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This study was conducted on Doshke forest in Chencha wereda, Gamo Gofa zone, South Ethiopia, with the objective of determining
woody vegetation composition, structuren, and community types of woody plant species. Systematic sampling method was used to
collect vegetation data. A total of 42 quadrats each with 400 m” (20 m X 20 m) were established along four lines transects for woody
species and regenerations. All the collected woody plant species were identified in National Herbarium of Ethiopia. Data used to
describe vegetation structure were recorded from the quadrats. Sorensens’s similarity coefficient and Shannon-Wiener diversity
index were also used to detect similarities and to compute species diversity and evenness respectively. A total of 44 woody species
belonging to 40 genera and 28 families were recorded in the forest. The family Myrsinaceae and Rubiaceae were found to exhibit
the highest number of species each with 4 species. The hierarchical cluster analysis using PC-ORD version 5.0 computer programs
revealed four community types, of which Maesa lanceolata-Allophylus abyssinicus community type (C2) exhibited the highest species
diversity and evenness. The structural analysis of Doshke forest revealed that the density of tree species in Doshke forest decreases
with increasing height and DBH classes. The forest is characterized by high density of woody species in the lower class than in
the higher. The most dominant tree species recorded were Syzygium guineense, Ilex mitis, and Galiniera saxiferaga. Three layers of
woody species were identified from the study of vertical stratification. Studies on the regeneration of the forest indicated that there
are species that require urgent conservation measures. Generally, Doshke forest possesses many economically and ecologically
important plant species. It can be considered as the biodiversity conservation center in general and the forest genetic resources
conservation in particular.

1. Introduction

Ethiopia is known as the biodiversity hotspot and center of
origin and diversification for a significant number of plants,
animals, and their wild relatives due to its dramatic geological
history, broad latitudinal spread, and immense altitudinal
range. This variety led to the emergence of habitats that are
suitable for the evolution and survival of various plants and
animal species, which contributes to the overall biodiversity
of the country [1]. Altitude and rainfall strongly influence
Ethiopia’s extraordinary range of terrestrial and aquatic
ecosystems and have contributed to a high diversity and of
endemism [2]. The flora of the country is very heterogeneous

and estimated to contain between 6,500 and 7000 species of
higher plants, of which about 12% are endemic [3].

However, the natural forest cover of the country has been
diminishing over times due to various human induced pres-
sures such as rapid population growth, extensive forest clear-
ing for cultivation, overgrazing, and exploitation of forests for
fuel wood and construction materials without replanting [4].
In addition to anthropogenic activities, forest can be affected
by different environmental factors such as altitude, slope, and
aspect by affecting the patterns of tree species distribution
[5]. The ever-increasing demands for forest products and
forestland together with the increase in human population
are putting unbearable pressure on the remaining forest
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fragments [6-8]. In Ethiopian highlands, the influence of hu-
mans and their domestic animals has profoundly altered both
the vegetation and the landscape and little natural highland
vegetation remains today [9]. Ecological degradation includ-
ing deforestation and erosion is wide spread particularly in
the northern and central highlands. Though not severely de-
graded, the southern parts of the highlands are being increas-
ingly affected [10].

Deforestation and degradation are the causes of forest
cover loss in Ethiopia which has its roots in a cascade of
events. Geometric population growth results increased rural
demand for agricultural lands. This in turn led to expansion of
cultivated fields at the expense of the forest. The annual rate of
deforestation in Ethiopia was found to be extremely high [11].
This unprecedented deforestation rate is considered a major
threat to the Ethiopian biodiversity [12] and the habitats of
the 120 threatened endemic plant species of Ethiopia [13]. This
apparent forest resources degradation calls for establishment
and reinforcement of stringent forest resources conservation
measures while designing such measures, it is in appropriate
to rely only on conventional methods since inclusion of local
communities and indigenous approaches is equally impor-
tant in conservation endeavor.

2. Materials and Methods

2.1. Description of the Study Area. The study was conducted in
Doshke forest which is located in Chencha wereda of Gamo
Gofa, Zone of Southern Nations, Nationalities, and Peoples
Regional State (SNNPRS), Ethiopia (Figure 1). Doshke forest
(6°11'48"-6°12'23"N and 37°33'06"-37°33'53"E) is a small
forest patches in Chencha wereda close to Dorze town on the
northwest direction. The forest belongs to moist evergreen
afromontane ecosystem. It also touches the northern side of
Gara-dita kebele in the wereda. It ranges in altitude from 2425
m. to 2550m.a.s.l and covers an area of about 110 hectares.

About 82% of the wereda is categorized as Dega agro-eco-
logical zone whereas the remaining 18% is categorized under
Weina Dega agro-ecological zone. The maximum mean
temperature varies between 18 and 26°C while the minimum
mean temperature ranges between 11 and 13°C. According to
Meteorological data obtained from Arba Minch University
Meteorological Station within six year (2005-2010), Chencha
wereda obtains high rainfall in April and October with 188.5
mm and 194.5 mm mean monthly annual rainfall respectively.
The lowest rainfall distribution was recorded from January to
February and November to December (Figure 2). This shows
that the study area has a bimodal raining distribution pattern.

The topography of Chencha wereda is mountainous, high-
ly undulating, and rugged with poor infrastructure. There
are four rivers, namely, Baso, Hare, Shaffe, and Gina with
tributary springs in the wereda. Erosion is the major cause of
soil degradation in the area [14]. The land which is occupied
by Doshke forest is characterized by gentle slope that ascends
from the South to North sides and hill foot with flat upper
surface and dissected with Matse stream emerged from the
forest area and one main river known as Gina River.

The total human population of Chencha wereda is 132,677
of which 117,964 are rural while 14,716 are urban dwellers [15].
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The Gamo people are the major ethnic group in the wereda.
The livestock number of the wereda is estimated to be 114,152.
Since the wereda has low forest resource and coverage, there
is an imbalance between supply and demand for the resource
[16].

