
Open Journal of Ecology, 2023, 13, 836-864 
https://www.scirp.org/journal/oje 

ISSN Online: 2162-1993 
ISSN Print: 2162-1985 

 

DOI: 10.4236/oje.2023.1311052  Nov. 30, 2023 836 Open Journal of Ecology 
 

 
 
 

Assessing Forest Cover Distribution, Species 
Diversity, and Richness of the Buffer Zone for 
Strategic Forest Management Planning for 
Nimule National Park, South Sudan 

Joseph Mayindo Mayele1,2* , Augustine Lokule Bongo1 

1Department of Forestry, College of Natural Resources and Environmental Studies, University of Juba, Juba, South Sudan 
2Department of Agricultural and Resource Economics, The University of Tokyo, Tokyo, Japan 

 
 
 

Abstract 
Natural forest ecosystems play an essential role in the conservation of biodi-
versity of many plants and animals by providing them with habitat and suita-
ble environments. Studies have shown that biodiversity-protected areas re-
duce the loss and degradation of natural habitats to various wild species of 
plants. This study examined the forest resources in five subzones by con-
ducting tree/shrub species inventory to be able to develop an effective forest 
management plan for the Buffer Zone Forest Reserve for the sustainable con-
servation of flora and fauna of Nimule National Park. This is with the view to 
identify the main tree and shrub species; assess the composition, distribution, 
and abundance of various tree/shrub species; to determine the species diver-
sity as well as the richness of these areas in terms of growth and performance 
where DBH and heights of trees/shrubs in the circular sample plots were 
measured. The results revealed the overall mean DBH and H of 13.83 cm and 
6.61 m respectively. The highest number of trees was obtained in subzone B 
followed by D, while the least were found in subzone A. The overall mean 
tree/shrub density was 0.83 tons/ha. The mean total basal area and volume 
per hectare were 3252.74 m2/ha and 46,540.82 m3/ha respectively. The overall 
species abundance and distribution indicate Combretum spp, Cedrella spp., 
Grewia mollis, Acacia Sieberiana, Ziziphus abysinica, and Acacia seyal were 
the most dominant species, with over 12 species richness at the deposition 
side of the River Nile, 13 species at the western side of the Nile, the Adminis-
tration site shows only 7 species, the lowland of Mt. Gordon show over 14 
different species, whereas over 10 species were found on the top of Mt. Gor-
don. The overall mean diversity indices and evenness of H’, D, and E depicted 
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2.507, 0.871, and 0.840 respectively. These results yielded are relatively mod-
erate. Therefore, conservation efforts are very necessary to improve and 
maintain the quality of vegetation cover. 
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1. Introduction 

Forest ecosystems are habitats for many plants and animals due to the fact that 
they provide suitable environments for them. Studies show that, worldwide, bio-
diversity is substantially higher inside than outside well-managed terrestrial re-
serves [1] because protected areas reduce the loss and degradation of natural ha-
bitats [2] and slow the rate of extinction of threatened species that occur therein 
[3] [4]. Worldwide, forests cover nearly one-third of the land area and they con-
tain over 80% of terrestrial biodiversity [5]. Forest habitat continues to decrease 
in cover and quality and the associated loss of biodiversity tends to jeopardize 
the ability of the forest ecosystem to function and the continuous provision of 
ecosystem services [2] [6]. 

The income of more than 1.6 billion people depends on forests and sustaina-
ble management of forests can contribute to sustainable development, poverty 
eradication, and the achievement of internationally agreed development goals 
[5]. Notwithstanding increasing efforts for sustainable forest management and 
forest conservation [6], the extent of forest habitat degradation and destruction, 
especially in the tropics, continues to increase, primarily through forest conver-
sion to agriculture, livestock grazing, and other land uses related to urban popu-
lation growth [7] [8]. 

Wildlife is threatened by many factors, of which habitat conversion to other 
uses (such as agriculture and urban development) and human (over) exploitation 
are best known and most notorious. According to the World Conservation Moni-
toring Center [9] [10], of 486 documented extinctions since 1600, 80 have resulted 
from hunting, and 98 have resulted from habitat destruction. Over-exploitation, 
usually combined with habitat destruction, is believed to threaten about one- 
third of the world’s endangered mammals and birds [11]. The significance of the 
relationship between human beings and forest reserves has been increasing as a 
result of the conflict of the tremendous increase in population growth and cru-
cial pressure on natural resources. Over the years, the forest has been a conti-
nuous source of fuelwood, charcoal, wild fruits collection, and land for agricul-
tural purposes that have led to present depletion [12] [13]. 

Deforestation and forest fragmentation are however among the main compo-
nents of global change [14] and both contribute to the rapid loss of tropical for-
est areas with important implications for ecosystem functioning and biodiversity 
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conservation [15]. Deforestation not only reduces forest area but also brings 
about changes in the forest structure hence, habitat quality. It also has thus di-
rect linkage to loss of ecosystem services [16] and to species extinctions, besides 
enhanced emission of CO2 and other greenhouse gases [17]. 

Deforestation reduces forest area and increases fragmentation which in turn 
increases habitat isolation and edge effects [18], as a result, it limits the available 
resources needed to maintain local populations, presenting barriers that some 
species are unable to cross, and influencing species interactions. Habitat loss and 
fragmentation, therefore intensify the effects of genetic drift and endogamy, re-
ducing genetic variability of populations with serious consequences for wildlife 
conservation. Several policy frameworks emphasize that habitat conservation 
and restoration should contribute simultaneously to biodiversity conservation 
and climate change mitigation [19]. These frameworks include the UN Sustaina-
ble Development Goals (SDGs), decisions under the United Nations Framework 
Convention on Climate Change (UNFCCC), and the Convention on Biological 
Diversity (CBD). As such, forest conservation is a crucial mechanism for forest 
management toward curbing biodiversity loss and climate change mitigation 
[17]. 

Knowledge of the floristic composition, structure, and conservation status of 
tropical forests is essential for sustainable management and conservation, al-
though this remains poorly documented in some tropical countries [20]. 

