachys cinerea and Heliotropium steudneri. 

Heliotropium steudneri, Cleome brachycarpa and Aristolochia bracteata are the common 

dominant herbs in this community. Dichrostachys cinerea is the most common woody species.  

 

This community consists of five (5) releves (0.2 ha) and 24 species. It is distributed between 

562m and 603 m a.s.l. This community is in the Acacia-wooded grasslands land cover (habitat). 

It is found near the “Adayitu”. It is highly inhibited by the pastoral population.  
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Community VII. Ziziphus spina-christi - Cleome scaposa type: 

 

The dominant species of this type are Ziziphus spina-christi, Acacia oliveri, Cleome brachycarpa 

and Commiphora myrrha.  

Ziziphus spina-christi, Acacia tortilis, Acacia oliveri, Prosopis juliflora, Grewia tenax, Senna 

italica, Commiphora myrrha, and Premna resinosa are woody species. Panicum atrosanguineum 

and Eragrostis pilosa are grasses. Commicarpus plumbagineus, Aerva javanica, Cucumis 

pustulatus, Euphorbia sp., Cleome gynandra, Heliotropium steudneri, Cleome brachycarpa, 

Cleome scaposa, Tribulus terrestris, Aristolochia bracteata, Ecbolium viride, Cordia monoica, 

Seddera bagshwei, Corchorus trilocularis, Polgala muratii, Indigofera spinosa and Acalypha 

crenata are herbs.  

 

This community consists of seventeen (17) releves (0.68 ha) and 39 species. It is distributed 

between 562m and 604 m a.s.l. This community is also representing Acacia-wooded grasslands 

land cover (habitat). It is found near the “Afgan” river. This place is very far away from the 

villages and towns. Almost this place is not inhibited by the pastoral population.  
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Table 4. TWINSPAN out put of Yangudi-Rassa national park vegetation 

   

                                   
  Community type         I                II             III           Iv           V      VI           VII     

  Releves        777888888897778886 666766677766 5344553343455333 34455444435556  1  1222 21222  11  1  111222 31 

                 134368902405781577 235946902681 2678347891601234 91456023557890 76968614 29035 10223458135789407 

 

   19  Celo tri  333333333-33-33333 333333-33333 333333333-----3- -33-3333-3333- 3-3-3--- ----- -33-3----3-----3-  00000  

   25  Ipom pol  -------3---33-3--3 ---333-33--- --------33-33--- ------3------- -------- ----- -----------------  00001  

   28  Chry plu  33333333333333333- 3333333333-3 -3333-3333--3333 33333333333333 ------3- ----- -----------------  00001  

   42  Rhyn min  3-333--333-333333- 333-3-333-3- -3-33333333333-- 3-33-3333----- -------- ----- -----------------  00001  

   52  Sorg pur  33333--3-3-333-3-3 --33-33-33-- -333------------ -3-3-33--33--- -------- ----- -----------------  00001  

    7  Euph aca  ------------------ -------3--3- ---------3-3---- -------------- -------- ----- -----------------  000100 

   14  Barl hom  -33---333--3------ ----333-3-33 -3-3---3-3333333 ---------3-3-- ---3---- ----- -----------------  000100 

   38  Poly eri  3333--333333333-33 33333--3-33- 3333333-33333333 ---------3---- -------- ----- -----------------  000100 

    9  Cyph cyp  ------------------ --3--------- 3--------------- -------------3 -------- ----- -----------------  000101 

   11  Aris ads  ------------------ --33------33 -------33--3-3-3 -------------- -------- ----- -----------------  000101 

   64  Tria cry  3----------------- ------------ -----3------3--- -------------- -------- ----- -----------------  000101 

   45  Sena inc  -3---------------- 333-333333-3 ---------------- -------------- -------- ----- -----------------  000110 

   48  Chlo vir  -----------------3 333-3333---- ---------------- -------------- -------- ----- -----------------  000110 

    2  Cenc pen  ------33-33------- ------------ ---------------- -------------- -------- ----- -----------------  000111 

   13  Elio mut  333333------------ --------3--- ---------------- -------------- -------- ----- 2----------------  000111 

   31  Comm imb  3----------------- ------------ ---------------- -------------- -------- ----- -----------------  000111 

   68  Bala aeg  ---33------------- ------------ ---------------- -------------- -------- ----- -----------------  000111 

    1  Blep edu  ------------------ --3--------3 ------3-3------- -----3--3-3-33 -------- ----- -----------------  00100  

    5  Jatr gla  ------------------ ------------ 3-----3--------- ----------3--- -------- ----- -----------------  001010 

   30  Heli ste  ------------------ ------------ 3--------------- -------------- -------- ----- -----------------  001010 

   32  barl orb  ------------------ ------------ ----------3----- -------------- -------- ----- -----------------  001010 

