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Abstract  
The study was carried out to evaluate woody species diversity comparatively on enclosed forest and open site in 

North Western highlands of Ethiopia. Systematic sampling method was used to collect vegetation data from 36 

quadrants. Each quadrant has 20 m x 20 m size with an interval of 100 m which was laid along four transect lines. 

Within each quadrant, vegetation data such as seedlings, saplings and tree species were directly counted from 

both open and enclosed sites. The counted and recorded trees, saplings and seedlings of each species were 

marked with dyes to avoid confusion. Shannon-Wiener and Simpson’s diversity index were applied to quantify 

species diversity, richness and evenness. The result showed that sapling and seedling diversity was very high 

from enclosure site. These imply the enclosure was at high rate of regeneration.  
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1. Introduction  
In many countries such as Greenland, Egypt and Pakistan, the natural forest coverage accounts less than 5% of 

the land. On the other hand, in a few places like Suriname and French Guinea natural forests cover more than 

90% of their area, which accounts about 30% of the world total natural vegetation cover (FAO, 2006; Gorta and 

Sheikh, 2010). These diversified forests are found in different parts of the world and they are used to meet the 

basic needs of the forest dependent communities (Murthy et al., 2002). They play an indispensible role in the 

protection of environment, regulating climate, controlling water runoff, maintaining ecological balance and 

producing valuable materials such as timber for construction and furniture, extraction of chemicals, paper and 

pulp. Furthermore, they have paramount role in purifying the air, serving as a habitat for wild animals and have 

aesthetic value (Mesfin, 2004). Apart from ecological values, forests are also significantly important for the 

economy of many tropical and sub-tropical countries (Taye, 2006)  

Despite their economic, social and environmental welfare of the world, the diversity of woody plant species is 

being threatened because of ever increasing population pressure and its associated effects such as deforestation 

and expansion of agricultural lands that caused overall environmental degradation. According to FAO (2006), 

forest resources are declined world wide by 0.22% per year in the period 1990-2000 and by 0.18% per year 

between 2000 and 2005 due to different natural and anthropogenic factors. These results in a rapid decline of 

forest ecosystems and increased the extinction of plant and animal species. 

Especially Ethiopia is a mountainous country characterized by great geographic diversity with rugged mountains, 

flat topped plateaus and deep gorges (Tewoldeberhan, 1988). These diversified topographic features made the 

country richest in flora of tropical Africa (Tolera et al., 2008). As a result, Ethiopia is considered as the center of 

origin and the richest in plant species diversity (Mesfin, 2004). However, these rich forest resources are highly 

declined due to rapid and continuous deforestation activities. Changes in land use mainly through the conversion 

of natural vegetation to agricultural lands and settlement are the main causes for this rapid deterioration of forest 

areas in the country (Eyayu et al., 2009). For instance, some reports in the country indicated that at the beginning 

of the 20
th

 century, 40 percent of the country was covered with a natural forest. This larger sized forest declined 

to 16 percent in 1950s and to less than 3 percent at the end of the century (Mesfin, 2004).  

Hundreds of years exploitative traditional land use aggravated by high human and livestock population pressure 

lead to cultivate sloppy lands and over exploit slowly renewable resources in the region (Eyayu et al., 2009). 

These expansions of agricultural lands to marginal areas at the expense of forest lands have been documented by 

some studies such as that of Gete and Hurni (2001), Woldeamlak (2002) and Eyayu et al. (2009). The problem is 

also common in the North Gondar zone, where forests are fragmented into patches and strips of hills 

(Alemayehu, 2003). Thus, assessment of plant diversity is important to evaluate the success of conservation 

activities and design management plans for the future. Therefore, the study aims to assess woody species 

composition and dynamics of plant communities in enclosed and open site of West Belessa District.  
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2. Materials and methods  

2.1 Study area 
The study site, Adey Amba enclosed forest (12

o
 31’ - 12

o
 33’ N and 37

o
 39’ - 37

o
 41’ E) is situated in 

Northwestern Ethiopia. The forest cover 680.75 hectare. Its altitude ranges from 2090 - 2603 m.a.s.l (Figure 1).  

Topographically, the area is mountainous at the upper limit to plain in the lower limit. The mean annual rainfall 

and temperature ranges from about 700 - 900 mm and 12
o
C - 37

o
C respectively.  

