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[bookmark: _Toc162892285][bookmark: _Toc492135352][bookmark: _Toc492073579] Abstract
This study was carried out to investigate bird species distribution and diversity of Borta Dam and its surrounding habitat in Western Ethiopia. It was conducted from January 2019 to June 2019 covering both dry and wet season. The study area was classified into three habitat types based on the topography and vegetation types. These are wetland, woodland, and farmland. Representative sample study area, were taken from each habitat type and line transect method was employed for wetland and farmland habitat types but point count method for woodland habitat. Data were collected in the morning (6:30 –9:30 am) and in the afternoon (2:30 –5:30 pm). During the study period, a total of 88bird species belonging to 39 families were recorded. The diversity of birds varied among the three different habitats. Wetland habitat appeared to be a choice for most of bird species (56) and woodland least (37) encountered in the study period. This habitats had the highest diversity of bird species with Shannon-Wiener Index of diversity (H’=4.02, E=0.97). The second diversified habitat was farmland with (H’ = 3.43, E=0.87) and woodland was the third diversified habitat (H’=3.11, E=0.84).  Among the three habitat types, Simpson’s similarity index showed that the highest similarity was between woodland and farmland (SI=0.522) and the least similarity was between woodland and wetland (SI= 0.379) during the dry season. During the wet season also, the highest similarity between farmland and woodland (SI=0.487) and the least similarity was between wetland and woodland (SI=0.342). The highest number of families distributed in wetland (17 families) and the lowest (10 families) in woodland. There fore, it can serve as important center for tourist attraction if properly managed Controlling habitat destruction, controlling livestock grazing from the area and active community participation are essential for maintaining the habitats and birds of the area.
Key words: bird, distribution, diversity, evenness, richness          
	

[bookmark: _Toc530880928][bookmark: _Toc10332140][bookmark: _Toc10333509][bookmark: _Toc10334879][bookmark: _Toc10340044][bookmark: _Toc162892286][bookmark: _Toc530880929][bookmark: _Toc10332141][bookmark: _Toc10333510][bookmark: _Toc10334880][bookmark: _Toc10340045][bookmark: _Toc162892287]           1.  INTRODUCTION
1.1   Background of the study
Environmental heterogeneity in the form of spatial variation in habitat and local climate can affect species distribution (Veech and Crist, 2007). The abundance and distribution of bird species are also affected by scale-dependent hierarchical processes that disturb the links between habitat suitability and their numbers (Telleria et al., 2009). The divergent seasonality of rainfall and seasonal  variation in  the availability of  food resources end result in  seasonal  changes  in  the  species abundance  of birds  (Karr  and Roth, 1971; Gaston et  al., 2000 ). The allocation and abundance of numerous bird species are determined by the composition of the vegetation that forms a major element of their habitats. As vegetation changes along multifaceted biological and environmental gradients, a particular bird species can appear, increase or decrease in number, and vanish as the habitat changes (Lee and Rotenberry, 2005)
Ethiopia is an ecologically diverse country with extensive and unique environmental conditions and biodiversity (Yalden, 1983). This is believed to be as a result of  large diversity of ecological conditions determined by a topography ranging from 110 m.b.s.l at Kobar sink in the Afar depression to a peak of 4543 m.a.s.l at Ras Dejen in the Simien Mountains National Park  (Shibiru Tedla, 1995). Ethiopia harbors 918 species of birds, of which 639 are resident and 224 are regular seasonal migrants, including 176 from the Palearctic and 48 inter-African (BirdLife International, 2001; Lepage,2016). Among these 19 bird species are endemic to Ethiopia whereas 31 are globally threatened, 1 introduced species and a further 13 are shared  with Eritrea (Lepage, 2016). Despite the rich bird assemblages in Ethiopia, due to enormous habitat degradation, fragmentation and loss the survival of many bird species including the endemic and globally threatened ones are endangered (Lepage, 2016) (Birdlife International (BLI), 2001). To conserve the biodiversity of the country and enhance economic growth through tourism and associated activities about 73 important bird areas (IBAs) are identified within the country (Shimelis Aynalem and EWNHS, 1996). Of these 30 sites (41% of the total) comprise wetlands, while the rest are representatives of other types of ecosystems.
Among the known wildlife area of Ethiopia Borta Dam and its surrounding is one of the area which contain the largest extent of wetland habitat. Wetlands provide a suitable habitat for innumerable organisms including birds (Shimelis Aynalem and Afework Bekele, 2008). Hence, study of diversity of such habitat with no record of avifauna study is important.

1.2 
Statement of the problem  
[bookmark: _Toc530880931][bookmark: _Toc10332143][bookmark: _Toc10333512][bookmark: _Toc10334882][bookmark: _Toc10340047][bookmark: _Toc162892288]In Ethiopia many researchers have carried out  on avian diversity, distribution and abundance in different ecosystems; particularly emphasize national on parks and protected areas. Afework Bekele and Shimelis Aynalem (2008) showed species composition and relative abundance  of birds fauna at southern tip of Lake Tana. However, Borta Dam and its surrounding is recreational area around Dembidollo Town. The area is having higher birds Diversity, thus no research is carried out to investigate the diversity, abundance and distribution of birds. There for, this study designed to get essential information of the area.














1.3 [bookmark: _Toc530880932][bookmark: _Toc10332144][bookmark: _Toc10333513][bookmark: _Toc10334883][bookmark: _Toc10340048][bookmark: _Toc162892289]Objectives 
1.3.1 General objective
The general objective of this study is to assess the distribution and diversity of birds of Borta Dam and its surrounding, Western Ethiopia.
1.3.2 [bookmark: _Toc530880933][bookmark: _Toc10332145][bookmark: _Toc10333514][bookmark: _Toc10334884][bookmark: _Toc10340049][bookmark: _Toc162892290]Specific objectives
· To identify bird species diversity in the study area.
· To determine the distribution of bird species in various habitats of Borta Dam and it’s surrounding.
· [bookmark: _Toc530880934][bookmark: _Toc10332146][bookmark: _Toc10333515][bookmark: _Toc10334885][bookmark: _Toc10340050][bookmark: _Toc162892291]To determine species diversity of birds in the study area. 

1.4 Significance of the Study
[bookmark: _Toc530880935][bookmark: _Toc10332147][bookmark: _Toc10333516][bookmark: _Toc10334886][bookmark: _Toc10340051][bookmark: _Toc162892292]The study of diversity, abundance and distribution of birds at Borta Dam and its surrounding which is important document for the future development management plan for this area. In addition, the information collected during this study can serve as a base line for other researchers interested to carry out additional studies in the area.







2. [bookmark: _Toc530880936]    LITERATURE REVIEW
Birds are the most successful and highly diverse of all terrestrial vertebrates because they can consume almost all types of animal and plant materials (Welty, 1975). Each species has its own ecological preference. Birds have long been popular with amateurs and professionals and consequently their systematic position and distribution patterns are better known than any other comparable groups of animals, with the possible exception of large mammals (Furness and Greenwood, 1993). 
Every year, more bird species are discovered. Birds are also among the most easily defined and readily recognized categories on animals, due to the presence of feather, which is unique to them. In addition to feathers, the development of forelimbs as wings, mostly for flight; feathered tail that serves for balancing, steering and lifting; toothless horny beak and skeleton exhibiting unique adaptations, mainly for flight and bipedal locomotion are characteristics of birds (Wallace and Mahan,1975; Padian and Chiappe, 1998). Birds are both visually and acoustically conspicuous organisms of most ecosystems. Because they are comparatively easy to identify, birds have received considerable attention of humans (McLay, 1974; Whelan et al., 2008).
Patterns of abundance and distribution of birds are strongly related to environmental factors, which determine their presence and activity. Birds are adapted for flight, which is an important mechanism to escape from terrestrial enemies. However, the best method of escaping from sudden attack is by concealing coloration with their habitat (Lanyon, 1963). Their skeleton, lung and heart have adaptation mechanisms for flight. Some of them can fly continuously for over 2500km or even greater distance. Some can reach speeds of more than 90km/hr (king and mcleelland, 1975).The power of flight allows them to move easily through the air and yet they are perfectly adapted to every environment that fit their requirements for successful reproduction and survival (Welty, 1975).