Agriculture is the mainstay of the population of the
wereda. As [16] stated, 90 % of the total population of Chen-
cha wereda derives its livelihood from agriculture. The farm-
ing system of the wereda is mixed farming, compromising
both cropping and livestock rearing. Enset is staple crop in the
particular wereda and throughout Gamo highlands. Other
main crops grown in the wereda are potato, barley and wheat
in the Dega Zone and Maize, sorghum, and sweet potato in
the Weina Dega.

According to [12], the forest vegetation of southwest
Ethiopia is the last remaining frontiers of forested landscape
in the country. The region has a relatively high forest cover
compared to other parts in the country. Chencha is one of
the wereda in the region which is covered by some forest
patches such as Nagasa forest, Ewurie forest, and Doshke
forest. In addition, the land of the wereda is covered by plan-
tation trees most importantly Bamboo and Eucalyptus. The
forest is characterized by broad-leaved and evergreen trees.
Even though the forest of the study area comprised many
important plant species, a little conservation attention was
given for forest vegetation particularly at the marginal area
of the forest.

2.2. Sampling Design. A reconnaissance survey was carried
out across the forest in order to obtain an impression of
the site conditions, to collect information on accessibility
and to determine sampling sites and sampling methods to
be used for vegetation data collection. Four transects were
laid systematically and the distribution of transects were
made in such a way that aspects of the forest area could be
covered. Accordingly, three transects were laid to the north
direction and the fourth one to the west direction. A total of
42 quadrats, each with 20m by 20m (400 m?) were established
for trees, shrubs, lianas, and regenerations. Sampling plots
(quadrats) were laid systematically at every 50 m along
transect lines. Depending on the length of the transect lines,
the number of the quadrats laid on each transect line varied
from 7 to 14.

2.3. Vegetation Data Collection. In each sample plot, the
woody plant species (trees, shrubs, and lianas) were recorded
along with the following structural attributes. Diameter was
measured for every individual trees, shrubs, and lianas having
DBH (diameter at breast height) equal or greater to 2.5
cm using a diameter tape. If the tree branched at breast
height or below, the diameter was measured separately for the
branches and averaged. Trees and shrubs with DBH less than
2.5 cm were counted. In cases where tree boles buttressed,
diameter measurements were related to the point just above
the buttress.

Height of trees and shrubs greater than or equal to 2m
was measured for every woody individual species with DBH
greater than or equal to 2.5 cm using calibrated stick. Where
slope, topography, and crown structure made it difficult
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FIGURE 1: Map of the study area.
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FIGURE 2: Rainfall distribution of Chencha wereda. Source: Arba Minch University Meteorological Station (2011) from 2005-2010.



to measure height of the woody matured species, it was
estimated visually. The data on number of seedlings and
saplings with height less than 1m for seedlings and 2m for
saplings with DBH less than 2.5cm for all trees and shrubs
were collected in each plot. Every woody plant species within
each quadrats were recorded and coded with vernacular
or scientific name as much as possible and their cover
abundance (ground cover) percentage was estimated [17].

Different volumes of Flora of Ethiopia and Eritrea and
field guide manuals were used to identify species in the field.
Plant specimens were collected, pressed, dried and brought
to the National Herbarium (ETH) at Addis Ababa University
for identification. The nomenclature of the taxa follows Flora
of Ethiopia and Eritrea.

2.4. Data Analysis

2.4.1. Plant Community Analysis. The most common mul-
tivariate technique to analyze plant communities is classi-
fication by means of cluster analysis. Cluster analysis helps
to group a set of observations (plots or vegetation samples)
together based on their attributes or floristic similarities
[18, 19]. Accordingly, a hierarchical cluster analysis was
performed using PC-ORD for windows version 5.0 [20]
to classify the vegetation into plant community types. The
analysis was based on the abundance data of the species. The
Relative Euclidean Distance (RED) measures using Ward’s
method was used in the current study to eliminate the dif-
ferences in total abundance among sample units. In addition,
the Ward’s method was used in order to minimize the total
within group mean of squares or residual sum of squares [19].
The plant community types were named after two or three
dominant species selected using the relative magnitude of
their mean cover abundance values.

2.4.2. Vegetation Structure Analysis. For the description of
vegetation structure, tree density, frequency, height, and
diameter at breast height (DBH) distribution and basal area
were used. Tree and shrub basal area and density were
computed on hectare basis. Basal area (BA) is the area outline
of a plant near ground surface. It is the cross-sectional area
of tree stems at DBH. Relative density, relative frequency,
relative dominance, and importance value index (IVI) were
calculated to determine the vegetation structure and the
dominant species of the forest [21] using the following formu-
la.

Relative Density

Number of individuals of species

~ Total number of individuals of all species
x 100
Relative Frequency

Frequency of a species

~ Sum of frequencies of all species
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Relative Dominance

Basal area of a single species

~ Total basal area of all species
Important Value Index (IVI)
= Relative density + Relative frequency

+ Relative dominance.

)

2.4.3. Species Diversity Analysis. The Shannon-Wiener indices
of diversity (H') and evenness (E) were computed to describe
the species diversity and evenness of the species in the forest
vegetation [22]. The Sorensen’s similarity index was also used
to determine the pattern of species turnover among the
community types 0190. Shannon-Weiner index of diversity
(H’), evenness (E), and Sorensen’s similarity index (Ss) were
calculated as following Shannon & Weaver as follows: H' =
— Y., pilnpi, where s = number of species, Pi = proportion
of individuals or the abundance of the i species expressed as
a proportion of the total cover, and In = log base.