Tropical rainforests enjoy a unique reputation for their contributions to 
biodiversity conservation, climate stability, and human wellbeing, globally [21]. 
Understanding the floristic composition and structure of tropical rainforest 
ecosystems, including their diversity patterns and conservation status, is thus 
important for evaluating their sustainability [22] [23]. and resilience. Such stu-
dies can also provide useful information on forest stability, growth patterns, and 
regeneration processes required for conservation planning, monitoring, and 
management [24] [25] [26]. 

Tropical forests are the habitat of numerous species of living things that con-
stitute biodiversity through webs of life [27]. The natural forest cover of Sudan 
in which South Sudan is part of, is generally poor, sparse, and scanty vegetation 
due to its location in such an arid environment outside the riverine zones, except 
along the Nile banks and watercourses where ephemeral herbs and grasses occur 
after the short rainy seasons [13] [28]. 

Nimule National Park (NNP) is a government and community park in South 
Sudan managed by the Wildlife Authority to conserve biodiversity and the envi-
ronment. It is one of the oldest protected areas in the country established in 
1935, first as a game reserve to protect the white rhino (Ceratotherium simium), 
and later in 1954, it was upgraded to a National Park with the key objective to 
protect other wild animals. The most important animals in the park include 
black rhinos, elephants (Loxondonta africana), hippopotamus (Hippopotamus 
amphibious), and Uganda kob (Kobus kob), among others [29]. The park is a 
suitable habitat for a range of vegetation types and games and is home to a 
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number of breeding and migratory birds. it is surrounded by a sea of agricultur-
al, human settlements and naturally rugged hills with water courses interspersed 
within the landscape. The White Nile forms the eastern border of the park, 
which is characterized by steep banks with many rapids and falls of which the 
Fulla Falls is the largest. On the Eastern side, beyond the Nile, the park is bor-
dered by the buffer zone. 

The Buffer Zone is an important area purposely set apart to conserve biodi-
versity and to act as a buffer between wild animals and agricultural areas and as 
a safeguard against game proximity to human settlements, hence it reduces hu-
man-wildlife conflicts and poaching in the area. The zone is thus part of the Na-
tional Park and covers an area of 144 kilometers squared and it falls between the 
River Nile and Juba-Nimule road, which starts from Onyama Bridge and ends at 
Aswa Bridge and the Aswa-Nile confluence [30]. Arbitrary accessibility is not 
allowed within the buffer zone except for a few privileges given to the local 
people, such as the collection of water and dry firewood, which is usually done 
under a guarded escort. 

The zone has a diversity of vegetation types mainly influenced by climate, the 
nature of the parental rock, relief, and drainage, but generally, the vegetation 
within the park falls within the woodland savanna category [31]. The quantifica-
tion of tree species diversity is an essential aspect as it provides resources for 
many species [32]. 

The vegetation of the buffer zone is essential for the sustainable existence of 
many wild animals in the park; however, its existence is threatened by a number 
of harmful factors, and as a consequence, it is undergoing serious degradation. 
The long civil unrest in the country is portrayed as the main destructive compo-
nent, which has come with it a host of problems such as increased immigration 
of humans and their animals into the area consequently leading to settlement, 
hence bush burning and illicit cutting of trees and grass for building, firewood, 
and drying of fish as well as human-wildlife conflicts, the magnitude of which is 
reported to be with elephants [30] [33]. There has also been a breakdown of 
rules and regulations governing the park augmenting grazing of domesticated 
animals like cattle, goats, and sheep in the buffer zone area. 

The upshots of these actions coupled with limited information classifying and 
mapping vegetation as well as describing habitat type, which is very important in 
providing technical skills for managing wildlife resources and understanding the 
natural and man-made environments through quantifying vegetation cover from 
local scales at a given time point or over a continuous period [34]. In this regard, 
an inventory was carried out to assess the forest resources of the buffer zone as 
they are influenced by the various parental rock (soils) elevations, Soil condi-
tions here are highly variable, depending on subzone elevations, bedrock, and 
climate [35], and drainage systems to set a base to develop a management plan 
for sustained conservation of the forest resource base in order to avoid endan-
gering and extinction of the local wildlife species in the Park [34]. 
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1.1. Objectives 

The main objective of this study is to conduct an inventory for easy development 
of a management plan for the Buffer Zone Forest Reserve for sustained conser-
vation of the flora and fauna of Nimule National Park. 

1.2. Specific Objectives 

1) To identify the main tree and shrub species that inhabited the Buffer Zone 
Forest Reserve. 

2) To assess the composition, distribution, and abundance of the various 
tree/shrub species in the subzones. 

3) To determine the species diversity, species richness, and their parametric 
performance in terms of basal areas and volumes per plot and hectare in the 
various subzones. 

2. Materials and Methods 
2.1. The Study Area 

Nimule National Park is found in Nimule, Eastern Equatoria State at the Ugan-
da-South Sudan border, it falls within latitude 31˚48'E-32˚2'E and Longitude 
3˚19'N-3˚35'N (Figure 1). The park has an elevation ranging from 500 - 800 
meters above sea level, which is influenced by its natural boundaries of rugged 
hills and water courses that are interspaced within the landscape. The White Nile 
forms the boundary between the park and the buffer zone while other drainage 
features include River Anyama in the south, River Kayo in the north, and River 
Aswa in the northeast. The western part of the park is bordered by the Illungu 
hills which run along the South Sudan-Uganda border (Figure 1). Nimule gen-
erally sits on an Achaean basement complex whose formation dates back to the 
pre-Cambrian era which has resulted in a lateritic soil in the area that is an ex-
tension of the ironstone plateau [31]. 

Nimule Buffer Zone experiences a tropical continental climate regime which 
is typical for much of South Sudan. Rainfall in the region is localized and highly 
variable with an annual range of 800 - 1000 mm, where much of it falls during 
the wet season from April - November. The landscape is generally hot with an 
average daily temperature of 27˚C and a maximum of 29˚C in March which is 
the hottest month [13] [36]. 

