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[bookmark: _Toc167488982]Abstract
The aim of this study was to investigate the Floristic Composition and Vegetation Structure of Bishoftu Massif forests ,Bishoftu, Central Shewa, Oromia Regional State, Ethiopia. Two transects were laid randomly in the sites, starting from the top massif to bottom valley, and spaced an average minimum of 200 m from each other. The two transects in each sites, had five quadrats each. In all transects line, the first sampling plot was located randomly, and the subsequent plots were established at 100-m intervals along the linear transect using GPS and compass. fifty sample quadrats with a size of 20 m * 20 m , 15 m * 15 m& 1m *1m  for mature tree shrub& herb respectively, were laid down alternatively along the line transect. All tree, shrub, herb and grass species found within the quadrats in the sites were recorded. A total of 86 species were identified and documented from the study area, and the identified species belong to 37 families. Of the total species, trees constituted 19 (22.09%), shrubs 40 (46.51%), herbs 19 (22.09%), grasses 3 (3.49%) and climbers 4 (4.65%). In terms of species (sp.) number, family Fabaceae was the most diverse being represented by 19 spp., Lamiaceae and Asteraceae each represented by 11 and 7 spp., respectively, Poaceae represented by 4 sp., Anacardiaceae, Eurphorbiaceae and Oleaceae represented by 3 sp., Acanthaceae, Asclepiadaceae, Capparidaceae, Ebenaceae, Rubiaceae, Solanaceae and Tiliaceae each represented by 2 sp., where as all the remaining 22 Families were represented by 1 species. Mountains are places with a high degree of diversity and endemism. Biodiversity in such areas is necessary for our existence as well as valuable in its own right. Conservation and protectin of the study site and as well as the nearby biodiversity Mountain Massifs needs to be protected. Therefore, this study has improved to the understanding of the imperfectly known Bishoftu Massif forests.
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1. [bookmark: _Toc167488984]INTRODUCTION
The forests of the world play vital role in maintaining and balancing natural eco-system. These forest resources fulfil human demands by providing renewable raw materials and energy, maintain biodiversity and protect land and water resources. These resources are under degradation extensively due to increasing population pressure, agricultural and urban expansion, industrialization, infrastructure development and other disturbances.
In global scenario, Ethiopia is one of the countries in the world endowed with rich   biological   resources.   One   of   these   resources   is natural vegetation where floristic and faunistic life forms dynamic ecosystems (Balcha, 2002).   The  major eco-logical  systems  in  the  country  support  large  and  highly varied genetic resources along with its extremely variable agro-climatic conditions and  the altitudinal ranges (-110 to 4,620 m a.s.l) (FAO, 1996). Rainfall also varies widely in amount and distribution. These factors strongly influence Ethiopia’s extraordinary range of terrestrial and aquatic ecosystems, and have contributed to a high diversity and rate of endemism (Tesfaye Awas et al., 2003).  The existence of such diverse ecosystems has endowed Ethiopia with diverse vegetation types.The varied topography, have given Ethiopia a wide spectrum of habitats and   a   large   number   of   endemic   plants   and   animals (Demel Teketay, 1999; Zerihun Woldu, 1999). According to Clements, (1916), Braun-Banquet, (1932) and Odum, (1971), vegetation is composed of certain distinct and fairly discrete plant communities. Odum (1971), further elaborates that the communities have a degree of internal organization which jointly modifies the environment with sharp delimitation from other communities.
The present vegetation of Ethiopia is physio-gnomically divided into nine major vegetation types: 1) Desert and semi-desert scrubland; 2) Lowland (semi-) evergreen forest; 3) Acacia-Commiphora small- leaved, deciduous woodland; 4) Combretum-Terminalia  broad-leaved  deciduous  woodland  and  savanna; 5)  Evergreen  scrub; 6)  Moist  evergreen  montane forest / Afromontane rainforest;7) Dry evergreen and montane forest and grassland; 8) Afro alpine  and  subafroalpine  zone;  and  9) Riparian/riverine and swamp vegetation (Tesfaye Awas et al., 2003). The  size of  Ethiopian  flora is  estimated  to  be  over  6500-7000  species  of  vascular plants,   of   which   about   12%   are   considered   endemic (Tewolde G/egziabehare, 1991). Accordingto Ensermu Kelbessa et al.  (1992), 120 threaten endemic plant species are known from Ethiopia.  Thirty five of these species were from the dry afromontane forests of the country. Dry evergreen montane forest has a very complex type of vegetation, roughly above 1500 ma.s.l.  and  below  3200  m  a.s.l.,  with  an  average  annual temperature  and  rainfall  of  14-25°C  and  700-1100  mm, respectively (Friis, 1992).   
Ethiopia being the land where the first humans have evolved, its vegetation has been exposed to various  human induced impacts  that  have  diminished  its  diversity  for  a  longer period than anywhere else (Dembel Teketay, 1992). The attention given to vegetation conservation and sustainable use has so far been inadequate. Some of the current contributory factors to accelerated decline of vegetation  are:  the  size  and  pattern of  the  distribution  of  human  and  domestic  animal populations, the level of resource consumption, market factors and policies (SCBD, 2001). Under-valuation of  vegetation conservation  due  to  the low-level  of  awareness about  the  rate  at  which  it  is deteriorated  or  lost  and  poor  regard  to  the  conservation  problems  have  also  contributed  to under-investment in proper vegetation management (Feyera Senbeta and Dembel Teketay, 2003).
[bookmark: _Toc476322014]The   Mountainous Bishoftu-massifs forests arepart of the dryafromontane forests  that  are  found  in  the  platu  lands  ofCentral Showa,where there is less: settlements,illegal  cutting,  farmland, and open pasture fields.  Overgrazing and continuoushuman interference are believed to lead to an irreversible change inthe function of forests.In  order  to  maintain  ecological  equilibrium  and  to  meetthe  area product  requirements of  the  species  diversity, floristiccompositionandvegetationstructure areimportant to judge the success of the conservation effortsof the natural   forests for their sustainability. No suchstudy was done on Bishoftu-massifs forests. The aim of this study was to generate basic scientific information by identifying and documenting the floristic composition and plant community structures of the vegetation in the study area. In addition to this, it aimed to assess and point out the environmental factors influencing the structures of the plant communities.