   37  Mein phy  ------------------ ------------ ------------3--- -------------- -------- ----- -----------------  001010 

   58  Conb fan  --------------3--- ------------ -3---333-------- -------------- -------- ----- -----------------  001010 

   29  Cara spe  ------------------ ------------ ---------------- ----3--------- -------- ----- -----------------  001011 

   43  Grew vil  ------------------ ------------ ---------3---333 -33---3333---- -------- ----- -----------------  001011 

   51  Maer obl  ------------------ ------------ -------------333 ---3---------- -------- ----- -----------------  001011 

   16  Abut fig  --333--33-333-333- -3-3------3- 333-333333333-3- 33333333333333 -33----- -3--3 -----3--3-3--3-3-  0011   

   53  Cada rot  ------------------ ------------ 33--3-33-3333333 33333333333333 3-33-3-- ----- -33--------------  0011   

   15  Ipom cor  3333333333-33-3333 333-333333-- -3--3333-333---- ----------33-- 33333333 33-3- ------------3-33-  010    

   63  Priv ten  ----3---3-3------- ------------ ---33--3-------- ---------3---- -3------ -3-3- -----------------  010    

   65  Olde her  -33333-33333333333 33333-3333-- 33-33-3333-3-333 33333333333333 33333333 33333 -3--333--33-3-33-  010    

   47  Leuc nub  --33-------3---3-- 3333-333333- -3----3--33--3-- 3333333-333333 33-3-3-3 3--33 -3--333--3333--3-  01100  

   10  Euph  xx  333333333-333333-3 -------33333 333333--33333333 -3-33--3------ 33333-33 33333 333333-333333333-  01101  

   18  Pani atr  3333-3-33-333-3-33 ---33333-333 3333333333333333 3-33333-33--33 3333-333 33333 3333333333333333-  01101  

   49  Ruel pat  33------------3-3- ------33--3- 3333-3-33----33- -------------- --33-333 3---3 ------------3--3-  01101  

   59  Corc sch  ------3------3-33- -3---3-----3 3333333333333333 33333333--3333 -3333333 -3-33 3---3333-33333-3-  01101  

   21  Acac mil  ------------------ ------------ 3333333333333333 33333333333333 33333333 33333 -33-----33-3-3---  0111   

   44  Acac oer  ------------------ ------------ --33333-333333-- ----------3333 33333-33 3333- ----------------3  0111   

    8  Cucu pus  ------------------ ------------ ----3----------- ---3-------33- 3------- 3---- ------3-------33-  10     

   17  Cleo gyn  ------------------ 3----------3 3333333---3-33-3 -3------------ ---33-3- 33--- -33---3-33-333---  10     

   41  Dich sin  ------------------ ------------ ---------------- -------------- 3-333333 33333 -----3-----------  1100   

    4  Comm plu  ------------------ ------3----- --3---33-3---3-- 3333---------3 33-33333 33333 33333333333333--3  11010  

   54  Cord mon  ------------------ ------------ ---------------- ---------3---- -3------ ----- --------------3--  11010  

   12  Grew ten  ------------------ ------------ -------------3-- --333-3-3-3--- -3333333 33333 3333333333333-333  110110 

   22  pavo pro  ------------------ ------------ ---------------- -----333------ -3-3---- 333-3 33--33--3-3333---  110110 

   23  Sena ita  ------------------ ------------ ---------------- ---------3---- 33----33 ----- 3-------3------3-  110110 

   33  Trib ter  ------------------ ------------ ---------------- -------------3 33-33333 333-3 3333333333333333-  110110 

   34  Aris bra  3----------------- ------------ ---------------- -------------- --3----- 3---- -----3----------3  110110 

   57  Acac tor  ------------------ ------------ ---------------- -------------- -3333333 33333 333--3-3333333333  110110 

   36  Pros jul  ------------------ ------------ ---------------- -------------- ------3- ----- -----3----------3  110111 

   40  Ecbo vir  ------------------ ------------ ---------------- -------------- -3-33--- ----- 33--33---33-----3  110111 

   20  Heli ste  ------------------ ------------ ---------------- -------------- -------- -3-3- -3---3-------33--  111000 

    3  Acac oli  ------------------ ------------ ---------------- -------------- 3--3---- -3--3 33333333333333333  111001 

   24  Cleo bra  ------------------ ------------ ---------------- -------------- -------- 33--3 3-3333--333--3-3-  111001 

   27  Cleo sca  ------------------ ------------ ---------------- -------------- -----3-- -33-3 3333333333333333-  111001 

   61  Corc tri  ------------------ ------------ ---------------- -------------- 33------ ----- 33--33--------3--  111001 

    6  Aerv jav  ------------------ ----------3- ---------------- -------------- -------- -3--- -33-333-33-3---3-  111010 

   26  Comm myr  ------------------ ------------ ---------------- -------------- ------3- ----- 33--33333333333-3  111010 

   39  Zizi spi  ------------------ ------------ ---------------- -------------- -------- ----- -----------3-----  111010 

   50  Prem res  ------------------ ------------ ---------------- -------------- -------- ----- ----3-----3333---  111010 

   55  Sedd bag  ------------------ ------------ ---------------- -------------- -------- ----- ---333333--------  111010 

   67  indi spi  ------------------ ------------ ---------------- -------------- -------- ----- 333--3--3--------  111010 

