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Abstract  

Impact assessment of dam construction on floristic composition and diversity were 
studied in Gibe III hydroelectric dam project site. The study mainly focuses in identifying 
and describing the floral species composition and diversity in the upstream, down stream 
and river bank area, indicating the possible impacts that will occur due to construction 
and operation phase and to recommend mitigation measures. A total of 62 releves, 20 m 
x 20 m were laid preferentially by vegetation structure, to collect data on abundance (for 
shrubs and herbs), DBH and density (for tree species only). Two Indicator Species 
Analysis (TWINSPAN) was used to classify the vegetation community types. The 
Shannon-Weiner diversity and evenness indices and density were calculated and the IVI 
of dominant tree species was finally estimated.A total of 86 plant species belonging to 31 
families and 61 genera were identified of which 50% were shrubs, 40.7% were trees, 
6.9% were tree/shrubs, 1.2% were herbs and 1.2% were woody climber. The Shannon- 
Weiner diversity index of the upstream part was the highest and the lowest species 
diversity was recorded at the down stream. The species diversity and richness was higher 
at higher altitudes both right and left side of the upstream, H’=3.58, species number 
(65), H’=3.43 and with species richness (S=68), respectively. The density of woody 
species with DBH > 2 cm (1228/ha), basal area (0.39m2 /ha), frequency of all tree 
species (428/ha) and those tree species with higher important value index were 
Combretum adenogonium, Diospyros mespiliformis, Combretum molle, Ekebergia 
capensis and Acacia sieberiana. Two Way Indicator Species Analysis classified 
vegetation of the Gibe III hydroelectric dam site into five community types: (I) Acacia 
hockii – Harrisonia abyssinica type; (II) Combretum molle – Bridelia scleroneura type; 
(III) Diospyros mespiliformis – Combretum hereroesen type; (IV) Uvaria leptocladon – 
Combretum adenogonium type and (V) Croton dichogamus – Terminalia laxiflora type. 
The Shannon-Weiner diversity and evenness indices showed that community type II was 
the most diverse and had the highest species richness. The most even distribution of 
species was at community type I, where as community type V had the least diverse and 
evenness of species. A total of 53 species belonging to 24 families and 38 genera were 
recorded in the river banks of the study area, of which 47.17% were shrubs, 45.28% were 
trees, 5.66% were trees or shrubs and 1.89% was woody climbers.The Shannon-Weiner 
and evenness indices show that riverine vegetation had higher diversity and even 
distribution of species. The riverine vegetation density of individual trees with DBH > 2 
cm was 1134/ha, frequency of all tree species (69/ha) and riverine vegetation tree species 
with higher IVI were Combretum molle, Tamarindus indica, Haplocoelum foliolosum, 
Sterculia setigera and Acacia dolichocephala. Generally, any project implementation in 
natural ecosystem will cause a negative impact on the vegetation in particular and the 
ecosystem as a whole. Thus, this study revealed that even though implementing the Gibe 
III hydroelectric dam has an impact on vegetation composition and diversity, to reduce 
its impact to a minimum level implementing appropriate mitigation measures is 
recommended. 
 
 
Key words: Floristic composition, Species diversity, Plant community, Gibe III dam
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1. Introduction 

1.1. Background  
 
Ethiopia is located between 3º and 15ºN latitude and 33º and 48 º E longitudes in the horn 

of Africa and covers a land surface of over 1.11 million km². The altitudinal variation is 

between 110 m below sea level at the Afar depression on the northern east part to an area 

with 4600 m a.s.l in the Simen Mountain in the northern part of the country (Sebsebe 

Demissew, 2008). 

 
Ethiopia has a number of large rivers which are flowing throughout the year crossing 

boundaries of different countries and few of them terminate inland. Gibe River is one of 

several rivers, which is in the Omo-Gibe basin. It is the main tributary of the Omo River 

in the northern part of the basin. Besides, the topography of the basin in the north is 

highland which is suitable for hydroelectric power generation. 

 
Currently, the Ethiopian Electric Power Corporation (EEPCo) is constructing different 

hydroelectric power generating dams in various areas of the country’s large rivers. Gibe 

river, inter alia, which is intended to generate electricity in a cascade of water flow, Gibe 

(I, II, III & IV).The Gilgel Gibe I has already began power generation, Gilgel Gibe II is 

almost at the power generation phase, Gilgel Gibe III is under construction intended to 

generate large amount of electric energy around 1870 MW by damming the Omo River. 

 
The Gibe III hydroelectric project aims to dam Omo River thereby creating a reservoir with 

a total live storage of about 11,750 Mm3 of water and covering a total surface area of 200 

km2 at normal operating level (889 m a.s.l). The minimum operating level is 800 m a.s.l, and 

the reservoir is approximately 155 km of total length. The catchments area is about 34,150 

km2. The reservoir level will rise during the rainy season (June to September) and draws 

down during the dry season. The very large reservoir volume, together with the kind of 

spillways adopted, make it possible to control the floods in safe condition (EEPCo, 2009). 
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The implementation of large scale water resources management projects, especially 

hydroelectric Dams, has a vital role in countries like Ethiopia to meet the increasing 

energy demand mainly due to the encouraging economic growth.  However, it has been a 

matter of wide dispute between environmentalists, sociologists, developers, and 

governmental agencies. This debate is expected to continue regardless of where or when 

the intended project is going to be carried out. Usually the situation evolves a 

confrontation between two points of view. The first includes calls for preserving the 

natural ecological balance of the untapped water resources and the region of influence of 

the project, protecting the legitimate rights of local residents, safeguarding against 

deterioration of water quality and threats to biodiversity, changes in soil fertility, etc. 

Whereas the second opinion, on the other hand, diverts the attention to the benefits of 

flood control, drought management, clean energy generation, expansion in agriculture 

sector, flow regulation, increment in GDP, etc…(Johnson, 2002). 

 
McCartney (2009) pointed out the impacts of dams, through disruption of physiochemical 

and biological processes vary substantially from one geographical location to another and 

are dependent on the exact design and the way a dam is operated. Every dam has unique 

characteristics and, consequently, the scale and nature of environmental changes are 

highly site-specific. However, impacts invariably affect biota and can impact 

biodiversity. 

 
According to Sebsebe Demissew et al. (2009), the Ethiopian vegetation is classified into 

the following nine types: Desert and Semi-desert scrubland; Dry evergreen Afro-montane 

forest and grassland complex, further divided into four; Wooded grassland of the western 

Gambela region; Moist evergreen Afro-montane forest; Acacia-Commiphora woodland 

and bushland, further divided into two; Combretum-Terminalia woodland and wooded 

grassland; Afro alpine vegetation; Transitional rainforest and Riparian and swamp 

vegetation. The Omo-Gibe basin vegetation, particularly Gibe III dam site is a 

combination of Combretum-Terminalia woodland and wooded grassland, Acacia-

Commiphora woodland and Riparian and swamp vegetation. 
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1.2 Statement of the Problem  
 
Most dams are built with the best intentions: to provide water supplies and power at times 

when water is naturally scarce and to reduce the devastating effects of floods. These are 

worthy reasons for river regulation. However, it is now recognized that if development is 

to be sustainable, the effects of impoundment on biodiversity especially flora species 

cannot be neglected. Minimizing the negative environmental effects of dams must 

become a prime focus of attention for owners, operators, financial institutions and 

environmental managers (McCartney, 2009). 

 
The rate at which biodiversity has or will decline below dams is poorly known, but is 

expected to be relatively rapid unless key riverine features, such as flow variability and 

cut-and-fill alluviation, are restored (Adhikari et al., 2009). 

 
Numerous studies have measured or forecasted sharp declines in biodiversity downstream 

of dams. Native aquatic organisms such as fish have declined in warm-water Rivers 

because of the cold, clear water releases from dams, restrictions to movement caused by 

the dams themselves, altered hydrological regime, and disconnections between river and 

floodplain, among others (Rai, 2005). 

 
Vegetation has changed dramatically below most large dams. This is particularly true for 

forests dominated by Populus in the central and western U.S.A. Populus and its highly 

associated biodiversity has failed to regenerate downstream of dams on meandering 

rivers in cooler climates, producing more homogeneous and impoverished forest cover 

(Johnson, 2002). 

 
Thus, Gilgel Gibe III hydroelectric dam site considering its vast area coverage, retaining 

large volume of water and the change in inflow rate  and volume from the reservoir 

during the operation phase will probably cause an impact on the vegetation cover of the 

area upland and downstream of the hydroelectric dam site. 
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1.3 Objectives of the Study 

1.3.1 General Objective 
 
The general objective mainly focuses in identifying and describing the status of 

biodiversity in terms of floral species composition and diversity in the upstream, down 

stream and river bank area and assess the possible impacts that will occur due to 

construction and operation phase of the Hydroelectric Dam.  

1.3.2 Specific Objectives: 
 

� To assess and analyse the vegetation structure and composition in the upstream 

and down stream of the dam reservoir and within the river bank,  

� To identify plant community types and determine species diversity of  different 

vegetation communities,  

� To assess  the possible impact of the reservoir on the vegetation structure and 

composition, 

� To recommend the possible mitigation measures to be used so as to reduce the 

impact of the dam. 

 
1.4 Justification of the Study 
 
Preserving the natural ecological balance of the untapped water resources and the region 

of influence of the project such as protecting the legitimate rights of local residents, 

safeguarding against deterioration of water quality, threats to biodiversity and changes in 

soil fertility are some of the issues to be raised during dam construction (Johnson, 2002). 

Ensermu Kelbessa et al. (1992) noted that the riparian and swamp vegetation in Ethiopia is 

not properly documented. Misra (1974) pointed out that one of the basic and paramount 

importance aspects of ecological investigation is the study of vegetation. Furthermore, the 

spatial and temporal variation in composition and diversity of riparian vegetation of altered 

rivers reveal information about the health of that particular ecosystem.   

 
There was no well organized study conducted in the vegetation composition and diversity 

in the Omo-Gibe basin particularly in the proposed reservoir site. Thus, this study which 



 

 5 

was conducted with the objectives of describing and providing available floristic 

information about the study area and assess the possible response of the riparian 

vegetation to river regulation. The scientific information, the result of this paper, may 

help different scholars within this discipline or out of this discipline as baseline 

information. 

 
1.5 Scope of the Study 
 
The study mainly focus on identification of the vegetation composition, structure and 

diversity of upstream and down stream of the Gibe III hydroelectric dam and assessment 

of the possible impacts was  done considering the reservoir water holding capacity, flow 

rate of water after operation and other environmental parameters. Identifying the impact 

of the reservoir on the aquatic ecology was not the concern of this study. 

 
1.6 Limitation of the Study 
 
This study encountered many problems, which limit the scope of the research as it was 

originally intended. Among the limiting factors; topography of the area around the river 

bank was a difficult task for vegetation sample collection, access to road and vehicles and 

other facilities for data collection. Furthermore, analysis of the vegetation data for height 

of different tree species was not included due to absence of estimating the height 

measurement which may create a small loop to the study. The socioeconomic importance 

of frequently utilized plants in this study area was not included.  
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2. Literature Review 
 
2.1 Vegetation of Ethiopia 
 
Ethiopia has the fifth largest flora in Africa. 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 (Tewoldebirhan G/egziabher, 1991). Endemism is particularly high in the 

high mountains and in the Ogaden area, southeastern Ethiopia. Despite these realities, the 

vegetation resources, particularly forests, are disappearing at a very alarming rate in 

Ethiopia before we even have a chance to study and document them (EFAP, 1994). If this 

trend of deforestation/devegetation continues unabated, there is a great danger of serious 

decline or loss of biodiversity. Since the population is growing at a rate of about 3% per 

year the need for more arable land to cultivate crops becomes inevitable, further 

aggravating the rate of deforestation and associated land degradation. It is, therefore, 

urgent and important to study and document the vegetation resources of the country.  

 
Friis (1992) described that the deforestation in Ethiopia are clearing of forests and 

woodlands for expansion of permanently cultivated areas, uncontrolled exploitation for 

various purposes, notably for fuel wood, construction materials, shifting cultivation and 

forest fire are the main causes of deforestation among others. The fact that plantation 

forestry has been very far from meeting the demand for wood for various purposes 

indicates inevitability of deforestation. The underlying causes of deforestations are 

however, closely linked with the vicious cycle of mutually reinforcing factors, i.e. 

poverty, population growth, poor economic growth and the state of the environment. 

EFAP (1994) also supports the idea that destruction of biodiversity is driven by the 

demand for cropping and grazing land by the growing population. These demands, 

coupled with that for fuel wood, are responsible for the loss of forests, woodlands and 

bush lands. According to EFAP (1994), the displacement of people and the displacement 

of biodiversity go hand in hand.  
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As indicated by Ensermu Kelbessa et al. (1992), ecological and environmental problems 

such as soil degradation, erosion and decrease in biodiversity as well as the loss of 

potential natural resources are just some of the negative effects resulting from the 

destruction of forests. The depletion of the natural vegetation in many parts of the 

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

plant species and surprisingly, threatened endemic plant species are known from 

Ethiopian natural vegetation. 

 
Sebsebe Demissew (1998), on his study on the vegetation and floristic composition of 

South Wello, northeastern Ethiopia; pointed out that unless the present trend of 

exploitation of the remaining forest resources and their conversion into agricultural land 

is changed, every piece of relict forest remaining will be gone in the very near future. The 

trend can only be reversed if appropriate measures are taken to halt them. 

 
Environmental degradation, particularly the depletion and degradation of natural forest 

cover has reached a serious stage (UNEP, 1995). Efforts to conserve the remaining 

natural forest and rehabilitate and combat environmental degradation have been in 

progress during the past few decades (EFAP, 1994). However, the problem is still far 

from being resolved due to the failure in realizing the importance of direct involvement 

of local people in planning, monitoring, evaluation and implementation process of the 

forest resource management (JICA, 1997). Lack of appropriate forest and land tenure 

policies and restriction of forest development responsibilities to the government alone 

have greatly hampered the forest conservation and expansion in the past three decades 

(IUCN, 1994). 

 
Natural resource conservation by government bodies has a shorter history in Ethiopia. 

But it is clear that a number of communities had traditional resource management 

practices including some elements of natural resource conservation (EFAP, 1994). 

However, there seems to be little systematic documentation of such practices. To 

conserve the remaining natural forest of Ethiopia and the environment for the genetic 

resources and raw material for the industries, 58 National Forest Priority Areas (NFPA’s) 

covering an area of 3.6 million hectares have been selected (SFCDD, 1990). The study 
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carried out by the Ministry of Water Resource for the Abbay River Basin Master Plan 

Project in 1966 indicated that the protection of these NFPA’s had not been effective. This 

was attributes to the failure to fully recognize the historical and customary rights and 

interests of local communities in forest products and forestlands (JICA, 1997). Planning 

efforts in the past have been hampered by the non-inclusion of local communities and 

their leaders. Local communities frequently disregard boundaries established by the 

forestry sectors on the grounds that these boundaries violated their traditional access to 

and dependence on the forest (JICA, 1997). 

2.1.1 The Vegetation types in Ethiopia 
 
According to White (1983), the exercise in vegetation description and classification in 

Africa had mainly relied on physiognomic features. However, the merits of having to 

ascribe floristic elements to phyto-geographical areas in which they occur have also been 

emphasized. 

 
The purpose of vegetation description is to enable people build mental picture of an area 

and its vegetation and to allow the comparison and ultimate classification of different 

units of vegetation. Moreover, vegetation description is essential to know what species 

present, their distribution and the relative degree of abundance of each species is before 

any serious of detailed work can be commenced in an area (Kershaw, 1973). Thus, the 

first objective in ecological work is to learn the composition, life form composition, 

species diversity and structure of vegetation. 

 
The vegetation resources of Ethiopia, including forests, woodlands and bush lands, have 

been studied by several scholars for years in which these studies were focusing on forests 

or vegetation of specific regions in Ethiopia; who have employed different methods of 

vegetation classification.  Based on the results of most of these studies, the various 

vegetation types of Ethiopia have been grouped into nine general categories for the 

purpose of developing the Conservation Strategy of Ethiopia (Sebsebe Demissew et al., 

2009).  
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The nine vegetation types are: (i) Desert and semi-desert scrubland; (ii) Acacia-

Commiphora woodland and bushland, further divided into Acacia-Commiphora 

woodland and bushland proper and Acacia wooded grass land of the Rift Valley; (iii) 

Wooded grassland of the western Gambela region; (iv) Combretum-Terminalia woodland 

and wooded grassland; (v) Dry evergreen Afro-montane forest and grassland complex, 

further divided into a) Undifferentiated Afro-montane forest, b) Dry single-dominant 

Afro-montane forest of the Ethiopian highlands, c) Afro-montane woodland, wooded 

grassland and grassland and d) Transition between Afro-montane vegetation and Acacia-

Commiphora bushland on the Eastern Escarpment; (vi) Moist evergreen Afro-montane 

forest; (vii) Transitional rainforest; (viii) Afro-alpine vegetation; and (ix) Riparian and 

swamp vegetation (Sebsebe Demissew et al., 2009). 

 
A. Combretum-Terminalia woodland and wooded grassland 

 
This vegetation type is characterized by small to moderately sized trees with fairly large 

deciduous leaves. This includes Boswellia papyrifera (Burseraceae); Anogeissus 

leiocarpa, Combretum adenogonium, Combretum hartmanianaum (endemic), 

Combretum molle, Combretum rochetianum, Combretum collinum, Anogeissus 

leiocarpus, and species of Terminalia, eg. T. schimperiana (all in Combretaceae); 

Lonchocarpus laxiflorus, Pterocarpus lucens, Dalbergia melanoxylon, Pilistigma 

thonningii (all Fabaceae subfamily Papilionoideae), Sterospermum kunthianum 

(Bignonianceae), species of Lannea, eg. L. barteri and L. fruticosa, Sclerocary birrea (all 

Anacardiaceae); Acacia hockii (Fabaceae subfamily Mimosoideae). The solid-stemmed 

lowland bamboo oxytenanthera abyssinica (Poaceae/Gramineae) is prominent in river 

valleys (and locally on the escarpment) of western Ethiopia (Sebsebe Demissew et al., 

2009).The ground cover is a tall stratum of perennial grasses (Poaceae), including 

Panicum maximum and species of Cymbopogon, Hyparrhenia, Echinochloa, Sorghum 

and Pennisetum. In the tree flora of the woodlands in the deep river valleys leading to 

west are also found a small number of endemic trees, including Boswellia pirottae 

(Burseraceae), Cussonia ostinii and Polyscias farinosa (both Araliaceae) (Sebsebe 

Demissew et al., 2009). 
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In western Ethiopia where the grass biomass is largest, this vegetation type has been 

burned annually for such a long time that the plants show clear adaptation to fire, and it 

must be assumed to be affected by controlled annual fires. This vegetation type occurs 

along the western escarpment of the Ethiopian plateau, from the border region between 

Ethiopia and Eritrea to western Kefa to the Sudan and the Omo Zone (Sebsebe Demissew 

et al., 2009). 

 
Furthermore, this vegetation type is the dominant vegetation in large parts of Gambela 

region (lowlands Illubabor floristic region), the Benshangul-Gumuz (western part of the 

Gojjam and Welega floristic region), the Dedessa valley in Welega in Oromia extending 

to the lower parts of Quara to Humera (Gonder floristic region), where it occurs at 500-

1900 m a.s.l. At the upper limit it frequently abuts on the moist afro-montane evergreen 

forest and the dry afro-montane evergreen forest and grassland. It penetrates into the 

Ethiopian plateau along the large river valleys. Combretum-Terminalia woodland also 

occurs at a comparatively narrow zone in central, north, southwest and eastern Ethiopia 

between the Acacia-Commiphora woodland and bushland and vegetation on the plateau. 

However, in these parts of Ethiopia this vegetation type has too small area coverage 

(Sebsebe Demissew et al., 2009). 

 
B. Acacia-Commiphora woodland and bushland 

 
This includes large areas of dry lowlands to the east of the Ethiopian Highlands and in the 

Rift Valley. Because of considerable differences, this complex and varied vegetation has 

been divided into two subtypes. 

 
1. Acacia-Commiphora woodland and bushland proper: this vegetation is 

characterized by drought resistant trees and shrubs, either deciduous or with small, 

evergreen leaves. The soils are commonly sandy, derived from Jurrasic and Cretaceous 

limestone and other sedimentary rocks. However, black alluvial soils also occur along 

rivers and in places with impeded drainage. The trees and shrubs form an almost 

complete canopy and include species of Acacia bussei, A.drepanolobium, A.hamulosa, 

A.ogadensis, A.prasinata (endemic), A.tortilis, A.zizisphina, Commiphora alaticaulis, 
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C.albiflora, C.campestris, C.ciliata, C.confusa, C.serrulata, Balanites aegyptiaca 

(Balanitaceae), Boswellia microphylla (Burseraceae), Combretum aculeatum and 

Terminalia orbicularis (both in Combretaceae). Succulents such as Euphorbia awahensis 

(endemic), Euphorbia monacantha (endemic), Euphorbia sebsebei (endemic) (all in 

Euphorbiaceae). Due to the small leaves in the tree and shrub layers, light penetrates to 

the ground, which often has rich flora. Thus, the ground cover is rich in shrubs, including 

species of Acalypha (Euphorbiaceae), Barleria (Acanthaceae), Aerva (Amaranthaceae); 

Asparagus aridicolus and Asparagus leptocladodius (both in Asparagaceae). This 

vegetation type occurs in the northern, eastern, central and southern parts of the country 

between (500- ) 900 and 1900 m. It is a particularly characteristic of extensive areas 

south and east of the Eastern Ethiopian highlands and the western part of Afar (Sebsebe 

Demissew et al., 2009). 