On the whole, the zone has three broad vegetation types which include sa-
vannah wooded grassland, the riverine woodland vegetation, and some Borassus 
aethiopium, and Acacia seyal that occur along the permanent rivers and streams 
[30] [33]. The area is interspaced by pockets of wetland dominated by grasses, 
sedges, and reeds, which form an important dry season habitat and food for the 
extant megaherbivores and a number of wildlife species, and their reduction, in 
the zone may have a serious impact on the diversity and distribution of some 
wildlife species. 
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Figure 1. Map of Nimule National Park showing the study location: (Source: [30]). 
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2.2. Field Research Design 

The study examined the forest resources in five subzones, which were selected 
based on parental rock (soil), elevation contours, water drainage system, and 
human disturbances in the buffer zone namely, the lower area on the eastern 
deposition side of the Nile; lower area on the western erosion side of the Nile; 
the flat plain area around the Administration offices of Nimule National Park; 
the slopes of Gordon hill and the top of Gordon hill. The study follows a syste-
matic sampling approach used to collect vegetation data from the study site by 
layout of transect lines. Circular sample plots were established along these tran-
sect lines based on the total survey area in question. The distance between plots 
is 100 m whereas the distance between one transect and another is approximate-
ly 50 m. At least two transects and 20 sample plots were laid in each subzone. 
These subzones are speculated to influence the drainage system, which in turn 
has an influence on the soil characteristics of the area. These features are also 
hypothesized to have a great influence on species types (richness), distribution, 
and abundance, which can also have an influence on the kinds of animals inha-
biting them. 

The study thus involves carrying out a thorough inventory of vegetation cover 
parameters in the buffer zone forest to identify the diversity of tree/shrub spe-
cies, their distribution, richness, and assemblage (abundance) in the various ele-
vations/subzones as follows: 

1) Subzone A: Deposition side of the River Nile; 
2) Subzone B: Lowland western bank/Erosion side of the River Nile; 
3) Subzone C: Administration Offices; 
4) Subzone D: Slopes of Gordon hills and; 
5) Subzone E: Top of Gordon hills. 

2.3. Data Collection and Methods of Analysis 

The inventory involved collecting qualitative and quantitative data of just one 
hectare of forest resources in each of the five elevations using a cluster sampling 
method allocated randomly to determine the performance of the forest stands as 
well as to help in drawing up the management plan for the whole buffer zone 
reserve forest. According to preliminary surveillance carried out within the buf-
fer zone, there was heterogeneity observed among tree and shrub species of the 
forest resources in the area, which could be attributed to bushfires, pests and 
diseases, and human and animal destruction, especially by elephants. 

In the inventory work, edge defects were avoided by selecting the first sample 
plot in the center of the lower area of the subzone on the eastern deposition side 
of the River Nile. The center of the plot was located and on which a peg was 
placed. GPS readings of the location, as well as the elevation point above sea lev-
el, were taken and recorded. A measuring tape was then used to measure a ra-
dius of 17.85 m, suitable for natural forest stands, which was run all around the 
perimeter of the plot to form a circular sample plot in order to determine sample 
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trees that fall within the plot. The trees/shrubs situated within the plot were 
marked with some spray paint to await measurement. The heights (H) of each 
marked tree were then measured, which was carried out, first, by using a mea-
suring tape a distance of 20 m from the tree base in any direction taken where 
the growing tip of the tree could be seen; then using a Sunnto clinometer, the 
height readings of the tree was taken and recorded. The diameters of the marked 
trees were then taken at breast height (DBH); this was done using either a ver-
nier caliper (for small trees/shrubs) or a diameter tape (for larger trees/shrubs) 
depending on the size of the diameter. If the diameter of the tree/shrub is above 
5 cm and does not exceed the calibrated caliper readings, a caliper can be used, 
but if the diameter of the tree is more than the caliper reading calibrated, a di-
ameter tape is used to measure the tree diameter which is then recorded [37]. In 
this inventory, only a tree/shrub measuring DBH and height of at least 5 cm or 
greater (≥5 cm) and 3 m or above ((≥3 m) respectively is subjected to measure-
ment. A tree/shrub whose DBH is found within the sample plot and whose 
crown trunk falls outside the plot is not subjected to measurement, and vice 
versa. As such, in the circular sample plots, a sampling intensity of 10% was 
used. Therefore, the radius was calculated from the 10 percent hectare, giving a 
radius of 17.85 m as indicated in the formula below. 

10% Hectare = 0.1 × 100,000 m2 = 10,000 m2 

10% of 10,000 m2 = 1000 m2 

2 2Area of a circle 3.14rA r= = π =  

2 1000 3.14 318.47r = =  
318.47 17.85 mr = =  

The data analysis involves manipulation of the plant species variables and pa-
rameters in Excel spreadsheet and/or SPSS software using many formulae. Va-
riables and parameters studied in this investigation included tree heights (m), 
diameters at breast height dbh (cm), basal areas (m2), and volume (m3) while the 
parameters examined included average Diameter at Breast Height DBH, mean 
height, Basal area per hectare (m2/ha), Volume per hectare (m3/ha) and Density 
per hectare. This procedure for obtaining subsequent variables above was re-
peated for all the samples selected randomly in each of the identified clusters in 
the buffer zone. The following major formulae specified in the equations were 
then used for calculating the various parameters in the various subzones of the 
buffer zone forest reserve: 

i) Basal area/tree (BA) = 
2

4
dπ                            (1) 

ii) Basal area/plot = ( )BA per tree in the plot∑ . (2) 

iii) Average basal area/Plot = 
2

4
d N

 π
÷ 

 
∑ . Where N is the number of plots 

in the block (3) 
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iv) Average Height per plot (H') = All tree heights per plot
N∑ . Where N is 

the number of trees in a sample plot.  (4) 

v) Average Basal area/hectare = Average BA per plot 10000
Plot Area

∗ . Where plot 

Area (A) = πr2  (5) 

vi) Volume/tree = BA per tree F.F av.H per plot∗ ∗ . Where F.F is form factor 
of natural forest which is between (1.3 - 1.6), i.e. ( )1.3 1.6 2 1.45+ ÷ =  (6) 

vii) Volume/Plot = ( )1 Vol per ploti
n
=∑ . Where n is the number of trees in the 

block.  (7) 

viii) Average No. of trees/whole block = ( )trees per plots N÷∑ . Where N is 
the number of sample plots.  (8) 

ix) Average no. of trees/ha = 2

Average no. of trees per plot
rπ

 (9) 

x) Density = Number of trees per plot
Area of sample plot

 (10) 

xi) Standard Deviation (SD) = ( ) ( ) ( )22 1X X N− ÷ −∑ ∑ . Where N is no. 