On the other hand, evenness (E) was computed as (E) =
H’ / H'max where, H' = Shannon-Wiener diversity index, and
H'max =In s, where s is the number of species. The Sorensen’s
similarity coefficient was calculated as (Ss) = 2a/(2a + b + ¢)
where a = Number of species common to both samples, b =
Number of species in sample 1, and ¢ = Number of species in
sample 2.

3. Results and Discussions

3.1. Woody Species Composition of the Forest. A total of 44
woody plant species belonging to 40 genera and 28 families
were recorded from 42 quadrats examined from the study
area. The most dominant families of the study area are Myrsi-
naceae which are represented by 4 species (9.09 %) and Rubi-
aceae with 4 species (9.09 %). Fabaceae, Meliaceae, Rosaceae,
Solanaceae, Asteraceae, and Celastraceae are represented by
2 species (4.55 %) each of the total floristic composition. The
remaining 18 families (64.29 %) are represented by only one
species (Table 1).

With regard to genera number, Rubiaceae is the most
dominant with contributing 4 genera (10%) to the total and
followed by Euphorbiaceae and Myrsinaceae with each con-
tributing 3 genera (7.5%). Araliaceae, Fabaceae, Meliaceae,
Rosaceae, and Solanaceae contributed 2 genera each (5%
each). The remaining families of the study area are comprised
of 1 genera each (Table 1).

Analysis of the habit of woody species recorded form
Doshke forest revealed that the largest number of species 29
out of 44 (66%) were trees, while 12 (27%) were found to be
shrubs and 3 (7%) lianas (Figure 3).

3.2. Vegetation Classification. Four plant community types
were recognized from hierarchical cluster analysis using PC-
ORD version 5.0 computer program (Figure 4). The vegeta-
tion analysis was derived from the cover abundance data
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TABLE 1: Plant families encountered in Doshke forest with their number of genera and species (%=percentage contribution to the total).
Family No. of species % No. of genera %
Acanthaceae 1 2.27 1 2.5
Aquifoliaceae 1 2.27 1 2.5
Araliaceae 3 6.82 2 5
Asparagaceae 1 2.27 1 2.5
Asteraceae 2 4.55 1 2.5
Celastraceae 2 4.55 1 2.5
Dracaenaceae 1 2.27 1 2.5
Ericaceae 1 2.27 1 2.5
Euphorbiaceae 3 6.82 3 75
Fabaceae 2 4.55 2 5
Icacinaceae 1 2.27 1 2.5
Lobeliaceae 1 2.27 1 2.5
Meliaceae 2 4.55 2 5
Melianthaceae 1 2.27 1 2.5
Moraceae 1 2.27 1 2.5
Myrsinaceae 4 9.09 3 7.5
Myrtaceae 1 2.27 1 2.5
Oliniaceae 1 2.27 1 2.5
Phytolaccaceae 1 2.27 1 25
Pittosporaceae 1 2.27 1 2.5
Rosaceae 2 4.55 2 5
Rubiaceae 4 9.09 4 10
Sapindaceae 1 2.27 1 2.5
Solanaceae 2 4.55 2 5
Sterculiaceae 1 2.27 1 2.5
Tiliaceae 1 2.27 1 2.5
Urticacea 1 2.27 1 2.5
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FIGURE 3: Distribution of plant species by their habits in Doshke forest.

matrix of 44 woody species by 42 plots from Doshke forest.
The four community types obtained from the analysis were
named after two or three characteristic species that had
the highest mean cover abundance value (Tables 2-5). The
highest mean cover value that appears in their particular
cluster was used as a criterion for giving name to these local
vegetation communities. Accordingly, the four plant com-
munities identified from the study area were Syzygium
guineense-Galiniera saxiferaga community type (Cl), Maesa

lanceolata-Allophylus abyssinicus community type (C2),
Apodytes  dimidiata-Maytenus undata community type
(C3), and Syzygium guineense-Ilex mitis-Pavetta oliveriana
community type (C4). In all observed plant communities,
species with higher mean overabundance values are those
that were easily observed repeating themselves in associa-
tions.

The four plant community types and their characteristics
are listed and described in Figure 4.
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FIGURE 4: Dendrogram of the vegetation data obtained from hierarchical cluster analysis of Doshke forest (C1 = community type 1, C2 =
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C2=Plots 3, 23, 36, 21, 42, 40, and 22. C3= Plots 9, 10, 24, 25, and 26. C4= Plots 4, 30, 5, 28, 16, 18, 19, 12, 15, 17, 20, 13, and 27.

(1) Syzygium guineense-Galiniera saxiferaga Community Type.
This community type is distributed between the altitudinal
ranges of 2445 and 2517m.a.s.l. in the forest. Compared to
the rest three community types, it has the largest number
of quadrats and species. It is represented by 17 plots and
40 species. The main associated characteristic and dominant
species to this community are Syzygium guineense, Galiniera
saxiferaga, Ilex mitis, Apodytesdimidiata, Maytenus undata,
and Lobelia giberroa (Table 2). The other woody species asso-
ciated with this community type include Dombeya torrida,
Embelia schimperi, Lepidotrichilia volkensii, Pavetta oliveri-
ana, Maesa lanceolata, Rubus apetalus, Croton macrostachyus,
Allophylus abyssinicus, Erythrina brucei, Phytolacca dodecan-
dra, Myrsine melanophloeos, Olinia aequipetala, and Ficus sur.
Pittosporum viridiflorum, Erythrina brucei, and Polysphaeria
parvifolia, are among the species which are found only in this
community.

