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ABSTRACT 	
[bookmark: _GoBack]The objective of this study was to investigate diversity, relative abundance, and distribution of medium and large mammals in Mago National Park (MNP), Southern Ethiopia. Data collection was conducted during dry and wet seasons. A systematic sampling design was used to establish line transects along the three main habitat types, namely: Woodland, Acacia savanna, and Riverine forest. A total of 45 line transects were established through the habitats, varing in length from 1.5 to 5 km, depending on the size of the habitat. Twenty-eight medium and large mammals species were recorded in the area belonging to 8 families and 5 orders. Order Artiodactyla had the highest number of species (14 species), followed by Carnivora (8 species), whereas Perissodactyla and Proboscidea were represented by one species each. During both  seasons, the highest species diversity (H’ = 2.81, and H’=2.96) was recorded in woodland habitat, but  the lowest ( H’ =2.5 and H’= 2.67) in riverine forest. In terms of abundance, Tragelaphus imberbis 1773±86 (12%) was the most abundant species, while Vulpes chama was the least abundant species 104 ±13 that contributed less than 1% of the total. Most of the mammals species occurred in woodland habitat as compared to the other  habitat types. Seasonal variation in abundance (number) of individuals of medium and large mammals was significantly different (X2 = 91.651, df =1, p<0.05). However, variation in species composition was not significant (X2 = 0.018, df = 1, P<0.05). It can be concluded that, Mago National Park harbour high species diversity of medium and large mammals. Conservation efoforts that  could  suatain the high diversity pf the species in the area in needed to main the diversity.                           
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1.  | INTRODUCTION
Mammals are an important ecological component of terrestrial ecosystems and contain both structurally and functionally diverse species on Earth (González-Maya et al., 2016). There are 311 extant mammal species in Ethiopia  , of which 55 are endemic (both small and large mammals) (Lavrenchenko and Afework Bekele, 2017). Of the mammal species found in Ethiopia, 60% are medium and large mammals (Afework Bekele and Yalden,2014). Nevertheless, most medium and large mammals have declined in the country, even within protected areas (Rabira Gonfa et al., 2015). Human population growth, illegal agricultural expansion, habitat loss, poaching, and weak management of protected areas have been drivers of declines in medium and large mammals (USAID, 2008). Protected areas can help prevent the decline and extinction of these species (Bertzky et al., 2012). Regular and systematic studies are important for managing populations of medium and large mammals. 
The studies are also useful to detect population changes by protected area managers and to assess whether a favorable conservation status has been achieved to reduce the decline and extinction of these species (Bertzky et al., 2012). Therefore, a systematic survey is required after a certain period of time to establish or revise the management plan in protected areas (Fornitano et al., 2015). 
According to Dudley (2008), these areas are the cornerstones of national and international conservation strategies and are intended to be safe havens for the species living there. For this reason, many conservation biologists and environmentalists advocate the establishment and management of protected areas for the effective protection and conservation of biodiversity, including mammal diversity (Struhsaker et al., 2005).
To protect and conserve these diverse and important biological resources, the Ethiopian Wildlife Conservation Authority and the regional government have established 20 national parks, 11 wildlife reserves, 2 wildlife sanctuaries, 18 controlled hunting areas, and 69 important bird areas (EWCA, 2014). The Southern Nation Nationality and People Regional State (SNNPRS) is one of the eleven national regional states of Ethiopia. The region has a unique wealth of wildlife and vegetation resources, as well as diverse natural and cultural resources. The region's wildlife resources are mainly confined to wildlife sanctuaries and reflect its unique geological history (Solomon Tilahun et al., 1996). There are a number of national parks in the region that conserve bilogical diversity, which includes mammals. Among these national parks, the mammals of Mago National Park are the subject of the present study. The objective was to study the diversity, The objective was to study the diversity, relative abundance, and distribution of medium and large mammals.
2. | MATERIALS AND METHODS
2.1. |  Description of the study area
The study was conducted in Mago National Park (MNP), which is located in the Regional State of Southern Nations, Nationalities and Peoples. Mago National Park is located at 5°22' 30" to 5° 52' 30" N and 35° 52' 30" to 36° 22' 30" E and is about 782 km from Addis Ababa and 530 km from Hawassa. Moreover, it was established in 1970 and covers an area of 1867 km2 (Fig. 1). 