[bookmark: _Toc167488985][bookmark: _Toc12534742]CHAPTER TWO
2. [bookmark: _Toc167488986]RESEARCH QUESTIONS, HYPOTHESES AND OBJECTIVES
2.1 [bookmark: _Toc476322015][bookmark: _Toc12534743][bookmark: _Toc167488987]Research questions
The research is focused toward floristic composition, vegetation classification and structural analysis of the Bishoftu-massifs forests. 
1. What are the plant species available within the forest?
2. What are the vegetation classifications within the forest?
3. What will be the vegetation structural analysis in the study area?
2.2 [bookmark: _Toc476322016][bookmark: _Toc12534744][bookmark: _Toc167488988]Hypotheses to be tested
1. The forest is composed of various plant species; and,
2. The forest is structured into different vegetation categories.
2.3 [bookmark: _Toc12534745][bookmark: _Toc167488989]Objectives
The general objective of this study was therefore, 
· Study and document the floristic composition, species diversity, and determine the species richness of the Bishoftu-massifs forests.
Specific objectives of the study were:
· To identify and compile list of plant species within the natural Bishoftu-massifs forests.
· To determine the species diversity of the Bishoftu-massifs forests.





[bookmark: _Toc167488990][bookmark: _Toc12534746]CHAPTER THREE
3. [bookmark: _Toc167488991]LITERATURE REVIEW
3.1 [bookmark: _Toc12534747][bookmark: _Toc167488992]Floristic Diversity and vegetation types of Ethiopia
Ethiopia has a large natural and cultural diversity with a wide range of climate, which results from its topography and latitudinal position. Ethiopia has diverse vegetation types in which diverse flora and fauna exist. The great plains of Ethiopia occur on top of massive highland plateaus like slopes of the Semien Mountains National Park (SMNP), Bale Mountains 
National Park (BMNP) and other mountain ranges, whereas the lowlands are dividing the highlands and the whole country into two unequal halves by the Great Rift Valley. Many of these mountain ranges reach over 4000 m a.s.l. and are home to numerous endemic species of flora and fauna (Demel, 2004; Friis et al., 2010). The differences in altitude and latitude have resulted in a wide variation in climate i.e., rainfall, humidity, temperature and exposure to wind, etc. These differences along with edaphic variations form the basis for the wide biodiversity of the country. This geographical and ecological diversity of Ethiopia, with extraordinary range of terrestrial ecosystems, contributed to the high rate of endemism and diversity (Demel et al., 2004; IBCR, 2009).
The vegetation of the country is very heterogeneous. It varies from semi-desert to Afro-alpinevegetation type (Friis et al., 2010). The woody plant species in the Flora of Ethiopia and Eritrea was estimated to be 1100; out of these about 300 are tree species (Demel et al., 2000). Most of Ethiopia’s population are living in rural areas and depend on natural resources such as land, water, forests and trees for economic development, food security and other basic necessities (Alemneh, 2003). This implies that the majority of the economic activities and life of most of Ethiopians are either directly or indirectly related to the Forest resources (Demel, 2001; Kitessa, 2007). This implies that the services of Forests are unlimited.
3.2 [bookmark: _Toc12534748][bookmark: _Toc167488993]Vegetation Types in Ethiopia
Ethiopia has diverse climatic and topographic features. Owing to the extreme variation in climate and various ecological systems which are suitable for evolution Ethiopia possesses one of the largest and most diverse plant genetic and wildlife resources. Vegetation formation is influenced by a combination of many factors, such as climate, geology, edaphic factors and biotic factors, including interference by humans in ecological succession. Vegetation is dynamic, that is, constantly changing. Reasons for the changes can be ecological or evolutionary processes, climatic change, human land use, and interaction between these factors (Birhanu, 2010). Various authors have been attempting to study the Ethiopian forests and woody vegetation resources employing different systems, among them, (Ib Friis and Sebsebe Demessiew2001), (Kumilachew Yeshitela and Tamrat Bekele, 2002) and (Tadesse, 2003) have made considerable contributions toward understanding the vegetation of the country and proposed their conservation strategies and again recent studies (Abate et al., 2006; Genene, 2005; Motuma, 2007; and Kitessa et al., 2007; Haile et al., 2008 and Ensermu and Teshome, 2008). Based on the works of these and other authors the various vegetation types of Ethiopia have been grouped into different categories. Accordingly, the various natural vegetation types of the flora area of Ethiopia have been divided into eight major ecosystems which are described as follows: Desert and semi desert scrub land, Acacia- Commiphora woodland, Moist Montane rainforest (which includes the Afromontane rainforest and the Transitional rainforest), Lowland semi evergreen forest, Combretum- Terminalia woodland and Savannah, Dry evergreen montane forest and Grassland complex.
3.3 [bookmark: _Toc12534749][bookmark: _Toc167488994]Ecological Services of Forests
Ecosystem services are the outcome from ecosystem functions that benefit human being (FAO, 2007). The services provided by forests cover a wide range of ecological, economical, social and cultural considerations and processes. There are a number of components to broad range of services that forests provide in addition to their values of basic goods. They contribute more than other terrestrial biomass to climate relevant cycles and biodiversity related processes (FAO, 2007). According to Daily (1997), the major services provided by forests include: Regulation of water regimes, modulating climate, maintenance of soil quality, carbon sequestration, maintenance of biodiversity in themselves and being a habitat for other species, air pollution biological control, cultural, aesthetic and amenity services.
