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Understanding the structural pattern and regeneration status of tree species is an important measure taken to assess the vegetation
dynamics and their destruction factors species as well as management history and ecology of the forest. This study was conducted
with the objective to assess the species diversity, structure, and regeneration status of woody species in Kenech natural forest,
Ethiopia. Systematic random sampling method was employed as a sampling design for the collection of vegetation data. Ac-
cordingly, 40 plots of 20 m x 20 m were laid at every 100 m along four parallel transect lines following altitudinal gradient. Any
woody species of trees and shrubs with the diameter at breast height (DBH) >2.5 cm was measured at 1.5m from the ground. In
each sample plots, all woody species seedling, sapling, and mature woody species were counted and recorded. A total of 80 plant
species categorized into 67 genera and 28 families were recorded and identified, for description and analysis of vegetation
structure. Structural analysis of the Kenech natural forest revealed a density of 840 stems/ha and a total basal area of 56.8 m*/ha.
About 80.36% of the individuals are found in the first two classes (2.5-10 and 10-20 cm). The general pattern of DBH class
distribution of woody species in the study area revealed an inverted J shape indicating the presence of a high density of trees in the
lower DBH class than in the higher. The most dominant tree species relatively with the highest importance values recorded in the
area were Pouteria adolfi-friedericii, Podocarpus falcatus, Celtis africana, Mimusops kummel, Pyschotria orophila, and Olea
capensis subsp. macrocarpa. Forty-two species (64.61%) were represented by both seedling and sapling class, whereas 9 species
(13.84%) were not regenerating.

1. Introduction

Ethiopia is a country characterized by highly diversified
physiographic, altitudinal, climatic, and edaphic with a wide
range of habitats and vegetation types which are rich in
endemic flora and fauna [1, 2]. Ethiopia has been designated
a Global 200, an ecoregion of global importance for bio-
diversity conservation [3]. The number of species of higher
vascular plants is about 6027, of which about 10% are en-
demic to the country [4, 5]. This high number of plant
species results from the wide variation in climate, geology,
and terrain working on different time scales [6, 7] and past
historical events. Much of its floristic wealth is reflected in
the fact that Ethiopia is one of the Vavilov’s centers of origin
and/or diversity for many plants [8].

Despite the presence of high floristic composition and
endemic species, deforestation is occurring in different parts
of Ethiopia at an alarming rate and threatening much of the
country’s unique biodiversity [9] and the livelihood of the
local community. In Ethiopia, environmental degradation
and deforestation have been taking place for hundreds of
years throughout the different parts of the country [10].
According to Hundera and Deboch [11], the forests in the
entire country declined from the original climax 35% to 16%
in 1952, 3.6% by 1980, 2.6% by 1987, and an estimated 2.4%
in 1992; this is due to anthropogenic-related factors.

Deforestation and degradation are the causes of forest
cover loss in Ethiopia which has its origin in a cascade of
events [12]. The Geometric population growth of Ethiopia
resulted in rural demand for agricultural lands [13], which in
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turn led to the expansion of cultivated fields at the expense of
the forest and other land use types such as grazing and shrub
lands [14, 15]. The Ethiopian vegetations, particularly the
forest resources, are under severe pressure as a consequence
of inhabitants need of more farm land for agriculture and
grazing lands for their livestock. In Ethiopia, several factors
have been mentioned as the causes of deforestation such as
increasingly intensive use of land for agricultural and
livestock production, tree cutting for fuel wood and con-
struction materials, inappropriate conservation approaches,
and lack of awareness [12, 16-18].

In Ethiopia, most of the remaining patches of frag-
mented forests are confined to the south and the south-
western parts of the country which are less accessible [19].
However, nowadays, the remnant natural forests in these
areas are also continuously threatened by anthropogenic-
associated factors and the existing ones are in a secondary
state of development [20].

Plant population structure shows whether or not the
population has a stable distribution that allows continuous
regeneration to take place [21]. Knowledge on the pop-
ulation density of seedlings, saplings, and adults is important
as it determines the population structure and status of re-
generation of any forest community [22]. The future
composition of forests depends on potential reproduction
and recruitment as regeneration status of tree species within
a forest stand in space and time [23-25].

Systematic field survey of flora and fauna is a prerequisite
for developing effective conservation programs and its
implementation [5]. Thus, the study of vegetation structure and
their regeneration status of the tropical forest become more
imperative in the face of the ever-increasing threat to the forest
ecosystem. According to Segawa and Nkuutu [26], the
knowledge of the population structure of woody plant species
and their natural regeneration status analysis of the given forest
becomes prerequisite for forest conservation and management
and conservation strategies of biodiversity and its ecosystem
services [26, 27]. Knowledge of population structure of woody
species and their natural regeneration status analysis of the
forest resources is also useful in identifying important elements
of plant diversity, protecting threatened and economic species,
and monitoring the status of forest [26, 28].

