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Tree species composition and diversity were assessed in Agoro-Agu Central Forest Reserve located in 
Lamwo district-Northern Uganda. Fifteen transects, each 2 km long, were established in the reserve. A 
procedure of nested quadrats was employed for a systematic sampling of mature trees, saplings and 
seedlings at 100 m interval(s). Vegetation analysis was conducted in Species Diversity and Richness 
(SDRiv) software. A total of 100 species of trees belonging to 36 families were recorded. The dominant 
tree species, also with high Importance Value Indices were Combretum molle G. Don, Albizia 
grandibracteata Taub. and Vachellia hockii De Wild. Tree species diversity was higher in the intact part 
(H’=3.46) than in the degraded part (H’=2.86). Lower diversity in the degraded part of the reserve could 
be due to human disturbance and resulting conducive condition for the early establishment of pioneer 
species during succession. The occurrence of mixed species with indicator species for both savannah 
woodlands and Afromontane tree species indicates that Agoro-Agu is an enriched forest for enhanced 
conservation. Management options that limit continuous degradations such as the enforcement of 
environmental laws, tree enrichment planting, and ex-situ conservation should be undertaken to restore 
the status of trees in the degraded part of the reserve.   
 
Key words: Afromontane, biodiversity, East Africa, forest conservation, national forestry authority and species 
richness. 

 
 
INTRODUCTION 
 
Afromontane forests are forests that occupy the 
mountainous landscapes of East and West Africa (Mairal 
et  al.,  2017).  In  East  Africa,  Afromontane  forests  are 

widely scattered but geographically similar. Such forests 
often share similar features of mixed trees and plant 
species which are distinct  from the surrounding lowlands  
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(Gadow et al., 2016). The Afromontane altitudinal 
geographical limit falls within the range of 1000 to 2700 m 
above sea level (UNEP-WCMC, IUCN, 2020). Typically 
occurring above 1500 m in elevation, Afromontane 
forests extend from the Arabian Peninsula south along 
the rift to the Drakensberg Mountains in the east. The 
mountains are rich in biodiversity and are centers of 
endemism with many range-restricted species (Abiem et 
al., 2020).  

Agoro-Agu Central Forest Reserve is located at the 
border between Uganda and South Sudan. It is the 
extension of Imatong Mountains into the Northern Region 
of Uganda, and basically lower than the southern part in 
South Sudan (Zhao et al., 2018). In Uganda, Afromontane 
forests include among others Bwindi forests and mid 
elevation forests at the border of Republic of South 
Sudan. The forest reserves of Imatong hills in South 
Sudan and Agoro-Agu in Northern Uganda are some of 
the outlying patches of the Eastern Arc Afromontane 
vegetation (Newmark and McNeally, 2018). Studies 
conducted in other Afromontane regions showed that 
such Afromontane outliers are hot spot areas with high 
diversity of flora and fauna but are often neglected 
(Kidane et al., 2019). 

The high elevations in South Sudan that adjoins Agoro-
Agu Central Forest Reserve in Northern-Uganda border 
are equally known to harbour a mixture of various kinds 
of forests including Afromontane forests, shrub lands, 
woody grasslands and bamboo - Sinarundinaria alpina 
(Zhao et al., 2018; Omoding et al., 2020). The distribution 
of East African Montane, its extension and elevations in 
South Sudan and Uganda border form part of the 
medium-altitude archipelago landscapes of the East 
African Afromontane for which Agoro and Agu hills are 
part of the landscape covered by Agoro-Agu Central 
Forest Reserve. It should be noted, however, that 
montane forests such as the hills of Agoro-Agu currently 
covered by the Agoro-Agu Central Forest reserve, have 
had very little attention in the past; yet they are becoming 
increasingly important for the conservation of fauna and 
flora (Omoding et al., 2020).  

Agoro-Agu Central Forest Reserve has been reported 
to be extensively encroached with both temporary and 
semi-permanent housing, gardens, sambas and schools 
throughout the lower and medium altitude areas, 
particularly in the southern and eastern areas. Most of 
the disturbance and settlements were concentrated in the 
mid slope area where the landscape remains relatively 
flat. The human activities included settlements, 
cultivation, cutting of trees for fuel wood/building poles, 
timber, and rearing of domestic livestock including dogs, 
chicken, goats and cattle (NFA, 2018). 

The situation was exacerbated by the presence of both 
the Lord’s Resistance Army (LRA) and the Sudanese 
People’s Liberation Army (SPLA) who operated within the 
reserve for many years. Despite the aforementioned, this 
forest   reserve   remains    a   source   of  building   poles  

 
 
 
 
(especially bamboo), honey, bush meat, medicinal plants 
and firewood to the adjacent communities. The status 
quo to date indicates high level of encroachment from the 
resettling population as people return from captivity 
(Environmental Alert, 2017). 

In the last 20 years or so, civil wars have negatively 
affected highlands and mid-altitudes forests in Northern 
Uganda including Agoro-Agu. The Agoro-Agu Forest 
Reserve suffered from persistent conflict in the mid-
1980s, including the Lord’s Resistance Army civil war 
against Uganda’s Government and conflicts in 
neighbouring South Sudan. The Agoro-Agu Forest 
Reserve (264 km

2
) established in 1937, and gazetted as 

a Central Forest Reserve (CFR) in 1948 is part of a trans 
boundary protected area complex with South Sudan’s 
Imatong Forest Reserve. Apart from massive areas being 
converted to farmland, trees also got continuously cut for 
firewood and building poles by the resettling population 
(NFA, 2018).  

To understand the rate of forest cover loss, a precise, 
fine scale demographic data would be needed to fully 
understand where returnees settled and how their land 
use practices have affected forest cover in Agoro-Agu 
Central Forest Reserve. Assembling information on tree 
species diversity and composition is not only key in 
understanding important aspects of tropical forest 
ecosystem, but can also  help in determining the diversity 
and structure of the tropical forests ecosystems than any 
other living component of the system (Mori et al., 2017).   

Furthermore, having a proper data on patterns of tree 
species diversity and composition is a prerequisite if any 
meaningful management interventions related to 
conservation of tropical forests are to be carried out 
(Gebeyehu et al., 2019). Apart from providing the 
necessary context for planning and interpreting long-term 
ecological research (Haruna et al., 2018), data from such 
a study would be equally relevant to Agoro-Agu Central 
Forest Reserve  given the current pressure from 
resettling war returnees and the need to making choices 
and decisions for biodiversity conservation in this forest 
landscape. 

Much as the tropical flora remains chronically 
understudied, thousands of plant and animal species in 
tropical regions provide a variety of non-timber products 
that are used by billions of people all over the world. 
Indeed conservation and long term utilization of these 
species require that they be harvested on a sustainable 
basis (Young et al., 2017). This implies that understanding 
tree species diversity and composition patterns in such a 
reserve would be of utmost interest to conservationists 
when interpreting long-term ecological data (Gonçalves 
et al., 2017) and monitoring changes in ecosystem 
health, as well as the composition of flora and fauna 
(Strassburg et al., 2019). 

