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A B S T R A C T

Savanna ecosystems comprise a complex and diverse biome, marked by the balanced cohabitation of trees and 
shrubs alongside a rich assembly of herbaceous flora, particularly grasses. In Sudan, savanna ecosystems provide 
invaluable services that sustain the livelihoods of millions of people. Here, we synthesized the existing knowl
edge about tree density, diversity, and distribution in the savanna woodlands of Sudan to assess tree diversity, 
evaluate tree conservation status on the basis of tree abundance and distribution according to IUCN guidelines, 
and map tree diversity and density in savanna woodlands. The research process started with an extensive search 
for relevant literature across various databases. The data sources included Google Scholar and Web of Science, as 
well as reports and publications available in the libraries of Sudanese universities. The results revealed that 
savanna woodland contains 163 tree species belonging to 40 families. Fabaceae was the most frequent family, 
accounting for 44 species. The species richness among the sites ranged from 1 to 73 species, and the stand density 
ranged from 20.5 to 500 stems/ha. Moreover, this study revealed that Acacia seyal, Acacia senegal, Balanites 
aegyptiaca, and Ziziphus spina-christi are the most frequent species and that these four key species are well 
distributed throughout the savanna woodland of Sudan. While this first synthesis of tree diversity and distri
bution lacked data at the sample plot level, it should stimulate further research in this crucial ecosystem.

Introduction

Savanna ecosystems comprise a diverse and complex biome that is 
characterized by the coexistence of woody vegetation (trees and shrubs) 
and herbaceous flora (grasses). Trees are the dominant woody species of 
the savanna ecosystem, influencing its overall structure and composition 
(Rozendaal and Chazdon, 2015). Since trees accumulate more biomass 
than shrubs and herbaceous species do, they drive nutrient cycles and 
carbon sequestration. In contrast to grasses and forbs, trees provide 
essential habitats for many species. In addition, savanna trees affect 
microclimates by reducing wind impact and providing shade, which 
subsequently affect the distribution and quantity of other plants and 
animal life (Niinemets and Valladares, 2004). Savannas cover 40 % 

(15.1 million km2) of the global terrestrial area and approximately 45 % 
of the land surface in Sub-Saharan Africa (Mishra and Crews, 2014; 
Gwenzi, 2017; Warth et al., 2020). Savannas play a significant role in 
local and global ecological functions, such as carbon sequestration, with 
great variation in vegetation structure, following the differences in cli
matic, topographic, edaphic, and biological factors (Gwenzi, 2016; 
Axelsson, 2018).

The savanna zone in Sudan is a significant source of ecosystem goods 
and services that support the livelihoods of millions of people in the 
country (Hasoba et al., 2020). Moreover, savanna vegetation provides 
habitat for biodiversity, enhances soil fertility, and protects the envi
ronment against erosion and desertification. However, the savanna zone 
is in continuous decline due to both severe anthropogenic interventions 
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(e.g., deforestation, land use change, and grazing) and climate change, 
resulting in profound deterioration in savanna vital biodiversity and 
ecosystem services (Millennium Ecosystem Assessment, 2005; Western 
et al., 2009; Woinarski et al., 2010; Romero-Ruiz et al., 2012; IPBES, 
2019; Shukla et al., 2019; Yasin and Mulyana, 2022). Knowledge about 
the current composition, abundance, and structure of forest stands, as 
highlighted by Su et al. (2010), is essential for understanding changes 
within savanna ecosystems. Additionally, this knowledge offers valuable 
insights into how ecosystems have responded to past environmental 
disturbances and threats, facilitating the forecasting of future trends in 
species richness and turnover, as emphasized by Young et al. (2017), and 
Hido et al. (2020). Hence, studies focusing on tree species inventories 
and diversity are fundamental to understanding and managing the 
floristic composition and diversity status of these areas. These in
vestigations not only provide essential information for savanna conser
vation, as noted by Yakubu et al. (2020) but also contribute significantly 
to the effective management of forest resources (Teketay 2005; Mishra 
et al., 2013). Furthermore, owing to its strong correlation with other 
biodiversity attributes, such as genetic diversity and ecosystem func
tioning (Colwell and Coddington, 1994; Pereira and Cooper, 2006; 
Chiarucci and Palmer, 2009) and efficiency of application (Cherice 
et al., 2012) species diversity is the most commonly used indicator in 
studies describing the biodiversity of forest ecosystems (Barna and 
Bosela, 2015; Schmidt et al., 2015; Shirima et al., 2015; Vanderhaegen 
et al., 2015).