of Plots/block.  (11) 

xii) Standard Error (Se) = SD
n

. Where n is the number of sample 

plots/block.  (12) 

xiiii) Coefficient of Variation (C.V.) % = SD 100
X

∗ . Where, X is the mean of 

the volume.  (13) 

To evaluate the stand composition, species richness and abundance were used. 
The tree species richness was computed through frequency counts or tallying for 
all existing species, and species abundance was determined by a simple count of 
frequencies of individuals of all the different species, whereas species diversity 
was calculated using the Shannon-Weiner diversity index, Simpson dominance 
index, and relative abundance or density (%) using the following formulae [37] 
[38]: 

( ) ( )
1

Shannon-Weiner Index ln
s

i i
i

H P P
=

′  = − ∗ ∑            (14) 

( ) ( )2

1
Simpson's dominance index 1

s

i
i

D P
=

= −∑            (15) 

where, 
S = number of species. 
N = Total number of individuals. 
n = individuals of one particular species. 
Pi = the proportion of n divided by N (n/N). 
∑ = summation of ( )lni iP P ∗   
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H' = Diversity index = ( )lni iP P − ∗ ∑  
Hmax = (LnS). 

Evenness or Abundance (E) = H/Hmax.              (16) 

Species richness or variety index (d) was determined by the formula adopted 
from [39] as follows: 

Species richness (d) = S
N

                  (17) 

Relative Density (%): The percentage of each species of tree/shrub was com-
puted as follows: 

RD% 100n
N

= ×                        (18) 

where, n = individuals of one particular species, N = Total number of individu-
als. 

3. Results and Discussion 
3.1. The Floristic Growth and Productivity Performance Variables 

and Parameters in the Five Assessed Subzones 

The study involved 834 trees/shrubs encountered within 100 circular sampled 
plots along transects established in the buffer zone represented by five sub-
zones/elevations namely, A to E. Results of the computed variables and parame-
ters of the inventory conducted on the number of trees/shrubs evaluated in the 
various elevations indicate that the highest number of trees/shrubs were ob-
tained in elevation B followed by D, E, and C while the least number of trees 
were found in elevation A (Table 1). This shows that although the deposition 
side “A” of the River Nile has fertile soils which might have resulted from silt 
deposition and humus accumulation, trees that grow in this area are fewer but 
bigger in sizes with heavy crowns which might not have allowed the growth of 
other trees/shrubs species in their understory other than shade tolerant grasses, 
which were not evaluated in this study. The results are supported by the mean 
diameters at breast height and tree heights as well as basal area per block, which 
are higher in elevation A compared to the other elevations. Although elevation D 
has many trees compared to C and E, it shows the least basal area per block 
which indicates that most of the trees/shrubs found at this level were smaller 
sizes, which is supported by the mean diameter at breast height as well as tree 
heights. The overall mean densities of the trees/shrubs among the various eleva-
tions is 0.83 indicating that elevation A has the lower density (0.06) while eleva-
tions B, D, and E have higher densities of (0.22), (0.2), and (0.2) tons/ha respectively 
(Table 2), with the highest and almost similar densities which might be attributed 
to favorable conditions for the growth of diverse trees/shrubs species [20]. 

Mean Basal area per hectare shows significant variance in almost all parame-
ters, with elevation A showing the highest value followed by E, B, and C while 
elevation D had the least basal area per hectare compared to the other elevations, 
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Table 1. Summary statistics of outcome variables and parameters obtained in the five surveyed subzones 

Survey Zones 
No. of plots  

sampled 
Average No. of trees/ 

shrubs per area sampled (plot) 
Average No. of trees/ 

shrubs per hectare 
Mean DBH 

(cm) 
Mean Height 

(m) 

Buffer Zone 100 16.68 166.71 13.83 6.87 

Subzone A 20 5.90 62.04 33.46 11.12 

Subzone B 20 21.80 218.14 9.33 4.57 

Subzone C 18 15.60 156.10 7.72 4.06 

Subzone D 22 20.20 202.13 6.77 4.33 

Subzone E 20 19.60 196.13 11.86 8.95 

 
Table 2. Descriptive statistics showing growth and productivity performance of species in the five evaluated subzones (A, B, C, D, 
and E) of Nimule Buffer Zone Forest Reserve. 