Policy makers, conservationists, the public and other 
professional (Planners, foresters, health workers, help 
researchers, etc.) would  also  need  such  information  to  



 
 
 
 
them understand the implication of environmental and 
population trends including designation of appropriate 
conservation actions to be taken (Gavin et al., 2018). 

Even if Uganda Forest Department surveyed and 
recorded 254 useful trees and shrubs in Agoro-Agu with 
moderate to high levels of biodiversity, the study was 
limited in scope due to the insecurity situation within the 
reserve (NFA, 2018). Difficulty of access to an area 
during war combined with no clear spatial or temporal 
definition for the extent of conflict also made it extremely 
challenging to conduct accurate and timely assessment 
of the impacts of wars on tree species composition. 
Satellite image analysis on the same forest reserve by 
Gorsevski et al. (2012) was also reported only on slight 
decreasing forest and increasing tree cover of the 
reserve with no details on tree diversity and composition.  

These scenarios, thus, necessitated an assessment of 
tree species diversity and composition in the reserve. 
Such knowledge of floristic composition and diversity is 
useful for conservation by identifying ecologically and 
economically important plants and their diversities. The 
information on plant diversity is also required for 
facilitating proper planning and management of 
biodiversity, and ecosystem services provided in such a 
reserve. Indeed long-term biodiversity conservation also 
depends basically on the knowledge of the structure, 
species richness, and the ecological characteristics of 
vegetation (Ifo et al., 2016).  
 
 
MATERIALS AND METHODS 

 
Location and size of the study area 

 
Agoro-Agu forest landscape falls within the Agoro-Agu Sector that 
covers 17 central forest reserves in Aswa river range. The Agoro-
Agu Central Forest Reserve is a savanna woodland reserve 
considered among patches of diverse Eastern Afromontane 
landscape in the region; at the border between Uganda and South 
Sudan. It is the extension of Imatong Mountains into the Northern 
Region of Uganda, and basically lower than the southern part in 
South Sudan (Zhao et al., 2018). Agoro-Agu is located in Lamwo 
District,  Northern Uganda between 3°40-3°53′ N and 32°42′-33°04 
E (Figure 1). It has at altitudinal range of 1100 to 2700 masl, and at 
a distance of 463 km from Kampala city and covers a total of 
26,508 ha (IUCN, 2015).  

According to National Forestry Authority, the reserve covers a 
total area of 236 km2/26,508 ha (NFA, 2018). This constitutes 2.9% 
of the total tropical forest area coverage in Uganda. The forest 
reserve lies along the border between Uganda and Republic of 
South Sudan. 

 
 
Description of the study site 
 
Physiographically, Agoro-Agu Central Forest Reserve is 
characterized by hills, escarpments, valleys, relatively flat mid 
slopes and isolated ridges. The forest reserve is constituted by a 
series of small hills whose peaks are marked by Lumwaka hills 
(3100 m) in the North and Agu hills (1810 m) in the North-West and 
Agoro hills (2850 m) in the eastern part of the forest reserve 
(Olanya, 2020b).  
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These three hills stretch across the international border of Uganda 
and the Republic of South Sudan (Environmental Alert, 2017). 
Apart from being connected to the Imatong hills, other small hills in 
the reserve include: Talamudu, Lowa matidi, Lowa madit, Podolo, 
Loturtur, Lacer, Lamwo, Alila and Katomo hills (Zhao et al., 2018). 
Agoro-Agu Central Forest Reserve had for the last two decades 
served as a rebel hideout which rendered it inaccessible to the 
conservation authority (Omoding et al., 2020).  
 
 
Vegetation characteristics 
 
The vegetation of Agoro-Agu Central Forest Reserve has been 
broadly classified as dry Combretum savanna, forest-savanna 
mosaic and dry montane forest. Accordingly, land cover map for 
Agoro-Agu indicates that the vegetation of this area includes 
Afromontane forests, shrub lands, woody grasslands and bamboos 
(Zhao et al., 2018).  

According to NFA Master Plan, about 100 km2 (38%) of the 
reserve is occupied by forest/savanna mosaic at high altitudes. 
About 71 km2 (29%) is occupied by Combretum-Acacia-Themeda 
savanna. Juniperus-Podocarpus trees typical of dry montane forest 
occupies 48 km2 (20%), of the reserve landscape while Cyperus 
papyrus Swamp; Acacia-Cymbopogon-Themeda grassland and 
Butyrospermum-Hyparrhenia savanna occupies 4, 2 and 2% of 
Agoro-Agu forest landscape, respectively. The 16 CFRs within the 
Agoro-Agu Landscape cover 65,548 ha under one Forest 
Management Planning Area (the Agoro-Agu Sector) which are 
managed with a common Forest Management Plan (NFA, 2018). 
 
 
Climate and topography 
 
The climate of Agoro-Agu Central Forest Reserve is tropical 
Afromontane and rainfall is fairly constant throughout the season 
with warm day time temperatures up to 35°C that cools to 15°C at 
night (at Katire, 800 masl). Precipitation increases with altitude, 
resulting in a transition of the montane forest zone to the alpine 
zone. Rainfall across the study region is seasonal with the rainy 
season beginning in late March and lasting until the end of October 
(Gorsevski et al., 2013). The mountains in Agoro-Agu Central 
Forest Reserve consist of granitic crystalline rocks, most of which 
are folded and foliated with soils largely falling within the following 
four categories: (i) dark cracking clays, (ii) non-cracking clays, (iii) 
red loam and ironstone soils, and (iv) hill or mountains soils 
(Uganda Land Use Dialogue, 2020). 
 
 
Conservation issues 
 
Agoro-Agu Central Forest Reserve is of relatively high conservation 
value for all taxa compared to other forest reserves in Northern 
Uganda. The forest is contiguous with the Imatong Mountains of 
south Sudan and known for their high rates of endemism and 
unique species composition. In northern Uganda, it is among the 15 
forest reserves that were surveyed and reported to have had at 
least one species found in no other protected area in Uganda. 
Although a study commissioned by the Ugandan Forest 
Department recorded moderate to high levels of biodiversity; 
extensive encroachment evidenced in the lower and medium 
altitude areas raises conservation concern (NFA, 2018). 
 
 

Data collection  
 
Research design 
 
The  study followed  a  design by  Delgado-Aguilar et  al.  (2017)  in



130          Int. J. Biodivers. Conserv. 
 
 
 

 
 

Figure 1. Map of agoro-agu central forest reserve. 
 