3.4 [bookmark: _Toc12534750][bookmark: _Toc167488995]Threats to Ethiopian Vegetation
The Ethiopia vegetations, particularly the forest resources are under severe pressure as a consequence of inhabitants’ need for farmlands and grazing lands. There is a severe and increasing fuel wood gap in the country; which leads to depletion of the standing stock and, hence, further degradation of the remaining forest stands (EPA, 1997). The loss of forest resource is severe in the Ethiopian highlands where most of the vast mountain massifs in the heart of the country lie above 1500 m elevation (Deriba, 2006). The location of Ethiopian high forests on the zone of the densely populated highlands and their unique ecology make them endangered and more susceptible to strong deforestation of forests (Shiferaw and Taye, 2002). 
According to (Shiferaw Dessie and Taye Bekele, 2002), the major threats to the conservation of the Ethiopian vegetation are increasingly intensive use of forestlands for agriculture and livestock, need of fuel wood and construction materials, forest fires and human settlement. These major causes of forest destruction are very much interrelated and most are ultimately initiated by the rapid population growth in the country.
3.5 [bookmark: _Toc12534751][bookmark: _Toc167488996]Forest Resources and Management Status
The forests resources of Ethiopia store 2.76 billion tons of carbon (about 10 billion tons of  CO2)  in  the  aboveground  biomass,  which  will  be  released  to  the  atmosphere  in  50 years  if  the  deforestation  continues  at  the  present  rate  of  about  2%.  The  local consequences  are  shortage  of  wood  products,  substantial  loss  of  foreign  currency  for importing  wood,  changes  in  local  and  regional  climates,  depletion  of  biological resources,  further  degradation  of  remaining  vegetation  and  widespread  land degradation.  The  current  scenario  of  little  investment  in  the  forest  management  will result  in  substantial  ecological  (including  carbon  emissions  from  forest  sector),  social and economic costs for the country. Professional forest management intervention could have a significant impact on the socio‐economic contribution of the forestry sector.
Ecologically, the forest gives important environmental benefits by providing not only carbon sink/ carbon storage service but also watersheds protection services (protect soil erosion and flooding) and providing habitats for a large amount of animals, the forest serves as a source of food, household energy, construction and agricultural material, tourism and recreation values and medicines for both people and livestock (Dembel Teketay, 1992; Tamerate Bekele, 1994).
Therefore, with in to consideration, the current study focuses on botanical assessments such as floristic composition, species diversity and structural analysis which are essential for providing information on species richness of the forests, useful for forest management purpose and help in understanding forest ecology and ecosystem functions in Bishoftu-massifs forests (Feyera Senbeta and Dembel Teketay, 2003). Knowledge of floristic composition and structure of forest is also useful in identifying ecologically and economically important plants and their diversities, protecting threatened and economical important plant species in the Bishoftu-massifs forests.
[bookmark: _Toc167488997][bookmark: _Toc12534752]CHAPTERFOUR
4. [bookmark: _Toc167488998]METHODS AND MATERIALS
4.1 [bookmark: _Toc12534753][bookmark: _Toc167488999]Study area
Bishoftu is located in the state of Oromia, Ethiopia, approximately 47 km south east of Addis Ababa. Its geographical coordinates are 9° 6' 0" North, 37° 15' 0" East. Its topography is undulating and characterized by flat land on the north and east parts of the city, locked by several lakes, while the south is dominated by hills (BCP, 2015). The geographical area of the city is about 15,273 ha, and it lies at an altitude in the range of 1900 m. to 1995 m. The temperature of the area falls within a range of 16°c and 24°c. Bishoftu is truly a resort town, known for five crater lakes: Lake Bishoftu, Lake Hora, Lake Bishoftu Guda, Lake Koriftu and the seasonal Lake Cheleklaka. The number of Open Defecation is very low (1%). Nevertheless, none of the city's excreta is delivered to a treatment plant. Therefore, only 14% of the city's excreta are safely managed, whilst 86% is unsafely managed.

[image: C:\Users\DELL\Desktop\Ant\Study area.jpg]
[bookmark: _Toc18292786][bookmark: _Toc12534754]Figure 1 Location of Bishoftu on a map (Left) and Map showing the study area of Bishoftu Massif forests (Right), Bishoftu, Central Shewa, Oromia Regional State, Ethiopia. [The picture is taken from Google Earth Pro, Image Land Sat, Copernicus © 2018 Google]
4.2 [bookmark: _Toc167489000]Site selection and sampling techniques
The study was conducted between October 2018 and February 2019, where reconnaissance survey and study design were conducted in the five study sites of the Bishoftu Massif Mountains: namely, site 1, 2, 3, 4, 5 and 6 (Table 1). 
Two transects were laid randomly in the sites, starting from the top massif to bottom valley, and spaced an average minimum of 200 m from each other. The two transects in each sites, had five quadrats each. In all transects line, the first sampling plot was located randomly, and the subsequent plots were established at 100-m intervals along the linear transect using GPS and compass. fifty sample quadrats with a size of 20 m * 20 m , 15 m * 15m & 1m*1 m for mature trees, shrubs& herbs respectively, were laid down alternatively along the line transect.
[bookmark: _Toc18292723]Table 1 Features of the Bishoftu Mountain Massif sites assessed during the study period.
	Descriptions
	Site 1
	Site 2
	Site 3
	Site 5
	Site 6

