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The present study has analyzed the diversity and population structure of woody species in Gola natural vegetation. So far, the
expected form of vegetation diversity relationships with different land use in study sites has not been known. A total of 73 quadrats
were established systematically within three land-use types. Vegetation parameters and species type were recorded. There were 52
woody species found in total. The Fabaceae family had the most species, accounting for 15.3% of the total plant species. The PA
site had Shannon's diversity index value that was significantly higher than the other two land-use types (P= 0.042). The dynamics of
woody plants diversity about land use is of major need for sustainable management of forests, and the present study provides valuable
information for forest management, and it may help to develop testable hypotheses on other tropical forests.
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Biological diversity refers to the diversity and evenness
of species among and among living things and ecological
complexes. The species is one of the most important
analytical elements of the plant community (Laigle et al.
2021). Species richness is a simple way to measure biological
diversity (Hillebrand et al. 2018). As anthropogenic activities
destroy plant cover and biological variety, anxiety is rising
in many parts of the world. Africa is predicted to have
650,000,000 hectares of forest cover, accounting for 17%
of global forest cover and multiple biodiversity hotspots
(Hegde and Enters 2000; Carney et al. 2014). Ethiopia is
considered one of Africa's most significant countries in
terms of biological resources. One of the most important
concerns confronting humanity today is the degradation
of the cover of the forest (Reynolds et al. 2007; Atsri et al.
2020; Hasan et al. 2021).

The lack of local communities' participation living near
conservation zones in conservation initiatives is a key
impediment to overall forest protection in Ethiopia
(Woldemariam and Teketay 2001; Lemenih et al. 2014).
To reduce the threat to natural forests, the country devised
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a wide range of conservation initiatives, such as water
management, tree plantations, and replanting, rehabilitation,
and restoration projects. These strategies were created to
enhance vegetation protection and community members'
lifestyles (Birhanu et al. 2021). The eastern part of Ethiopia
has been putting in place well-known conservation measures
on degraded landscapes for some years, with area protection
being the most popular conservation method in this region
(Bardgett et al. 2021; Gebo et al. 2021; Yami and Mekuria
2022).

Gola is home to a diverse range of natural plants and wildlife.
Perhaps, as befitting a recently formed area of protection,
it is lacking in basic vegetation and information on the
environment. To fill the current knowledge gap in the research
area's woody species, a detailed species diversity analysis of
plants and vegetation population structure was carried out
in three land-use categories: protected area, farmland, and
grazing land. The main aim was to identify woody species
and their diversity in connection to population structure to
evaluate the effectiveness of conservation methods in the
research region in eastern Ethiopia.

Gola natural vegetation is located in Goro Gutu District,
Eastern Ethiopia. The district has a total area of 531 km?2.
The protected part of Gola natural vegetation harbours



different wildlife types and is reflected as an important
support for upcoming indigenous community development.
There is shared grazing space and farms used in the
community near to the Gola protected area, with no limit
to access resources. Three land cover types were studied
as follows: protected area; farmland and grazing land used
by the community.

Transect lines and sampling quadrats were created for each
land use type based on area proportion. 6 transect lines in
total were laid (two in each land cover type). 73 research
quadrats were systematically chosen along the transect
lines (20 from PA, 28 FL land, and 25 from GL). Quadrats
of 20mx20m (400m2) were erected systematically at every
100 m interval for tree data gathering. There were five Sm x
Sm sub quadrats used for shrubs and climbers in the major
quadrats' four at corners and one center and averaged. A
clipper and a hypsometer were used to measure the diameter
and height of woody vegetation respectively (Kent and
Coker 1992). The DSH/ DBH of branching shrubs and trees
at breast height were recorded and averaged. Vegetation
with multiple stems or forks that were less than 1.3 m tall
was also counted as a single tree (Kent and Coker 1992).
On the field, plant species were identified. Samples were
delivered to the herbarium for species identification that
had not been identified in the field. Shannon diversity index
(H’) was vital to choose an index that's more sensitive to
richness when comparing diversity among samples and
environments. Therefore, the species diversity across land-
use types was estimated using the Shannon diversity index
as follows:
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where H” = Shannon index of diversity

Pi = the fraction of species.

Evenness (E), is a frequently used and well-known method
for measuring community evenness (Pielou, 1966).
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where E = Shannon index of evenness;

H’ = Shannon index of diversity;

H’max = InS, and

S = total species number.