 
 

which the naturalness or the integrity of the ecosystem and human 
disturbance features were used as a basis for landscape 
description of intact (non-degraded) and disturbed (degraded) 
landscapes. The criterion therefore described intact area as an 
unbroken expanse of natural ecosystems within the reserve with no 
signs of significant human activity. According to Haurez et al. 
(2017), intact site usually consists of forested, treeless, grassland or 
non-forest ecosystems minimally influenced by human economic 
activity. Based on the two descriptions, two study sites were 
identified in the study area.  

While the disturbed/degraded areas consisted of relatively flat 
mid slope areas with settlements, cultivation zones had significant 
human activities (e.g. fallow lands or previously cultivated lands and 
anthropogenic evidences like remnants of tree cuttings and 
stumps); the intact part had features similar to those described by 
Haurez et al. (2017), compared to the intact part of the forest 
reserve. This was based on the idea that the degraded section of 
the forest reserve constituted less than 5% of the total reserve area. 
The vegetation community landscape was furthered categorized 
and subdivided into three topographic positions that were defined 
as Ridge top, Mid slope and Valley bottom topographic positions 
following Mligo (2018). 

Using the two categories of forest parts and three topographic 
positions of the landscape in the assessment of tree species 
diversity, structure and composition, a total of 12.7 ha of the forest 
reserve was surveyed consisting of 9.5 ha of the intact part and 3.2 
ha of degraded part of the forest reserve. Efforts were made to 
select plot locations based on representation of possible aspect and 
slope topographic position combinations. 
 
 
Reconnaissance study 
 
Fieldwork started with a preliminary visit (reconnaissance) to the 
forest reserve. This was intended to plan the stratification of sample 

sites based on naturalness and intactness or extent of human 
disturbance on the forest reserve. The disturbance evidence 
considered included human activities like crop cultivation, tree 
stumps and settled areas. The non-degraded areas were 
considered to be at least 1 km away from the motorable paths and 
half a kilometer from the foot paths. This guided the laying of 
transects and establishment of plots during data collection 
(Solomon et al., 2018).  
 
 
Transect establishment and plot lay out 
 
A total of 15 transects were laid throughout the study area; nine in 
the intact part and six in the degraded part of the forest reserve. 
Transects (2 km long) were laid and on each; nested quadrants 
(alternating on either side of each transect) were laid out 
systematically at 100 m intervals. The inter-transect distance was 
600 m and the inter-plot distance was 100 m (Figure 2).  

Global Positioning System (GPS), compasses and 50 m ribbon 
tape measure were used to mark the plots along transects. A 
compass bearing was used to indicate direction during plot setting. 
Within the 25 m × 25 m plot, smaller plots of 10 m × 10 m and 5 m 
× 5 m were nested for sampling mature trees, saplings and 
seedlings, respectively (Dibaba et al., 2020). 

In this study, seedlings were considered as young trees with root 
collar diameter (rcd) between 1 and 2.9 cm and the data were 
obtained from the 5 m × 5 m plots; saplings were considered to be 
of diameter at breast height (Dbh) range from 3 to 9.9 cm and the 
data were collected from 10 m × 10 m plots. Mature trees were 
considered as trees with Dbh ≥10 cm and the data were recorded 
from 25 m × 25 m plots throughout the inventory (Dibaba et al., 
2020). The total number of plots for the entire sampled area for 
both intact and degraded parts of the reserve was 203 of which 152 
were in the intact and 51 were in the degraded part of the forest 
reserve.  
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Figure 2. Diagrammatic presentation of Plot Layout along Transects. 

 
 
 

Table 1. Plot size, diameter class size and tree category. 
 

Plot size (cm) Diameter size class in dbh/rcd (cm) Tree category assessed  

25 × 25  >10 cm Adult/mature trees  

10 × 10  3-9.99 cm Saplings 

5 × 5  1-2.99 cm Seedlings 
 

Source: Dibaba et al. (2020). 

 
 
 
Assessment of tree species composition and diversity 
 
At each plot center, GPS coordinate readings were recorded. 
Following Dibaba et al. (2020), measurements of Dbh of mature 
trees and saplings were carried out at 1.3 m from ground surface 
and root collar diameters (rcd) for seedlings (Table 1).  

For the tree trunk with buttresses near breast height, the Dbh 
were measured just above the buttress. Tree species were 
assessed in the 25 m × 25 m plots where the diameter at breast 
height (Dbh) of the trees were measured using either Vernier 
caliper (for smaller trees), tape measure (for very big trees) and 
recorded under different diameter class sizes (Table 1). Specimens 
of unfamiliar trees were collected and taken to Makerere University 
Herbarium for proper identification. 
 
 
Data analysis 
 
Vegetation data were entered and analysis conducted in Species 
Diversity and Richness (SDRiv) software (Kacholi, 2019; Birhanu et 
al., 2021).  
 
 
Analysis of tree species composition 
 
Tree species composition was considered to be an assemblage of 

tree species that characterized the forest vegetation (Ifo et al., 
2016). Tree species encountered in each plot were counted, and 
the composition measures in Equations 1 to 5 were considered in 
the calculation of Important Value Species Indices (IVI): Density 
(D), Frequency (F), Relative Density (RD), Relative Frequency (RF) 
and Relative Dominance (RDn) following methods by Tolangara et 
al. (2019) and Reshad et al. 2020). 
 
Frequency (F) = 

 × 

100                                                                                         (1) 

The degree of dispersion of individual species in an area in relation 
to the number of all the species that have occurred called Relative 
Frequency (RF): 
 
Relative Frequency (RF) = 

                                                            

                                                                                                       (2) 

 
Relative density is the study of the numerical strength of a species 
in relation to the total number of individuals of all the species and 
can be calculated as: 

 
Relative Density (RD) =  

             (3) 

 
Basal area (BA) = {¼ (3.14 × dbh2)/1000} m2                                (4)    

 
Relative Dominance (RDn) = 

(  × 100             (5) 

 
The Importance Value Index (IVI) was calculated by summing up 
the Relative Density (RD) % + Relative Frequency (RF) % + 
Relative Dominance (RDn) % of each species (Reshad et al., 
2020). Thus, 

 
IVI= Relative frequency + Relative density + Relative dominance             
                                                                                                       (6) 

 
Every species was ranked according to their importance values and 
the species with the highest importance value in the stand was 
considered as trees with the highest value that existed in the 
greatest number or are of the greatest size, dominant species and 
may have the greatest effect on the community (Asigbaase et al., 
2019).  Thus,  the  index  reflected  the  overall  importance  of each  
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species within the community. This provided a basis for highlighting 
species of conservation significance (Gebrewahid and Abrehe, 
2019). 
 