	Latitude
	039003’4.81”
	039003’14.48”
	039001’43.5”
	039004’29.5”
	039003’4.81”

	Longitude
	08041’49.13”
	08042’10.52”
	08040’5.13”
	08039’6.88”
	08041’49.13”

	Topography
	Mountain
	Mountain
	Mountain
	Mountain
	Mountain

	Surrounding 
	Farm 
	Farm
	Farm
	Farm
	Farm



4.3 [bookmark: _Toc12534755][bookmark: _Toc167489001]Data collection
All tree,shrub and herb & some climber/grass species found within the quadrants in the sites were recorded. Altitude, longitude and latitudes of each quadrat were measured using GPS. Slope of each quadrat was also measured using a clinometer. Aspect and bearing of each transect line were measured using a compass. 
Identification of the plant specimens was performed at the Ethiopian National Herbarium (ETH), Addis Ababa University, College of Natural and Computational Sciences using taxonomic keys and published volumes of the floras of Ethiopia and Eritrea.
4.4 [bookmark: _Toc12534756][bookmark: _Toc167489002]Data analysis
Species diversity is an important aggregate indicator that reflects the effect of secondary forest restoration in tropical regions. Species diversity statistics were calculated using the Shannon-Wiener index and Simpson’s diversity index. Species richness was calculated as a measure of the number of species found in a sample (Connell 1978; Wright 2002).
Shannon-Wiener index:
H= - ∑ Pi ln Pi
Where, H: Shannon-Wiener Index; Pi: proportion of individual species; ln: log basen.
Importance value index (IVI) is a significance index used to determine a species in a given habitat. IVI is calculated as the sum of relative dominance, relative abundance, and relative frequency of species. Dominance is calculated as the sum of basal area (BA) in square meters per hectare of each species (BA= π [DBH2/4]). Relative dominance is the percentage of the total basal area of a given species out of the total measured stem basal areas for all species, relative abundance is the percentage of the abundance (the number of stems of individuals of a species per ha) of each species compared to the total stem numbers for all species per hectare, and relative frequency is the percentage of frequency (the percentage of the total number of plots containing the species to all plots) of a species compared to the total frequencies of all the species added up (Wright 2002). 
IVI=RDi+RFi+RAi:
RDi is relative dominance, RFi is relative frequency, and RAi is relative abundance








[bookmark: _Toc167489003][bookmark: _Toc12534757]CAHPTER FIVE
5. [bookmark: _Toc167489004]RESULTS
Floristic composition:
A total of 86 species were identified and documented from the study area, and theidentified species belong to 37 families. Of the total species, treesconstituted 19(22.09%), shrubs40 (46.51%),herbs 19(22.09%), grasses 3(3.49%) and climbers4 (4.65%). The growth forms of the species recorded from Bishoftu Mountain Massif floras were dominated by shrubs, followed by herbs & trees (Fig 2). 

[bookmark: _Toc18292787]Figure 2 Growth habit of plants in Bishoftu Mountain Massif forests.
In terms of species (sp.) number, family Fabaceae was the most diverse being represented by 19 spp., Lamiaceae and Asteraceae each represented by 11 and 7 spp., respectively, Poaceae represented by 4 sp., Anacardiaceae, Eurphorbiaceae and Oleaceae represented by 3 sp., Acanthaceae, Asclepiadaceae, Capparidaceae, Ebenaceae, Rubiaceae, Solanaceae and Tiliaceae each represented by 2 sp., where as all the remaining 22 Families are represented by 1 species. 




[bookmark: _Toc18292724]Table 2The percentages of families from the Bishoftu Mountain Massif sites.
	Family
	Sp.
	Total Sp.
	%

	Fabaceae
	19
	86
	22.09

	Lamiaceae
	11
	86
	12.79

	Asteraceae
	7
	86
	8.14

	Poaceae
	4
	86
	4.65

	Anacardiaceae
	3
	86
	3.49

	Euphorbiaceae
	3
	86
	3.49

	Oleaceae
	3
	86
	3.49

	Acanthaceae
	2
	86
	2.33

	Asclepiadaceae
	2
	86
	2.33

	Capparidaceae
	2
	86
	2.33


Percentage= (number of species belonging to the family/total number of species)*100
The Shannon-Wiener Diversity index (H') and evenness values of Bishoftu Massif were 0.72 and 0.77, respectively. The H' of this mountain floras is less than the value of Shannon diversity index for most vegetations, which usually falls between 1.5 and 3.5 (Magurran, 1988), and suggests that thesemountain massifs are to some extent close to the range.
[bookmark: _Toc18292725]Table 3 Shannon-Wiener, and evenness values of the Bishoftu Mountain Massif sites.
	Index
	Site 

	Shannon-WienerDiversity index (H')
	0.72

	Evenness 
	0.77



Importance Value Indices (IVI) for tree species
Data from relative density (RD), relative abundance (RA) and relative frequency (RF) were used to calculate the importance value index (IVI) of the Bishoftu Massif Mountains. It indicates the relative ecological importance of a given species at a particular site (Kent and Coker 1992). High importance value index is attributed to their high relative frequency and high relative density. The greatest IVI reflects the degree of dominancy and abundance of a given species in relation to the other species in the area. It is also used for setting priority/ranking species management and conservation practices and helps to identify species as dominant or rare species (Kent and Coker, 1992). 
A species having value of IVI greater than 5.00 can be considered dominant because of the relative ecological role it plays in the ecosystem (Fekadu Gurmessa, 2010). The top ten dominant and ecologically most significant tree species in Bishoftu Massif forest on the basis of their IVI values were Hyparrhenia anthistiroides(33.46), Lantana  camara (23.97), Acacia seyal(12.62), Sida schimperiana(11.23), Emex spinosa(10.17), Schinus molle (9.87), Acacia abyssinica(8.61), Carissa spinarum  (8.57), Opuntia ficus–indica (7.56) and Launaea  intybacea(7.42).
[bookmark: _Toc18292726]Table 4 Top 10 plants with their density (D), abundance (A), frequency (F), relative density (RD), relative abundance (RA), relative frequency (RF) and importance value index (IVI) of the Bishoftu Mountain Massif floras.
	Botanical Name
	D
	A
	F
	R.D
	R.A
	R.F
	IVI