Unfortunately, the relative abundance, density, and diversity of trees 
in this important ecological zone are not well documented. In particular, 
in Sudan, most studies on vegetation diversity are fragmented, very local 
and focused only on the forest stand level (Siddig, 2019). Thus, the 

available literature on tree density, diversity, and occurrence is sparse 
and inconsistent (Hasoba et al., 2020; Dafa-alla et al., 2022; Gadallah 
et al., 2022; Hassan et al., 2022; Mohammed et al., 2022; Yasin and 
Mulyana, 2022). For example, different studies have reported varying 
estimates of stand characteristics, such as relative density, for the same 
species (e.g., Acacia seyal) in the same stand or woodland. This is not 
only confusing but also leads practitioners to erroneous decisions 
(Siddig, 2019). Upscaling estimates of stand characteristics for some 
important savanna trees, such as Acacia sp., from collated data from 
multiple local forests can provide managers with better information and 
improve planning for conservation interventions and utilization 
throughout the entire savanna zone. Therefore, there is an urgent need 
to synthesize the current state of knowledge of savanna woodlands in 
Sudan.

This study aims to quantitatively synthesize the literature to improve 
the knowledge of tree diversity, density, and distribution in the savanna 
woodlands of Sudan. This study used data from 21 study sites with 
specific objectives of synthesizing available information on tree di
versity and density and mapping their distribution in the savanna 
woodland of Sudan.

Study area and methods

The extent of savanna in sudan

Sudan is classified into five distinct climatic zones characterized by 
vegetation composition, rainfall patterns, and soil types. These zones 
span from the desert in the northern regions to the verdant savanna in 
the southern part of the country, along with other ecological zones and 

Fig. 1. Location of the Savanna Woodland in Sudan. (A) African continent, (B) Sudan Boundary, and (C) savanna woodland.
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special regions such as semidesert, flood riverine, and montane vege
tation area (Harrison and Jackson, 1958). This study was conducted in 
savanna woodland located in southern Sudan. This ecosystem covers 
553,470 km2 and lies between 9. 80◦ - 15.20◦ ′N and 36. 20◦ - 22. 20◦ ′E 
(Fig. 1). The woodland savanna is a type of vegetation that consists of 
grass, shrubs and trees that grow in areas with annual rainfall ranging 
from 250 to over 1000 mm (Harrison and Jackson, 1958). The amount of 
rainfall and the soil quality affect the diversity of plants in this vegeta
tion. There are two subtypes of woodland savanna: a) low rainfall 
savanna and b) high rainfall savannah. The high rainfall savanna is 
found only in some parts of southern Darfur, such as southern Dafoug 
and southern Talodi, where the Nuba belt is located. The low rainfall 
savanna covers the rest of the woodland savanna areas. The line that 
separates the two subtypes is between the isohyets 800–1000 mm 
(Abdel-Magid and Badi, 2005).

The vegetation cover of savannas consists of mostly thorny plants 
with thick bark that can withstand fire. The clayey soil in the dry north 
supports low Acacia mellifera shrubs. The southern border is defined by 
places such as Gedarif, Renk and Gelhak in the Upper Nile. More rain 
(570 mm per year) leads to taller Acacia seyal and Balanites trees that 
grow in Gedarif, the Blue Nile (Siddig, 2019; Abuelbasher et al., 2022) 
southern Kordofan (Ismail and Elawad, 2015; Bokhary and El awad 
2016) and the upper Nile. They mix with Acacia senegal near hills or 
rocks in southeastern Gedarif (Ismail, 2021) the Blue Nile and the Upper 
Nile, and the plants are Anogeissus and Combretum hartmannianum. These 
plants shift to high-rainfall savannas with taller, thinner, and 
wider-leaved trees. The northern parts of North Kordofan and North 
Darfur (Hegazy et al., 2021; Ekhlas et al., 2022) are covered by the 
Acacia senegal savanna, which stretches toward Nuhud to el Fasher. This 
ecoregion comprises two types of soil, mainly clay and sandy soil 
(Abdel-Magid and Badi, 2005).