 
2. Acacia wooded grassland of the Rift Valley:  the wooded grassland of the Rift 

Valley consist of a tree stratum mainly or almost entirely consisting of species of Acacia 

over a grass stratum. In this it resembles the Acacia dominated wooded grassland of 

Gambela region, but it is distinguished from that vegetation by the nearly total absence of 

flooding and grass fires and by a somewhat different composition of the tree stratum. The 

tree stratum mainly consists of Acacia etbaica, A.seyal, A.albida, A.tortilis, A.senegal (all 

in Fabaceae). Other genera are Croton (C.dichogamus) and a candelabra-shaped 

Euphorbia. The grasses belong mainly to the genera Hyparrhenia, Heteropogon, Setaria, 

Sporobolus and Panicum. The wooded grassland of the Rift Valley occurs from the upper 

part of the Awash River in the north along the Rift Valley lakes to Konso in the south. On 

the slopes of the Rift Valley above the wooded grassland there is a range of vegetation 

types, in the southwestern part of the Rift Valley a narrow zone of Combretum-

Terminalia wooded land, on the eastern side mainly vegetation of the Dry Afro-montane 

forest and grassland complex (Sebsebe Demissew et al., 2009). 

 
C. Riparian and swamp vegetation 
 
According to Sebsebe Demissew et al. (2009), this vegetation type consists of at least 

three physiognomically different types; 1) riverine forest with faster moving water, 2) 
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open, almost treeless swamp vegetation with stagnant or slowly moving water almost 

throughout the year and 3) lakes, which may be surrounded by swamps. Such vegetation 

types are commonly known as wetlands. Wetlands provides important ecological 

functions such as in maintaining water regulation by serving as water storage and 

moderation ground water discharge; in nutrient cycling and water purification through the 

retention of pollutant. They are also important habitat for a large number of flora and 

fauna (including birds and fish). Typical trees in riverine forest include Acacia 

polyacantha subspecies campylacantha, Celtis Africana (Ulmaceae), Ficus sycomorus 

(Moraceae) and Mimusops kummel, Mimusops laurifolia (both in Sapotaceae), 

Breonardia salicina (Rubiaceae). The riverine and riparian forest vegetation is very 

variable, and the floristic composition is dependent on altitude and geographical location. 

This vegetation type occurs at larger lakes, along rivers, wetlands, etc. in all the 

vegetation types of Ethiopia described earlier.  

 
2.2 Vegetation Structure and Composition 
 
According to Teshome Soromessa et al. (2004), an ecological study conducted on the 

vegetation of Gamo Gofa Zone of Southern Ethiopia, a total of 216 plant species 

representing 58 families were recorded. The family Fabaceae was represented by 33 

species (15%), Poaceae by 22 species (10%), Capparidaceae by 12 species (7%), 

Asteraceae and Lamiaceae by 10 species, Acanthaceae and Anacardiaceae by 9 species 

each, Euphorbiaceae and Combretaceae by 6 species each, Tiliaceae, Vitaceae and 

Rubiaceae by 5 species each, Burseraceae, Asclepiadaceae, Sapindaceae and Solanaceae 

by 4 species. Other families were represented by one to three species. All the recorded 

families belonged to angiosperms except the family Selaginellaceae and 

Actiniopteridaceae. 

 
A study conducted on floristic composition and structure in Beschillo and Abay (Blue 

Nile) riverine vegetation, showed that, a total of 205 species of vascular plants were 

recorded which belong to 53 families and 152 genera. Out of 205 identified species, 

47.32% were herbs, 6.83% climbers, 22.44% shrubs, and 23.41% were trees. Out of 53 

identified families and 152 genera, 12% were Poaceae, 10% Fabaceae, 5.4 % 
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Acanthaceae, 4.9% Malvaceae and 4.4% Tiliaceae were few of the dominant families. 

Poaceae and Fabaceae were the two most dominant families (Getaneh Belachew, 2006). 

Furthermore, a study conducted on invasion of Prosopis juliflora into Awash National 

park and its impact on plant species diversity and soil characteristics, in which the 

altitude of the area ranges  between 760 m and 2000 m.a.s.l., showed that , a total of 122 

plant species, representing 79 genera and 30 families were recorded bordering ANP. Of 

these 120 specimens were identified to the species level and 2 at the genus level. Of the 

total species, 6 (4.92%) were trees and tree/shrubs, 37 (30.33%) were shrubs, 48 

(39.34%) were herbs and 25 (20.49%) species were grasses (Hibret Demissie, 2009). 

 
According to a study conducted on floristic diversity assessment and vegetation analysis 

of tropical semi-evergreen forest of Manipur, India, with the area having altitude 300 m 

to 360 m above the mean sea level, indicated that, a total of 123 species (17 trees, 36 

shrubs, 70 herbs) belonging to 48 families were recorded. Among families, Poaceae (19 

species), Fabaceae (13 species), Euphorbiaceae (7 species) and Acanthaceae (6 species) 

were most species diverse. Rubiaceae, Asteraceae, Mimosaceae and Cyperaceae are 

represented each by 5 species (Devi et al., 2006). A study on impact of resettlement on 

woody plant species in Jawie, Awie Zone of Amhara Region, investigated a total of 50 

woody tree and shrub species belonging to 25 families were recorded, with Fabaceae and 

Combretaceae contributed 7 species each the most dominant families in the site followed 

by Moraceae, Euphorbiaceae and Anacardiaceae represented each by 4 species and the 

rest of the families represented by 3 or less species (Melisachew Fentie, 2009). 

2.2.1 Plant Species Diversity and Structure 
 
Species diversity has been identified as one of the key indices of sustainable land use 

practices and considerable resources are expended to identify and implement strategies 

that will reverse the current decline in biodiversity at local, regional and international 

scales (Shackelton, 2000). According to Groombridge (1999), Biodiversity is the number, 

variety and variability of living organisms. Rosenzweing, (1995) pointed out that 

diversity could be viewed interims of alpha, beta and gamma diversity. Alpha diversity 

refers the diversity or number of species within a particular habitat or community. Beta 
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diversity is the rate and extent of change in species richness between communities across 

an environmental gradient over a relatively small distance. Gamma diversity is dependent 

on the alpha and beta diversities for a very large area such as a biome or continent. 

Among the different coefficient widely used to compute diversity of a community are 

species richness, evenness etc. (Krebs, 1989). Hurlbert (1978) defined the following 

terms: Species richness is the simplest concept of species diversity implying the number 

of species in a community, whereas, evenness is a measure of equitability and it attempts 

to quantify the unequal representation of species in a community against a hypothetical 

community in which all species are equally common.  

 
According to Hibret Demissie (2009), a study conducted on invasion of Prosopis juliflora 

into Awash National park and its impact on plant species diversity and soil 

characteristics, species richness was highest at intermediate altitude (56 species) and 

higher altitudes (42 species) whereas, species diversity was high in the lowest (H’=2.629 

) and highest altitudes (H’= 2.517). Some studies showed that (Gemedo Dalle, 2004, as 

cited in Hibret Demissie 2009) species richness and diversity tend to increase with 

altitude and (Menassie Gashaw et al., 1996, as cited in Hibret Demissie 2009) that 

species diversity generally decreases with increasing altitude. Another study (Desalegn 

Wana et al., 2005) showed that species richness and diversity peak at an intermediate 

altitudes and decline at the lower and upper altitudes. 

 
Semere Beyene (2010) reported that the density of woody species of the Yangudi-Rassa 

National Park vegetation in northeastern Ethiopia was 427 per hectare of which Acacia 

mellifera accounts 55.2 %, ranking the first in its density per hectare value. The 

vegetation of this area had a Shannon – Wiener diversity index value between 2.792 and 

3.266 distributed for the seven vegetation community types identified in the area. 

 
A study on vegetation structure and community patterns of Tehri submergence zone, 

Uttarakhand, India, in which the vegetation sampling in submergence zone of the dam 

was done along the contour of 569 m to 830 m above sea level, showed that the entire 

submergence zone was full of shrubs (31 species), which were gregariously growing with 

scattered trees (31 species) and forming 4-5 communities with different associations. The 
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density was 120-79820 plants per hector in the Bhagirathi submergence zone and 80-

645200 plants per hector in the Bhilangna submergence zone (Adhikari et al., 2009). 

 
2.3 Description of Large Dams and Gibe III Hydroelectric Dam 
 
According to the criteria used by the International Committee on Large Dams (ICOLD) a 

large dam is one that fulfills at least one of the following criteria: 

� higher than 15 m 

� higher than 10 m but with a crest length of more than 500 m 

� has more than 1 Mm3 storage capacity 

� has more than 2000 m3s-1 spilling capacity 

 
Thus, the demarcation between large and small dams, made by ICOLD, is based purely 

on engineering criteria. It is important to recognize that the differentiation does not 

represent a critical parameter in assessing the ecosystem impact of dams. Accordingly, 

based on the International Committee on Large Dams (ICOLD) Gibe III Hydroelectric 

dam is categorized under large dam, which has the following characteristics:  it is Rolled 

Compacted Concrete Dam (RCC), with a crest elevation of 896 m a.s.l., crest length of 

610 m, a maximum height above river bed 223 m, a maximum height above foundations 

243 m and a basic triangle opening of 0.75 (EEPCo, 2009).  

 
The Gibe III Hydropower Project will be the third development in a cascade of water 

resource schemes (Gilgel Gibe/ Gibe I, in operation and Gibe II under completion) on the 

main Gibe/Omo River. The Gibe III Hydropower scheme comprises a 240 m high dam 

which will create a huge reservoir with a surface area of some 200 km² and a live storage 

of some 11,750 million m³, with a total installed capacity of 1,870 MW (EEPCo, 2009).  

 
The reservoir will reach an extreme flood level (PMF level) at elevation 892.5 m a.s.l, the 

maximum water retention capacity of the reservoir (operation level) at 892 m a.s.l, the 

minimum operation level at 800 m a.s.l, with a total storage of 14700 Mm3 , live storage 

of reservoir (maximum regulated capacity) 11750 Mm3 volume of water and the surface 

area coverage at maximum operation level will be 211 km2 (EEPCo, 2009).The project 

has total water shed catchment area coverage of 34150 km2 , with average annual runoff 
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of 438.2 m3/sec, with 10,000 years return peak flood of 10600 m3/sec, with a probable 

maximum flood of 18660 m3/sec and the mean annual sediment yield of 18.3 Mm3/year. 

 
The river plains and associated bordering areas more directly interested by consequences 

related to the establishment of the Gibe III Hydropower Scheme host the following main 

natural vegetation ecosystems all to be found in diverse physiognomic and transition/ 

evolution forms due to different local conditions and uneven degrees of anthropogenic 

disturbance and utilization (EEPCo, 2009). Native vegetation such as, woodland, bush 

land, shrub land and grassland are all extensive in the lowland areas. Lowland riverine 

forest is also under threat and that threat will expand with any significant development 

(Ministry of Water Resources, 1996). 

2.3.1 Plant Species Interaction to Environmental Factors 
 
Species will respond differently to climate change at large scale because of differences in 

competitive abilities, migration rates, and responses to disturbance and to local scale 

environmental factors such as soil, moisture content, slope aspect and other factors will 

have significant role in the distribution of plant species in an area. Thus, new 

combinations of species will arise. This “reorganization” in species composition has as 

yet unknown consequences for ecosystem functioning. Many species may be able to 

disperse fast enough to keep up with projected climate change provided they can disperse 

through continuous, relatively undisturbed, natural ecosystems. This emphasizes the 

important consequences of fragmentation of natural ecosystems. Depending on the rate of 

climate change, other niche parameters may not change at same rate as climate, resulting 

in novel habitat combinations that species have not experienced before.  Changes in the 

relative timing of seasonal events during the yearly cycle may have strong negative 

impacts for many species, especially migratory ones. Invasion of alien species into 

natural ecosystems is an increasing problem worldwide which is likely to be exacerbated 

by climate change. Disturbance and dieback will probably increase as more long-lived 

organisms (trees) are farther from their optimal environmental envelopes and subject to 

increasing pressure from land use change. An increase in disturbance will lead to more 
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ecosystems in early succession states, resulting in a generally “weedier”, structurally 

simpler biosphere with fewer systems in a more ecologically complex, old-growth state. 

Markedly different effects of climate change on species composition will occur within 

individual landscapes because of local effects of soil, land use, and topographic variation 

(WCD, 2000). 

 
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). According to Teshome Soromessa et 

al. (2004), classification of the identified plant communities matched more or less with 

the altitudinal variation recorded, implying that altitude is the most important 

environmental element that determined occurrence and distribution of the plant 

communities. In agreement with this finding, it has been reported that altitude resulted in 

the major discrimination among the community types recognized in the vegetation of 

Afromontane and the transitional rainforests of southwestern Ethiopia (Kumelachew and 

Tamrat, 2002; cited in Teshome Soromessa et al., 2004). Similarly, the presence of 

altitudinal zonation delimiting vegetation types in southwestern Ethiopia had been 

reported from palynological studies of forests and woodlands (Bonnefille et al. 1993; 

cited in Teshome Soromessa et al., 2004). It has been long recognized that altitude is an 

important environmental factor that affects radiation, atmospheric pressure, moisture and 

temperature, all of which have strong influence on the recruitment, growth and 

development of plants and the distribution of vegetation types (Teshome Soromessa et 

al., 2004). Slope was also an important environmental element, which influences run-off 

and drainage, thereby, determining also the nutrient, depth and water content of the soil. 

The effect of slope was prominent in plant community types owing to rockiness of the 

area and low herbaceous cover with limited ability to reduce run-off. 

 
A study on spatio-persistance dynamics of plant species on metal contaminated soils 

around Nullah river of Rawalpindi, Islamabad, Pakistan confirmed that vegetations 

growing around contaminated soils responds to contamination stress, which had a similar 

pattern to response of vegetation found on a wide variety of anomalous soils such as 

eroded soil, cleared land and industrial effluent polluted soils.The phytosociological 
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attributes of showed that vegetation cover was sparse type, in which individual plants less 

frequently found in quadrates and the vegetation cover of the area was dominated by 

herbaceous type of plants specially grass. However, the diversity of species moderately 

increases as moved away from Nullah Leh. In fact, the species composition of plant 

communities indicates that sensitive plant species gradually follow a course of decline by 

forming less coverage. Definitely soil conditions have become unfavourable for them due 

to metal toxicity that has caused problems in colonization of these species (Rashid et al., 

2007). 

 
2.4 Importance of Riverine and Riparian Vegetation  

Riparian vegetation has significant environmental, social and economic values that are 

intimately linked to roles and functions in the terrestrial and aquatic environments. As 

part of its terrestrial role, riparian vegetation: 

� is an important source of food, shelter and habitat;   

� provides travel and migratory corridors for animals, birds and insects within and 

between catchments;  

� generally has a higher diversity of plants and animals than neighboring terrestrial 

vegetation communities and therefore has a role in conserving genetic resources; 

� buffers streams against nutrient, pollutant and sediment run-off; 

� performs a valuable role in rainfall interception, hydraulic energy dissipation, 

flood attenuation and groundwater regulation; 

� Has deep and varied root mass which reinforces the bank and floodplain thereby 

reducing bank erosion and maintaining channel morphology and stability. Deep 

rooted vegetation also assists in maintaining water table levels and preventing 

salinity; 

� limits and suppresses the growth and invasion of exotic plant species; and 

� Withstands a large measure of natural disturbance before it loses its integrity and 

therefore its ability to perform its critical functions.  

As well as its terrestrial functions, riparian vegetation also performs valuable aquatic 

ecosystem roles. Riparian vegetation is important: as an energy source through litter fall; 
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within in-stream habitat diversity from the inputs of woody debris; for providing shade, 

regulating water temperature and reducing algal growth; and as a source of food, shelter 

and habitat (Auble et al., 2007).  

Riparian vegetation also has a role in tourism and recreation. Riparian vegetation 

contributes to the aesthetic and visual qualities of freshwater and estuarine areas. Nearly 

two million tourists and visitors travel around Tasmania every year. The favorite 

recreational pastime of Tasmanians is walking (12.7%) and freshwater and estuarine 

fishing is a favorite recreational activity for over 22,000 Tasmanians. Significant effort 

has been spent in developing river walks and access to watercourses in townships, 

conservation areas, national parks, reserves, and State forests (Auble et al., 2007). 

While there are certain generic values and functions associated with riparian vegetation, 

some values and functions have greater significance than others at the local level 

depending on catchments conditions and community needs. The social and economic 

values of riparian vegetation are inextricably linked with environmental values and 

include: a role in maintaining health of waterways; visual and aesthetic beauty; a role in 

tourism and recreation; research and education and cultural identity (US EPA, 1999).  

The degradation of riparian vegetation has directly resulted in, or contributed toward, 

costs associated with: loss of native riparian flora and associated fauna; loss of aquatic 

and terrestrial gene pool, food, shelter and habitat; loss of estuarine productivity and 

health; dredging estuaries to maintain channels for shipping and boating; rehabilitation of 

degraded river banks, flood plains and channels; control of exotic species in the riparian 

vegetation; extra water treatment for town water supplies due to high sediment loads; 

pollution of waterways by toxic algal blooms; flood mitigation and repair; increasing soil 

salinity due to high water tables; loss of tourism; and loss of educational, scientific and 

recreation values (Auble et al., 2007). 

2.5 Land Use and Land Cover of the Project Area 
 
According to EEPCo EIA (2009), in which the land cover assessment was carried out for 

the Gibe III reservoir area  based on satellite images interpretation, field observations, 
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field data collection and analysis. The classification was based on GIS software 

supervised classification systems resulted into the following four classes: 

� deciduous woodland; 

� riverine forest; 

� exposed surface/silt/gravel and  

� water body/river. 

Farming practices and settlement are concentrated in areas (outside the valley on the 

highland) which are not affected by the future reservoir. However, farm houses occur in 

relatively small and isolated areas where people practice crop cultivation and livestock 

keeping and this unit was not mapped because this class was not recognized clearly with 

patterns and reflectance characteristics. The resulting land cover map in the reservoir area 

is shown in Table 1. 

 
Table 1. The land use distribution of the Gibe III reservoir area. 

 
Land Cover Type  Area in Hectare  Area Percentage 
Deciduous Woodland 17,158 82.2 
Riparian Vegetation 1,839 8.8 
Silt/gravel/Exposed Surface 973 4.7 
River/ water body 892 4.3 
Total 20,862 100 

 

Deciduous woodland: This unit covers about 17’158 ha which is about 82.2% of the 

reservoir area. It is characterized by approximately 2% tree cover and 98% grass at the 

time when the field survey was carried out. 

Riparian Vegetation: The riparian vegetation in the reservoir area was observed along the 

river sides. It occupied 1’839 ha of land that counts for about 8.8 % of the entire reservoir 

area. 

Exposed surface/ Silt/gravel: The exposed surface and silt/gravel land cover occurs 

mainly along the lower parts of the river, on steep sides of rivers and degraded hillsides 

and rock outcrops. This cover type is also observed at the river bed. This land covers type 

over 4.7 % of the reservoir area. 

 



 

 21 

2.6 Natural Vegetation of the Project area 
 
According to EEPCo EIA (2009), a detailed data collection of the vegetation 

composition, abundance, cover, physiognomy and other relevant ecological information 

of Omo Valley was conducted at different locations. The collected vegetation data were 

recorded by classifying the area into four distinct terraces (Terraces I to IV), occurring at 

1600, 1300, 1000 m a.s.l and riverine and the vegetation composition on all these terraces 

was monotonic except along the river banks. The forest and vegetation assessment was 

carried out by setting different objectives. Extensive survey and sampling of the 

vegetation was done around the dam site and reservoir area and plant species were listed 

and the percent canopy cover of each plant species was determined visually. 

 
According to Sebsebe Demissew et al. (2009) part of the Omo Valley vegetation is the 

Combretum-Terminalia woodland and wooded grassland of Western Ethiopia. The 

vegetation on the hill slopes of the valley is characterized by deciduous phenology of the 

woodland species which shed their leaves during the dry season and regain them during 

the wet season as an adaptive mechanism for the prolonged dry season. Important species 

include Boswellia pirote, Lannea schimperi, Anogeissus leiocarpus, Terminallia browni, 

Combretum molle, Tamarindus indica, Stereospermum kunthianum and Gardenia 

ternifolia. There is also a distinct narrow zone of riparian vegetation along river and 

stream banks owing to the relatively moist conditions (EEPCo, 2009). The species 

composition of the riparian vegetation is similar to that of the hill slopes except that the 

individual trees are larger in size. The altitudinal ranges, temperature, humidity and the 

floristic and physiognomy composition of the vegetation in the Omo river basin along 

with the system in Gibe Basin provide ideal conditions for Tsetse fly infestation 

(Getachew, 1983; Reid, R., et al., 1997, Reid et al., 2000, as cited in EEPCo, 2009). 

2.6.1 Vegetation Resources Classification of the Project Area 
 
As indicated in EEPCo EIA (2009), the existing vegetation in the project area was 

broadly classified into two parts, namely the woodland and the riparian. However, the 

proposed reservoir area was neither contiguous with, nor in close proximity with any of 

the nationally or regionally protected forest areas. 
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The landscape on either side of the valley had four distinct terraces, terrace I on the 

plateau (above 2300 m a.s.l.), Terrace II at 1600 m a.s.l, Terrace III at 1000 and Terrace 

IV at the river bank. 

The dry woodland landscape can be partitioned into three distinct types (EEPCo, 2009) 

namely: 

� the highland vegetation which is remnant of the vegetation of the plateau referred 

to as the dry evergreen mountain forest and the associated grasslands at Terrace I; 

� the Combretum-Terminalia woodland and wooded grassland of the low-lying 

altitude at terrace II and III; and 

� the riparian vegetation at Terrace IV. 

