
 

ARNMSMB 

Publisher 

Research Journal of Cell and Molecular 

Biology 

2018. 7(1): 1-13 

ISSN: 1819-5458 

Journal home page: http://arnmsmb.com/RJCMB/ 

 

Research Journal of Cell and Molecular Biology 

ISSN: 1819-5458 

 

Structure and Regeneration Status of Nagasa Sacred 

Forest in Chencha, GamoGofa Zone, Ethiopia 
 

Tegenu Mekuria1 and Simon Shibru2 

1Ethiopia Biodiversity Institut, P.O. Box 30726, Addis Ababa, Ethiopia 
2Arba Minch University, P.O. Box: 1176, Arba Minch, Ethiopia 
 
Correspondence Authorr: Tegenu Mekuria. 1Ethiopia Biodiversity Institut, P.O. Box 30726, Addis Ababa, Ethiopia 

E-mail: tegenu.mekuria@gmail.com 

 

ABSTRACT 

Nagasa sacred natural forest is one of the very few remnant moist evergreen montane forests in 

Ethiopia. The objective of this work was to study vegetation structure and regeneration status of 

woody species. Systematic sampling method was used to collect data from 36quadrats (20m x 20m) 

established on four belt transects. All woody plants found in each plot were recorded, collected, 

pressed and identified following Flora of Ethiopia and Eritrea. All individuals of trees and shrubs 

with a DBH > 2cm and height > 2m were measured. The result of structural analysis revealed the 

total density of tree stems per hectare and basal area of a tree with DBH>2cm were 824 and 

40.4m2ha-1respectively.The density of tree species in the forest decreases with increasing height 

and DBH classes. The forest is characterized by high density of trees in the lower DBH class than in 

the higher. Regeneration status of the forest was analyzed by comparing saplings and seedlings with 

the matured trees. Results revealed that Nagasa sacred moist evergreen montane forest is at good 

regeneration status. Three layers of tree were identified from the vertical stratification analysis. 

Some of the results of population structure and regeneration status indicated abnormal pattern 

which dictate the need for an urgent conservation of the study area. Sacred places have emerged as a 

new frontier for interdisciplinary research on their own merits and also for their actual or potential 

relevance for biodiversity conservation. This reflects the emerging recognition in many sectors of the 

important role that religion and spirituality can play in environmentalism. This study revealed that 

a number of valuable plant species are found in the sacred forest, and if conservation measures are 

not introduced in the near future there may be a great loss of plant genetic resources and other 

associated components of biodiversity. 

 

Keywords: Nagasa, Sacre d forest, Gamo, Woody vegetation, Structure and Regeneration. 

 

Received date: 12 June 2018, Accepted date: 4 September 2018, Online date: 12 December 2018 

 

Copyright: © 2018 Tegenu Mekuria and Simon Shibru, this is an open-access article distributed under the terms of the 

Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 

 

INTRODUCTION 

Ethiopia is an important regional center for biological diversity due to its wide ranges of altitude, 

its great geographical diversity with high and rugged mountains, flat-topped plateaus and deep 

gorges, incised river valleys and rolling plains (Ensermu and Teshome, 2008 and Schmitt et al., 

2010). These helped the emergence of wide ranges of habitats that are suitable for the evolution and 
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survival of various plant and animal species. As a result, the country is regarded as one of the most 

important countries in Africa with respect to endemism of plant and animal species in tropical Africa 

(Feyera, 2010). The country possesses about 6000 species of higher plants, of which about 10% are 

endemic (Mekbib, 2012). The vegetation of the country is very heterogeneous and has a rich endemic 

element (Mekbib, 2012). A substantial proportion of the Ethiopian highlands were once believed to 

have been covered by forests having wide coverage than at present, but have gradually been cleared 

(Friis, 1992 and Friis et al., 2010). 

Tamrat (1993) and Haile et al. (2008) remarked that the occurrence of isolated mature trees in 

farmlands and the patches of forests that are seen around church-yards and religious burial grounds 

indicate the presence of vast expanse of forests earlier (Desalegn, 2007). At the moment, most of the 

remaining forests of the country are confined to south and south-western parts of the country; 

however, nowadays the remnant forests in these areas are threatened by human activities 

(Desalegn, 2009). Most of the people of Gammo high land are following their ancestral religion and 

conserving the sacred forest as a part of their tradition and culture. They have vast ethnobotanical 

knowledge and they utilize the precious plant wealth sustainably (Simon, 2008). In recent years, 

people’s needs and the erosion of indigenous knowledge resulted in a weakening of religious beliefs, 

and these virgin tracts of forest patches are on the way to extinction (Desalegn, 2007). 