Survey Sub 
zones 

Density 
(ton/Ha) 

Basal Area per plot (BA/plot) Volume per Ha/Plot (Vol/Ha)/Plot 

Mean SD SE C.V (%) Mean SD SE C.V (%) 

Subzone A 0.06 1460.83 2878.50 5.37 33.40 25433.24 40380.4 20.1 26.90 

Subzone B 0.22 91.40 5203.42 7.21 261.14 732.31 4115.36 6.42 25.78 

Subzone C 0.16 71.14 4438.29 6.66 399.92 746.50 6009.22 7.75 51.60 

Subzone D 0.20 46.89 5111.66 7.15 539.70 904.10 23349.47 15.28 127.86 

Subzone E 0.20 183.43 4826.43 6.95 132.24 2466.99 8339.7 9.13 17.25 

Buffer zone 0.83 3252.74 1873.16 0.8656 57.59 46540.82 7728.09 1.75 16.6`1 

 
which indicates that this area is mostly inhabited and dominated by a diversity 
of smaller trees/shrubs hence, smaller diameters and heights, which corresponds 
with the higher coefficient of variation (CV), 539.7% (Table 2) and results also 
given in Figure 5 that has more than 14 diverse tree/shrub species show similar-
ity. These results are reflected in the mean basal area per block, which indicates 
the variance of tree/shrub species as influenced by elevation and water drainage 
systems. The results depicted similar analyses of the study done by [40] as it falls 
within a specified range of 46.9 - 1460.8 (BA/plot) for Nimule Buffer zone. It is 
therefore noted that differences in the basal area (BA/ha) and volume per hec-
tare (Vol/ha) among the subzones/elevations may be attributed to disparity in 
species composition, degree of natural and human disturbances, age of trees, and 
succession strategies of the stands [41] [42]. The pattern of species distribution 
of inventoried trees through dissimilar DBH classes also shows how well the 
growing forest is utilizing functional and structural resources [43]. 

The standard deviation (SD) of the mean basal area per hectare for the five 
elevations indicates that there was considerably little deviation of basal area per 
hectare in elevation A compared to the other elevations, which could be attri-
buted to similarity in site conditions, quantities of the diverse tree/shrub species 
as well as their diameters at breast heights and tree heights (Table 1). This is 
supported by results of the overall buffer zone, whereby the diverse tree/shrub 
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species have more or less the same quantities with the exception of Acacia siebe-
riana which is mostly common and strives well in the deposition site and west-
ern bank of the Nile river. Results on volume show that elevation A has the 
highest mean volume per hectare followed by elevation E, while D, C, and B 
have more or less the same mean volume per hectare (Table 2). The results also 
indicated that the forest was characterized by an overall relatively low mean ca-
nopy and height (6.61 m) but with a large number of small-mean diameter trees 
(13.83 cm) as compared and supported by the findings of [44]. 

Results on the volume of tree/shrub species considered as the average number 
of trees per sampled plot and per hectare respectively show that elevations B, D, 
and E, have the highest mean volume per plots sampled and per hectare with 
(21.80, 218.14), (20.20, 202.13), and (19.60, 196.13) respectively (Table 1). Sub-
zones A and C have significantly lower average volumes (Number of trees) per 
plot and hectare as indicated by (5.90, 62.04) and (15.60, 156.10) respectively 
(Table 1). The lower volumes obtained could be due to anthropogenic activities, 
competition among the various species for nutrients under different climatic 
conditions, and environmental ability to adapt. Again, it could be due to small 
size trees that contributed to a decline in their parameters of DBH and H leading 
to low attainment of tree/shrub mean basal areas and thus lower volumes in 
some subzones. However, our study findings are in conjunction with other stu-
dies in arguing that the competitive ability of the species in question is expected 
to vary under different environmental and climatic conditions whose interspe-
cific relationships among the identified species of trees/shrubs may vary diffe-
rently in different other areas [45] [46]. 

3.2. The Overall Trees/Shrub Species Composition, Abundance, 
and Distribution at Nimule Buffer Zone 

Overall, the five surveyed sites were representative of about 18 families of 
tree/shrub species which are mostly dominated by the Fabaceae family (6 spe-
cies). This was followed by Combretaceae (4 species), Rhamnaceae (3 species), 
and species from unknown families (3 species). There were also other families 
represented by at least 1 or 2 species such as Anacardiaceae, Bignoniaceae, Are-
caceae, Moraceae, Malvaceae, and so on (Figure 8). The study also encountered 
18 species categorically belonging to tree families, 6 belonging to shrub families, 
only 1 species of herb was identified, and 3 species are either considered tree or 
shrub species (Table 3). The results on the abundance and distribution of trees 
in the buffer zone indicate that the area is generally inhabited by more than 30 
various trees/shrub species. However, in the computed tree/shrub frequencies 
and relative density, the most numerous species/families that dominated the in-
ventoried sites were Combretum spp/Combretaceae (225, 27%); Cedrella spp./ 
Meliaceae (132, 25%); Grewia mollis/Malvaceae (89, 12%), and Acacia Sieberia-
na/Fabaceae (79, 9.11%), which are followed by Zizphyus abysinica/Rhamnaceae 
(51, 6.12%), and Acacia seyal/Fabaceae (50, 6.0%) respectively (Figure 2). 

The results further depicted that at least combretum spp and acacia spp were 
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found across all the five subzones inventoried. There are also other varieties of 
species that are of smaller amounts which are distributed randomly in different 
formations or niches within the zone (Figure 2). The presence of such former 
variety of trees and shrub species indicates that the zone is rich in forest re-
sources and hence inhabits a wealth of biodiversity which is favorable for na-
tional park recreational activities. The latter variety of species is considered to 
possess interrupted regeneration regimes underrepresented in some size classes, 
especially the middle-size classes, which is usually associated with illegal logging 
or selective exploitation for fuelwood, charcoal, poles and timber, and wild fruits 
[40]. It might however be detrimental in that, many products can be obtained 
from the area for use by local people, as a consequence, if not properly moni-
tored, it might call for illegal felling and hunting, which might in turn encourage 
bush burning [47]. This is also in conformity with the study of [48] who estab-
lished that tree/shrub species populaces are commonly impacted by the persis-
tence and intensity of human activities influenced by their needs/use in India. 