 
The Highland Vegetation: The highland vegetation could be encountered on the plateau 

at 2300 m asl and above at Wolayita, Waka and the vicinity before the dissent to the 

valley as part of the agroforestry system. The species include Erythrina brucei, Prunus 

africana, Podocarpus gracilior, Juniperus procera, Croton macrostachyus and 

Arunidnaria alpina interspaced in with enset and Eucalyptus plantations (EEPCo, 2009). 

 
The Lowland Vegetation is largely dominated by Combretum-Terminalia woodland and 

wooded grassland. The plant species of the Omo Valley have over time developed 

adaptive mechanisms and traits that allow them either to survive fire, to germinate after 

the heat shock or to regenerate after a fire episode. The selective pressure of fire on the 

plant communities has produced plant species, which are fire resistant, or pyrophytes. In 

the Omo valley, the bush fires occur between late February and early April. Fire has 

played an important role over evolutionary, historical, and ecological time influencing 

their composition, physiognomy and fuel availability and the relationship between fire 

and the plant and the associated animal communities is the result of mutual compromise. 

Thus, it is possible to suggest that the vegetation provides certain properties to the 

ecosystem that condition the fire regime, and the fire regime  determines in part, the 

maintenance, regression, or succession of plant and animal communities. The burnt grass 

and herbaceous species restart at their rhizomes, bases and bulbs, which are normally 

subterranean (EEPCo, 2009). 
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In General vegetation, which has evolved as response to the frequent fires, is poor in 

species composition (Packman, 1970; cited in EEPCo, 2009). The Vegetation on most of 

the length of the slopes of the Omo River System is mainly dominated by Combretum 

molle and Terminallia brownii. Only 33 woody species (shrub, small tree and trees 

species) distributed in 16 different Families were encountered. At the time of the study 

there was only a new sprout of grass making identification difficult. However, un-burnt 

pocket harboring some grass species indicate that the herbaceous layer is dominated by 

Hyparrhenia hirta. 

 
The Riparian Vegetation: There is a narrow band of riparian vegetation of almost similar 

species composition as the woodland on the hill slopes. Due to ample moisture, trees 

found at the edge of the riverbank are not affected by fire as the rest of trees in the upper 

parts of the study area. The species unique to the riparian vegetation include Prunus 

africana, Lepidotrichilia emetica and Euphorbia tirucalli and Tamarindus indica. 

Riparian vegetation along the riverbanks may be understood as giving ecosystem 

functions such as corridors connecting wet forests, being refugia for some plant species 

and biodiversity banks for wetter forest elements. They are also refugia for birds, 

invertebrates, reptiles, amphibians, ungulates, primates and their predators during the 

peak of bush fire period. The ungulates particularly find safe haven in the riparian forest 

until the bush fire culminated and the lush of grass sprout (EEPCo, 2009). 

2.6.2 Woody Biomass of the Vegetation 
 
The biomass of woodland and riparian forest vegetation was estimated by determining 

the density of each species. In general, the vegetation is under spocked and affected by 

frequent fire. The number of stems per hectare recorded within the woodland ranges from 

20 to 230 with an average number of 170 trees per hectare. Similarly, the average volume 

per hectare is 12.3 cubic meter. On the other hand, the number of stems recorded of the 

riparian forest ranges from 180-500 per hectare which is more dense than the woodland 

over the valley side. Similarly the volume per hectare is estimated at 105.5 cubic meters. 

Taking the volume estimate of 12.3 per hectare and the area estimate for the total 

woodland in the reservoir area (17,158 ha), the total volume estimate is at 211,043 cubic 
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meters and for the riparian woodland (1,839 ha of the reservoir area), taking the estimate 

of 105.5 cubic meters per hectare, the total stock estimate is 194,015 cubic meters that 

gives a total of 405,058 cubic meters that will be submerged by the reservoir (EEPCo, 

2009). 

 
2.7 Impact of Large Dams 
 
A large dam, by modifying the morpho-dynamic and hydraulic characteristics of the flow 

of water, can have a potentially sizeable negative impact on indigenous populations and 

ecosystems. In particular, flooding an area to be used as a reservoir may require the 

involuntary resettlement of people, may impoverish or destroy land and aquatic 

ecosystems upstream of the dam, may contribute to spread of infectious diseases (such as 

malaria) and may seriously degrade the quality of the water. Changing the flow of water 

may also compromise the use of the water downstream, having a major effect on 

dependent ecosystems. Lastly, the build-up of sediments around the dam may result in 

downstream erosion, as well as at estuaries (Coface, 2003). 

 
Dams have contributed to better water storage, irrigation and energy production, but have 

led to changes in upstream and downstream species composition and, in some instances, 

to species loss. Between 1950 and 1990 in India and China, dams displaced over 26 

million people (Karki 2000, cited in Rai, 2008). In countries like  Nepal, dam 

construction has resulted in adverse impacts on river fauna (such as dolphins and 

migratory fish species), flora and on local people (such as Nepal’s Majhi, fishing folk), 

who tend to receive inadequate compensation for land lost or also lack direct access to 

benefits from such dams (Rai, 2008). 

2.7.1 Impact on Local Climate Issues 
 
Large bodies of water influence the climate of their surroundings, especially the 

temperature and the humidity. The most notable effects are cooling in summer, warming 

in winter and reduction of the daily temperature variations. In the case of Gibe III 

reservoir some effects on temperature and humidity can be expected. Nevertheless lakes 

exhibit a beneficial effect on the local micro-climate (Kennett, 2007). 
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Evaporation from the surface of the reservoir will replace the present evapo-transpiration 

from the soil of the area to be covered by the reservoir. In certain months evapo-

transpiration from the soil would exceed the evaporation from the reservoir as a result of 

heavy rainfall periods when the soil becomes saturated. In addition, vegetation and 

topographical depressions in the soil create a much greater contact surface with the air, 

allowing a greater opportunity for water release than that provided by the surface of the 

reservoir (McCartney, 2009). 

 
The presence of the reservoir will expand the floodplain microclimate within the buffer 

zone. Microclimate changes beyond the buffer zone are not expected to be significant or 

noticeable except for a certain increase in fog. The estimation of the additional 

evaporation rate, induced by the presence of the reservoir, has been calculated on the 

basis of meteorological data in 5 m3/s. This value represents 1.1 per cent of the long-

period mean annual flow rate and for this reason it is possible to consider the evaporation 

losses negligible (EEPCo, 2009). 

 
The construction of a reservoir with a surface area of approximately 190 km2 can cause 

microclimatic changes over an average area of some km (1-5 km) from the edge of the 

reservoir. In some cases minor climatic changes can occur up to a distance 70-80 km 

away. At the edge of the reservoir daily temperature ranges could fall by 2 to 4°C, 

relative humidity could increase by 10 to 15 per cent; wind speed could increase; and, 

there could be reduced soil evapo-transpiration. With protection of the buffer zone and a 

small amount of management, the area of riparian forest would be greater after the 

reservoir fills than under the present conditions. Due to the fact that the climate variations 

on the reservoir could not be easily valuable in a short time, no compensation measures 

shall be considered (EEPCo, 2009). 

2.7.2 Impacts on Biological Environment 
 
Ecosystem impacts can be classified according to whether they are: First-order impacts 

that involve the physical, chemical, and geomorphologic consequences of blocking a 

river and altering the natural distribution and timing of stream flow; Second-order 
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impacts that involve changes in primary biological productivity of ecosystems including 

effects on riverine and riparian plant-life and on downstream habitat such as wetlands; or 

third-order impacts that involve alterations to fauna (such as fish) caused by a first-order 

effect (such as blocking migration) or a second-order effect (such as decrease in the 

availability of plankton) (McCartney et al., 2001). 

 
In addition, modifying the ecosystem changes the biochemical cycle in the natural 

riverine system. Reservoirs interrupt the downstream flow of organic carbon, leading to 

emissions of greenhouse gases such as methane and carbon dioxide that contribute to 

climate change. The current state of knowledge indicates that large dams have many 

mostly negative impacts on ecosystems. These impacts are complex, varied and often 

profound in nature. In many cases dams have led to the irreversible loss of species 

populations and ecosystems. Because the ecosystem impacts are many and complex it is 

hard to give a precise and detailed prediction of the changes likely to result from the 

construction of a dam or series of dams. Based on the geographical location of a dam and 

the natural river regime it is possible to give a broad indication of the type and direction 

of impacts with decreasing certainty, from first to third-order impacts. To date efforts to 

counter the ecosystem impacts of large dams have had only limited success. This is due 

to limited efforts to understand the ecosystem and the scope and nature of impacts, the 

inadequate approach to assessing even anticipated impacts and the only partial success of 

minimization, mitigation and compensation measures (WDC, 2000). 

 
As indicated by Sayadi et al. (2009), the environmental effects of the Gotvand dam 

construction, on Karoon River located within the Khozestan Province South of Iran, on 

biological, physical and socioeconomic aspects using ICOLD technique resulted that, the 

positive environmental effect received have lesser value than the negative impact on the 

environment; then it may be concluded that the Gotvand dam construction will have 

negative impact for the environment especially on biological elements. However, the 

numbers of positive impact especially in term of socio-economical impact significantly 

affect its negative ones.  
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2.7.3 Inundation of terrestrial ecosystems 
 
The most obvious upstream effect of reservoirs is the destruction of terrestrial ecosystems 

through inundation. Terrestrial biotopes are destroyed and all terrestrial plants and 

animals disappear from the submerged area. Terrestrial ecosystems are replaced by 

lacustrine littoral and sub littoral habitats and pelagic mass water circulations replace 

riverine flow patterns. Within many reservoirs, considerable periods of dissolved oxygen 

exhaustion occur immediately after dam closure as a result of decomposition of newly 

submerged vegetation. Although a reduced, stable, trophic state eventually becomes 

established, the period of trophic upsurge and anoxia may persist for more than 20 years 

after reservoir filling. Furthermore, first filling of reservoirs, particularly in the tropics, is 

often associated with an upsurge of nutrient release, as a result of the decay and 

mineralization of flooded organic matter (McCartney et al., 2001). 

 
According to McCartney et al. (2001), changing the flood regime of a river will 

inevitably have a number of ecological impacts, not only within the river course itself, 

but more importantly, in the riparian zones which it feeds. Ecological values of river 

systems which would have relevance to the environmental economist would include loss 

of habitats and biodiversity; river systems provide riparian corridors which are not only 

important as wetland habitats in itself, but also are important for many ‘upland’ species 

as a source of both water and food. As water flows downstream, it provides a dynamic 

source of matter and energy, promoting a high level of both biological productivity and 

ecological diversity. The availability of refugia for many species in the riparian zone is 

important during the spawning season, and is a key determinant of species productivity. 

An example of how this can be valued is provided by estimation (through shadow 

pricing) of the costs associated with commercial shrimp breeding, where a surrogate 

habitat is provided to promote biomass growth. 

2.7.4 Impact on Natural Vegetation 
 
The management of natural resources and particularly freshwater will be a key human 

endeavor in the 21st Century. Given the large number of existing dams and those that are 

likely to be built in the future, it is clear that humankind must live with the environmental 
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and social consequences for many decades to come. Most dams are built with the best of 

intentions: to provide water supplies and power at times when water is naturally scarce 

and to reduce the devastating effects of floods. These are worthy reasons for river 

regulation. However, it is now recognized that if development is to be sustainable, the 

effects of impoundment on ecosystems and other species cannot be neglected. 

Minimizing the negative environmental effects of dams must become a prime focus of 

attention for owners, operators, financial institutions and environmental managers. 

Innovative approaches for financing environmental protection measures must be devised 

(McCartney, 2009). 

 
A prerequisite for sustainable development is that future dam planning, construction and 

operation must become part of an integrated management effort that gives prominence to 

environmental protection. All the environmental impacts of a dam should be evaluated 

within the specific environmental, social and economic context of the catchments in 

which it is located. This requires interdisciplinary thinking and a basic understanding of 

the complex interactions between ecological and socio-economic systems. Lack of hydro-

ecological understanding remains a key constraint to successful environmental protection 

(McCartney et al., 2001). 

 
The introduction of a dam into a river system affects primary production. In freshwater 

ecosystems, phytoplankton, periphyton and macrophytes form the base of the food web.  

Upstream of a dam, the slow moving water of the reservoir is often an ideal habitat for 

phytoplankton but, depending on depth, temperature, light penetration and the nature of 

the substrate may be less suited for periphyton and rooted macrophytes.  

 
Downstream of a dam, primary production is affected by the changes to flow, water 

chemistry and thermal regimes, as well as current velocities and turbidity. In many 

temperate climates, increased summer flows, higher water temperatures in winter, 

reduction of turbidity, decreased scouring of the substrate and reduced effluent dilution 

often enhance primary production. Modification of primary production may alter the 

aquatic environment directly. For example, blooms of phytoplankton and floating plants 
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(e.g. water hyacinth) reduce light penetration and deplete oxygen when they decompose, 

and so have an adverse impact on other species (Joffe et al., 1997). 

 
Dams can also affect riverside and floodplain vegetation, the characteristics of which are 

often controlled by the dynamic interaction of flooding and sedimentation. By changing 

the magnitude and extent of floodplain inundation and land-water interaction, dams can 

disrupt plant reproduction and allow the encroachment of upland plants previously 

prevented by frequent flooding. Studies in Norway have shown that the presence of 

storage reservoirs permanently reduces the diversity of riparian vegetation (McCartney, 

2009). 

 
There will be impacts on the natural vegetation during the construction phase of the Gibe 

III scheme and these impacts will be either direct impacts related to the physical 

clearance, or disturbance and/or indirect impacts resulting from increased population and 

improved access. The major unavoidable direct impacts which results from 

implementation of this scheme is the flooding and clearing of natural vegetation for the 

operation of quarry and borrow areas, construction of access roads, construction of 

temporary campsites, operators dwelling, etc…(EEPCo, 2009). 

 
As indicated by Sayadi et al. (2009), vegetation destruction due to construction of large 

dam has very negative impacts on the physical, biological and socio economical 

environment. A change in the type, distribution and coverage of vegetation may occur 

given a change in the climate; this much is obvious. However, to what extent particular 

plant life changes, dies or thrives, depends largely on the model of prediction used. In any 

given scenario, a mild change in climate may result in increased precipitation and 

warmth, resulting in improved plant growth and the subsequent sequestration of airborne 

CO2. Larger, faster or more radical changes, however, may well result in vegetation 

stress, rapid plant loss and desertification in certain circumstances.  

 
The biological impacts of the Gotvand reservoir are felt in the areas of weeds, and 

environmental health including bilharzia, malaria and onchocerciasis. Weeds different 

plant species usually proliferate with the execution of water projects. These aquatic 
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weeds have very serious impacts on water supply and other reservoir based economic 

activities. This has greatly contributed to the decline of fishing as an occupation in most 

settlements. Perhaps the most serious aspect of aquatic weed growth is its direct impact 

on the incidence and spread of water borne diseases such as schistosomiasis, 

elephantiasis and filariasis (Sayadi et al., 2009). 

 
Study on EIA of Hulu Terengganu Hydroelectric dam Project (2008) pointed out that, 

impacts on vegetation communities during pre-construction stages are mainly associated 

with activities of construction of access road, site clearing (workers’ camp) but these 

activities will only result in relatively minor loss to forest floor vegetation and weed 

species. No mitigation on flora species is needed because most affected species are 

common. The activities during construction that are predicted to have negative impacts 

on forest flora are site clearing, excavation, tunneling and earthworks. These activities 

require the removal of vegetation which will cause permanent loss of vegetation species 

at the work areas, tunnel and roads. The loss is permanent. 

 
During operation, stream regulation will have direct impact on riparian habitat and in 

particular on the riparian vegetation. Adverse effects are expected for some of the 

common riparian species. Nevertheless, species such as Keruing Neram (Dipteocarpus 

oblongifolius), which can only be found on the banks of fast-flowing rivers in the habitats 

is of conservation interest. The juveniles, seedlings and saplings of this species should be 

salvaged for its survival (EIA of Hulu Terengganu Hydroelectric Dam, 2008). 

 
On the basis of the land cover assessment carried out as part of the study, it is estimated 

that the Gibe III reservoir will submerge an estimated 17,158 ha of deciduous woodland 

and 1,839 ha of riparian vegetation. The vegetation that will be impacted as compared to 

the available resources in the affected Weredas is indicated in the table below. This loss 

would not bring about marked differences in the carrying capacity as it represents only 

5.0% and 1.0% of the available woodland and riparian vegetation in the affected weredas 

respectively. However, there would be no overlap in the area impacted by the cascade 

schemes. Thus, any cumulative impact to natural vegetation resources associated with 

Gibe III scheme in combination with existing and other future projects would be minor. 
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To compensate for the loss of woodland and riparian forest it is recommended to develop 

a buffer area around the future reservoir area. When implemented, the buffer zone around 

the future reservoir area will also support the bio-diversity conservation as it would 

enhance the biological value of the area. Therefore, any cumulative impacts would be 

beneficial (EEPCo, 2009). 

 
Table 2. Land cover, impacted weredas and areas lost due to the Gibe III dam project 

 

Land Cover 
Area in Impacted 
Weredas (ha) 

Area lost due to 
the project (ha) 

Percentage loss by 
the project (%) 

Riverine vegetation  176,720 1,839 1.04 
Deciduous woodland 341,075 17,158 5.03 
Total 517,795 18,997 6.07 

2.7.5 Loss of Natural Vegetation 
 
Although the vegetation is more of woodland, a conservative estimate of the biomass 

indicates that 211,043 m3 is woodland biomass and 194,015 m3 of forest biomass would 

be inundated by the water at full supply level. Although this volume seems attractive, 

there is no wood product, which can be used for commercial purpose. However, denser, 

taller and relatively straight trees are found around edge of the riverbank and valley 

bottoms (EEPCo, 2009). 

 
A terrestrial vegetation survey that was done in the course of the field investigations 

confirmed that there are no designated or protected areas of terrestrial ecological interest 

that will be affected by the proposed construction activities. Comparison of the species 

list of the woodland and the riparian and the surrounding vegetation with the list of 

endangered and endemic plant species of Ethiopia (Ensermu Kelbesa et al., 1992; cited in 

EEPCo, 2009) does not indicate any endangered species in the area. 

 
The characteristics of riparian communities are controlled by the dynamic interaction of 

flooding and sedimentation. Many riparian species are dependent on shallow floodplain 

aquifers that are recharged during regular flood events. Dams can have significant and 

complex impacts on downstream riparian plant communities. An important downstream 

manifestation of river impoundment is the loss of pulse stimulated responses at the water-
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land interface of the riverine system. High discharges can retard the encroachment of true 

terrestrial species, but many riparian plants have evolved with, and become adapted to the 

natural flood regime. Species adapted to pulse-stimulated habitats are often adversely 

affected by flow-regulation (Auble et al., 2007). 

 
Typical riparian forest tree species are dependent on river flows and a shallow aquifer, 

and the community and population structure of riparian forests is related to the spatial and 

temporal patterns of flooding at a site. For example, the Eucalyptus forests of the Murray 

floodplain, Australia, depend on periodic flooding for seed germination and regeneration 

has been curtailed by headwater impoundment (WDC, 2000). Conversely, artificial 

pulses generated by dam releases at the wrong time in ecological terms have been 

recognized as a cause of forest destruction. For example, Acacia xanthophloea is 

disappearing from the Pongolo system below Pongolapoort Dam, South Africa as a result 

of mis-timed floods (Joffe et al., 1997). 

 
The direct loss of annual silt and nutrient replenishment as a consequence of upstream 

impoundment is thought to have contributed to the gradual loss of fertility of formerly 

productive floodplain soils. It has been shown that given sufficient time after dam 

construction riparian forest vegetation may be replaced by forest types more 

characteristic of unflooded upland areas. Similar effects caused by the decoupling of 

basin hydrology from riparian vegetation (i.e. caused by changes in both high and low 

flow regimes) have been documented in the USA (Miller et al., 1995; cited in McCartney 

et al., 2001). 

 
2.8 Mitigation Measures of Impacts 
 
According to EEPCo (2009), to mitigate the potential impacts of flooding on the 

vegetation resources and the associated impacts on reservoir water quality, a combination 

of the following two measures are recommended for the Gibe III HEP dam: 

 
1. Harvesting by enterprises or individuals: It is recommended to encourage 

enterprises or individuals living in the surrounding area harvest the biomass through 

salvage logging and promotion of firewood collection and/or charcoal collection by the 
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people well before the reservoir filling begins. The informal discussion made with the 

local people suggested that although a considerable amount of the biomass would be 

submerged; salvaging the biomass for use would be very costly in terms of labor 

considering the availability of wood in the vicinity for relatively cheaper price. Besides, 

the wood is not useful other than for fuel since the tree species in the area are not among 

those preferred for lumbering. 

 
The availability of abundant eucalyptus biomass both in Wolayta and Waka area makes 

the first option (harvesting) non-profitable because of the inaccessibility of most parts of 

the reservoir area and as the result of the steep slope which would make extraction and 

transportation of the biomass very difficult (EEPCo, 2009). 

 
However, if not regulated, harvesting may exert a very salient impact on the surrounding. 

The community may continue to harvest the vegetation outside the target area and it 

would be required to adopt protection measures to the surrounding of the future reservoir 

area from the long term effect of encouraging the people to use the vegetation in their 

own way. Therefore, it will be important to implement a strict regulation and policing to 

stop harvesting and protect the rest of the hill slopes ones the vegetation which will be 

inundated are fully harvested and/or flooded (EEPCo, 2009). 

 
2. Flooding: The proposed plan to harvest as much as possible the available vegetation 

resources will reduce the level of this risk and the conditions will stabilize in due course. 