Nevertheless, the savanna of Sudan suffer from several human ac
tivities such as grazing (Bokhary and El awad 2016; Ismail, 2020a, 2021; 
Mohammed et al., 2021; Abuelbasher et al., 2022; Ekhlas et al., 2022) 
tree-cutting (Ismail, 2021) and cutting down trees for crop production 
are some of these activities (Ismail, 2020b). In several locations, grazing 
is widespread, which causes soil compaction and vegetation deteriora
tion. The removal of trees, mostly for building and fuel wood, has an 
impact on species composition and tree density at several locations. 
Furthermore, there is extensive land clearance for agricultural expan
sion, with a large amount of land being turned into crop fields, which 
lowers the amount of forest cover overall. The way that the ecosystems 
of savanna woodlands are currently shaped is greatly influenced by 
these activities.

Research methodology

The research process began with an extensive search for relevant 
literature via Google Scholar and Web of Science, as well as govern
mental reports and publications available in the libraries of Sudanese 
universities. Using a systematic literature review, we compiled a 
comprehensive dataset through a search strategy that incorporated a 
combination of keywords, including "Sudan savanna woodlands," "tree 
density," "tree diversity," and "tree distribution." The search was limited 
to articles, reports, dissertations or thesis chapters published between 
2015 and 2023.

In this study, we applied strict inclusion and exclusion criteria to 
ensure the selection of high-quality, relevant studies for our synthesis. 
We included only peer-reviewed articles, books, or reports, including 
those published in Sudanese journals that provided quantitative data on 
tree density, species diversity (e.g., richness), and distribution within 
Sudan’s savanna woodlands. Studies lacking such data or classified as 
gray literature (e.g., unpublished reports) were excluded due to con
cerns about methodological rigor. The screening process involved 
reviewing titles and abstracts, followed by a full-text assessment to 
verify data quality and relevance. Whereas some study sites correspond 

to the same geographic location, they represent independent studies 
conducted by different authors at different times. These studies 
employed distinct methodologies, sampling strategies, and reported 
varying ecological metrics, such as species richness, tree density, and 
regeneration indices. Including these studies enriches the dataset by 
capturing diverse perspectives on the ecological dynamics of these sites. 
While the majority of included studies met all predefined criteria, study 
no 17 (Table 1) was retained despite lacking data on stand density due to 
its valuable contribution to tree species composition and diversity 
metrics. This exception was made to ensure comprehensive coverage of 
species-level patterns in Sudan’s savanna woodlands and is noted here 
for transparency. We also note that the studies included in this analysis 
applied a variety of approaches for data collection. Plot shapes varied 
among studies, with researchers utilizing circular, rectangular, and 
square plots. The sampling strategies also differed, encompassing both 
random and systematic approaches, with line, strip, and zigzag patterns 
being employed. Despite this variation in sampling design, shape and 
methods, all studies used a consistent sample area of 1000 m2. Impor
tantly, the minimum diameter at breast height (DBH) used to define a 
tree varies, ranging from a DBH ≥ 5 cm to a DBH ≥ 10 cm. For detailed 
methodological characteristics, consult (Table 1).

Data analysis

Out of the 54 assessed articles, only 21 articles and datasets were 
found to be eligible for calculating tree density and species richness for 
savanna woodland ecosystems after the application of the strict inclu
sion criteria. By collating a list of individual tree species from these 
diverse locations, a unified list of tree species composition within the 
savanna ecosystem of Sudan was constructed.

To assess tree diversity, for each family, we calculated the total 
number of species observed in savanna woodlands of Sudan with respect 
to the study sites. Then, for each tree species in our dataset, we calcu
lated the absolute frequency of occurrence on the basis of its presence 
across the 21 datasets. Moreover, the relative frequency of each tree 
species was calculated via the following equation: Relative frequency ( 
%) = (number of specific species present/total number of sites) × 100. 
Finally, we used species relative frequencies to assign each species into 
one of the following five classes: 1) rare (< 5 %) refers to species 
occurring at minimal frequencies; 2) low (5–25 %) refers to species with 
moderate but not pervasive presence; 3) common (25–50 %) refers to 
species exhibiting a prevalent but not dominating occurrence; 4) 
abundant (50–80 %) refers to species with substantial prevalence and a 
notable presence; and 5) superabundant (> 80 %) refers to species 
demonstrating an overwhelmingly frequent presence within savanna 
woodlands. To calculate the average density, each forest or study area 
was treated as an individual sample point (n = 20), then an arithmetic 
mean was calculated across these sites. After that, we calculated the 
standard error based on the following equation SE = Standard Devia
tion/ squire root of sample size.