(2) Maesa lanceolata-Allophylus abyssinicus Community Type.
This community types is distributed between the altitudinal
ranges of 2431 and 2497 m.a.s.l. in the study area. This com-
munity resulted from 7 plots and 36 species. It is the second
species rich community type. The most dominant species
of this community type are Maesa lanceolata, Allophylus
abyssinicus, Syzygium guineense, Galiniera saxiferaga, Rubus

apetalus, and Discopodium penninervum (Table 3). The other
characteristic species common to this community type
including Schefflera abyssinica, Olinia aequipetala, Polyscias
fulva, Maytenus undata, Agarista salicifolia, Urera hypselo-
dendron, Vernonia myriantha, Ficus sur, Vernonia amyg-
dalina, Triumfetta heterocarpa, and Sesbania sesban are com-
mon woody species of this community type.

(3) Apodytes dimidiata-Maytenus undata Community Type.
The community type is encountered in the altitudinal ranges
between 2457 and 2498m.a.s.l. in the forest. It comprises
smallest number of quadrats than the rest community types
which is represented by 5 quadrats and 26 associated woody
species. Along with the most dominant species used to name
the community, Galiniera saxiferaga, Syzygium guineense, Ilex
mitis, and Allophylus abyssinicus are the dominant species
in this community type (Table 4). The other woody species
associated with this community type include Discopodium
penninervum, Euphorbia ampliphyla, Dracaena afromon-
tana, Lobelia giberroa, Embelia schimperi, Maesa lanceolata,
Acanthus eminens, Rubus apetalus, Polyscias fulva, Bersema
abyssinica, Maytenus gracilipes, Pavetta oliveriana, Ficus sur,
Dombeya torrida Lepidotrichilia volkensii, Triumfetta hetero-
carpa, and Ekebergia canpensis.
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TaBLE 2: The top 6 plant species with the highest mean cover-abundance value in community type L

No. Scientific name Mean cover abundance value Proportion of plots in a community
1 Syzygium guineense 4.00 1.00
2 Galiniera saxiferaga 2.18 1.00
3 Ilex mitis 1.82 0.88
4 Apodytes dimidiata 171 0.82
5 Maytenus undata 159 0.94
6 Lobelia giberroa 118 0.82
TABLE 3: The top 6 plant species with the highest mean cover-abundance value in community type 2.
No. Scientific name Mean cover abundance value Proportion of plots in a community
1 Syzygium guineense 1.71 1.00
2 Galiniera saxiferaga 157 1.00
3 Maesa lanceolata 1.29 0.86
4 Allophylus abyssinicus 114 0.71
5 Rubus apetalus 112 0.71
6 Discopodium penninervum 1.00 0.86

(4) Ilex mitis-Pavetta oliveriana-Syzygium guineense Commu-
nity Type. This community type is located between an altitu-
dinal range of 2479 and 255Im.a.s.l. in the forest and com-
prised of 13 plots and 29 species. This community type is
highly dominated by Syzygium guineense, Ilex mitis, and
Pavetta oliveriana (Table 5). The other common woody spe-
cies associated with this community include Galiniera sax-
iferaga, Maytenus undata, Lobelia giberroa, Embelia schim-
peri, Canthium oligocarpum, Acanthus eminens, Macaranga
capensis, Schefflera abyssinica, Bersama abyssinica, Apodytes
dimidiata, Asparagus africanus, Ekebergia capensis, and Acan-
thus eminens. Hypericum revolutum is among the species
which are found only in this community type.

3.3. Species Diversity and Evenness of the Plant Communities.
Shannon-Wiener diversity index and evenness were com-
puted for the four communities from the vegetation data
of Doshke forest (Table 6). Of the four community types,
community type 2 exhibited the highest species diversity and
evenness followed by community type 1 and community type
3. Community type 4 showed the least species diversity and
evenness than others (Table 6). The least species diversity and
evenness value of community type 4 may imply the domi-
nance of the environment by few species. Reference [23], from
his study on church vegetation, found different Shannon-
Wiener diversity index and evenness for the communities
he recognized, and he attributed low species diversity and
evenness in a community to excessive disturbance, vari-
able conditions for regenerations, and exploitation of some
species.

While community type 1 had the highest species richness
followed by community type 2, community type 4 showed
intermediate richness whereas community type 3 exhibited
the least species richness (Table 6). The possible reason for
high species richness of community 1 may be altitudinal
factor because intermediate altitude could be associated
with optimal conditions of environmental factors that favor

vegetation growth. Furthermore, the most representative
plots of this community are found far from anthropogenic
disturbances such as agricultural expansion fire and fuel
wood.

3.4. Similarity among Plant Community Types. The Sorensen’s
similarity coefficient was computed to detect dissimilarities
among plant community types (Table 7). Based on this, simi-
larity values in species composition between the communities
ranged from 78 to 89%. The highest similarity was observed
between community type 1 (Syzygium guineense - Galin-
iera saxiferaga community type) and 2 (Maesa lanceolata-
Allophylus abyssinicus) (89%) followed by community type
3 (Apodytes dimidiata-Maytenus undata) and 4 (Syzygium
guineense-Ilex mitis-Pavetta oliveriana) (82%). The least sim-
ilarity was observed between community 2 and 4 (78%),
this may be due to conservational variation and variation in
disturbance due to anthropogenic activities (Table 7).

3.5. Vegetation Structure

3.5.1. Height Distribution. For the description of the structure
of Doshke forest, 44 woody plant species comprising 2164
individuals whose DBH are greater than 2.5 cm and height
is greater than 2 m high were selected. Eight height classes
were conventionally established (Figure 5). The height class
distribution of trees and shrubs in this forest (Figure 5)
indicated that more than 79% of the individuals have height
less than 10 m (Height classes 1 and 2). Only small proportion,
about 11%, reached height up to 18m.

Generally, the density of each height class decreases with
the increase in height showing an inverted J-shape pattern
(Figure 5). The decreasing in density of each height class
towards the highest height classes reveals the dominance of
lower stature individuals in forest (Table 9). This could sug-
gest that Doshke forest attributed to high rate of regeneration
but poor recruitment which may be due to selective cutting
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TaBLE 4: The top 6 plant species with the highest mean cover-abundance value in community type 3.