The density value of seedlings and saplings are con-
sidered as an indicator of regeneration potential of the
species [29] in which the presence of good regeneration
indicates the suitability of a species to the environment,
which is in turn affected by climatic factors and biotic in-
terference influence [30]. The successful regeneration of
woody tree species is mainly dependent on a function of
three major components: (i) their ability to initiate new
seedlings, (ii) the survival ability of seedlings and saplings,
and (iii) the growth ability of seedlings and saplings [31].

Several scholars have conducted various studies in dif-
ferent parts of our country Ethiopia on population dynamics
and regeneration statues of remnant forest patches [32-37].
The results of these works provide relevant information on
the regeneration status of many tree and shrub species,
which is of paramount importance to undertake appropriate
conservation and management measures.
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Kenech natural forest is among the few remaining
tropical Afromontane forest patches in Ethiopia, where one
finds a high number of plant species diversity with re-
markable vegetation stands. Although Kenech natural forest
has been designated as an NFPA, little conservation at-
tention was given. But up to now, there is no study con-
ducted on vegetative structure and regeneration status which
is vital to call for immediate and timely scientific inter-
ventions to uphold the conservation of this natural high
forest. It is important to study the population structure and
regeneration potentials of different natural forest tree species
of Kenech natural forest to assess the trends of vegetation in
the future. Hence, this study was conducted with the fol-
lowing specific objectives of the study which were (i) to
evaluate the natural regeneration status of woody species of
the forest and (ii) to describe the population structure in
terms of species in the Kenech natural forest.

2. Materials and Methods

2.1. Description of the Study Site. Kenech natural forest is
located in Chena district, Kefa Zone, South Nations and
Nationalities Regional State, Ethiopia (Figure 1). The forest
is among the National Forest Priority Areas (NFPAs) in the
country [38]. The forest lies approximately between 7°16'N
latitude and 35°11'E longitude in Chena district, 30 km
south-west of Bonga which is located at about 540 km south
west of Addis Ababa, the capital city. This forest is located
along with altitudinal ranges between 1700 and 2400 m a.s.l
and covers an area of about 10.8ha SNNPR Agricultural
Bureau Personal Communication.

Topographically, the forest is generally characterized by
rough topography with undulating plain, hills, slopes, deep
valley, gorges, escarpments, and dissected plateaus. Some
perennial rivers such as Kenech river, Kurkusha river, Decha
river, Wanjale river, and Shishnda river are flowing into
Donbra river by crossing the forest, all of which emerge from
the highlands.

The temperature and rainfall data for this study was
obtained from Bonga Meteorological Station from 2005 to
2019 [39]. The distribution of rainfall is unimodal, charac-
terized by a prolonged wet season from June to September
(big rain) and a short dry spell showers from mid-February
to April. There is a long dry period from October to the end
of February [40]. Based on 15-year data, the mean annual
rainfall in the study area is about 1566 mm, rainfall peak
period between May and October, and decreasing in No-
vember and December with little or no rainfall in January
and February.

The mean annual temperature is about 16.6°C and the
mean minimum temperature is 10.78°C, whereas the mean
maximum temperature is 22.32°C. There is a slight tem-
perature difference throughout the year. The hottest months
are from February to May maximum temperature recorded
is about 24.6°C (in April/May), and the coldest months are
from July to December with the mean minimum temper-
ature 9.8°C (in December). Based on altitudinal variations,
Chena district has three agroclimatic zones which corre-
spond to the traditional classification systems: 43% Dega
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FIGURE 1: Map of the study area.

(2500-3500 m), 55.56% WoinaDega (1500-2500m), and
1.24% Kola (500-1500 m) [40].

The geology and soils of Ethiopia fall within the geo-
logical structural units of the Horn of Africa [41]. Pre-
cambrian rocks from the basement rock of the south-
western plateau overly by tertiary basal traps lava flow which
is generally gently dipping to flat [41]. In south-western
Ethiopia, soils are deep and belong to the Order Oxisols and
Ultisols; most common forest soils in Ethiopia are red or
brownish ferrisols derived from volcanic parent material
[42]. Oxisols/Rhodic Ferrasols occur in the 1500-2000 mm
annual rainfall of western and southwestern Oromia and
SNNPR as in Wollega, Ilu-babor, Jimma, and Kaffa [43].

Like other parts of the country, mixed cultivation of
livestock rearing and crop production, subsistence agri-
culture is the main economic development of the com-
munity, of which coffee and honey production are also
practiced in the forest area.

According to population and housing census reported by
the CSA [44], the total population of Chena district was
76,162; of these, 73,983 and 2,179 were rural and urban,
respectively. Similarly, 38,256 are females and 37,906 are
males in the district. In each, 36,811 are males and 37,172 are
females in rural, whereas 1,095 are males and 1,084 are
females in the urban area.