Mago National Park (MNP) is located on the eastern side of a small spur of the eastern Rift Valley (Omo Depression) in the Debube-Omo zone. The National Park is bordered by three protected areas: Tama Wildlife Reserve to the west (currently inhabited by the Mursi people), Omo National Park to the southwest, and the Murle Controlled Hunting Area (MCHA) to the south (Yirmed Demeke and Afework Bekele, 2000). 
The study area has a bimodal rainfall distribution characterized by an extended rainy season from March to May and a light rainy season from September to November. The remaining months of the year are mostly dry in the study area. The average rainfall in the area ranges from 34 to 167 mm, and the average minimum and maximum temperatures range from 16°C to 35°C.
 [image: ][image: C:\Users\MSC\Downloads\studyAreaMap (1).jpg]Figure 1. Location  Map of the study area
2.2 |  Sampling design and data collection
2.2.1 |  Reconnaissance survey
Prior to the start of actual data collection, a week-long preliminary walking survey was conducted during the second week of January 2018 to obtain a general overview of the area, such as habitat identification (core areas), safety issues, and accessibility (internal roads) This helped to become familiar with the study area. 
2.2.2 |  Sampling design
Based on the predominant vegetation structures, land cover characteristics, and information obtained from satellite imagery using a geographic information system (GIS) and remote sensing, the park was divided into three habitat types. These were: Woodland, Acacia savanna, and Riverine forest (Plate.1). 












Of the total area of Mago National Park (1867 km2), 20% (373.40) of the park was sampled to represent the entire study area (Aklilu Wodebo, 2020). 
Plate 1. The studied habitat types in the Mago National Park: [Woodland (A and B), Riverine forest (Cand D), and Acacia savanna (E, F and G)]. 
Photo ©:  Eden Tsegaye:   January 2018 and August, 2019


A stratified systematic sampling design was used to create line transects in the stratified habitat types proportional to the area of the habitat types to minimize sampling bias and obtain a representative sample. The number of transects established in each habitat type varied; a total of 45 line transects were established, for Woodland (19), Acacia savanna (15),and Riverine forest (11) habitats (Fig. 2). The length of the transects was measured and located in the study area using a handheld global positioning system (GPS) and a compass. The length and width of transect lines varied depending on the size of the area, shape of habitat types, vegetation cover, visibility, and topography of each habitat type.  For example, a transect length of 5 km and a width of 500 m was used in the Woodland habitat, a transect length of 4 km and a width of 300 m was used in the Acacia savanna, and a transect length of 1.5 km and a width of 100 m was used in the Riverine forest. The two consecutive transect lines were set at a minimum distance of 2 km, depending on habitat type, to avoid double counting. To avoid edge effects, transects were spaced 500 m from the edges of habitat types. Line transects were placed across the area to be surveyed following the slope of the ground and concerned with perpendicular to environmental gradients.
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Figure 2. Habitat types of the study area and transect layout 
2.2.3 | Data collection 
Data were collected by dividing the study period into dry and wet seasons at six-month intervals for the three selected habitats. Dry season data were collected from January 26 to February 15, 2018 and wet season data were collected from August 18 to September 7, 2019. 
The two periods of data collection represent the beginning and end (peak) of the dry and wet seasons in the area. This was assumed to yield representative samples for the entire year and is relatively appropriate for obtaining the most likely data. The medium and large mammal species were counted by direct observation, walking along a straight path and recording the species, the number of individuals seen, and their perpendicular distance from the transect line with the naked eye and pairs of binocular.  
Data were collected twice in one day, in the morning between 06:00 and 10:00 and in the afternoon between 15:00 and 19:00, when most medium and large mammals are more active. Each species of medium and large mammals encountered was identified in the field based on the experience of the researchers and the faunal knowledge of experts in the field and using the Kingdon Field Guide to African Mammals (Kingdon, 2003). 
2.3 |   Data analysis 
The data were classified into different categories. Species accumulation curves and species richness estimates(non-parametric estimators of species richness) were analyzed using EstimateS (EstimateS v. 9.1) according to (Colwell and Elsensohn, 2014). Diversity indices of medium and large mammal species were analyzed using Shannon-Weiner diversity and Simpson diversity indices in R version 3.6.2.
Shannon- Weiner diversity index (H):....................................................Eq.1   Where: - Pi is the proportion of the ith species in the habitat.	
Evenness (E'):   ……………...........…Eq.2  
Where: -   H’ max= ln (s) or ln (number of species)and s is the number of species.
Simpson's Diversity Index (1-D):    ……………………………………………………..Eq.3
 Where: -   Pi is the proportion of the ith species in the habitat.  
Sørensen's similarity Index (Ss): were also computed  for anlysis of similarity among and between habitats s=………………………………...……....Eq.4