In this study, the spatial distribution and geographical context of the 
study sites within the Sudanese savanna were analyzed via Geographic 
Information Systems (GIS) software, specifically the Quantum 
Geographic Information System (QGIS). A map representing the 
geographical locations of the 21 selected forests was generated, 
providing an overview of the study’s spatial coverage across the savanna 
region. This map serves as a valuable spatial reference, illustrating the 
distribution of the investigated and sampled sites within the broader 
savanna zone.

Furthermore, to examine the spatial distribution of key tree species 
within the savannas of Sudan, each individual forest or study area was 
treated as an individual sample point (a total of 21 samples). The 
analysis focused on assessing the occurrence of four significant tree 
species, namely, Acacia seyal, Acacia senegal, Balanites aegyptiaca, and 
Ziziphus spina-christi, across these sampled areas. Leveraging geograph
ical coordinates in terms of longitude and latitude, distributional maps 
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were constructed. The spatial interpolation for the tree species was 
conducted via the radial basis function (i.e., gridding method) in surfer 9 
(Golden Software LLC, 2009). This interpolation approach facilitated 
better visualization of species occurrence patterns, enabling the pre
diction of their spatial extent in areas without presence–absence data 
and providing insights into their habitat preferences and distributional 
range. We used the same method to create a distribution map for forest 
stand density and tree species diversity (Fig. 2).

Results

Tree species diversity and density in savanna woodlands of sudan

Our synthesis revealed marked spatial variability in tree species 
richness across Sudan’s savanna woodlands. Elain Reserved Forest 
(North Kordofan) exhibited the highest richness, with 73 recorded 
species. This diversity is likely attributed to its designation as a pilot site 
for various intentional management initiatives, which brought 
enhanced protection measures. In contrast, the Remila Riverine Forest 
(Al Gedarif) recorded only a single species, primarily due to its man
agement objectives by the Forest National Corporation, which focus on 
timber production from Acacia nilotica. This stark contrast highlights 
how land-use goals, management intensity, and ecological heterogene
ity central themes in our research framework shape tree diversity across 
the region (Table 1 and Fig. 6).

Our synthesis identified 163 tree species belonging to 40 families 

within Sudan’s savanna woodlands. Fabaceae was the most frequent 
family, represented by 44 species (27 %), reflecting its ecological 
prominence in African savannas due to nitrogen-fixation capacity and 
drought tolerance (Tindano et al., 2015). Combretaceae and Malvaceae 
followed, each with 12 species, while Capparaceae, Anacardiaceae, and 
Rubiaceae contributed 11, 9, and 8 species, respectively. Notably, 19 
families (47.5 %) were represented by only one species, revealing a 
long-tailed diversity structure in which rare taxa may be particularly 
vulnerable to habitat fragmentation and local extinction (Fig. 3).

The 21 sites exhibited a diverse range of dominant tree species, with 
Acacia seyal being the most frequently dominant species prevailing at 
sites 2, 6, 7, 9, 10, and 14, followed by Acacia nilotica (sites 4 and 5), 
Anogeissus leiocarpa (sites 1 and 3) and Combretum hartmannianum (sites 
1 and 11). Other dominant species included Acacia senegal at site 8, 
Balanites aegyptiaca at site 12, Adansonia digitata at site 15, Geuara sen
egalensis at site 16, Boscia senegalensis at site 18, Boswellia papyrifera at 
site 19, Albizia amara at site 20, and Acacia mellifera at site 21. Three 
sites (12, 13, and 17) lacked a clear dominant species.

In this study, the average tree density is 208 trees per hectare (SE =
30.8) across Sudan’s savanna woodlands, with pronounced spatial 
variability that reflects the influence of ecological and anthropogenic 
drivers. The highest recorded density observed was 500 trees/ha in the 
Jebel El-Dair Natural Reserve (North Kordofan) likely due to its pro
tected status and mesic microclimate, which reduce the impact of 
anthropogenic disturbances typically observed in unprotected areas. In 
contrast, El-Salam Locality (West Kordofan) exhibited the lowest 

Table 1 
Description of the 21 study sites.