However, the remaining vegetation could be left to be submerged and decompose as it 

stands. This option would have a relatively minor temporary effect on the quality of the 

water since the decomposition of the biomass will contribute to the organic matter 

content and therefore will create anoxic conditions in the reservoir. There is also a real 

possibility of the workforce engaging in illegal timber extraction to the detriment of the 

environment if adequate controls are not applied. Policing of the forest from a 

conservation viewpoint is probably ineffective as a result of manpower and other 

constraints. 

To minimize the destruction of trees and natural vegetation and replace for the loss due to 

construction activities out side the future reservoir area, it is recommended to: 
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� adhere to principles of environmental conservation during the construction period 

in order to avoid excessive destruction of vegetation, 

� prepare a plan to remove mature trees in the construction area (i.e. access road, 

construction camp sites, quarry areas, etc.) so as to obtain optimal benefits from 

harvested timber, 

� prepare a plan to transplant endemic trees wherever they appear in construction 

areas, 

� avoid damping construction spoils in cliffs and dry river beds where rare and 

endemic plants are available, 

� compensate in cash for the loss of privately-owned mature trees, 

� Rehabilitate the area to an acceptable condition by planting indigenous trees in the 

abandoned sites after preparing the sites for establishment of plants.  

 
As indicated by EEPCo (2009), establishment of nurseries to prepare the necessary 

amount of seedlings in the area near a water source. This restoration presents an 

opportunity for environmental enhancement. Restoration and enhancement proposals 

should be discussed and agreed with the Kebele Council. 
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3.  Methodologies 
 
3.1 Description of the Study Area 

3.1.1 Location 
 
The study was conducted at Gibe III hydroelectric reservoir dam; the project area is some 

450 km South West of Addis Ababa. The project is located within the jurisdiction of the 

Mareka Gana Wereda of the Dawro Zone and Kindo Koyisha Wereda of Sodo (Wolayta) 

zone of the Southern Nations and Nationalities People Regional State (SNNPRS) (see 

Figure 1). The approximate centroid of the project area lies at 757,225 North and 312,293 

East (EEPCo, 2009). 

 
The Gibe III reservoir (from the powerhouse of Gibe II to the dam of Gibe III) is about 

155 km long (see Figure 2). The only large river entering into the Omo/Gibe is the Gojeb 

(on the right side). The valley is very narrow and deep canyon and only in two zones the 

valley is relatively wider. The morphology of the Gibe-Omo is favorable for the creation 

of large reservoir and has been used for the selection of the Gibe III dam site (EEPCo 

2009).  

Figure 1. Map of the study area 
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3.1.2 Climate 
 
The study area climate is relatively characterized by intermediate between these extremes 

(the hot arid climate and tropical humid) in which the greater part of the Basin the climate is 

tropical sub humid; similarly the Gibe III hydroelectric dam is within the Omo-Gibe basin 

which lies in the sub humid climatic zone (Ministry of Water Resources, 1996). 

 Annual rainfall is low in the Omo valley downstream of the proposed dam site, 

compared with the upstream catchments having annual rainfall of 1426 mm at the Gibe 

III dam site, 1229.5 mm at Wolayta Sodo etc. (Table 3) and is also unreliable, resulting in 

frequent droughts. Particularly in the lower part of the study area annual rainfall rapidly 

decreases from 700-800 mm (study area’s average) to less than 300 mm. 

 

 
 
Figure 2:  Omo –Gibe basin cascade location (source EEPCo, 2009) 
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Table 3. Mean monthly rainfall (mm) 

 

Stations Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Year 
Agaro 28.5 39.5 102.8 114.2 172.5 253.0 262.2 242.5 196.2 128.9 58.3 37.9 1636.5 
Gojeb 42.4 121.8 85.4 128.3 189.9 226.1 203.2 212.0 171.6 93.2 65.8 37.1 1577.1 
Sekorru 30.0 38.1 71.0 105.9 149.2 222.6 216.2 324.2 166.0 79.5 17.7 25.8 1446.2 
Walyita Sodo 37.5 39.7 82.2 150.1 162.5 127.8 177.2 173.9 112.3 95.4 41.9 29.0 1229.5 
Dam Site 27 40 84 112 152 211 248 243 164 81 33 24 1426 

 

Rainfall totals some 400 mm/year in Hailoo-Salamago, around 300 mm in Kara Dus, less 

than 300 mm in Nyangatom and Omorate, and some 100-200 mm in the delta, possibly 

nil in recurrent years of drought (EEPCo, 2009). 

 
The amount of rain received annually is thus generally insufficient to grow rain fed crops 

in the lower portion of the basin and people in that area depend on river flooding the land 

to provide enough soil moisture for subsistence recession cropping. 

 
Temperature increases and rainfall decreases as one descends southwards through the 

lowland plains of the Omo River, to an altitude as low as 300 m a.s.l near Lake Turkana. 

In the delta area, where most of the recession farming is found, the average daily 

temperatures are around 30°C, with maximum values reaching over 40°C in summer 

(EEPCo, 2009). 

 
The mean annual temperature in the basin (Omo- Gibe) varies from less than 170C in the 

highlands to the west, to over 290C to the south, reflecting the correlation between 

temperature and elevation.  Generally, there is little variation in the mean monthly 

minimum temperatures, which are around 100C for most of the year, but the mean 

maximum temperature drops markedly during July and August.  Most stations show 

similar trends throughout the season, with a maximum around April and a minimum in 

July or August (Ministry of Water Resources, 1996). 

3.1.3 Geology 
 
The regional geology of southern Ethiopia consists mostly of metamorphic rocks of green 

schist, amphibolite and granulite facies that represent the southern margins of the 



 

 38 

Arabian-Nubian shield. The Precambrian basement rocks are the result of a complex 

tectonic and metamorphic history during the Proterozoic times (EEPCo, 2009).  

 
The dam site area is characterized by a deep gorge with sub-vertical walls. The river 

alluvium is constituted by fine sands and gravel of variable thickness, with a maximum 

depth up to about 15 meters. From the river banks start the 30-50 m slopes of coarse 

angular colluviums in silt-sandy matrices. The slightly weathered trachyte walls, 

outcropping are mainly characterized by two sub-vertical joint families, being parallel 

and orthogonal to the river. The walls are affected also by a relevant transverse fault 

system with NW-SE orientation. The Left bank is about 200 m high and appears almost 

intact, while the right bank is affected by a NNW-SSE fault system. The trachyte flow 

appears in some parts weathered and altered by fractures and hydrothermal fluids. At the 

top of the right bank a main NNW-SSE fault has caused a vertical displacement and put 

basalt and trachyte structures into contact. Near the contact with the colluviums, the rock 

assumes a more plutonic look. The ends of the walls are sometimes characterized by 

basalt columnar flows (two at least) upset by a structural movement. At the top of this 

flows start a columnar basalt and vacuolar basalt flows series with horizontal asset inter-

bedded by a metric series of pyroclastic rocks and continental erosion deposits 

constituted by a etherogenic pebbles (EEPCo, 2009). 

3.1.4 Soils 
 
The study area is within the Omo-Gibe Basin, in which the interplay of various factors 

has determined the nature of the soils.  A critical factor is time, since the area is relatively 

young and the soils have not had a chance to develop fully.  Most rocks and therefore 

land surfaces are relatively young, late Tertiary to Quaternary in age, the exception being 

the basement rocks in the south of the Basin.  With rivers still adjusting their base levels, 

many areas are experiencing erosion, and dissection of the landscape is the norm rather 

than the exception.  Such ‘geologic’ erosion is being accelerated by the prevailing land 

management practices (Ministry of Water Resources, 1996). The highland part of the area 

is endowed with deep, relatively rich soils largely of volcanic origin and of considerable 

productive potential.  Broadly speaking, they can be divided into well drained, friable 
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soils on slopes and poorly drained vertisols on level areas.  Not surprisingly, the friable 

soils on slopes are preferred for cultivation with the limited technology available; the 

vertisols are generally too heavy for ploughing with animal traction.  However, slopes are 

often steep and the soils, with low organic matter and weak structures are prone to 

erosion. In the lowland area, soils are primarily alluvial and very young.  Indeed, many of 

them have so little pedogenic development that they may not classify as ‘soils’ at all.  

3.1.5 Population 
 
The reservoir for Gibe III hydropower is located in SNNP Regional State along the Omo 

and it stretches to its tributaries the Gojeb and Gibe Rivers. Within the SNNRS, the 

reservoir stretches over five zones and nine weredas namely, Kindo Koyisha and Boloso 

Sore wereda of Wolayita Zone, Genna Bossa and Loma wereda of Dawro Zone, Kacha 

Birra and Omo Sheleko wereda in Kembata Timbaro Zone, and Soro and Gibe weredas 

in Hadiya Zone and Yem Special Wereda (EEPCo, 2009). 

 
 In 2006, an estimated 2,337,309 people were living in these 11 weredas of which 49.7% 

were males and 50.3% were females.The contribution of Omo Nada wereda of the Jimma 

zone side is considered relatively very small. The average household size for all affected 

Kebeles is about 5.55 and it ranges from 3.9 to 7.3 and this is slightly higher than the 

national average which is 5.0 (EEPCo, 2009). 

 
The average wereda population density in the project area is estimated to be about 277.8 

persons/km2. The highest population density (576 persons/km2) is observed at Kacha 

Birra wereda and the lowest at Loma Wereda (53 persons/km2). Within the project 

affected PAs, the average population density is 127.8 persons/km2 and this figure ranges 

from 9.43 persons/km2 in Mashinga PA to 696.3 persons/km2 in Belela PA (EEPCo, 

2009). 

 
3.2 Study Design 
 
Reconnaissance survey was conducted for a week from April 24, 2010 to May 1, 2010, 

during this period sampling sites and way of conducting vegetation data collection 
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determined based on the topography and visual observation of vegetation structure of the 

area. 

3.2.1 Sample Site Selection and Procedures  
 
The study used four different sites, which were classified based on the hydroelectric dam 

excavation site as a reference; upstream and down stream of the Omo River and the 

aforementioned classification further classified as right and left of river course.   

 
Vegetation samples were collected preferentially by observing vegetation structure of the 

area and laying quadrats in each site, upstream right, upstream left, down stream right 

and down stream left. The number of quadrats laid on each site was not uniform due to 

the importance of the sites, vegetation structure and accessibility. Thus, around 20 

quadrats each 20 m x 20 m (400 m2) in the down stream site and 42 quadrats each 20 m x 

20 m (400 m2) in the upstream of the dam excavation site.  More emphasise was given to 

sampling on the upstream site due to the fact that there will be  loss of all vegetation in 

the area because of submergence of the area when the dam begins operation the area will 

be totally covered with water. Thus, in order to document the vegetation structure and 

composition more number of quadrats was crucial. A total of 62 quadrats 20 m x 20 m 

(400 m2) were laid preferentially by visual observation of the vegetation structure of the 

area and a total length of 20 kms was covered for the vegetation collection, 10 kms 

upstream and 10 kms down stream of the dam excavation site. The sample plots which 

were fall in cultivated fields close to a household were excluded. 

3.2.2 Vegetation Data Collection 
 
Vegetation data collection was done for a period of one month from May 21 to June 20, 

2010. From all 62 sampling plots herbs, shrubs and trees were collected. 

 
In each plot plant species were categorized into tree, shrub and herbs based on their habit, 

diameter at breast height (DBH) and height. Then all trees/shrubs within the plots were 

recorded and DBH was measured using diameter tape. But height measurement for tall 

trees (> 3 m) was done by visual estimation. 
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All individual trees with DBH greater than 2 cm and height greater than 3 m were 

measured for DBH following (Tamrat Bekele, 1994; Abate Ayalew et al., 2006). 

Individuals with DBH ≤ 2 cm and height ≤ 3 m were counted as shrub following 

(Abayneh Derero et al., 2003; Gemedo Dalle, 2004). If a tree is branched at breast height 

or below, the diameter was measured separately for the branch and then averaged. Any 

individual with its above ground stem growing in a bunch (cluster) was counted as a 

single individual for density calculation. 

 
The presence or absence of plant species was tallied by direct counting. Herbaceous 

species was recorded from the five subplots of 1 m x 1 m (four at the corners and one at 

the center of the main plot) (Muller-Dombois and Ellenberg, 1974). That is, all grasses 

rooted within the marked area of 1 m2 were recorded and collected. 

 
The collected voucher specimens were taken to the National Herbarium (ETH), Addis 

Ababa University, for identification. The nomenclature followed by the published flora of 

Ethiopia and Eritrea. 

 
3.3 Data Analysis 

3.3.1 Plant Species Diversity 
 
The structure of woody species was described through the analysis of species density, 

diameter, basal area and frequency. Among the commonly used diversity indices, 

Shannon-Weiner index is the most applied tool for species diversity index (Mueller-

Dombois and Ellenberg, 1974). Thus, Species richness was calculated using a simple 

counting the total number of species within a sample area. For community classification 

the data was subjected to TWINSPAN (SYNTAX) soft ware. Species diversity was 

measured using Shannon-Wiener diversity index (H') based on the proportion of the 

species as input source. The Shannon Diversity Index (H') was calculated using the 

following formula: 

 
H'= - Σ Pi ln Pi 

Where, S = Total number of species 

Σ = Summation  
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Pi = the proportion of individuals or the abundance of the ith species expressed as a 

proportion of total cover 

ln = log base n. 

Values of the index usually lie between 1.5 and 3.5 although in exceptional cases, the 

value can exceed 4.5. 

 
Frequency (Freq.), the chance of finding a species in a particular area in particular trial 

samples. It is obtained by using quadrats and expressed as the number of quadrates 

occupied by a given species per total number of quadrates laid out or, more often, as a 

percentage (Goldsmith et al., 1986). 

 
Freq. = (Number of quadrates in which a species occurs/ Total number of quadrats laid 

out in the study site) X 100 

 
Density (D) is the count of individuals per unit area. Counting is usually done in quadrat 

placed several times into vegetation under study. Afterwards, the sum of individuals per 

species is calculated in terms of species density per convenient area unit such as a hectare 

(Mueller- Dombois and Ellenberger, 1974). 

D = Number of above ground stems of a species counted/Sampled area in hectare (ha)  

 
Basal area (BA) is the cross-sectional area of tree stems at diameter at breast height and 

calculated by using the following formula (Hutchings, 1986; Mueller-Dombois and 

Ellenberger, 1974). 

BA = Πd2 /4 

Where, BA= basal area in m2 per hectare, d= diameter at breast height; Π= 3.14. 

 
Importance value index (IVI): combines data from three parameters which include 

relative frequency (RF), relative density (RD) and relative dominance (RDO) (Kent and 

Coker, 1992). IVI of a species was calculated from the sum of RDO, RD and RF as 

recommended by Kent and Coker (1992). Each components of IVI was computed as 

described below: 

Importance Value Index = RD + RF + RDO 
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RD = (Total number of individual species A/Total number of individuals of all species) 

X 100 

RF = (Frequency of species A/Frequency of all species) X 100 

RDO = (Dominance of species A/ Dominance of all species) X 100 

Where, dominance is the mean of BA per tree time’s number of the tree species. 

  
Impact of dam construction on the vegetation composition and structure was described 

based on the results of vegetation data analysis and then identifying and presenting the 

possible impacts with statement.  

 
3.4 Data Interpretation and Presentation 
 
The analyzed data was interpreted in accordance with the relevant correlation to the main 

aim of the study. The analyzed data was presented in graphs, descriptive statistic, 

percentage, charts, and tables and so on. 
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4. Results and Discussion 
 
4.1 Floristic Composition 
  
A total of 86 plant species were recorded which belong to 31 families and 61 genera (see 

Appendix 1).Of these 84 specimens were identified at species level and 2 specimens at 

genus level. Out of 86 species of plants recorded, 43 species (50%) were shrubs, 35 

species (40.7%) trees, 6 species (6.9%) were tree or shrub and herb & woody climber was 

represented each by 1 species (1.2%) (Figure 3).  
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Figure 3. Composition of plant species in the various life forms identified at Gibe III 

Hydroelectric dam site vegetation. 

 
Out of 31 families identified the major families  in decreasing order are: Fabaceae 

represented by 12 species (14%), Euphorbiaceae by 10 species (12%), Combretaceae by 

8 species (9%), Anacardiaceae by 7 species (8%),  Rubiaceae by 6 species(7%), 

Moraceae by 4 species (5%), Meliaceae and Capparidaceae each  by 3 species (3%), 

Annonaceae, Olacaceae, Rhamnaceae, Bignoniaceae, Apocynaceae, Boraginaceae, 

Ebenaceae, Tiliaceae, Sapindaceae and Asparagaceae, each  by 2 species (2%). The 

remaining families all together accounted 13% of the total species composition each 

family represented by 1 species (see Appendix 3). 
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Among the identified 61 genera, the most diverse were Acacia and Combretum each 

represented by 5 species, followed by Ficus and Terminalia, each represented by 3 

species, Ximenia, Asparagus, Croton, Bridelia, Diospyros, Ehretia, Lannea, Grewia, 

Ozoroa, Phyllanthus, Rhus and Vangueria,  each represented by 2 species. The rest of the 

genera were represented each by one species (see Appendix 2). 

 
The species richness at this study site was much higher than those reported for the same 

site i.e. only 33 species (shrubs, small trees and trees) (EEPCo, 2009); similarly species 

richness was higher than that reported for woody plant species of Jawie, Awie Zone of 

Amhara region, i.e. 50 species (Melisachew Fentie, 2009) and much lower than that 

reported for Gamo Gofa Zone vegetation, in southern Ethiopia i.e. 216 species (Teshome 

Soromessa et al., 2004); similarly species richness was much lower than those reported 

for the Beschilo and Abay (Blue Nile) riverine vegetation i.e. 205 species (Getaneh 

Belachew, 2006). The difference in environmental factors such as soil, rainfall, and 

altitude etc.., anthropogenic effect on the vegetation etc.., may be attributed to the higher 

and lower value of species richness of the present study with that of the previous studies. 

 
4.2 Species Diversity 
 
The Shannon-Wiener diversity index of the study sites which are down stream right, 

down stream left, upstream right and upstream left of the river coarse and down stream 

and upstream of the dam excavation site is shown in Table 4 and Table 5 respectively. 

Among the four study sites the highest species diversity (H’= 3.581) was recorded in 

upstream right where as the lowest species diversity (H’= 2.754) was recorded down 

stream left site. Accordingly, the highest species richness was recorded at upstream left 

and the lowest species richness was recorded at down stream left. This study shows 

moderately, the direct relationship between species diversity and species richness in 

which both the lowest species diversity and richness was recorded at down stream. 

Furthermore, the highest species diversity and richness was a little bit different in which 

the highest species diversity was recorded at upstream right, where as the highest species 

richness was recorded at upstream left. 
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Table 4. Shannon-Wiener diversity index of the four sampling sites 

 
Sampling sites Species richness (S) Diversity index (H’) 
Down stream (Right side) 37 2.843 
Down stream (Left side) 31 2.754 
Upstream (Right side) 65 3.581 
Upstream (Left side) 68 3.425 
Average 50 3.151 

 

Moreover, the sampling plots were categorized into two big categories i.e. down stream 

and upstream of the dam excavation site. The highest species diversity (H’=3.61) was 

recorded at upstream whereas the lowest species diversity (H’= 3.34) was recorded at 

down stream (Table 5). Accordingly, the highest species richness was also recorded at 

upstream while the lowest species richness was recorded at down stream. 

 
Table 5. Shannon-Wiener diversity index of down stream and upstream of the study area 

Sampling sites Species richness (S) Diversity index (H’) 
Down stream  54 3.34 
Upstream 79 3.61 
Average 66.5 3.48 

 

Even though, species diversity and richness have directly related, in this study as 

indicated in Table 4 the species richness is high on left side of upstream but, the highest 

species diversity was recorded on the right side of upstream which is probably due to 

large number plant individuals in the sampling plots. 

 
As indicated in Table 4, the species diversity and richness is low at the down stream 

(both right and left sides) as compared to the upstream (right and left sides). The possible 

reason for the decrease in species diversity and richness in these sites could be due to the 

fewer sampling plots in both the left and right sides on the downstream. However, when 

comparing the species diversity and richness of upstream right and left, in which their 

sampling plots differs by 5 i.e. upstream left exceeds upstream right by 5 plots, while the 

highest species diversity value was recorded at upstream right which had less sampling 

plots than upstream left but the  highest species richness was recorded at upstream left.  
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Table 6. Shannon-Wiener diversity index of sampling sites along with altitudinal gradient 
 
Sampling sites Average altitude (m) Species richness (S) Diversity index (H’) 
Down stream (Right side) 716.38 37 2.843 
Down stream (Left side) 703 31 2.754 
Upstream (Right side) 827.95 65 3.581 
Upstream (Left side) 774.84 68 3.425 
Average 755.54 50 3.151 

 
In the present study, species richness and diversity was highest at relatively higher 

altitude whereas lowest species richness and diversity was recorded at lower altitudes 

(Table 6). This study agrees with Gemedo Dalle (2004) that species richness and 

diversity tends to increase with increasing altitude and disagrees with Menassie Gashaw 

et al. (1996) that species diversity generally decreases with increasing altitude. 