The south-western forests of Ethiopia are characterized
as moist montane forest ecosystems [45, 46]. The species
listed in other moist montane forest ecosystems by different
researchers such as [16, 38, 46, 47] are also found in the
Kenech natural forest. The Kenech natural forest is char-
acterized by the following common species Pouteria adolfi-
[riedericii, Mimusops kummel, Podocarpus falcatus, Gali-
niera saxifraga, Syzygium guineense spp. afromontanum,

Prunus africana, Albizia gummifera, Croton macrostachyus,
Cassipourea malosana, Ekebergia capensis, Ficus sur, Maesa
lanceolata, Teclea nobilis, and Bersama abyssinica.

2.2. Methods

2.2.1. Sampling Design. To collect the woody species vege-
tation data on population structure and regeneration, sys-
tematic sampling design, with random starting points, was
applied following Kent [48] and Kent and Coker [49]. A total
of four transect lines were arranged from following altitu-
dinal difference in the sampling sites and laid at a distance of
200 m from each other. Sample plots of 20 m x 20 m were
taken along each transect, at a distance of 100 m from one
another.

2.2.2. Reconnaissance Survey and Structural Vegetation Data
Collection. A field reconnaissance survey of the vegetation
area was executed in the first week of November 2018, to
obtain an overview of the site conditions, to collect infor-
mation on accessibility, and to identify sampling design.
Following this, systematic sampling methods for vegetation
data collection were selected. Each sampling site was
identified on the ground by using the navigation facility of
GPS apparatus and later modifies accordingly in the area of
investigation.

The data was collected from March 26 to April 10, 2019,
using plots each with the size of 20 m x 20 m (400 m?) for
trees and shrubs. Sapling and seedlings data were collected
using subplots of 10mx10m (100m®) and 5mx5m
(25 m?) inside the main plots, respectively. A total of 40 plots
were sampled, and specimens were collected from the study



area. All individuals of trees and shrubs at each of the plot
established with a diameter at breast height (DBH) >2.5 cm
and height >1.5m, and abundance was counted and their
circumference (diameter) and height was recorded following
Ayalew et al. [50]. Individuals with DBH less than 2 cm and
heights less than 1.5 were counted as seedling and sapling.

All the woody plant species encountered in each sample
plot were recorded using their names. These specimens were
identified following the published volumes of flora of
Ethiopia and Eritrea Volume II-VIII, consulting with ex-
perts and authenticated specimens. Species occurring out-
side the plot were also collected and identified to produce a
comprehensive list of the plant species diversity of the study
area.

2.2.3. Analysis of the Vegetation Structure. All woody species
were recorded in all the 40 plots and used in the analysis of
the vegetation structure. The collected vegetation data were
entered into Microsoft Excel office, and subsequent analyses
of the data were performed. For description of the vegetation
structure of the study area basal area, stem density, diameter
at breast height (DBH), species population structure, and
IVI were used. The analysis of population structure was
made by comparing the distribution of diameter classes. Bar
graphs were developed using the DBH versus density of
individuals for nine arbitraryDBH classes constructed fol-
lowing Hundera et al. [51] (1=2.1-10, 2=10.1-20,
3=20.1-30, 4=30.1-40, 5=40.1-50, 6 =50.1-60,
7=60.1-70, 8 =70.1-80, 9 > 80 cm).

According to Kuma and Shibru [52], the structural
parameters can be analyzed using the following formula:

(1) Importance value=relative density + relative fre-
quency + relative dominance

(2) SIV =relative density (RD) +relative dominance
(RDO) + relative frequency

(3) Density = (number of individuals of species/area
sampled)

(4) RD = (number of all individuals of a species
/total number of all individuals of the sample) x 100

(5) RDO = (basal area of a species
/total basal area of the sample) x 100

(6) RF = (the number of plots where a species occur
/total occurrence for all species of the sample) x 100

(7) d=CIn
(8) Basal area=7nd*/4, where d=diameter at breast
height (DBH) n=3.14

2.2.4. Regeneration Data Analysis. The status of regenera-
tion of a given species in the forest can be analyzed by
comparing the number of seedling with sapling and sapling
with matured tree data [25, 30, 53-55]. Accordingly, the
regeneration status of the forest was assessed using the
following categories.

(1) “Good” regeneration, if
seedling > sapling > mature tree

present in
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(2) “Fair” regeneration, if
seedling > sapling < mature tree

present in

(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

(5) “New,” if a species has no mature, but only sapling
and/or seedling stages

For the purpose of this study, seedling, saplings, and
mature trees/shrubs were defined as plants with heights less
than 1 m, 1-3m, and greater than 3 m respectively.

3. Results and Discussion

3.1. Floristic Composition of Woody Species. A total of 80
woody species of vascular plants belonging to 67 genera and
28 families were recorded and identified from the protected
Kenech natural vegetation. The most dominant 6 families of
woody plant species were Euphorbiaceae, representing
(10%) 8 species in 7 genera; Fabaceae (8.75), 7 species in 6
genera; Asteraceae (8.75), 7 species in 4 genera; and
Rubiaceae (7.5) 6 species in 4 genera, while Lamiaceae and
Oleaceae each represented by (5%) 4 species (Table 1).