Importance value index was used to measure the relevance
of all species to the study area, the IVI, relative frequency,
frequency, and abundance were estimated using the method
suggested in previous studies (Kent and Coker 1992a; Jha
1997).

IVI=Relative Frequency+ Relative Dominance+ Relative
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The BA is a measurement of domination and is used to
elucidate the cross-section of the tree stand. It is derived
using the method below (Kent and Coker 1992):
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Where; BA = Basal area, d = DBH/DSH, and n= 3.14
The Jaccard similarity index was used to calculate
the coefficient of similarity between land-use types
(Chidumayo 1997).

j=—

a+b+c- ©)

J = Jaccard coefficient of similarity, a= Species Number
shared to both samples, b= species number present in the
first site only and, c= species number found only in the
second area.

Following the requisite data collection, both qualitative
and quantitative statistics were carried out. Percentages,
figures, and means were used to present descriptive analyses
of population structure. In addition, to examine diversity
between land-use types, one-way analysis of variance is
an example of inferential statistics were used for diversity
indices (evenness and Shannon Weiner diversity index)
and species richness. Every statistical analysis was carried
out using R software (version 4.1.2) using lattice, vegan,
permute, and biodiversity R package at the 5% level of
significance.

Woody species composition: A maximum of 52 species
of woody plant 33 genera and 24 families were found in the
area of the study. The growth forms of these species were
distributed as follows: 6 tree/shrubs 7 climbers, 16 trees, and
23 shrubs. There were 44 plant species collected in PA, 19
of which were shrub species, 14 of which were tree species,
and 7 and 4 respectively for climbers and tree/shrubs. In
GL, as in PA, shrubs dominated with 17 species, followed
by trees (12), tree/shrubs (4), and climbers (3). Similarly,
shrubs have 13, trees have 9, and tree/shrubs and climbers
have 2 and 1species respectively at the FL site. The species
number (52) found in the research region was larger than
the species number found in Ethiopian forests, such as the
Jabi Tehnan forest in the northwestern part of the country
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(Asmare and Gure 2019). On the other hand, the overall
number of plants found at the study site was found to be
lower than that reported from communal grazing grounds
in South Tigray (Wayu et al. 2019). Various environmental
variables in various parts of the country could cause
such discrepancies in the study. Forest management and
ownership may reveal their status and divergence, with
highly protected natural vegetation having a higher number
of individuals than community forest and open access
regions (Sinasson et al. 2021; Tadesse et al. 2021).

Figure 1: Frequency class of woody species [(D =75, C =
51-175, B=26-50, A <25) (GL, grazing land FL, farmland
and PA, protected area)]
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The variation in woody diversity and abundance among
each land-use type exposed the increasing influence of
vegetation preservation through effective conservation
measures such as area enclosures and restoration practices.
According to Gebre et al. (2019), the loss in woody species
diversity in grazing land could be an indication of vegetation
species' increased vulnerability to livestock and/or human
intervention at maturation or early stages of rejuvenation.
Heavy trampling may lead to a decline in plant species
density and diversity over time (Mussa and Yunus 2022;
Zegeye 2022).

The Fabaceae family was found to have the greatest
species, accounting for 18.18%, 25%, and 32 % of all plant
species found in a protected area, grazing, and farmland,
respectively, followed by Euphorbiaceae in FL (16.00 %)
and GL (11.11%). However, Euphorbiaceae and Oleaceae,
with 11.36% of species, were the second-highest lifeforms
family in PA. Other previous studies also suggested that
Fabaceae were the dominant family in their study area
(Abunie and Dalle 2018; Eshetu and Hailu 2020). This
situation might arise due to a wide variety of adaptations
to different environmental management (Alimi et al. 2021;
Bora et al. 2021).

Table 1. Mean + SD of Gola natural vegetation diversity, evenness,

and richness

sites Shannon diversity | Evenness Species
index (H’) (H'/Hmax) richness
Protected area 3.54 a+0.81 0.90* +0.02 19.70+£7.51
Grazing land 2.99 ab +0.76 0.87°+0.04 14.30* +7.62
Farmland 2.20 b+0.62 0.62°+0.07 11.20* +£7.84
P-value 0.041%* 0.048 * 0.81

Table 2. The similarity of woody species across the study
sites

Sites Protected Grazing Farmland
area land

Protected area 0

Grazing land 0.79 0

Farmland 0.51 0.66 0

The density of Woody Species: Gola natural vegetation has
a mean density of 8844.16 individuals per hectare. Acacia
senegal had the largest density of single woody species, with
2240 and 960 individuals/ ha in protected areas and grazing
land, respectively, while Grewia schweinfurthii had 420
individuals/ha/ ha in FL. The highest concentrations of some
species, such as L. camara, maybe due to their unpleasant
features for both wild and domestic animals, in addition to
a diverse variety of seed distribution methods and highly
reproductive capabilities (Hishe et al. 2021; Koricho et al.

