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Abstract: Dry forests are potentially contributed for the local community livelihood, microclimate stability and biodiversity 

conservation. However, appropriate emphasis has not given for its sustainability management. Our study aims to study the 

woody species diversity, vegetation structure, and recruitment and regeneration status in Higelely dry forest of Somali National 

Regional State of Ethiopia for the purpose of conservation priority. Systematic sampling following the transect lines and 

sample plots employed to collect all necessary data. Data were analyzed using access software which was designed for the 

purpose of forest genetic resource conservation database and data analysis tool. Forty two woody species belongs to 21 genera 

and 15 families were recorded. The richest families were Fabaceae and Burseraceae (represented by 11 and 7 species each). 

1112.97 individuals of woody species per ha was recorded in Higelely forest. Acacia oerfota and Acacia mellifera were the top 

specie with higher stem numbers per ha. More than 67% of the individuals in the forest had DBH/DSH ≤ 7.5 cm and 90% of 

the individuals had a height ≤ 5 m. The most ecologically important species in Higelely forest were Acacia oerfota, Acacia 

mellifera, and Acacia bussie. Whereas, Ipomoea donaldsonii, Commiphora africana, and Acacia drepanolobium were the most 

threatened species in all criteria’s of IVI, population structure and regeneration status and are the first prioritized for 

conservation measures. The total density of 1047.3 seedling and 3033.77 sapling individuals per ha was recorded in Higelely 

forest. In general, the vegetation structure, population recruitment and regeneration status of some species indicates, Higelely 

forest is under poor conservation status. Therefore, for the conservation of woody species in Higelely dry forest, appropriate 

conservation measures such as in-situ (to allow natural regeneration) and cold room seed storage methods are recommended. 
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1. Introduction 

The major causes of forest destruction in Ethiopia are: 

increasingly intensive use of land for agriculture and 

livestock, tree cutting for fuel wood and construction 

materials, forest fires and human settlement [1-6]. These 

major causes of forest destruction are very much interrelated 

to each other and are also in one way or another related to the 

population growth of the country [7, 2]. According to Ayele 

[8], the population growth rate of Ethiopia is estimated to be 

2.5% year
-1

. The population growth is not backed with 

economic growth of the country and this has a great impact 

on the natural resources, especially on the forest land. 

The extent of forest destruction is also increasing from 

time to time due to an escalating demand of land for cropping, 

grazing and fuel wood. Fuel wood is the major energy source 

of the country. The weighted average of annual per capita 

energy consumption for the households of the country is 1.2 

m
3
 or 241 kg of oil equivalent [9] and from this, according to 

Beyene [10], 96% of the nation’s energy comes from biomass 

source and 85% of it is derived from fuel wood. 

The rapid deforestation rate is also accompanied by a 

variety of environmental problems. The depletion and 

degradation of the forest resources affects the whole 

ecosystem [11-14]. Deforestation has resulted in soil erosion, 

loss of soil fertility, loss of reliable water supply, loss of 
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habitat for wildlife and climate change. 

By considering this problem, the Ethiopian biodiversity 

institute works to conserve the forest genetic resources through 

different conservation strategy. The overall objective of forest 

resource conservation is to contribute towards attaining a 

sustainable development of the economic, socio-cultural and 

ecological values of the forest ecosystems. The purpose is to 

protect and conserve the forest genetic resources of Ethiopia 

according to appropriate concepts and strategies. To attain its 

purpose, Ethiopian biodiversity institute has embarked on 

inventories of woody plant diversity surveys in selected forest 

areas throughout the country. Higelely forest is one of the 

selected forests for this inventory work. This forest is located 

in the eastern part of the country and its vegetation belongs to 

Acacia-Commiphora woodland and wooded grassland 

vegetation type. 

The forest resources found in the eastern parts of the 

country are least conserved while contain higher species 

richness and diversity of dry land habitats. Higelely forest is 

one of those forests facing high risks due to different human 

activities such as logging for charcoal and other purpose and 

overgrazing and browsing by camels and other domestic 

animals. Likewise in most forest areas of Ethiopia, there is a 

common feature of destructive and unsustainable forest 

resource utilization. This unsustainable and destructive 

exploitation of the forest has caused tremendous forest 

degradation leading to rareness and final extinction of the 

forest species. Therefore, there is an urgent need to study the 

woody plant species diversity and determine their current 

conservation status in order to establish appropriate genetic 

conservation methods. This activity is one of the 

recommendable move to conserve and sustainable utilize the 

disappearing natural resources in the area. The study was 

conducted to achieve the specific objectives of determine the 

woody species composition; structure; regeneration status; 

and compilation of a priority list of indigenous woody plant 

species for conservation concern. 

2. Methodology 

2.1. Study Area Description 

Higelely forest is administratively located in Deghabur 

district, Jerer Zone in Somali National Regional State of 

Ethiopia. Geographically the forest is located between 

8°25'35.24'' and 8°26'46.18'' N and 43°33'13.67'' and 

43°34'34.7'' E, 15 km from Deghabur district to Jigjiga town 

(east direction). The altitudinal range of this forest is between 

1266 – 1340 m a. s. l. The topography of the area is plane 

level except the upper north part of the forest. Higelely forest 

has narrow-leaved deciduous physiognomy. 