The life form distribution of these species was 35
(43.21%) trees, 33 (40.74%) shrubs, 9 lianas (11.11%), and 3
climbers 3 (3.57%) (Figure 2).

3.2. Analysis of Vegetation Structure

3.2.1. Density Distribution of Plant Species. According to
Kacholi [56], forest structure can be described in terms of
tree density (stems/ha), basal area (m®/ha), and size class
distributions (SCDs). A total of 1344 individuals (840 stem/
ha) were counted with DBH >2.5 cm within sampled plots
which is higher than that of Washa forest, 698.8 stems-ha™"
[57]; Kafta Sheraro National Park, 466 individuals-ha™ [37];
Babile Elephant Sanctuary: 1319 stems-ha™ [58]; Nechisar
National Park: 887 stems-ha™" [59]. However, lower Chilimo
forest: 3328.47 individuals ha™' [25], Sire Beggo: 1845
stems-ha™ [60], and Gedam and Abebaye: 3001 stems-ha™
[61]. Of these woody species in the forest, Croton macro-
stachyus, Podocarpus falcatus, Galiniera saxifrage, and
Prunus africana contributed to the largest proportion of
individuals. The analysis of density showed that 42.2% of the
total density comprises four species, namely, Croton mac-
rostachytus was the dominant species in the forest com-
prising 16.45% (138.75 individuals ha™) followed by
Ekebergia capensis (11.69%) (98.13 individuals ha™!) and
Prunus africana (7.23%) (60.63 individuals ha™!) (Table 2).

The total density of woody species was 304 stems per ha
for DBH >10cm and 165 individuals per ha for DBH
>20 cm. The ratio described as a/b is taken as the measure of
size class distribution [62]. Accordingly, for the Kenech
natural forest, the ratio of individuals with DBH between 10
and 20 cm (a) to DBH > 20 cm (b) was 1.8, indicating slight
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TaBLE 1: List of families with number of genera and species.

Family Genera Species % of species
1 Euphorbiaceae 8 8 10.00
2 Asteraceae 4 7 8.75
3 Fabaceae 6 7 8.75
4 Rubiaceae 6 6 7.50
5 Lamiaceae 3 4 5.00
6 Oleaceae 3 4 5.00
7 Celastraceae 2 3 3.75
8 Combretaceae 2 3 3.75
9 Malvaceae 2 3 3.75
10 Moraceae 1 3 3.75
11 Rutaceae 3 3 3.75
12 Tiliaceae 3 3 3.75
13 Acanthaceae 2 2 2.50
14 Boraginaceae 2 2 2.50
15 Dracaenaceae 1 2 2.50
16 Ebenaceae 2 2 2.50
17 Myrsinaceae 2 2 2.50
18 Myrtaceae 1 2 2.50
19 Rhamnaceae 2 2 2.50
20 Rosaceae 2 2 2.50
21 Sapotaceae 2 2 2.50
22 Ulmaceae 2 2 2.50
23 Meliaceae 1 2 2.50
24 Menispermaceae 1 1 1.25
25 Menispremaceae 1 1 1.25
26 Urticaceae 1 1 1.25
27 Verbenaceae 1 1 1.25

no of species

. Tree Climber

. Shurbs . Lianas

F1GURE 2: Growth form of woody species.

variation between the small-sized and large-sized stems, and
most DBH were recorded in the lower DBH class size.

When comparing the ratio (a/b DBH) of the Kenech
forest to the other remnant patch of forests in Ethiopia,
Kenech forest is relatively larger than that of Dodola, Ber-
bere, Jibat, Alata-Bolale, Chato, Komto, and Kimphe Lafa
forests but has a similar ratio with Jima forest. However,
Yegof Masha Anderacha, Belete, Bibita, Menna Angetu, and
Asabot forests have more a/b ratio values than Kenech forest
indicating that there is more predominance of trees in the
lower DBH class in these forests than in Kenech forest
(Table 3).

3.2.2. Frequency Distribution. Frequency has a great con-
tribution in indicating heterogeneity and homogeneity of
vegetation of a given species [73]. The frequency class dis-
tribution of woody species indicated that higher percentage
of species were found at lower frequency classes with more
than 89.23% of the species having a frequency value of less
than 40% and only 10.77% of the species having a frequency
value of 40-80% (Figure 3), indicating a relatively good
floristic heterogeneity in the study area.

