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Abstract 
The study was conducted on Berbere Forest in Bale Zone of Oromia Regional 
State, south east of Ethiopia with the objective of determining the structural 
analysis and natural regeneration status of the forest. Systematic sampling 
method was used to collect vegetation data. Seventy two nest quadrat sizes of 
400 m2 (20 m × 20 m) for trees and shrubs were used. Within the main qua-
drat, two opposite side of each sub-quadrat of 25 m2 (5 m × 5 m) for sapling, 4 
m2 (2 m × 2 m) for seedling of woody plants. The diameter and height were 
measured for all individual trees and shrubs having DBH (Diameter at Breast 
Height) ≥ 10 cm thick and ≥2 m height by using a diameter tape or caliper 
and clinometer respectively. For description and analysis of vegetation struc-
ture Diameter at Breast Height (DBH), basal area, tree density, height, fre-
quency and important value index were used. Structural analysis of some se-
lected tree species was revealed four different population patterns (bell shaped, 
inverted J-shaped, irregular and U-shaped). The total basal area of Berbere 
forest was 87.49 m2/ha, but most of the basal area was contributed by few large 
sized Moraceae family (Ficus vasta, Ficus ovate and Ficus thonningii) plant 
species. Analysis of regeneration status of woody plants in the forest showed 
37.09% trees/shrubs species exhibited “good”, 19.35% showed “fair”, 6.45% 
showed “poor” and 25.81% trees/shrubs species were “not regenerating” at all 
and 11.29% trees/shrubs species were available only in sapling or seedling stage. 
Studies on the structure and regeneration of the forest indicated that there are 
species that require urgent conservation measures. Therefore, based on the 
results of this study, we recommended detail regenerating studies of seed 
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bank in relation to various environmental factors such as soil type and prop-
erties. 
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1. 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 moun-
tains, flat-topped plateaus and deep gorges, incised river valleys and rolling plains 
(Kelbessa et al., 1992; Woldu, 2008). These make Ethiopia have about 6500 - 
7000 species of higher plants that are estimated to exist in the country of which 
about 12% plants species are estimated to be endemic (Gebre-Egziabher, 1991; 
Kelbessa et al., 1992; WCMC, 1992; Bekele et al., 1999; Vivero et al., 2006; Hed-
berg et al., 2009). However, deforestation and habitat fragmentation pose a se-
rious threat to the conservation of biodiversity in general and forest genetic re-
sources in particular. The ultimate cause that has to be addressed for the forest 
destruction in Ethiopia is poverty, population growth, agricultural land expan-
sion, extensive deforestation and encroachment (Kelbessa et al, 1992; Woldema-
riam et al., 2002).  

Population structure is the distribution of individuals of each species in arbi-
trarily to provide the overall regeneration profile of the study based on tree den-
sity, height, frequency, diameter at breast height, species importance value and 
basal area (Peters, 1996; Tesfaye et al., 2002; Shibru & Balcha, 2004). Information 
on population structure of a tree species indicates the history of the past distur-
bance to that species and the environment and hence, used to forecast the future 
trend of the population of that particular species (Peters, 1996). From the popu-
lation dynamics point of view, examination of patterns of species population 
structure could provide valuable information about their regeneration and/or 
recruitment status as well as viability status of the population that could further 
be employed for devising evidence-based conservation and management strate-
gies (Teketay, 2005; Tilahun et al., 2011). 

The regeneration status/potential of species in a community can be accessed 
from the total population dynamics of seedlings and saplings in the forest com-
munity (Tesfaye et al., 2002; Duchok et al., 2005). The overall pattern of popula-
tion dynamics of seedlings, saplings and adults of a plants species can exhibit the 
regeneration profile, which is used to determine their regeneration status (Khan 
et al., 1987; Bekele, 1994). A population with sufficient number of seedlings and 
saplings depicts satisfactory regeneration behavior, while inadequate number of 
seedlings and saplings of the species in a forest indicates poor regeneration 
(Khan et al., 1987; Tripathi & Khan, 2007). 
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2. Materials and Methods 
2.1. Study Site 

Berbere forest is administratively located in Berbere district, Bale zone, Oromia 
National Regional State, Ethiopia, and 530 km from Addis Ababa and 100 km 
from capital of Bale zone, Robe. The study area is located at longitudes between 
UTM 0742254 to 0751912 E and latitude 37N 0619214 to 37N 0629989 and alti-
tude between 1100 m and 1880 m (Figure 1).  