2021). According to the same study, open-grazed lands
showed lower vegetation density when compared to a
protected area ( Wu et al. 2021; Wachiye et al. 2022).

Frequency: Woody plant species were grouped into four
different frequency groups in this study. In this study, a
considerable proportion of woody plant species were found
in lower frequency classes, while a small percentage of
many species were found in the upper-frequency groups.
This suggests that the species composition of the study
sites was generally heterogeneous. PA had 11.33 percent a
greater number of species in a higher frequency class than
grazing and farmland, which had just 5.6% and 45 of plants,
respectively. While in the lowest class of frequency, grazing
land had a higher percentage of species (58%) than farmland
(52.33%), and protected area (50.25%) (Fig 2). Thus, the
outcome verifies the existence of a floristic heterogeneity
to a high degree in each land-use type (Balemlay and Siraj
2021; Akodéwou and Godron 2022).
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In both PA and GL, Acacia bussei was the greatest
commonly identified species of plants, while Grewia
schweinfurthii has been the maximum often identified
in farmland. The least often documented species of plant
in a protected area, grazing land, and farmland was Olea
europaea, Grewia velutina, and Sansevieria ehrenbergii
respectively, each of which was only found in one plot.
The absence of often frequent for some species vegetation
is related to a higher level of human involvement and
livestock grazing. To improve the frequency distribution
of such species, conservation must be prioritized (Mewded
et al. 2021).

Woody Species Diversity, Evenness, and Richness: The
average woody species diversity and evenness were 3.18
and 0.86, respectively. The species diversity and evenness
were significantly different among the three land-use
categories. PA had a significantly higher Shannon diversity
index value than the FL. Even though GL was somewhat
greater than farmland, the GL did not significantly differ
from each other (Table 1). This could be due to regular
habitat disturbances in grazing and farming areas, as a result
of human and livestock grazing and extra agricultural use
during the day (Beche et al. 2022).

The mean evenness of the three land-use categories fell
significantly (p=0.041) from the protected area through the
grazing land to the farmland. In farmland, a low average
evenness rating indicates that only just a few species occupy
the area. While in a protected location, great evenness
suggests that species distribution is continuous (Cruz-
Alonso et al. 2021).

Figure 2: Species distribution by diameter
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Jaccard Species Similarity Coefficient: Jaccard’s
coefficient of similarity was computed to compare the
similarity of family, species, and genus of the three land-
use. For PA and GL, the Jaccard's similarity of woody
species was 79% of species. Similarity values of 66% were
found between the GL and FL. However, there were 51%
of species similarities between PA and FL. The highest
species level similarity value was found between PA and
GL, followed by GL and FL, whereas the lowest was found
between PA and FL.

Basal area: The mean BA of Gola Natural vegetation was
33.11m2 ha-1 of plant species that have DBH > 2.5 cm.
PA, GL, and FD each had a total basal area of 43.73 m2/
ha, 31.59 m2/ha, and 22.79 m2/ha, respectively. PA had
higher coverage of the basal area than another two sites
(P 0.04) and was followed by GL. This could be attributed
to the presence of a more proportion of mature and larger
trees in PA, resulting in larger diameters as a result of minor
human interference activities such as tree logging, farming,
and animal grazing. FL, on the other hand, has much less
coverage of the basal area. This directly related tendency
revealed that anthropological involvement had an impact
on vegetation's basal areas (Calbi et al. 2021). Acacia seyal
(4.53 m2/ha), followed by Euphorbia adjurana (3.8 m2/
ha), covered the maximum amount of mean basal area at
the protected area. The greatest percentage of the average
BA was accounted for by Acacia bussei (3.62 m2/ha) and
Acacia senegal (3.14 m2/ha), followed by Acacia tortilis
(3.51 m2/ha) and Acacia bussei (2.54 m2/ha) at grazing
and farmland, respectively. In this research, basal area
evaluation crosswise each species exposed that the studied
region was dominated heavily by a small number of woody
species. This also shows that species with the largest basal
area do not always have the highest density, implying that
species are different in size (Kaushal et al. 2021; Rasquinha
and Mishra 2021).