 

Figure 1. Map of Higelely dry forest. 
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2.2. Sampling Design 

The woody plant inventory of Higelely dry forest was carried 

out in wet season (from October 09, 2020 – October 24, 2020) 

to take unbiased regeneration sampling of woody species. 

Systematic sampling was employed for the purpose of 

woody plant inventory. This sampling technique involves 

setting location of sampling plots at regular or systematic 

intervals along a predetermined transect line [15]. The 

optimum number of the transect lines, their spatial 

distribution and the total coverage was determined following 

a preliminary reconnaissance of the forest. 

A total of three transects and 37 sample plots were laid. 

The beginning and end points (the latitude and longitude) of 

the selected transect was marked using GPS. The sample 

plots were distributed with specified location fixed at a 

regular interval of 100 m distance. The stand structure was 

enumerated in the 20 × 20 m size sample plots. 

2.3. Data Collection 

2.3.1. Vegetation Data 

Each woody plant within sample plots was measured and 

plant specimens were collected for every woody species. 

Woody species data were collected with local names. 

The diameter and height of all tree and shrub species > 2.5 

cm in diameter were measured and the growth habit was 

described. The DSH (diameter at stump height) (at a height of 

0.3 m from the ground) and DBH (Diameter at breast height) 

(1.3m from the ground) was measured over bark using a 

Caliper. The DSH measurement was taken for shrub species 

and DBH measurement for tree species. The heights of all 

tree/shrub species were measured by Suunto clinometer. 

All seedlings and saplings of woody species were also 

enumerated from two, 2 × 5 m sub plots inside each main plot. 

The sub plots were laid at the beginning and endpoints of the 

main plots and for each sample plot 20 m
2 
of sub plots were laid. 

2.3.2. Physiographic Data Collection 

Geographic location, relief, slope gradient, and disturbance 

condition of each sample plots were determined as follows. 

Geographic location such as altitude, longitude and latitude 

of each sample plots was determined using Garmin GPS 72. 

The slope gradient was also measured using the Clinometer 

oriented with the main slope gradient of the field. 

The extent of external pressure on the forest was assessed 

following an arbitrary scale of disturbance with a particular 

focus on the following activities. Agricultural encroachment, 

logging (in this case logging is taken to mean extraction of 

wood from the forest by way of felling trees), charcoal 

production, fire, debarking, pollarding, lopping, pruning, 

grazing and browsing. For each disturbance type a scale of 

disturbance from 0 – 5 was considered. Zero for where not 

disturbance recorded, and five for highly disturbed plot. 

2.4. Data Analysis 

The vegetation data analysis was performed by Access 

software which was designed for forest genetic resource 

conservation database and data analysis tool [16]. The 

structural analysis of the woody plants, Basal Area and 

Dominance calculations were also done by using this software. 

Accordingly the following parameters were calculated: 

a) Density of all tree/shrub 

species=
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b) Density of each individual 

tree/shrub=
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c) Relative density of each individual 

tree/shrub=
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�� �
 ���	� �
 ���� ���������� ����/����
 ����

����� ��	
�� �
 ���	� �
 ��� ����/����

 

 The frequency, Relative frequency, Basal area (Ba), 

Dominance and Relative dominance were also calculated as 

follows for each tree/shrub species with DBH/DSH >2.5 cm: 

a) Frequency=
��	
�� �
 ��������� �� ����� � ������� ��������

����� ��	
�� �
 ���������
× 100 

b) Relative 

frequency=
!�������" �
 � �������

��	 
�������" �
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 �������
× 100 

c) Ba=πd
2
/4, where Ba=basal area, π=22/7 or 3.14, 

d=diameter at breast height or stump height 

d) Dominance=Mean Ba per tree/shrub species x Density 

of a tree/shrub species 

e) Relative Dominance=
#��� $� �
 � ����/����
 �������

#��� $% �
 ��� ����/����
 �������
×

100 

f) Importance Value Index=Relative density +Relative 

frequency + Relative Dominance 

Diameter and height class distribution analysis were also 

done by using Access software. 

3. Results and Discussion 

3.1. Forest Disturbance 

Higelely forest is one of the heavily exploited forests in the 

past and still at present. Five disturbance types were 

encountered in the studied forest such as browsing, grazing, 

logging, flood and fire. From the assessed 37 sample plots, 

35% were heavily disturbed by grazing; 32% moderately and 

43% very seriously disturbed by browsing; 40.5% heavily 

and 37.8% very seriously disturbed by logging. In over all 

100% of the assessed sample plots were disturbed by 

browsing, 97% by logging and 43% by grazing (Table 1). 

3.2. Floristic Composition 

A total of 42 woody species were collected from Higelely 

dry forest (Table 2). Out of the 42 species encountered in the 

forest, 39 have been identified to the species level, two has 

been identified to genus level and one has been identified to 

family level. The specimen identified so far belongs to 21 

genera and 15 families. The diverse families were Fabaceae 

and Burseraceae (represented by 11 and 7 species each). The 
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diverse genera of the forest were Acacia and Commiphora 

(represented by 10 and 6 species, respectively). The growth 

habit distribution of all the species recorded in Higelely 

forest showed that 52.4% were trees and 47.6% were shrub 

species. Similar number of woody species recorded in similar 

dry forest in Metema area [16]. Similarly, approximated 

numbers of woody species were recorded from Borena dry 

land vegetation [17]. 