 
    Figure 1: Location of the study area 

Agriculture is the major economic activity in the district and the country at large which is characterized by rain-

fed and predominantly subsistence nature. As a result, most woody plants have been destroyed due o the 

expansion of agricultural lands by the growing population.  Some of the existing remnant forests were mainly 

found around the mountain ridges, steep slopes, churches and in enclosure areas. Among these Adey Amba is 

part of an enclosure have high plant species varieties. After the establishment of enclosure and protected from 

human and livestock interference, it is now becoming rich in plant species diversity. The dominant tree species 

currently seen in the enclosure were Olea europaeana subsp. cuspidata, Combretum molle, Allophyllus 

abyssinicus, Acokanthera schimperi, Acacia seyal and Croton macrostachyus and the shrub species were 

Dodonaea angustifolia, Calpurnaea aurea, Euclea schimperi, Phyllanthus ovalifolius and Carisa edulis, but 

diversity was highly variable in open and enclosed sites.  

 
Figure 2:  Part of open sites (Source: Field photo by Wondie Mebrat, 2011) 
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Figure 3:  Part of protected area (Source: Field photo by Wondie Mebrat, 2011) 

2.2 Vegetation data collection 
To collect vegetation data, systematic sampling method was employed because of the need to ensure sufficient 

representative data from all altitudinal gradients in the enclosure and open site.  36 sample quadrants were 

employed for each site. Each sample quadrant was 20 m x 20 m placed next to each other at an interval of 100 m 

between each quadrant in four vertical transect lines. Then, the number of individual sapling, seedling and tree 

species was directly counted following the methods employed by Kibret (2008). The counted and recorded trees, 

saplings and seedlings of each species were marked with dyes to avoid confusion. By using such information, the 

study analyses the woody species diversity, abundance, evenness and relative frequency. All woody plants 

within the sample quadrants were pressed, identified and recorded by their vernacular names. The identification 

was done mainly based on the works of Edwards and Hedberg (1989), Edward et al. (1995), Edward et al. 

(1997), Hedberg et al. (2003) and Azene (2007). 

2.3 Vegetation data analysis 

Species Diversity 

For measuring the diversity and evenness of woody plants, Shannon-Wiener’s Diversity Index and Simpson 

similarity index   (Hayat and Kudus, 2010) were used. 

Shannon-Wiener’s Diversity Index 

Shannon-Wiener diversity index was a commonly used index to measure woody species diversity (Spellerbergs 

and Fedor, 2003). It accounts for both the diversity and evenness of woody species in the enclosure and open site.  

Diversity: Shannon-Wiener diversity index was calculated as (Nolan and Callahan, 2006): 

                                                                             S 

                                                                   H’ = -∑pilnpi 

    i=1 

Evenness (equitability): Shannon-Wiener evenness index was calculated as (Holm, 1997-2005):                                           

                                                                   J =   H’             

                                                                          lnS 

Where, lnS is the natural logarithm of the total number of species evenness (a measure of species abundance). A 

value of evenness approaching zero reflects larger difference in abundance of species, where as the higher 

evenness value means all species are equally abundant or even their distribution within the sample quadrant. On 

the other hand, the higher the value of Shannon-Wiener diversity index, the more woody species diversity would 

be in the quadrant or the enclosure (Nangendo et al., 2002). 

Simpson similarity index:   Simpson’s index is given (Hayat and Kudus, 2010) by:     

                                                         S 

                                                  D = ∑ (Pi)
 2 

                                                         i = 1 

Simpson index is often used to quantify the woody species diversity of a forest. It measures the evenness of 

species from 0 to 1. The greater value of “1-D” is the greater evenness. Its value increases with increase in the 

number of species and the distribution of the individuals among the species becomes even (Kibret, 2008). 

 

3. Results and Discussions 

3.1 Woody Species Composition 
In this study, a total of 56 woody plant species, representing 27 families were recorded in the study area both 

inside and outside the study quadrant (Table 1). Among these, 6 plant species were identified outside the sample 

quadrants and the rest 50 plant species were recorded in 36 quadrants of the study area. Among identified plants 

Fabaceae family represented by 12 woody species (21.428%) was found dominant, followed by Euphorbiaceae 

represented by 5 species. The total recorded woody species in the study quadrats were natural plants. 
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Table 1:  List of woody species with their corresponding number of families in the enclosure 

No Family  Number of species Percentage (%) 