 
4.3 Tree Species 
 
A total of 35 species belonging to 14 families and 24 genera with a DBH > 2 cm of tree 

individuals were recorded from 62 sample plots (2.48 ha); with Fabaceae and 

Combretaceae each having the highest number with 6 species (17.14%) followed by 

Anacardiaceae and Moraceae each with 4 species (11.43%), Euphorbiaceae by 3 species 

(8.57%) and Boraginaceae, Ebenaceae and Rubiaceae each by 2 species (5.71%). The 

remaining families represented by one species (2.86%) (see Appendix 4). A total of 3046 

woody stems were counted in the study area of which 15.17% were Combretum 

adenogonium, with the largest number of all tree species, 462 stems of the species 

counted in 2.48 m2 /ha. Other species such as Diospyros mespiliformis was 324 in number 

(10.64%); Combretum molle 306 (10.05%); Ekebergia capensis 241 (7.91%); Acacia 

polyacantha 211 (6.93%); Acacia sieberiana 210 (6.89%); Terminalia schimperiana 173 

(5.68%); Haplocoelum foliolosum 164 (5.38%); Acacia dolichocephala 145 (4.76%) 

were the dominant species within the sample plots. Antiaris toxicaria; Azadirachta 

indica; Combretum collinum; Ficus sycomorus; Ficus vasta; Paveha gardeniifolia;; 

Steganotaenia araliacea; Piliostigma thonningii were some of the rare species in the 

study area.  
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Combretum adenogonium, Diospyros mespiliformis, Combretum molle and Ekebergia 

capensis were the most common tree species in many sample plots of the study area. 

 
4.4 Vegetation Structure 

4.4.1 Tree Density and DBH (Diameter at Breast Height) 
 
The density of individuals trees whose DBH > 2 cm was 1228 per hectare (see Appendix 

7). Combretum adenogonium occupied 15.17% of the total density and followed by 

Diospyros mespiliformis 10.64%, Combretum molle 10.05%, Ekebergia capensis 7.91%, 

Acacia polyacantha 6.93%, Acacia sieberiana 6.89%, Terminalia schimperiana 5.68%, 

Haplocoelum foliolosum 5.38%, Acacia dolichocephala 4.76% and Ehretia sp. 3.05%. 

 
The tree species were classified into four DBH classes (Class A, B, C and D) (Figure 4), 

DBH class A includes tree species with a DBH 1 – 10 cm and consists of 8 tree species, 

which accounted for 16.45% of the total woody species with a density of 202.02 per 

hectare that includes those tree species with higher density in this class such as Acacia 

polyacantha, Terminalia schimperiana and Terminalia brownii. Class B (10- 20 cm) 

consists the highest number of tree species (17) with a higher number of density 

(502.02/ha) and 40.87% of the total tree density of the study area. Furthermore, this class 

(Class B) consists of individual tree species such as Combretum adenogonium with the 

highest density (186.29/ ha) in the tree species, Acacia sieberiana, Ehretia cymosa, 

Lannea fruticosa, Sclerocarya birrea, Lannea welwitschii and Landolphia buchananii are 

some of the tree species in this class. The highest density of tree species was recorded at 

Class C (20- 30 cm) which accounted for 41.04 % of the total woody species (504.03/ ha) 

and this highest density recorded by few number of tree species (6 species) that includes 

Diospyros mespiliformis, Combretum molle and Ekebergia capensis. Class D (30- 40 cm) 

was the highest in its DBH value but the least class in its density (20.16/ ha), density 

percentage (1.64%) and number of species (4), which are Sterculia setigeta, Ficus vasta 

 Ficus sycomorus and Ficus sp.  
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Figure 4. Tree species density distribution by DBH classes from Gibe III Hydroelectric 

dam project site; where (A=1 – 10 cm; B= 10 – 20 cm; C=20 – 30 cm and D= 30 – 40 

cm)  

Lower value of density observed at higher DBH classes (DBH Class D) may be attributed 

to selective removal of mature trees for various purposes. 

4.4.2 Frequency and Tree Density 
 
Frequency and percentage frequency of tree and shrub species are shown in Table 7. In 

the present study, high frequency values of the first ten species in decreasing order were 

recorded: Combretum adenogonium 61.29%, Bridelia scleroneura 59.68%, Diospyros 

mespiliformis 58.06%, Ekebergia capensis 51.61%, Acacia sieberiana 45.16%, Flueggea 

virosa 41.94%, Grewia mollis 40.32%, Terminalia schimperiana 38.71%, Uvaria 

leptocladon 38.71% and Acacia hockii 35.48%. Following the above most frequent plant 

species in the study area 13 species of plants were recorded with a frequency percentage 

ranging from 33.87% to 24.19%. The majority of the plant species identified in this study 

(49 plant species) their frequency percentage lie between 22.58% and 3.23% value. 

Among 85 plant species (tree, tree/shrub and shrub) identified in the study area 13 plant 

species occurred in a single plot out of the 62 plots laid which results in lowest frequency 

percentage (1.61%). The rareness of these plant species in occurrence may be attributed 
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to many factors such as the selective nature of the species to environmental variables, 

response of the species to human induce and natural effects etc. 

 
Table 7. Comparison of tree, tree/shrub, and shrub species frequency and percentage 
frequency  
 
Plant Species Frequency Frequency (%) Rank 
Combretum adenogonium 0.61 61.29 1 
Bridelia scleroneura 0.59 59.68 2 
Diospyros mespiliformis 0.58 58.06 3 
Ekebergia capensis 0.52 51.61 4 
Acacia sieberiana 0.45 45.16 5 
Flueggea virosa 0.42 41.94 6 
Grewia mollis 0.4 40.32 7 
Terminalia schimperiana 0.39 38.71 8 
Uvaria leptocladon 0.39 38.71 8 
Acacia hockii 0.35 35.48 10 

 
 
The identified 35 tree species were grouped into frequency classes based on their 

occurrence in the sample plots laid such as class A ( 1- 10), class B (10-20), class C (20-

30) and class D (30-40) and the relationship between these frequency classes with density 

was examined (Figure 5). Thus, frequency class C was the highest in its density per 

hectare (515/ha), in which this value was recorded by few tree species (7) that includes 

Combretum molle, Acacia polyacantha, Acacia sieberiana and Terminalia schimperiana. 

Frequency class D was the higher in its density (414/ha) but the highest in occurrence in 

the sample plots laid, represented by only three species Combretum adenogonium, 

Diospyros mespiliformis and Ekebergia capensis. Followed by class B having a density 

of 211/ha, recorded from eight tree species that includes Ehretia cymosa, Ehretia sp., 

Lannea fruticosa and Terminalia brownii. The lowest frequency class in its density per 

hectare (87/ha) and occurrence (1- 10 plots) was class A, but this class was represented 

by 17 species, the highest number of species of all the frequency classes. Gardenia 

ternifolia, Terminalia laxiflora, Sapium ellipticum and Rhus ruspolii were some the tree 

species in this class. 

Lowest density (no/ha) value was recorded in the lowest frequency classes which shows 

the direct relationship between occurrence and density. However, highest density value 
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was recorded at frequency class C which has higher frequency; this highest density value 

recorded may be due to relatively large number of tree species and individuals of the tree 

species found in this frequency class than frequency class D, which has the highest 

frequency value of all frequency classes. 
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Figure 5. Tree species density distribution by frequency classes from Gibe III 

Hydroelectric dam project site; where (A= 1-10, B= 10-20, C= 20-30 and D= 30-40)  

4.4.3 Basal area (BA), Density and Dominance 
 
The contribution of each tree species to the BA per ha was described in Table 8. The BA 

of tree species was found to be 0.39 m2 per ha. Highest and lowest BA per ha was 

recorded from Ficus vasta (0.048 m2/ha) and Pseudocedrela kotschyi (0.001 m2/ha) 

respectively (see Appendix 8). It was reported that BA provides a better measure of the 

relative importance of the species than simple stem count. Species with the largest 

contribution to BA can be considered as the most important woody species in the area 

(Cain and Castro, 1959; cited in Tamrat Bekele, 1994). In this study, the most important 

tree species based on BA were Ficus vasta, Ficus sycomorus, Sterculia setigera, Ficus 

sp., Tamarindus indica, Acacia dolichocephala, Diospyros mespiliformis, Combretum 

molle, Ekebergia capensis, Haplocoelum foliolosum, Combretum adenogonium and 

Acacia sieberiana. 
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Table 8. Comparison of basal area (m2 /ha), dominance, relative dominance and density of 

important tree species  

 
Tree Species BA m2/ha Dominance RDO (%) Rank Density/ha Rank 
Ficus vasta 0.048 0.119 12.608 1 2.82 10 
Ficus sycomorus 0.043 0.107 11.348 2 2.02 11 
Sterculia setigeta 0.041 0.102 10.743 3 13.31 9 
Ficus sp. 0.032 0.08 8.488 4 2.02 11 
Tamarindus indica 0.023 0.057 6.043 5 28.23 8 
Acacia dolichocephala 0.022 0.055 5.821 6 58.47 7 
Diospyros mespiliformis 0.018 0.045 4.775 7 130.65 2 
Combretum molle 0.017 0.042 4.385 8 123.39 3 
Ekebergia capensis 0.013 0.033 3.484 9 97.18 4 
Haplocoelum foliolosum 0.012 0.031 3.316 10 66.13 6 
Combretum adenogonium 0.011 0.028 2.992 11 186.3 1 
Acacia sieberiana 0.01 0.025 2.686 12 84.68 5 

 
 
As indicated above in table 8, the most dominant tree species based on their basal area 

compared to their respective dominance and relative dominance value had regular 

pattern. Accordingly, tree species having a first rank in its basal area has also the same 

rank in its dominance and relative dominance value respectively, which shows the direct 

relationship between basal area, dominance and relative dominance. However, higher 

density value was recorded at relatively lower ranks of basal area, dominance and relative 

dominance with irregular pattern. This result may indicate that the dominance of younger 

trees in the area with lower basal area values and the removal of mature trees for various 

purpose.  

4.4.4. Importance Value Index (IVI) 
 
IVI is important to compare the ecological significance of species (Lamprecht, 1989). 

Ecologists consider it as the most important aspect in vegetation study (Curtis and 

Mcintosh, 1951). They also stated that species with the highest importance value are the 

leading dominant species of the specified vegetation (Simon Shibru and Girma Balcha, 

2004). 
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The IVI values for the most dominant tree species in the Gibe III hydroelectric dam 

upstream and down stream area is given in Table 9 (see Appendix 10). Based on IVI 

values, the 9 most dominant and ecologically important trees in the study area were 

Combretum adenogonium, Diospyros mespiliformis, Combretum molle, Ekebergia 

capensis, Acacia sieberiana, Sterculia setigera, Acacia dolichocephala, Haplocoelum 

foliolosum and Ficus vasta. 

 
Table 9. Comparison of Relative Density, Relative Frequency, Relative Dominance, and 

Important Value Index values for the most dominant tree species of the study area 

 
Tree Species RDO RD RF IVI Rank 
Combretum adenogonium 2.992 15.17 8.793 26.952 1 
Diospyros mespiliformis 4.775 10.64 8.331 23.743 2 
Combretum molle 4.385 10.05 4.861 19.292 3 
Ekebergia capensis 3.484 7.912 7.405 18.801 4 
Acacia sieberiana 2.686 6.894 6.479 16.059 5 
Sterculia setigera 10.74 1.083 3.934 15.76 6 
Acacia dolichocephala 5.821 4.76 4.861 15.442 7 
Haplocoelum foliolosum 3.316 5.384 4.628 13.328 8 
Ficus vasta 12.61 0.231 0.463 13.302 9 
Tamarindus indica 6.043 2.298 4.628 12.969 10 
Ficus sycomorus 11.35 0.164 0.694 12.206 11 
Terminalia schimperiana 0.846 5.681 5.553 12.08 12 
Acacia polyacantha 0.406 6.927 4.628 11.961 13 
Total 69.45 77.18 65.26 211.9  

 
 
4.5 Vegetation Community Classification 
 
Five clusters were identified from the output of TWINSPAN (Two-Way Indicator 

Species Analysis), which represent the plant communities in Gibe III Hydroelectric dam 

project site vegetation (Table 10). The following plant communities have been named by 

two dominant species that appears within a cluster based on density (Adhikari et al., 

2009). Priority is usually given to trees and shrubs. Description of the plant community 

types with their altitudinal distribution is described below. 
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I. Acacia hockii - Harrisonia abyssinica community type 
  
This community is distributed in the altitudinal range between 680 and 795 m a.s.l. The 

dominant species of this community are Acacia hockii De Wild. and Harrisonia 

abyssinica Oliv., Flueggea virosa, Indigofera garckeana, Acacia polyacantha, Acacia 

sieberiana, Acacia senegal and Acacia dolichocephala are characteristics species 

commonly occurring in this community. 

This community occurs in 18 plots (0.72 ha) and consists of 14 species. Acacia 

polyacantha, Acacia sieberiana, and Acacia dolichocephala  are the important tree layers 

of the community with a very rare occurrence of Antiaris toxicaria,  in which this tree 

species not only rare for this community but for the whole study area found only in one 

plot. Acacia hockii, Harrisonia abyssinica, Flueggea virosa, Indigofera garckeana, 

Acacia senegal, Maerua triphylla, Solanum incanum and Rhus natalensis are   the 

important shrub layers. The open space which is not occupied by shrub is dominated by a 

grass Panicum maximum.  

 
II. Combretum molle - Bridelia scleroneura community type 
 
This community is distributed in the altitudinal range between 705 and 1058 m a.s.l. This 

community contains 24 releves (0.96 ha) and 28 species. Combretum molle R.Br. ex 

G.Don, Ekebergia capensis, Ehretia sp., Ehretia cymosa and Diospyros abyssinica are 

the dominant species in the tree layer. Bridelia scleroneura Muell.Arg., Grewia mollis, 

Combretum aculeatum, Sclerocarya birrea, Strychnos innocua and Clerodendrum 

myricoides are the most dominant shrubs in this community. 

 
III. Diospyros mespiliformis - Combretum hereroense community type 
 
This community is distributed in the altitudinal range between 708 and 1058 m a.s.l. The 

community contains 13 plots (0.52 ha) and 12 species. Diospyros mespiliformis Hochst. 

ex A. DC., Lannea fruticosa and Landolphia buchananii are important tree layers. The 

dominant shrubs in this community are Combretum hereroense Schinz., Acalypha ornata, 

Ximenia caffra and Maytenus senegalensis. 
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IV. Uvaria leptocladon - Combretum adenogonium community type 
 
This community is distributed in the altitudinal range between 687 and 1031 m a.s.l. This 

community contains 19 plots (0.76 ha) and 28 species. Combretum adenogonium Steud 

ex A. Rich., Terminalia schimperiana, Haplocoelum foliolosum, Terminalia browni, 

Tamarindus indica and Lannea welwitschii are the dominant tree layers of the 

community. The important shrubs of this community are Uvaria leptocladon Oliv., 

Annona senegalensis, Grewia trichocarpa, Kigelia Africana, Euphorbia tirucalli, 

Polysphaeria parvifolia and Zizyphus mucronata. 

 
V. Croton dichogamus - Terminalia laxiflora community type 
 
This community is distributed in the altitude range between 684 and 735 m a.s.l. This 

community contains 8 plots (0.32 ha) and 3 species. Terminalia laxiflora Engl. & Diels is 

the single tree layer of the community. Croton dichogamus Pax and Calpurnia aurea are 

the shrubs. 

 
Table 10. TWINSPAN out put of Gibe III Hydroelectric dam project vegetation 
 

11112112321211233333662255  455344444534 4541556    34553222   
          25675018234039715607121967380489234569819927835012564801324647 
 
   84  Acacia h  -554----5545555443-3-5--44-------3---3-3-44-------------------  00000  
   13  Baphia l  ----------------------------------------2---------------------  00001  
   33  Diospyro  -----4334424235433343342442233-433433434----3-------------4---  00001  
   39  Ficus sy  -------------------1-------------2------2---------------------  00001  
   66  Combretu  ---434-234443453323432444445443444334443-33--------2----------  00001  
    9  Antiaris  ---------1----------------------------------------------------  00010  
   10  Asparagu  ------32------------------------------------------------------  00010  
   48  Hibiscus  3-------------------------------------------------------------  00010  
   67  Scleroca  -3333------1---------31-3--21----3-----32---2-----------------  00010  
   70  Sterculi  -212----2--1-1---1-------2--1-1-2---2212---1--2---------------  00011  
   16  Bridelia  ----------------2---------------------------------------------  001000 
   18  Caipurni  -----------------1--------------------------------------------  001000 
   24  Combretu  -------------1------------------------------------------------  001000 
   29  Croton    -------------212---------------1------------------------------  001000 
   30  Delonix   -------------4------------------------------------------------  001000 
   34  Pseudoce  ---------------2--2-----2-------------------------------------  001000 
   41  Ficus va  -------------3---1--------------------------------------------  001000 
   12  Azadirac  -----------------------------------2--------------------------  001001 
   31  Desmodiu  ---------------------------------------2----------------------  001001 
   40  Ficus sp  --------------------------------1------2----------------------  001001 
   43  Gardenia  --------------112-----------23----221--2----------------------  001001 
   57  Ozora in  ----------------------------2--112----------------------------  001001 
   58  Ozora pu  --------------------------------------1-----------------------  001001 
   62  Piliosti  ----------------------------2--1-3----------------------------  001001 
   74  Allophyl  ----------------------------22--------------------------------  001001 
   76  Vangueri  -------------1------------2-----------------------------------  001001 
   78  Vernonia  -------------------------2------------------------------------  001001 
   35  Ehretia   -----------3----3-----3-442--4--------33------3---------------  00101  
   44  Grewia m  --------------22421-543134--2-3-3-233324-442-3-3--------------  001100 
    1  Acacia p  -------55--3----43---3-234-------33332--333----2-1------4-----  001101 
   15  Boscia s  ---2------1---------------------12212------2------------------  001101 
   17  Bridelia  3--3-----322-323-2224-3-433233321343344334433243--------4-----  001101 
   37  Ekebergi  --------23432442-2114-424-3-454243322333---33-33--------------  001101 
   49  Indigofe  ---------5----3342----5545--2-4---------------3-------44--5---  00111  
   51  Landolph  -------------1-------2-12-33122--2-----------------------323--  00111  
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   85  Helinus   -----------------------------12------2-------2----------------  00111  
    2  Acacia s  -544--4-5413------------------3----------44---1---------3-----  0100   
   47  Harrison  44445-554435--32---34-5---------------------544-----------4---  0100   
    3  Acacia s  5432235344--------42443---222-21--------------2----132333-4---  0101   
    4  Acacia d  -332344533-3------12----------------2-1-----2--------23323-3--  0101   
   42  Flueggea  5-54554245----23-2-344--------4------4--544443-3--------4-5---  0101   
   21  Cleroden  -----------2--344--2-------------------------22------222------  0110   
   68  Solanum   ---------4---------3---2----------------------------------4---  0110   
   83  Stereosp  --------------------44----------------------2-2--1------------  0110   
   20  Celtis a  ----------------------------------------2--1------------------  0111   
   26  Terminal  ---------------------------42----3333---3--4-23----1----------  0111   
   61  Phyllant  -----------------------------------------22----------2--------  0111   
   71  Strychno  -----------3-3--------2-----3-2--------4---2233------2--------  0111   
   27  Commipho  --22-2-----------------------------------------------3--------  100    
   64  Rhus nat  -----31--5------3-4--------------------4---4---------3---444--  100    
   65  Rhus rus  ------------------------------------2----221---------3--------  100    
   81  Ximenia   ---3-3-33------3-12-------1-------------------3--2--31---3-3--  100    
   45  Grewia t  --------------13-2323--------2--------1-4--4--2------22333-4--  1010   
   56  Ochna ho  ----------------------------------------2----2----------------  1010   
   32  Diospyro  --------------------------4----------------------------------5  1011   
   50  Kigelia   -----------2-----1----3-2--22--121------2---3------2-2333-----  1011   
   63  Polyspha  ----------------------------4--------------5------------------  1011   
   73  Terminal  -----------------1----1----------------2-22-2---2-------2-----  1011   
   53  Lannea w  ------------------------2--11-2---------22231322--22--22------  11000  
   72  Tamarind  -2322-------------1----------------------12122323-2-23432----1  11000  
   82  Zizyphus  ------------------------------2----------12--4-------3-4------  11000  
    6  Terminal  ---------2---------1--2-3334-------------3332433-23433442---31  110010 
   36  Ehretia   -------------323----------------------5----222----422222-2223-  110010 
   46  Haplocoe  -------------------3----------4---4343------2324331-4334-3-42-  110010 
   25  Combretu  -----------------------------------------54-2--------2------55  110011 
   54  Maerua t  ---------3----23------------------------------3-------22--3---  110011 
    8  Annona s  ---3--3---------------2---3-----------------22-24-4-24433-3---  1101   
   79  Ximenia   ---4-1----------------------------------------1---1-2----2-2--  1101   
   22  Combretu  -----------------------------------------------------22233-254  111000 
   55  Maytenus  ------------------------------------------------------------43  111000 
   60  Phyhanth  ---------------------------------------------------------122-2  111000 
   77  Vangueri  ------------------------------------------------1------------3  111000 
   52  Lannea f  ------------------------3------------2-----133---32-32223---43  111001 
    5  Acalypha  ----2---------------------------------------3---------42-5-5--  11101  
    7  Combretu  -32-------------------4---------------------454355443355334333  11101  
   23  Sapium e  --------------------------------------------12-----------223-3  11101  
   75  Uvaria l  ------------------12------4---3------3---444554455555555-555-4  11101  
   11  Asparagu  ----------------------------------------------1----1----------  111100 
   19  Carisa s  -------------------------------------------22--------2--------  111100 
   69  Steganot  ---------------------------------------------21------3--------  111100 
   14  Berchemi  -------------------------------------------------21---22------  111101 
   28  Croton d  ---------------------------------------------------2----5----2  111101 
   59  Paveha g  ------------------------------------------------2-------------  111101 
   80  Maerua    ------------------------------------------------------11------  111101 
   38  Euphorbi  -----------------------------------------22-----3433---------2  11111  
 
                 00000000000000000000000000000000000000000001111111111111111111 
                 00000000001111111111111111111111111111111110000000000000000011 
                 000001111100000000000000000000000000000011100000000000000111   
                 0111100001000000000000111111111111111111   00000111111111      
                           000001111111000000000111111111   01111000000001      
                           001110001111000011111000000011        00000111       

 

4.5.1 Species Diversity 
 
The Shannon-Wiener diversity computed for five different communities (Table 11) 

shows that community type II is the most diverse but relatively less even distribution of 

species occurs indicating that the vegetation is aggregated in few sample stands. The 

community type IV (Uvaria leptocladon - Combretum adenogonium community type) is 

the second most diverse community but the less evenly distributed species of plants 

occur. The community III and community IV types contain 28 species each, which is the 
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highest number of species in the vegetation community classification. Community III 

(Diospyros mespiliformis - Combretum hereroense community type), even though this 

community type is a less diverse, species are relatively evenly distributed in the 

community. Community V (Croton dichogamus - Terminalia laxiflora community type) 

is less diverse, small number of species (3) and due to small number of species the 

distribution is also uneven. The Acacia hockii - Harrisonia abyssinica community type 

(Community type I) is the third in species diversity but the most evenly distributed 

species of plants occur in this community. 