	Hyparrhenia anthistiroides  (Hochst. ex A.Rich.) 
	12.75
	38.25
	33.33
	21.76
	6.49
	5.21
	33.46

	Lantana  camara L.
	7.53
	13.29
	56.67
	12.86
	2.26
	8.85
	23.97

	Acacia seyal  Del
	2.68
	5.96
	45.00
	4.58
	1.01
	7.03
	12.62

	Sida schimperiana  Hochst . ex Benth 
	3.15
	14.54
	21.67
	5.38
	2.47
	3.39
	11.23

	Emex spinosa  (L) Campd 
	0.83
	50.00
	1.67
	1.42
	8.48
	0.26
	10.17

	Schinus molle L
	2.50
	10.00
	25.00
	4.27
	1.70
	3.91
	9.87

	Acacia abyssinicaHochst . Ex Benth 
	1.43
	4.10
	35.00
	2.45
	0.69
	5.47
	8.61

	Carissa spinarum  L.
	2.17
	11.82
	18.33
	3.70
	2.01
	2.86
	8.57

	Opuntia ficus –indica (L) Miller 
	1.53
	23.00
	6.67
	2.62
	3.90
	1.04
	7.56

	Launaea  intybacea (Jacq.) Beauv.
	1.50
	22.50
	6.67
	2.56
	3.82
	1.04
	7.42








[bookmark: _Toc12534758][bookmark: _Toc167489005]5.1 DISCUSSION
Floristic composition:
Collectively, the five  Bishoftu Mountain Massif floras have less number of woody spp. (59) than Belete forest with 79 spp. (Kitessa Hundera and Tsegaye Gadissa, 2008); Hugumburda forest with 79 spp. (Ermias Aynekulu, 2011); Lammo Natural Forest with 54 woody species (Melese Bekele, 2016),Dindin forest with 81 spp. (Simon Shibru and Girma Balcha ,2004), and less number of species than other vegetation including that of Chilimo with 90 spp. (Tamrat Bekele, 1993), Denkero with 109 spp. (Abate Ayalew et al., 2006) and Senka meda with 139 spp. (Shambel,2010). 
The study indicated that if effective management system is designed, through restoration and landscape protection, to protect the Massif Mountains, then soon or latter the area could be a potential forest area, and would become a centre of conservation areas. According to the work of Tefera Mengistu, (2004) protecting areas just like the site we have studied can act as successional catalysts, facilitating the recolonisation of native flora through their influence on understory microclimate, improving soil fertility and providing habitats for seed dispersing animals. Similarly, the works of Tucker and Murphy (1997), Senbeta and Teketay (2001), Lamb et al. (2005) proved that conserving threatening areas promotes the regenerating of woody plants, which consequently improves microclimatic conditions under the stand canopy, thus fostering effects for the recolonization of diverse flora and provide resource heterogeneity to support the native fauna. 
Species diversity:
The lower species diversity observed in the Bishoftu Mountain Massif floras compared to the other studied forests (as mentioned above) could be due to lack of conservation and exposure to human encroachments, the lack of conducive climatic conditions which limits seeds germination and vegetative regeneration from long-standing deforestation and depletion of key natural resources, absence of soil seed banks and their depletion by excessive cultivation, and insufficient dispersal activity (Cusack and Montagnini, 2004; Chazdon, 2008). Study by Liu et al.  (2011)  noted that high degradation affected species composition and decreased species richness.   


Importance Value Indices (IVI) for tree species:
Importance value indices (IVI) calculated from relative densities, relative frequency and relative dominance for the entire species recorded in the Bishoftu Mountain Massif floras were lower than other Ethiopian forests. 
These dominant species accounted for over 20.9% of the total IVI of the Gemechis Natural forest. The higher IVI of these species is due to their high values of density, frequency and dominance. This suggests that these species are dominant species of Bishoftu Mountain Massif floras and play crucial role for the ecological functioning of the area. On the other hand, about 31.7% species each has less than 1% IVI values, such low abundance may be due to either adverse environmental conditions or random distribution of available resources in the forest (Miranda et al., 2002; cited in Feyera Senbeta et al., 2007).
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The floristic composition of plant species in Bishoftu Massif Mountains has been studied. The results of the study indicated that the area had diversity with 86plant species belonging to 37 families. Fabaceae,Lamiaceae and Asteraceae have significant contribution to the overall species composition of the Mountains. 
As has already been mentioned that, mountains are places with a high degree of diversity and endemism. Biodiversity in such area is necessary for our existence as well as valuable in its own right. This is because it provides the fundamental building blocks for the many goods and services which provides a healthy environment to lead our life. Therefore, the Bishoftu Massif Mountains need to be conserved within their natural habitats (in-situ), and this way of conserving biodiversity flora is the most appropriate method for biodiversity conservation in the area and the country as a whole.
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Appendixes 1 Species list collected from Bishoftu Mountain Massif floras
	Botanical Name
	Family Name
	Habit 