The class Aves includes 29 orders, 201 families, 2073 genera and 10,000 species (Lepage, 2009). Africa is home to two endemic bird Orders, ten endemic Families (with two more only reaching Madagascar or Arabia) (Sinclair and Ryan, 2003). Africa is second only to South America in terms of numbers of bird species, and offers more rewarding birding than other tropical regions. The continent supports more than 2100 of the world’s bird species, out of which almost 1400 are endemic species in a diversity of habitats (Sinclair and Ryan, 2003).
 Birds fulfill many ecological functions in their habitats. For instance, they are bio indicators of healthy ecosystems (Mistry et al., (2008). In addition, insectivorous species and raptors regulate disease vectors, including mosquitoes and rodents. Scavenger birds, such as the Pied Crow (Corvus albus), contribute to biomass recycling and to some degree reduce levels of disposable wastes. Frugivorous birds play an important role in seed dispersal of fleshy fruit-producing plants (Stevenson, et al., 2002). Birds are also important in plant pollination as demonstrated by sunbirds, which participate in crossbreeding of flowering plants, especially those with bird-pollination syndrome (Judd, et al., 2008). These ecosystem services are important for many communities, and to ensure that birds can fulfill these biological roles at an appropriate level for current and future generations, there is a pressing need to study the dynamics and socio-economics. Birds also serve other purposes in nature. Fruit-eating birds help in dispersal of seeds. Birds eat and digest the pulp of berries and other fruits, but pass the seeds unaffected through their droppings. The seeds may sprout wherever the droppings fall (Clout and Hay, 1989).
Certain birds like humming birds and sunbirds pollinate certain flowers that produce nectar. As they visit flowers in search of it, they spread pollen from flower to flower. Birds are also beneficial to humans as a source of food (Pomeroy, 1992). Birds through the ages have been the source of considerable fascination and folklore, and have been used as symbols. They are the most universally celebrated form of nature, found in pictures, photographs, sculptures, word and song (Clifford and Beehler, 1998). The effective management of human activities in wildlife areas is an important conservation issue, as the footprint of human influence continues to expand and incidental impacts of human activities spread into more areas. Such expanding anthropogenic activity is widely perceived to lead to negative consequences for the wildlife beyond habitat loss alone. 
There are occasions where birds get in conflict with humans due to the damage they cause. Too often the destructive influence of human activities on Klem bird populations is recognized only after substantial damage has been done. Virtually all human activities can affect bird populations either positively or negatively (Donnelly and Marzluff, 2004). This could especially be true for birds of prey, given their low densities, large home ranges, and the resulting scale at which they operate (Berry et al., 1998). Understanding how animals respond to anthropogenic activities is fundamental to resolving potential conflicts between humans and animals. There are numerous ways in which it is possible to study animal responses, but changes in an animal’s behavior are often the most obvious consequences of anthropogenic activities (Beale, 2007).
Terrestrial avian diversity increases as one move from the poles towards the equator. Habitat complexity is greater in the tropics. This provides opportunity for ecological specialization of species (Roth, 1976). Birds are among the widely studied groups, with enough information on their distribution and status (Canterbury et al., 2000). Birds are commonly distributed in different habitats including the Polar regions, the tropics, in forests and deserts, on mountains and prairie and the ocean and its islands. The distribution of any species can be influenced by many factors which are mainly categorized under abiotic and biotic factors (Loreau, 2010). Approximately 30% of the world’s species of birds are restricted to tropical forests (either for winter or year-round habitat) that they would disappear if all tropical forests were lost (Myers, 1992).
The spatial distributions of food and cover resources determine the abundance of bird species. The food and cover requirement of bird species is determined mainly by the vegetation structure and composition that is correlated with abundance and habitat use (Waterhouse et al., 2002).  Expansion of agriculture, livestock encroachment, deforestation, indiscriminate fire fuel by the ever increasing human population has been often cited as the major cause of birds’ habitat degradation, fragmentation and loss in Ethiopia ultimately affecting the survival of birds (Shimelis Aynalem and Afework Bekele, 2008; Girma Mengesha et al., 2011). It has been indicated that threats to bird species of Ethiopia have been dramatically increasing in the past few decades, as it is true to other wildlife (Shimelis Aynalem and Afewerk Bekele, 2008). 

Distribution, abundance, reproductive success and behavior of animals are often sensitive to habitat change caused by human activities. They are indicators and useful models for studying variety of environmental changes (Sutherland and Green, 2004; Urfil et al., 2005; Estrella, 2007). Many of them have adapted with the changes that humans have inflicted on the ecosystem. Most bird studies in Ethiopia focused on characterizing the birds’ species composition and abundance on specific regions of the country (Shimelia Aynalem and Afework Bekele, 2008; Girma Mengesha and Afework Bekele, 2008).
The different land use type had species in common and species specific to specific habitat in response to ecological factors such as altitudes, vegetation, and climate across the landscape of the area. It has been revealed in the results that birds’ abundance is affected by the availability of food and cover, which is influenced mainly by vegetation composition and structure. However, the anthropogenic activities going on in and around the remnant forest can shrink the available habitats to birds through their action in altering the vegetation composition and structure that ultimately affects birds’ abundance and survival. Hence, urgent conservation measures are inevitable to conserve the endemics and globally threatened bird species in the area. Birds are important as bio-indicators and in ecosystem functioning such as pollination, seed dispersal and insect pest controls. However, birds are threatened by threats such as habitat loss, fragmentation and degradation all over their range. Furthermore, bird species composition and their distribution is poorly understood in forest fragments like the present study area (Zerihun Girma et al., 2017).

[bookmark: _Toc530880938][bookmark: _Toc10332148][bookmark: _Toc10333517][bookmark: _Toc10334887][bookmark: _Toc10340052][bookmark: _Toc162892293]





3. [bookmark: _Toc10333518][bookmark: _Toc10334888][bookmark: _Toc10340054][bookmark: _Toc10417216][bookmark: _Toc12831015][bookmark: _Toc162892294]STUDY AREA DESCREPTION
[bookmark: _Toc530880940]Borta Dam located in western Ethiopia, about 657 km from Addis- Ababa, with Latitude of (8°31´20´´N and Longitude 34°47´10´´E).The dam was established from Borta River in 1978E.C by the Lutheran missionary and western synod for the purpose of irrigation and fishery to help the local people and now used as the source of drinking water for Dembidollo Town. The Borta Dam and surrounding area covers a total area of about 153 ha out of which wet land covers 33 ha, woodland covers 97 and farmland covers 23 ha. Borta Dam and the surrounding area is the unexplored potential site in Western Ethiopia, the National Regional State of Oromia, where large populations of birds are known to occur. The area located at the edge of the Dembidollo town in Sayo Woreda in Kellem Wollega Zone. Most of the area falls between an altitudinal ranges of 1390 –1850m.












[image: ][bookmark: _Toc17251690]Figure 1. Map of the study area

[bookmark: _Toc10332149][bookmark: _Toc10333519][bookmark: _Toc10334889][bookmark: _Toc10340053][bookmark: _Toc162892295]



3.1 Habitats
[bookmark: _Toc10332150][bookmark: _Toc10333520][bookmark: _Toc10334890][bookmark: _Toc10340055][bookmark: _Toc162892296]The area encompasses three different habitat types. These are wetland, woodland, and farmland.   
      Wetland 
The wetland is composed of the Borta River and Borta Dam. It is the second largest portion of the study area which covers a total area of 33 hectors. It gives conspicuous features of the landscape in contrast with the surrounding vegetation (Shimelis Aynalem and Afework Bekele, 2008) (plate 1a and b).
a.
[bookmark: _GoBack][image: C:\Users\wo\Desktop\wield life\DSC_0552.JPG]

[bookmark: _Toc10334892][bookmark: _Toc10340057][bookmark: _Toc10417220][bookmark: _Toc162892298][bookmark: _Toc396303709][bookmark: _Toc401780118][bookmark: _Toc162892299]b.                                 [image: F:\2nd Birds\IMG_3640.JPG]                                                                                                                                                                                                                                                                Plate1. Views of wetland         a/ dry season           b/ wet season
 Woodland
Woodland is the largest habitat covering an area of 97 ha. It is characterized by small to moderate-sized tree species such as Acacia abyssinica, Albizia gummifera, Erythrina brucie, Croton macrostachyus, Cordia africana, Grevillea robusta, Juniperus procera and Combretum species  .Based on the types of dominant species the woodland area can be characterized as mixed and Combretum woodlands. The Combretum woodland which is found at the border of the Dam is characterized by dominant species of Combretum and Terminalia species. Wild animals such as Potamochoerus porcus, Cercopthecus pygerythrus, pipo nubis, Orwcteropus afer, Crocuta crota, and Swlvicapra grimmia.                           
   [image: C:\Users\oluma\Desktop\wield life\DSC_0541.JPG]
[bookmark: _Toc10334894][bookmark: _Toc10340059][bookmark: _Toc10417221][bookmark: _Toc162892300][bookmark: _Toc396303710][bookmark: _Toc401780119][image: J:\2nd Birds\IMG_3608.JPG]b