Climate: The mean annual temperature is about 20.0˚C and the mean annual 
minimum and maximum temperatures are 8.9˚C and 30.44˚C respectively. There 
is a slight difference in the temperature throughout the year. The hottest month 
is February with maximum temperature record 30.44˚C and the coldest month 
is December with minimum temperature of 8.91˚C. The mean annual rainfall of 
the study area is 771 mm. It is characterized by bimodal rainfall with the main 
rainy season occurring early March through May and the short rain late August 
through November.  

2.2. Sampling Design 

Following a reconnaissance survey, a systematic sampling technique was used to 
collect vegetation data in the Forest. Seventy two nest quadrat size of 400 m2 (20 
m × 20 m) were used. Within the main quadrat two opposite side of each sub- 
quadrat of 25 m2 (5 m × 5 m) for sapling of woody plants, 4 m2 (2 m × 2 m)  

 

 
Figure 1. The study area map. 
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for seedling of woody plants. Plots were laid systematically at every 300 m along 
transect lines, which were 200 m apart from each other (Chauhan et al., 2008; 
Yineger et al., 2008; Adamu et al., 2012; Tiwari et al., 2010; Gebrehiwot & Hun-
dera, 2014; Sharma & Ahmad, 2014). 

2.3. Data Collection 

Data collection was conducted from October 05 to November 25, 2015. The di-
ameter and height were measured and recorded for all individual trees and 
shrubs having DBH (Diameter at Breast Height) ≥ 10 cm thick and ≥2 m height 
by using a diameter tape or caliper and clinometer respectively. The woody 
plants <10 cm DBH and <2 m height were also recorded. If the tree branched at 
breast height or below, the diameter were measured separately for the branches 
and averaged (Bharali et al., 2012; Dibaba et al., 2014; Gebrehiwot & Hundera, 
2014). 

Regeneration status (seedling and sapling) density of woody plants was car-
ried out with two opposite sub-quadrat with in the main quadrat. For sapling 
data, the sub-plot of 25 m2 (5 m × 5 m) for individual’s woody plant <10 cm 
DBH and >0.5 m <2 m height were recorded. For seedling data, the sub-plot of 4 
m2 (2 m × 2 m) with individual’s woody plant species ≤0.5 m height was rec-
orded (Chauhan et al., 2008; Bharali et al., 2012; Dibaba et al., 2014). 

2.4. Data Analysis 
2.4.1. Structural Data Analysis 
• Diameter at Breast Height (DBH): The structural data of DBH was ana-

lyzed based on eight DBH classes (i.e., 10 - 20 cm, 20.1 - 30 cm, 30.1 - 40 cm, 
40.1 - 50 cm, 50.1 - 60 cm, 60.1 - 70 cm, 70.1 - 80 cm, >80 cm) (Hundera et 
al., 2007). 

• Basal area is the area outline of a plant near ground surface. It is expressed in 
square m/hectare (Mueller-Dombois & Ellenberge, 1974).  

( )2
2πdBasal area m where, π 3.14

4
= =                (1) 

d = DBH by m 

• Density is a count of the numbers of individuals of a species within the qua-
drat (Kent & Coker, 1992). Afterwards, the sum of individuals per species were 
calculated and analyzed in terms of species density per hectare (Mueller- 
Dombois & Ellenberge, 1974).  

( ) number of above ground stems of species countedD density =
sample areaha

     (2) 

( ) Density of species ARD relative density 100
Total density of all species

= ×        (3) 

• Frequency is defined as the probability or chance of finding a species in a 
given sample area or quadrat. It is dependent on quadrat size, plant size and 

https://doi.org/10.4236/ojf.2017.73021


T. Bogale et al. 
 

 

DOI: 10.4236/ojf.2017.73021 356 Open Journal of Forestry  
 

patterning in the vegetation (Kent & Coker, 1992). It was calculate with this 
formula: 

( ) the number of plots where which that species occursf frequency 100
total number of plots

= ×  (4) 

( ) frequency of species ARf relative frequency 100
total frequency of all species

= ×       (5) 

• Importance Value Index (IVI): It combines data for three parameters (rela-
tive frequency, relative density and relative abundance) or it often reflects the 
extent of the dominance, occurrence and abundance of a given species in re-
lation to other associated species in an area (Kent & Coker, 1992). 

IVI Relative density Relative frequency Relative dominance= + +  

total basal areaDominance
area sampledby ha

=                  (6) 

Relative Dominance (RDO) was calculated as: 
Dominance of species of ARDO 100

Total dominance of all species
= ×              (7) 

Height: Individual trees and shrubs having height greater than or equal to 2 m 
within sampling quadrats were collected and analyzed by classifying into ten 
classes (2 - 6 m, 6 - 9 m, 9 - 12 m, 12 - 15 m, 15 - 18 m, 18 - 21 m, 21 - 24 m, 24 - 
27 m, 27 - 30 m, >30 m) (Hundera et al., 2007). 