	Acacia abyssinica Hochst . Ex Benth 
	Fabaceae
	Tree

	Acacia bussei Harms ex sjostedt 
	Fabaceae
	Tree

	Acacia etbaica Schweinf  
	Fabaceae
	Tree

	Acacia melanoxylon  R.Br 
	Fabaceae
	Tree

	Acacia nilotica  (L) willd .ex Del. 
	Fabaceae
	Tree

	Acacia seyal  Del
	Fabaceae
	Tree

	Acacia tortilis (Forssk) Hayne
	Fabaceae
	Tree

	Acacia venosa Hochst .ex .Benth 
	Fabaceae
	Tree

	Aerva lanata (L.) Juss. ex Schultes
	Amaranthaceae
	Herb

	Andropogon abyssinicus Fresen.
	Poaceae
	Grass

	Argemone mexicana L.
	Papaveraceae
	Herb

	Asparagus africanus Lsm.
	Asparagaceae 
	Shrub

	Bothriochloa insculpta (Hochst. ex A. Rich.) A. Camus
	Poaceae
	Grass

	Calpurnia aurea (Ait) Benth 
	Fabaceae
	Shrub

	Canthium oligocaroum Hiern
	Rubiaceae
	Shrub

	Capparis tomentosa  Lam 
	Capparidaceae
	Shrub

	Carissa spinarum  L.
	Apocynaceae 
	Shrub

	Cassia arereh Del.
	Fabaceae
	Shrub

	Cheilanthes farinosa (Forssk.) Kaulf.
	Sinopteridaceae
	Herb

	Clematis simensis Fresen.
	Ranunculaceae
	Climber 

	Clerodendrum myricoides (Hochst.) Vatke
	Lamiaceae
	Shrub

	Clutia abyssinica Jaub. & Spach. 
	Euphorbiaceae
	Tree

	Conyza aegyptiaca (L.) Dry and ex Ait 
	Asteraceae
	Herb

	Conyza stricta  Willd
	Asteraceae
	Shrub

	Croton macrostachyus Del
	Euphorbiaceae 
	Tree

	Datura stramonium L.
	Solanaceae 
	Herb

	Desmodium sp. 
	Fabaceae
	Shrub

	Dichrostachys cinerea (L.) Wight &Am .
	Fabaceae
	Shrub

	Dodonea angustifolia  L.f 
	Sapindaceae 
	Shrub

	Dregea schimperi (Decne.) Bullock
	Asclepiadaceae
	Shrub

	Echinops sp. 
	Asteraceae
	Herb

	Emex spinosa  (L) Campd 
	Polygonaceae 
	Herb

	Eucalyptus  Camaldulensis Dehnh 
	Myrtaceae
	Tree

	Euclea divinorum Hiern
	Ebenaceae
	Shrub

	Euclea racemosa Murr. subsp. schimperi (A. DC.) White
	Ebenaceae
	Shrub

	Ficus sur  Forssk. 
	Moraceae 
	Tree

	Flueggea virosa (Willd.) Voigt.
	Euphorbiaceae
	Shrub

	Girardinia diversifolia  (Link) Friis
	Urticaceae 
	Herb

	Glycine wightii (Wight & Am) Verde.
	Fabaceae
	Climber 

	Grewia bicolor  Juss.
	Tiliaceae 
	Shrub

	Grewia ferruginea Hochst. ex A. Rich.
	Tiliaceae
	Shrub

	Helinus mystacinus (Ait.) E. Mey. ex Steud.
	Rhamnaceae
	Climber 

	Hyparrhenia anthistiroides  (Hochst. ex A.Rich.) 
	poaceae
	Grass

	Indigopfera sp. Guill &perr 
	Fabaceae
	Shrub

	Jacaranda  mimosifolia D.Don
	Bignoniaccae 
	Tree

	Jasminum grandiflorum L.subsp. floribundum (R.Br. ex Fresen.) P.S. Green
	Oleaceae
	Shrub