Where:- C= the number of common species in habitat 1 and 2    
A = the number of species observed in habitat 1 
B = the number of species observed in habitat 2   
Relative abundance:
…………………………………………....Eq. 5 
A GIS analysis was performed to show the distribution of each species of mammals among habitats between seasons by using ArcGIS.
3. |   RESULTS  
3.1 |  Medium and large mammals    
A total of 28 species of medium and large mammals belonging to 8 families and 5 orders were recorded during the present study (Table 1). Order Artiodactyla is the most represented (50%) with 14 species, followed by Carnivora (8 species) (25%), while the orders Perissodactyla and Proboscidea were each represented by one species (4%) (Table 1).
Of the mammal species recorded, 2(7%) Endangered, 2(7%), Near–threatened, 6(22%), Vulnerable and 18 (64%) are Least concern (Table1).                             
	Order 
	Family
	Common name
	Scientific name                                                         
	  IUCN  Red List  status                           CITES  status 

	Artiodactyl
	Suidae
	Common warthog
	Phacochoerus africanus
	           Least concern	           Not listed

	
	Bovidae
	Common water buck 
	Kobus ellipsiprymnus
	           Least concern                                            Not listed

	
	
	Topi
Cape Buffalo                                        
	Damaliscus iunatus jimela
Syncerus caffer
	            Vulnerable                                                 Not listed
            Least concern                                            Not listed

	
	
	Soemmering’s gazelle	
	Nanger soemmerringii
	            Vulnerable                                                Not listed

	
	
	Grant's gazelle
	Nanger granti
	            Least concern                                             Not listed

	
	
	Lesser kudu
	Tragelaphus imberbis
	            Near -threatened                                        Not listed


	
	
	
	
	             

	
	
	 Kirk's dik-dik
	Madoqua kirkii
	          Least concern                                               Not listed

	
	
	Common duiker
	Sylvicapra grimmia
	          Least concern	                                            Not listed

	
	
	Bushbuck
	Tragelaphus scriptus
	          Least concern                                              Not listed

	
	
	Mountain reedbuck
	Redunca fulvorufula
	       Least  concern                                               Not listed

	
	
	Greater kudu
	Tragelaphus strepsiceros
	           Least concern                                            Not listed

	
	
	Bohor reedbuck
	Redunca redunca                                    
	           Least concern                                            Not listed       

	
	
	Bush pig
	Potamochoerus larvatus
	           Least concern                                             Not listed

	Carnivora
	Hyaenidae
	Spotted hyena
	Crocuta crocuta
	           Least concern                                              Not listed

	
	Canidae
	Cape fox
	Vulpes chama
	           Least concern                                              Not listed