 
Table 11. Shannon-Weiner Diversity Index (H’) and Evenness (E) for the five 

community types of Gibe III Hydroelectric Power project site 

 
No  Plant Community No. Species Diversity index (H') Evenness (E) 

1 Community  type I  14 2.23 0.845 
2 Community  type II 28 2.54 0.762 
3 Community  type III 12 1.9 0.765 
4 Community  type IV 28 2.38 0.714 
5 Community  type V 3 0.76 0.692 

 
 
4.6 Riverine Vegetation Composition and Structure 

4.6.1 Vegetation Composition 
 
In this study, from the total of 62 sample plots laid in the study area, 11sample plots were 

laid to the riverine vegetation. Thus, a total of 53 species were recorded which belong to 

24 families and 38 genera (see Appendix 11). Out of the 53 species identified 25 species 

(47.17%) were shrubs, 24 species (45.28%) were trees, 3 species (5.66%) were trees or 

shrubs and 1 species (1.89%) was woody climber (Figure 6). 
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Figure 6. Composition of plant species in the various life forms of the Gibe III 

Hydroelectric dam site riverine vegetation. 

 
Out of 24 families identified in the riverine vegetation of Gibe III hydroelectric dam site 

the major families in decreasing order are: Fabaceae and Euphorbiaceae each represented 

by 8 species (15.1%), Combretaceae represented by 7 species (13.2%), Anacardiaceae 

represented by 5 species (9.4%), Rubiaceae represented by 3 species (5.7%), 

Capparidaceae, Ebenaceae and Tiliaceae each represented by 2 species (3.8%). The rest 

of the families all together accounted 30.4% of the total riverine vegetation composition, 

each family represented by 1 species (see Appendix 13). 

 
Among the identified 38 genera, the most diverse were Acacia represented by 5 species, 

followed Combretum represented by 4 species, Terminalia represented by 3 species, 

Lannea, Grewia, Diospyros, Phyllanthus, Maerua and Rhus each represented by 2 

species. The rest of the genera were represented each by one species (see Appendix 12). 

4.6.2 Riverine Vegetation Species Diversity 
 
The Shannon and Wiener diversity index of the riverine vegetation was H’= 3.42 and 

species evenness was 0.86, which shows highly diversified and even distribution of 

species in the river banks of Omo river both in the right and left banks of the normal river 

course. 
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4.6.3 Riverine Vegetation Tree Species 
 
A total of 24 species belonging to 13 families and 17 genera with a DBH > 2 cm of tree 

individuals were recorded from 11 sample plots (0.44 ha) laid in the river banks of the 

study area; with Combretaceae having the highest number represented by 5 species 

(20.83%) followed by Anacardiacea and Fabaceae each with 4 species (16.67%) and 

Ebenaceae by 2 species (8.33%). The remaining families represented by 1 species 

(4.17%) (see Appendix 14). A total of 499 individual tree stems were counted in the river 

banks of the study area of which 20.44% were Combretum molle with the largest number, 

102 stems of the species counted in 0.44 ha, followed by Diospyros abyssinica 46 stems 

(9.22%); Haplocoelum foliolosum was 43 in number (8.62%); Terminalia schimperiana 

38 stems (7.62%); Acacia sieberiana 31 stems (6.21%); Tamarindus indica 27 stems 

(5.41%); Lannea fruticosa 26 stems (5.21%); Combretum adenogonium 25 stems 

(5.01%); Acacia dolichocephala 24 stems (4.81%) were the dominant species within the 

sample plots of the river banks. Rhus ruspolii; Sterculia setigera; Ficus sycomorus; 

Berchemia discolor; Terminalia brownii; Landolphia buchananii; Terminalia laxiflora; 

Pavetta gardeniifolia were some of the rare species in the sample plots of the river banks. 

  
Combretum molle, Tamarindus indica, Terminalia schimperiana, Haplocoelum 

foliolosum, Lannea welwitschii, Acacia sieberiana and Acacia dolichocephala were the 

most common tree species in many sample plots of the river banks.  

4.6.4 Tree Density and DBH (Diameter at Breast Height) 
 

The density of individuals trees whose DBH > 2 cm was 1134 per ha (see Appenix 16). 

Combretum molle occupied 20.44% of the total density, followed by Diospyros 

abyssinica 9.22%, Haplocoelum foliolosum 8.62%, Terminalia schimperiana 7.62%, 

Acacia sieberiana 6.21%, Tamarindus indica 5.41%, Lannea fruticosa 5.21%, 

Combretum adenogonium 5.01% and Acacia dolichocephala 4.81%. 

  
The tree species of the river banks vegetation were classified into four DBH classes 

(Class A, B, C and D) (Figure 7), DBH class A includes tree species with a DBH 1 – 10 

cm and consists of 5 tree species, which accounted for 13.83% of the total woody species 
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in the river banks with a density of 156.82 per hectare, the tree species with higher 

density in this class were Terminalia schimperiana and Acacia polyacantha. Class B (10- 

20 cm) consists the highest number of tree species (11) with a higher density (447.73/ha) 

and 39.48% of the total tree density of the river banks vegetation. The tree species with 

higher density in this class includes Diospyros abyssinica, Acacia sieberiana, Lannea 

fruticosa, Combretum adenogonium and Sclerocarya birrea. The highest density of tree 

species was recorded at Class C (20- 30 cm) which accounted for 45.69% of the total 

woody species in the river banks (518.18/ ha) and this highest density recorded by few 

number of tree species (6 species) that includes Combretum molle, Haplocoelum 

foliolosum, Tamarindus indica and Acacia dolichocephala. Class D (30- 40 cm) was the 

highest in its DBH value but the least class in its density (11.37/ ha), density percentage 

(1.00%) and number of species (2), which are Sterculia setigera and Ficus sycomorus.  
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Figure 7. Tree species density distribution by DBH classes from Gibe III River Banks 

vegetation; where (A=1 – 10 cm, B= 10 – 20 cm, C=20 – 30 cm and D= 30 – 40 cm)  

4.6.5 Frequency of Riverine Vegetation  
 
Frequency and percentage frequency of tree and shrub species of the riverine vegetation 

are shown in Table 12. In this study, high frequency values of the first nine species 

recorded: Combretum molle, Tamarindus indica and Uvaria leptocladon each with 
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63.64%, followed by Flueggea virosa 54.55%, Haplocoelum foliolosum, Terminalia 

schimperiana, Lannea welwitschii and Acacia sieberiana each accounts 45.45% and 

Acacia dolichocephala 36.36%. Accordingly, 11 plant species each have frequency 

percentage of 27.27%, 15 species each with afrequency percentage of 18.18% and large 

number of the plant species (18) occurred in a single plot out of the 11 plots laid in the 

river banks, which results in lowest frequency percentage (9.09%). 

 
Table 12. Comparison of tree, tree/shrub, and shrub species frequency and percentage 
frequency 
 
Plant Species Frequency Frequency (%) 
Combretum molle 0.63 63.64 
Tamarindus indica 0.63 63.64 
Uvaria leptocladon 0.63 63.64 
Flueggea virosa 0.54 54.55 
Haplocoelum foliolosum 0.45 45.45 
Terminalia schimperiana 0.45 45.45 
Lannea welwitschii 0.45 45.45 
Acacia sieberiana 0.45 45.45 
Acacia dolichocephala 0.36 36.36 

 

4.6.6 Basal Area (BA), Density and Dominance 
 
The contribution of each tree species at the river banks to the BA per ha was described in 

Table 13. The BA of tree species was found to be 1.49 m2 per ha. Highest and lowest BA 

per ha was recorded from Ficus sycomorus (0.244 m2/ha) and Berchemia discolor (0.007 

m2/ha) respectively (see Appendix 18). In this study, the most important tree species 

based on BA were Ficus sycomorus, Sterculia setigera, Tamarindus indica, Acacia 

dolichocephala, Diospyros mespiliformis, Combretum molle, Ekebergia capensis, 

Haplocoelum foliolosum, Combretum adenogonium, Acacia sieberiana and Ehretia sp. 
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Table 13. Comparison of basal area (m2 /ha), dominance, relative dominance and density of 

important tree species at river banks of the study area 

 

Tree Species BA m2/ha Dominance RDO (%) Rank Density Rank 
Ficus sycomorus   0.244 0.107 16.41 1 4.55 11 
Sterculia setigera  0.231 0.102 15.53 2 6.82 10 
Tamarindus indica 0.13 0.057 8.74 3 61.36 4 
Acacia dolichocephala  0.125 0.055 8.42 4 54.55 6 
Diospyros mespiliformis   0.103 0.045 6.9 5 27.27 9 
Combretum molle 0.094 0.042 6.34 6 231.82 1 
Ekebergia capensis  0.075 0.033 5.04 7 45.45 7 
Haplocoelum foliolosum 0.071 0.0314 4.79 8 97.73 2 
Combretum adenogonium  0.064 0.028 4.33 9 56.82 5 
Acacia sieberiana  0.058 0.025 3.88 10 70.45 3 
Ehretia sp. 0.043 0.019 2.92 11 31.82 8 

 

As indicated above in table 13, the most dominant tree species based on their basal area 

compared to their respective dominance and relative dominance value had regular 

pattern. Accordingly, tree species having a first rank in its basal area has also the same 

rank in its dominance and relative dominance value respectively, which shows the direct 

relationship between basal area, dominance and relative dominance. However, the 

density value was recorded at relatively lower ranks of basal area, dominance and relative 

dominance with irregular pattern. This result may indicate that the dominance of younger 

trees in the area with lower basal area values and the removal of mature trees for various 

purpose. 

4.6.7 Important Value Index of the Riverine Vegetation 
   
The IVI value for the most dominant tree species in the riverbanks of the Gibe III dam 

site is given in Table 14 (see Appendix 19). Based on IVI values, the 9 most dominant 

and ecologically important trees in the river banks area were Combretum molle, 

Tamarindus indica, Haplocoelum foliolosum, Sterculia setigera, Acacia dolichocephala, 

Ficus sycomorus, Acacia sieberiana, Terminalia schimperiana and Combretum 

adenogonium.  
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Table 14. Comparison of Relative Dominance, Relative Density, Relative Frequency and 

Important Value Index for the most dominant tree species in the River Bank area. 

 
Tree Species RDO RD RF IVI Rank 
Combretum molle 6.34 20.44 10.15 36.93 1 
Tamarindus indica 8.74 5.41 10.15 24.3 2 
Haplocoelum foliolosum 4.8 8.62 7.25 20.66 3 
Sterculia setigera  15.53 0.6 3 19.03 4 
Acacia dolichocephala  8.42 4.8 5.81 19.02 5 
Ficus sycomorus   16.41 0.4 1.45 18.25 6 
Acacia sieberiana  3.9 6.21 7.25 17.35 7 
Terminalia schimperiana 0.76 7.62 7.25 15.62 8 
Combretum adenogonium  4.33 5.01 4.35 13.69 9 
Lannea welwitschii  2.35 3 7.25 12.6 10 
Diospyros abyssinica  1.48 9.22 1.45 12.14 11 
Ekebergia capensis  5.04 4 2.89 11.94 12 
Lannea fruticosa 2.03 5.21 4.35 11.59 13 
Total 80.13 80.54 72.6 233.1  

 
 
4.7 The Possible Impacts of the Reservoir on Vegetation Structure and 
Composition and Mitigation Measures 
 
Dams have contributed to better water storage, irrigation and energy production, but have 

led to changes in species composition both in the upstream and downstream and, in some 

instances, to species loss. According to, EIA of Nam Theun 2 Hydroelectric Project 

(2004), direct impacts of dam construction on terrestrial biodiversity, especially on 

vegetation structure and composition agrees with this study that, the impact will occur as 

a result of clearing land for construction works (quarry, access roads to the project, 

permanent and/ or temporary residential site etc.) and reservoir inundation, and as a result 

of degradation and disturbance to ecosystems. Approximately 5,178 km2 of land affected 

by the project, of which a total of 18,997 ha of land occupied by deciduous woodland and 

riverine vegetation (17, 158 ha of deciduous woodland and 1,839 ha of riverine 

vegetation) primarily on the upstream part of the Omo river (Gibe III HEP dam site); will 

be affected in this way. 
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The upstream area of the dam construction site has a Shannon’s species diversity index of 

3.61 and most evenly distribution of species with a value of 0.826. This area will totally 

submerged by water when the reservoir holds the amount of water for its optimal 

operation (Figure 8). Thus, this highly diversified and evenly distributed vegetation will 

be totally lost. The down stream area of this study has relatively less species diversity ( 

H’= 3.34), which may be due to fewer number of vegetation sample plots taken compared 

to the upstream, but in regard to species evenness it is the most evenly distributed (E= 

0.837) compared to the upstream. The down stream vegetation especially the riverine is 

affected mainly by regulation river flow when dam begins holding water and during 

operation phase, the decrease in sediments at the river bank which potentially support the 

riverine vegetation will have an impact on the composition and structure of the riverine 

vegetation, which has higher species diversity (H’= 3.42) and evenness (0.86) and thus, 

this diversity and evenness of the species in the down stream part specially the riverine 

vegetation will change in the long run. 

 

 
Figure 8. Part of the upstream land which will be impounded by water (Photo by: Fisseha 

Adugna April 24, 2010; 45 km north of the Gibe III dam excavation site) 
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The indirect impact of the dam construction on the vegetation composition and structure 

will occur due to so many factors here include the influx of people which would affect 

the part by anthropogenic factors in so far the use is limited to fire in the upland plateaus 

and in most part of the down stream the less disturbance, may be due to its inaccessibility 

(Figure 9). Thus, construction of road networks within the project site and also the road 

realignment constructed to the down stream includes a big bridge on the Omo River will 

create an opportunity for the local community in the utilization of the untapped 

vegetation resources. These includes clearance for farm land and other commercial 

purposes unless there will be some kind of controlling and monitoring mechanism to 

utilize the resources in sustainable manner. Furthermore, chemicals released during 

construction activities, waste water from garages, workshops and residential sites and 

solid wastes of construction debris, scraps of metals and plastics of workshops, abattoirs 

by products, kitchen leftovers etc. will pollute the water and soil of the site, as a result it 

will change the diversity and composition of the natural vegetation of the area, possibly 

encroachment by alien species. This study strongly agrees with Rashid et al. (2007) that 

vegetations growing around contaminated soils respond to contamination stress, which 

had a similar pattern to response of vegetation found on a wide variety of anomalous soils 

such as eroded soil, cleared land and industrial effluent polluted soils. In fact, the species 

composition of plant communities indicates that sensitive plant species gradually follow a 

course of decline by forming less coverage. Definitely soil conditions have become 

unfavourable for them due to metal toxicity that has caused problems in colonization of 

these species. However, the diversity of species moderately increases as moved away 

from the contaminated area. 

 
Changes in water quality during filling and storage of water in the Gibe III reservoir due 

to water solar radiation of the reservoir surface, mixing of the water column (and 

nutrients therein), the volume of biomass inundated, growth of aquatic weeds, 

sedimentation, pollution of water during construction activities and use of agricultural 

chemicals could affect water quality in the downstream of the dam, as result will have an 

impact on the riverine vegetation. 
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Change in flow regime due to regulation of the river will decrease the discharge (flow 

volume) during winter (Kiremt) and increase the flow volume during summer (Bega). 

The quality of water the decrease in discharge during winter will create a stress to the 

riverine vegetation, which mainly dependent on the flood sediments of the river bank. 

 
Figure 9.  Part of the down stream area of the Gibe III Hydroelectric dam site (Photo by: 

Fisseha Adugna May 25, 2010; at top of the Gibe III dam excavation site) 

 
The tree species with a density of 1228.23 per hectare in the area will be affected by the 

project, especially the upstream part which has high diversity index and rich in plant 

species will permanently be affected by inundation of the reservoir. 

The most diverse vegetation community of the area, Combretum molle - Bridelia 

scleroneura community type (H’= 2.54), which contains 0.96 ha and dominant trees & 

shrubs of the sampled area will be affected probably permanently lost. The dominant 

vegetation community types which will be affected by the project in decreasing order are; 

Uvaria leptocladon - Combretum adenogonium community type, Acacia hockii - 

Harrisonia abyssinica community type, Diospyros mespiliformis - Combretum 

hereroense community type and Croton dichogamus - Terminalia laxiflora community 

type. 
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The possible measures to mitigate the impacts (direct and indirect) associated with 

vegetation composition and structure of the project area may be directly related to this 

discipline or other associated disciplines within the sector or out of it are: Good 

catchment management to protect the Gibe III reservoir from sedimentation; Reduction 

of biomass in the inundation area, afforestation of the uplands with natural vegetation. 

The removal of some biomass prior to flooding will be encouraged, including firewood 

collection and salvaging timber. As indicated by EEPCo (2009), establishment of 

nurseries to prepare the necessary amount of seedlings in the area near a water source. 

This restoration presents an opportunity for environmental enhancement. Restoration and 

enhancement proposals should be discussed and agreed with the Kebele Council. This 

study also agrees with the mitigation measures stated above. Furthermore, adhere to 

principles of environmental conservation during the construction period in order to avoid 

excessive destruction of vegetation, prepare a plan to transplant endemic and rare plant 

species (eventhough a single endemic plant was not found during this study) wherever 

they appear in construction areas and rehabilitate the area to an acceptable condition by 

planting indigenous trees which are commonly found in this study area in the abandoned 

sites after preparing the sites for establishment of plants. 
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5. Conclusion and Recommendations 
 
5.1 Conclusion 
 
In this study a total of 86 plant species representing 61 genera and 31 families were 

recorded at the Gibe III hydroelectric dam project site. In this regard the species richness 

of the study site is moderately rich but most of the plant species were densely populated 

even those species found in few sample plots, which indicates the lesser effect of human 

activities in the vegetation of this area except some human induce fire in the wooded 

grass land vegetation type for the purpose of higher biomass yield during the rainy 

season. 

 
The total density of tree stems whose DBH > 2 cm was 1228 per ha, which shows the 

vegetation of Gibe III hydroelectric dam site has been found to possess densely populated 

nature of the tree individuals. Combretum adenogonium, Diospyros mespiliformis, 

Combretum molle, Ekebergia capensis, Acacia polyacantha, Acacia sieberiana were the 

most frequent and dominant tree species. The density of tree species whose DBH in the 

medium class was higher and lower density was recorded in higer DBH class. The 

removal of trees for various purposes may be attributable to  lower density of higher 

DBH class trees, even though there is less anthropogenic intervention on the vegetation 

of the area. 

 
The total BA (Basal Area) of tree species was found to be 0.39 m2 per ha. This value 

shows very low basal area coverage of the vegetation of Gibe III hydroelectric dam 

project site. About 35% of the IVI was attributed by Combretum adenogonium, 

Diospyros mespiliformis, Combretum molle, Ekebergia capensis and Acacia sieberiana. 

These species were leading dominant and ecologically most significant species of the 

study area. About 40% of the tree species have IVI value less than 4 indicating that they 

require proper conservation and management. Antiaris toxicaria, Pavetta gardeniifolia, 

Delonix elata, Pseudocedrela kotschyi, Berchemia discolor, Piliostigma thonningii and 

Combretum collinum are the most significance species in this regard. 
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The TWINSPAN result shows that five vegetation communities of which Combretum 

molle - Bridelia scleroneura community type was with the highest species diversity and 

Croton dichogamus - Terminalia laxiflora community type with the lowest. Acacia hockii 

- Harrisonia abyssinica community type was the highest in evenly distribution of species 

while the Croton dichogamus - Terminalia laxiflora community type was unevenly 

distributed community. 

 
The vegetation composition of the river banks of the study area showed that, a total of 53 

species belonging to 24 families and 38 genera. The density of individual tree species 

whose DBH > 2 cm was 1134/ha, which was recorded from 11 sample plots (0.44 ha). 

The basal area of riverine vegetation tree species was found to be 1.48 m2 /ha, which 

shows relatively higher basal area coverage of the vegetation compared to the whole 

study area basal area coverage (0.39 m2 /ha). The most dominant and ecologically 

significant species in the riverine vegetation were Combretum molle, Tamarindus indica, 

Haplocoelum foliolosum, Sterculia setigera and Acacia dolichocephala. 

 
Even though, during this study the occurrence of endemic plant species was null, this 

study revealed that occurrence of rare species which indicates a need of conservation of 

these species that indicates selection of a special habitat. Loss of large volume of biomass 

due to inundation in the upstream as a result creates change in the quality of water will 

create stress in vegetation of down stream especially on river bank vegetation diversity 

and composition.   