  
      



[bookmark: _Toc162892301]Plate 2. Views of woodland             a/ dry season            b/ wet season
Farmland
The study area is 23 ha surrounded by agricultural land. The farmers live near the forest area make threats to the forest and wild animals living there. The main agricultural productions are Coffee, Sorghum, Wheat, Sunflower, Maize, Potatoes, Tomatoes, Cabbages and also Eucalyptus cultivation. In addition to this farmers keep livestock and the forest is the source of timber, firewood and construction materials for many farmers.(plate 3, a and b)
a
[image: C:\Users\oluma\Desktop\wield life\DSC_0478.JPG]
[bookmark: _Toc10332151][bookmark: _Toc10333521][bookmark: _Toc10334897][bookmark: _Toc10340062][bookmark: _Toc162892302]b
[image: F:\2nd Birds\IMG_3603.JPG]                                                                       Plate 3. Views of farm land          a/ dry season          b/ wet season
3.2 Climate 
Temperature and rainfall record within the study area are lacking. The data used for the description of the climate (temperature and rainfall data) were collected from the Seyo woreda agricultural office.
  3.2.1   Temperature 
[bookmark: _Toc10333523][bookmark: _Toc10334899][bookmark: _Toc10340064][bookmark: _Toc10417225]The mean monthly maximum temperature of the area ranged between 260 C and 280C and the mean minimum temperature between 150 C and170C. 


[bookmark: _Toc10332153][bookmark: _Toc10333524][bookmark: _Toc10334900][bookmark: _Toc10340065][bookmark: _Toc162892304]Figure2. Monthly mean maximum and minimum temperature of the area (2012-2018)
	

              

 3.2.2   Rain fall
The rainfall distribution in this area is bimodal with one long rainy season; June to September and the short rainy season March to May. The total amount of annual rainfall in the study area varies between 600 and 1500 mm (Figure 3. ) and the mean annual rainfall of the area is 1050 mm The area receives the highest rainfall during the wet season, May  to September and the lowest rainfall during the dry season, October to April.


Figure 3.Monthly mean maximum and minimum rain fall of the area (2012-2018).
	


[bookmark: _Toc401672267][bookmark: _Toc10332154][bookmark: _Toc10333526][bookmark: _Toc10334902][bookmark: _Toc10340067][bookmark: _Toc162892305]

4.           MATERIALS AND METHODS
4.1 [bookmark: _Toc530880941][bookmark: _Toc10332155][bookmark: _Toc10333527][bookmark: _Toc10334903][bookmark: _Toc10340068][bookmark: _Toc162892306]Materials
The materials that are used during the study period include digital camera, bird field guides Kebede Tadesse handbook (2000 E.C). Geographic Positioning System (GPS), binocular, data sheet and books.
4.2 [bookmark: _Toc530880942][bookmark: _Toc10332156][bookmark: _Toc10333528][bookmark: _Toc10334904][bookmark: _Toc10340069][bookmark: _Toc162892307]Methods
4.2.1 [bookmark: _Toc530880943][bookmark: _Toc10332157][bookmark: _Toc10333529][bookmark: _Toc10334905][bookmark: _Toc10340070][bookmark: _Toc162892308]Preliminary survey
[bookmark: _Toc396303719][bookmark: _Toc394483567][bookmark: _Toc394483620][bookmark: _Toc394664082]A preliminary survey was conducted in the study area from November 2018 to December 2018 for five days. During the preliminary survey, information about the study area (climatic condition, topography), and approximate size of the study area was gathered from relevant governmental authorities (Kellem Wollega Cultural and Tourism Office, Dembidollo Metrological Station, Oromia Regional State). Different habitat types and representative habitat sites were observed. Habitats of the study area were classified into wetland, woodland and farmland. During the study, each habitat type was classified into blocks. Although, 7 blocks were selected from habitat types of the study area, representative blocks were selected for actual survey among the habitat types at random to make sure that the results are generally representatives of the whole study area. There were three blocks from wetland, two blocks from woodland and two blocks from farmland.
[bookmark: _Toc530880944][bookmark: _Toc10332158][bookmark: _Toc10333530][bookmark: _Toc10334906][bookmark: _Toc10340071][bookmark: _Toc162892309]


                                                                                        


4.2.2 Method of data collection
[bookmark: page34]Data were collected using methods by walking through habitat blocks by using direct count and point count method. The actual field work was carried out from January 2019 to June 2019during the wet and dry seasons. A total of 24 transect lines systematically established in the present study the distance between one transect and another twenty meter  for wetland, woodland and   farmland. In addition to line transect method six point counts were also used for the woodland habitat. The length and width of transect varied based on the visibility of habitat and its accessibility. As the result, in the wood land habitat transects length of 60 m with a width of 30 m, in wetland habitat transects length of 45m with a width of 20 m, and in farmland habitat 30m with a width of 10m was used. During observations of birds, species name, numbers of individuals of each species observed, time, location and vegetation types were recorded. Observation of birds was made by direct observation with naked eye or aided by binoculars (7x50mm). Data were collected by observing the study area twice a day early in the morning from 6:30-9:30 A.M and late in the afternoon 2:30-5:30 P.M.when the activity of birds were prominent. To minimize disturbance during count, a waiting period of 3 to 5 minutes prior to counting was applied (Sutherland, 2000; Hosteler, 2001).
[bookmark: _Toc530880945][bookmark: _Toc10332159][bookmark: _Toc10333531][bookmark: _Toc10334907][bookmark: _Toc10340072][bookmark: _Toc162892310]Point count sampling methods were also used in the woodland. For one of the two blocks of woodland which is at the border of the dam, a total of, six point counts places were identified. All six point count stations were surveyed four times during the study period. The point count within the sample unit was 150m far from each other, and had a radius of 25m to avoid double counting (Ralph et al. 1985)





4.2.3 [bookmark: _Toc530880946]Data analysis
The species diversity of each habitat of the seasons of the area analyzed using Shannon- Wiener diversity Index (Shannon and Wiener, 1949). Shannon-Wiener diversity Index is calculated as:
𝐻′ = - Σ [([image: ][image: ]xln ( [image: ][image: ])] where:
𝐻′ = Shannon-Wiener diversity Index
ni = number of individuals of each species (the ith species) and
N = total number of individuals for the site, and
ln = the natural log of number.
[bookmark: _Toc362865146][bookmark: _Toc394483624][bookmark: _Toc396303725][bookmark: _Toc401780132][bookmark: _Toc530880947]Species evenness, which measures the pattern of distribution of the bird populations that present in the area, was evaluated using Shannon-Wiener evenness Index (E) as follows:
[image: ][image: ]Where:    E = Shannon-Wiener Evenness Index
                                H’ = Shannon-Wiener diversity Index
                                 Hmax = ln S= natural logarithm of the total number of species (S)                                                                                    in each site (Brown et al., 2008).
Diversity indices measure the degree of uncertainty (if the diversity is high in a given habitat, the sureness of finding a particular species is low). In reference to the composition of species, Simpson’s similarity index (SI) used to assess the similarity of species between two different habitats, and season by using the formula
(Shaheen, et al., 2001):
SI=[image: ][image: ]where,                       SI = Simpson’s similarity index
A = Number of species that occur in site A
B = Number of species that occur in site B
[bookmark: _Toc530880952]C = Number of species shared by A and B

[bookmark: _Toc10332160][bookmark: _Toc10333532][bookmark: _Toc10334908][bookmark: _Toc10340073][bookmark: _Toc162892311]                     4.2.4   Species abundance analysis
The abundance of avian species were determined using encounter rates that give crude ordinal scales of abundance as abundant, common, frequent, uncommon and rare, which is calculated as follows (Bibby et al., 1998) :-

The relative abundance of avian species was determined using encounter rates that give crude ordinal scales of abundance as abundant, common, frequent, uncommon and rare (Bibby et al., 1998). Accordingly bird species with encounter rates <0.1, 1-2.0, 2.1-10.0, 10.1-40, >40 were classified as rare, uncommon, frequent, common and abundant respectively
[bookmark: _Toc401780142].   Table 1.Encounter rates used to give a crude ordinal scale of abundance
	Abundance Category	
	Abundance score
	Ordinal scale

	Less than 0.1
	1
	Rare

	0.1–2.0
	2
	Uncommon

	2.1–10.0
	3
	Frequent

	 10.1–40.0
	4
	Common

	Greater than 40.0
	5
	Abundant


.
 