No Forest Name Location / 
state

Area (ha) Number of 
plots

Sample 
Area

Sample Shape DBH 
Limits

No. 
Species

Density 
trees/ha

Source

1 Jebel El Gerrie Natural 
Forest

Blue Nile 5040 97 1000 m2 Circular DBH ≥10 
cm

15 47 Dafa-alla et al., 2022

2 Abu Gadafe Natural 
Forest

Blue Nile 4413.87 46 1000 m2 Rectangular DBH ≥ 7 
cm

47 55 Mohammed et al., 
2021

3 Jebel Elgarrie Natural 
Forest

Blue Nile 5805.1 90 1000 m2 Circular DBH ≥10 
cm

15 46 Abuelbasher et al., 
2022

4 Remila Riverine Forest Sinnar NA 11 1000 m2 Rectangular DBH ≥ 7 
cm

1 157 Hassan et al., 2022

5 Badous Riverine 
Forest

Blue Nile 76.98 10 1000 m2 Rectangular DBH ≥ 7 
cm

13 356 Hassan et al., 2022

6 Fazara Natural Forest Gedarif 7095.76 74 1000 m2 Rectangular DBH ≥ 7 
cm

13 184 Hassan et al., 2022

7 Abu Gadaf Natural 
Forest Reserve

Blue Nile 4413.87 46 1000 m2 Rectangular DBH ≥ 7 
cm

46 257 Hassan et al., 2022

8 Okalma Natural Forest Sinnar 17,639.5 178 1000 m2 Rectangular DBH ≥ 7 
cm

10 219 Hassan et al., 2022

9 Wad Ayies Natural 
Forest

Sinnar 7160.86 75 1000 m2 Rectangular DBH ≥ 7 
cm

8 219 Hassan et al., 2022

10 Nuara Reserved Forest Sinnar 2560 638 1000 m2 Circular DBH ≥ 5 
cm

4 191 Hasoba et al. 2020

11 Jebel Algerri Natural 
Forest

Blue Nile NA 40 1000 m2 Circular sample NA 44 183 Ismail1 and 
ElSheikh, 2016

12 El-Salam Locality West 
Kordofan

1093,000 136 NA Point centered 
quarter

NA 25 20.5 Tutu et al., 2019

13 Umabdalla Natural 
Forest

South 
Kordofan

4396.55 Na 1000 m2 Circular DBH ≥10 
cm

53 60 Abdelkareem et al., 
2020

14 Tozi Natural Forest Sinnar 6031.2 306 1000 m2 Circular DBH ≥ 7 
cm

4 175 Yasin and Mulyana, 
2022

15 Rashad District South 
Kordofan

787,200 8 400 m2 Square NA 56 NA Eisawi et al., 2021

16 Alfula District West 
Kordofan

974,679 40 1000 m2 Circular Na 58 330 Ismail, 2020b

17 Jebel Mara Central 
Darfur

900,000 52 100 m2 Na Na 62 NA Hegazy et al., 2021

18 Jebel El-Dair North 
Kordofan

31,445 23 1000 m2 Circular Na 47 500 Ismail, 2020a

19 Al Galabat District Gedarif NA 36 1000 m2 Circular Na 37 324 Ismail, 2021
20 Zalingei District Central 

Darfur
244,756.7 60 1000 m2 Circular Na 33 428 Khlyfa et al., 2022

21 El Ain Natural Forest North 
Kordofan

18,695 927 1000 m2 Circular Na 73 104.25 Bokhary and 
Elawad, 2016
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density, with only 20.5 trees/ha, a figure that aligns with the effects of 
human-induced pressures such as grazing, logging, and land conversion 
(Table 1 and Fig. 6).

Conservation status of tree species

On the basis of the 21 studies compiled in this paper, four species 
were classified as super abundant (2 % of all species), six species were 
classified as abundant (4 %), 28 species were classified as common (17 
%), 51 species belonged to the low-abundance class (31 %), and 74 

Fig. 2. Map of Sudan, showing the distribution of the 21 study sites within the poor savanna region (site numbers match those found in Table 1).

Fig. 3. Number of tree species in each family.
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species were classified as rare species (45 %) (Fig. 4). The detailed 
classification for each species is provided in appendix A.