 
Analysis of tree species diversity   
 
Species diversity has two components: richness and evenness. 
Species richness is the number of species in a sample while 
evenness refers to their relative abundance. Species Diversity and 
Richness (SDRiv) software (Tecimen et al., 2017) was used to carry 
out the analyses of tree species diversity and richness indices for 
Degraded and Intact Forest Reserve. The same analysis was done 
for tree species diversity indices and richness along topographic 
positions (ridge top, mid-slope and slope bottom).  

To assess the woody species diversity in the forest reserve, the 
Shannon-Wiener diversity index (an information statistic index, 
which assumes that all species are represented in a sample and 
that they are randomly sampled) was used (Joshi and Dhyani, 
2019). 

Its equation is:  
 
H′ = −ΣPi×(ln Pi)                                                                           (7) 
 
where H′ = is the Shannon Diversity index, Pi = is the importance 
value of a species as a proportion of all species (that is, the 
proportion (n/N) of individuals of one particular species found (n) 
divided by the total number of individuals found (N), ln = is the 
natural log, Σ = is the sum of the calculations, and s is the number 
of species.     

Shannon Tree Species Diversity and Richness (SDR) were 
calculated as follows (Equation 8): 
 

            s 
SD = - Σ Pi ln Pi   
          i=1                                                                   (8) 
 
where SD=Shannon Diversity (H’), S = the number of species at 
that site, Pi = ni/N, that is, proportion of the individual trees of the ith 
species to the total, ni = total number of individuals in the ith 
species, N = total number of individual of all species, and ln= 
Natural logarithm to base e. 
 
 
Simpson's index of diversity   

 
Concentration of dominance was measured by Simpson’s index 
(Simpson 1949) and was calculated as follows (Equation 9):  
 

                                            (9) 
 

where D= Simpson Diversity Index, ni is the number of individuals 
of ith species and N is the total number of individuals. 

The Simpson index is a dominance index because it gives more 
weight to common or dominant species. In this case, a few rare 
species with only a few representatives will not affect the diversity.  
 
 
Pooled analysis using rarefaction method 
 
Rarefaction technique was also used to standardize samples from 
intact and degraded parts of the forest reserve; and also sample 
sizes along topographic locations (ridge top, mid-slope and slope 
bottom) that  differed  in  terms  of  sizes.  The  standardization  was  

 
 
 
 
derived from hyper geometric distribution whose outputs were 
hyperbolic curves depicting Species Accumulation Curves for the 
various sample plots (Jenerette et al., 2016).     
 
 

Pairwise analysis using Sørensen and Jaccards Similarity 
Index (JSI)  
 
Jaccard’s Similarity Index was used based on the 
presence/absence of species that were shared and uniqueness 
between samples of tree species (Rahman et al., 2019). For this 
study, analysis of similarity was carried out between intact verses 
degraded parts of the reserve; and between topographic positions.  

Thus, in measuring the similarity indexes, Sørensen Similarity 
Index was calculated from (Equation 10):  
 
Cs = 2a / (2a + b + c); and Jaccards Similarity Index was calculated 
from:   
 

Cj = a / (a + b + c)                                                                        (10) 
 

where c = represented the number of species found in site A (that 
is, Intact part of the reserve); b = represented the number of 
species in site B (that is, degraded part of the reserve) and a = 
represented the number of species shared by the two sites, that is, 
intact and degraded parts of the reserve (Santini et al., 2017). 

 
 

RESULTS  
 

Tree species composition   
 

The inventoried trees of Agoro-Agu Central Forest 
Reserve were composed of 100 species belonging to 36 
families. The most abundant families in the intact part of 
the reserve were Fabaceae with 20 species, Moraceae 
and Euphorbiaceae with eight species each, and 
Anacardiaceae and Rubiaceae with five species each. 
These were followed by Combretaceae and Meliaceae 
each with four species, Canellaceae, Celastraceae and 
Sterculiaceae with three species each and the rest of the 
families had either two or one species each (Table 2).  

While Fabaceae was the most diverse; followed by 
Moraceae, Euphorbiaceae, Anarcaidaiceae, Rubiaceae 
and Combretaceae with a minimum of 4 species each (in 
intact part), Fabaceae was the most diverse; followed by 
Combretaceae, Moraceae, Euphorbiaceae, and 
Anarcaidaiceae, with 3 species each in degraded parts of 
the reserve. The rest of the families had either one or two 
species only (Table 2). 

Of the encountered 36 families, the first ten families 
(Table 2) contributed 74 and 64.2% of the total species in 
the intact and degraded parts of the reserve, respectively. 
The remaining 26 families accounted for only 26 and 
35.8% of the total tree species in the intact and degraded 
parts of the reserve, respectively.  

Eleven families that were exclusively observed in the 
intact part of the reserve included Ulmaceae, 
Podocarpaceae, Sterculiaceae, Sapindaceae, 
Polygalaceae, Phillanthoceae, Ochnaceae, Meliaceae, 
Apiaceae, Bignoniaceae, Celastraceae and Ebenaceae 
(Table 2).  
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Table 2. Top 10 families of tree species inventoried in the Intact and Degraded parts of Agoro-Agu 
Central Forest Reserve. 
 

Tree family 
Number of species 

in the intact part 

Number of species in the 
degraded part 

Fabaceae 20 11 

Moraceae 08 03 

Euphorbiaceae  08 03 

Anacardiaceae 05 03 

Rubiaceae 05 01 

Combretaceae 04 04 

Meliaceae 04 01 

Canellaceae 03 02 

Celastraceae 03 00 

Sterculiaceae 03 01 

Annonaceae 02 02 

Total species contribution 74% 64.2% 

 
 
 

Table 3. Ten most important species in the Intact part of the reserve. 
  

Tree species  
Relative 
density 

Relative 
dominance 

Relative 
Frequency 

Importance Value 
Index 

Combretum molle R.Br ex G. Don 18.56 7.19 8.42 34.16 

Vachellia hockii De Willd. 16.15 7.14 10.15 33.44 

Albizia grandibracteata Taub 8.11 7.46 4.13 19.70 

Hagenia abyssinica Steud.ex. A. Rich 4.17 13.69 1.24 19.10 

Grewia mollis Juss 6.57 2.13 4.95 13.65 

Vachellia amythethophylla (Steud. ex 
A.Rich.) Kyal. & Boatwr. 

3.60 3.88 1.57 9.05 

Pleurostylia africana Loes.  3.11 4.68 0.74 8.53 

Lannea schimperi 1.55 1.86 4.04 7.46 

Terminalia glaucescens  Benth 1.94 2.60 2.56 7.09 

Combretum collinum Fressen. 3.14 0.16 3.05 6.35 

Sub-total 66.90 50.79 40.84 158.53 

 
 
 
Importance value indices of tree species 
 
Important value indices (IVIs) provide knowledge on 
important species of the tree community in the reserve. 
The list of species and their IVIs for first 10 most 
important species are shown in Tables 3 and 4.   