Importance value index: Acacia senegal (27.99), Grewia
schweinfurthii (25.78), and L. camara (16.36) were the
highest three species with the IVI in PA. These species
could be critical in a protected area. Woody species such
as Jasminum abyssinicum (0.68), Jasminum grandiflorum
(0.69), and Jasminum schimperi (0.71), were found to
have lower IVI. This means that these species have the
smallest ecological impact on the place. Their decreased
IVI could indicate that these woody species are in danger
and, among other things, require immediate conservation
measures (Ayalew and Alemu 2021; Mewded et al. 2021).
Woody species with the highest IVI at the GL include
Acacia senegal (19.02), Acacia tortilis (17.76), and Acacia
brevispica (17.76). This shows that in grazing areas, these
are the most ecologically significant species. Woody plants
with lower I'VI at the GL, such as Barbeya oleoides (0.76),
Withania somnifera (0.79), and Jasminum abyssinicum
(0.81), attract conservation action based on their ecological
significance (Ayalew and Alemu 2021; Mewded et al.
2021).

The three most ecologically significant species with
the greatest IVI values at the farmland site are Grewia
schweinfurthii (24.50), Acacia senegal (22.48), and Acacia
negrii (21.50). In all three study sites, Acacia senegal
exhibited the highest IVI. Because most of the factors are
next to each other, this shows that there is some similarity
in the sites. Dracaena ombet (0.90), Sansevieria ehrenbergii
(1.50), and Grewia villosa (1.57) were the least ecologically
relevant species at this site based on their IVI values. Each
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of the three sites has an entirely distinct least significant
species. This also suggests that the state of anthropogenic
disturbances such as farming and grazing varies greatly
among the three land-use types (Ghanbari et al. 2021;
Muluneh et al. 2021; Pandey 2021).

Woody Species Distribution by Diameter Class: In the
protected area and grazing land sites, the Species in the DBH
class was divided into six categories. In FL, however, a
maximum of five diameters classes are allowed. The overall
DBH class distribution of woody species in a protected
area and grazing land vegetation showed an inverted
J-shape distribution. This illustrates where the DBH class
distribution of the species was most common in smaller
diameters and vice versa. The first two diameter classes in
protected areas and grazing land were accounted for 48.32%
and 53.41% of DBH frequency in total, respectively. This
showed that mature and large diameter class trees were
being harvested by locals for various uses (fencing, farm
implementing, house construction, and fuelwood). Locals
harvested trees with DBH more than 30cm for construction
and charcoal manufacturing, according to similar reports
(Gurmessa et al. 2021). However, in farmland diameter
patterns of woody species, the majority of DBH frequency
(55.01 percent) was restricted between the second and third
diameter classes, indicating that there were more individuals
in the middle diameter classes but fewer in the lower and
higher diameter classes (Fig 3). This shows that the species
in the community has a low reproductive capability (Calbi
et al. 2021; Laigle et al. 2021).

Figure 3: Distribution of height class at the study site)
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Height Distribution: The natural plants of Gola were
divided into five classes based on height. In contrast to the
DBH class, the height class distribution in the GL and FL
sites has an inverted J-shape design, with a steady decrease
towards the largest highest class. In both grazing and
farmland, this finding revealed the development and strong
regeneration state of the species population. However, in
PA, it exhibits an uneven pattern dominated by the largest
trees and plants. In PA, the majority of species achieved
the medium canopy layer classification, indicating that
the species number was highest in the middle classes and
reduced as height increased. The increased number of
large-sized individuals in the upper height class in natural

Hussein & Temesgen

vegetation suggests the presence of a significant number
of mature vegetation species for reproduction (Balemlay
and Siraj 2021). For protected areas, this argument holds
are true. This is due in part to the residents' absence of
large-scale woody exploitation (Gemechu and Jiru 2021;
Tamiru et al. 2021).

CONCLUSION

The findings of the present study have shown that the plant
species of the research site were conquered by shrubs that
were dominated by the Fabaceae family. Woody cutting,
agriculture, and overgrazing are examples of human
pressures on the majority of species, all of which are
considered environmental matters that have contributed
to the degradation of the vegetation. The diversity and
structure of woody species showed variation across the
three land-use types, which increased in the PA whereas
decreasing through the adjacent GL to FL. These types
of comparative analysis contribute to understanding the
role of conservation on the natural vegetation in Ethiopia,
practicing wide-scale conservation activities of degraded
landscapes.
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