5.  RESULTS	
[bookmark: _Toc10332161][bookmark: _Toc10333533][bookmark: _Toc10334909]A total of 88 species of birds belonging to 39 Families were recorded from all study sites during both wet and dry seasons. Majority of bird species are found under the family Accipitridae (11 species) followed by Columbidae (10 species) and the lowest is found under the family Alaudidae (1 species), Buccrotidae (1 species), Oriontidae (1 species) and Malacontidae (1 species). Among the total number, 32 species were recorded during the dry season, 24 species during the wet season and 32 were observed during both seasons. From these; two species are endemic; namely; Abyssinian cat bird and Abyssinian long claw, and five species are near to endemic namely; White collared pigeon, White billed starling, Black-Winged Loved Bird, Wattled ibis and Thick billed raven (Table 1).













Table 2 Bird species recorded during wet and dry seasons from the study area.
	
No
	
Family
	Bird species
	Dry Season
	Wet Season
	Both Seasons

	
	
	Common name
	Scientific name
	
	
	

	1

	Bucerotidae
	Abyssinian ground-Hornbill
	Bucorvus abyssinicus
	
	
	*

	2
	Timaliidae
	Abyssinian Catbird ∆
	Parophasma galinieri
	*
	
	

	3
	Oriolidae
	Abyssinian long Claw ∆
	Macronyx flavicollis
	
	
	*

	4
	Fringillidae
	African citril
	Serinus citrinelloides
	
	
	*

	5
	Accipitridae
	African fish-eagle  ¥
	Haliaeetus vocifer
	
	*
	

	6
	Accipitridae
	African goshawk
	Accipiter tachiro
	
	*
	

	7
	Accipitridae
	African Harrier-Hawk
	Polyboroi destypus
	
	*
	

	8
	Columbidae
	African collared-dove
	Streptopeliaro seogrisea
	
	
	*

	9
	Accipitridae
	Augur buzzard
	Buteo augur
	*
	
	

	10
	Estrildidae
	Black-rumped waxbill
	Estrilda troglodytes
	*
	
	

	11
	Ardeidae
	Black headed heron ¥
	Ardeamelano cephala
	
	*
	

	12
	Pasittacidae
	Black-Winged love Bird♣  
	Agapornis taranta
	*
	
	

	13
	Accipitridae
	Black kite  ®
	Milvus migrans
	
	*
	

	14
	Accipitridae
	Black sparrowhawk
	Accipiter melanoleucus
	
	*
	

	15
	Nectariniidae
	Beautiful sunbird
	Cnnyris pulchellus
	*
	
	

	16
	Picidae
	Bearded woodpecker
	Dendropicos namaquus
	
	*
	

	17
	Cuculidae
	Black Cuckoo
	Cuculus clamosus
	*
	
	

	18
	Cuculidae
	Blue-headed Coucal
	Centropus monachus
	
	
	*

	19
	Coliidae
	Blue-napedmousebird
	Urocolius macrourus
	
	*
	

	20
	Meropidae
	Blue-breastedBeeeater®
	Merops variegates
	
	*
	

	21
	Phylloscopidae
	Brownwoodland-warbler
	Phylloscopus umbrovirens
	
	
	*

	22
	Columbidae
	Cape turtle
	Streptopelia capicola
	*
	
	

	23
	Phasionidae
	Crested francolin
	Francolinus sephaena
	*
	
	

	24
	Phasionidae
	Common quail
	Coturnix coturnix
	
	
	*

	25
	Pycnonotidae
	Common bulbul
	Pycnonotus barbatus
	*
	
	

	26
	Ardeidae
	Cattle egret  ®
	Bubulcus ibis
	
	
	*

	27
	Columbidae
	Dusky  turtle-dove
	Strepto pelialugens
	
	*
	

	28
	Anatidae
	Egyptian goose  ¥
	Alopochen aegyptiaca
	*
	
	

	29
	Alaudidae
	Fischer’s Sparrow Lark
	Eremopterix leucopareia
	*
	
	

	30
	Sturnidae
	Greater blue-eared
Starling
	Lamprotornis chalybaeus
	*
	
	

	31
	Turdidae
	Groundscraper thrush
	Psophocichla litsipsirupa
	
	
	*

	32
	Ardeidae
	Grey heron  ¥
	Ardae cinerea
	
	*
	

	33
	Indicatordae
	Greater honey guide
	Indicator indicator
	
	
	*

	34
	Acrocephalidae
	Great reed-warbler
	Acrocephalus arundinaceus
	
	*
	

	35
	Scopidae
	Hamerkop
	Scopus umbretta
	*
	
	

	36
	Numididae
	Helmeted guineafowl
	Numida meleagris
	
	
	*

	37
	Accipitridae
	Hooded vulture
	Necrosyrtes monachus
	
	*
	

	38
	Acrocephalidae
	Icterine warbler
	Hippolaisi cterina
	
	
	*

	39
	Accipitridae
	Lappet-faced vulture
	Torgos tracheliotus
	*
	
	

	40
	Accipitridae
	Long-crested eagle
	Lophaetus occipitals
	
	
	*

	41
	Columbidae
	Lauphing dove
	Streroptopelia senegalensis
	*
	
	

	42
	Laniidae
	Lesser gray shrike
	Lanius minors
	
	
	*

	43
	Ploceidae
	Little weaver
	Ploceus luteolus
	*
	
	

	44
	Motacillidae
	Long-billed Pipit
	Anthis similes
	*
	
	

	45
	Laniidae
	Masked shrike
	Lanius minors
	
	*
	

	46
	Columbidae
	Mourning collared-dove
	Strepto peliadecipiens
	
	*
	

	47
	Picidae
	Nubian wood peaker
	Campethera nubica
	
	
	*

	48
	Necctariniidae
	Olive sunbird
	Cyanomitra olivacea
	*
	
	

	49
	Cisticolidae
	Pectoral-patch Cisticola
	Cisticola brunnescens
	*
	
	

	50
	Columbidae
	Red-eyed dove
	Streptopelia semitorquata
	
	
	*

	51
	Campephagidae
	Red-shouldered cuckooshrike
	Campephaga phoenicea
	
	
	*

	52
	Muscicapidae
	Rueppell's robin-chat
	Cossyph asemirufa
	*
	
	

	53
	Ploceidae
	Red-collared widowbird
	Euplecte sardens
	*
	
	

	54
	Sturnidae
	Ruppell’s starling
	Lamprotoris purpuropterus
	
	
	*

	55
	Accipitridae
	Ruppell’s vulture
	Gyps rueppellii
	
	
	*

	56
	Columbidae
	Speckled pigion
	Columba guinea
	
	
	*

	57
	Muscicapidae
	Spotted Flycatcher
	Muscicapa striata
	
	*
	

	58
	Nectariniidae
	Scarlet chested Sunbird
	Chalcomitra senegalensis
	
	*
	

	59
	Nectariniidae
	Shining Sunbird
	Cinnyris habessinicus
	
	*
	

	60
	Lybiidae
	Banded barbet
	Lybius undatus
	*
	
	

	61
	Picidae
	Wattled ibis♣
	Bostrychia carunculata
	
	
	*

	62
	Phylloscopidae
	Wood warbler
	Phylloscopus sibilatrix
	
	
	*

	63
	Accipitridae
	White-backed vulture
	Gyps africanus
	*
	
	

	64
	Alcedinidae
	Woodland Kingfisher
	Halcyon senegalensis
	*
	
	

	65
	Gruidae
	Wattled crane
	Bugeranus carunculatus
	
	
	*

	66
	Columbidae
	White collared Pigeon♣
	Columba albitorgues
	*
	
	

	67
	Sturnidae
	White billed Starling♣
	Onlychognathus albirostris
	
	
	*

	68
	Fringillidae
	Yellow-fronted canary
	Serinus mozambicus
	*
	
	

	69
	Columbidae
	Lemon Dove
	Columba larvata
	
	*
	

	70
	Turdidae
	Olive Thrush
	Turdus olivaceus
	
	*
	

	71
	Ploceidae
	Red – headed Weaver
	Anapllctes rubriceps
	
	*
	

	72
	Ploceidae
	Red-billed Quelea ®
	Quelea quelea
	
	
	*

	73
	Columbidae
	Speckled pigeon
	Collumba guinea
	
	
	*

	74
	Motacillidae
	Yellow wagtail  ®
	Motacclla flava
	*
	
	

	75
	Paridae
	White winged Black-Tit
	Melamiparus leucomelas
	
	
	*

	76
	Apodidae
	Spur-winged goose
	Plectropterus gambensis
	*
	
	