   62  Erag pil  ------------------ ------------ ---------3------ -------------- -------- ----- 33------------3--  111011 

   69  Acly cre  ------------------ -----------3 ---------------- -------------- -------- ----- ----33-----------  111011 

   66  Polg mur  --3--------------- ------------ ---------------- -------------- -------- ----- ----------3------  1111   

 

                 000000000000000000 000000000000 0000000000000000 00000000000000 11111111 11111 11111111111111111 

                 000000000000000000 000000000000 1111111111111111 11111111111111 00000000 00000 11111111111111111 
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Table 5.  Synoptic cover-abundance values for species having a value of > 1.0 in at least one 

community type. 

 

Values in bold refer to occurrences with higher synoptic vales or species with high degree of 

fidelity (the degree to the which species are confined to particular group of quadrates) 

 

 Species Community type  I II III IV V VI VII 

Cluster size  18 12 16 14 8 5 17 

Abutilon figarianum 1.2 0.3 1.7 2.0 0.2 0.2 0.6 

Acacia mellifera 0.0 0.0 2.7 2.6 1.2 0.8 0.9 

Acacia oerfota  0.0 0.0 2.9 0.9 2.0 1.0 0.2 

Acacia oliveri  0.0 0.0 0.0 0.0 0.6 0.5 6.1 

Acacia tortilis 0.0 0.0 0.0 0.0 1.7 1.0 3.4 

Acalypha crenata 0.0 2.0 0.0 0.0 0.0 0.0 4.0 

Aerva javanica 0.0 0.5 0.0 0.0 0.0 0.5 4.3 

Aristida adscensionis 0.0 3.2 3.2 0.0 0.0 0.0 0.0 

Aristolochia bracteata 1.4 0.0 0.0 0.0 1.0 1.4 2.2 

Balanites aegyptiaca 7.5 0.0 0.0 0.0 0.0 0.0 0.0 

Barleria homoiotricha  1.2 1.2 2.2 0.4 0.2 0,0 0,0 

Barleria orbicularis  0.0 0.0 5.0 0.0 0.0 0.0 0.0 

Blepharis edulis  0.0 1.2 1.2 3.6 0.0 0.0 0.0 

Cadaba rotundifolia 0.0 0.0 2.4 3.2 0.6 0.0 0.3 

Caralluma speciosa 0.0 0.0 0.0 5.0 0.0 0.0 0.0 

Celosia trigyna  1.7 1.3 1.0 1.0 0.4 0.0 0.5 

Cenchrus pennisetiformis 6.8 0.0 0.0 0.0 0.0 0.0 0.0 

Chloris virgata  1.0 6.5 0.0 0.0 0.0 0.0 0.0 

Chrysopogon plumulosus  2.7 1.6 1.6 2.1 0.1 0.0 0.0 

Cleome brachycarpa  0.0 0.0 0.0 0.0 0.0 1.2 4.5 

Cleome gynandra 0.0 0.6 3.9 0.4 0.9 0.8 2.9 

Cleome scaposa  0.0 0.0 0.0 0.0 0.3 0.8 6.3 

Commelina imberbis  6.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Commicarpus plumbagineus  0.0 0.1 0.7 0.8 1.4 0.8 3.0 