3.2.3. Diameter at Breast Height (DBH). The woody plant
species in the study area were classified into nine DBH
classes: 2-10cm, 10.1-20cm, 20.1-30cm, 30.1-40 cm,
40.1-50 cm, 50.1-60 cm, 60.1-70 cm, 70.1-80 cm, and >80
(Figure 4). About 80.36% of the individuals are found in the
first two classes (2.5-10 and 10-20 cm). The remaining 7
classes together accounted for about 19.64%. The number of
stems in DBH class less than 10cm is 371 ha™' (44.16%),
304ha™' (36.19%) for DBH 10-20 cm, and 165 ha ™" (19.64%)
for DBH >20cm. As the DBH classes size increases, the
number of individuals gradually decrease beginning from
304 stems ha™" in the second class down to 8 stems ha™" in
the ninth DBH class. 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 4).

The general pattern of DBH class distribution of woody
species was calculated based on the sampled area, and the
result showed the presence of an inverted J shape, suggesting
a stable population structure. This is similar to those re-
ported from other forests in Ethiopia [21, 45, 50, 74-77] and
other countries [78-80].

This type of population structure pattern is typically
observed in natural undisturbed montane forests, with many
small stems compared to few large ones [81], suggesting the
presence of good reproduction and recruitment potential.

The majority of the species had the highest number of
individuals in the lower DBH and low in the highest DBH
classes. Such reversed J-shaped distribution pattern depicts
that the forest is on the status of favorable regeneration and
recruitment potential [50, 76]. When the entire DBH class
distribution of the forest is evaluated on a species basis,
different population dynamics for different species were
revealed.

Among all the individuals sampled in the Kenech natural
forest, about 0.95% that attended a DBH greater than 80 cm
belonged to the species of Podocarpus falcatus, Pouteria
adolfi-friedericii and Prunus africana. In addition, individ-
uals of the abovementioned three species with a DBH of
165 cm, 130 cm, and 105 cm, respectively, were recorded in
the Kenech natural forest.

The percentage distribution of DBH classes was 44.16%,
36.19%, and 19.64% for the individuals (density) with DBH
between 2-10cm, 10-20 cm and >20 cm, respectively. The
large proportions of small-sized tree/shrub individuals
suggest that the forest vegetation has good reproduction
potential. Similar reports were made by Didita [82]; Enkossa
[67] and Abdena [45]; which in turn suggests that it is a
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TABLE 2: Density distribution of four dominant tree species in the Kenech forest.

SN Species No of matured species Density

1 Prunus africana 98 61.25

2 Ekebergia capensis 157 98.13

3 Galinera saxifraga 90 56.25

4 Croton macrostachytus 222 138.75

TaBLE 3: Comparisons of tree densities with DBH between 10 and 20 (a) and tree density with DBH >20 cm, (b) from Kenech forest with 10

other forests in Ethiopia.

Forest Density DBH 10-20 cm (a) Density DBH > 20 cm (b) Ratio Sources
Masha Anderacha 385.7 160.5 2.4 [63]
Bibita 500.5 265.6 1.88 [64]
Dodola 521 351 1.48 [51]
Menna Angetu 292 139 2.1 [65]
Jima 335 184 1.8 [66]
Alata-Bolale 365 219 1.67 [67]
Komto 330 215 1.53 [68]
Chato 333 194 171 [45]
Jibat 124.7 220.6 0.56 [69]
Belete 305.7 149 2.04 [53]
Kimphe Lafa 183.9 135.3 1.36 [70]
Berbere 214.6 140.6 1.56 [33]
Asabot 137.5 71.16 1.93 [71]
Yegof 338.75 82.5 4.1 [72]
Kenech 304 165 1.8 Present study
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FIGURE 3: Frequency class distributions of woody species in Kenech forest.

healthy forest with active regeneration and recruitment of
new individuals [28, 83]. This type of population structure is
reported by other researchers such as Senbeta and Teketay
[9]; Abdena [45]; Sarkar and Devi [84]; Bogale et al. [33]; and
Siraj and Zhang [25]. However, this pattern of population
structure does not depict the general patterns of population
dynamics and recruitment processes of a given individual
species of a forest.

From the population dynamics point of view, the ex-
amination of patterns of species population structure could
provide valuable information about their regeneration and/
or recruitment status as well as viability status of the pop-
ulation that could further be employed for devising evi-
dence-based conservation and management strategies [85].
Analysis of population structures for each individual woody
species could provide more realistic and typical information
for forest conservation and management activities
[16, 60, 77, 84, 86].

The frequency distribution of DBH classes of some se-
lected important woody species in the study area showed
different types of population structures (Figures 5(a)-5(f)).
Similarly, various patterns of species population structures
have been reported for different species forests of the
country [25, 45, 87].