	
	Felidae
	Cheetah
	Acinonyx jubatus
	           Vulnerable                                                    App. I

	
	
	Leopard
	Panthera pardus
	           Vulnerable                                                    App. I

	
	
	Africa wild cat
	Felis silvestris
	           Least concern                                               App. I

	
	
	Lion
	Panthera leo
	           Vulnerable                                                    App. I 

	
	
	African wild dog
Serval cat 
	Lycaon pictus
Leptailurus serval                      
	            Endangered                                                Not listed
            Vulnerable	                                            App. II

	Primates
	Cercopithecidae
	Anubis baboon
	Papio anubis
	            Least concern                                            App. II

	
	
	Gureza colobus
	Colombus gureza
	            Least concern                                             Not listed

	
	
	Vervet monkey
	Chlorocebus pygerythrus
	            Least concern                                             App. II

	
	
	Patas monkey
	Erythrocebus patas
	            Least concern                                             App. II

	Perissodactyla
	Equidae
	Burchell's zebra
	Equus quagga burchellii
	            Near -threatened                                         App. II
    

	Proboscidea
	Elephantidae
	African elephant
	Loxodanta  africana
	              Endangered                                                 App. I


Table .1 Medium and large mammal species  recorded and their IUCN red list of threat category

3.2 |  Species accumulation curve and species richness estimation 
As shown in (Fig. 3), species accumulation curves (rarefaction) were generated for medium and large mammals recorded in Mago National Park (MNP). 
The species accumulation curve between the dry and wet seasons in the study area fully reached asymptote.  Similarly, the curve was also plotted for the cumulative number of species recorded as a function of sampling effort.    
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Figure 3. Species accumulation (rarefaction) curves of the recorded mammals in different habitat types and between seasons
Woodland habitat had high species richness estimation (32.97 during the dry season and 25.46 during the wet season), as indicated by the second-order Jackknife species richness estimator. The abundance-based Chao 1 species richness estimator (Chao 1) provided the lowest species richness estimate (19) for the Riverine forest habitat during the dry season estimated by different estimators for the selected habitat types per season.
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Table 2. Estimates of species richness between habitat types during dry and wet seasons

	
	WL
	
	 WL
	
	AS
	
	 AS
	
	RF
	            
	

	
	Dry
	
	Wet
	
	Dry
	
	Wet
	
	Dry
	   Wet
	

	No. of samples
	19
	            
	 19
	
	 15
	
	 15
	
	11
	             11
	

	No. of Indv.
	2868
	
	3659
	
	2445
	
	2719
	
	1718
	            1835
	

	Sobs
Jack 1
	24
30.63±2.05
	
	  27
27.95±0.95
	
	 20
27.47
	
	  26
27.87±1.27
	
	  19
25.36±2.03
	              22
    26.55±2.07
	

	Jack 2
			32.97
	
	25.46
	
	32.79
	
	25.58
	
	29.62
	        29.16
	

	Chao 1
	24±0.03
	
	27±0.09
	
	20
	
	      26
	
	19±0.34
	         22±0.05     
	

	Chao 2
	27.32±3.5
	
	27±0.08
	
	28.71±8.31
	
	26.16
	
	25.36
	     25.03±3.79
	

	ICE
	29.91
	
	27.34
	
	27.82
	
	26.93
	
	24.27
	24.92
	

	

	Species collection degree of the three habitat types between seasons       71.83 - 92.71 %  





Note:- Sobs, the number of species observed per habitat type between seasons;  Jack 1, first-order Jackknife richness estimator; Jack 2, second-order Jackknife richness  estimator; Chao 1, Chao 1 richness estimator based on abundance ; Chao 2, Chao 2 richness estimator based on incidence ;ICE, incidence-based coverage  estimator of  species richness.  