Commiphora myrrha  0.0 0.0 0.0 0.0 0.5 0.0 6.3 

Convolvulus farinosus 1.0 0.0 5.4 0.0 0.0 0.0 0.0 

Corchorus schimperi 0.4 0.3 1.6 1.2 0.7 0.3 1.0 

Corchorus trilocularis 0.0 0.0 0.0 0.0 1.6 0.0 3.9 

Cordia monoica  0.0 0.0 0.0 1.7 1.7 0.0 1.7 

Cucumis pustulatus  0.0 0.0 0.6 2.2 0.6 0.6 1.7 

Cyphostemma cyphopetalum  0.0 1.7 1.7 2 0.0 0.0 0.0 

Dichrostachys cinerea 0.0 0.0 0.0 0.0 3.2 2.4 0.4 

Ecbolium viride  0.0 0.0 0.0 0.0 1.7 0.0 3.9 

Elionurus muticus  4.4 0.8 0.0 0.0 0.0 0.0 0.5 

Eragrostis pilosa 0.0 0.0 2.3 0.0 0.0 0.0 4.3 

Euphorbia acalyphoides 0.0 2.5 3.0 0.0 0.0 0.0 0.0 

Euphorbia sp. 1.4 0.4 1.2 0.4 0.7 0.4 1.3 

Grewia tenax  0.0 0.0 0.1 0.9 1.0 0.8 2.7 

Grewia villosa 0.0 0.0 2.3 3.6 0.0 0.0 0.0 

Heliotropium steudneri  0.0 0.0 0.0 0.0 0.0 2.0 4.0 

Heliotropium strigosum 0.0 0.0 7.0 0.0 0.0 0.0 0.0 

Indigofera spinosa 0.0 0.0 0.0 0.0 0.0 0.0 5.6 

Ipomoea cordofana 2.5 1.4 1.0 0.3 1.0 0.4 0.3 

Ipomoea polymorpha  1.7 1.7 1.5 0.4 0.0 0.0 0.0 

Jatropha glauca  0.0 0.0 3.3 2.0 0.0 0.0 0.0 

Leucas nubica  0.4 1.1 0.6 1.4 0.6 0.4 1.0 

Maerua oblongifolia 0.0 0.0 3.8 1.5 0.0 0.0 0.0 

Meineckia phyllanthoides 0.0 0.0 5.0 0.0 0.0 0.0 0.0 

Oldenlandia herbacea 1.3 0.8 1.0 1.2 0.7 0.4 0.7 

Panicum atrosanguineum  1.2 0.7 1.8 0.9 0.8 0.5 1.6 

Polgala muratii  2.5 0.0 0.0 0.0 0.0 0.0 2.5 

Polygala erioptera 2.2 1.2 2.2 0.2 0.0 0.0 0.0 

Premna resinosa  0.0 0.0 0.0 0.0 0.0 0.0 6.0 
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Priva tenax  1.5 0.0 1.7 0.5 0.5 1.0 0.0 

Prosopis juliflora 0.0 0.0 0.0 0.0 1.7 0.0 4.3 

Rhynchosia minima 1.9 1.2 1.6 0.9 0.0 0.0 0.0 

Ruellia patula  0.8 0.7 2.5 0.0 1.1 0.4 0.4 

Seddera bagshwei  0.0 0.0 0.0 0.0 0.0 0.0 5.5 

Senra incana  0.6 5.8 0.0 0.0 0.0 0.0 0.0 

Senna italica  0.0 0.0 0.0 0.9 2.6 0.0 2.1 

Sorghum purpureo-sericeum 3.4 1.6 0.7 1.4 0.0 0.0 0.0 

Trianthema crystallina  1.7 0.0 3.7 0.0 0.0 0.0 0.0 

Tribulus terrestris  0.0 0.0 0.0 0.3 1.9 1.0 4.5 

Ziziphus spina-christi 0.0 0.0 0.0 0.0 0.0 0.0 7.0 

 

4.4. Species diversity  
 

The description of plant community involves the analysis richness and diversity (Whittaker, 

1975). Species richness, or the number of species, is the most direct measure of biological 

diversity. It is less problematic than diversity indices but more ambiguous and is sensitive to the 

capture of rare species (Oksanen, 2003). Diversity and equitability of species in plant 

communities is used to interpret the relative variation of the community indices and explain the 

underling for the difference among communities.  

 

The diversity and evenness of species in the seven different communities was calculated using 

Shannon-Wiener index (Table 3). The Shannon-Wiener index varies from 0, for community with 

one species only, to values of 7 or more in rich forest (Kent and Coker, 1992). The results of 

Shannon-Wiener index showed that community type VII was the most diverse and had the 

highest number of species with medium even distribution indicating that the vegetation was 

expected to be natural with less human intervention. Community type II had highest even 

distribution but with the almost least number of species value compare among the other 

communities. Community type VI had the least diverse and least number of species with least 

even distribution when it compared with the other communities. 
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Magurran (1988) stated that the term diversity actually consists of species richness and relative 

abundance (evenness or unevenness). In addition to this, According to Kent and Coker (1992), 

the Shannon Weiner index is the most frequently used for the combination of species richness 

and relative abundance. Therefore, community type VII was the highest in species richness 

whereas community type VI was the least one in the Yangudi-Rassa national park. A value of the 

index of Shannon-Weiner usually lies between 1.5 and 3.5 although in exceptional case, the 

value can exceed 4.5 (Pielou, 1969). Thus, the value of Shannon - Wiener Diversity Index of this 

study area occurs between 2.792 and 3.266. The higher the value of J, the more even the species 

is in their distribution. Thus, community type II had the highest even distribution whereas 

community type VI had the least even distribution. Community type VI had the least evenness, 

diversity and richness this might be due to the high overgrazing and charcoal making.  