Nagasa sacred forest is one of a sacred exposed forest, and there was no research carried out in 

the forest previously. Therefore, in order to implement appropriate forest management measures 

that could minimize forest losses, adequate information on factors affecting sacred natural forest and 

the rate at which they cause depletion have to be obtained. Hence, the present situation of such 

fragile ecosystem grabs the attention and interest of researchers. Therefore, the present study is 

broadening its scope to assess the structural distribution together with regeneration status of the 

forest. Hence, this study was initiated to be conducted on the forest with the major objective of 

investigating structure and regeneration status of Nagasa Sacred Forest in Gammo highlands of 

Gammo Goffa, Ethiopia. 

 

MATERIAL AND METHODS 

Description of the study area 

Nagasa sacred forest is located in ChenchaWereda in GamoGofa Zone at around 26km north of 

Arba Minch town and around 480km away from Addis Ababa, capital city of Ethiopia, in Southern 

Nation, Nationalities and Peoples regional state of Ethiopia. Astronomically it is located between 

370 29’ 57” to 37039’ 36’’ to the East and 608’ 55” to 60 25’30” to the North. The wereda has a total 

area of about 373.3km2 and the altitudinal range of the study area varies from 2500 - 3035 m above 

sea level (Abera, 2006). 
 

 
Figure 1: Location and map of the study area, 2016 
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Reconnaissance Survey and Sampling Design 

A reconnaissance survey was carried out from July -August 2015in order to obtain an impression of 

the site conditions, to collect information on accessibility and to determine sampling sites. A 

systematic sampling design was deployed to collect the data. Four belt transects were laid and the 

distribution of transects were made in such a way that all aspects of the forest area could be covered. 

A total of 36 quadrats, each 20m by 20m (400m2) were established. The transects and quadrats were 

located on the ground using the GPS navigation system. 

 

Vegetation Data Collection 

In each plot, all woody plant species were recorded as present and Trees and shrubs were counted. 

Diameter at Breast Height (DBH) and height were recorded for all trees and shrubs using 

appropriate instruments. All individuals of trees and shrubs with a DBH > 2cm and height > 2m 

were measured. The data on number of seedlings and saplings with height < 1m for seedlings and 

2m for saplings with DBH < 2cm for all trees and shrubs were recorded in each plot. If the tree 

branched at breast height, the diameter was measured separately for the branches and averaged. 

 

Vegetation structure analysis 

All tree/shrub species recorded in all the 36 quadrats were used in the analysis of the vegetation 

structure. Relative density, relative frequency, relative dominance, important value index (IVI) and 

Basal area were calculated to determine the vegetation structure and the dominant species of the 

forest using formulas deployed by Muller-Dombois and Ellenberg (1974). 

 

Regeneration status analysis  

Regeneration status of the forest was analyzed by comparing saplings and seedlings with the 

matured trees according to Fikadu (2010) i.e., Good regeneration, if seedlings >saplings >adults; Fair 

regeneration, if seedlings> or ≤ saplings ≤ adults; Poor regeneration, if the species survives only in 

sapling stage, but no seedlings (saplings may be <, > or = adults); and if a species is present only in 

an adult form it is considered as not regenerating. 
 

RESULT AND DISSCUSION 

Analysis of Vegetation Structure 

Shrub and Tree density  
The density of trees and shrubs with DBH greater than 2cm in the forest was 824 individuals ha -1. 

Density analysis showed that 67.7% of the total density is comprised of five species only. Galiniera 
saxifraga was the dominant species in the forest comprising 23.3% (192 individuals ha-1) followed by 

Schefflera volkensii15.6% (128 individuals ha-1) and Vernonia myriantha10.5% (87 individuals ha-1) 

(Table1).    
 