Table 1. Disturbance types and scales of disturbance observed across sample plots in Higelely dry forest. 

Types of disturbance 
Scale of disturbance 

Percent of total 
Non/ Negligible Very light Light Moderate Intensive 

Grazing - - 3∗ 13∗ - 43 

Flood - 2∗ 2∗ 2∗ 4∗ 32.4 

Fire - 1∗ 2∗ - 1∗ 10.8 

Browsing - 5∗ 12∗ 4∗ 16∗ 100 

Logging - 2∗ 5∗ 15∗ 14∗ 97 

∗Number of sample plots encountered in each disturbance scale. 

Table 2. List of woody species recorded from Higelely forest. 

Scientific Name Family Habit To Ethiopia 

Acacia brevispica Harms. Fabaceae Shrub Indigenous 

Acacia bussei Harms ex Sjostedt. Fabaceae Tree Indigenous 

Acacia drepanolobium Harms ex Sjostedt. Fabaceae Shrub Indigenous 

Acacia etbaica Schweinf. Fabaceae Tree Indigenous 

Acacia mellifera (Vahl) Benth. Fabaceae Tree Indigenous 

Acacia nilotica (L.) Willd. ex. Del. Fabaceae Tree Indigenous 

Acacia oerfota (Forssk.) Schweinf. Fabaceae Shrub Indigenous 

Acacia Senegal (L.) Willd. Fabaceae Tree Indigenous 

Acacia sp Fabaceae Tree 
 

Acacia tortilis (Frossk.) Hayne Fabaceae Tree Indigenous 

Albizia amara (Roxb.) Boiv. Fabaceae Tree Indigenous 

Balanites glabra Mildbr. & Schlecht. Balanitaceae Tree Indigenous 

Berchemia discolor (Klotzsch) Hemsl. Rhamnaceae Tree Indigenous 

Boscia minimifolia Chiov Capparidaceae Shrub Indigenous 

Boswellia microphylla Chiov. Burseraceae Shrub Indigenous 

Combretum molle R. Br. ex G. Don. Combretaceae Tree Indigenous 

Commiphora africana (A. Rich) Engl. Burseraceae Tree Indigenous 

Commiphora boranensis Vollesen Burseraceae Tree Indigenous 

Commiphora corrugata Gillett & Vollesen Burseraceae Shrub Indigenous 

Commiphora incisa Chiov. Burseraceae Tree Indigenous 

Commiphora schimperi (Berg) Engl. Burseraceae Tree Indigenous 

Commiphora truncata Engl. Burseraceae Tree Indigenous 

Cordia monoica Roxb. Boraginaceae Tree Indigenous 

Dobera glabra (Forssk.) Poir. Salvadoraceae Tree Indigenous 

Dodonaea angustifolia L. f. Sapindaceae Shrub Indigenous 

Grewia arborea (Forssk.) Lam. Tiliaceae Shrub Indigenous 

Grewia bicolor Juss. Tiliaceae Tree Indigenous 

Grewia flavescens Juss. Tiliaceae Shrub Indigenous 

Grewia sp Tiliaceae Shrub Indigenous 

Grewia tenax (Forssk.) Fiori Tiliaceae Shrub Indigenous 

Ipomoea donaldsonii Rendle Convolvulaceae Shrub Indigenous 

Ipomoea spathulata Hall. f. Convolvulaceae Shrub Indigenous 

Maerua triphylla A. Rich. Capparidaceae Shrub Indigenous 

Opilia campestris Roxb. Opiliaceae Shrub Indigenous 

Salvadora persica L. Salvadoraceae Shrub Indigenous 

Sida rhombifolia L. Malvaceae Shrub Indigenous 

Solanum incanum L. Solanaceae Shrub Indigenous 

Solanum jubae Bitter Solanaceae Shrub Indigenous 

Sterculia setigera Del. Sterculiaceae Tree Indigenous 

Terminalia brownii Fresen. Combretaceae Tree Indigenous 

Ziziphus spina-christi L. Rhamnaceae Tree Indigenous 

Dulfalid Capparidaceae Shrub - 

 

3.3. Vegetation Structure 

3.3.1. Species Dimension 

The ecological dominance and economic significance of 

trees is to a great extent a function of their size. The superior 

size of trees is a result of their continued increase in height 

and diameter. The maximum DBH attained in Higelely forest 

was by Dobera glabra followed by Terminalia brownii and 
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Ziziphus spina-christi with maximum DBH of 65, 54, and 38 

cm, respectively. Higher mean DBH was also attained by 

Terminalia brownii followed by Ziziphus spina-christi and 

Dobera glabra with mean DBH of 34.6, 33.6 and 28 cm, 

respectively. The maximum height in this forest (18 m) was 

attained by Terminalia brownii followed by Ziziphus spina-

christi and Acacia bussie (15 m each). Higher mean height 

was attained by Ziziphus spina-christi followed by 

Terminalia brownii and Dobera glabra with average height 

of 14.7, 11.8 and 7.5 m (Table 3). 

Table 3. The DBH/DSH and height distribution of species. 