No. Scientific name Mean cover abundance value Proportion of plots in a community

1 Syzygium guineense 3.80 1.00

2 Apodytes dimidiata 3.00 1.00

4 Galiniera saxiferaga 1.80 0.80

5 Allophylus abyssinicus 1.60 0.80

6 Ilex mitis 1.20 0.60
TABLE 5: The top 5 plant species with the highest mean cover-abundance value in community type 4.

No. Scientific name Mean cover abundance value Proportion of plots in a community

1 Syzygium guineense 6.15 1.00

2 Galiniera saxiferaga 2.00 0.85

3 Ilex mitis 2.00 1.00

4 Pavetta oliveriana 1.62 0.85

5 Maytenus undata 0.92 0.77

or exploitation of bigger trees. Shrubs and small trees to be
dominant in the floristic composition of Kimphe forest [24]
and they suggested this is a consequence of selectively re-
moval exploitation of bigger tree species.

Among different plant species, there are variations in
height class distribution patterns. For example, Syzygium gui-
neense and Galiniera saxiferaga showed an inverted J-shape
pattern (Figures 6(a) and 6(c)), Ilex mitis (Figure 6(b))
showed a lower density in the first class followed by V-
shape pattern, and Apodytes dimidiata (Figure 6(d)) showed a
higher density in the first class followed by irregular decrease
or increase. These different distribution patterns of species
occurred due to the nature of the species, regeneration
capacity, and selective removal of individuals at specific size.

3.5.2. DBH Distribution. The woody plant species in the
study area could be conveniently classified into eleven DBH
classes: 2.5-12 cm, 12.01-24 cm, 24.01-36 cm, 36.01-48 cm,
48.01-60 cm, 60.01-72 cm, 72.01-84 cm, 84.01-96 cm, 96.01-108
cm, 108.01-120cm, and > 120 cm (Figure 7).

As the DBH classes size increases, the number of indi-
viduals gradually decrease beginning from 992 stems ha™
in the first class down to 15 stems ha™' in the eleven DBH
class. From the figure, it is also evident that about 992 (77%)
of the individuals ha™ have DBH between 2.6-12 cm (DBH
class 1) and more than 1063 (83%) of the individuals ha™
have DBH less than 24 cm (DBH classes 1 and 2). The
remaining 9 DBH classes collectively account for about 225
(17%) individuals ha™'. When viewed from the whole set of
population structure, the distribution of all individuals in
different size classes showed an inverted ] shape for DBH
classes (Figure 7).

The majority of the species had the highest number of
individuals in the lower DBH and low in the high DBH
classes. Such inverted J-shaped distribution pattern depicts
that the forest is on the status of favorable regeneration
potential. Similar results were reported by [25, 26] in their
vegetation study. It is also noted that when the entire
DBH class distribution of the forest is evaluated on a species

basis, different distribution patterns for different species were
revealed. For example, Syzygium guineense and Ilex mitis had
almost an inverted J-shaped distribution pattern (Figures
8(a) and 8(b)), Galiniera saxiferaga had the highest number
of individuals in the lower DBH class followed by irregular
decrease up to the 7 (72.01-84 DBH class) but totally missed
in the other left DBH classes (Figure 8(c)) and Apodytes
dimidiata had the highest number of individuals in the lower
DBH class followed by irregular decrease and increase but
totally absent in the 9™ (96.01-108 DBH class) and again
increase in the last two classes (Figure 8(d)). The inverted
J-shape distribution pattern of Syzygium guineense and Ilex
mitis may suggest that these species have a good reproduction
and healthy regeneration potential in the forest. Similar result
was reported by [27] for tree species from moist afromontane
forest. In the case of Galiniera saxeferaga, the inverted J shape
distribution pattern is terminated before reaching the higher
DBH classes due to the shruby nature of the species. The
irregularity of diameter classes of Apodytes dimidiata may
indicate the selective removal of specific sized individuals.

3.5.3. Basal Area. The total basal area calculated for Doshke
forest was about 103.7 m*/ha for woody plant species > 2.5
cm in DBH. This is further partitioned into 1.2 m?/ ha for
individuals with DBH between 2.5-12 cm, 2 m?/ ha for DBH
12.01-24 cm, 3.5 m*/ha for DBH 24.01-36 cm, 3.7 m*/ha for
DBH 36.01-48, 6 m’/ha for DBH 48.01-60 cm, 9.5 m*/ha
for DBH 60.01-72 cm, 9.7 m?/ha for DBH 72.01-84 c¢m, 13.5
m’/ha for DBH 84.01-96 cm, 10.5m"/ha for DBH 96.01-108
cm, 22.3 m’/ha for DBH 108.01-120 cm and 21.7 m*/ ha for
DBH > 120 cm (Figure 9). There is a considerable decrease
in number of individuals with increasing DBH size and basal
area. Individuals that attained higher DBH classes are fewer
in number of individuals but higher in basal area.

A comparative contribution of the different DBH classes
to the total basal area is presented in Table 2 and Figure 8. It
is evident from the table that, even though about 992 (76.9%)
of all the individuals ha™' had DBH less than 12 cm (DBH
class 1), the percentage contribution of this classes to the
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TABLE 6: Shanon-Wiener Diversity Index and Evenness of plant community types in Doshke forest (1=Syzygium guineense-Galiniera saxiferaga
community type, 2=Maesa lanceolata-Allophylus abyssinicus Community type, 3=Apodytes dimidiata-Maytenus undata Community type, and

4=Syzygium guineense-Ilex mitis-Pavetta oliveriana Community type).