	77
	Muscicapidae
	AbyssinianSlaty-Flycatcher
	Melaenornis variegates
	
	*
	

	78
	Estrildidae
	African firefinch
	Laagonosticta rubricata
	
	
	⃰

	79
	Charadriidae
	Crowned plovr
	Vanellus coronatus
	⃰
	
	


	80
	Ciconiiformes
	Marabous stork
	Leptoptilos crumeniferus
	⃰
	
	

	81
	Anatidae
	White faced duck
	Dendrocygna viduuta
	
	
	⃰

	82
	Turdidae
	African trush
	Tardus pelios
	⃰
	
	

	83
	Estrildidae
	Redchecked cordon blue
	Eracginthus bengalus
	
	⃰
	

	84
	Cisticolidae
	Greybackedcamaroptera
	Camaroptera brevicaudata
	
	
	⃰

	85
	Ploceidae
	Red bishop ®
	Euplectes orik
	⃰
	
	

	86
	Corvidae
	Thick billed raven♣
	Corrus albicollis
	
	
	⃰

	87
	Apodidae
	Red crow
	Corvus albus
	
	⃰
	

	88
	Corvidae
	Dwarf raven
	Corvus edithae
	
	
	⃰


[bookmark: _Toc10332162][bookmark: _Toc10333534][bookmark: _Toc10334910][bookmark: _Toc10340074][bookmark: _Toc162892312]
NB:  ∆ =Endemic    ♣ = Near to endemic      ® = Migrant       ¥ = Resident
Unmarked = Resident and partially Migrant
5.1 
Species Diversity
[bookmark: _Toc10332163][bookmark: _Toc10333535][bookmark: _Toc10334911]Variation in the number of bird species was observed among the three habitats during the wet and dry seasons. During the wet season, the highest number of species was recorded from farmland (51) followed by wetland (49) and woodland (37). During the dry season, the highest number of bird species was recorded from wetland (56) followed farmland (44) and woodland (43). The highest diversity of bird species was recorded in the wetland (H’ =3.94) followed by farmland (H’=3.45) and the lowest diversity of species was found in the woodland (H’=3.02) during wet season. During the dry season, the wet land habitat (H’=4.10) supported the highest diversity and followed by farmland (H’=3.42). The least diversity of birds was recorded in the woodland (H’=3.21) as in the wet season. The highest and lowest evenness was observed in the wetland (E=0.95 and 0.99). The highest and the lowest evenness was observed in the wood land (E=0.865 and 0.83) and both during the dry and wet season respectively (Table 2)
Table3. Bird species diversity index (H’), species richness (S) and evenness (E) in different habitat types during wet and dry season
	Habitat
	Season
	Species richness(S)
	H’
	H max
	E= H’/Hmax

	
Wetland
	Wet
	49
	3.94
	3.97
	0.99

	
	Dry
	56
	4.106
	4.32
	0.95

	
Woodland
	Wet
	37
	3.02
	3.61
	0.83

	
	Dry
	43
	3.21
	3.76
	0.865

	
Farmland
	Wet
	51
	3.45
	3.93
	0.87

	
	Dry
	44
	3.42
	3.78
	0.878



H’= Shannon-Wiener Index, H’ max= ln S = ln (total number of species),    H’/H’max =Evenness (E)
5.2 [bookmark: _Toc10332164][bookmark: _Toc10333537][bookmark: _Toc10334913][bookmark: _Toc10340076][bookmark: _Toc162892314]Species Richness
Variation in the number of species was observed among the three different habitats and between seasons in the same habitat. The highest species number was recorded in the wet land habitat (56) during dry season and followed by farm land (44). The least species number was recorded in the wood land habitat (43) during the dry season.
During the wet season highest species number recorded from farmland (51), followed  by wetland (49) and least number of species were recorded from woodland (37). (Fig.5)

[bookmark: _Toc10333538][bookmark: _Toc10334914][bookmark: _Toc10340077][bookmark: _Toc10417238][bookmark: _Toc162892315]Figure 4.Bird species richness in different habitat
5.3 [bookmark: _Toc10332165][bookmark: _Toc10333539][bookmark: _Toc10334915][bookmark: _Toc10340078][bookmark: _Toc162892316]Species Similarity	
[bookmark: _Toc10332166][bookmark: _Toc10333540][bookmark: _Toc10334916][bookmark: _Toc10340079][bookmark: _Toc10417240][bookmark: _Toc162892317]Bird species similarity between different habitats showed variations between seasons. During the wet season more species similarity was seen between species of woodland and farmland (SI=0.487). Least similarity was observed between woodland and wetland (SI=0.342) (Table 3). During the dry season the highest similarity was also observed between woodland and farmland (SI=0.522) and least similarity was between wetland and woodland (SI=0.379) (Table 4).
Table4. Bird species similarity between habitats during the wet and dry seasons
	Habitats
	

	Wetland

	

	 Woodland
	

	         Farmland

	
	
	
	
	wet
	Dry
	wet	dry

	Wetland
	
	      =

	
	0.342
	o.379
	 0.344              o.45

	Woodland

	
	     =
	
	    =
	
	0.487                 o.522



[bookmark: _Toc10332168][bookmark: _Toc10333543][bookmark: _Toc10334919][bookmark: _Toc10340082][bookmark: _Toc10417243][bookmark: _Toc162892320]In the study area, birds showed variation in their distribution among the three habitats. Highest number of species was observed in wetland (56), followed by farmland (44) and woodland (43) during the dry season. Nine bird species were recorded in all three habitat types during this season. During the wet season, 49, 37, 51 bird species were recorded in wetland, woodland and farmland, respectively and seven bird species were recorded in all the three habitat types.  Among the three habitat types, maximum value of seasonal bird species similarity was observed in the farmland (SI=0.884) followed by wetland (SI=0.81). The minimum value of bird species similarity was observed in wood land (SI=0.57.5) (Table 5).
Table2.  Seasonal species similarity (SI) within the habitats type of Borta Dam and its   surrounding
	Habitat
	
	Wet
	 Dry
	

	No of common species during both seasons
	  SI
	
	
	      %

	Wetland
	
	49
	  56
	
	    43
	0.81
	
	
	     81

	Woodland
	
	37
	  43
	
	    23
	0.575
	
	
	     57.5

	Farmland
	
	51
	   44
	
	      42
	0.884
	
	
	     88.4



5.4 [bookmark: _Toc10332169][bookmark: _Toc10333544][bookmark: _Toc10334920][bookmark: _Toc10340083][bookmark: _Toc162892321]Distribution
[bookmark: _Toc10332170][bookmark: _Toc10333545][bookmark: _Toc10334921]The total number of species recorded in the study area during the wet and dry seasons was 88. Some species were restricted to a single habitat while others occupy two or more habitats. The highest number of species was recorded from the farmland habitat during the wet season while the wetland habitat had the highest number during the dry season. The lowest species number was registered from the woodland during the wet and dry season respectively (Table 6)


[bookmark: _Toc10340084][bookmark: _Toc10417245][bookmark: _Toc162892322]

Table 6: Distribution of different bird species in the three habitats recorded                                  . 
	

	
Family
	Bird species
	Wetland
	Woodland
	Farmland

	
	
	Common name
	Scientific name
	
	
	

	
	
	
	
	dry
	wet
	dry
	wet
	Dry
	Wet

	1

	Bucerotidae
	Abyssinian ground-Hornbill
	Bucorvus abyssinicus
	√
	
	
	
	√
	√

	2
	Timaliidae 
	Abyssinian Catbird ∆
	Parophasma galinieri
	√
	√
	
	
	
	

	3
	Oriolidae 
	Abyssinian long Claw ∆
	Macronyx flavicollis
	√
	√
	
	
	
	

	4
	Fringillidae
	African citril
	Serinus citrinelloides
	√
	√
	
	
	
	

	5
	Accipitridae
	African fish-eagle ¥
	Haliaeetus vocifer
	√
	√
	√
	√
	
	

	6
	Accipitridae
	African goshawk
	Accipiter tachiro
	
	√
	√
	√
	
	

	7
	Accipitridae
	African Harrier-Hawk
	Polyboroides typus
	
	
	√
	
	√
	√

	8
	Columbidae
	African collared-dove
	Streptopelia roseogrisea
	√
	√
	√
	√
	√
	√

	9
	Accipitridae
	Augur buzzard
	Buteo augur
	√
	
	
	
	
	

	10
	Estrildidae
	Black-rumped waxbill
	Estrilda troglodytes
	√
	√
	
	
	
	

	11
	Ardeidae
	Black headed heron ¥
	Ardea melanocephala
	
	
	√
	√
	
	