3.3 |  Species diversity:-  The Woodland habitat had the highest species diversity and evenness (H’ = 2.81) during the dry season and (H’= 2.96) during the wet season) and (J = 0.88 and J = 0.89), respectively. Species diversity and evenness were the lowest in the Riverine forest habitat (H’ = 2.5 and H’= 2.67) and (J = 0.85 and J = 0.86) during the dry and wet seasons, respectively (Table 3).   
	Habitat type
	No. of Species
	No. of individuals
	SWI (H' )
	
	H'max
	
	H'/ H 'max( Evenness) 
	Simpson index of  diversity (1-D)

	
	Dry
	Wet
	
	Dry
	Wet
	
	Dry
	Wet
	
	Dry
	Wet
	
	Dry
	Wet
	Dry            Wet 

	Woodland
	  24 
	   27
	
	2868
	3659
	
	   2.81 
	   2.96
	
	    3.17
	 3.29
	
	   0.88
	   0.89
	   0.927          0.937        

	Acacia savanna 
	20
	26
	
	2445
	2719
	
	2.61
	2.84
	
	2.99
	3.25
	
	0.87
	0.87
	 0.913            0.926

	Riverine 
forest
	19
	22
	
	1718
	1835
	
	2.5
	2.67
	
	2.94
	3.09
	
	0.85
	0.86
	  0.9              0.91


[bookmark: _Toc45576411]Table 3. Diversity of medium and large mammal species in different habitat types during dry and wet  seasons









3.4. | Relative abundance:- Lesser kudu (Tragelaphus imberbis was the reltively most abundant species accounting for (12%) of individuals recorded, followed by  Cape Buffalo ( Syncerus caffer) at (10%),and Anubis baboon (Papio anubis) (9%), 
while Patas  monkey (Erythrocebus patas) and Cape fox (Vulpes chama), were the least abundant species each accounting for only 1% of total observations in the study area (as listed in Table 4).                  
Table 4. Relative abundance and encounter rate of the recorded mammals species in the study area. 


	
	Total number of individuals recorded
	
	

	Species  name 
	
Dry
	
Wet
	
	Relative abundance (%)           Encounter rate 
	Local status           Percent


	Tragelaphus imberbis 
	801 ±20
	972 ±17                
	
	12%                                                  11.51
	Common 

	Syncerus caffer
	746 ±33
	823 ±30               
	
	10%                                                  10.19
	Common

	Papio anubis 
	660 ±27
	715 ±20                
	
	9%                                                     8.93
	Common                        

	Kobus ellipsiprymnus
	622 ±21
	681 ±15               
	
	9%                                                      8.46
	Common                                     29%

	Damaliscus iunatus jimela
	589 ±24
	612 ±19                
	
	8%                                                     7.80
	Common

	Phacochoerusafricanus 
	557 ±18
	590 ±11                
	
	8%                                                      7.45
	Common

	Tragelaphus strepsiceros
	400 ±17
	591 ±15                
	
	7%                                                      6.44
	Common

	Tragelaphus scriptus
	565 ±22
	399 ±15                 
	
	6%                                                      6.26
	Common

	Nangersoemmerringii
	226 ±10
	315 ±9                   
	
	4%                                                      3.51
	Un- common

	Panthera pardus
	221 ±22
	190 ±13                 
	
	3%                                                      2.67
	Un- common

	Equus quagga burchellii
	122 ±13
	283 ±14                
	
	3%                                                     2.63
	Un- common

	Chlorocebus pygerythrus
	117 ±17
	271 ±18                
	
	3%                                                      2.52
	Un- common

	Colombus gureza
	167 ±11
	194 ±11                
	
	2%                                                      2.34
	Un- common           

	Loxodanta  africana
	183 ±10
	166 ±11                
	
	2%                                                      2.27
	Un- common                                        39%                       