2.4.2. Regeneration Data Analysis 
The regeneration status of sample species in the forest was analyzed by compar-
ing seedling with sapling and sapling with matured trees data (Shankar, 2001; 
Dhaulkhandi et al., 2008; Tiwari et al., 2010; Gebrehiwot & Hundera, 2014) in 
the following categories: 1) “good” regeneration, if present in seedling > sapl-
ing > mature tree; 2) “fair” regeneration, if present in seedling > sapling < ma-
ture tree; 3) “poor” regeneration, if a species survives only in the sapling stage, 
but not as seedlings (even though saplings may be less than, more than, or equal 
to mature); 4) “none”, if a species is absent both in sapling and seedling stages, 
but present as mature; and 5) “new”, if a species has no mature, but only sapling 
and/or seedling stages. 

3. Result and Discussions  
3.1. Vegetation Structure 
3.1.1. Tree and Shrub Density 
Tree and shrub density, expressed as the number of individuals with DBH 
greater than 10 cm was 355.2/ha and those individuals with DBH between 10 
and 20 cm and with DBH greater than 20 cm were 216.58/ha and 138.62/ha re-
spectively. The ratio described as a/b, is taken as the measure of size class distri-
bution (Grubb et al., 1963). Accordingly, the ratio of individuals with DBH be-
tween 10 and 20 cm (a) to DBH > 20 cm (b) was 1.56 for Berbere Forest. This  
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Table 1. Comparisons of tree densities with Diameter at Breast Height (DBH) between 10 
and 20 (a) and tree density with DBH > 20 cm (b) from Berbere forest with 10 other fo-
rests in Ethiopia. 

Forests 
Density 

Ratio Sources 
(a) (b) 

Masha Anderacha 385.7 160.5 2.40 Yeshitela & Bekele, 2003 

Bibita 500.5 265.6 1.88 Denu, 2006 

Dodola 521.0 351.0 1.48 Hundera et al., 2007 

Menna Angetu 292.0 139.0 2.10 Lulekal et al., 2008 

Jima 335.0 184.0 1.80 Kenea, 2008 

Alata-Bolale 365.0 219.0 1.67 Enkossa, 2008 

Komto 330.0 215.0 1.53 Gurmessa et al., 2013 

Jibat 124.7 220.6 0.56 Burju et al., 2013 

Belete 305.7 149.0 2.04 Gebrehiwot & Hundera, 2014 

Kimphe Lafa 183.9 135.3 1.36 Aliyi et al., 2015 

Berbere 214.6 140.6 1.56 Present study 

 
indicates that the proportion of medium-sized individuals (DBH between 10 and 
20 cm) is larger than the large sized individuals (DBH > 20 cm). When compare 
ratio (a/b DBH) of Berbere forest to the other forests of Ethiopia is relatively 
larger than that of Dodola, Jibat, Komto and Kimphe Lafa forests but Ala-
ta-Bolale, Jima, Bibita, Menna Angetu, Belete and Masha Anderacha forests have 
more a/b ratio values than Berbere forest indicating that there is more predo-
minance of trees in the lower DBH class in these forests than in Berbere forest 
(Table 1). 

3.1.2. Diameter at Breast Height (DBH) 
The patterns of diameter class distribution indicate the general trends of popula-
tion dynamics and recruitment processes of a given species (Steininger, 2000). 
The distribution of trees in different DBH classes was analyzed. The DBH was 
classified into eight classes: 1) 10.0 - 20.0 cm; 2) 20.1 - 30.0 cm; 3) 30.1 - 40.0 cm; 
4) 40.1 - 50.0 cm; 5) 50.1 - 60.0 cm; 6) 60.1 - 70.0 cm; 7) 70.1 - 80.0 cm; and 
8) >80.0 cm. The majority of the tree individuals are distributed in the first DBH 
class (10 - 20 cm) with 216.58 ha−1 (60.02%). The distribution of trees in DBH 
classes of 2, 3, 4, 5, 6, 7, 8 was 73.61 individuals ha−1 (20%), 43.05 (12.12%), 14.93 
(4.20%), 3.82 (1.07%), 1.74 (0.49%), 0.69 (0.19%) and 2.78 (0.78%) individuals 
ha−1 respectively. As the DBH class size increases, the number of individuals 
gradually decreases toward the higher DBH classes. Similar results were reported 
by Lulekal et al. (2008) from Mana Angetu, Burju et al. (2013) from Jibat and 
Gebrehiwot & Hundera, 2014 from Belete forest. 