	12
	Pasittacidae
	Black-Winged
 love Bird ♣
	Agapornis taranta
	
	
	√
	√
	√
	√

	13
	Accipitridae
	Black kite ®
	Milvus migrans
	√
	√
	√
	√
	√
	√

	14
	Accipitridae
	Black sparrowhawk
	Accipiter melanoleucus
	
	
	√
	√
	√
	√

	15
	Nectariniidae
	Beautiful sunbird
	Cnnyris pulchellus
	
	
	√
	
	√
	√

	16
	Picidae
	Bearded woodpecker
	Dendropicos namaquus
	
	
	√
	√
	
	

	17
	Cuculidae
	Black Cuckoo
	Cuculus clamosus
	√
	√
	√
	√
	√
	√

	18
	Cuculidae
	Blue-headed Coucal
	Centropus monachus
	
	
	
	
	√
	√

	19
	Coliidae
	Blue-napedmousebird
	Urocolius macrourus
	
	
	√
	√
	
	

	20
	Meropidae
	Blue-breasted
Bee-eater ®
	Merops variegates
	
	
	√
	√
	
	√

	21
	Phylloscopidae
	Brownwood   landwarbler
	Phylloscopus umbrovirens
	
	
	√
	√
	
	

	22
	Columbidae
	Cape turtle
	Streptopelia capicola
	√
	√
	√
	√
	
	

	23
	Phasionidae
	Crested francolin
	Francolinus sephaena
	√
	√
	
	
	
	

	24
	Phasionidae
	Common quail
	Coturnix coturnix
	√
	√
	
	
	√
	√

	25
	Pycnonotidae
	Common bulbul
	Pycnonotus barbatus
	√
	√
	
	
	
	

	26
	Ardeidae
	Cattle egret ®
	Bubulcus ibis
	√
	
	
	
	√
	√

	27
	Columbidae
	Dusky  turtle-dove
	Streptopelia lugens
	
	
	√
	√
	√
	√

	28
	Anatidae
	Egyptian goose ¥
	Alopochen aegyptiaca
	√
	√
	
	
	
	

	29
	Alaudidae
	Fischer’Sparrow Lark
	Eremopterix leucopareia
	√
	√
	
	
	
	

	30
	Sturnidae
	Greaterblue-eared starling
	Lamprotornis chalybaeus
	
	
	
	
	√
	√

	31
	Turdidae
	Groundscraper thrush
	Psophocichla litsipsirupa
	
	
	√
	
	√
	√

	32
	Ardeidae
	Grey heron ¥
	Ardae cinerea
	√
	√
	
	
	
	

	33
	Indicatordae
	Greater honey guide
	Indicator indicator
	
	
	√
	
	√
	√

	34
	Acrocephalidae
	Great reed-warbler
	Acrocephalus arundinaceus
	√
	√
	√
	√
	
	

	35
	Scopidae
	Hamerkop
	Scopus umbretta
	√
	√
	
	
	
	

	36
	Numididae
	Helmeted guineafowl
	Numida meleagris
	
	
	
	
	√
	√

	37
	Accipitridae
	Hooded vulture
	Necrosyrtes monachus
	√
	√
	√
	√
	√
	√

	38
	Acrocephalidae
	Icterine warbler
	Hippolais icterina
	√
	√
	
	
	√
	√

	39
	Accipitridae
	Lappet-faced vulture
	Torgos tracheliotus
	√
	
	
	
	
	

	40
	Accipitridae
	Long-crested eagle
	Lophaetus occipitals
	
	
	√
	√
	√
	√

	41
	Columbidae
	Lauphing dove
	Streroptopelia senegalensis
	
	
	√
	√
	√
	√

	42
	Laniidae
	Lesser gray shrike
	Lanius minors
	√
	√
	
	
	
	

	43
	Ploceidae
	Little weaver
	Ploceus luteolus
	√
	√
	
	
	
	

	44
	Motacillidae
	Long-billed Pipit
	Anthis similes
	√
	√
	
	
	
	

	45
	Laniidae
	Masked shrike
	Lanius minors
	
	
	√
	√
	
	

	46
	Columbidae
	Mourning collared-dove
	Streptopelia decipiens
	
	
	√
	√
	
	√

	47
	Picidae
	Nubian wood peaker
	Campethera nubica
	
	
	√
	√
	√
	√

	48
	Necctariniidae
	Olive sunbird
	Cyanomitra olivacea
	√
	√
	
	
	√
	√

	49
	Cisticolidae
	Pectoral-patch Cisticola
	Cisticola brunnescens
	√
	√
	
	
	
	

	50
	Columbidae
	Red-eyed dove
	Streptopelia semitorquata
	√
	√
	
	
	
	

	51
	Campephagidae
	Red-shouldered cuckooshrike
	Campephaga phoenicea
	√
	√
	
	
	
	

	52
	Muscicapidae
	Rueppell's robin-chat
	Cossypha semirufa
	√
	√
	
	
	
	

	53
	Ploceidae
	Red-collared widowbird
	Euplectes ardens
	√
	√
	
	
	
	

	54
	Sturnidae
	Ruppell’s starling
	Lamprotoris purpuropterus
	
	
	
	
	√
	√

	55
	Accipitridae
	Ruppell’s vulture
	Gyps rueppellii
	
	
	
	
	√
	√

	56
	Columbidae
	Speckled pigion
	Columba guinea
	
	
	
	
	√
	√

	57
	Muscicapidae
	Spotted Flycatcher
	Muscicapa striata
	
	
	√
	√
	
	

	58
	Nectariniidae
	Scarlet chested Sunbird
	Chalcomitra senegalensis
	
	
	√
	√
	√
	√

	59
	Nectariniidae
	Shining Sunbird
	Cinnyris habessinicus
	√
	
	
	
	√
	√

	60
	Lybiidae
	Banded barbet
	Lybius undatus
	
	
	
	
	√
	√

	61
	Picidae
	Wattled ibis ♣
	Bostrychia carunculata
	√
	√
	
	
	
	√

	62
	Phylloscopidae
	Wood warbler
	Phylloscopus sibilatrix
	
	
	√
	√
	√
	√

	63
	Accipitridae
	White-backed vulture
	Gyps africanus
	√
	√
	√
	√
	√
	√

	64
	Alcedinidae
	Woodland Kingfisher
	Halcyon senegalensis
	√
	
	
	
	
	

	65
	Gruidae
	Wattled crane
	Bugeranus carunculatus
	√
	√
	√
	√
	
	

	66
	Columbidae
	White collared Pigeon ♣
	Columba albitorgues
	√
	√
	
	
	
	

	67
	Sturnidae
	White billed Starling ♣
	Onlychognathus albirostris
	√
	√
	
	
	√
	√

	68
	Fringillidae
	Yellow-fronted canary
	Serinus mozambicus
	√
	√
	
	
	
	

	69
	Columbidae
	Lemon Dove
	Columba larvata
	
	
	√
	√
	√
	√

	70
	Turdidae
	Olive Thrush	
	Turdus olivaceus
	√
	√
	√
	√
	√
	√

	71
	Ploceidae
	Red – headed Weaver
	Anapllctes rubriceps
	√
	√
	√
	√
	
	

	72
	Ploceidae
	Red-billed Quelea®
	Quelea quelea
	√
	√
	√
	√
	√
	√

	73
	Columbidae
	Speckled pigeon
	Collumba guinea
	
	
	
	
	√
	√

	74
	Motacillidae
	Yellow wagtail ®
	Motacclla flava
	
	√
	
	
	
	

	75
	Paridae
	White winged Black-Tit
	Melamiparus leucomelas
	√
	√
	
	
	√
	√

	76
	Apodidae
	Spur-winged goose
	Plectropterus gambensis
	√
	√
	
	
	
	

	77
	Muscicapidae
	Abyssinian     slatyflycatcher
	Melaenornis variegates
	√
	√
	
	
	
	

	78
	Estrildidae
	African firefinch
	Laagonostic tarubricata
	√
	
	
	
	√
	√

	79
	Charadriidae
	Crowned plover
	Vanellus coronatus
	√
	
	
	
	
	√

	80
	Ciconiiformes
	Marabous stork
	Leptoptilos crumeniferus
	√
	√
	√
	
	
	√

	81
	Anatidae
	White faced duck
	Dendrocygn aviduuta
	√
	√
	
	
	
	

	82
	Turdidae
	African trush
	Tardus pelio
	√
	
	√
	
	√
	√

	83
	Estrildidae
	Redcheckedcordon blue
	Eracginthus bengalus
	√
	√
	√
	√
	√
	√

	84
	Cisticolidae
	Greybacked camaropte
	Camaroptera brevicaudata
	
	
	√
	√
	
	