Based on IVI, the most important species in the intact 
part of the reserve were Combretum molle, Acacia hockii, 
Albizia grantibracteata and Entada abyssinica; while 
Combretum collenum and Terminalia glaucescens were 
the least ranked species among the first 10 species in the 
intact part of the reserve (Table 3).   

On the other hand, C. molle, A. hockii, T. glaucescens, 
A. grandibracteata, Grewia mollis and Ficus sycamore 
were some of the most important species in the degraded 
part of the reserve (Table 4).  

C. molle and A. hockii had the highest IVIs, while Vitex 

doniana and Stereospermum kunthianum had the least 
IVIs (Table 4). 

In general, the IVIs for the 10 species represented 52.8 
and 70.7% of the total Importance Value Indices for the 
intact and degraded parts of the reserve, respectively. 
Along topographic gradient, A. hockii, Pleurostylia 
africana and C. molle had the highest Importance Value 
Indices (IVIs) for Mid slope, Valley bottom and Ridge top 
topographic positions, respectively.  

The summary for the species in order of their 
decreasing IVI is provided in Table 5a to c. While A. 
hockii had the highest IVI (82.98) followed by C. molle 
(64.05) in the bottom Ridge top topographic positions, P. 
africana (52.25) followed by A. grandibracteata (25.64) 
and C. molle (41.00) followed by A. hockii (30.19) had the 
highest IVIs in the Valley bottom and Mid slope 
topographic positions, respectively (Table 5a to c). 
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Table 4. Ten most important species in the Degraded part of the reserve. 
 

Tree species  Relative density Relative frequency Relative dominance Important value index 

Combretum molle R.Br ex G. Don 24.49 9.49 21.75 55.73 

Vachellia hockii De Willd.  17.55 10.13 9.64 37.32 

Terminalia glaucescens Benth 5.85 07.17 16.33 29.35 

Albizia grandibracteata Taub. 07.99 4.85 03.61 16.45 

Grewia mollis Juss 05.60 06.75 02.83 15.19 

Ficus sycomorus Linn 01.68 02.11 10.54 14.33 

Annona senegalensis 04.85 06.54 02.41 13.80 

Bridelia micrantha (Hochst.) Baill  04.66 06.33 02.23 13.21 

Vitex doniana Sweet 01.46 03.59 03.71 08.75 

Stereospermum kunthianum Cham 03.78 03.38 00.84 07.99 

Sub-total                              77.89 60.34 73.89 212.12 

 
 
 
Tree species diversity  
 
Tree species richness  
 
One hundred tree species were encountered throughout 
the study area. The intact part of the reserve had 95 tree 
species and was richer than the degraded part with only 
51 tree species. Along topographic positions (valley 
bottom, mid slope and ridge top), mid slope was the 
richest, followed by valley bottom and ridge top with 
87,69 and 22 tree species, respectively (Table 6).  

The species diversity given by Shannon-Diversity and 
Richness index was higher in the intact part of the 
reserve (H’=3.46) than in the degraded part (H’=2.86). 
The tree species diversity declined from valley bottom 
with (H’=3.48) to ridge top with (H’=1.83). 
 
 

Tree species evenness 
 
Pielou evenness index was highest for the intact part of 
the reserve (E=0.80) and lowest for degraded part 
(E=0.50). Similarly, mid slope had the highest evenness 
(E=0.70) and ridge top had the least evenness (E=0.46) 
among topopositions. The value for concentration of 
dominance was lowest for intact portion (0.06) and 
highest for the degraded (0.10) part of the reserve.  

Along the topographic gradient, evenness value 
increased from valley bottom (0.04) to ridge top (0.27). 
While all values for concentration of dominance (cd) 
showed reverse trend as compared to Shannon diversity 
indices, species diversity and concentration of dominance 
appeared inversely related (Table 6). 
 
 

Tree species similarity 
 

The Jaccards Similarity Index showed an average of 50% 
similarity in species composition between the intact and 
degraded parts of the reserve. Along topographic 
positions, high similarity values were observed between 

mid- slope and valley-bottom; the least comparison was 
observed between ridge-top and other topographic 
positions (Table 7). 

The rare faction and assemblages of the intact and 
degraded parts of the reserve including topopositions 
showed similar hyperbolic curves (asymptote) with 
maximum plateau shapes for all samples for both 
degraded and intact parts of the reserve (Figure 3).  

Similarly, along topographic position, the generated 
curves had hyperbolic shape which flattens out and 
eventually begins to level off. This is an indicator that the 
sampling captured maximum proportion of the species 
richness (Figure 4). 
 
 
DISCUSSION 
 
Tree species composition 
 
The most common tree families recorded in the study 
included Euphorbiaceae, Moraceae, Combretaceae and 
Fabaceae which were well represented in both intact and 
degraded parts of the reserve. According to Ifo et al. 
(2016), such families are common in most savannah 
woodland mosaics in Africa and are typical of the 
Sudano-Sahelian zone. The dominance by 
Combretaceae, Euphorbiacea and Fabaceae are 
therefore good indicators for Sudano-sahelian vegetation 
composition (Dangulla et al., 2020).  

On the contrary, families that included Ulmaceae, 
Podocarpaceae, Sterculiaceae, Sapindaceae, 
Polygalaceae, Phillanthoceae, Ochnaceae, Meliaceae, 
Apiaceae, Bignoniaceae, Celastraceae and Ebenaceae 
were not encountered in the degraded part of the 
reserve. It is possible that such families contributed most 
of the bigger trees that had been harvested for fuelwood, 
building poles and expansion of cultivation lands leading 
to compositional differences (Tenzin and Hasenauer, 
2016). The most probable reasons for the harvest of such 
tree species could include among others factors like 
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Table 5. Ten most important species along valley bottom, mid slope, and ridge top topographic positions. 
 