Species DSH/DBH Height 

 Max Mean Max Mean 

Acacia brevispica 8.8 5.1 4 3.29 

Acacia bussie 35 11.51 15 4.92 

Acacia drepanolobium 10.6 10.6 3.5 3.5 

Acacia etbaica 26 15.75 8 5.5 

Acacia mellifera 35 7.33 12 3.84 

Acacia nilotica 22 12.65 6 4.13 

Acacia oerfota 24 5.7 9 3.46 

Acacia senegal 18 4.47 6 3 

Acacia sp 9 9 4.5 4.5 

Acacia tortolis 31.5 10.78 8 4.59 

Albizia amara 9.3 8.7 3.5 3.5 

Balanites glabra 24 9.87 10 4.08 

Berchemia discolor 36 18.58 11.5 7.04 

Boscia minimifolia 28 7.46 10 3.25 

Boswellia microphylla 12 7.75 5 3.09 

Combretum molle 25 10.54 12 2.67 

Commiphora africana 12.6 8.9 4 3.5 

Commiphora boranensis 18 14.17 5 4.33 

Commiphora corrugata 14 8.7 5 3.27 

Commiphora incisa 24 10 4 2.75 

Commiphora schimperi 28 9.42 8 3.25 

Commiphora truncata 8.2 6 3 2.75 

Cordia monica 4.2 2.61 3 2.6 

Dobera glabra 65 28.15 10 7.5 

Dodonaea angustifolia 3.2 3.2 2.5 2.5 

Dulfelid 2.5 2.5 3.1 1.77 

Grewia arborea 4.2 3.75 3 2.9 

Grewia bicolor 5.5 5.5 3.5 3.5 

Grewia sp 2.5 2.5 2 2 

Grewia tenax 2.5 2.5 2 1.6 

Ipomoea donaldsonii 3.1 3.1 1.5 1.5 

Maerua triphylla 3.5 3.25 3 2.63 

Opilia campestris 6.2 6.2 4 3.63 

Salvadora persica 14 11.4 7 5.5 

Solanum juboe 3.5 3.36 3 2.79 

Sterculia setigera 35 22.2 8 5.3 

Terminalia brownii 54 34.61 18 11.76 

Ziziphus spina-christi 38 33.67 15 14.67 

 

3.3.2. Vertical Structure 

According to Work [17], classification the upper story is 

taken as tree height >2/3 of top height, middle story as tree 

height between 1/3 – 2/3 of the top height and the lower story 

as tree height <1/3 of the top height. The top height attained 

in Higelely dry forest was 18 m; therefore, the upper story of 

this forest was 13 – 18 m, middle story 7 – 12 m and lower 

story <7 m. The upper canopy of this forest was dominated 

by Terminalia brownii, Ziziphus spina-christi, Acacia bussei, 

Acacia mellifera and Combretum molle. The middle canopy 

is mainly dominated by Boscia minimifolia and Acacia 

oerfota. Smaller tree and shrub species of this forest were 

species in genus Grewia, Ipomoea and Solanum. 

The lower story has a higher density and species 

composition as compared to the middle and upper story’s. 

The upper story has the lowest density and species 

composition. This shows the predominance of shrubby 

species and small sized individuals. Even though some 

species are limited to the middle and lower strata and unable 

to reach the upper story [18], it indicates the forest had been 

in serious exploitation of higher size woody species. Some of 

the species such as Acacia bussei and Acacia mellifera 

encountered in the upper story are also encountered in the 

middle and lower story. Such kinds of species are considered 

to be “species with a regular vertical distribution” [17]. 

3.3.3. Frequency 

All the species were grouped into five frequency classes. 

These frequency classes are: species with frequency value 

of 81 – 100=A, 61 – 80=B, 41 – 60=C, 21 – 40=D and 0 – 

20=E. In this regard, five species was found in frequency 
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class A and B. The most frequent species in this forest was: 

Acacia mellifera, Acacia bussei, Boscia minimifolia, Acacia 

oerfota and Balanites glabra (with a frequency value of 

97.3%, 89.2, 86.5, 73 and 64.9%, respectively). 

Commiphora africana, Dodonaea angustifolia, Grewia 

bicolor, Ipomoea donaldsonii, Acacia drepanolobium, 

Combretum molle, Sterculia setigera and Ziziphus spina-

christi were the least frequent species of this forest with 

frequency value of 2.7%. Eighty four percent of the species 

were found in frequency class D/E (Figure 2). The relative 

frequency also showed 10.8% of the species had a relative 

frequency of >10%, 29.7% had 1 –10% and 59.5% had a 

relative frequency of <1%. 

The frequency gives an approximate indication of the 

homogeneity or heterogeneity of a vegetation stand [19]. 

According to Fangliang [20], high values in frequency class 

A/B and low values in D/E indicate constant or similar species 

composition. High values in lower frequency classes and low 

values in higher frequency classes on the other hand indicate a 

high degree of floristic heterogeneity [21]. Therefore, it could 

be concluded that Higelely forest has heterogeneous species 

composition except five most frequent species listed above. 

 

Figure 2. Frequency class distribution of all species recorded in Higelely 

dry forest (Class A=81 – 100, B=61 – 80, C=41 – 60, D=21 – 40 and E=0 – 

20). 

3.3.4. Density 

The total density of the species in Higelely dry forest was 

1112.97 individuals (stems) per ha. The density of all species 

with DBH/DSH over 10 cm in Higelely forest was found to 

be 140.5 individuals per ha. This number is lower and might 

be below normal coverage with comparing to the total 

density of the species recorded. 