Table 1: Density of the five dominant trees  

        >2cm   

  Species Individuals/ha % 

1 Galiniera saxifraga 192.3 23.34 

2 Schefflera volkensii 128.4 15.59 

3 Vernonia 
myriantha 

86.8 10.53 

4 Dombeya torrida 77.8 9.44 

5 Nuxia congesta 72.9 8.85 

   558.1 67.75 
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Frequency 

The trees and shrubs were classified into five frequency classes on the bases of their percentage 

frequency values: 1= 0-20, 2= 21-40, 3= 41-60, 4= 61-80, and 5 =81-100. Dombeya torrida was found 

to be the most frequent species occurring in 83% of the total quadrats sampled followed by Galiniera 
saxifraga (70%), Schefflera volkensii (66%), Nuxia congesta (58%) and Vernonia myriantha (53%). 

The frequency gives an approximate indication of the homogeneity and heterogeneity of species. 

Dereje (2006) Pointed out that high values in higher frequency classes (classes 4 and 5) and low 

values in lower frequency classes (classes1) indicate constant or similar species composition. This 

study revealed that there is high frequency in the lower frequency classes and low frequency in the 

higher frequency (Fig 2). This indicates that the vegetation has high heterogeneity and low 

homogeneity classes. 

 

 
 

Figure 2. Frequency class distribution of woody species (Frequency classes: 5=80-100%, 4=61-80%; 

3=41-60%; 2=21-40%; 1=0-20%), 2016. 

Height distribution  

Height class distribution of trees and shrubs in the forest indicated that more than 48% of the 

individual’s attained height less than 10m and 39.7% of height was contributed by in the height class 

between 10.1m and 18m. Only less than 16% attained height above 22m. Except the first height 

class (2-10m), the density of each height class decreases with the increase in height showing an 

inverted J-shape (Figure 3). The decreasing of density in each height class towards the highest 

height classes reveals the dominance of small sized individuals in the forest which was the attribute 

of normal rate of regeneration but poor recruitment because of very less and totally absence of 

seedling and sapling for woody species in the forest (Simon and Girma, 2004).Generally, the density 

of trees in the height class between 19m and 30m, which was 101ha-1 (12.3%), is low as compared to 

the height class between 7m and 18m, which was 581ha-1 (70.5%). This may be possibly due to 

selective removal of individuals in these height classes. Similar findings were also reported by 

Kitessa and Bishaw (2008). In Nagasa sacred natural forest and also the density of trees in the 

height class 2-6m, which was 142 ha-1 (17.2%) is the lowest as compared to 6.1-10m, which was 

267ha-1 (32.4%); 10.1-14m, 158 (19.2%) and 14.1-18m, 156ha-1 (18.9%) (Figure3). Hence the lower 

number of individuals in the height class of 2-6m indicates that insufficient as well as total absence 

of seedling and sapling of the plant species in the study area. A tree species with no seedling and 
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sapling in a forest is under risk condition and it is suggested that the forest is under threat of local 

extinction; similar findings were also reported by Feyera and Dembel (2003).  

 

 Figure 3: Height class distribution in Nagasa natural forest 1=2-6, 2=6.1-10, 3=10.1-14, 4=14.1-18, 

5=18.1-22, 6=22.1-26, 7=26.1-30 and 8= >30, 2016 

 

In the forest among different plant species, there are variations in height class distribution patterns. 

For example, Galiniera saxifraga and Vernonia myriantha showed an inverted J-shape pattern 

(Figure 4a and 4b), Dombeya torrida and Nuxia congesta  bell shaped (Figure 4c and 4d)  and  

commercially and ecologically important specie such as Prunus africana (10 ha-1), Hagenia 
abyssinica ( 23 ha-1), Syzygium guineense (11 ha-1) and Juniperus procera (0.7ha-1) are very rare and 

local extinction in the forest due to highly hunted by the local people mainly for construction of 

houses showed irregular shape. 
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Figure 4a-d: Height class distribution of dominant woody plant species of Nagasa natural forest, 

2016 

3.1.4 DBH distribution 

The woody plant species in the study area could be conveniently classified into seven DBH classes: 2-

10cm, 10.1-20cm, 20.1-30cm, 30.1-40cm, 40.1-50cm, 50.1-60cm and >60 (Figure 5). About 65.3% of 

the individuals are found in the first two classes (2-10 and 10-20cm). The remaining 5 classes 

together accounted for about 34.7%. The number of stems in DBH class less than 10cm is 238ha -1 

(28.88%), 300ha-1 (36.41%) for DBH 10-20cm, and 286ha-1 (34.7%) for DBH > 20cm. As the DBH 

classes size increases, the number of individuals gradually decrease beginning from 300 stems ha-1 in 

the second class down to 10 stems ha-1 in the seventh DBH class. When viewed from the whole set of 

population structure, the distribution of all individuals in different size classes showed an inverted 