The general pattern of DBH class distribution of Berbere woody plant species 
was showed an inverted J-shaped distribution (Figure 2). However, this pattern 
does not describe the general trends of population dynamics and recruitment  
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Figure 2. Diameter at Breast Height classes versus the number of individuals/ha of woody 
plant species in Berbere forest. 

 
processes of a given individual species. Analysis of population structures for 
each individual tree and shrub species could provide more realistic and distinc-
tive information for forest conservation and management activities (Kelbessa & 
Soromessa, 2008; Yineger et al., 2008; Didita et al., 2010; Dibaba et al., 2014). 
The population structure of selected species of Berbere forest followed four gen-
eral diameter class distribution patterns, which indicated different population 
dynamics among species.  

The first pattern was an inverted J-shaped distribution showed a pattern 
where species frequently had the highest frequency in low diameter classes and a 
gradual decrease towards the higher class. Species such as Combretum molle, Fi-
licium decipiens, Mimusops kummel, Psydrax schimperiana and Maesa lanceo-
lata were characterized by this distribution pattern. As Ayalew et al. (2006), Kel-
bessa & Soromessa (2008), Yineger et al. (2008) and Dibaba et al. (2014) indicated 
in different forest such pattern is normal population structure and shows the ex-
istence of species in healthier condition.  

The second pattern was Bell-shape, which showed that the number of indi-
viduals were high in the middle classes and decreased towards the lower and 
higher diameter classes. Example Podocarpus falcatus, Warburgia ugandensis, 
Diospyros abyssinica, Celtis africana, Tamarindus indica, and Buddleja polys-
tachya were characterized by such. This pattern indicates a poor reproduction 
(Senbata, 2006) and recruitment of species, which may be associated with the 
over harvesting of seed bearing individual (Senbata, 2006).  

The third pattern was formed by species having irregular distribution over 
diameter classes. Some DBH classes had small number of individuals while other 
DBH classes had large number of individuals and even some were missed. This 
irregular pattern distribution was might be due to selective cutting by the local 
people for construction and firewood. Overgrazing which affects the seedlings 
under the mother tree could be another reason for such irregularities. This pat-
tern is exemplified by Oleacapensis subsp. hochstetteri and Pouteria adolfifrie-
derici.  

The fourth pattern was with no individual in DBH class one and two and five 
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relatively equal numbers in DBH class 3 and 4 and DBH class 6 and 8, example 
Ficus ovate. This pattern represents abnormal population dynamics. The under-
lying reason for such pattern is may be due to the nature of seeds germination 
and recruitments of its seedling. The seeds of this plant germinate on the stems 
of other plants and the seedlings also grow on stems of other plants as parasite 
until they become larger and replace the host plant by killing it (Putz & Hol-
brook, 1989; Kelbessa & Soromessa, 2008). 

Information on population structure of a tree species indicates the history of 
the past disturbance to that species and the environment and hence, used to 
forecast the future trend of the population of that particular species (Bekele, 
1994; Teketay, 1997). 

3.1.3. Height Class Distributions 
The woody species individuals obtained in the study were classified into 10 
height classes: 1) 2.0 - 6.0 m; 2) 6.1 - 9.0 m; 3) 9.1 - 12.0 m; 4) 12.1 - 15.0 m; 5) 
15.1 - 18.0 m; 6) 18.1 - 21.0 m; 7) 21.1 - 24.0 m; 8) 24.1 - 27.0 m; 9) 27.1 - 30.0 m; 
10) >30.0 m and these were described. There is higher number of trees/shrubs 
individuals in the height class 2, 3, 4, 5 and 6 which accounts 75.85% of the total 
height classes. The rest lower and upper class intervals are accounts 24.15%. The 
woody species height class distribution of all individuals in different size class 
was more or less showed an inverted J-shaped like DBH distribution pattern 
(Figure 3). As Tesfaye et al. (2002) indicated the decrease in number of each 
height class towards the highest classes showed that the dominance of small- 
sized individuals in the forest, which was the characteristic of normal rate. 

3.1.4. Vertical Structure 
The vertical structure of the woody species occurring in the Berbere forest was 
analyzed using the IUFRO classification scheme (Lamprecht, 1989). The scheme 
classifies the storey into upper, where the tree height is greater than 2/3 of the 
top height; middle, where the tree height is in between 1/3 and 2/3 of the top 
height and the lower storey where the tree height is less than 1/3 of the top 
height. The top height for trees in Berbere forest was 40 m (Podocarpus falca-
tus). Accordingly, the emergent tree species that occupied the upper storey in- 

 

 
Figure 3. Height classes versus density of individual species per hectar in Berbere forest.  
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Table 2. Density, species number and individuals to species ratios by Storey. 