The species recorded in this forest had unequal density and 

it could be said that the forest is dominated by few species 

(Figure 3). About 83% of the total number of stems of the 

forest was accounted for six species. These include: Acacia 

oerfota, Acacia mellifera, Acacia senegal, Acacia bussie, 

Boscia minimifolia and Balanites glabra. The species with 

least density in this forest was Acacia sp. 

The density class distributions of species showed that only 

Acacia oerfota and Acacia mellifera were found in density 

class A with stems per ha of >100, (377 and 273 individuals 

per hectare, respectively). On the other extreme 68% of the 

species were found in density class D&E with less than or 

equal to 10 numbers of individuals per hectare (Figure 4). 

 

Figure 3. Number of individuals against their rank (abundance curve) of the 

species recorded in all quadrates. 

 

Figure 4. Density class distributions of all species (Class A=>100, B=50.1 

– 100, C=10.1 – 50, D=1.1 – 10 and D=<1). 

 

Figure 5. Density distribution in DBH classes (cm); Class 1=2.6-7.5, 2=7.6-

12.5, 3=12.6-17.5, 4=17.6-22.5, 5=22.6-27.5, 6=27.6-32.5, 7=32.6-37.5, 

8=37.6-42.5 and 9=> 42.5. 

3.3.5. Diameter and Height Class Distribution 

The diameter class distribution pattern of all the tree/shrub 

species showed an inverted J shape (Figure 5). More than 67% 

of the individuals in the forest had DBH/DSH in the range 

between 2.6–7.5 cm indicating the potential of the forest for 

recruitment and regeneration capability of if appropriate 

management practice is applied. On the other hand only 0.3% 

of these species attained diameter of >37.5 cm DBH/DSH (3.2 
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individuals per ha) and the low stocking level of mature trees 

confirmed that the forest was affected by serious exploitation. 

The species which attained diameter of >37.5 were: Terminalia 

brownii, Dobera glabra, and Ziziphus spina-christi. 

 

Figure 6. Density distribution in height classes (m); Class 1=< 5 m, 2=5.1– 

10, 3=10.1– 15, 4=15.1 – 20. 

The height class distribution pattern of all species also 

displays an inverted J shape (Figure 6). The number of 

individual decreased as the height increased. About 90% of 

the species have a height less than or equal to 5 m and only 

Dobera glabra attained the maximum height class of 

Higelely dry forest (i.e., >15m). 

3.3.6. Basal Area and Dominance 

The total basal area (m
2
/ha) of all species with 

DBH/DSH >2.5cm of Higelely forest was 0.57. The basal 

area per ha coverage of Higelely forest is less than normal 

range. The highest proportion of mean Basal area in this 

forest was accounted to Terminalia brownii followed by, 

Ziziphus spina-christi and Dobera glabra (with mean Basal 

area value of 0.1, 0.09, and 0.07m
2
/ha respectively). Solanum 

juboe, Dodonaea angustifolia, Ipomoea donaldsonii, Maerua 

triphylla, Cordia monica, Dulfelid, Grewia sp, Grewia tenax 

were also found with little mean basal area (< 0.0011 m
2
/ha). 

Species dominance is meant the basal area per ha coverage 

of each individual species in the forest. About 52.7% of the 

dominance was accounted by three species of the forest. 

These include: Acacia mellifera, Acacia oerfota, and Acacia 

bussei. The species with least dominance value in this forest 

were: Maerua triphylla, Ipomoea donaldsonii, Grewia sp and 

Dulfelid with dominance value of < 0.002 (Table 4). 

Table 4. The basal area and dominance of species in Higelely forest. 