 

Table 6.  Comparison of plant species diversity (H’), evenness (J) and richness (S) among 

the seven community types following Shannon-Weiner index. 

 

 Community type 

I II III IV V VI VII 

Species diversity (H’) 2.792 2.932 3.191 2.958 3.124 2.666 3.266 

Species Evenness (J) 0.867 0.911  0.897  0.870  0.910   0.839  0.891   

Species Richness (S) 25 25 35 30 31 24   39 

 

Where: 

I = Cenchrus pennisetiformis - Commelina imberbis type  

II= Chloris virgata - Aristida adscensionis type 

III = Heliotropium strigosum.-Convolvulus farinosus type 

IV = Caralluma speciosa - Grewia villosa type 

 V= Dichrostachys cinerea - Senna italica type  

VI = Heliotropium steudneri - Dichrostachys cinerea type 

 VII=Ziziphus spina-christi - Cleome scaposa type 
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5. Conclusion and recommendations  

5.1. Conclusion 
 

From the study of floristic composition of Yangudi-Rassa National Park, 70 species of plants 

belonging to 25 families and 55 genera were identified and recorded, of which 58.6% were herbs 

other than grasses, 12.9% were shrubs, 12.9% were grasses, 11.4% were tree or Shrub and 4.3% 

were trees. Fabaceae had the highest number of species.  

The total density of tree stems per hectare was 427/ha indicating that the vegetation of the 

Yangudi-Rassa National Park has been found to possess scattered tree individuals that dominated 

by grasses. Acacia mellifera and Cadaba rotundifolia were the most frequent and dominant tree 

species. 

The total Basal Area (BA) of trees whose DBH > 2.5 cm was 3.12m
2
/ha. This value is supposed 

to be low basal area coverage in Yangudi-Rassa national park vegetation.  About 74.14% of the 

IVI was attributed by Acacia mellifera, Cadaba rotundifolia, Acacia oliveri, and Grewia tenax. 

But majority woody species are with low IVI Such as, Ziziphus spina-christi, Prosopis Juliflora, 

Caralluma speciosa, and Maerua oblongifolia indicating that they require proper conservation 

and management. 

 

Cluster analysis of Yangudi-Rassa National Park vegetation resulted in seven plant community 

types: (I) Cenchrus pennisetiformis - Commelina imberbis type; (II) Chloris virgata - Aristida 

adscensionis type; (III) Heliotropium strigosum - Convolvulus farinosus type; (IV) Caralluma 

speciosa - Grewia villosa Type; (V) Dichrostachys cinerea - Senna italica type; (VI) 

Heliotropium steudneri -Dichrostachys cinerea type and (VII) Ziziphus spina-christi - Cleome 

scaposa type. Community type VII was the most diverse whereas community type VI was the 

least diverse of plant species. On the other hand, community type II had highest even distribution 

whereas community type VI has the least even distribution of species. Highest species richness 

was recorded in community type VII. Least diversity and least even distribution was recorded, in 

the place where inhibited by the pastoralists, represented by community type VI, this  may be 

due to high overgrazing and over browsing by domestic stocks of the pastoralists.  

 

  



 

 

53

 

The woody species population structure showed different dynamics. From the viewpoint of 

population structure analysis most woody species were in good regeneration but poor recruitment 

level. The main causative agent may be anthropological activities such as clearing woody species 

for charcoal, overgrazing and over browsing by domestic stocks. 

 

The regeneration status of Yangudi-Rassa national park vegetation was studied by taking woody 

species alone. This study showed that the Yangudi-Rassa National Park vegetation is in a good 

state of regeneration except few species such as Ziziphus spina-christi and Caralluma speciosa. 

 

5.2. Recommendations 
 

• Analysis of population species structure of the Yangudi-Rassa National Park vegetation 

shows that some important woody species including Commiphora myrrha and Acacia 

oliveri are in poor regeneration and recruitment conditions due to over browsing, fire, 

selective cutting owing to high demand for firewood and building materials. This 

indicates that the need of proper conservation measures by the relevant authorities. 

• Analysis of regeneration status of Yangudi-Rassa National Park vegetation shows that 

some important woody species including Ziziphus spina-christi and Caralluma speciosa 

are in poor state of regeneration. Therefore, these woody species should be given priority 

for conservation.   

• Even though it is not included in this study, Issa people use plant species for different 

purposes. Thus, detailed ethno-botanical study on Yangudi-Rassa National Park is highly 

recommended. 

• Further studies are required to fill the gap of this work such as analysis of soil sampling. 