J-shape for DBH classes (Figure 5).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: DBH class distribution in Nagasa natural forest, 2016 
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The majority of the species had the highest number of individuals in the lower DBH and low in the 

high DBH classes. Such reversed J-shaped distribution pattern depicts that the forest is on the 

status of favorable regeneration and recruitment potential 

(Taye et al., 2001 and Abate et al., 2006) but in this study the number of individuals in the first DBH 

class is < the number of individuals in the second DBH class due to poor regeneration potential of 

the area. When the entire DBH class distribution of the forest is evaluated on a species basis, 

different population dynamics for different species were revealed. For example, Galiniera saxifraga 

and Vernonia myriantha have a reversed J-shaped distribution (Figure 6c and 6d) while Dombeya 
torrida and Nuxia congesta have irregular distribution (Figure 6a and 6b). In all cases the first DBH 

class is less than the second DBH class due to the absences of seedling and sapling of those dominant 

and representative woody species in the study area. This indicates that the forest is under threat of 

local extinction, similar with Simon and Girma (2004). 
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Figure 6a-d: DBH class distribution of some woody plant species of Nagasa natural forest, 2016 

Vertical stratification 
The vertical structure of woody species in Nagasa forest was described following the International 

Union for Forestry Research Organization (IUFRO) classification scheme (Lamprecht, 1989). 

According to this scheme, the top height is used for determining the vertical structure. Tree with 

>2/3 height of the top represents upper storey, trees with height between 1/3 and 2/3 of the top 

height represent the middle storey, and the lower storey is represented by trees with height < 1/3 of 

the top height. The tallest heights in forest are attained by Dombeya torrida and Pittosporum 
viridiflorum with 34m each. Therefore, the upper storey is represented by a height > 23 m, the 

middle storey range between 11-23 m and lower storey< 11m. Almost all density of stems were found 

in the lower and middle storey (99%) but the upper storey was represented by the lowest density of 

stems(1%). Similarly, more species were found in the lower (90.2) and middle storey (51.2%) but 

fewer species in the upper storey (17.1%). 

Basal area 
The total basal area for Nagasa Sacred Forest the forest was 40.41m2ha-1 for woody plant species > 

2cm in DBH. From the total basal area in the Nagasa forest, 73.4% was contributed by five tree 

species only (Table 2). Dombeya torrida has the biggest share of the total basal area (23.5%). The 

other four species (Nuxia congesta, Schefflera volkensii, Galiniera saxifraga and Ilex mitis) together 

contributed of 49.5% of the basal area. The density distribution of these five tree species does not 
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follow the same trend as that of the basal area. For example, species with the highest basal area 

don’t necessarily have the highest size differences as exemplified by Dombeya torrida, Galiniera 
saxifraga and Schefflera volkensii 
 

Table 2: Basal area and density distribution of four dominant tree species in Nagasa forest 

  Species Basal 

Area 

m2/ha 

% 

Basal 

Area 

m2/ha 

Density   

 Dombeya torrida 9.41 23.53 77.75  

 Nuxia congesta 6.09 15.22 72.89  

 Schefflera volkensii 6.08 15.2 128.4  

 Galiniera saxifraga 4.75 11.88 192.3  

 Ilex mitis 3.04 7.6 20.83   

  Total 29.4 73.43 492.2   

 
Importance Value Index (IVI) 
Important Value Index (IVI) is a good index for summarizing vegetation characteristics, ranking 

species for management and conservation practices. It reflects the degree of dominancy and 

abundance of a given species in relation to the other species in the area (Kent and Kocker, 1992). It 

is also stated that species with the greatest importance value are the leading dominant of specified 

vegetation (Simon and Girma, 2004).  

Analysis of IVI revealed that the natural forest was highly dominated by 4 woody species. These 

were Galiniera saxifraga, Dombeya torrida, Schefflera volkensii and Nuxia congesta. Out of the 

total, Galiniera saxifraga and Dombeya torrida were the most important dominant species which 

contributed 88.01 (28.71%) IVI value, followed by Schefflera volkensii and Nuxia congesta with 38.33 

(12.78%) and 30.64 (10.21%) IVI values respectively. Vernonia myriantha, Hagenia abyssinica, and 

Ilex mitis had the fifth, sixth and seventh in IVI rank with 19.09 (6.36%) 16.65(5.55%) and 15.2 

(5.07) IVI values respectively. 