Species Total Stem No Mean DSH/DBH Mean BA Density ha-1 Dominance 

Acacia mellifera 505 11.51 0.01 272.97 1.58 

Acacia oerfota 697 7.33 0.00 376.76 1.22 

Acacia bussie 153 5.70 0.01 82.70 1.21 

Terminalia brownii 11 34.61 0.10 5.95 0.61 

Dobera glabra 12 28.15 0.08 6.49 0.50 

Boscia minimifolia 124 7.46 0.01 67.03 0.42 

Balanites glabra 65 9.87 0.01 35.14 0.32 

Berchemia discolor 12 18.58 0.04 6.49 0.25 

Acacia tortolis 33 15.75 0.01 17.84 0.20 

Acacia senegal 169 10.78 0.00 91.35 0.19 

Acacia nilotica 19 12.65 0.02 10.27 0.18 

Commiphora schimperi 34 9.42 0.01 18.38 0.16 

Ziziphus spina-christi 3 33.67 0.09 1.62 0.15 

Combretum molle 24 10.54 0.01 12.97 0.14 

Sterculia setigera 5 22.20 0.05 2.70 0.12 

Acacia etbaica 4 4.47 0.03 2.16 0.06 

Acacia brevispica 42 9.00 0.00 22.70 0.05 

Commiphora corrugata 11 14.17 0.01 5.95 0.04 

Commiphora incisa 6 8.70 0.01 3.24 0.04 

Boswellia microphylla 11 7.75 0.01 5.95 0.03 

Commiphora boranensis 3 8.90 0.02 1.62 0.03 

Salvadora persica 3 11.40 0.01 1.62 0.02 

Grewia bicolor 10 5.50 0.00 5.41 0.01 

Dodonaea angustifolia 23 3.20 0.00 12.43 0.01 

Albizia amara 3 8.70 0.01 1.62 0.01 

Acacia drepanolobium 2 5.10 0.01 1.08 0.01 

Grewia arborea 15 3.75 0.00 8.11 0.01 

Commiphora africana 2 10.00 0.01 1.08 0.01 

Commiphora truncata 4 6.00 0.00 2.16 0.01 

Opilia campestris 4 6.20 0.00 2.16 0.01 

Cordia monica 15 2.61 0.00 8.11 0.00 

Acacia sp 1 10.60 0.01 0.54 0.00 

Solanum juboe 7 3.36 0.00 3.78 0.00 

Grewia tenax 10 2.50 0.00 5.41 0.00 

Maerua triphylla 4 3.25 0.00 2.16 0.00 

Ipomoea donaldsonii 3 3.10 0.00 1.62 0.00 

Grewia sp 4 2.50 0.00 2.16 0.00 

Dulfelid 6 2.50 0.00 2.16 0.00 
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3.3.7. Importance Value Index (IVI) 

The Importance Value Index (IVI) is important to compare 

the ecological significance of species [3, 4]. The most 

important tree/shrub species in Higelely dry forest were: 

Acacia oerfota, Acacia mellifera, Acacia bussie, Boscia 

minimifolia, Balanites glabra, and Acacia senegal (with IVI 

values of >10). Species with low IVI values in this forest 

includes: Acacia sp, Ipomoea donaldsonii, Commiphora 

africana, Grewia sp and Acacia drepanolobium (with priority 

rank of 1 – 5). Seventy percent of the species had IVI value 

of 1 – 10 (Table 5). 

Table 5. The IVI of woody species in Higelely dry forest. 

Species RD RDO RF IVI 

Acacia oerfota 33.85 16 10.63 60.48 

Acacia mellifera 24.53 20.74 14.17 59.44 

Acacia bussie 7.43 15.96 12.99 36.38 

Boscia minimifolia 6.02 5.54 12.6 24.16 

Balanites glabra 3.16 4.24 9.45 16.84 

Acacia senegal 8.21 2.45 5.91 16.57 

Terminalia brownii 0.53 7.99 1.18 9.7 

Dobera glabra 0.58 6.61 1.57 8.77 

Commiphora schimperi 1.65 2.16 4.72 8.53 

Acacia tortolis 1.6 2.66 3.94 8.2 

Acacia nilotica 0.92 2.39 2.76 6.07 

Berchemia discolor 0.58 3.23 1.57 5.39 

Acacia brevispica 2.04 0.69 0.79 3.52 

Combretum molle 1.17 1.89 0.39 3.45 

Boswellia microphylla 0.53 0.4 1.57 2.5 

Ziziphus spina-christi 0.15 1.93 0.39 2.47 

Sterculia setigera 0.24 1.62 0.39 2.25 

Commiphora incisa 0.29 0.47 1.18 1.94 

Commiphora corrugata 0.53 0.52 0.79 1.84 

Acacia etbaica 0.19 0.75 0.79 1.73 

Grewia tenax 0.49 0.03 1.18 1.7 

Dodonaea angustifolia 1.12 0.13 0.39 1.64 

Grewia arborea 0.73 0.12 0.79 1.64 

Cordia monica 0.73 0.06 0.79 1.57 

Commiphora boranensis 0.15 0.35 0.79 1.28 

Solanum juboe 0.34 0.04 0.79 1.17 

Salvadora persica 0.15 0.22 0.79 1.16 

Commiphora truncata 0.19 0.09 0.79 1.07 

Opilia campestris 0.19 0.09 0.79 1.07 

Albizia amara 0.15 0.13 0.79 1.06 

Grewia bicolor 0.49 0.17 0.39 1.05 

Maerua triphylla 0.19 0.02 0.79 1.01 

Acacia drepanolobium 0.1 0.13 0.39 0.62 

Grewia sp 0.19 0.01 0.39 0.6 

Commiphora africana 0.1 0.1 0.39 0.59 

Ipomoea donaldsonii 0.15 0.02 0.39 0.56 

Acacia sp 0.05 0.05 0.39 0.49 

Note: RD=Relative Density, RDO=Relative Dominance, RF=Relative Frequency. 

3.3.8. Population Structures 

The population structure of woody species in Higelely 

dry forest were grouped under three distinct types of 

patterns such as species with bad reproduction (lower 

number of regeneration) and bad recruitment (Group 1); 

species with good reproduction but bad recruitment (Group 

2); and species with good reproduction and good 

recruitment (Group 3). 

Accordingly, about 55% of the species of Higelely dry 

forest were in Group1, 31.5% in Group 2 and 13% in Group 

3 (Table 6). According to the species population structure 

analysis all species in Group 1 are the first priority, species in 

Group 2 are the second priority and those in Group 3 are the 

third priority for genetic conservation. 

3.4. Regeneration Status 

Three specimens identified to species level were 

recorded as seedlings in Higelely forest, belonging to 3 

genera and 3 families. Only 31.6% of the species recorded 

as matured species were represented in the seedling count 

in this forest. The total density of seedlings in Higelely 

forest was 1047.3 individuals per ha. The four species 

with high value in seedling were: Acacia oerfota, Acacia 

bussie, Grewia tenax and Acacia mellifera (with density 

value >100 per ha). 
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Table 6. Species list in the three species population structures category. 