• Finally, Yangudi-Rassa National Park has been out of sight of the scientific community 

so far. This may be because of its conflicts between the “Issa” and “Afar” and lack of 

infrastructure. The concerned bodies should give due attention to solve the conflicts and 

infrastructure problems and the scientific community should devote more time to look at 

this poorly known National Park. 
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Appendices  
Appendix 1. List of plant species, Vernacular name, Family, and growth habit recorded from 

YRNP Vegetation 

 

No  Botanical name  

Vernacular 

name (Somali ) Family  Habit  

1 Abutilon figarianum Webb Labakursle  Malvaceae H 

2 Acacia mellifera (Vahl) Benth. Bilan  Fabaceae T/ S 

3 Acacia oerfota (Forssk.) Schweinf. Gummer Fabaceae S 

4 Acacia oliveri Vatke  Adat Fabaceae T/ S 

5 Acacia tortilis (Forssk.) Hayne Kura  Fabaceae T 

6 Acalypha crenata A. Rich  Kumba Euphorbiaceae H 

7 Aerva javanica (Burm.f.) Schultes  Anat  Amaranthaceae H 

8 Aristida adscensionis L.  Asgorf  Poaceae G 

9 Aristolochia bracteolata Lam. Gebeldeye  Aristolochiaceae H 

10 Balanites aegyptiaca (L.) Del.  Udaito (Afar) Balanitaceae T 

11 Barleria homoiotricha C.B. Clarke Audahtol Acanthaceae  H 

12 Barleria orbicularis Hochst. ex T. Anders. Furale  Acanthaceae  H 

13 Blepharis edulis (Forssk.) Pers. Arar  Acanthaceae  H 

14 Cadaba rotundifolia Forssk. Kediew Capparidaceae S 

15 Caralluma speciosa (N.E.Br.) N.E.Br. Kulkal  Asclepiadaceae S 

16 Celosia trigyna L.  Walaararis  Amaranthaceae H 

17 Cenchrus pennisetiformis Steud. Abitet  Poaceae G 

18 Chloris virgata Sw. Hagin  Poaceae G 

19 Chrysopogon plumulosus Hochst. Deremo  Poaceae G 

20 Cleome brachycarpa Vahl ex DC. Michasie Capparidaceae H 

21 Cleome gynandra L. Getawol  Capparidaceae H 

22 Cleome scaposa DC. Digle  Capparidaceae H 

23 Commelina imberbis Ehreb. ex Hassk. Deksale  Commelinaceae H 

24 Commicarpus plumbagineus (Cav.) Standley Aliyo  Nyctaginaceae H 

25 Commiphora myrrha (Nees) Engl. Didn Burseraceae T/S 
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26 Convolvulus farinosus L. Anogroris  Convolvulaceae H 

27 Corchorus schimperi  Cufod Alkedewa  Tiliaceae H 

28 Cleome angustifolia Forssk. Arerete  Capparidaceae H 

29 Corchorus trilocularis L. Nailaababis  Tiliaceae H 

30 Cordia monoica Roxb. Koh Boraginaceae T/S 

31 Crotalaria pycnnostachya Benth. Welarosa  Tiliaceae H 

32 Cucumis prophetarum L.   Anum  Cucurbitaceae H 

33 Cucumis pustulatus Naud. ex Hook.f.  Anun Cucurbitaceae H 

34 Cyphostemma cyphopetalum (Fresen) desc.ex Wild Boa Vitaceae H 

35 Delonix elata (L.) Gamble  Fabaceae T 

36 Dichrostachys cinerea (L.) Wight & Arn. Gilan  Fabaceae T/S 

37 Ecbolium viride (Forssk,) Alston Hadedu Acanthaceae  H 

38 Elionurus muticus (Spreng.) Kuntze Berade  Poaceae G 

39 Eragrostis pilosa (L.) P. Beauv. Mekalhid  Poaceae G 

40 Euphorbia acalyphoides Boiss. Anole Euphorbiaceae H 

41 Euphorbia sp. Arerot  Euphorbiaceae H 

42 Grewia tenax (Forssk.) Fiori Ashiat  Tiliaceae S 

43 Grewia villosa Willd.  Gomesh Tiliaceae S 

44 Heliotropium steudneri Vatke Bermedobe  Boraginaceae H 

45 Heliotropium strigosum Willd. Ededube  Boraginaceae H 

46 Indigofera spinosa Forssk. Digle  Fabaceae H 

47 Ipomoea cordofana Choisy.  Balgrar  Convolvulaceae H 

48 Ipomoea polymorpha Roem. & Schult. Libeyer Convolvulaceae H 

49 Jatropha glauca Vahl Jaja  Euphorbiaceae S 

50 Leucas nubica Benth. Hiddo  Lamiaceae H 

51 Maerua oblongifolia (Forssk.)A.Rich Jia Capparidaceae T/S 

52 Meineckia phyllanthoides Baill Berasie  Euphorbiaceae H 

53 Oldenlandia herbacea (L.) Roxb. Aliyo  Rubiaceae H 

54 Panicum atrosanguineum A. Rich. Berale  Poaceae G 

55 Pavonia propinqua Garcke Belembel  Malvaceae H 
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56 Polygala erioptera DC. Getkab  Polygalaceae H 