Storey Height (m) Density/ha (A) Density % Species no. (B) 
Species 

% 
Ratio of 
A to B 

Lower 2 - 13.33 176 49.58 35 50.72 5.03:1 

Middle 13.34 - 26.67 156 43.94 25 36.23 6.24:1 

Upper >26.67 23 6.48 9 13.04 2.56:1 

 
clude Podocarpus falcatus, Warburgia ugandensis, Pouteria adolfi-friederici, 
Diospyros abyssinica and Buddleja polystachya etc. In addition, only few indi-
viduals attained the upper storey as the ratio of individuals to species is lower. 
From this it is important to note that the highest proportion of species was con-
centrated in the lower storey (49.58%) followed by the middle (43.94%) and up-
per storey (6.48%) of the vertical structure of the forest given in Table 2. 

3.1.5. Basal Area and Density 
The total basal area of Berbere forest was 87.49 m2/ha. About 49.67 m2/ha 
(56.77%) of the total basal area was contributed by eleven tree species. The basal 
area of family Moraceae (Ficus vasta, Ficus ovate and Ficus thonningii) had con-
tribute 27.76 (31.73%) of the total basal area of the study area. This is might be 
due to the Ficus species is not currently used for wood, charcoal and construc-
tion materials. In addition the society of the area has respected the Moraceae 
family plant species culturally.  

The basal area of Berbere Forest is much greater than that of Chilimo forest 
(Bekele, 1993), Donkoro forest (Ayalew et al., 2006), Alata-Bolale forest (Enkossa, 
2008), Komto forest (Gurmessa et al., 2012) and Jibat forest (Burju et al., 2013). 
But it was much less basal area than that of Dodolla forest (Hundera et al., 2007), 
Menna Angetu forest (Lulekal et al., 2008), Belete forest (Gebrehiwot & Hundera, 
2014) and Kimphe lafa forest (Aliyi et al., 2015) (Figure 4). 

Basal area provides a better measure of the relative importance of the species 
than simple stem count (Cain & Castro, 1959), cited in Bekele (1994). Thus, spe-
cies with the largest basal area can be considered the most important woody spe-
cies in the study area. Accordingly, Ficus vasta, Ficus ovate, Ficus thonningii, 
Pappea capensis and Podocarpus falcatus species were the most important spe-
cies in the study area. Species like, Diospyros abyssinica, Warburgia ugandensis, 
Celtis africana and Tamarindus indica although they have high density; their 
basal area is not as high as their density (Table 3). This is due to the nature of 
the plants not to grow to higher basal area and the level of exposure to human 
activities. It also indicates that species with the highest basal area do not neces-
sarily have the highest density, indicating size difference between species 
(Bekele, 1994; Shibru & Balcha, 2004; Denu, 2006). 

3.1.6. Important Value Index (IVI) 
Important value index is the degree of dominancy and abundance of a given 
species in relation to the other species in the area (Kent & Coker, 1992). The re- 
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Figure 4. Basal area (in m2/ha) of different forests in Ethiopia. 

 
Table 3. Basal area, density and their percent contribution of trees/shrubs species with 
greater than two BA m2 ha−1 in the Berbere forest. 

Species BA BA m2 ha−1 % Density % 

Ficus vasta 32.17 11.17 12.77 1.04 0.29 

Ficus ovate 29.87 10.37 11.85 1.39 0.39 

Ficus thonningii 17.91 6.22 7.11 0.35 0.10 

Pappea capensis 12.86 4.47 5.11 0.35 0.10 

Podocarpus falcatus 8.86 3.05 3.49 36.46 10.45 

Warburgia ugandensis 8.03 2.79 3.18 54.17 15.52 

Erythrina brucei 7.68 2.66 3.04 0.35 0.10 

Olea europaea subsp.cuspidata 7.22 2.51 2.87 3.13 0.89 

Diospyros abyssinica 6.44 2.23 2.55 70.14 20.09 

Celtis africana 6.13 2.13 2.43 7.99 2.29 

Tamarindus indica 5.95 2.07 2.37 6.59 1.89 

Other 44 species 108.94 37.81 43.22 167.04 47.69 

Total 252.06 87.48 99.99 349 99.8 

 
sult of IVI which is calculated from relative density, relative basal area (relative 
dominance) and relative frequency, of woody species is shown in Table 4. It is 
useful to compare the ecological significance of species and for setting conserva-
tion priority (Lamprecht, 1989). 