	Justicia schimperiana (Hochst.ex nees)T.A
	Acanthaceae
	Shrub

	Lantana  camara L.
	Verbenaceae
	Shrub

	Launaea  intybacea (Jacq.) Beauv.
	Asteraceae
	Herb

	Leucas abyssinica (Benth.) Briq.  
	Lamiaceae
	Shrub

	Leucas deflexa Hook.f.
	Lamiaceae
	Shrub

	Leucas martinicensis (Jacq.) R.Br
	Lamiaceae
	Shrub

	Maerua angolensis DC
	Capparidaceae
	Shrub

	Maytenus arbutifolia  (A.Rich.) Wilczek 
	Celasteraceae
	Shrub

	Myrsine africana L.
	Myrsinaceae 
	Shrub

	Ocimum forskolei Benth 
	Lamiaceae
	Herb

	Ocimum lamiifolium  Hochst.ex Benth
	Lamiaceae
	Shrub

	Ocimum urticifolium Roth
	Lamiaceae
	Herb

	Olea europaea L.
	Oleaceae 
	Tree

	Opuntia ficus –indica (L) Miller 
	Cactaceae
	Tree

	Osyris quadripartita Decn.
	Santalaceae
	Shrub

	Parthenium hysterophorus L.
	Asteraceae
	Herb

	Pavetta sp. 
	Rubiaceae
	Shrub

	Pennisetum sp.
	Poaceae
	Grass

	Phaseolus sp.
	Fabaceae
	Herb

	Phaulopsis imbricata (Forssk.) Sweet
	Acanthaceae
	Shrub

	Premna schimperi Engl.
	Lamiaceae
	Shrub

	Pterolobium Stellatum (Forssk) Brenan
	Fabaceae
	Shrub

	Rhus natalensis Krauss
	Anacardiaceae
	Tree

	Rhus vulgaris Meikle
	Anacardiaceae
	Tree

	Sacrostemma viminale  (L.) R.Br
	Asclepiadaceae 
	Shrub

	Salvia schimperi Berth .
	Lamiaceae
	Herb

	Salvia tiliifolia Vahl
	Lamiaceae
	Herb 

	Satureja punctata (Benth.) Briq.
	Lamiaceae
	Shrub

	Schinus molle L
	Anacardiaceae
	Tree

	Schrebera alata (Hochst.) Welw.
	Oleaceae
	Shrub

	Senecio lyratus F orssk.  
	Asteraceae
	Shrub

	Sida schimperiana  Hochst . ex Benth 
	Malvaceae 
	Shrub

	Solanum incanum  L.
	Solanaceae 
	Shrub

	Stylosanthes fruticosa (Retz.) Alston
	Fabaceae
	Herb 

	Tagetes minuta  L.
	Asteraceae
	Herb

	Tamarindus indica L.
	Fabaceae
	Tree

	Trichodesma zeylanica (Burm.f.) R.Br.
	Boraginaceae 
	Shrub

	Verbascum sinaiticum Benth.
	Scrophulariaceae
	Herb

	Vigna sp. 
	Fabaceae
	Climber 

	Zaleya pentandra (L.) Jeffrey
	Aizoaceae
	Herb




[bookmark: _Toc18292824]Appendixes 2 Species list with their density (D), abundance (A), frequency (F), relative density (RD), relative abundance (RA), relative frequency (RF) and important value index (IVI) of the Bishoftu Mountain Massif floras.
	Botanical Name
	Denisty
	Abundance
	Frequency
	R.D
	R.A
	R.F
	IVI

	Acacia abyssinica Hochst . Ex Benth 
	1.43
	4.10
	35.00
	2.45
	0.69
	5.47
	8.61

	Acacia bussei Harms ex sjostedt 
	0.38
	7.67
	5.00
	0.65
	1.30
	0.78
	2.74

	Acacia etbaica Schweinf  
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Acacia melanoxylon  R.Br 
	0.05
	3.00
	1.67
	0.09
	0.51
	0.26
	0.85

	Acacia nilotica  (L) willd .ex Del. 
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Acacia seyal  Del
	2.68
	5.96
	45.00
	4.58
	1.01
	7.03
	12.62

	Acacia tortilis (Forssk) Hayne
	1.23
	5.29
	23.33
	2.10
	0.90
	3.65
	6.65

	Acacia venosa Hochst .ex .Benth 
	0.10
	3.00
	3.33
	0.17
	0.51
	0.52
	1.20

	Aerva lanata (L.) Juss. ex Schultes
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Andropogon abyssinicus Fresen.
	0.33
	20.00
	1.67
	0.57
	3.39
	0.26
	4.22

	Argemone mexicana L.
	0.52
	5.17
	10.00
	0.88
	0.88
	1.56
	3.32

	Asparagus africanus Lsm.
	0.17
	3.33
	5.00
	0.28
	0.57
	0.78
	1.63

	Bothriochloa insculpta (Hochst. ex A. Rich.) A. Camus
	0.10
	6.00
	1.67
	0.17
	1.02
	0.26
	1.45

	Calpurnia aurea (Ait) Benth 
	0.77
	6.57
	11.67
	1.31
	1.11
	1.82
	4.25

	Canthium oligocaroum Hiern
	0.23
	3.50
	6.67
	0.40
	0.59
	1.04
	2.03

	Capparis tomentosa  Lam 
	0.23
	4.67
	5.00
	0.40
	0.79
	0.78
	1.97

	Carissa spinarum  L.
	2.17
	11.82
	18.33
	3.70
	2.01
	2.86
	8.57

	Cassia arereh Del.
	0.07
	2.00
	3.33
	0.11
	0.34
	0.52
	0.97

	Cheilanthes farinosa (Forssk.) Kaulf.
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Clematis simensis Fresen.
	0.07
	4.00
	1.67
	0.11
	0.68
	0.26
	1.05

	Clerodendrum myricoides (Hochst.) Vatke
	0.05
	3.00
	1.67
	0.09
	0.51
	0.26
	0.85

	Clutia abyssinica Jaub. & Spach. 
	0.08
	2.50
	3.33
	0.14
	0.42
	0.52
	1.09

	Conyza aegyptiaca (L.) Dry and ex Ait 
	0.68
	4.56
	15.00
	1.17
	0.77
	2.34
	4.28

	Conyza stricta  Willd
	0.12
	7.00
	1.67
	0.20
	1.19
	0.26
	1.65

	Croton macrostachyus Del
	0.40
	2.40
	16.67
	0.68
	0.41
	2.60
	3.69

	Datura stramonium L.
	0.08
	5.00
	1.67
	0.14
	0.85
	0.26
	1.25

	Desmodium sp. 
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Dichrostachys cinerea (L.) Wight &Am .
	0.10
	3.00
	3.33
	0.17
	0.51
	0.52
	1.20

	Dodonea angustifolia  L.f 
	0.30
	6.00
	5.00
	0.51
	1.02
	0.78
	2.31

	Dregea schimperi (Decne.) Bullock
	0.07
	2.00
	3.33
	0.11
	0.34
	0.52
	0.97

	Echinops sp. 
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Emex spinosa  (L) Campd 
	0.83
	50.00
	1.67
	1.42
	8.48
	0.26
	10.17

	Eucalyptus  Camaldulensis Dehnh 
	1.05
	4.20
	25.00
	1.79
	0.71
	3.91
	6.41

	Euclea divinorum Hiern
	1.25
	10.71
	11.67
	2.13
	1.82
	1.82
	5.77

	Euclea racemosa Murr. subsp. schimperi (A. DC.) White
	1.13
	9.71
	11.67
	1.93
	1.65
	1.82
	5.41