Group 1 Group 2 Group 3 

Species name Species name Species name 

Acacia drepanolobium Acacia brevispica Acacia bussie 

Acacia etbaica Acacia nilotica Acacia mellifera 

Acacia sp Acacia senegal Acacia oerfota 

Albizia amara Acacia tortolis Boscia minimifolia 

Berchemia discolor Boswellia microphylla Balanites glabra 

Combretum molle Commiphora corrugata  

Commiphora africana Commiphora incisa  

Commiphora boranensis Commiphora schimperi  

Commiphora truncata Dodonaea angustifolia  

Cordia monica Grewia arborea  

Dobera glabra Grewia bicolor  

Dulfelid Solanum juboe  

Grewia sp   

Grewia tenax   

Ipomoea donaldsonii   

Maerua triphylla   

Opilia campestris   

Salvadora persica   

Sterculia setigera   

Terminalia brownii   

Ziziphus spina-christi   

 

One specimen identified to species level was recorded 

as saplings in Higelely forest. 57.9% of the species 

recorded as matured species were represented in the 

sapling count in this forest. The total sapling density of 

this forest was 3033.77 individuals per ha. Species with 

high sapling density in this forest were: Acacia oerfota, 

Acacia mellifera, Acacia senegal, Boscia minimifolia, 

Grewia tenax, Acacia bussie, Acacia tortolis and Acacia 

brevispica (with sapling density of 851-101). 81% of the 

sapling density in Higelely forest was contributed by these 

species (Table 7). 

The assessment of regeneration will help in decision on 

feasibility of conservation efforts for sustainable use. The 

results of the inventory show a gap between the floristic 

composition of the matured stand and the regeneration. There 

were some matured dry forest species, which lack seedlings 

and /or saplings. This might suggest that their regeneration 

from seedlings and/or saplings would be unlikely once 

matured individuals disappeared and these species are under 

threat of local extinction. 

In analyzing the conservation status and for the sake of 

priority setting of all the species encountered in this forest, 

the species were classified into three groups based on total 

regeneration density. Those species, which are totally absent 

in the regeneration, are grouped under Group 1; others whose 

density is greater than zero but less than 50 are under Group 

2 and those with density of greater than or equal to 50 are 

Group 3. Accordingly, the species in-Group 1 is first priority, 

Group 2 second priority and Group 3 third priorities for 

conservation. From all tree/shrub species encountered in this 

forest, about 35.7% were found in Group 1, 28.5% in Group 

2 and 35.7% in Group 3 (Table 8). 

The relative abundance, distribution and growth of 

seedlings and/or saplings in the understory are important in 

determining species that replace the canopy. However, 

abundance of seedlings and/or saplings should by no means 

an indicator of the definitive establishment of young 

individuals. This is because for many indigenous tree/shrub 

species the seedlings and /or saplings are often not easy to 

establish since the microhabitat in which regeneration 

occurs might not be a suitable environment for 

establishment. Therefore, further study and monitoring of 

the natural regeneration in designated conservation areas is 

required. 

3.5. Conservation Priority of Woody Species 

For the actual determination of the conservation status of 

all the species of this forest, the importance value index (IVI), 

population structure and regeneration status of all the species 

encountered in the area were analyzed. The woody species 

with lower values in IVI are taken as rare species and in need 

of conservation measure. On the other hand, even though 

some species had higher value in IVI, their species 

population structure showed that bad reproduction and bad 

recruitment. The woody species which have bad reproduction 

and bad recruitment are the first priority species to be 

considered for conservation. In the case of analyzing the 

conservation status by regeneration status, those species 

without regeneration are the first priority species to be 

considered for conservation. 

In setting the priority rank, the IVI selection criteria, 

population structure criteria and regeneration status criteria 

were considered to have equal values. If a species is found in 

the mentioned criteria, the species will get 1, if not 0. Then 

these values will be added and the species will be prioritized 

by the total values of the three scores that the species will get. 

From the selected 24 priority species 16.7% were selected by 

the three criteria, 37.5% by two of the criteria and 45.8% 

were selected by one of the three criteria (Table 9). 
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Table 7. The seedling and sapling records of Higelely dry forest. 