Tree species                                                 
Relative 
density 

Relative 
frequency 

Relative 
dominance 

Important value 
index 

Valley bottom topographic position 

Pleurostylia africana  Loes 6.41 37.26 8.58 52.25 

Albizia grandibracteata Taub.Taub. 11.20 5.47 8.97 25.64 

Vachellia hockii De Wild.  8.73 8.68 3.81 21.21 

Entada abyssinica Steud.ex A.Rich  7.54 3.22 10.24 21.00 

Ficus barteri Sprague  3.67 3.54 12.85 20.06 

Combretum molle R.Br ex G. Don 9.00 6.43 4.40 19.83 

Balanites aegyptiaca 0.12 13.55 0.30 13.97 

Vachellia amythethophylla (Steud. ex A.Rich.) 
Kyal. & Boatwr 

6.03 2.57 4.20 12.80 

Terminaliabrownii Fressen.  3.54 3.22 5.02 11.77 

Grewia mollis Juss 6.66 3.86 1.16 11.68 

Sub-total 62.89 87.79 59.53 210.21 
     

Mid slope topographic position 

Combretum molle R.Br ex G. Don 24.35 9.12 7.53 41.00 

Vachellia hockii De Willd.  18.46 11.26 0.47 30.19 

Entada abyssinica Steud.ex A.Rich 3.35 0.67 13.63 17.65 

Grewia mollis Juss 7.84 1.61 2.23 11.68 

Albizia grandibracteata Taub 2.07 4.56 3.96 10.59 

Stereospermum kunthianum Cham        5.61 4.02 0.94 10.57 

Terminalia glaucescens  Benth 2.38 3.35 4.15 9.88 

Terminalia brownii Fressen. 0.88 2.82 5.84 9.54 

Senegalia brevispica (Harms) 0.41 0.80 7.76 8.97 

Combretum collinum Fressen.  2.40 3.22 2.08 7.69 

Sub-total 67.75 41.42 48.59 157.76 
     

Ridge top topographic positions 

Vachellia hockii De Willd.  41.07 12.00 29.90 82.98 

Combretum molle R.Br ex G. Don  24.04 13.60 26.40 64.05 

Myrianthus holstii  Engl. 04.23 09.60 10.90 24.73 

Maystenus senegalensis (Lam.) Excell 06.81 04.00 07.29 18.10 

Stereospermum kunthianum Cham 07.77 04.80 03.04 15.60 

Lannea schimperi (A.Rich.) Engl. 01.30 05.60 05.14 12.04 

Grewia mollis Juss 00.70 05.60 01.03 07.33 

Hagenia abyssinica (Bruce) J.F. Gmel.  00.88 04.00 02.18 07.06 

Prosopis madiensis  01.91 01.60 01.24 04.76 

Bridelia micranthaSteud.ex A.Rich 01.03 01.60 01.92 04.56 

Sub-total 89.74 62.40 89.06 241.20 

 
 
 
agricultural encroachment and increased demand for 
fuelwood (Ministry of Water and Environment, 2017; 
Kalema and Hamilton, 2020). Indeed Agoro-Agu Central 
Forest Reserve had been inhabited by the displaced 
people who exploited it for building poles, firewood, 
medicine, and bush meat (Omoding et al., 2020). 

Extraction of these resources could have caused 
habitat fragmentation and loss in this protected area, 
altering its structure and functioning (Olanya, 2020a). 

The encountered tree families that consisted of species 

such as Podocarpus latifolia, Lovoa trichilioides (African 
Walnut), Lovoa swynnertonii, Mimusops bagshawei, 
Pterygota mildbraedii, and Hagenia abyssinica are typical 
forest species. This could be attributed to (among other 
factors), the absence of single mature tree remnants to 

serve as a seed bank (Martínez‐Ramos et al., 2016). 
Although, other scholars have maintained that the 
absence of such species may be due to micro-site factors 
like moisture, soil characteristic and landscape position 
(Fazlollahi et al., 2017),  it  is also possible that clearance 
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Table 6. Tree species diversity and richness indices for the forest and topositions. 
 

Parameter 
Forest  Topopositions in the Forest 

Degraded part Intact part  Valley Bottom Mid Slope Ridge top 

Number of families 25.00 33.00  33.00 33.00 34.00 

Number of species (N) 51.00 95.00  69.00 87.00 22.00 

Shannon-Diversity index (H’) 02.86 03.46  03.48 03.32 01.83 

Concentration of Dominance(CD) 00.10 00.06  00.04 00.08 00.27 

Evenness index (E) 00.50 00.80  00.61 00.70 00.46 

Jaccards index of similarity (J) 00.54 00.54  - - - 

 
 
 

Table 7. Pair wise comparison of species in the different topopositions. 
 

Site Ridge top Mid slope Valley bottom 

Ridge top - 0.606 0.466 

Mid slope 0.555 - 0.792 

Valley bottom 0.466 0.792 - 

 
 
 

 
 

Figure 3. Rarefaction curves for both the Intact & Degraded parts of the reserve. 
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Figure 4. Rarefaction curves for Valley bottom, Mid slope and Ridge top (Topopositions). 

 
 
 
of mature trees that serve as seed bank can affect 
recruitment from seeds (Chen et al., 2017). The removal 
of such seed sources could have certainly led to local 
extinction of certain tree species and subsequently 
altered tree species composition (Aynekulu et al., 2016; 
Ranjan, 2018).  
 
 
Tree Importance Value Indices 
 
In forest ecological studies, IVI indicates the ecological 
importance of a species in a community and provides an 
overview of the social structure of a species. IVIs also 
indicate dominance of species in mixed population and 
give a total picture and knowledge about important 
species and their composition in such a forest reserve 
(Siraj and Zhang, 2018). Since IVI is an important 
parameter that reveals the ecological significance of 
species in a given ecosystem, it reflects the combined 
effect of species density, frequency and dominance 
(Demies, 2019). Moreover, it enables prioritizing species 
for conservation interventions such that species with 
lowest IVIs might benefit from conservation and 
management interventions. Tree species such as C. 
molle, A. grandibracteata and A. hockii  are  species  with 

high IVIs and constitute the dominant species in both 
portions of the reserve. Some of these species recorded 
with high IVIs are multipurpose in nature and are valued 
by many communities in Africa for fuel and medicines.   

For example, C. molle and Terminalia species are 
documented as important medicinal species not only by 
communities in Uganda but also other parts in Africa 
(Hegazy et al., 2020). A. hockii is valued for construction 
purposes and medicine in treating tuberculosis and allied 
diseases (Nabasumba et al., 2016) in south Western 
Uganda. According to Asigbaase et al. (2019), such trees 
with high IVIs have more ecological advantage and 
require less conservation management efforts. This 
implies that conservation measure on the contrary should 
now be shifted to trees with low IVIs.  

In this study, L. trichilioides and L. swynnertonii, which 
recorded low IVIs are listed as vulnerable and 
endangered. While species like P. latifolia and 
Strombosia scheffleri are considered nationally threatened 
species (MTWA, 2018); and L. swynnertonii is considered 
internationally threatened species (Migliore et al., 2020). 
Indeed some of these species with low IVI values in this 
reserve are included in the 2017 IUCN Plant Red list 
either as vulnerable or endangered; mainly due to high 
exploitation  rates  (IUCN,  2020)  and  being subjected to  
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heavy felling (Mengich et al., 2020). Such important trees 
with low IVIs, would thus, require more attention and 
prioritization because they are probably less adaptive 
with least ecological advantage (Asigbaase et al., 2019).  