	Ficus sur  Forssk. 
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Flueggea virosa (Willd.) Voigt.
	0.08
	5.00
	1.67
	0.14
	0.85
	0.26
	1.25

	Girardinia diversifolia  (Link) Friis
	0.33
	20.00
	1.67
	0.57
	3.39
	0.26
	4.22

	Glycine wightii (Wight & Am) Verde.
	0.10
	1.50
	6.67
	0.17
	0.25
	1.04
	1.47

	Grewia bicolor  Juss.
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Grewia ferruginea Hochst. ex A. Rich.
	0.30
	4.50
	6.67
	0.51
	0.76
	1.04
	2.32

	Helinus mystacinus (Ait.) E. Mey. ex Steud.
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Hyparrhenia anthistiroides  (Hochst. ex A.Rich.) 
	12.75
	38.25
	33.33
	21.76
	6.49
	5.21
	33.46

	Indigopfera sp. Guill &perr 
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Jacaranda  mimosifolia D.Don
	0.28
	8.50
	3.33
	0.48
	1.44
	0.52
	2.45

	Jasminum grandiflorum L.subsp. floribundum (R.Br. ex Fresen.) P.S. Green
	1.05
	4.85
	21.67
	1.79
	0.82
	3.39
	6.00

	Justicia schimperiana (Hochst.ex nees)T.A
	0.78
	15.67
	5.00
	1.34
	2.66
	0.78
	4.78

	Lantana  camara L.
	7.53
	13.29
	56.67
	12.86
	2.26
	8.85
	23.97

	Launaea  intybacea (Jacq.) Beauv.
	1.50
	22.50
	6.67
	2.56
	3.82
	1.04
	7.42

	Leucas abyssinica (Benth.) Briq.  
	0.30
	2.57
	11.67
	0.51
	0.44
	1.82
	2.77

	Leucas deflexa Hook.f.
	0.07
	2.00
	3.33
	0.11
	0.34
	0.52
	0.97

	Leucas martinicensis (Jacq.) R.Br
	0.10
	6.00
	1.67
	0.17
	1.02
	0.26
	1.45

	Maerua angolensis DC
	0.15
	9.00
	1.67
	0.26
	1.53
	0.26
	2.04

	Maytenus arbutifolia  (A.Rich.) Wilczek 
	0.20
	6.00
	3.33
	0.34
	1.02
	0.52
	1.88

	Myrsine africana L.
	0.83
	5.56
	15.00
	1.42
	0.94
	2.34
	4.71

	Ocimum forskolei Benth 
	0.40
	24.00
	1.67
	0.68
	4.07
	0.26
	5.01

	Ocimum lamiifolium  Hochst.ex Benth
	1.72
	17.17
	10.00
	2.93
	2.91
	1.56
	7.40

	Ocimum urticifolium Roth
	0.07
	4.00
	1.67
	0.11
	0.68
	0.26
	1.05

	Olea europaea L.
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Opuntia ficus –indica (L) Miller 
	1.53
	23.00
	6.67
	2.62
	3.90
	1.04
	7.56

	Osyris quadripartita Decn.
	0.35
	10.50
	3.33
	0.60
	1.78
	0.52
	2.90

	Parthenium hysterophorus L.
	0.12
	3.50
	3.33
	0.20
	0.59
	0.52
	1.31

	Pavetta sp. 
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Pennisetum sp.
	0.10
	6.00
	1.67
	0.17
	1.02
	0.26
	1.45

	Phaseolus sp.
	0.05
	3.00
	1.67
	0.09
	0.51
	0.26
	0.85

	Phaulopsis imbricata (Forssk.) Sweet
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Premna schimperi Engl.
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Pterolobium Stellatum (Forssk) Brenan
	0.88
	5.89
	15.00
	1.51
	1.00
	2.34
	4.85

	Rhus natalensis Krauss
	0.85
	8.50
	10.00
	1.45
	1.44
	1.56
	4.46

	Rhus vulgaris Meikle
	0.05
	3.00
	1.67
	0.09
	0.51
	0.26
	0.85

	Sacrostemma viminale  (L.) R.Br
	0.42
	12.50
	3.33
	0.71
	2.12
	0.52
	3.35

	Salvia schimperi Berth .
	0.77
	5.11
	15.00
	1.31
	0.87
	2.34
	4.52

	Salvia tiliifolia Vahl
	0.07
	4.00
	1.67
	0.11
	0.68
	0.26
	1.05

	Satureja punctata (Benth.) Briq.
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Schinus molle L
	2.50
	10.00
	25.00
	4.27
	1.70
	3.91
	9.87

	Schrebera alata (Hochst.) Welw.
	0.08
	5.00
	1.67
	0.14
	0.85
	0.26
	1.25

	Senecio lyratus F orssk.  
	0.07
	4.00
	1.67
	0.11
	0.68
	0.26
	1.05

	Sida schimperiana  Hochst . ex Benth 
	3.15
	14.54
	21.67
	5.38
	2.47
	3.39
	11.23

	Solanum incanum  L.
	1.42
	12.14
	11.67
	2.42
	2.06
	1.82
	6.30

	Stylosanthes fruticosa (Retz.) Alston
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Tagetes minuta  L.
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Tamarindus indica L.
	0.35
	5.25
	6.67
	0.60
	0.89
	1.04
	2.53

	Trichodesma zeylanica (Burm.f.) R.Br.
	0.12
	7.00
	1.67
	0.20
	1.19
	0.26
	1.65

	Verbascum sinaiticum Benth.
	0.03
	2.00
	1.67
	0.06
	0.34
	0.26
	0.66

	Vigna sp. 
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46

	Zaleya pentandra (L.) Jeffrey
	0.02
	1.00
	1.67
	0.03
	0.17
	0.26
	0.46
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