3.3. The Site-Specific Description of Species Composition, 
Abundance, and Distribution across the Five Subzones  
(A, B, C, D, and E) of Nimule Buffer Zone 

Figure 3 shows the abundance and distribution of trees/shrub species evaluated  
 

 
Figure 2. The overall composition, abundance, and distribution of trees/shrub species at Nimule Buffer Zone. 
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Figure 3. Tree/shrub species at the deposition site of the River Nile (Subzone A). 

 
at the deposition side of the River Nile. Results indicate that the area is occupied 
by more than 12 species, which is highly dominated by about 45% Acacia siebe-
riana [49] followed by Tarmarindus indica (13.6%), which is less than a third 
(1/3) that of A. sieberiana with varieties of tree/shrubs species such Sclerocarya 
birrea (6.8%) and others that are found in smaller quantities of less than a fifth 
of that of A. sieberiana. This could be attributed to competition, especially for 
sunlight between the A. sieberiana and the few shade-tolerant species. The dense 
and overgrown canopy of the A. sieberiana could have covered and shaded other 
vegetation in the area, resulting in the death of non-shade tolerant species and 
stunted growth of the other existing understory tree/shrub species. It is therefore 
precise to conclude that most of the existing trees/shrubs growing in the area, 
other than the A. sieberiana are those that are only shade-tolerant species [50]. 

Findings on trees/shrub species evaluated at the western side of the River Nile 
indicate that the site is inhabited by various types and quantities of trees/shrubs, 
but the area is mostly abundant of species of the Combretaceae family that 
formed about 35% [51], which is followed by Ziziphus abysinica (22.5%), Acacia 
Sieberiana (13.3%), Acacia Senegal (9.2%) and Cedrela species (9.2%) in that 
order [52]. There are also other species of tree/shrub species found in the area 
but in smaller percentages (Figure 4). The site is where most of the erosion is 
taking place, as such analysis of vegetation indicates marked differences in vege-
tation cover and types as well as quantities compared to the deposition side. This  
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Figure 4. Tree/shrub species at the highland side of the western bank of the River Nile (Subzone B). 

 
could be ascribed to the fact that the western side of the Nile has a unique soil 
structure and periodically attempts to retain its original soil although it is prone 
to erosion, as the vegetation growing in this area express more similar characte-
ristics, unlike those on the deposition side of the Nile, on which much of the soil 
has been altered due to so much deposition of debris for so long time. 

Results on the distribution and abundance of tree/shrub species in the Ad-
ministration area show fewer varieties of tree/shrub species than in the other 
areas evaluated although the area is by far highly dominated by Cedrela spp. that 
represented more than 64% of vegetation cover [52]. This is followed by Com-
bretum spp. with just about 22% cover, while there are also other varieties of 
tree/shrub species that are just in minor quantities such as acacia sieberiana (8%) 
while the rest form values that are negligible (Figure 5). This area is located near 
the settlement area and it is where the Wildlife Administration Office is built, so, 
it might have been plagued with recurrent human activities, such as felling, 
burning, fuelwood collection, and probably cultivation which might have altered 
the soil structure, hence the changes in vegetation types leaving less preferred 
species to regenerate/succession. This finding indicates that human activities 
have a profound impact on the vegetation cover of the area [24] [53], which has 
resulted in Cedrella spp. being the most dominant species remaining [54] [55]. 

On the lowland of Mt. Gordon (along Nimule-Juba road), the results on the 
abundance and distribution show that the area is highly populated by a variety of 
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tree/shrub species but it is mostly dominated by Combretum spp [51], occupy-
ing about 30% of vegetation cover, followed by others such as Cedrella spp., 
Grewia mollis, and Acacia polycantha [52] with about 17%, 14% and 13.8% cov-
er respectively (Figure 6). The subzone is situated on the lower and steep side of  

 

 
Figure 5. Tree/shrub species near the Wildlife Administration Office of Nimule National Park (Subzone C). 

 

 
Figure 6. Tree/shrub species found at the Lowland/slope side of mountain Gordon (Subzone D). 
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the mountain/hill; as a result, the topography is fissured with irregular deep wa-
terways running from the top of the mountain to the bottom, some of which are 
collection points for debris and water which allow the growth of a variety of 
large and small tree/shrub species. 

Findings on tree/shrub species evaluated on top of Mt. Gordon are presented 
in Figure 7. Results show that the area is comprised of a diversity of tree/shrub 
species but the two most common and abundantly distributed with more than 
70% vegetation cover were Grewia mollis and Combretum spp with about 40% 
and 33% respectively [52]. These results are also similar to those found by [51] 
and the report of [49]. However, Acacia seyal and Cedrella ssp. followed by 
about 10% and 8% cover respectively, while other tree/shrub species are availa-
ble in smaller quantities of less than 5% (Figure 7). 

3.4. Species Diversity Indices, Species Richness, and Their  
Floristic Description of the Buffer Zone 

The inventory conducted measurement of tree girth (DBH), Heights as well as 
species identification/enumeration. The study encountered a total of 834 
trees/shrubs measured within the 100 randomly sampled circular plots. The re-
sults on the species richness showed more than 31 different species of 
tree/shrubs (Table 3 & Table 4) from 18 different families, are distributed with-
in the Buffer zone forest reserve with a species (variety) index of 1.073. The most 
diverse species were Combretum spp, Cedrella spp, Grawiya mollis, Acacia Sie-
beriana, Ziziphus abysinica, and Acacia seyal indicated by their higher relative 
densities and were dominantly inventoried separately reported by about 27%,  

 

 
Figure 7. Tree/shrub species on the highland range of mountain Gordon site (Subzone E). 
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Figure 8. Representation of important families of tree/shrub species identified in all the five subzones/sites. 

 
Table 3. List showing species richness of trees, shrubs, and herbs identified in the surveyed Nimule buffer zone 

Tree species Shrubs species Herbs Trees & shrubs 

Acacia polycantha Ziziphus esusuca Cactus spp G. Christi tree 

Acacia Seberiana Harrisonia abyssinica  Balanites glabra 

Acacia senegal Hyphaene thebaica  Grewia mollis 

Acacia seyal Terminalia prunioides   

Tamarindus indica Ximenia americana   

Borassus aethiopium Ziziphus abyssinica   

Bridelia micrantha    

Cedrela spp    

Combretum spp    

Ficus sycomorus    

Kigelia africana    

Lonchocarpus laxiflorus    

Peltophorum africanum    

Phanera purpurea    

Piliostigma thonningii    

Sclerocarya birrea    

Spathodea campanulata    

Sterculia setigera    
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Table 4. The overall species diversity and their floristic family description at Nimule Buffer zone. 