Communities Species Diversity Hmax Evenness Average
Richness Index (H') (InS) (H'/H'max) altitude(m)

1 40 2.98 3.69 0.81 2485.4

2 36 3.04 3.58 0.85 2461.4

3 26 2.62 3.26 0.80 2469.2

4 29 1.82 3.37 0.54 2519.7

TABLE 7: Sorensen similarity coefficient among community types.

Community types 1 2 3 4

1 0.89 0.79 0.81

2 0.8 0.78

3 0.82

4

total basal area was only 1.18%. Conversely, the DBH classes
greater than 108 cm (DBH class 10 and 11) had about 36.9
(2.87%) individuals ha™! of the total, but they contributed to
about 42.42% of the total basal area computed for the forest
(Table 8).

3.5.4. Vertical Stratification. The vertical structure of the
woody species occurring in Doshke natural forest was de-
scribed following the International Union Forestry Research
Organization (IUFRO) classification scheme as used by [28].
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. Accordingly, forest vegetation of Doshke forest was
classified into three strata derived from the highest height of
trees which was 40 m. Consequently; the upper layer includes
those individual tree species whose height exceeds 27 m while
the middle stratum includes those individuals in between 13
and 27 m, whereas the lower stratum comprises those plant
species below 13 m (Table 9).

The result of the study indicated that the highest density
1101 (85.5%) was attained by the lower storey individuals but
only 130 (10.1%) and 57 (4.4%) density were exhibited by the
middle and upper layer respectively. Similarly, more species
were found in the lower storey but fewer species in the middle
and upper storey (Table 9).

All of the plant species are found in the lower storey
except two species Ekebergia capensis and Polyscias fulva
which are found in the middle and upper storey. Nevertheless,
there are many species, which could not attain the middle
and upper storey by their nature. These species include
Discopodium penninervum, Lobelia giberroa, Vernonia myr-
iantha, Pavetta oliveriana, Maesa lanceolata, Vernonia amyg-
dalina, Acanthus eminens, Solanum incanum, Rubus apetalus,
Myrsine africana, Urera hypselodendron, and Asparagus
africanus. The middle and upper layer of Doshke forest were

occupied by species like Syzygium guieneense, Ilex mitis,
Polyscias fulva, Ekebergia capensis, Apodytes dimidiata, Gali-
niera saxiferaga, Schefflera abyssinica, Ficus sur, and Hagenia
abyssinica.

Generally, all the plant species that have representatives
in upper layer also appeared in the middle and lower storey.
Species of this kind are termed as species with regular vertical
distribution [28].

3.5.5. Density and Frequency. The total density of woody
plant species of Doshke forest with DBH >2.5cm and height
>2m is 1288 individuals per hectare. Out of these, 300
individuals/ha (23.3%) are contributed by Syzygium guineense
followed by Galiniera saxiferaga and Maytenus undata with
158.9 individuals/ha (12.3%) and 148.2 individuals/ha (11.5%)
respectively. Similarly, Syzygium guineense is a frequently
encountered species with frequency of 100% or relative
frequency of 6.49% and followed by Galiniera saxiferaga and
Maytenus undata with frequency of 97.62% and 95.24% or
relative frequency 6.36% and 6.17%, respectively (Table 10).
Hence, these three species are the most densely and fre-
quently occurring species of the study area.

3.5.6. Importance Value Index (IVI). Analysis of IVI revealed
that the Doshke forest was highly dominated by 5 woody
species: Syzygium guineense, Ilex mitis, Galiniera saxiferaga,
Maytenus undata, and Apodytes dimidiata (Figure 10). Of
these five species Syzygium guineense was the most important
dominant species which contributed 88.01(29.34%) IVI value
and followed by Ilex mitis and Galiniera saxiferaga with 22.32
(7.44%) and 22.29 (7.43%) IVI values, respectively. Maytenus
undata and Apodytes dimidiata were achieved the fourth and
fifth IVI rank with 17.99 (6.00%) and 16.97 (5.66%) IVI values
respectively. The remaining species exhibited IVI values less
than 9.71 (3.24%) (Table 10).

The greatest IVI reflects the extent of dominancy in a
given species in relation to the other species in the structure
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of a forest stand. According to [29], species with the greatest
importance value index are the most dominant of the par-
ticular vegetation. It is also used for setting priority species
management and conservation practices and helps to identify

their sociological status in a certain plant species as dominant
or rare species [18].

For the sake of setting species priority for conservation
using IVI analysis all woody plant species encountered in
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TaBLE 8: Contribution of different DBH classes to the total density and basal area m*/ha in Doshke forest.
No. DBH Class Bgsal Area % Density (No of stems/ha) %
(cm) (m?/ha)
1 2.5-12 1.22 118 992 76.99
2 12.01-24 2.00 1.93 71.43 5.55
3 24.01-36 3.49 3.37 53.57 416
4 36.01-48 3.71 3.58 26.79 2.08
5 48.01-60 5.99 5.78 25.60 1.99
6 60.01-72 9.51 9.18 2798 217
7 72.01-84 9.70 9.36 20.83 1.62
8 84.01-96 13.51 13.04 20.24 1.57
9 96.01-108 10.54 10.16 13.10 1.02
10 108.01-120 22.30 21.51 22.02 1.71
1 >120 21.67 20.91 14.88 1.16
Total 103.65 100.00 1288.10 100.00

the forest were grouped into five IVI classes based on their
total IVI values (Figure 10). Accordingly, 31 woody species
are found to be with less than 7 IVI Value, 8 species with
7-14 1VI value, 4 species with 14-28 value ( IVI class 14-
21 and 21-28), and only 1 species with greater than 28 IVI
value. Those species which exhibit lower IVI values need
high conservation efforts while those with higher IVI values
need monitoring management [30]. Accordingly, it can be
recommended that those species which were grouped in
IVI class 0.22-7 need high conservation effort while those
grouped in IVI class >28 need monitoring management.