In the Kenech natural forest, the evaluation of selected
tree species reveals different patterns of population struc-
ture. The first pattern of population structure showed an
inverted J shape (L shape) (Figure 5(a)), which shows a
pattern where species frequency distribution has the highest
frequency in the lower diameter classes and gradual decrease
towards the higher classes which shows good reproduction
and requirement. This pattern was exemplified by Ekebergia
capensis, Prunus africana, Albizia gummifera, Vepris dai-
nelli, Rothmannia urcelliformis, Croton macrostachyus, and
Galiniera saxifraga. Besides, this pattern suggests a good
reproduction and recruitment capacity.
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The second pattern of the population structure showed
broken inverted ] shape in which the density of in the lower
DBH class is very high but becoming lower in the highest
DBH classes even nothing in some DBH classes
(Figure 5(b)). This showed that there is a selective cutting of
the species for different purposes like for construction and
fuel wood. The species in DBH classes 1 and 2 are high in
number, but the species in DBH classes 4-8 is absent. This
could be attributed to selective removal of individuals of the
preferred size of this species for the purpose of logging and
constructions. This pattern exemplifies Cordia africana,
Combretum collinum, and Dracaena afromontana.

The third pattern exemplifies ] shape which shows a type
of frequency distribution in which there is a low number of
individuals in the lower diameter classes but increases to-
wards the higher classes. Some of the species such as Ehretia
cymosa, Gardenia ternifolia, Celtis africana, and Podocarpus
falcatus have a J-shape pattern of population structure
(Figure 5(c)). This pattern showed the presence of very few
numbers of individuals in the lower DBH classes. It is to be
noted that these species are not highly exploited by the local
people community for various uses, and there is no selective
logging of them. This could account for the presence of the
upper DBH class of these species of the Kenech natural
forest. In this case, there are many individuals in the upper
DBH classes. The regeneration status of these plant species is
poor due to the presence of the lower number of plant
species at the lower DBH classes.

The fourth pattern of population structure shows ir-
regular in which they are distributed differently in almost all
classes (Figure 5(d)), and the first pattern was formed by the
species having a high number of individuals in the fourth
and seventh DBH classes and then decrease with increasing
DBH towards the higher classes. Species included in this
pattern of population structure were Acacia abyssinica and
Diospyros abyssinica.

The fifth pattern of species population showed U shape
(Figure 5(e)) which shows a type of frequency distribution in
which there is a high number of lowest and highest diameter
classes but a relatively low number in the intermediate di-
ameter classes in which the intermediate diameter classes are
less represented may be due to selective removal of medium
sized individuals. The species in the first DBH classes were
high followed by a decline in the middle and then rise again
at larger size classes. The two plant species which exhibited
good reproduction and poor recruitment in study area were
Psychotria orophila and Chionanthus mildbraediare. The
pattern of population structure illustrated by Psychotria
orophila could be termed as U-shaped. In this species, DBH
classes of the 3rd, 4™ and 5th are decreased in number.

The sixth population structure pattern showed a bell
shape (Figure 5(f)) in which the number of individuals in the
middle diameter classes is high and low in lower and higher
diameter classes. According to Senbeta [76], bell-shape
pattern indicates a poor reproduction and recruitment of
species which may be associated with intense competition
from surrounding trees. The pattern of population structure
illustrated by Rytigynia neglecta could be termed as bell-
shaped.
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3.2.4. Basal Area and Dominance and Importance Value
(IVI) of Woody Species. Basal area is used to elucidate the
crowdedness of a stand of natural vegetation. The total basal
area calculated for the study area was about 56.8 m*/ha for
woody plants >2 cm in DBH. This is further partitioned into
3.4m°/ha for individuals with DBH between 2 and 10cm
(small-sized), 5.2m?/ha for DBH between 10 and 20 cm
(medium-sized), and 48.2m?/ha for DBH >20cm (large-
sized). The highest percentage of the basal area (38.73%) is
contributed by DBH class 7 (DBH > 60.0 cm). There is a
considerable decrease in the number of individuals with
increasing DBH size and basal area. Individuals that attained
higher DBH classes are fewer in number and contributed
over 70% to the total basal area.

Noteworthy is that a basal area of 42.2m?/ha was
accounted for by five important tree species, i.e., Ekebergia
capensis (10.4m?*/ha), Prunus africana (12.5 m?/ha), Gali-
nera saxifraga (6.8 m?/ha), Celtis africana (5.6 m?/ha), and
Croton macrostachytus (6.9 m?/ha) (Table 4).

The relative importance of tree species in a forest can
better be depicted from measurements of the basal area than
stem counts [87]. Therefore, species with the largest con-
tribution in the basal area can be considered the most
important woody species in the forest. Accordingly, the most
dominant species of the Kenech natural forest are presented
in (Table 5).

The IVI values are playing a key role to understand the
ecological significance of the tree species in community
structure [92, 93]. The floristic structure was studied by
using an index namely, importance value index, derived
following Curtis and McIntosh’s [94]. This index is generally
calculated as the sum of the RD, RF, and RDO for each
woody species. The relative ecological importance of the
forest is expressed by IVI. High SIV is attributed to their
high basal area, high relative frequency and high relative
density. The greatest SIV reflects the degree of dominancy
and abundance of a given species in relation to the other
species in the area. It is also used for setting priority/ranking
species management and conservation practices and helps to
identify their sociological status (structure) in a certain plant
community as dominant or rare species [49].