Other species with low IVIs that are also enlisted under 
IUCN Red list as threatened or endangered species and 
that need to be considered for conservation are M. 
bagshawei, Polyscias fulva, P. mildbraedii and a 
synonym of H. abyssinica. Afzelia africana, L. trichiloides 
and Securidaca longipedunculata are also among the 
species of special conservation interest. This observation 
defines the ecological significance and the urgency 
needed in developing mechanisms for the restoration and 
conservation of Agoro-Agu Central Forest Reserve.  

In order to understand where returnees are resettling 
and how their land use practices are affecting forest 
cover, a fine scale demographic data combined with a 
well-executed socio-economic surveys also would be 
necessary (Salazar et al., 2018). This is quite important 
given that these forests may not only provide timber and 
firewood, but is part of a larger water catchment system. 
The results suggest that the species having low IVI value 
should be prioritized for conservation. Accordingly, these 
lower IVIs indicate that these woody species are 
threatened and need immediate conservation measure 
(Demie, 2019). Since IVI is used for prioritizing 
conservation of species, species with low IVI index 
values should be given higher priority in conservation 
than those with high IVIs. 
 
 
Tree species diversity 
 
In a survey covering 12.7 ha, 5,936 stems of trees 
belonging to 100 tree species and 36 families have been 
encountered. The value for richness(R) and species 
diversity (H’) varied among sites (intact and degraded 
parts of the reserve) and along the topographic gradient 
as provided in Table 6. The variation in species richness 
and diversity in such sites could be attributed to physical 
heterogeneity (Shirima et al., 2016) and anthropogenic 
perturbation (Yuan et al., 2016). The intact part registers 
higher species richness and diversity (Table 6). This 
could be probably correlated with greater diversity and 
community stability in such a reserve.  

According to Ifo et al. (2016) high species diversity 
indicates a highly complex community, for a greater 
variety of species that allows for a larger array of species 
interactions. The diversity index in intact part was 
significantly higher than degraded part perhaps due to 
the high number of families, number of genera, and 
number of species that were recorded in the intact 
compared to the degraded part of the reserve. As has 

also been reported by Arroyo‐Rodríguez et al. (2017), the 
development and changes of floristic composition and 
diversity of plants during early stages of succession could 
have been  mostly  influenced  by  secondary  succession  

 
 
 
 
processes and fallow periods in the intact and degraded 
parts of the reserve, respectively.  

On the contrary, the degraded part of the reserve has 
lower species richness and diversity. This could probably 
be attributed to the impact of anthropogenic perturbations 
such as firewood harvesting, felling, lopping and clearing 
of land for cultivation and settlement (Ifo et al., 2016). 
Such disturbances are likely to impact on tree species 
richness and diversity of the reserve. In some cases, 
such disturbances could reduce not only the number of 
species in the ecosystem but also the number and extent 
of places where species coexist. According to Wegasie et 
al. (2018), the effects of such disturbance may even be 
more on certain tree species depending on the purpose 
for which the trees are needed.   

In addition to anthropogenic disturbance, suppression 
by the pioneer species such as C. molle, A. hockii and A. 
grandibracteata may also not be ignored (Swinfield et al., 
2016). According to Muluneh et al. (2021), pioneer 
species usually establish very early in succession and 
are able to suppress other species very rapidly. The 
recruitment of such species may probably account for the 
observed variation in species richness and diversity in 
both intact and degraded part of the reserve. As has also 
been reported by Yahya et al. (2019), the absence of 
certain species like P. latifolia, M. bagshawei, P. fulva, 
Pterygota mildbraedii, H. abyssinica, A. africana, and L. 
trichiloides from the degraded part of the reserve could 
be attributed to dominance by the pioneer species such 
as the genus Combretum.  

Indeed, the genera Combretum and Acacia are 
recorded as light tolerant and have characteristics of 
dominating the previously disturbed savannah woodlands 
while also suppressing the regeneration of other tree 
species (Sangeda and Maleko, 2018). Apart from these, 
other pioneers species that are capable of growing 
to forest canopy within a decade to become important 
timber species have to be assessed and protected. 

Although Shannon-Wiener’s diversity index is the most 
preferred index among the other diversity indices and 
values are between 0.0 and 5.0 with results generally in 
the range 1.5 to 3.5 and very rarely exceeding 4.5 (Deo 
et al., 2016), the overall diversity index value of 3.40 for 
Agoro-Agu Central Forest Reserve is equally considered 
high.  This is so because the value is higher than the 
diversity values for other woodland reserves in East 
Africa such as the ones for Maruzi Hill (Kiyingi et al., 
2010), Miombo Forest Reserves (Gonçalves et al., 2017; 
Jew et al., 2016), Ruvu South Forest Reserve (Mligo, 
2018), Nongeni Forest Reserve (Kacholi, 2019), Taita 
Hills (Wekesa et al., 2019) and Kitui woodlands (Kiruki et 
al., 2017). It is also still higher and compares well above 
with the diversity results from studies in other East 
African Reserve such as Mabira (Weldemariam et al. 
2017) and Southern Rangelands Forests of Kenya 
(Jawuoro et al., 2017). 

Since a reserve  with  a diversity value (H’) greater than  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/forest-canopy


 
 
 
 
two (H’ ≥ 2) can be regarded as highly diverse in terms of 
species (Demies et al., 2019; Ifo et al., 2016), it implies 
that Agoro-Agu Central Forest Reserve with a diversity of 
3.40 harbours rich tree diversity and high species 
richness. The reason for higher diversity values in the 
present study may be due to the protected status and a 
wider range of geographic factors like altitude, aspect, 
and productive soil (Bhat et al., 2020). Subsequently, 
more conservation efforts are urgently needed to buffer 
such a reserve from further degradation and habitat loss. 

According to Heywood (2019), conservation and 
protection efforts should be prioritised in areas 
experiencing a high rate of habitat loss such as Agoro-
Agu Central Forest Reserve. This is expected to enhance 
the natural ecological restoration and regeneration of 
species at risks of local extinction in the degraded part of 
the reserve. One such effort may involve establishment of 
buffer zones in order to help conserve species richness 
and diversity; and also to regulate the utilization of tree 
resources by local dwellers (Siraj et al., 2018). There is 
also a need to enforce the provision of environmental 
awareness in the local communities on the importance of 
forests and build-up a ―we feel‖ for the communities, 
which will actually promote responsible management, 
protection, utilization and conservation of such species 
(Kacholi, 2019). 
 
 
Tree species evenness  
 
The general tree species evenness as a measure of 
equitability of species distribution in Agoro-Agu CFR is 
0.80. This is a bit higher than that of the degraded part 
(0.52). This implies that up to 80% of the tree species are 
fairly and evenly distributed in the intact part of the 
reserve; an indication that every encountered species 
was distributed evenly within the plant community in the 
intact part of the forest (Mekonen et al., 2015). According 
to Ifo et al. (2016), such high a value of species evenness 
can be attributed to less competition for space among 
tree species in intact part of the reserve.  