Based on the IVI output, the following species accorded
the highest priority for conservation efforts. These include
Hagenia abyssinica, Urera hypselodendron, Vernonia myrian-
tha, Lepidotrichilia volkensii, Euphorbia candelbrum, Mayte-
nus gracilipes, Croton macrostachyus, Erythrina brucei, Aga-
rista salicifolia, Solanum incanum, Polysphaeria parvifolia,
Sesbania sesban, Myrsine melanophloeos, Asparagus africanus,
Pittosporum viridiflorum, Myrsine africana, and Hypericum
revolutum.

3.5.7. Regeneration Status: Species Composition and Density of
Seedlings and Saplings. Composition and density of seedlings
and saplings would indicate the regeneration status of the
forest. The composition and density of seedlings and saplings
of woody species in Doshke forest were investigated in this
study. Accordingly, from the 44 representative woody species,
a total of 24 species that belonged to 22 genera and 18 families
were found to be represented in the seedling class. The total
seedling density was 2312 ha™" which is about (46%) of the
total density of the vegetation.

The sapling class was composed of 25 species representing
24 genera and 19 families. The total sapling density was 1397
ha™' (28%) of the total density of the vegetation and a total
density of 1288 ha™' (26%) of the total density of the vegeta-
tion was contributed by mature plant species. Generally, the
total density of all woody plant species (seedlings, saplings
and matured species) recorded form the study area was
4997ha”".

The ratio of seedlings to saplings was 1.7:1, seedling to the
matured plant species was 1.8:1 and saplings to matured plant
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TaBLE 9: Density and number of woody species by storey in Doshke forest.

Number Number
M 0, 0,
Storey Height (m) of stems/ha K of species K
Lower 2-13 1101 85.5 42 95.4
Middle 13-27 130 10.1 11 25
Upper >27 57 44 6 13.6
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FIGURE 10: IVI classes and number of woody species in Doshke forest.

species was 1.1:1. These show that the distribution of seedlings
as a whole is greater than that of saplings and matured plant
species. The number of sapling individuals exceeds that of the
matured individuals implying the survival of most seedlings
to reach sapling stage.

The different woody species encountered in the forest
have different density of seedlings and saplings. From the
total woody plant seedlings (2312 ha™'), Embelia schimperi,
Galiniera saxiferaga, Pavetta oliveriana, Allophylus abyssini-
cus, Lobelia giberroa, Bersama abyssinica, Maytenus undata,
and Discopodium penninervum contributed 51.4% of the total
seedling density. Syzygium guineense alone contributed high
seedling density (43.6%) to the forest. From the total woody
plant saplings (1397 ha_l), Maytenus undata, Galiniera sax-
iferaga, Pavetta oliveriana, Discopodium penninervum, Allo-
phylus abyssinicus, and Bersama abyssinica contributed 32.6%
of the total sapling density. Furthermore, Syzygium guineense,
Embelia schimperi, and Lobelia giberroa contributed 42.1%,
11.8%, and 9% of the total sapling density respectively. Most
of the seedling and sapling densities are contributed by four
species: Syzygium guineense, Embelia schimperi, Galiniera
saxiferaga, and Lobelia giberroa. This shows that these species
have high regeneration status.

Conversely, the seedling and sapling of some impor-
tant species such as Hagenia abyssinica, Ekebergia capen-
sis, Euphorbia ampliphyla, Dombeya torrida, Polyscias fulva,
Olinia aequipetala, Ficus sur, Agarista salicifolia, Maytenus
gracilipes, Schefflera abyssinica, Pittosporum viridiflorum, and
Polysphaeria parvifolia are absent among the regeneration
group. This may suggest that these species are either under
threat of local extinction or may prefer coppices or sprouts
as the strategy of survival. Thus, this situation calls for
conservation measures through prioritization. To ensure this,
the woody species of Doshke forest were grouped into three

priority classes on the basis of their seedling and sapling
densities following [31]. These are class 1: those species with
no seedlings and saplings, class 2: those with seedlings but no
saplings, and class 3: those with both seedlings and saplings >
1 individual/ha (Table 11). Accordingly, conservation activity
should first focus on the species under Priority Class 1 and
treat them as the first priority species to be conserved since
they lack both seedlings and saplings. Priority Class 2 should
come next and thirdly, class 3 is recommended to be given the
appropriate conservation.

4. Conclusions and Recommendations

As determined through the present study, the floristic com-
position of Doshke forest consists of 44 woody plant species
with the dominant families being Myrsinaceae and Rubi-
aceae. These dominant families might have well developed
strategies and adaptations which helped them successfully to
survive in the area. Since the collected woody species were
composed of the highest number of trees, followed by shrubs
and lianas, it can be generalized that the forest vegetation of
the study area is dominated by the highest proportion of tree
species.

The study has shown that the vegetation of study area was
grouped into 4 plant community types each of which had
varying degrees of species diversity and evenness. As the find-
ings indicated that Syzygium guineense-Galiniera saxiferaga
community type exhibited the highest species richness while
the highest diversity and evenness were observed for Maesa
lanceolata-Allophylus abyssinicus community type. Apodytes
dimidiata-Maytenus undata community type had the least
species richness while Ilex mitis-Pavetta oliveriana-Syzygium
guineense community type was with the least species diversity
and evenness. The evidence from this study suggests that the
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TABLE 10: The Importance Value Index (IVI) of woody plant species in Doshke forest.