In the current study, high IVI was obtained for seven tree
species. These species are, in the descending order of IVI,
Podocarpus falcatus, Pouteria adolfi-friederici, Mimusops
kummel, Celtis africana, Ochna holstii, Diospyros abyssinica,
and Albizia gummifera (Table 6). These dominant species
accounted for over 45% of the total SIV of the Kenech
natural forest. On the other hand, six species had less than
2% IVI values. Examples are, in descending order of SIV,
Cordia africana, Dracaena steudneri, Maesa lanceolata, Ficus
sur, Polyscias fulva, and Ekebergia capensis. Such low
abundance may be due to either adverse environmental
conditions or random distribution of available resources in
the forest [95] exhibited very low frequency in the Kenech
natural forest. In the case of the former, it was so because
illegal logging by local people has increased from time to
time for their daily income. A similar observation was re-
ported by Bekele [96], while the latter was determined by
altitudinal ranges of the forest. Olea welwitschii and Ficus sur
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TaBLE 4: Basal area and density distribution of four dominant tree species in the Kenech forest.
Species Basal area (m?/ha) %
Prunus africana 12.5 22.01
Ekebergia capensis 10.4 18.31
Galinera saxifraga 6.8 11.97
Croton macrostachytus 6.9 12.15
Celtis africana 5.6 9.86
TABLE 5: Basal area of some of selected forests in Ethiopia.
Forest BA m?/ha Authors
Berbere 87.49 [33]
Jibat 60.9 [69]
Central plateau of Shewa Wof-washa 101.8 [87]
Central plateau of ShewaMenegesha 36.5 [87]
Central plateau of Shewa chilimo 36.1 [87]
Denkoro 45 [50]
Gedo 35.45 [88]
Chato 65.8 [45]
Komto 50.72 [68]
Dodola 129 [51]
Menna Angetu 94 [65]
Belete 103.5 [53]
Kimphe Lafa 114.4 [70]
Alata-Bolale 53.3 [67]
Asabot 22.45 [71]
Angada 79.8 [89]
Yemrehane Kirstos 72 [90]
Gura Lopho 29.63 [91]
Adelle 26 [77]
Kafta Sheraro national park 79.3 m>ha™ [37]
Kenech 56.8 Present study

which are typical species of the moist montane forest were
less frequent in the Kenech natural forest (Table 6), which
could be attributed to altitudinal, edaphic, and topographic
factors or other ecological reasons. In terms of conservation,
species with low IVI require high conservation approaches
and thus should be prioritized for conservation.

3.2.5. Family Importance Value (FIV). Woody species FIV
value was calculated from relative density, relative diversity,
and relative dominance. At the family level, as for the
species, the stem density, relative basal area, and FIV were
analyzed to assess species-rich family/dominant family in all
sampled areas of the forest. In view of this, this forest is
dominated by Sapotaceae, 19.5 m*/ha (30% of the total basal
area), followed by Podocarpaceae, 12.9 m*/ha (19.9%),
Ulmaceae, 7.7m?%*/ha (11.9%), and Fabaceae, 5.65m?*/ha
(8.7%).

The most dominant families/species are also those which
have the highest IVI [94]. This was true with the present
study where the dominant families include Sapotaceae
(FIV=51.1), Podocarpaceae (FIV =30.80), Fabaceae
(FIV =23.49), and Ulmaceae (FIV =20.41), and these four
families are distinctly dominant in terms of FIV and together
contributing more than 70% of the total basal area. The
reason for their dominance could be they might have de-
veloped strategies such as resistance, reproductive

mechanisms, and conductivity, ecological, and morpho-
logical adaptations which helped them to survive in the area.

The present study showed that eight families contributed
about 75.8% to the total FIV. Sapotaceae and Podocarpaceae
are the most dominant families in the Kenech natural forest
with 51.11% and 30.86% FIV, respectively. Families such as
Fabaceae (23.49%), Oleaceae (22.72%), Rubiaceae (21.40%),
Oleaceae (21.10%), and Ulmaceae (20.41) have also exhibited
relatively higher FIV compared to the remaining families of
plants inhabiting the Kenech natural forest.

3.2.6. Regeneration Status of Kenech Natural Forest. The
composition, distribution and density of seedlings and
saplings indicate the future status of the forest. Accordingly,
from the 80 representative woody species, a total of 42
species (64.61%) were represented by both seedling and
sapling class, whereas eight species represented only by
seedling and six species represented by sapling alone. Other
9 species (13.84%) were not represented in both seedling and
sapling class (Figure 6).

The total seedling, sapling, and mature woody species
densities of 80 selected woody species were about 770.6
(32.7%) ha™', 748.2 (31.7%) ha™', and 840 (35.6%) ha™
individuals per hectare, respectively (Figure 7). The domi-
nation of small-sized individual species in the forest was
available that is the quality of normal rate of regeneration.
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TaBLE 6: The IVI of woody species in the sampled area with corresponding values for each species.