1 Fabaceae  12 21.428 

2 Euphorbiaceae  5 8.928 

3 Oleaceae  3 5.357 

4 Rubiaceae  3 5.357 

5 Tiliaceae 3 5.357 

6 Anacardiaceae 3 5.357 

7 Celastraceae  2 3.571 

8 Moraceae  2 3.571 

9 Sapindaceae  2 3.571 

10 Sterculiaceae  2 3.571 

11 Apocynaceae 2 3.571 

12 Burseraceae 2 3.571 

13 Meliantaceae  1 1.786 

14 Gutiferie  1 1.786 

15 Araliaceae  1 1.786 

16 Orchidaceae  1 1.786 

17 Asteraceae  1 1.786 

18 Buddlejaceae  1 1.786 

19 Cupressaceae  1 1.786 

20 Thymelaceae 1 1.786 

21 Lamiaceae  1 1.786 

22 Rosaceae 1 1.786 

23 Santalaceae  1 1.786 

24 Capparidaceae  1 1.786 

25 Cactaceae  1 1.786 

26 Verbanaceae  1 1.786 

27 Eubenaceae 1 1.786 

 Total 56 100.00 

On the other hand, in the open site adjacent to the enclosure 24 woody plant species were recorded. They belong 

to 15 families, of which Fabaceae was the dominant family represented by 4 species followed by Anacardiaceae 

with 3 species (Table 2). The difference observed in woody species composition between the two sites showed 

the positive effect of area enclosure on woody plant species restoration. According to Kibret (2008), the 

reduction of species diversity in the open site could be an indication of increased vulnerability of the plant 

species by animals and/or humans’ intervention at maturity or early stage of regeneration. This might indicate 

that individuals in the open sites either harvested at their early age by the local inhabitants and/or their domestic 

animals or unable to resist the harsh environmental conditions such as water shortage due to extensive soil 

degradation in the open sites of the study area. 

Table 2:  List of woody species with their corresponding number of families in the open site  

No  Family  Number of species Percentage (%) 

1 Fabaceae 4 16.6 

2 Anacardiaceae 3 12.4 

3 Sapindaceae  2 8.3 

4 Oleaceae  2 8.3 

5 Burseraceae  2 8.3 

6 Moraceae  2 8.3 

7 Celastraceae  1 4.2 

8 Eubenaceae  1 4.2 

9 Lamiaceae  1 4.2 

10 Verbanaceae  1 4.2 

11 Capparidaceae  1 4.2 

12 Apocynaceae  1 4.2 

13 Euphorbiaceae  1 4.2 

14 Boraginaceae  1 4.2 

15 Apocynaceae  1 4.2 

 Total  24 100.0 
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3.2 Species Diversity, Richness and Evenness 

Based on the Shannon-Wiener and Simpson diversity index the calculated value of species diversity and 

evenness in the enclosure were 2.974 and 0.923 respectively (Table 3). According to Kent and Coker (1992), 

Shannon-Wiener index value varies between 1.5 and 3.5 and rarely exceeds 4. Thus, in accordance with Kent 

and Coker (1992) ratings the result of the present study showed that the Adey Amba enclosure forest has an even 

species distribution. This result was also in agreement with the studies of Kibret (2008) in the Kallu Woreda 

forest of southern Wello. 

However, in the open sites adjacent to the enclosure the Shannon-Wiener diversity and evenness indices were 

1.82 and 0.48 respectively, indicating lower species diversity in the open sites than the enclosure forest. This 

could result from repeated habitat disturbances in the open sites due to frequent and intensive interference of 

both humans and livestock for grazing. On the other hand, the Shannon and Simpson diversity indices (1-D) for 

woody plant species were relatively higher in the enclosure than in the open sites (Table 3). These higher 

diversity indices of Shannon and Simpson indicated that there is better species diversity in the enclosure than the 

open sites due to protection from environmental interference. Thus, the enclosure forest has more diverse, evenly 

distributed and with relatively related abundance of all individuals of plant species compared to the open site.  

The species evenness in the enclosure was slightly higher than in the open site (Table 3). This shows that 

protection of the enclosed forest from human and animal disturbance helps individual plant species to have better 

regeneration and abundance than the open site where there is repeated human and livestock interference. 

Similarly, Kibret (2008) stated that as evenness compares the similarity of the population size of each of the 

species present that it is a measure of the relative abundance of the different species making up the richness of an 

area. A low value of evenness indicates that the one or a few species were highly dominant, while others were 

present with few individuals. 