The output of IVI analysis showed that Warburgia ugandensis 33.91 (11.32%), 
Diospyros abyssinica 29.85 (9.96%), Podocarpus falcatus 18.21 (6.08%), Com-
bretum molle 17.92 (5.98%), Filicium decipiens 16.27 (5.43%) and Ficus vasta 
13.59 (4.53%) were the first six most dominant species (Table 4). These species 
constituted 43.30% of the total importance value index; while the majority of the 
species (87.27%) had important value indices of less than 10 (Figure 5). Distri-
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bution of species among different IVI classes indicated that 7.27% less than 1, 
60% 1.1 - 5.0, 20% 5.1 - 10.0, 3.64% 10.1 - 15.0, 5.45% 15.1 - 20.0 and 3.64% 
greater than 20.0 had importance value indices in the study forest. 

 
Table 4. Importance Value Index (IVI) of the dominant tree species of Berbere forest 
(RD = Relative Density, RF = Relative Frequency and RDO = Relative Dominance IVI = 
Important Value Index). 

Scientific Name RF RD RDO IVI %IVI 

Acacia brevispica 1.59 1.39 0.24 3.22 1.07 

Acacia robustasubsp. usambarensis 1.33 0.69 2.33 4.35 1.45 

Bersama abyssinica 1.33 0.59 1.45 3.37 1.12 

Buddleja polystachya 1.33 2.09 2.06 5.48 1.83 

Celtis africana 3.73 2.29 2.43 8.45 2.82 

Combretum molle 6.93 10.55 0.44 17.92 5.98 

Diospyros abyssinica 7.20 20.09 2.55 29.85 9.96 

Erythrina brucei 0.27 0.09 3.04 3.40 1.13 

Euclea racemosa subsp. schimperi 2.13 1.19 0.42 3.74 1.25 

Ficus ovate 0.53 0.39 11.85 12.77 4.26 

Ficus thonningii 0.27 0.09 7.11 7.47 2.49 

Ficus vasta 0.53 0.29 12.77 13.59 4.53 

Filicium decipiens 9.07 6.27 0.94 16.27 5.43 

Grewia ferruginea 1.33 1.39 0.30 3.02 1.01 

Maesa lanceolata 1.59 0.69 1.32 3.60 1.20 

Mimusops kummel 1.87 0.69 1.29 3.86 1.29 

Olea capensis subsp. Macrocarpa 1.87 1.59 0.83 4.29 1.43 

Olea capensis subsp. hochstetteri 2.40 1.99 1.97 6.36 2.12 

Olea europaea subsp. cuspidata 1.87 0.89 2.87 5.63 1.88 

Olinia rochetiana 3.73 1.89 0.39 6.02 2.01 

Oncoba spinosa 2.40 2.98 0.28 5.66 1.89 

Pappea capensis 0.27 0.09 5.10 5.46 1.82 

Podocarpus falcatus 4.27 10.45 3.49 18.21 6.08 

Pouteria adolfifriederici 1.33 0.99 0.89 3.21 1.07 

Psydrax schimperiana 3.73 1.89 0.28 5.90 1.97 

Rothmannia urcelliformis 1.59 1.39 0.23 3.21 1.07 

Tamarindus indica 3.73 1.89 2.36 7.98 2.66 

Terminalia brownii 2.13 1.09 1.91 5.13 1.71 

Warburgia ugandensis 15.20 15.52 3.19 33.91 11.32 

Other 26 species 14.437 8.24 25.6 48.31 16.12 

Total 100.00 100.00 100.00 300.00 100.00 
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Figure 5. IVI classes and individual species of woody plants in the Berbere forest. 

 
Table 5. Frequency distribution of dominant woody species in Berbere forest. 