Species Name Family Name n [Pi] = n/N (Pi)2 ln(Pi) Pi * ln(Pi) H'/LnS RD (%) 

Acacia polycantha Fabaceae 20 0.024 0.001 −3.731 0.089 0.030 2.40 

Acacia Seberiana Fabaceae 76 0.091 0.008 −2.396 0.218 0.050 9.11 

Acacia senegal Fabaceae 31 0.037 0.001 −3.292 0.122 0.036 3.72 

Acacia seyal Fabaceae 50 0.060 0.004 −2.814 0.169 0.043 6.00 

Balanites glabra Balanitaceae 5 0.006 0.000 −5.117 0.031 0.019 0.60 

Borassus aethiopium Arecaceae 2 0.002 0.000 −6.033 0.014 0.021 0.24 

Bridelia micrantha Phyllanthaceae 15 0.018 0.000 −4.018 0.072 0.027 1.80 

Cactus spp Cactaceae 2 0.002 0.000 −6.033 0.014 0.021 0.24 

Cedrela spp Meliaceae 132 0.158 0.025 −1.843 0.292 0.060 15.83 

Combretum Spp Combretaceae 225 0.270 0.073 −1.310 0.353 0.065 26.98 

Ficus sur Moraceae 2 0.002 0.000 −6.033 0.014 0.021 0.24 

Ficus sycomorus Moraceae 1 0.001 0.000 −6.726 0.008 0.000 0.12 

G. Christi tree Rhamnaceae 3 0.004 0.000 −5.628 0.020 0.018 0.36 

Grewia mollis Malvaceae 86 0.103 0.011 −2.272 0.234 0.053 10.31 

Harrisonia abyssinica Rutaceae 4 0.005 0.000 −5.340 0.026 0.018 0.48 

Hyphaene thebaica Arecaceae 6 0.007 0.000 −4.934 0.035 0.020 0.72 

Unknown spp Unknown 9 0.011 0.000 −4.529 0.049 0.022 1.08 

Kigelia africana Lamiaceae 4 0.005 0.000 −5.340 0.026 0.018 0.48 

Lonchocarpus laxiflorus Fabaceae 6 0.007 0.000 −4.934 0.035 0.020 0.72 

Peltophorum africanum Fabaceae 12 0.014 0.000 −4.241 0.061 0.025 1.44 

Phanera purpurea Fabaceae 2 0.002 0.000 −6.033 0.014 0.021 0.24 

Piliostigma thonningii Fabaceae 3 0.004 0.000 −5.628 0.020 0.018 0.36 

Sclerocarya birrea Anacardiaceae 10 0.012 0.000 −4.424 0.053 0.023 1.20 

Spathodea campanulata Bignoniaceae 22 0.026 0.001 −3.635 0.096 0.031 2.64 

Sterculia setigera Malvaceae 4 0.005 0.000 −5.340 0.026 0.018 0.48 

Tamarindus indica Fabaceae 10 0.012 0.000 −4.424 0.053 0.023 1.20 

Terminalia prunioides Combretaceae 4 0.005 0.000 −5.340 0.026 0.018 0.48 

Ximenia americana Olacaceae 28 0.034 0.001 −3.394 0.114 0.034 3.36 

Ziziphus abysinica Rhamnaceae 51 0.061 0.004 −2.794 0.171 0.043 6.12 

Ziziphus esusuca Rhamnaceae 9 0.011 0.000 −4.529 0.049 0.022 1.08 

Total (N, ∑ & %) 
 

834 
 

0.129 
   

100 

Index D; H'; and E  
  

0.871 
 

2.507 0.840  

D = Simpson’s Dominance Index, H' = Shannon-Weiner index, and E = Species evenness or abundance. n = number or frequency 
of individual trees/shrubs measured, RD = relative density (%), N = total number of trees (sampled trees). 
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16%, 10%, 9%, 6.1%, and 6% respectively (Table 4). 
Based on individual sites, the analyses show that subzones D and A had higher 

values of Shannon-Weiner (2.352 & 2.288) and Simpson’s dominance (0.878 & 
0.870) indices respectively (Figure 9), similarly their species evenness. This is 
followed by moderate indices in subzones B and E, whereas subzone C has the 
lowest values of Shannon-Weiner, Simpson’s dominance indices, and species 
evenness of 1.464, 0.717, and 0.704 respectively (Figure 9). Subzone C also indi-
cates the lowest species richness (only 7 species identified). However, the overall 
average Shannon-Weiner (H') diversity and Simpson’s dominance (D) indices of 
the five subzones (whole buffer zone) computed were 2.507 and 0.871 respec-
tively (Table 4). This diversity and dominance indices varied with ecological lo-
cation depending on the species' site adaptability [13]. However, in the invento-
ried data, the results indicated that the computed indices lie between the general 
limit of 1.5 - 3.5 which is moderate meaning the overall species/shrubs found 
within the Buffer zone are moderately diverse [37]. Also, a study by [56] reite-
rates that when Shannon-Weiner indices are calculated and the values fall be-
tween 1.5 and 3.5, the species/shrubs are said to be moderately diverse within 
that community. Therefore, our study having obtained similar findings is in 
conformity with those previous studies. 

The findings on the evenness, E (abundance) further show the average of 
0.840 which lies between 0 and 1 reflecting relative evenness in tree/shrub spe-
cies distribution and thus, more or less comparable among the surveyed sub-
zones (Table 4). Furthermore, the evenness (0.840) is comparable with those  

 

 
Figure 9. Tree/shrubs species diversity index values of Shannon-Weiner (H'), Simpson’s dominance (D), and species 
evenness (E) for the five inventoried sites (subzones) of Nimule Buffer zone. 
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recorded in Uluguru forests [57], tropical evergreen forests [58], and wet ever-
green forests [59]. The findings of our study are also in consensus with those of 
[37] and [60] who argue that when species evenness value is varied between 0 - 
1, it is therefore worth mentioning its abundance among the ecological zones 
inventoried as the higher evenness indicates more consistency in species distri-
bution [43]. 