Spatial distribution of four key species, tree diversity and stand density

Fig. 5 highlights the distribution patterns of four superabundant 
species across the savanna landscape, offering critical insights into their 
spatial dynamics within the Sudanese savanna ecosystem. Both Acacia 
seyal and Acacia senegal have relatively large distribution ranges 
compared with the other two species. However, the center of their dis
tribution is spatially separated, whereas Acacia seyal centers in the areas 
where Acacia senegal trees are absent, whereas Acacia senegal trees are 
more likely to be found in the western part of the savanna woodlands 
where Acacia seyal trees are absent. On the other hand, Balanites 
aegyptiaca and Ziziphus spina-christi have relatively small distribution 
ranges and seem to share the same niche (Fig. 5).

The distribution map of forest stand density demonstrated significant 
spatial variation across the savanna woodland of Sudan (Fig. 6). High- 
density areas, with densities reaching up to 500 stems/ha, are concen
trated in the southern and western regions. These areas encompass a 
natural reserve mountain park, which, owing to its relatively undis
turbed conditions and limited access caused by high elevation, appears 
to be more resilient to anthropogenic pressures. Conversely, the south
eastern savanna shows markedly lower densities, with some areas 
exhibiting densities as low as 20.5 stems/ha. Two additional low-density 
sites were found in the central region, where human activities such as 
grazing and logging likely contributed to the reduction in tree cover.

The distribution of tree species across savanna woodlands revealed 
distinct spatial patterns (Fig. 6). The highest levels of species diversity 
were recorded in the western (73 species) and central (62 species) re
gions. In contrast, low-diversity areas were concentrated in the eastern 
region, with sites containing as few as 1–10 species.

Discussion

The present study revealed that tree species richness ranged from 1 
to 73 species per site, with a total of 163 species recorded across all 
savannas. This number is lower than that reported for South American 
savanna (Françoso et al., 2016) with 907 species from 167 studies; some 

of these differences are likely due to the greater number of studies 
included in the South American synthesis. On the other hand, the 
number of 163 species reported here is greater than the number of 91 
species reported in Senegal (Sylla et al., 2025). Among the 21 sites in this 
study, the highest absolute richness value (73 species) was observed in 
the Elian Natural Forest, which is located in the near-central part of 
Sudan. This number is lower than that reported in other areas, such as 
South America (Françoso et al., 2016; Ter Steege et al., 2023), with 158 
and 357 species, respectively, in other floristic surveys) (Batalha and 
Martins, 2007; Ratter et al., 2003). However, 73 species are more 
common than those reported for savanna woodlands of southern Africa 
(40 species at the richest site (Sebungwe)) and northern Guinea-Savanna 
(53 species) (Mutowo and Murwira, 2012; Sobola et al., 2021). The 
relatively high species richness in Elian may be attributed to the pres
ence of heterogeneous ecological features, including mountain ranges, 
natural forest patches, and water reserves, which are known to support 
greater biodiversity (Bokhary and Elawad, 2016).

Differences in richness and diversity throughout the savanna 
woodlands of Sudan are likely due to both deforestation through the 
clearance for agriculture and degradation through the consumption of 
woodland products and natural and anthropological disturbances 
(Gadallah et al., 2021). Agriculture provides both income and nutrition 
for local people, and the consumption of woodland products is equally 
important to their livelihoods, as savanna woodland provides a wide 
range of ecosystem services and goods such as edible fruits, firewood, 
and building material for local communities (hassan et al., 2022).

At the family level, Fabaceae, Combretaceae, Malvaceae, Cappar
aceae, Anacardiaceae, and Rubiaceae were the most frequent families in 
the savanna woodlands of Sudan, collectively accounting for over 58 % 
of the plant community across all studies synthesized in this review. This 
observation is consistent with findings from the forest–savanna ecotone 
of Ghana (Attua and Pabi, 2013) and the savanna vegetation of Senegal 
(Sylla et al., 2025), where similar patterns of family-level dominance 
have been reported. The predominance of Fabaceae aligns with obser
vations from other tropical and semi-arid ecosystems, where this family 
frequently dominates due to its nitrogen-fixing capabilities, which 
enhance soil fertility and support ecosystem productivity even under 
nutrient-poor conditions (Tindano et al., 2015). Similarly, Com
bretaceae species are well adapted to dry environments and are known 

Fig. 4. Distribution of species across different abundance levels in the studied savanna woodlands.