Regeneration Status of Nagasa Sacred Forest 
One of the criteria to establish conservation priority classes among species in Nagasa natural forest 

is the description of the regeneration status. The composition, distribution and density of seedlings 

and saplings indicate the future status of the forest. Accordingly, from the 41 representative tree and 

shrub species, a total of 12 species (29%) were represented in both seedling and sapling class, Two 

and One species represented by seedling and sapling alone respectively and 26 species (64%) were 

not represented in both seedling and Sapling class. The total seedling, sapling and mature woody 

species densities of 41 selected woody species (tree and shrub) were about 217 (18%) ha-1, 140 (12%) 

ha-1 and 824 (70%) ha-1individuals per hectare respectively (Figure 7). 

 

18% 
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Figure 7: Density percentage of seedlings, saplings and matured species of all woody species in the 

study area  

The ratio of mature species to seedlings was 3.8; mature species to saplings was 5.9 and seedlings to 

saplings were 1.6. These show that the distribution of matured woody plant species as a whole is 

greater than that of seedlings and saplings. From the total woody plant seedlings (217ha -1) and 

saplings (140ha-1), Brucea antidysenterica and Maesa lanceolata contributed 37 (68.28%) ha-1 and 28 

(88.88%) ha-1 of the total seedling and sapling density respectively. Hence these species relatively 

have high regeneration status from the total of 41selected woody species in the study area. 

Furthermore, Discopodium penninervium, Rhamnus prinoides, Schefflera volkensii and Vernonia 
myriantha totally contributed 45 (20.8%) ha-1 and 38 (27.33%) ha-1 of the total seedling and sapling 

density respectively. Based on the results of this study, 26 species (63%) of the total were not 

represented by both seedling and sapling stages. Possible reasons for insufficient seedling and 

sapling for the above tree species in the forest might be seed predation, grazing and browsing, lack of 

safe site for seed recruitment, nature of seeds of certain trees which seek dormancy period, litter 

accumulation, pathogens, species specificity, and moisture stress or probably they might have other 

alternative adaptations for propagation and reproduction rather than seed germination. Similar 

findings were also reported by Dereje (2007), Simon and Girma (2004), and Teshome (2009). This 

may suggest that these species are either under threat of local extinction or may prefer coppices or 

sprouts as the strategy of survival. Thus, this situation calls for conservation measures through 

prioritization. To ensure this, the woody species of Nagasa natural forest were grouped into three 

priority classes on the basis of their seedling and sapling densities following Fekadu (2010). These 

are class 1: those species with no seedlings and saplings, class 2: those with seedlings but no 

saplings, and Class 3: those with both seedlings and saplings ≥ 1 individual/ha (Table 3).   

 Accordingly, conservation activity should first focus on the species under Priority Class 1 and treats 

them as the first priority species to be conserved since they lack both seedlings and saplings. Priority 

Class 2 should come next and thirdly, class 3 recommended to be given the appropriate conservation 

efforts. 

Table 3: Woody species groups for Conservation priority in Nagasa natural forest 

Priority Class 1 Priority Class 

2 

Priority Class 3 

Acanthus eminens       Bersama        
abyssinica 

Clutiaabyssinica 

Buddleja  polystachus Arundinaria alpina 

Croton  macrostachyus Phytolacca dodecandra 

Dombeya torrida Ilex mitis 

Erythrina brucei  Myrsine melanophloeos 

Euphorbia ampliphyla Rhamnus prinoides 

Ficus sur   Schefflera volkensii 

Hagenia abyssinica Galiniera saxifraga 

Juniperus procera Acanthus sennii 

Lobelia giberroa Discopodium penninervium 

Maytenus gracilipes Vernonia myriantha 

Mimosa invasa Maesa lanceolata 

Myrsine africana Brucea antidysenterica 

Nuxia congesta   
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CONCLUTION 

AND RECOMENDATION 

Based on structural description of DBH and Height class distribution in the forest, similar trends 

have been shown in both diameter and height. Variation in population structure was revealed from 

the DBH and Height analysis for woody species. The density of woody species decreases with 

increasing DBH and height indicating the predominance of small-sized individuals in the forest. This 

implies that the Forest is in a good state of regeneration. On the other hand, tree species such as 