57 Polygala muratii Jacq.- Felix  Polygalaceae H 

58 Premna resinosa (Hochst.) Schauer Jejet  Lamiaceae S 

59 Priva tenax Verdc. Merebis  Verbenaceae H 

60 Prosopis juliflora (Sw.) DC. Gerewa Fabaceae T/S 

61 Rhynchosia minima (L.) DC. Gildeber  Fabaceae H 

62 Ruellia patula Jacq. Didgan  Acanthaceae  S 

63 Seddera bagshwei Rendle  Kukale  Convolvulaceae H 

64 Senra incana Cav.  Negad Malvaceae S 

65 Senna italica Mill.   Fabaceae H 

66 

Sorghum purpureo-sericeum (Hochst. Ex A. Rich.) 

Aschers. & Schweinf. 

Kawl  

Poaceae G 

67 Trianthema crystallina (Forssk.)Vahl Meshkelah  Aizoaceae H 

68 Tribulus terrestris L. Legun Zygophyllaceae H 

69 Urochloa panicoides P. Beauv. Hilbule  Poaceae G 

70 Ziziphus spina-christi (L.) Desf. Gib Rhamnaceae T/S  

 

NB:               H= Herbs, G= Grasses, S= Shrubs, T/S= Trees or Shrubs and T= Trees 

 

Source: Flora of Ethiopia  
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Appendix 2. Tree species, Families and density of Yangudi-Rassa national park Vegetation 

 

 No  Scientific name  
Family 

Density 

per 

hectare 

(%) 

1 Acacia oliveri  
Fabaceae 

9.49 

2 Grewia tenax 
Tiliaceae 

5.2 

3 Acacia mellifera  
Fabaceae 

55.2 

4 Commiphora myrrha  
Burseraceae 

4.68 

5 Ziziphus spina-christi 
Rhamnaceae 

0.07 

6 Dichrostachys cinerea 
Fabaceae 

2.08 

7 Grewia villosa  
Tiliaceae 

1.89 

8 Acacia oerfota  
Fabaceae 

6.5 

9 Premna resinosa 
Lamiaceae 

0.52 

10 Maerua oblongifolia 
Capparidaceae 

0.46 

11 Cadaba rotundifolia 
Capparidaceae 

9.95 

12 Cordia monoica  
Boraginaceae 

0.2 

13 Caralluma speciosa 
Asclepiadaceae 

0.39 

14 Acacia tortilis  
Fabaceae 

3.06 

15 Prosopis juliflora 
Fabaceae 

0.33 

     100 
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Appendix 3.  Percentage relative density and frequency of tree species of Yangudi-Rassa 

national park Vegetation 

 

 NO Scientific name  

Total 

number Pi 

Relative 

Density (%)  frequency  

Relative 

frequency   

1 Acacia oliveri  146 0.0949 9.49 21 8.71 

2 Grewia tenax  80 0.052 5.2 35 14.5 

3 Acacia mellifera  849 0.552 55.2 49 20.3 

4 Commiphora myrrha  72 0.0468 4.68 15 6.22 

5 Ziziphus spina-christi  1 0.0007 0.07 1 0.41 

6 Dichrostachys cinerea  32 0.0208 2.08 12 4.98 

7 Grewia villosa  29 0.0189 1.89 10 4.15 

8 Acacia oerfota  100 0.065 6.5 27 11.2 

9 Premna resinosa 8 0.0052 0.52 4 1.66 

10 Maerua oblongifolia  7 0.0046 0.46 2 0.83 

11 Cadaba rotundifolia  153 0.0995 9.95 33 13.7 

12 Cordia monoica  3 0.002 0.2 3 1.24 

13 Caralluma speciosa  6 0.0039 0.39 1 0.41 

14 Acacia tortilis  47 0.0306 3.06 26 10.8 

15 Prosopis juliflora  5 0.0033 0.33 2 0.83 

    1538 1 100 241 100 
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Appendix 4. Mean basal area, Dominance and relative dominance of tree species of Yangudi-

Rassa national park Vegetation 

 

No Scientific name  

Mean 

Basal 

area  

Total 

number Dominancy  

Relative 

Dominancy 

(%)   