	Madoqua kirkii	
	160 ±8
	188 ±7                  
	
	2%                                                     2.26
	Un- common

	Redunca fulvorufula
	139 ±8	
	153 ±8	
	
	2%                                                     1.90
	Un- common

	Acinonyx jubatus
	171 ±13
	98 ±7                    
	
	2%                                                     1.75
	Un- common

	Redunca redunca
	108 ±9
	149 ±9                  
	
	2%                                                     1.67
	Un- common

	Sylvicapra grimmia
	91 ±5
	115 ±4                  
	
	1%                                                     1.34
	Un- common

	Nanger granti
	63 ±9
	90 ±8                    
	
	1%                                                      0.99
	Rare

	Leptailurus serval
	0 
	147 ±4                  
	
	1%                                                      0.95
	Rare

	Panthera leo
	78 ±11
	68 ±7                    
	
	1%                                                       0.95
	Rare

	Felis silvestris 
Lycaon pictus	
Potamochoerus larvatus
Erythrocebus patas
Vulpes chama
Crocuta crocuta
	43 ±3
30 ±4
45 ±3
69 ±7
39 ±4
19 ±2
	85 ±4
93 ±6                                                    
73 ±4
47 ±5	
65 ±4
 40 ±2                         
	
	1%                                                      0.83
1%                                                       0.80                                        
1%                                                       0.77
1%                                                        0.75
1%                                                        0.68
 0                                                          0.38
	Rare
Rare
Rare                                                 32%
Rare
Rare
Rare

	Total 
	7031±474.9     
	   8213±744.8  
	
	
	









3.5 | Distribution:- The distribution of medium and large mammals during the dry and wet seasons is shown in (Fig.4) and (Fig.5). Tragelaphus imberbis, Tragelaphus strepsiceros and Papio anubis were widely distributed throughout the study period. However, Vulpes chama,  Crocuta crocuta,and Panthera pardus, were found only in some areas during both the dry and wet seasons. In the dry season, Tragelaphus strepsiceros was widespread, followed by Phacochoerus africanus and Tragelaphus imberbis, while Nanger  soemmerringii and Vulpes chama had the lowest distribution in the  Acacia  savanna habitat.
  In the Riverine forest habitat, Papio anubis was common, followed by Tragelaphus imberbis and Kobus ellipsiprymnus, While Crocuta crocuta, and Colombus gureza had  the lowest distribution ( See  Fig. 4). During the wet season, Papio anubis was widely distributed followed by Phacochoerus africanus and Tragelaphus imberbis, while Nanger granti and Panthera   pardus had  the lowest distribution in the Acacia savanna habitat. In Riverine forest habitat, Phacochoerus africanus was widely distributed while  Acinonyx jubatus had the lowest distribution ( See Fig. 5).
 

[image: ]
Figure 4. Distribution of medium and large mammals among different habitats in Mago National Park during dry season



[image: C:\Users\MSC\AppData\Local\Temp\Temp1_DistributionEdited_final.zip\DistributionEdited_final\wetseason.jpg]		
Figure 5 . Distribution of medium and large mammals among different habitats in Mago National Park during wet season	



4 |   DISCUSSION


The study area was uncertain and extremely difficult for conducting the surveys, which may have affected better coverage of all medium  and large mammals. However, the capture of 28 species of medium and large mammals indicates that good efforts were made to monitor and count resources. The highest species diversity and evenness of medium and large mammals was recorded in the Woodland habitat during both the dry and wet seasons, while species diversity and evenness was comparatively low in the Woodland habitat during the dry  season. This is probably related to the fact that the Woodland habitat was relatively dry and burned by honey collectors and illegal hunters, as the number of illegal hunters and honey collectors increased in the area during this season. 
This phenomenon leads to a decrease in the availability of grass vegetation and water for herbivorous mammals. In contrast, during the wet season, there could be more sprouting grass, water availability, moderate temperatures, and cloudy weather conditions that apparently make mammals more active, which is why mammals are very diverse in Woodland  habitat during this season.
Previous studies in different parts of Ethiopia have also shown that mammal species diversity is often high in areas with adequate food and water resources and low poaching by local people. Therefore, the number of species recorded and their diversity in different habitat types varied with the seasons.