Prunus africana, Hagineia abyssinica, Syzygium guineense and Ficus sur which are economically 

and ecologically important had population structures that exhibited abnormal recruitment with poor 

regeneration due to selective cutting. This might show that the forest is disturbed. Hence this may 

call for consideration of conservation effort to save these species. Vertical stratification of Nagasa 

sacred forest revealed that almost all density of stems were found in the lower and middle storey 

(99%) but the upper storey was represented by the lowest density of stems(1%). Analysis of IVI 

revealed that the natural forest was highly dominated by 4 woody species. These were Glainiera 
saxifraga, Dombya torrida, Schefflera volkensii and Nuxia congesta. Regeneration analysis of woody 

species revealed that most of tree species (63%) are without seedling and sapling stage in the forest, 

some tree species are without sapling stage while others are represented by all stages (seedling, 

sapling and mature). Based on this result the woody species of Nagasa Forest are grouped into three 

priority classes for conservation. 

Nagasa sacred forest affords a great economic and social value for the rural communities living 

around the forest. The forest might probably be one of a few remaining sacred moist montane forest 

in Gamo Gofa region with distinct vegetation zones that could be used to carry more scientific 

studies. The inclusion of local communities in the forest conservation activities and management is 

the only realistic option to reduce the forest loss and its various resources as complex and valuable 

natural resource system. Therefore, for the conservation of the forest to be effective the following 

recommendations are put forward: 

 Participatory forest management programs should be introduced and implemented so that 

local communities assume responsibility for the management and conservation of the forest 

and become beneficiaries of the economic payback derived from this activity. 

 Create a legal status for sacred forests. The state should include more explicitly sacred 

forests in the current regulation, guaranteeing the common property of the forests to the 

local communities and local formal authorities. The government should not take the land 

ownership rights of sacred forests away from local communities. It is also possible to include 

more explicitly sacred forests in the category of protected forests, as part of the state 

patrimony, but traditionally managed by local communities with the support of local 

authorities and the forester. Finally, people dependence on sacred forests would require the 

creation of guard posts in order to control people intrusions in sacred forests. 

Pittosporum viridiflorum  

Prunus Africana   

Pycnostachys abyssinica  

Rubus apetalus   

Rumex abyssinicus  

Schefflera abyssinica  

Solanecio gigas   

Solanum nigrum   

Syzygium guineense  

Vernonia amygdalina    
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 Generally, the present study is limited to Structure and regeneration of the species. Owing to 

this limitation, further study on environmental parameters, woody species composition, none 

woody vegetation of the forest, soil seed bank, socioeconomic and conservation status is 

recommended. 

 REFERENCES 

 

Abate, A., Tamirat,B and Sebsebe, D., 2006. The Undifferentiated afromontane forest of Donor in the 

central highland of Ethiopia: A floristic and Structural Analysis. SINET: Ethiop. J. Sci. 29(1): 

45-56.  

Abera, O., 2006. Indigenous Common Grazing Land Management in Gamo Highlands: In the Case of 

ChenchaWereda, South Ethiopia.pp.13-20  

Dereje, D., 2007. Floristic composition and Ecological Study of Bibita Forest 

(GuraFerda),SouthwestEthiopia. M.Sc.Thesis, Addis Ababa University, Addis Ababa. pp.91 

Dereje, M., 2006. Woody  species composition of Dilfaqar Regional Park and its Socioeconomic 

Importance. M.sc. Thesis AAU. Addis Ababa University, Addis Ababa. pp.36 

Desalegn, D., 2007. The Bio-cultural Diversity of Living Indigenous Sacred Landscape in the Gamo 

Highlands of Ethiopia.” Ethiopian Wildlife and Natural History Society, pp.17 

Desalegn, D., 2009. Indigenous Sacred Sites and Bio-cultural Diversity: A Case Study from 

Southwestern Ethiopia. 

Ensermu, K and Teshome, S., 2008. Interface of Regeneration, structure, diversity and use of some 

plant species in Bonga Forest: a Reservoir for wild coffee gene pool. SINET Ethiopa. J. Sci., 
31(2): 121-134. 

Fekadu,G., 2010. Floristic Composition and Structural Analysis of Komto Afromontane Rain forest, 

East Wollega Zone of Oromia Region, West Ethiopia. M.Sc. Thesis AAU. Addis Ababa. pp. 40–

51. 