4. Conclusion 

The study evaluated the performance of tree/shrub species in the five subzones 
of Nimule Buffer zone by employing a non-destructive forestry inventory ap-
proach. Out of 18 families of tree/shrub species, three (3) were dominant at the 
sites including the Fabaceae, Combretaceae, and Rhamnaceae families respec-
tively. The buffer zone plant diversity, richness, and abundance were generally 
found to be moderate with over 31 species richness, and 834 trees/shrubs were 
encountered. The average diversity indices H', D, and abundance (E) were 2.507, 
0.871, and 0.840 respectively, where H' lies between 1.5 and 3.5, while D and E 
values both lie between 0 and 1 show that trees/shrubs species inventoried were 
moderately diverse and abundant. This apparently indicated that most vegeta-
tion were young and maturing, or persistently being subjected to anthropogenic 
disturbance through deforestation and degradation by both human and grazing 
animals (wild and domestic) that had fetched changes in their ecological adapta-
bility, influencing their species distribution. The study witnessed non-existence 
of large trees/shrubs undergoing a natural regeneration process in the zones. The 
relative densities indicated the sites/zones were mostly dominated by Combre-
tum spp, Cedrella spp, Grewia mollis, and Acacia spp. In general, highland zones 
are categorically suitable for the growth of Combretum spp, Cedrella spp, and 
Grewia mollis, while lowland zones are majorly occupied by Acacia spp and 
other minor species. The mean tree/shrub DBH, height, and density of 13.83 cm, 
6.61 m, and 0.83 tons/ha respectively, were found to show low values among the 
subzones. On the other hand, although mean Basal area and Volume per hectare 
show significantly higher values of 3252.74 m2/ha and 46,540.82 m3/ha respec-
tively, most trees/shrubs found at this level were superficially smaller sizes, as 
supported by the low diameters at breast height as well as their heights. Our 
study thus concluded that although the buffer zone forest reserve is relatively 
rich in species, they are exposed to unfavorable growth conditions for diverse 
trees/shrub species. This might have been caused by overexploitation, effects of 
climate change, edaphic factors, extensive wildlife browsing, and other anthro-
pogenic activities such as illicit logging, unprotected bushing burning, overgraz-
ing, and encroachments causing some species to be at risk of extinction. There-
fore, to improve the quality of vegetation cover of the buffer zone, this study re-
commends for effective delivery of extension services, training of relevant 
stakeholders and engagement, strict follow of forestry and wildlife regulatory 
frameworks as well as emphasis on joint participation and conservation efforts 
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of the community, government, and other stakeholders. 

5. Policy Implications/Recommendations and Areas for  
Future Research 

Increased human and animal populations, land degradation, human encroach-
ment (settlement), livestock grazing, illicit felling, uncontrolled burning, lack of 
knowledge of species distribution, inventory, and lack of management plan are 
some attributes of loss of vegetation cover in Nimule Buffer zone. Loss of rive-
rine vegetation below the Fulla Falls could lead to the local extinction of impor-
tant trees/shrubs and even wild animal species. In the surveyed landscape 
(zones), wildlife damage was key that appeared to be widespread in most sam-
pled plots involving many species but the magnitude of damage caused by ele-
phants was reportedly greater. 

According to the data log of incidents in affected villages, elephants’ damage 
incidents were found to be occasional and temporal in nature but larger in scale. 
The observed negative and hostile attitude of communities towards forest con-
servation and management could be a sign of frustration due to the effects of 
continuous human-wildlife conflict, the ineffectiveness of traditional methods 
used to control elephant damage, and perceived government ownership of wild-
life and forest sectors. As long as elephants and local communities still depend 
on the extraction of forest products and vegetation cover in the buffer zone, the 
human-wildlife conflict will persist with massive destruction to land cover in-
cluding loss of lives and properties, and destruction of farm crops due to en-
croachment and wildlife migration. This could lead to land degradation and cli-
mate change in the long run. 

Although current conservation strategies focus on reducing illegal felling and 
encroachment, improving habitat quality, and mitigating human-wildlife con-
flict, developing effective land conservation strategies and forest management 
plans for the species in many range locations is difficult because there is no 
site-specific information on the species’ ecology and lack of joint community 
participation in conservation. 

Therefore, because of this background, our study has drawn the following 
recommendations for various wildlife, forest, and protected area stakeholders: 1) 
There is a need for proper land use planning through schemes such as the 
transboundary management approach advanced by the Wildlife Conservation 
Society and forest management planning in the landscape should be promoted 
to enable the persistence of the species and conservation in Nimule National 
Park. 2) The generated value indices of Shannon-Weiner and Simpson’s do-
minance revealed the most important tree/shrub species in the subzones which 
are categorically distinguished from those that need to be ecologically prioritized 
for conservation to avoid extinction. 3) Moreso, the need for inevitable policy 
frameworks for legal provisions for forest and wildlife resource assessments, and 
species identification that are viable options for monitoring tree/shrub species 
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performance, and promotion of recreational activities. 4) Nonetheless, there is a 
need for continuous inventory works and the relay of forest information systems 
through research, provision of extension services, and development of network-
ing among forest initiatives and organizations. 5) Additionally, the need to pro-
tect the forest from illegal felling, bush burning, and encroachment through reg-
ularly patrolling the forest to avoid unnecessary exploitation and extraction of 
the forest resources that could lead to vegetation cover loss and land degrada-
tion. 6) Moreover, local governments should shape up a policy regarding land 
use plans in order to effectively allocate their valued resources and activities to-
wards the protection of the buffer zone plant diversity. 7) Lastly, the study 
therefore emphasizes the need for adaptation and implementation of efficient 
management practices and conservational efforts to restore the already depleting 
buffer zone forest resources in Nimule National Park. 

Data Availability 
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