Along topopositions, maximum value of species 
evenness of 0.70 is witnessed in the mid-slope and least 
(0.50) in the ridge top (Table 6). This is probably caused 
by favourable environmental conditions in the mid slope 
as oppose to harsher environmental conditions 
(shallower soils, strong winds, low moisture) that usually 
characterize the ridge top. The existence of such extreme 
conditions is likely to affect the distribution of species in 
such a ridge top with limited space due to rock outcrops 
(Moradi et al., 2020). However, given the recent rise in 
population for returnees/influx of South Sudan refugees 
and the heavy dependence of people on the forests for 
food, fuel and construction materials, future planned 
development should consider how additional human 
pressure could impact long-term sustainability of the 
region.  
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On the other hand, the fact that parts of the reserve 
largely left intact during LRA and SPLA wars had high 
species diversity is encouraging. Accordingly these 
findings should be used to boost the creation of a 
National Park to protect key vegetation types and their 
associated biodiversity in Agoro-Agu and neighbouring 
forest reserves (Corrigan et al., 2018). Finally, by the 
refugees leaving the encroach part of the reserves and 
getting settled outside Agoro-Agu Central Forest 
Reserve, is a positive sign that a reduction in population 
pressure can allow for the recovery of forests in this area 
(Watson et al., 2018); potentially paving the way for a 
trans-boundary park with related conservation benefits 
(Trogisch and Fletcher, 2020; Pouya and Pouya, 2018) 
between Uganda and South Sudan. 

In some cases, natural regeneration is associated with 
rural outmigration (returnees) or remittance economies. 
Since reestablishing native forest cover does not have to 
require mass exodus of families and decline of rural 
livelihoods or traditions, new ways of thinking about how 
natural regeneration (coupled with other solutions), may 
promote a rural resurgence where communities and local 
economies thrive along with expansion of native forests 
should be taken up by concerned authorities. It should, 
however be noted that, one challenge for policy initiatives 
that promote natural regeneration is to address the social 
costs and drivers of rural outmigration. This is so, 
because, enhancing natural regeneration of native forests 
is not a viable option for forest restoration if these 
changes fail to provide benefits for rural residents and 
forests are short-lived (Chazdon and Brancalion, 2019).  

Subsequently, in the new era of restoration, rural 
livelihoods should be re-envisioned through new 
opportunities created by growing native forests and trees 
in agricultural landscapes. For example, community 
based rural development projects should be implemented 
with the support of rural organizations and decision 
makers at local and regional levels (Hissa et al., 2019). 
This can make rural communities become stewards of 
community-managed forests that provide local, regional 
and global benefits. When done, this can promote rural 
resurgence based on proactive and integrated land 
management and landscape-scale restoration, where 
forests and new generations of people have room to grow 
and prosper together (Chazdon et al., 2020).  

The outlined research issues emphasize that 
understanding the relationship between armed conflicts 
and land-change will require interdisciplinary research 
efforts, bringing together specialists from forestry, 
agricultural, geographical and environmental sciences; in 
addition to political sciences, and anthropology. It is 
unlikely that any research discipline alone will be able to 
uncover and delineate the causal linkages between 
armed conflict and biodiversity conservation. This implies 
that working together should be beneficial to improving 
our understanding of the potential for scientific and 
conservation engagement to mitigate negative biodiversity  
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impacts in war zones, and the importance of the postwar 
period for incorporating biodiversity priorities into 
reconstruction and recovery efforts (Hanson, 2018). 
 
 
Conclusion  
 
The tree composition consisting of mixed species with 
indicator species for both savannah woodlands (C. molle, 
G. mollis, A. grandibracteata and T. glaucescens) and 
Afromontane/medium altitude tree species (Podocarpus 
spp., L. trichilioides (African Walnut) and L. swynnertonii) 
is an indication that Agoro-Agu Central Forest Reserve is 
an enriched forest reserve with a mixture of medium 
altitude Afromontane and savannah woodland trees.  

The absence of trees species such as Podocarpus 
spp., Strombosia scheffleri, L. swynnertonii, M. 
bagshawei, P. fulva, P. mildbraedii, Hagenia  abyssinica, 
A. africana, and L. trichiloides, S. longipedunculata is an 
sign of  low regeneration potential of such species in the 
intact part as oppose to the degraded part of the reserve. 
This could probably be attributed to either an unidentified 
threats or loss of adult seeding trees and change in 
species representation which after anthropogenic 
disturbance is dominated by pioneer species. 

The presence of locally threatened species like 
Podocarpus spp. and S. scheffleri; and internationally 
threatened species like L. swynnertonii and L. trichilioides 
display the uniqueness of Agoro-Agu Central Forest 
Reserve and its potential as biodiversity hotspot for 
conservation.  

The development and changes of floristic composition 
and diversity of plant seedlings and saplings during early 
stages of secondary succession process could have 
been mostly influenced by secondary succession 
processes and fallow period in various ages of secondary 
forests in the intact and degraded parts respectively. 
Such information on the composition and diversity of 
different species are useful for predicting future trends in 
the vegetation succession, especially on secondary 
succession of degraded parts; and ought to be 
ascertained.  

Understanding the composition and diversity of plant 
regeneration at early stages of secondary succession on 
the degraded parts also generates useful information for 
enhancing biodiversity conservation, and social and 
economic values for future forest. 
 
 

Recommendations 
 

The total absence of P. latifolia, S. scheffleri, L. 
swynnertonii, M. bagshawei, P. fulva, P. mildbraedii and 
H. abyssinica from the degraded part of the reserve 
raises issues of conservation concern and a need for 
long term monitoring or research on the life-cycle, 
propagation (both sexual and asexual) methods and 
regeneration potentials of these woody  species  in  order  

 
 
 
 
to understand their population dynamics. 

Considerable management options that limits 
continuous degradations such as enforcement of 
environmental laws, tree enrichment planting and ex-situ 
conservation should be undertaken to restore particularly 
the status of trees in the degraded part of the reserve.  

Agoro-Agu Central Forest Reserve with a diversity of 
3.40 harbours rich tree diversity and high species 
richness warranting more conservation efforts aimed at 
buffering such a reserve from further degradation and 
habitat loss. Ideally, conservation and protection efforts 
should be prioritised in areas experiencing a high rate of 
habitat loss in order to augment the natural ecological 
restoration and regeneration of species at risks of local 
extinction in the degraded part of the reserve. One of 
such efforts may involve establishment of buffer zones in 
order to help conserve species richness and diversity; 
and also to regulate the utilization of tree resources by 
surrounding local dwellers. 

Agoro-Agu forest landscape is huge with several forest 
tenures including central forest reserves, community 
forests, local forest reserves that should be conserved 
and sustainably managed with an immense potential for 
scale up of Community Forest Management (CFM) within 
its landscape. 
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