  
Generally, in this study the Shannon-Wiener diversity index (H') was higher in the 

upstream (H’=3.61) which may be due to large number of sample plots laid in this site 

than the down stream (H’= 3.34), thus, construction of hydroelectric dam will have an 

impact on the vegetation especially in the upstream vegetation causing a permanent loss 

due to impoundment by water. Furthermore, construction activities, wastes (liquid and 

solid) from resident camp, work shops etc. will pollute the soil, water and air as a result 

gradual change in the diversity and composition of vegetation in the near by down 

stream. 
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5.2 Recommendations 
 
Based on the results of the study, the following recommendations are formulated: 

 
� Collecting seeds of different plant species of this area and establishment of 

seedling and nursery site to plant the upland catchments with natural vegetations 

which will have a multi- purpose function, maintaining the natural ecology, 

reduces soil erosion and surface runoff in turn increases soil fertility, reduces 

sediment transport to the reservoir in turn increases the life span of the reservoir 

and enhances the water quality. 

 
� Implementing appropriate conservation and management measures will reduce the 

effect of unsustainable utilization of the riverine vegetation resources at down 

stream side of the dam due to a road access created by the project, in which the 

area still has relatively untapped vegetation resources may be due to its 

inaccessbilty to the area.   

 
� Promoting ex-situ conservation (such as transplanting) of some of the rare plant 

species in the area will reduce the effect of the impact on the vegetation to a 

minimum level. 

 
� Finally, further studies are required to fill the gap of this work such as analysis of 

soil sampling and socioeconomic importance of the vegetation resources of the 

area. 
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Appendices 
 
Appendix 1. List of plant species, family and growth habit recorded from Gibe III 

Hydroelectric Dam area. 

 

No Botanical Name  
Local Name 
(Wolaytigna) Family  Habit 

1 Acacia polyacantha Willd. Bulituto Fabaceae T 
2 Acacia hockii De wild. Chacholie Fabaceae S or T 
3 Acacia senegal (L.) Willd Burgudo Fabaceae S or T 
4 Acacia dolichocephala Harms Defishsha Fabaceae T 
5 Acacia sieberiana DC. Polanto Fabaceae T 
6 Acalypha ornata Hochst.ex A.Rich. Se’a Euphorbiaceae S 
7 Allophylus africanus P. Beauv.  Sapindaceae S 
8 Annona senegalensis Pers.  Annonaceae S 
9 Antiaris toxicaria Lesch.  Moraceae T 

10 Asparagus africanus Lam. Gebera’agunta Asparagaceae S 
11 Asparagus flagellaris (Kunth) Baker Gamo’agunta Asparagaceae S 
12 Azadirachta indica A. Juss. Botezagie Meliaceae T 
13 Baphia abyssinica Brummitt  Gibowa Fabaceae S 
14 Berchemia discolor (Klotzsch) Hemsl  Menakosie Rhamnaceae T 
15 Boscia salicifolia Oliv.  Sangana Capparidaceae Tor S 
16 Bridelia micrantha (Hochst.) Baill.  Keslie Euphorbiaceae S 
17 Bridelia scleroneura Muell.Arg.  Tema Euphorbiaceae S 
18 Calpurnia aurea (Ait.) Benth.  Deshlomie Fabaceae S 
19 Carissa spinarum L.  Ladia Apocynaceae S 
20 Celtis africana Burm.f.  Shua Ulmaceae S 
21 Clerodendrum myricoides (Hochst.) Vatke Etrowanji Lamiaceae S 
22 Combretum aculeatum Vent.  Mermato Combretaceae S 
23 Combretum adenogonium Steud ex A. Rich. Digiso Combretaceae T 
24 Combretum collinum Fresen.  Gelchamie Combretaceae T 
25 Combretum hereroense Schinz  Wetetie Combretaceae S 
26 Combretum molle R.Br. ex G.Don.  Weresebo Combretaceae T 
27 Commiphora africana (A.Rich.) Engl. Gom’orie Burseraceae S 
28 Croton dichogamus Pax  Balibeti Euphorbiaceae S 
29 Croton zambesicus Muell. Arg.  Monako Euphorbiaceae S 
30 Delonix elata (L.) Gamble Gigina Fabaceae T 
31 Desmodium velutinum (Willd.) DC.  Genesashya Fabaceae S 
32 Diospyros abyssinica (Hiern.) F.White Sankara Ebenaceae T 
33 Diospyros mespiliformis Hochst. ex A. DC.  Putelwa Ebenaceae T 
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34 Pseudocedrela kotschyi (Schweinf.) Herms  Pirshndia Meliaceae T 
35 Ehretia cymosa Thonn.  Kerchito Boraginaceae T 
36 Ehretia sp. Tambo Boraginaceae T 
37 Ekebergia capensis Sparrm.  Tishetie Meliaceae T 
38 Euphorbia tirucalli L.   Mato Euphorbiaceae S 
39 Ficus sycomorus L.  Eta Moraceae T 
40 Ficus sp.  Moraceae T 
41 Ficus vasta Forssk.  Wela Moraceae T 
42 Flueggea virosa (Willd) Voigt.  Milazo Euphorbiaceae S 
43 Gardenia ternifolia Schumach. & Thonn.  Gembela Rubiaceae T 
44 Grewia mollis A. Juss.  Alagashe  Tiliaceae S 
45 Grewia trichocarpa Hochst. ex A. Rich.  Tawaye Tiliaceae S 
46 Haplocoelum foliolosum (Hiern) Bullock  Kayto Sapindaceae T 
47 Harrisonia abyssinica Oliv. Wertefie Simaroubaceae S 
48 Helinus integrifolius (Lam.) O.ktze.   Rubiaceae Climber 
49 Hibiscus calophyllus Cavan.  Togo Malvaceae S 
50 Indigofera garckeana Vatke  Maylo Fabaceae S 
51 Kigelia africana (Lam.) Benth.  Sega Bignoniaceae S 
52 Landolphia buchananii (Hall.f.) Stapf  Ambileta Apocynaceae T 
53 Lannea fruticosa (A.Rich.) Engl.  Hasso Anacardiaceae T 
54 Lannea welwitschii (Hiern) Engl.  Dobie Anacardiaceae T 
55 Maerua triphylla A.Rich.  Wereteli Capparidaceae S 
56 Maytenus senegalensis (Lam.) Exell  Matefa Celastraceae S 
57 Ochna holstii Engl.  Wesni Ochnaceae S 
58 Ozoroa insignis Del.  Tayita Anacardiaceae S 
59 Ozoroa pulcherrima (Schweinf.) R. & A.Fern.  Anacardiaceae S 
60 Panicum maximum Jacq.   Poaceae G 
61 Pavetta gardeniifolia A.Rich.   Rubiaceae T 
62 Phyllanthus reticulatus Poir.  Bisota Euphorbiaceae S 
63 Phyllanthus rotundifolius Willd.  Dambia Euphorbiaceae S 
64 Piliostigma thonningii (Schumach.) Milne-Redh. Kelkala Fabaceae T 
65 Polysphaeria parvifolia Hiern  Haylata Rubiaceae S 
66 Rhus natalensis Krauss.  Wereputo Anacardiaceae S 
67 Rhus ruspolii Engl.   Anacardiaceae T 
68 Sapium ellipticum (Krauss.) Pax  Gurucho Euphorbiaceae T 
69 Sclerocarya birrea (A.Rich.) Hochst.  Weshelecha Anacardiaceae T 
70 Solanum incanum L.  Alagabulo Solanaceae S 
71 Steganotaenia araliacea Hochst. ex A.Rich.  Erela Apiaceae T 
72 Sterculia setigera Del.  Atiya Sterculiaceae T 
73 Stereospermum kunthianum Cham.  Chuchumech Bignoniaceae S 
74 Strychnos innocua Del.  Ugugia Loganiaceae S 
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75 Tamarindus indica L.  Korie Fabaceae T 
76 Terminalia laxiflora Engl. & Diels  Magayo Combretaceae T 
77 Terminalia schimperiana Hochst.  Gele’o Combretaceae T 
78 Terminalia brownii Fresen. Sebo Combretaceae T 
79 Uvaria leptocladon Oliv. Boynie Annonaceae S 
80 Vangueria apiculata K. Schum. Alga Rubiaceae T or S 
81 Vangueria madagascariensis Gmel. Gurmacea Rubiaceae T or S 
82 Vernonia amygdalina Del. Gera Asteraceae T or S 
83 Ximenia americana L. Bedeno Olacaceae S 
84 Ximenia caffra Sond. Muleho Olacaceae S 
85 Maerua angolensis DC. Tuto Capparidaceae S 
86 Zizyphus mucronata Willd.  Rhamnaceae S 
 
Appendix 2. List of Genera, number of species in each genera and percentage of genera 

of the plant species recorded from Gibe III Hydroelectric Dam area. 

 
No Plant Genera    Number of Species   Percentage of Genera 

1 Acacia 5 5.81% 
2 Acalypha 1 1.16% 
3 Allophylus 1 1.16% 
4 Annona 2 1.16% 
5 Antiaris 1 1.16% 
6 Asparagus 2 2.33% 
7 Azadirachta 1 1.16% 
8 Baphia 1 1.16% 
9 Bridelia 2 2.33% 

10 Boscia 1 1.16% 
11 Berchemia 1 1.16% 
12 Caipurnia 1 1.16% 
13 Carisa 1 1.16% 
14 Celtis  1 1.16% 
15 Clerodendrum 1 1.16% 
16 Combretum 5 5.81% 
17 Croton 2 2.33% 
18 Commiphora 1 1.16% 
19 Delonix 1 1.16% 
20 Desmodium 1 1.16% 
21 Diospyros 2 2.33% 
22 Pseudocedrela 1 1.16% 
23 Ehretia 2 2.33% 



 

 80 

24 Ekebergia 1 1.16% 
25 Euphorbia 1 1.16% 
26 Ficus 3 3.52% 
27 Flueggea 1 1.16% 
28 Gardenia 1 1.16% 
29 Grewia  2 2.33% 
30 Haplocoelum  1 1.16% 
31 Harrisonia  1 1.16% 
32 Hibiscus 1 1.16% 
33 Indigofera  1 1.16% 
34 Kigelia  1 1.16% 
35 Landolphia  1 1.16% 
36 Lannea  2 2.33% 
37 Maerua  2 2.33% 
38 Maytenus  1 1.16% 
39 Ochna  1 1.16% 
40 Ozoroa  2 2.33% 
41 Panicum  1 1.16% 
42 Pavetta  1 1.16% 
43 Phyllanthus 2 2.33% 
44 Piliostigma  1 1.16% 
45 Polysphaeria  1 1.16% 
46 Rhus  2 2.33% 
47 Sapium  1 1.16% 
48 Sclerocarya  1 1.16% 
49 Solanum  1 1.16% 
50 Steganotaenia  1 1.16% 
51 Sterculia  1 1.16% 
52 Strychnos 1 1.16% 
53 Tamarindus 1 1.16% 
54 Terminalia  3 3.52% 
55 Uvaria  1 1.16% 
56 Vangueria 2 2.33% 
57 Vernonia  1 1.16% 
58 Ximenia  2 2.33% 
59 Zizyphus  1 1.16% 
60 Stereospermum  1 1.16% 
61 Helinus 1 1.16% 

 Total 86 100.00% 
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Appendix 3. List of Families, number of species in each family and percentage of each 

family of the plant species recorded from Gibe III Hydroelectric Dam area. 

 
No Family Number of Species  Percentage of Family 

1 Euphorbiaceae 10 12% 
2 Fabaceae 13 14% 
3 Anacardiaceae 7 8% 
4 Combretaceae 8 9% 
5 Moraceae 4 5% 
6 Rubiaceae 6 7% 
7 Capparidaceae 2 3% 
8 Celastraceae 1 1% 
9 Meliaceae 3 3% 

10 Rhamnaceae 2 2% 
11 Bignoniaceae 2 2% 
12 Annonaceae 3 2% 
13 Apocynaceae 2 2% 
14 Boraginaceae 2 2% 
15 Loganiaceae 1 1% 
16 Olacaceae 2 2% 
17 Tiliaceae 2 2% 
18 Apiaceae 1 1% 
19 Asparagaceae 2 2% 
20 Asteraceae 1 1% 
21 Burseraceae 1 1% 
22 Lamiaceae 1 1% 
23 Malvaceae 1 1% 
24 Ochnaceae 1 1% 
25 Poaceae 1 1% 
26 Sapindaceae 2 2% 
27 Simaroubaceae 1 1% 
28 Sterculiaceae 1 1% 
29 Solanaceae 1 1% 
30 Ulmaceae 1 1% 
31 Ebenaceae 2 2% 

 Total 86 100% 
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Appendix 4. List of Families of tree species and their percentage recorded from Gibe III 

Hydroelectric Dam site. 

 
No Family Number of Species Percentage of Family 
1 Anacardiaceae 4 11.43% 
2 Apiaceae 1 2.86% 
3 Apocynaceae 1 2.86% 
4 Boraginaceae 2 5.71% 
5 Combretaceae 6 17.14% 
6 Euphorbiaceae 3 8.57% 
7 Fabaceae 6 17.14% 
8 Meliaceae 1 2.86% 
9 Moraceae 4 11.43% 
10 Rhamnaceae 1 2.86% 
11 Rubiaceae 2 5.71% 
12 Sapindaceae 1 2.86% 
13 Sterculiaceae 1 2.86% 
14 Ebenaceae 2 5.71% 
 Total 35 100% 
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Appendix 5. List of Genera of Tree species and their percentage recorded from Gibe III 

Hydroelectric Dam site. 

 
No Genera Number of Tree Species  Percentage of Genera 
1 Acacia 3 8.57 
2 Antiaris 1 2.86 
3 Azadirachta 1 2.86 
4 Berchemia 1 2.86 
5 Combretum 3 8.57 
6 Diospyros 2 5.71 
7 Delonix 1 2.86 
8 Pseudocedrela 1 2.86 
9 Ehretia 2 5.71 
10 Ekebergia 1 2.86 
11 Ficus 3 8.57 
12 Gardenia 1 2.86 
13 Haplocoelum 1 2.86 
14 Landolphia 1 2.86 
15 Lannea 2 5.71 
16 Pavetta 1 2.86 
17 Piliostigma 1 2.86 
18 Rhus 1 2.86 
19 Sapium 1 2.86 
20 Steganotaenia 1 2.86 
21 Sterculia 1 2.86 
22 Tamarindus 1 2.86 
23 Terminalia 3 8.57 
24 Sclerocarya 1 2.86 
 Total 35 100 
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Appendix 6. List of tree species with their respective family recorded from Gibe III 

Hydroelectric Dam site. 

 
No Tree Species Family 

1 Acacia polyacantha Fabaceae 
2 Acacia dolichocephala Fabaceae 
3 Acacia sieberiana Fabaceae 
4 Antiaris toxicaria Moraceae 
5 Azadirachta indica Meliaceae 
6 Berchemia discolor Rhamnaceae 
7 Combretum adenogonium Combretaceae 
8 Combretum collinum Combretaceae 
9 Combretum molle Combretaceae 

10 Delonix elata Fabaceae 
11 Diospyros abyssinica  Ebenaceae 
12 Diospyros mespiliformis Ebenaceae 
13 Pseudocedrela kotschyi Meliaceae 
14 Ehretia cymosa Boraginaceae 
15 Ehretia sp. Boraginaceae 
16 Ekebergia capensis Meliaceae 
17 Ficus sycomorus Moraceae 
18 Ficus sp. Moraceae 
19 Ficus vasta Moraceae 
20 Gardenia ternifolia Rubiaceae 
21 Haplocoelum foliolosum Sapindaceae 
22 Landolphia buchananii Apocynaceae 
23 Lannea fruticosa Anacardiaceae 
24 Lannea welwitschii Anacardiaceae 
25 Pavetta gardeniifolia Rubiaceae 
26 Piliostigma thonningii Fabaceae 
27 Rhus ruspolii Anacardiaceae 
28 Sapium ellipticum Euphorbiaceae 
29 Sclerocarya birrea Anacardiaceae 
30 Steganotaenia araliacea Apiaceae 
31 Sterculia setigera Sterculiaceae 
32 Tamarindus indica Fabaceae 
33 Terminalia laxiflora Combretaceae 
34 Terminalia schimperiana Combretaceae 
35 Terminalia brownii Combretaceae 
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Appendix 7. Lists of tree species, their quantity, pi, density and relative density value of 
the Gibe III Hydroelectric Dam site.  
 
No. Tree Species Quantity pi Density RD (%) 
1 Acacia polyacantha 211 0.069 85.081 6.927 
2 Acacia sieberiana 210 0.069 84.677 6.894 
3 Acacia dolichocephala 145 0.048 58.468 4.760 
4 Antiaris toxicaria 1 0.00033 0.403 0.033 
5 Azadirachta indica 3 0.00099 1.211 0.099 
6 Berchemia discolor 11 0.004 4.435 0.361 
7 Sapium ellipticum 23 0.0076 9.274 0.755 
8 Combretum collinum 1 0.00033 0.403 0.033 
9 Combretum molle 306 0.1005 123.4 10.046 
10 Delonix elata 13 0.0043 5.242 0.427 
11 Diospyros abyssinica  62 0.0204 25 2.035 
12 Diospyros mespiliformis 324 0.1064 130.645 10.637 
13 Pseudocedrela kotschyi 8 0.0026 3.226 0.263 
14 Ehretia cymosa 89 0.0292 35.887 2.922 
15 Ehretia sp. 93 0.031 37.5 3.053 
16 Ekebergia capensis 241 0.079 97.177 7.912 
17 Ficus sycomorus 5 0.002 2.016 0.164 
18 Ficus sp. 5 0.002 2.016 0.164 
19 Ficus vasta 7 0.0023 2.8223 0.23 
20 Gardenia ternifolia 22 0.007 8.871 0.722 
21 Haplocoelum foliolosum 164 0.054 66.13 5.384 
22 Landolphia buchananii 45 0.015 18.15 1.477 
23 Lannea fruticosa 74 0.024 29.84 2.429 
24 Lannea welwitschii 49 0.0161 19.76 1.61 
25 Pavetta gardeniifolia 4 0.0013 1.613 0.131 
26 Piliostigma thonningii 8 0.003 3.226 0.263 
27 Rhus ruspolii 16 0.005 6.452 0.525 
28 Combretum adenogonium 462 0.152 186.290 15.167 
29 Sclerocarya birrea 68 0.022 27.42 2.232 
30 Steganotaenia araliacea 8 0.003 3.23 0.263 
31 Sterculia setigera 33 0.011 13.306 1.083 
32 Tamarindus indica 70 0.023 28.225 2.3 
33 Terminalia laxiflora 19 0.0062 7.661 0.624 
34 Terminalia schimperiana 173 0.0568 69.758 5.68 
35 Terminalia brownii 73 0.024 29.436 2.397 
 Total 3046  1228.226 100 
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Appendix 8. Lists of tree species, their occurrence, frequency and relative frequency 
value of Gibe III Hydroelectric Dam site. 
 
No. Tree Species Occurrence Frequency RF (%) 

1 Acacia polyacantha 20 0.323 4.626 
2 Acacia sieberiana 28 0.452 6.479 
3 Acacia dolichocephala 21 0.34 4.861 
4 Antiaris toxicaria 1 0.016 0.231 
5 Azadirachta indica 1 0.016 0.231 
6 Berchemia discolor 4 0.065 0.926 
7 Sapium ellipticum 7 0.113 1.621 
8 Combretum collinum 1 0.016 0.231 
9 Combretum molle 21 0.34 4.861 

10 Delonix elata 1 0.016 0.231 
11 Diospyros abyssinica  2 0.032 0.463 
12 Diospyros mespiliformis 36 0.581 8.331 
13 Pseudocedrela kotschyi 3 0.048 0.694 
14 Ehretia cymosa 10 0.161 2.314 
15 Ehretia sp. 17 0.274 3.934 
16 Ekebergia capensis 32 0.516 7.405 
17 Ficus sycomorus 3 0.048 0.694 
18 Ficus sp. 2 0.032 0.463 
19 Ficus vasta 2 0.032 0.463 
20 Gardenia ternifolia 9 0.145 2.083 
21 Haplocoelum foliolosum 20 0.323 4.628 
22 Landolphia buchananii 13 0.211 3.008 
23 Lannea fruticosa 14 0.226 3.241 
24 Lannea welwitschii 16 0.258 3.703 
25 Pavetta gardeniifolia 1 0.016 0.231 
26 Piliostigma thonningii 3 0.048 0.694 
27 Rhus ruspolii 5 0.081 1.157 
28 Combretum adenogonium 38 0.613 8.793 
29 Sclerocarya birrea 14 0.226 3.241 
30 Steganotaenia araliacea 3 0.048 0.694 
31 Sterculia setigera 17 0.274 3.934 
32 Tamarindus indica 20 0.323 4.628 
33 Terminalia laxiflora 8 0.129 1.851 
34 Terminalia schimperiana 24 0.387 5.554 
35 Terminalia brownii 11 0.177 2.545 

 Total  6.903  
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Appendix 9. List of tree species, their basal area, quantity, dominance and relative 
dominance value of Gibe III Hydroelectric Dam site. 
 