Species No. of Plot Frequency Relative Frequency 

Warburgia ugandensis 57 79.17 15.20 

Filicium decipiens 34 47.22 9.07 

Diospyros abyssinica 27 37.5 7.20 

Combretum molle 26 36.11 6.93 

Podocarpus falcatus 16 22.22 4.27 

Psydrax schimperiana 14 19.44 3.73 

Tamarindus indica 14 19.44 3.73 

Olinia rochetiana 14 19.44 3.73 

Celtis africana 14 19.44 3.73 

Other 46 species 159 220.84 42.397 

Total 375 520.81 100.00 

3.1.7. Frequency 
Frequency is the number of quadrats in which a given species occurred in the 
study area. The four most frequently observed species were Warburgia uganden-
sis which occurred 57 times out of 72 quadrats which having 15.20 relative fre-
quency, Filicium decipiens 9.07 relative frequency, Diospyros abyssinica 7.20 
relative frequency and Combretum molle 6.93 relative frequency. The nine most 
frequently occurred species together contributed 57.59% of total relative fre-
quency of the forest (Table 5). The least occurred species were Trema orientalis, 
Cordia africana, Olea welwitschii, Erythrina brucei, Berchemia discolor, Acaccia 
abyssinica, Acacia seyal, Acacia bussei, Cassipourea malosana, Ficus thonningii, 
Ziziphus spinachristi, Rhus natalensis, Rhus ruspolii, Dichrostachys cinerea, 
Pappea capensis and Combretum collinum subsp. Binderianum each having 0.27 
relative frequencies and a total of 4.32 relative frequencies. 

3.2. Regeneration of Woody Plants in Berbere Forest 

The future composition of the forests depends on the potential regenerative sta-
tus of individual species within a forest stand in space and time (Henle et al., 
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2004). The population structure, characterized by the presence of sufficient pop-
ulation of seedlings, saplings and adults, indicates successful regeneration of 
forest species (Saxena & Singh, 1984), and the presence of saplings under the 
canopies of adult trees also indicates the future composition of a community. 
Climatic factors and biotic interference influence the regeneration of different 
species in the vegetation (Henle et al., 2004; Dhaulkhandi et al., 2008). 

In this study it has been observed that 37.09% tree/shrubs species exhibited 
“good” regeneration status, 19.35% showed “fair” regeneration condition and 
6.45% showed “poor” regeneration status. A total of 25.81% tree species were 
“not regenerating” at all and 11.29 % tree species, which were available only in 
sapling or seedling stage, were considered as “new” in Berbere forest (Appendix 
1). The “poor” regenerating tree species were Schrebera alata, Pappea capensis, 
Olea europaea subsp. cuspidata, and Acacia bussei. Species which were found in 
“not regenerating” category were Pouteria adolfifriederici, Lannea rivae, Ficus 
vasta, Ficus thonningii, Diospyros abyssinica, Tamarindus indica, Warburgia 
ugandensis, Erythrina brucei, Combretum aculeatum, Cordia africana, Buddleja 
polystachya, Fagaropsis angolensis, Caesalpinia volkensii, Nuxia congesta, Olea 
welwitschii and syzygium guineense. “New” regeneration status included Rosa 
abyssinica, Myrsine africana, Maytenus gracilipes, Acalypha volkensii, Aspara-
gus aridicola, Carissa spinarum and Croton dichogamus. These species may 
have reached or colonized to the study site by different mechanisms like disper-
sal of seeds through drooping of birds and animals.  

The “poor” and “none” regenerating categories which constitute around 
32.26% of the woody plant in the study area have many important and useful 
tree species namely Pouteria adolfifriederici, Diospyros abyssinica, Warburgia 
ugandensis, Erythrina brucei, Combretum aculeatum, Cordia africana, Buddleja 
polystachya, Schrebera alata, Pappea capensis, Olea welwitschii and Acacia bus-
sei etc. which have certain economic, medicinal and ecological values.  

The overall regeneration status of the tree species of the study site is satisfac-
tory at community level showing “good” regeneration status (Figure 6), but as 
stated above 32.26% trees/shrubs species, falls under “poor” and “not regenerat- 

 

 
Figure 6. The regeneration status of woody plant in the Berbere forest. 
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ing” status. Such condition might have been occurred due to existing distur-
bance in the study site like, over grazing, firewood collection and poor biotic 
potential of tree species which either affect the fruiting or seed germination or 
successful conversion of seedling to sapling stage. Moreover, individuals in 
young stages of any species are more vulnerable to any kind of environmental 
stress and anthropogenic disturbance (Tesfaye et al., 2002; Nagamatsu et al., 
2002). Hence, such human-induced activity may alter the future structure and 
composition of the Berbere forest 