[image: ]
Plate 2. Some illegal activities  practiced  in MNP 
Photo ©:  Eden Tsegaye,  January 2018 and August, 2019   
[image: ]The two cloven-hoofed species and one primate species (Tragelaphus imberbis, Syncerus caffer, and Papio anubis) were the most abundant species in the study area. This could be related to the wide range of the species, high reproductive success, varied feeding behavior, and suitability of the patches especially for Tragelaphus imberbis. According to the African Wildlife Foundation (AWF, 2015), dense forest patches are the preferred habitat for Tragelaphus imberbis because it prefers dense patches for protection from danger and for protective behavior. A good food source and suitable habitat for forest-specialized mammals such as Papio anubis is the ability to survive and adapt to a variety of foods, as well as individual adaptability to the challenging environmental conditions in the park. A similar finding states that Papio anubis is an ecologically flexible species that consumes a variety of foods and can live in a variety of habitats (Whiten et al., 1991), which may be the reason why the species is relatively common in the study area after Tragelaphus imberbis and Syncerus caffer.        



On the other hand, during this study, some mammals including African wild cat (Felis silvestris), lion (Panthera leo) and cheetah (Acinonyx jubatus) were the least abundant mammal species in the area. This may be because their nocturnal behavior and deliberate avoidance (due to constant harassment by poachers) may have made sighting and counting these mammals difficult. In addition, most mursi peoples live in the park year-round, and some of the above mammals may be tracked and regularly poached with automatic rifles, snares, and traps each year due to the lack of patrols and the absence of a strict wildlife law in the park, which is responsible for this destruction that may ultimately lead to the extinction of the mammal species in MNP that were observed during the survey period.
  
Plate 3. Some of the Mursi peoples live in MNP  
[Photo ©: Eden Tsegaye,  February  2018].
The results show that the distribution patterns of each species along with habitats between seasons in the survey area. The distribution of mammals could be based on their requirements for survival and reproduction in conjunction with the presence of preferred food and better quality habitat in the park. Thus, the distribution of individual mammal species in the area could be based on habitat selection in relation to the availability and abundance of green forage and water in different habitat types, as well as individual adaptability to human activities. 
Thus, the better conditioned the habitat, the better the distribution and survival of the mammals. According to the report by Wolf and Ripple (2016), mammal distribution is often determined by food availability in a given area. The distribution of Vulpes chama, Erythrocebus patas, and Panthera pardus was low and restricted compared to the other medium and large mammals in some parts of the survey areas.This was possibly due to the presence of linkages and corridors to access nearby areas such as Omo National Park, Tama Game Reserve and Murle Controlled Hunting Area (MCHA),while Tragelaphusimberbis,Papioanubis,Synceruscaffer,Tragelaphus strepsiceros,Phcochoerus africanus and Nanger soemmerringii had relatively large ranges in all habitat types. During the survey period, more mammal species occurred in the Woodland habitat in both seasons, likely due to the stability and quality of the habitat and their ecological preference over the other habitat types. 
5.|  CONCLUSION AND RECOMMENDATIONS 
The survey of 28 mammal species revealed that Mago National Park supports a variety of medium and large mammal species, including endangered and near-threatened species. 

The presence of globally threatened species, such as the endangered African elephant (Loxodanta africana) and African wild dog (Lycaon pictus), provided basic information on their occurrence in the study area and for researchers wishing to conduct related ecological studies, and also demonstrates the importance of the park for mammal conservation. 
The abundance and distribution of mammal species in the park varied according to habitat type and season. This is due to the destruction of natural habitats and harassment by an ever-increasing human population with an ever-increasing demand for land and an increasing number of illegal hunters. The diversity of food supply in  different habitat types and the ecological flexibility of the species also contributed. Therefore, conservation measures must be taken urgently to protect the park's mammals and its ecology. Special attention needs to be paid to the protection of one of the world's endangered mammals, Loxodanta africana, and its habitat.
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