	85
	Ploceidae
	Red bishop ®
	Euplectes orik
	√
	√
	
	
	√
	√

	86
	Corvidae
	Thick-billed raven♣
	Corrus albicollis
	√
	
	
	
	√
	√

	87
	Apodidae
	Pied crow
	Corvus albus
	√
	
	
	
	√
	√

	88
	Corvidae
	Dwarf raven
	Corvus edithae
	√
	
	√
	
	√
	


NB:  ∆= Endemic    ♣= Near to endemic    ® = Migrant                 ¥ = Resident
Unmarked = Resident and Partially Migrant
Total  : 2 = endemic      5 = near to endemic   6 = migrant    4 = resident
71 = Resident and partially migrant
Over all distribution of avian species at Borta Dam and its surrounding.
The distribution of avian family showed variation among habitats. The highest number of bird families were recorded in wetland (17 families) and lowest number of families were recorded in woodland habitats (10 famies) (Table 7).
[bookmark: _Toc10332171][bookmark: _Toc10333546][bookmark: _Toc10334922][bookmark: _Toc10340085][bookmark: _Toc162892323]Table7. Over all distribution of habitat types at Borta Dam and it’s surrounding
	Habitat type
	Total number of families
	  Percentage (%)

	Woodland
	10
	         25.64

	Farmland 
	12
	         30.77

	Wetland
	17
	        43.59




5.5 Abundance
Abundance of bird species during wet and dry seasons for all habitats: during the wet season, the numbers of individuals of species recorded were 5408, 710, 96 in wetland, farmland and woodland habitats respectively. During dry season, there were 4994, 4540, 96, individuals in the wetland, woodland and farmland habitats respectively. The mean number of individuals observed was statistically significant difference between habitats (df = 2, F = 9.246, p = 0.029<0.05). This indicates that the difference in habitat had significant effect on the abundance of birds. The significance was observed between wetland and woodland, wetland and farmland, woodland, farmland.
Bird species abundance varied among the habitat types. The highest abundance was recorded in wetland habitat followed by farmland during the wet and dry seasons respectively. The least abundance was recorded in woodland habitat followed by farmland during the wet and dry seasons respectively.
6. 
DISCUSSION
A total of 88 bird species belonging to 39 families were recorded from the study area.  This may not represent all the bird species present in the study area, but it gives up-to-date information on currently available bird species present in the study sites. Due to this there was difference in the diversity of birds. Differences in habitat characteristics of bird species in the study area are responsible for variation in species diversity, number of species and number of individuals of bird species among different habitats as suggested by (Smith, 1992). MacArthur (1964) stated that a large area could conceivably support many bird species in three rather different ways (vertical, horizontal and temporal). Within homogeneous habitat, the number of layers of vegetation is sufficient to account for the diversity of breeding bird species. When the area includes such major differences as those between sparse and dense vegetation, the number of layers of vegetation is no longer sufficient to account for bird species diversity. The area of the present study is not homogeneous; therefore, the diversity in bird species could be a result of vertical, horizontal and temporal variations as stated by MacArthur (1964).
Among the three habitats of the study area, the highest diversity index (and evenness (E=0.99) were recorded in the wetland habitat, followed by farmland (H’=3.45 and E=0.878) and the least woodland (H’= 3.21 and E =0.865) . This variation observed in the study area could be due to differences in feeding habits and weather condition. Species similarity between seasons was observed in the farmland (SI=0.884) followed by wetland (SI=0.81). This might be due to available source of food, and nesting in both seasons. The minimum value of bird species similarity was observed in the woodland habitat (SI=0.575).This may be due to local migration of birds to the farmland and wetland. Many bird species migrate to take advantage of differences of seasonal temperatures, thereby optimizing availability of food sources and breeding habitat.
[bookmark: _Toc401780137][bookmark: _Toc10332173][bookmark: _Toc10333548][bookmark: _Toc10334925][bookmark: _Toc10340088][bookmark: _Toc162892326]Among the three habitat types, more similarity of birds species was obtained from woodland and farmland (SI=0.522) during the dry season and between woodland and farmland (SI=0.487) during wet season. However, less similarity was obtained between species of wetland and woodland (SI= 0.379) during the dry season and between species of wetland and woodland (SI= 0.342) during the wet season. This is due to the differences in feeding adaptation of bird communities in each habitat. In the present study, the distribution of birds showed variation among habitats. Highest number of species was observed in wetland and farmland during wet and dry seasons. This might be due to higher vegetation complexity. Least number of species was recorded in the woodland during both seasons .This may be due local migration of birds to farmland and wetland. The highest abundance was recorded in wetland followed by farmland and the least recorded in woodland followed by farmland habitat in both seasons. This is in line with Agernesh Desalegn and Subramania, C. (2015), who reported that the avian species richness and distribution influenced by vegetation structure determinant factor of avian species richness (Waterhouse et al., 2002).
Most of the birds in the study area were resident and partially migrant, others were migrant and resident. There were also endemic and near to endemic. Majority of the species of birds are common to both seasons, there was significant difference in birds abundance between two season
Expansion of agriculture, lives stock encroachment, deforestation, indiscriminate fire fuel by ever increasing human population has been often cited the major cause of bird’s habitat and fragmentation, over fishing by traditional method in the study area. The forest around the dam is shrinking in size in all direction from time to time. If these treats continue the bird species diversity in the area decline. Discussions with local and direct observation help to assess the effects of such pressures.
7. [bookmark: _Toc10332174][bookmark: _Toc10333549][bookmark: _Toc10334926][bookmark: _Toc10340089][bookmark: _Toc162892327][bookmark: _Toc401780138]
CONCLUSION AND RECOMMENDATIONS
7.1  Conclusion
The study area was Borta Dam and its surrounding that supports the diverse species of birds in the different habitat types. During the survey, a total of 88 species of birds belonging to 39 families were identified from the study area. The highest number of bird species was recorded from family Accipitridae followed by Columbidae. The high diversity and richness of birds in the study area indicate the importance of these sites for the conservation. Therefore, it can serve as important centre for tourist attraction if properly managed. In addition, the value of similarity index may reflect the extent to which the habitats are similar.  The seasonal variation in number of individual species and their distribution in the study area are directly related to the types of habitats.
7.2 [bookmark: _Toc10332175][bookmark: _Toc10333550][bookmark: _Toc10334927][bookmark: _Toc10340090][bookmark: _Toc162892328]   Recommendations
The Borta Dam was suitable for the survival of various types of bird species and other wild animals. Therefore, to ensure the long-term conservation of wildlife of the area, based on the present study, the following recommendations were suggested:

· To prevent drainage of swap and wetland areas to attract birds for the sources of food   and water.
· Awareness creation to the local community to reduce human induced factors such as overgrazing, preventing clearing of forest, cutting forest fires, and agricultural expansion within the area of Borta Dam for the survival of bird species.
· The status of endemic birds that occur around the Borta Dam should be studied in detail. This is important to know whether the species is in danger and to take appropriate conservation measures.
· [bookmark: _Toc10331560][bookmark: _Toc10332176][bookmark: _Toc10333551][bookmark: _Toc10334928][bookmark: _Toc10340091][bookmark: _Toc10417252][bookmark: _Toc162892329]Dembi Dollo town Administrative body and lutherian missionary should give attention for the conservation this attractive area.
· Additional detailed study of long duration on the diversity and other ecological aspects of the area should be conducted to get detailed information of the area.
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Appendices
 Appendix 1.Point count field data sheet for bird survey
Habitat_____ Date_____ Starting time_____ Finishing time_____
	

Point of station number
	
Bird species(Common Name)
	
Local name
	
Number of individuals

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	


[bookmark: _Toc10340095][bookmark: _Toc10417256]


Appendix2. Line Transect Count Field Data sheet for bird survey
Habitat_____ Date_____ Starting time_____ Finishing time______
	Transect number
	Bird species(Common Name)
	Local name

	Number of individuals

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	

	
	

	
	

	
	

	
	

	
	




Appendix 3 .Number of individual Bird species recorded during wet and dry seasons from the study area.
	S.No
	Common name
	Wetland
	woodland
	Farmland

	
	