4. Conclusion and Recommendations 

The general variability in population structure and regeneration status indicates 
the history of the past disturbance to that species and the environment. The pat-
tern of DBH and Height class distribution of woody plant species in the Berbere 
forest showed an inverted J-shaped distribution. Overall analysis of population 
structure of most common species of trees and shrubs revealed different patterns 
of population structure, indicating a high variation among species population 
dynamics within the forest. The regeneration status of the tree species of the 
study site is satisfactory at community level which shows “good” regeneration 
status but 32.26% trees/shrubs species, falls under “poor” and “not regenerating” 
status. Therefore it needs urgent great conservation priority and management. 
The following recommendations were made; in woody plants which are cur-
rently not regenerating themselves as well as depleted tree population, it is better 
to think of enrichment planting of indigenous tree species and understanding 
the natural regeneration potential of these forests is crucial to have detailed in-
formation on soil seed bank in the forest; in addition, fourteen tree species need 
detailed regeneration study and conservation priority, since they have no seedl-
ing or saplings. These are Buddleja polystachya Caesalpinia volkensii, Combretum 
aculeatum, Cordia africana, Diospyros abssinica, Erythrina brucei, Fagaropsis 
angolensis, Ficus vasta, Nuxia congesta, Olea welwitschii, Pouteria adolfi-friede- 
ricii, Syzygium guineense, Tamarindus indica and Warburgia ugandensis. 
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Appendix 1. Regeneration Status of Woody Plants in the 
Berbere Forest Number of Seedling, Sapling and Mature Tree, 
Shrub, Tree/Shrub per Hectare 

Scientific name Habit 

Number of individual species per hectare 

Seedling Sapling 
Mature  

tree/shrub 
Status 

Acaccia abyssinica T 9 3 1 Good 

Acacia brevispica T 12 6 5 Good 

Acacia bussei T 0 3 1 Poor 

Acacia mellifera T 3 9 5 Fair 

Acacia robusta subsp. usambarensis T 486 84 3 Good 

Acacia seyal T 12 3 1 Good 

Acalypha volkensii S 0 6 0 New 

Asparagus aridicola S 0 6 0 New 

Berchemia discolor T 3 0 1 Fair 

Bersama abyssinica T 35 8 2 Good 

Buddleja polystachya T 0 0 7 None 

Caesalpinia volkensii S 0 0 3 None 

Carissa spinarum S 18 11 0 New 

Cassipourea malosana S 6 3 1 Good 

Celtis africana T 12 3 8 Fair 

Combretum molle T 72 39 37 Good 

Combretum aculeatum T 0 0 1 None 

Combretum collinum subsp. Binderianum S 6 0 1 Fair 

Cordia africana T 0 0 1 None 

Croton dichogamus S 415 131 0 New 

Croton macrostachyus T 52 36 2 Good 

Dichrostachys cinerea S 21 6 1 Good 

Diospyros abyssinica T 0 0 70 None 

Erythrina brucei T 0 0 1 None 

Euclea racemosa subsp. schimperi T/S 18 8 5 Good 

Fagaropsis angolensis T 0 0 3 None 

Ficus ovate T 1 0 1. Fair 

Ficus thonningii T 0 0 1 None 

Ficus vasta T 0 0 1 None 

Filicium decipiens T 61 32 22 Good 

Grewia bicolor S/T 18 3 2 Good 

Grewia ferruginea S 6 3 5 Fair 

Lannea rivae T 0 0 1. None 

https://doi.org/10.4236/ojf.2017.73021


T. Bogale et al. 
 

 

DOI: 10.4236/ojf.2017.73021 371 Open Journal of Forestry  
 

Continued 

Lannea triphylla T 9 3 2 Good 

Maesa lanceolata T 75 19 3 Good 

Maytenus gracilipes S 157 50 0 New 

Mimusops kummel T 24 12 3 Good 

Myrsine africana S 35 0 0 New 

Nuxia congesta T 0 0 2 None 

Olea capensis subsp. hochstetteri T 38 6 7 Fair 

Olea capensis subsp. macrocarpa T 6 3 6 Good 

Olea welwitschii T 0 0 1 None 

Oleacapensis subsp. macrocarpa T 0 3 1 Poor 

Olinia rochetiana T 18 6 7 Good 

Oncoba spinosa S 35 8 10 Fair 

Pappea capensis T 0 3 1 Poor 

Podocarpus falcatus T 47 38 37 Good 

Pouteria adolfifriederici T 0 0 4 None 

Psydrax schimperiana T 18 3 7 Good 

Rhus natalensis T 8 3 1 Good 

Rhus ruspolii S 3 5 1 Fair 

Rosa abyssinica S 0 3 0 New 

Rothmannia urcelliformis S 18 12 5 Good 

Ruspolia seticalyx S 18 6 4 Good 

Schrebera alata T 0 3 3 Poor 

Syzygium guineense T 0 0 2 None 

Tamarindus indica T 0 0 7 None 

Terminalia brownii T 18 3 4 Fair 

Trema orientalis T 12 0 1 Fair 

Warburgia ugandensis T 0 0 54 None 

Ziziphus spinachristi S/ T 9 3 1 Good 
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