Feyera, A., 2010. Floristic Composition   and Structure of Chato Natural Forest in 

HoroguduruWollega Zone of Oromia Region West Ethiopia. M.Sc. Thesis AAU. Addis Ababa. 

pp. 30–32 

Feyera, S and Demel T., 2003. Diversity, Community types and population Structure of Woody 

plantsinKimphee Forest, a virgin Nature Reseve in Southern Ethiopia.Ethiop. J. Boil. Sci.2 

(2): 169-187 

Friis, IB., 1992. Forest and Forest Trees of Northeast Tropical Africa: Their natural habitats and 

distribution pattern in Ethiopia, Djibouti and Somalia. Kew. Bull. Add. Ser.15, 396 pp.43 

Friis, I., Sebsebe. D and Breugel,V., 2010. Atlas of the Potential Vegetation of Ethiopia. Royal 

Danish Academy of Science and Letters, pp.42-156. 

Haile, Y., Ensermu, K., Tamrat, B and Ermias,L.,2008. Floristic composition and structure of the 

Dry Afromontane forest at Bale mountains National Park, Ethiopia. SINET.Ethiop. J. Sci., 
31(2): 103-120. 

Kent, M. and Coker, P., 1992.Vegetation Description and Analysis.A practical approach. John Wiley 

and Sons, New York, 363 Pp. 

Kitessa, H and Bishaw, D., 2008.Woody Species Composition and Structure of the GurraFarda 

Forest, SNNPR, South Western Ethiopia, Ethiop. J. Educ. & Sc. Vol. 3 No. 2 

Kumlachew,Y and Tamrat, B., 2002. Plant community analysis and ecology of Afromontane and 

transitional rain forest vegetation of south western Ethiopia, SINET: Ethiopia J.sci, 25: 155- 

175. 

Lamprecht, H. (1989). Silviculture in the tropicsTropical Forest Ecosystems and their Tree species 

Possibilities and Methods for their longterm utilization T2Verlagsgesells chaftmbH, potlatch 

1164, D6101 RoBdort, Federal Republic of Germany pp. 296. 

Mekbib, F., 2012. Floristic Composition and Diversity Analysis of Vegetation of Awash 

MelkaKunture Prehistoric Archaeological Site, Ethiopia.p-20-24  



13 
Citation: Mekuria1, T., and Shibru, S., 2018. Structure and Regeneration Status of Nagasa Sacred 

Forest in Chencha, GamoGofa Zone, Ethiopia. Research Journal of Cell and Molecular Biology.7(1):1-

13 

Muller- Dombois, D and Ellenberg, H., 1974. Aims and Methods of Vegetation Ecology. Wiley and 

Sons, New York, 547pp Inc. New York, 143p 

Schmitt,C.B., Denich, M., Sebsebe ,D., Friis, I.B & Boehmer, H.J. ,2010. Floristic diversity in 

fragmented Afromontane rainforests: Altitudinal variation and conservation importance. 

Applied Vegetation Sciences, 13: 291-304. 

Simon,S., 2008. Contribution of Sacred Forest for Biodiversity Conservation: A case of Nagasa, 

ChenchaWereda, GamoGofa, Ethiopia. In: Simon Shibru, ZenebeMekonnen and Tarekegn 

Tadesse (eds.). Proceeding of workshop on Status Potentials and challenges of bio-cultural 

diversity conservation in Arba Minch   University, SNNPR, Ethiopia, pp.27-28. 

Simon, S and Girma, B., 2004. Composition, Structure and regeneration status of woody species in 

Dindin Natural Forest, Southeast Ethiopia: An implication for conservation. Ethiop. J.   

of Biol. Sci.1( 3):15-35 

Tamrat, B., 1993. Vegetation Ecology of Ruminant Afromontane Forests on the Central Plateau of 

Shewa, Ethiopia, PHD Dissertation, Uppsala University, Uppssala, Sweden. 

Taye ,B., Getachew, B., Elias ,T., Matheos, E and Kumlachew ,Y., 2001. Regeneration status of moist 

Montane Forests of Ethiopia: Consideration for conservation, part I: Boginda, Bonga, Masha - 

Anderacha and Yayu Forests. Walya 22: 45-60 

Teshome, G., 2009. Floristic compostion and structure of Gendo (GuraTirign) moistmontane forest, 

east WellegaEast Zone. M.Sc. Thesis, AAU, Addis Ababa, Ethiopia.pp-34. 