Species Relati_ve Relative Relfltive VI VI
Density Frequency Dominance Rank
Syzygium gueneense 23.29 6.49 58.224 88.01 1
Ilex mitis 4.30 5.71 12.310 22.32 2
Galiniera saxiferaga 12.34 6.36 3.591 2229 3
Maytenus undata 11.51 6.17 0.317 1799 4
Apodytes dimidiata 3.28 4.48 9.210 16.97 5
Polyscias fulva 1.57 3.70 4.428 9.70 6
Lobelia giberroa 4.90 4.61 0.033 9.54 7
Maesa lanceolata 3.84 4.81 0.555 9.20 8
Pavetta oliveriana 3.84 4.81 0.050 8.69 9
Rubus apetalus 3.79 4.61 0.252 8.65 10
Discopodium penninervum 3.47 4.03 0.028 7.52 11
Embelia schimperi 2.77 4.48 0.020 7.27 12
Ekebergia capensis 0.46 1.36 5.212 7.04 13
Allophylus abyssinicus 3.56 3.38 0.035 6.97 14
Schefflera abyssinica 0.97 2.14 2.921 6.03 15
Bersama abyssinica 2.59 3.25 0.031 5.87 16
Dracaena afromontana 222 2.92 0.077 5.22 17
Ficus sur 0.65 1.88 2.096 4.63 18
Dombeya torrida 1.25 2.79 0.055 4.09 19
Olinia aequipetala 0.83 2.34 0.013 3.18 20
Schefflera myriantha 0.83 2.01 0.235 3.08 21
Triumfetta heterocarpa 0.69 1.69 0.008 2.39 22
Canthium oligocarpum 0.69 1.69 0.005 2.39 23
Macaranga capensis 0.55 1.56 0.016 213 24
Vernonia amygdalina 0.60 1.36 0.011 1.98 25
Acanthus eminens 1.02 0.91 0.008 1.93 26
Phytolacca dodecandra 0.42 1.23 0.003 1.65 27
Urera hypselodendron 0.60 0.91 0.042 1.55 28
Hagenia abyssinica 0.32 0.91 0.143 1.38 29
Vernonia myriantha 0.37 0.91 0.003 1.28 30
Lepidotrichilia volkensii 0.37 0.91 0.002 1.28 31
Euphorbia ampliphyla 0.37 0.78 0.044 119 32
Maytenus gracilipes 0.28 0.78 0.002 1.06 33
Croton macrostachyus 0.32 0.65 0.005 0.98 34
Erythrina brucei 0.18 0.65 0.001 0.84 35
Agarista salicifolia 0.18 0.45 0.006 0.64 36
Solanum incanum 0.14 0.32 0.001 0.46 37
Polysphaeria parvifolia 0.09 0.32 0.002 0.42 38
Sesbania sesban 0.09 0.32 0.001 0.42 39
Myrsine melanophloeos 0.09 0.32 0.001 0.42 40
Asparagus africanus 0.09 0.32 0.001 0.42 41
Pittosporum viridiflorum 0.09 0.32 0.001 0.42 42
Myrsine africana 0.09 0.13 0.001 0.22 43

Hypericum revolutum 0.09 0.13 0.001 0.22

N
~
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TaBLE 11: Woody species of Doshke forest categorized in to groups based on their order of conservation priority.

Priority Class 1

Priority Class 2

Priority Class 3

Agarista salicifolia
Dombeya torrida
Ekebergia capensis
Erythrina brucei
Euphorbia ampliphyla
Ficus sur

Hagenia abyssinica

Schefflera myriantha
Sesbania sesban
Triumfetta heterocarpa
Vernonia amygdalina
Vernonia myriantha

Acanthus eminens
Allophylus abyssinicus
Apodiytes dimidiata
Bersama abyssinica
Croton macrostachyus
Discopodium penninervum
Dracaena afromontana

Maytenus gracilipes
Olinia aequipetala
Pittosporum viridiflorum
Polysphaeria parvifolia

Embelia schimperi
Galiniera saxiferaga
Lepidotrichilia volkensii
Lobelia giberroa
Maesa lanceolata
Maytenus undata
Myrsine melanophloeos
Pavetta oliveriana
Phytolaca dodecandra

variation in species composition and diversity among com-
munities could be associated with different environmental
and anthropogenic factors.

Generally, the density of tree species in the forest de-
creases with increasing DBH and height classes which
implied the predominance of small sized individuals in the
lower classes than in the higher classes. This also implied that
the forest is in a good state of recruitment.

The study has shown that the total basal area calculated
for Doshke forest was about 103.7 m’/ha for woody plant
species > 2.5 cm in DBH but most of the basal area was con-
tributed by few large sized individuals. The study has found
that generally, three layers of tree canopies were identified
from the study of vertical stratification of Doshke forest. The
highest number of stems and species were found in the lower
storey but fewer in the middle and upper storey. Based on IVI
output, the most dominant species are those that have the
highest IVI value, as exhibited by Syzygium guineense, Ilex
mitis, Galiniera saxiferaga, Maytenus undata, and Apodytes
dimidiata.

In generally, the assessment of regeneration status based
on seedling and sapling count revealed that a significant
proportion of woody species were without seedling and sap-
ling stage in the forest; some tree species are without sapling
stage while others are represented by all stages. Based on this
result the woody species of Doshke forest are grouped in to
three priority classes for conservation.

Based on the findings of this study, the following recom-
mendations are drawn so as to conserve the forest and assure
the sustainability of services derived from it.

(i) The species in the first and second priority classes for
conservation should be given appropriate attention
and should be conserved in situ through the collabo-
ration of local communities and the wereda Agricul-
ture and Rural Development Office by designing an
appropriate mechanism.

(ii) Further investigation on the patterns of ecosystem
functioning, the soil seed banks, germination perfor-
mance of seeds, and establishment of seedlings should
be conducted.

(iii) To find out the actual reasons for the absence of re-
generation of plant species further investigation
should be carried out.

(iv) Generally, the present study is limited to woody spe-
cies composition, structure, and community types.
Therefore, further studies on environmental param-
eters, none woody vegetation of the forest, soil seed
bank, and regeneration of the species are recom-
mended.
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