Species RF (%) RD (%) RDO (%) SIV (%)
Cordia africana 0.50 0.57 0.28 1.35
Dracaena steudneri 0.5 0.31 0.63 1.44
Ficus sur 0.50 0.31 0.74 1.55
Ekebergia capensis 1.00 0.63 0.26 1.89
Syzygium guineensis 0.75 0.57 1.25 2.57
Prunus africana 0.75 1.14 0.86 2.75
Chionanthus mildbraedii 2.76 1.40 0.24 4.40
Rytigynia neglecta 2.51 1.46 0.81 4.78
Clausena anistata 3.01 2.42 0.57 6.00
Croton macrostachyus 1.00 2.10 3.2 6.3
Olea welwitschii 2.51 1.65 3.02 7.18
Rothmonnia urcelliformi 3.76 3.06 0.54 7.36
Psychotria orophila 3.26 4.59 0.94 8.79
Teclea nobilis 4.52 3.5 0.99 9.01
Olea capensis subsp. Macrocarpa 3.0 5.29 1.18 9.47
Carissa spinarum 3.01 6.37 1.07 10.45
Albizia gummifera 3.76 357 7.4 14.08
Diospyros abyssinica 3.51 5.10 7.04 15.65
Ochna holstii 2.76 16.58 37 19.71
Celtis Africana 4.27 4.97 11.79 21.03
Mimusops kummel 5.77 8.86 9.09 23.72
Pouteria adolfi-friederici 3.01 4.97 20.57 28.55
Podocarpus falcatus 6.03 7.33 19.63 32.99
Others 25.00 6.59 0.86 3247
Total 100.00 100.00 100.00 300.00
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FIGURE 6: The number of plant species with seedling, sapling, and matured species.

However, fair regeneration was experienced in the study site
because of the composition, distribution, and density of
seedlings and saplings less than matured individual species.

The ratio of mature species to seedlings was 1.1; mature
species to saplings was 1.13; and seedlings to saplings were
1.03. These show that the distribution of matured woody
plant species as a whole is greater than that of seedlings and
saplings. Based on the results of this study, 9 species (13.84%)
of the total were not represented by both seedling and
sapling stages. These species were Cordia africana, Dracaena
steudneri, Euphorbia ampliphyla, Ficus vasta, Rothmania
urceliformis, Olea capensis subsp. macrocarpa, Ficus sur,
Podocarpus falcatus, and Pouteria adolfi-friedericii.

The possible reasons for absence or insufficient seedling
and sapling for the woody species in the forest could be
grazing and browsing, seed predation, lack of safe site for
seed recruitment, nature of seeds of certain trees which seek
dormancy period, litter accumulation, pathogens, species
specificity, and moisture stress or probably they might have

other alternative adaptations for propagation and repro-
duction rather than seed germination. Similar findings were
also reported by Denu [64]; Shibru and Balcha [97]; and
Gemechu [98]. 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 the Kenech natural forest were
grouped into three priority classes on the basis of their
seedling and sapling densities following Gurmessa et al. [68].
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 indi-
vidual/ha (Figure 8).

Woody plant species with good regeneration status in
Kenech forest were Acanthus eminens, Maytenus arbutifolia,
Coffee arabica, Erythrococca trichogyne, Acacia abyssinica,
Millettia  ferruginea, Syzygium guineense, and Olea
welwitschii.
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FIGURE 8: The regeneration status of woody plant species in Kenech
forest.

4. Conclusions and Recommendations

4.1. Conclusion. Plant species are the potential stock for
future genetic resources and would have great implications
for the environment, biological diversity, and socio-eco-
nomic importance. In this study, useful information on the
present condition of the woody species diversity, structure,
and regeneration status of the Kenech forest was obtained,
which can be used as baseline information on ecological and
botanical studies. The analysis of overall population struc-
ture of the most common species indicated that the majority
of them showed a reversed ] shape which indicates stable
population structures. Regeneration analysis of woody
species revealed that most of tree species are with seedling
and sapling stage in the forest, some tree species are without
sapling stage, while others are represented by all stages
(seedling, sapling, and mature).

4.2. Recommendations. The inclusion of local communities
in the forest conservation activities and management is the
only realistic option to reduce the forest loss and its various
resources as complex and valuable natural resource system.
The result of this study can contribute towards the under-
standing of the woody plant species diversity, population
structure, and regeneration status of the forest of the south
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western part of the country which is of considerable im-
portance in its conservation.

To conserve the biodiversity of the area, detailed eco-
logical and botanical studies are vital concerning the species
composition, diversity, and distribution of plant species in
relation to the environmental factors such as soil type and
properties. The present study is limited to woody species
composition and structure, then further studies on envi-
ronmental parameters, forest management, and conserva-
tion system, and soil seedbank, and regeneration of the
woody species is recommended. The future management
strategy of the Kenech natural forest should focus on
multiple-use conservation approaches.
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