Species Seedling/ha Sapling/ha Total 

Acacia brevispica 20.27 101.35 121.62 

Acacia bussie 175.68 128.38 304.06 

Acacia drepanolobium 0 0 0 

Acacia etbaica 27.03 27.03 54.06 

Acacia mellifera 114.86 608.11 722.97 

Acacia nilotica 0 0 0 

Acacia oerfota 195.95 851.35 1047.3 

Acacia senegal 47.3 243.24 290.54 

Acacia sp 0 0 0 

Acacia tortolis 67.57 108.11 175.68 

Albizia amara 0 0 0 

Balanites glabra 0 40.54 40.54 

Berchemia discolor 0 13.51 13.51 

Boscia minimifolia 67.57 236.49 304.06 

Boswellia microphylla 0 74.32 74.32 

Combretum molle 0 0 0 

Commiphora africana 0 0 0 

Commiphora boranensis 0 13.51 13.51 

Commiphora corrugata 0 0 0 

Commiphora incisa 0 74.32 74.32 

Commiphora schimperi 0 40.54 40.54 

Commiphora truncata 0 6.76 6.76 

Cordia monica 0 6.76 6.76 

Dobera glabra 0 0 0 

Dodonaea angustifolia 0 0 0 

Dulfelid 0 0 0 

Grewia arborea 27.03 54.05 81.08 

Grewia bicolor 0 6.76 6.76 

Grewia sp 0 54.05 54.05 

Grewia tenax 135.14 182.43 317.57 

Ipomoea donaldsonii 0 0 0 

Maerua triphylla 0 0 0 

Opilia campestris 0 0 0 

Salvadora persica 0 0 0 

Solanum juboe 54.05 67.57 121.62 

Sterculia setigera 6.76 0 6.76 

Terminalia brownii 0 13.51 13.51 

Ziziphus spina-christi 0 0 0 

Grewia flavescens 74.32 67.57 141.89 

Sida rhombifolia 27.03 0 27.03 

Solanum incanum 6.76 0 6.76 

Ipomoea spathulata 0 13.51 13.51 

Total 1047.32 3033.77 4081.09 

Table 8. List of species under regeneration status group. 

No Group 1 No Group 2 No Group 3 

1 Acacia drepanolobium 1 Balanites glabra 1 Acacia oerfota 

2 Acacia nilotica 2 Commiphora schimperi 2 Acacia mellifera 

3 Acacia sp 3 Sida rhombifolia 3 Grewia tenax 

4 Albizia amara 4 Berchemia discolor 4 Acacia bussie 

5 Combretum molle 5 Commiphora boranensis 5 Boscia minimifolia 

6 Commiphora africana 6 Terminalia brownii 6 Acacia senegal 

7 Commiphora corrugata 7 Ipomoea spathulata 7 Acacia tortolis 

8 Dobera glabra 8 Commiphora truncata 8 Grewia flavescens 

9 Dodonaea angustifolia 9 Cordia monica 9 Acacia brevispica 

10 Dulfelid 10 Grewia bicolor 10 Solanum juboe 

11 Ipomoea donaldsonii 11 Sterculia setigera 11 Grewia arborea 

12 Maerua triphylla 12 Solanum incanum 12 Boswellia microphylla 

13 Opilia campestris   13 Commiphora incisa 

14 Salvadora persica   14 Acacia etbaica 

15 Ziziphus spina-christi   15 Grewia sp 
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Table 9. List of all the species selected by IVI, population structure and regeneration status criteria. 

Species name 
Threat status selection criteria 

Total score Priority rank 
IVI Population structure Regeneration status 

Acacia drepanolobium 1 1 1 3 1 

Commiphora africana 1 1 1 3 1 

Ipomoea donaldsonii 1 1 1 3 1 

Acacia sp 1 1 1 3 1 

Grewia sp 1 1  2 2 

Albizia amara  1 1 2 2 

Combretum molle  1 1 2 2 

Dobera glabra  1 1 2 2 

Dulfelid  1 1 2 2 

Maerua triphylla  1 1 2 2 

Opilia campestris  1 1 2 2 

Salvadora persica  1 1 2 2 

Ziziphus spina-christi  1 1 2 2 

Acacia etbaica  1  1 3 

Berchemia discolor  1  1 3 

Commiphora boranensis  1  1 3 

Commiphora truncata  1  1 3 

Cordia monica  1  1 3 

Grewia tenax  1  1 3 

Sterculia setigera  1  1 3 

Terminalia brownii  1  1 3 

Acacia nilotica   1 1 3 

Commiphora corrugata   1 1 3 

Dodonaea angustifolia   1 1 3 

 

For the actual implementation of the genetic conservation 

measures of these species, the ecological demands and 

reproduction systems of each species has to be known. Even 

though there is limited information on the ecological 

requirements and reproduction systems of the species, 

conservation measures should be applied [22]. Therefore, for 

the conservation of priority woody species in Higelely dry 

forest, in-situ conservation strategy is recommended to allow 

the natural regeneration and recruitment. In addition to this, 

the seed storage and germination behavior of the species are 

required to conserve the species in ex-situ conservation 

strategy such as cold room storage and plantation in their 

suitable habitats. 

4. Conclusions and Recommendations 

Higelely forest should be seen as one of the biodiversity 

conservation area because of the fact that it is one of highly 

threatened dry forest areas in the region. This forest had 

about 42 woody species, which belong to 15 families. This 

forest was heavily exploited forest in the past and still 

continuous to be heavily impacted by human interference. 

There is a continued cutting of trees and forest clearance by 

local people and this disturbance has affected the species 

composition and structure of the forest. Based on current 

trends of disturbance in Higelely dry forest, inevitably 

genetic erosion will be caused. Therefore, taking the 

appropriate genetic conservation measure is the timely 

action. 

To conserve the forest genetic resources, to improve the 

natural diversity and structure of the forest and to gain 

optimal ecological and economical benefit of the forest, in-

situ conservation site establishment is recommended. Further 

study on the population and population distribution of the 

priority selected species is essential for effective conservation 

measures. Increase public awareness on the forest genetic 

resource values and the problems related to loss of genetic 

information is also needed. Create alternatives and 

mechanisms by which human impacts can be minimized 

through discussion and consultation with the local 

community should be the other current action. In addition, 

seed collection and storage in cold room should be applied 

for species which could produce orthodox seed.  
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