1 Acacia oliveri  0.011735 146 1.71331 15.27705 

2 Grewia tenax  0.011735 80 0.9388 8.370987 

3 Acacia mellifera  0.00657 849 5.57793 49.73666 

4 Commiphora myrrha 0.010531 72 0.758232 6.760918 

5 Ziziphus spina-christi  0.061544 1 0.061544 0.548769 

6 Dichrostachys cinerea  0.002802 32 0.089664 0.799506 

7 Grewia villosa  0.007076 29 0.205204 1.82974 

8 Acacia oerfota  0.002584 100 0.2584 2.304072 

9 Premna resinosa  0.002012 8 0.016096 0.143523 

10 Maerua oblongifolia  0.002927 7 0.020489 0.182694 

11 Cadaba rotundifolia  0.008723 153 1.334619 11.90038 

12 Cordia monoica  0.001125 3 0.003375 0.030094 

13 Caralluma speciosa  0.001178 6 0.007068 0.063023 

14 Acacia tortilis  0.003865 47 0.181655 1.619761 

15 Prosopis juliflora  0.009708 5 0.04854 0.432816 

    0.144115 1538 11.214926 100 
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Appendix 5. Importance value Index (IVI) of dominant shrubs and trees species of Yangudi-

Rassa national park Vegetation. 

 

(Importance value Index (IVI) resulted from the sum of relative density, relative frequency and 

relative dominance.)  

 

 No Scientific name  

Relative 

Density 

(%)     

Relative 

frequency 

(%)    

Relative 

Dominancy 

(%)   IVI 

1 Acacia oliveri  9.49 8.71 15.28 33.48 

2 Grewia tenax  5.2 14.5 8.371 28.1 

3 Acacia mellifera  55.2 20.3 49.74 125.3 

4 Commiphora myrrha 4.68 6.22 6.761 17.67 

5 Ziziphus spina-christi  0.07 0.41 0.549 1.029 

6 Dichrostachys cinerea  2.08 4.98 0.8 7.859 

7 Grewia villosa  1.89 4.15 1.83 7.865 

8 Acacia oerfota  6.5 11.2 2.304 20.01 

9 Premna resinosa  0.52 1.66 0.144 2.323 

10 Maerua oblongifolia  0.46 0.83 0.183 1.468 

11 Cadaba rotundifolia  9.95 13.7 11.9 35.54 

12 Cordia monoica  0.2 1.24 0.03 1.47 

13 Caralluma speciosa  0.39 0.41 0.063 0.868 

14 Acacia tortilis  3.06 10.8 1.62 15.46 

15 Prosopis juliflora  0.33 0.83 0.433 1.588 

    100 100 100 300 
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Appendix 6. Basal area (BA), BA/ha and percentage BA of tree/Shurb individuals of 

Yangudi-Rassa national park Vegetation 

 

 No Scientific name  BA BA/3.6 BA (%) 

1 Acacia oliveri  1.71331 0.475919 0.0424 

2 Grewia tenax  0.9388 0.260778 0.0233 

3 Acacia mellifera  5.57793 1.549425 0.1382 

4 Commiphora myrrha 0.75823 0.21062 0.0188 

5 Ziziphus spina-christi  0.06154 0.017096 0.0015 

6 Dichrostachys cinerea  0.08966 0.024907 0.0022 

7 Grewia villosa  0.2052 0.057001 0.0051 

8 Acacia oerfota  0.2584 0.071778 0.0064 

9 Premna resinosa  0.0161 0.004471 0.0004 

10 Maerua oblongifolia  0.02049 0.005691 0.0005 

11 Cadaba rotundifolia  1.33462 0.370728 0.0331 

12 Cordia monoica  0.00338 0.000938 0.0034 

13 Caralluma speciosa  0.00707 0.001963 0.0002 

14 Acacia tortilis  0.18166 0.05046 0.0045 

15 Prosopis juliflora  0.04854 0.013483 0.0012 

    11.2149 3.115257 0.2778 
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Appendix 7: The regeneration status of Yangudi-Rassa national park Vegetation (the 

number of seedlings and saplings per hectare of each tree species) 

 

  Scientific name  

sampling 

per ha 

seedlings 

per ha 

1 Acacia oliveri  35.6 38.9 

2 Grewia tenax  37.8 25.8 

3 Acacia mellifera  21.1 93.3 

4 Commiphora myrrha 1.11 4.72 

5 Ziziphus spina-christi  0 0 

6 Dichrostachys cinerea  4.44 4.44 

7 Grewia villosa  12.2 2.5 

8 Acacia oerfota  95.8 97.2 

9 Premna resinosa  1.67 1.67 

10 Maerua oblongifolia  3.89 1.11 

11 Cadaba rotundifolia  49.2 19.4 

12 Cordia monoica  0.83 0.83 

13 Caralluma speciosa  0 0 

14 Acacia tortilis  56.1 40.3 

15 Prosopis juliflora  1.11 0.56 

    321 331 
 

 

 

 

 

 

 

 

 

 

 

 