The species identified in the enclosure were high in abundance and distribution than the open sites. In addition to 

this, in the open sites out of the 24 woody plant species almost the entire site is dominated by only six species 

namely Dodonaea viscosa, Senna singuiana, Maytenus arbutifolia, Euclea schimperi, Jasminum abyssinica and 

Otostegia integrifolia that accounted 69% of the species identified. On the other hand, the same species in the 

enclosure site made up of about 35.3%. This shows extreme difference in species abundance among each other 

due to high level of disturbance on the open site and most part of the land area was dominated by rare plant 

species. For instance, the species like Senna singuiana commonly grown in the open site and grazing area with a 

greater abundance due to its unpalatable nature by animals. So, the protection and restoration of degraded lands 

can significantly improve the functioning of the ecosystem though increasing the diversity of species (Kibret, 

2008). 

Table 3: Comparison of various diversity indices of woody plant species in the enclosure forest and unprotected 

sites 

Diversity indices Enclosure    Open site 

Shannon (H’)  2.72      1.82 

Simpson diversity index (1-D)  0.0923      0.0832 

Evenness (J)  0.76       0.48 

Species richness (S)  50        24 

The diversity index of the woody plant species life forms (i.e. trees, saplings and seedlings) is presented in Table 

4. Accordingly, the mean diversity index of the three life forms was 2.72 with a maximum of 3.04 recorded as 

seedling and with the minimum of 2.47 recorded at the tree stage. The diversity of the sapling stage was 

intermediate with a value of 2.66. The result shows that there was an intermediate diversity of saplings followed 

by lower diversity of trees in the enclosure. On the other hand, of the three life forms, seedlings have the highest 

species richness, diversity and evenness than the trees. A greater difference was also seen in species richness 

among these plant forms where it was higher in the seedling and lower in the tree forms.  

Table 4: Shannon-Wiener diversity index comparison of woody plant species of the enclosed area based on their 

growth stages. 

   Plant forms Richness        Diversity (H’) Evenness  

     Tree  30           2.47 0.68 

   Sapling 39           2.66 0.71 

   Seedling 44          3.04 0.80 

Among the two sites seedlings in the enclosure have higher diversity (3.04) and higher evenness of woody 

species followed by sapling in the enclosure. In contrary, the diversity of seedling in the open site was very low 

relative to the enclosure. The observed difference in seedling between the two sites showed the positive effect of 

area enclosure on woody plant species regeneration and diversity. On the other hand, in the open sites the 

seedling form attained a species evenness index (J) of 0.80 showing similar seedling evenness distribution to the 

enclosure. The reason for this similarity was due to lower number of diversity index value of seedling forms in 

the open site divided by lower number of lnS, but not means both sites have equal seedling distribution. Because 
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the two sites seedling forms have a greater difference in diversity and species richness. However, saplings have 

the lowest diversity and evenness than in the tree forms. The reduction of sapling diversity and evenness in the 

open site is an indication of increased vulnerability of saplings by animal and/or human at their early stage, those 

individuals in the open site are either cut at their early age for various purposes by the local inhabitants and high 

vulnerability of seedlings that would be reaching into the sapling stage. Tree forms have the lowest species 

richness and diversity compared to seedlings and saplings in the enclosure. The least species richness and 

diversity can be attributed due to excessive environmental disturbance before the establishment of the enclosure 

and encroachment of tree species. This low tree diversity and high diversity of seedlings and saplings showed 

that the enclosure was at a stage of regeneration, succession and development (Table 5). 

Table 5: Comparison of enclosure and open site diversity, evenness and richness through Shannon-Wiener 

diversity index   

Community Enclosure Open site 

 tree  sapling  seedling tree  sapling seedling 

Diversity 2.47 2.66 3.04 1.78 1.74 2.312 

Evenness  0.68 0.71 0.80 0.72 0.61 0.80 

Richness  30 39 44  12  17  19 

 

4. Conclusion  

The diversity and composition of woody plant species is studied in Adey Amba enclosed forest and the nearby 

open site. The result of the study indicated that the enclosure had high species diversity that was 56 woody 

species 6 outside the quadrat that belong to 27 families. Among these Fabaceae is the most dominant family with 

12 species, followed by Euphorbiaceae, the second dominant family with 5 woody species. In the open site also 

24 woody plant species belonging to 15 families were identified. Fabaceae was also found to be dominant. 

Species diversity, evenness and richness were varied highly between two sites. The enclosure was more 

diversified and evenly distributed the variation in species diversity, richness and evenness between two sites 

could be due to human and livestock interference in the open site. Sapling and Seedlings were highly diversified 

and evenly distributed in the enclosure due to this the enclosure was at high rate of regeneration status. 
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