No. Tree Species Mean Basal Area Quantity Dominance RDO (%) 

1 Acacia polyacantha 0.0000182 211 0.0038465 0.406 
2 Acacia sieberiana 0.000121114 210 0.025434 2.686 
3 Acacia dolichocephala 0.000380184 145 0.05512663 5.821 
4 Antiaris toxicaria 0.002006558 1 0.00200656 0.212 
5 Azadirachta indica 0.00636792 3 0.01910376 2.017 
6 Berchemia discolor 0.000292305 11 0.00321536 0.341 
7 Sapium ellipticum 0.000398097 23 0.00915624 0.967 
8 Combretum collinum 0.014733665 1 0.01473367 1.556 
9 Combretum molle 0.000135708 306 0.0415265 4.385 

10 Delonix elata 0.000271067 13 0.00352387 0.372 
11 Diospyros abyssinica  0.000156 62 0.00967199 1.021 
12 Diospyros mespiliformis 0.000139556 324 0.045216 4.775 
13 Pseudocedrela kotschyi 0.000365123 8 0.00292099 0.308 
14 Ehretia cymosa 0.000225798 89 0.020096 2.122 
15 Ehretia sp. 0.000205417 93 0.01910376 2.017 
16 Ekebergia capensis 0.000136886 241 0.03298963 3.484 
17 Ficus sycomorus 0.0214933 5 0.1074665 11.348 
18 Ficus sp. 0.0160768 5 0.080384 8.488 
19 Ficus vasta 0.017056929 7 0.1193985 12.608 
20 Gardenia ternifolia 0.000393392 22 0.00865463 0.914 
21 Haplocoelum foliolosum 0.000191463 164 0.0314 3.316 
22 Landolphia buchananii 0.000192325 45 0.00865463 0.914 
23 Lannea fruticosa 0.000179277 74 0.0132665 1.401 
24 Lannea welwitschii 0.000314 49 0.015386 1.625 
25 Pavetta gardeniifolia 0.000961625 4 0.0038465 0.406 
26 Piliostigma thonningii 0.000961723 8 0.00769379 0.812 
27 Rhus ruspolii 0.000648852 16 0.01038163 1.096 
28 Combretum adenogonium 0.0000613 462 0.0283385 2.992 
29 Sclerocarya birrea 0.000210392 68 0.01430663 1.511 
30 Steganotaenia araliacea 0.001683923 8 0.01347139 1.423 
31 Sterculia setigeta 0.003082909 33 0.101736 10.743 
32 Tamarindus indica 0.000817521 70 0.0572265 6.043 
33 Terminalia laxiflora 0.000421462 19 0.00800779 0.846 
34 Terminalia schimperiana 0.0000463 173 0.00800779 0.846 
35 Terminalia brownii 0.0000247 73 0.00179954 0.190 

 Total 0.090771798 3046 0.94709821 100.00 
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Appendix 10. Lists of tree species their Relative Dominance, Relative Density, Relative 
Frequency and Important Value Index values of the Gibe III Hydroelectric Dam area.  
 
No. Tree Species RDO (%) RD (%) RF (%) IVI 

1 Acacia polyacantha 0.406 6.927 4.628 11.961 
2 Acacia sieberiana 2.686 6.894 6.479 16.059 
3 Acacia dolichocephala 5.821 4.76 4.861 15.442 
4 Antiaris toxicaria 0.212 0.033 0.231 0.476 
5 Azadirachta indica 2.017 0.099 0.231 2.347 
6 Berchemia discolor 0.34 0.361 0.926 1.626 
7 Sapium ellipticum 0.967 0.755 1.621 3.342 
8 Combretum collinum 1.556 0.033 0.231 1.82 
9 Combretum molle 4.385 10.046 4.861 19.292 

10 Delonix elata 0.372 0.427 0.231 1.03 
11 Diospyros abyssinica  1.021 2.035 0.463 3.519 
12 Diospyros mespiliformis 4.775 10.637 8.331 23.743 
13 Pseudocedrela kotschyi 0.308 0.263 0.694 1.265 
14 Ehretia cymosa 2.122 2.922 2.314 7.358 
15 Ehretia sp. 2.017 3.053 3.934 9.004 
16 Ekebergia capensis 3.484 7.912 7.405 18.801 
17 Ficus sycomorus 11.348 0.164 0.694 12.206 
18 Ficus sp. 8.488 0.164 0.463 9.115 
19 Ficus vasta 12.608 0.231 0.463 13.302 
20 Gardenia ternifolia 0.914 0.722 2.083 3.719 
21 Haplocoelum foliolosum 3.316 5.384 4.628 13.328 
22 Landolphia buchananii 0.914 1.477 3.008 5.399 
23 Lannea fruticosa 1.401 2.429 3.241 7.07 
24 Lannea welwitschii 1.625 1.609 3.703 6.936 
25 Pavetta gardeniifolia 0.406 0.131 0.231 0.769 
26 Piliostigma thonningii 0.812 0.263 0.694 1.769 
27 Rhus ruspolii 1.096 0.525 1.157 2.778 
28 Combretum adenogonium 2.992 15.167 8.793 26.952 
29 Sclerocarya birrea 1.511 2.232 3.239 6.982 
30 Steganotaenia araliacea 1.423 0.263 0.694 2.38 
31 Sterculia setigera 10.743 1.083 3.934 15.76 
32 Tamarindus indica 6.043 2.298 4.628 12.969 
33 Terminalia laxiflora 0.846 0.624 1.851 3.321 
34 Terminalia schimperiana 0.846 5.681 5.553 12.08 
35 Terminalia brownii 0.19 2.396 2.545 5.131 

 Total 100.00 100.00 99.043 299.051 
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Appendix 11. List of plant species, family and growth form recorded from River Banks 

of the Study area. 

No Scientific Name Local Name Family Habit 
1 Combretum molle R.Br. ex G.Don.  Weresebo COMBRETACEAE T 
2 Tamarindus indica L.  Korie FABACEAE T 
3 Haplocoelum foliolosum (Hiern) Bullock  Kayito SAPINDACEAE T 
4 Uvaria leptocladon Oliv. Boynie ANNONACEAE S 
5 Euphorbia tirucalli L.   Mato EUPHORBIACEAE S 
6 Pavetta gardeniifolia A.Rich.   RUBIACEAE T 
7 Terminalia laxiflora Engl. & Diels  Magayo COMBRETACEAE T 
8 Vangueria madagascariensis Gmel. Gurmacea RUBIACEAE T or S 
9 Combretum aculeatum Vent.  Mermato COMBRETACEAE S 

10 Lannea fruticosa (A.Rich.) Engl.  Hasso ANACARDIACEAE T 
11 Maytenus senegalensis (Lam.) Exell  Matefa CELASTRACEAE S 
12 Ehretia sp. Tambo BORAGINACEAE T 
13 Terminalia schimperiana Hochst.  Gelel'o COMBRETACEAE T 
14 Combretum hereroense Schinz  Wetetie COMBRETACEAE S 
15 Croton dichogamus Pax  Balibetie EUPHORBIACEAE S 
16 Diospyros abyssinica (Hiern.) F.White Sankara EBENACEAE T 
17 Sapium ellipticum (Krauss.) Pax  Gurucho EUPHORBIACEAE T 
18 Phyllanthus reticulatus Poir.  Bisota EUPHORBIACEAE S 
19 Baphia abyssinica Brummitt  Gibowa FABACEAE S 
20 Ochna holstii Engl.  Wesni OCHNACEAE S 
21 Sclerocarya birrea (A.Rich.) Hochst.  Weshelecha ANACARDIACEAE T 
22 Lannea welwitschii (Hiern) Engl.  Dobie ANACARDIACEAE T 
23 Flueggea virosa (Willd) Voigt.  Milazo EUPHORBIACEAE S 
24 Ficus sycomorus L.  Eta MORACEAE T 
25 Terminalia brownii Fresen. Sebo COMBRETACEAE T 
26 Acacia polyacantha Willd. Bulituto FABACEAE T 
27 Bridelia scleroneura Muell.Arg.  Tema EUPHORBIACEAE S 
28 Grewia trichocarpa Hochst. ex A. Rich.  Tawaye TILIACEAE S 
29 Kigelia africana (Lam.) Benth.  Sega BIGNONIACEAE S 
30 Celtis africana Burm.f.  Shua ULMACEAE S 
31 Acacia sieberiana DC. Polanto FABACEAE T 
32 Acacia dolichocephala Harms Defishsha FABACEAE T 
33 Acacia senegal (L.) Willd. Burgudo FABACEAE S or T 
34 Acacia hockii De wild. Chacholie FABACEAE S or T 
35 Sterculia setigera Del.  Atiya STERCULIACEAE T 
36 Harrisonia abyssinica Oliv. Wertefie SIMAROUBACEAE S 
37 Maerua triphylla A.Rich.  Wereteli CAPPARIDACEAE S 
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38 Solanum incanum L.  Alagabulo SOLANACEAE S 
39 Indigofera garckeana Vatke  Maylo FABACEAE S 
40 Diospyros mespiliformis Hochst. ex A. DC.  Putelwa EBENACEAE T 
41 Rhus natalensis Krauss.  Wereputo ANACARDIACEAE S 
42 Landolphia buchananii (Hall.f.) Stapf  Ambileta APOCYNACEAE T 
43 Phyllanthus rotundifolius Willd.  Dambia EUPHORBIACEAE S 
44 Acalypha ornata Hochst.ex A.Rich. Se'a EUPHORBIACEAE S 
45 Combretum adenogonium Steud ex A. Rich. Digiso COMBRETACEAE T 
46 Grewia mollis A.Juss.  Alagashe TILIACEAE S 
47 Rhus ruspolii Engl.   ANACARDIACEAE T 
48 Helinus integrifolius (Lam.) O.ktze.   RUBIACEAE Climber 
49 Berchemia discolor (Klotzsch) Hemsl  Menakosie RHAMNACEAE T 
50 Clerodendrum myricoides (Hochst.) Vatke Etrowanji LAMIACEAE S 
51 Maerua angolensis DC. Tuto CAPPARIDACEAE S 
52 Strychnos innocua Del.  Ugugia LOGANIACEAE S 
53 Ekebergia capensis Sparrm.  Tishetie MELIACEAE T 

 

Appendix 12. List of Genera, number of species in each genera and percentage of genera 

of the plant species recorded from River Banks of Gibe III Hydroelectric Dam site. 

 

No   Plant Genera   Number of Species Percentage of Genera 
1 Acacia 5 9.43 
2 Acalypha 1 1.9 
3 Baphia 1 1.9 
4 Berchemia 1 1.9 
5 Bridelia 1 1.9 
6 Celtis 1 1.9 
7 Clerodendrum 1 1.9 
8 Combretum 4 7.55 
9 Croton 1 1.9 

10 Diospyros 2 3.77 
11 Ehretia 1 1.9 
12 Ekebergia 1 1.9 
13 Euphorbia 1 1.9 
14 Ficus 1 1.9 
15 Flueggea 1 1.9 
16 Grewia 2 3.77 
17 Haplocoelum  1 1.9 
18 Harrisonia 1 1.9 
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19 Helinus 1 1.9 
20 Indigofera 1 1.9 
21 Kigelia 1 1.9 
22 Landolphia 1 1.9 
23 Lannea 2 3.77 
24 Maerua 2 3.77 
25 Maytenus 1 1.9 
26 Ochna 1 1.9 
27 Pavetta 1 1.9 
28 Phyllantus 2 3.77 
29 Rhus 2 3.77 
30 Sapium 1 1.9 
31 Sclerocarya 1 1.9 
32 Solanum 1 1.9 
33 Sterculia  1 1.9 
34 Strychnos 1 1.9 
35 Tamarindus 1 1.9 
36 Terminalia 3 5.66 
37 Uvaria 1 1.9 
38 Vangueria 1 1.9 

 Total 53 100 
 

Appendix 13. List of Families, number of species in each family and percentage of each 

family of the plant species recorded from River Banks of Gibe III Hydroelectric Dam 

site. 

 
No Family Number of Species  Family Percentage 

1 FABACEAE 8 15.09 
2 COMBRETACEAE 7 13.21 
3 EUPHORBIACEAE 8 15.09 
4 RUBIACEAE 3 5.66 
5 ANACARDIACEAE 5 9.43 
6 SAPINDACEAE 1 1.9 
7 ANNONACEAE 1 1.9 
8 CELASTRACEAE 1 1.9 
9 BORAGINACEAE 1 1.9 

10 EBENACEAE 2 3.77 
11 OCHNACEAE 1 1.9 
12 MORACEAE 1 1.9 



 

 92 

13 TILIACEAE 2 3.77 
14 BIGNONIACEAE 1 1.9 
15 ULMACEAE 1 1.9 
16 STERCULIACEAE 1 1.9 
17 SIMAROUBACEAE 1 1.9 
18 CAPPARIDACEAE 2 3.77 
19 SOLANACEAE 1 1.9 
20 APOCYNACEAE 1 1.9 
21 RHAMNACEAE 1 1.9 
22 LAMIACEAE 1 1.9 
23 LOGANIACEAE 1 1.9 
24 MELIACEAE 1 1.9 
 Total 53 100 

 

Appendix 14. List of Families of tree species and their percentage recorded from River 

Banks Gibe III Hydroelectric Dam site. 

 

No Family Number of Species  Family Percentage 
1 COMBRETACEAE 5 20.83 
2 FABACEAE 4 16.67 
3 ANACARDIACEAE 4 16.67 
4 EBENACEAE 2 8.33 
5 APOCYNACEAE 1 4.17 
6 SAPINDACEAE 1 4.17 
7 RUBIACEAE 1 4.17 
8 BORAGINACEAE 1 4.17 
9 EUPHORBIACEAE 1 4.17 

10 MORACEAE 1 4.17 
11 MELIACEAE 1 4.17 
12 RHAMNACEAE 1 4.17 
13 STERCULIACEAE 1 4.17 

 Total 24 100 
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Appendix 15. List of Genera of Tree species and their percentage recorded from River 

Banks of Gibe III Hydroelectric Dam site. 

 

No  Tree Genera Number of Species  Genera Percentage 
1 Acacia 3 12.5 
2 Berchemia 1 4.17 
3 Combretum 2 8.33 
4 Diospyros 2 8.33 
5 Ehretia 1 4.17 
6 Ekebergia 1 4.17 
7 Ficus 1 4.17 
8 Haplocoelum 1 4.17 
9 Landolphia 1 4.17 

10 Lannea 2 8.33 
11 Pavetta 1 4.17 
12 Rhus 1 4.17 
13 Sapium 1 4.17 
14 Sclerocarya 1 4.17 
15 Sterculia 1 4.17 
16 Tamarindus 1 4.17 
17 Terminalia 3 12.5 

 Total 24 100 
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Appendix 16. Lists of tree species, their quantity, pi, density and relative density value of 
the Riverine Vegetation of Gibe III Hydroelectric Dam site.  
 

No Tree Species Quantity pi Density RD (%) 
1 Combretum molle 102 0.204 231.82 20.44 
2 Tamarindus indica 27 0.054 61.36 5.41 
3 Haplocoelum foliolosum 43 0.086 97.73 8.62 
4 Pavetta gardeniifolia 4 0.008 9.09 0.80 
5 Terminalia laxiflora 5 0.010 11.36 1.00 
6 Lannea fruticosa 26 0.052 59.09 5.21 
7 Ehretia sp. 14 0.028 31.82 2.81 
8 Terminalia schimperiana 38 0.076 86.36 7.62 
9 Diospyros abyssinica  46 0.092 104.55 9.22 

10 Sapium ellipticum  11 0.022 25 2.20 
11 Sclerocarya birrea  16 0.032 36.36 3.21 
12 Lannea welwitschii  15 0.030 34.09 3.01 
13 Ficus sycomorus   2 0.004 4.55 0.400 
14 Terminalia brownii 6 0.012 13.64 1.20 
15 Acacia polyacantha  17 0.034 38.64 3.41 
16 Acacia sieberiana  31 0.062 70.45 6.21 
17 Acacia dolichocephala  24 0.048 54.55 4.81 
18 Sterculia setigera  3 0.006 6.82 0.60 
19 Diospyros mespiliformis   12 0.024 27.27 2.41 
20 Landolphia buchananii  6 0.012 13.64 1.20 
21 Combretum adenogonium  25 0.050 56.82 5.01 
22 Rhus ruspolii   2 0.004 4.55 0.40 
23 Berchemia discolor   4 0.008 9.09 0.80 
24 Ekebergia capensis  20 0.040 45.45 4.01 

 Total 499  1134.091 100 
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Appendix 17. Lists of tree species, their occurrence, frequency and relative frequency 
value of the River Vegetation of Gibe III Hydroelectric Dam site. 
 

No Tree Species Occurrence Frequency RF (%) 
1 Combretum molle 7 0.64 10.15 
2 Tamarindus indica 7 0.64 10.15 
3 Haplocoelum foliolosum 5 0.45 7.25 
4 Pavetta gardeniifolia 1 0.09 1.45 
5 Terminalia laxiflora 2 0.18 2.89 
6 Lannea fruticosa 3 0.27 4.35 
7 Ehretia sp. 3 0.27 4.35 
8 Terminalia schimperiana 5 0.45 7.25 
9 Diospyros abyssinica  1 0.09 1.45 

10 Sapium ellipticum  2 0.18 2.89 
11 Sclerocarya birrea  3 0.27 4.35 
12 Lannea welwitschii  5 0.45 7.25 
13 Ficus sycomorus   1 0.09 1.45 
14 Terminalia brownii 1 0.09 1.45 
15 Acacia polyacantha  2 0.18 2.89 
16 Acacia sieberiana  5 0.45 7.25 
17 Acacia dolichocephala  4 0.36 5.79 
18 Sterculia setigera  2 0.18 2.89 
19 Diospyros mespiliformis   1 0.09 1.45 
20 Landolphia buchananii  2 0.18 2.89 
21 Combretum adenogonium  3 0.27 4.35 
22 Rhus ruspolii   1 0.09 1.45 
23 Berchemia discolor   1 0.09 1.45 
24 Ekebergia capensis  2 0.18 2.89 
 Total 69 6.27 100.00 
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Appendix 18. List of tree species, their basal area, quantity, dominance and relative 

dominance value of the Riverine Vegetation of Gibe III Hydroelectric Dam site. 

No Tree Species Mean Basal Area Quantity Dominance RDO (%) 
1 Combretum molle 0.000407123 102 0.0415265 6.339923664 
2 Tamarindus indica 0.0021195 27 0.0572265 8.736870229 
3 Haplocoelum foliolosum 0.000730233 43 0.0314 4.79389313 
4 Pavetta gardeniifolia 0.000961625 4 0.0038465 0.587251908 
5 Terminalia laxiflora 0.00160156 5 0.0080078 1.222562595 
6 Lannea fruticosa 0.00051025 26 0.0132665 2.025419847 
7 Ehretia sp. 0.001364557 14 0.0191038 2.91660458 
8 Terminalia schimperiana 0.000130892 38 0.0049739 0.759371847 
9 Diospyros abyssinica  0.000210261 46 0.009672 1.476638931 

10 Sapium ellipticum  0.000832382 11 0.0091562 1.397899237 
11 Sclerocarya birrea  0.000894163 16 0.0143066 2.184217557 
12 Lannea welwitschii  0.001025733 15 0.015386 2.349007634 
13 Ficus sycomorus   0.05373325 2 0.1074665 16.40709924 
14 Terminalia brownii 0.000743817 6 0.0044629 0.681351237 
15 Acacia polyacantha  0.000226265 17 0.0038465 0.587251908 
16 Acacia sieberiana  0.000820452 31 0.025434 3.883053435 
17 Acacia dolichocephala  0.002296942 24 0.0551266 8.416278626 
18 Sterculia setigera  0.033912 3 0.101736 15.53221374 
19 Diospyros mespiliformis   0.003768 12 0.045216 6.903206107 
20 Landolphia buchananii  0.001442433 6 0.0086546 1.321316794 
21 Combretum adenogonium  0.00113354 25 0.0283385 4.32648855 
22 Rhus ruspolii   0.0051908 2 0.0103816 1.584980916 
23 Berchemia discolor   0.00080385 4 0.0032154 0.490894656 
24 Ekebergia capensis  0.00164948 20 0.0329896 5.036583969 

 Total 0.116509106 499 0.6547405 99.96038034 
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Appendix 19. Lists of tree species their Relative Dominance, Relative Density, Relative 
Frequency and Important Value Index values of the Riverine Vegetation of Gibe III 
Hydroelectric Dam site.  
 

No Tree Species RDO (%) RD (%) RF (%) IVI 
1 Combretum molle 6.34 20.44 10.15 36.93 
2 Tamarindus indica 8.74 5.41 10.15 24.29 
3 Haplocoelum foliolosum 4.79 8.62 7.25 20.66 
4 Pavetta gardeniifolia 0.59 0.80 1.45 2.84 
5 Terminalia laxiflora 1.22 1.00 2.89 5.12 
6 Lannea fruticosa 2.03 5.21 4.35 11.58 
7 Ehretia sp. 2.92 2.81 4.35 10.07 
8 Terminalia schimperiana 0.76 7.62 7.25 15.62 
9 Diospyros abyssinica  1.48 9.22 1.45 12.14 

10 Sapium ellipticum  1.40 2.20 2.89 6.50 
11 Sclerocarya birrea  2.18 3.21 4.35 9.74 
12 Lannea welwitschii  2.35 3.01 7.25 12.60 
13 Ficus sycomorus   16.41 0.40 1.45 18.26 
14 Terminalia brownii 0.68 1.20 1.45 3.33 
15 Acacia polyacantha  0.59 3.41 2.89 6.89 
16 Acacia sieberiana  3.88 6.21 7.25 17.35 
17 Acacia dolichocephala  8.42 4.81 5.79 19.025 
18 Sterculia setigera  15.53 0.60 2.89 19.03 
19 Diospyros mespiliformis   6.90 2.40 1.45 10.76 
20 Landolphia buchananii  1.32 1.20 2.89 5.42 
21 Combretum adenogonium  4.33 5.01 4.35 13.69 
22 Rhus ruspolii   1.58 0.40 1.45 3.44 
23 Berchemia discolor   0.49 0.80 1.45 2.74 
24 Ekebergia capensis  5.04 4.01 2.89 11.94 

 Total 99.97 100.00 100.045 300.015 
 