	
D
	
W
	
D
	
W
	
D
	
W

	1
	Abyssinian ground hornbill
	15
	10
	9
	7
	33
	36

	2
	Abyssinian Catbird
	22
	-
	5
	-
	11
	-
	

	3
	Abyssinian long Claw
	28
	14
	6
	8
	8
	5
	

	4
	African citril
	28
	19
	7
	8
	9
	4
	

	5
	African fish-eagle
	36
	27
	8
	5
	3
	3

	6
	African goshawk
	30
	27
	-
	7
	10
	8

	7
	African Harrier-Hawk
	-
	37
	-
	5
	-
	11

	8
	African collared-dove
	-
	39
	-
	9
	-
	7

	9
	Augur buzzard
	33
	42
	4
	7
	5
	8

	10
	Black-rumped waxbill
	39
	-
	5
	-
	18
	-

	11
	Black headed heron
	43
	-
	4
	-
	19
	-

	12
	Black-Winged love Bird
	-
	45
	-
	18
	-
	15

	13
	Black kite
	41
	-
	15
	-
	40
	-

	14
	Black sparrowhawk
	-
	39
	-
	7
	-
	6

	15
	Beautiful sunbird
	-
	36
	-
	19
	-
	13

	16
	Bearded woodpecker
	43
	-
	68
	-
	75
	-

	17
	Black Cuckoo
	-
	39
	-
	6
	-
	32

	18
	Blue-headed Coucal
	52
	-
	17
	-
	18
	-

	19
	Blue-napedmousebird
	36
	32
	12
	23
	12
	13

	20
	Blue-breasted Bee-eater
	-
	33
	-
	12
	-
	17

	21
	Brownwoodland-warbler
	30
	32
	43
	32
	18
	16

	22
	Cape turtle
	34
	-
	11
	-
	16
	-

	23
	Crested francolin
	38
	-
	9
	-
	17
	-

	24
	Common quail
	29
	32
	12
	7
	21
	13

	25
	Common bulbul
	46
	-
	8
	-
	12
	-

	26
	Cattle egret
	32
	36
	11
	9
	62
	68

	27
	Dusky  turtle-dove
	-
	46
	-
	13
	-
	16

	28
	Egyptian goose
	59
	-
	8
	-
	17
	-

	29
	Fischer’s Sparrow Lark
	64
	-
	7
	-
	23
	-

	30
	Greater blue-eared starling
	67
	-
	5
	-
	34
	-

	31
	Groundscraper thrush
	66
	68
	18
	19
	23
	29

	32
	Grey heron
	-
	36
	-
	6
	-
	17

	33
	Greater honey guide
	38
	34
	5
	6
	26
	29

	34
	Great reed-warbler
	-
	62
	-
	8
	-
	18

	35
	Hamerkop
	68
	-
	6
	-
	23
	-

	36
	Helmeted guineafowl
	46
	42
	6
	5
	19
	21

	37
	Hooded vulture
	-
	46
	-
	7
	-
	24

	38
	Icterine warbler
	34
	32
	8
	7
	33
	35

	39
	Lappet-faced vulture
	36
	-
	5
	-
	39
	-

	40
	Long-crested eagle
	38
	39
	6
	7
	52
	51

	41
	Lauphing dove
	12
	-
	18
	-
	19
	-

	42
	Lesser gray shrike
	33
	36
	14
	18
	12
	18

	43
	Little weaver
	61
	-
	7
	-
	23
	-

	44
	Long-billed Pipit
	33
	-
	26
	-
	56
	-

	45
	Masked shrike
	-
	47
	-
	9
	-
	36

	46
	Mourning collared-dove
	-
	55
	-
	6
	-
	42

	47
	Nubian wood peaker
	43
	53
	9
	14
	26
	32

	48
	Olive sunbird
	58
	-
	6
	-
	37
	-

	49
	Pectoral-patch Cisticola
	61
	-
	5
	-
	42
	-

	50
	Red-eyed dove
	46
	55
	6
	7
	36
	39

	51
	Red-shouldered cuckooshrike
	43
	53
	6
	5
	38
	46

	52
	Rueppell's robin-chat
	64
	-
	9
	-
	22
	-

	53
	Red-collared widowbird
	68
	-
	8
	-
	36
	-

	54
	Ruppell’s starling
	38
	52
	6
	8
	36
	51

	55
	Ruppell’s vulture
	42
	38
	4
	9
	73
	79

	56
	Speckled pigion
	70
	68
	21
	19
	81
	87

	57
	Spotted Flycatcher
	-
	52
	-
	15
	-
	13

	58
	Scarlet chested Sunbird
	-
	61
	-
	11
	-
	23

	59
	Shining Sunbird
	-
	71
	-
	8
	-
	38

	60
	Banded barbet
	82
	-
	12
	-
	46
	-

	61
	Wattled ibis
	67
	81
	18
	19
	38
	46

	62
	Wood warbler
	51
	54
	33
	46
	70
	69

	63
	White-backed vulture
	26
	-
	13
	-
	41
	-

	64
	Woodland Kingfisher
	-
	35
	-
	40
	-
	36

	65
	Wattled crane
	-
	-
	-
	-
	-
	38

	66
	White collared Pigeon
	46
	-
	-
	-
	-
	-

	67
	White billed Starling
	54
	51
	12
	11
	29
	30

	68
	Yellow-fronted canary
	73
	-
	8
	-
	77
	-

	69
	Lemon Dove
	-
	52
	-
	8
	-
	59

	70
	Olive Thrush
	-
	61
	-
	7
	-
	78

	71
	Red – headed Weaver
	-
	31
	-
	76
	-
	42

	72
	Red-billed Quelea
	32
	21
	37
	46
	38
	33

	73
	Speckled pigeon
	62
	56
	9
	7
	79
	69

	74
	Yellow wagtail
	60
	-
	75
	-
	62
	-

	75
	White winged Black-Tit
	41
	46
	8
	9
	69
	71

	76
	Spur-winged goose
	18
	-
	9
	-
	21
	-

	77
	AbyssinianSlaty-Flycatcher
	-
	84
	-
	8
	-
	86

	78
	African firefinch
	27
	-
	-
	-
	73
	91

	79
	Crowned plover
	10
	-
	-
	-
	14
	9

	80
	Marabous stork
	46
	42
	-
	-
	16
	18

	81
	White faced duck
	38
	58
	-
	-
	-
	-

	82
	African trush
	17
	-
	13
	-
	76
	84

	83
	Redchecked cordon blue
	25
	17
	10
	12
	59
	56

	84
	Greybacked camaroptera
	14
	10
	16
	19
	46
	38

	85
	Red bishop
	24
	26
	-
	-
	45
	52

	86
	Thick-billed raven
	26
	20
	-
	-
	32
	31

	87
	Pred crow
	28
	26
	-
	-
	69
	66

	88
	Dwarf raven
	21
	-
	16
	-
	15
	17
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Appendix 4. Expanssion of farm land
[image: C:\Users\wo\Desktop\2nd Birds\IMG_3617.JPG]

Appendix 5. Some birds of the area
[image: C:\Users\pc\Desktop\2nd Birds\IMG_3596.JPG][image: C:\Users\pc\Desktop\2nd Birds\IMG_3585.JPG]
Black headed heron                                                                  Spur-winged goose
[image: C:\Users\pc\Desktop\2nd Birds\IMG_3650.JPG][image: C:\Users\pc\Desktop\2nd Birds\IMG_3641.JPG]Thick billed raven                                                                          Grey backed camaropte
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Crowned plover                                                                               Dwarf raven
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African fish eagle                                                          Black kite
	
[image: F:\2nd Birds\IMG_3620.JPG]
                     Egyptian goose                                             

          [image: J:\2nd Birds\IMG_3598.JPG]
                                                Black headed heron
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    African Fish eagle

Appendix 6. View of the area
[image: F:\wield life\DSC_0529.JPG][image: F:\wield life\DSC_0537.JPG]                                                               
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[image: J:\2nd Birds\IMG_3632.JPG]                                    Wetland
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                                                    Woodland
	

Months
Minimum	Janu	Feb	Mar	Api	May	june	July	Aug	Sep	Oct	Nov	Dec	17	16	16	17	16	15	15	16	17	15	15	17	Maximum	Janu	Feb	Mar	Api	May	june	July	Aug	Sep	Oct	Nov	Dec	27	28	28	26	26	25	27	26	26	25	25	26	Series 3	Janu	Feb	Mar	Api	May	june	July	Aug	Sep	Oct	Nov	Dec	
Temprature     


Series 1	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	0.62000000000000965	0.42000000000000032	62.839999999999996	82.45	152.5	188.46	193.08	147.63999999999999	119.92	57.74	41.32	2.14	Series 2	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	Series 3	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	Months
Rain fall (mm)

Wet	Wet land	Wood land	farmland	49	37	51	Dry	Wet land	Wood land	farmland	56	43	44	Habitats

Species richness
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