A.M.M. Hasoba et al.                                                                                                                                                                                                                          Trees, Forests and People 21 (2025) 100906 

6 



for their drought tolerance, enabling them to thrive in savanna habitats 
characterized by seasonal water scarcity (Tindano et al., 2014). The 
dominance of these families suggests a significant influence on the 
structure and composition of Sudan’s savanna woodlands. Their adap
tive traits to local environmental stressors, coupled with their ecological 
functions such as nitrogen fixation, climate regulation, and provisioning 
of food and shelter for local wildlife highlight their essential roles in 
maintaining the resilience and functioning of these ecosystems.

The 21 studies synthesized here show that stand density varies from 
20.5 tree/ha to 500 tree/ha. This value is lower than that reported in 
other studies conducted in the Sudanian savanna biome, such as in 
Burkina Faso, where Nikiema (2005) observed a stand density of 1967 
trees/ha, and (Sobola et al., 2021) reported 600–737 trees/ha in 
northern Guinea-Savanna. However, the density estimates reported in 
this study were higher than the 127 ± 15 to 164 ± 12 stems/ha reported 
in the northern forest-savanna ecotone of Ghana (Attua and Pabi, 2013). 
The highest recorded tree density, reaching 500 trees per hectare, was 
observed in the Jebel El-Dair Natural Reserve. This area, though legally 
protected, experiences limited enforcement. We attribute this excep
tionally high stand density to the mountainous nature of the terrain. The 
rugged topography likely provides natural protection for tree growth by 
limiting accessibility and thereby reducing the frequency and intensity 
of anthropogenic disturbances, as noted by Gebeyehu et al. (2019) and 
Hammond et al. (2021). In contrast, the lowest tree density, recorded at 
21 trees per hectare, was observed in El-Salam Locality. This low density 
is likely a consequence of severe anthropogenic disturbances, which 
have significantly degraded the forest structure in these areas. We sug
gest that the broad range of tree density observed among these studies 
and regions is due to human management intensity, as stated by 
(Schroth and Harvey, 2007). These findings underscore the critical role 
of conservation management and localized ecological conditions in 
shaping forest structure insights that are essential for guiding sustain
able forest policy in Sudan’s vulnerable savanna regions.

The spatial analysis revealed distinct distribution patterns among the 

four key tree species across the 21 sampled forests. Acacia seyal and 
Acacia senegal showed broader distributions across savanna woodland, 
while Balanites aegyptiaca and Ziziphus spina-christi were more spatially 
restricted, indicating narrower ecological niches or greater sensitivity to 
environmental variation. These patterns reflect species-specific habitat 
preferences. Acacia seyal and Balanites aegyptiaca were common in low- 
elevation, clay-rich soils of the central and eastern savanna, supporting 
previous findings of their co-occurrence (El Mahi and Magid, 2014). 
Acacia senegal was more dominant in well-drained, sandy soils in the 
drier western zones, consistent with (Magid et al., 2014). Interpolation 
results revealed that areas of high stand density often coincided with 
higher species richness, especially in central regions like Elian Natural 
Forest. These areas likely benefit from reduced disturbance and greater 
habitat heterogeneity. In contrast, the eastern savanna showed lower 
diversity and density, likely due to grazing, land use pressure, and arid 
conditions (Mohammed et al., 2021). The radial basis function (RBF) 
interpolation method used in Surfer 9 effectively visualized species 
distribution patterns from limited field data. While useful for predicting 
spatial trends, it may not fully capture abrupt changes caused by 
localized disturbances (Hao et al., 2022). These findings highlight pri
ority areas for conservation and restoration. Regions with high richness 
and density should be protected, while degraded zones offer opportu
nities for targeted ecological recovery and sustainable management 
planning.

Finally, the studies included in this analysis presented some meth
odological heterogeneity that may have affected our findings. Plot 
shapes varied, with some studies utilizing circular plots considered most 
efficient for capturing spatial distribution, whereas others employed 
rectangular or square plots, which may be less effective for unevenly 
distributed trees, a typical savanna tree distribution. The sampling 
strategies also differed, encompassing both random and systematic ap
proaches. Random sampling is generally preferred to avoid spatial bias, 
but some studies might have employed systematic approaches due to 
logistical constraints. Line, strip, and zigzag transect patterns further 

Fig. 5. Distribution of Acacia seyal, Acacia senegal, Balanites aegyptiaca, and Ziziphus spina-christi in Savanna Woodland, on the basis of their presence and absence 
in the 21 studies synthesized in this study. The scale (0–1) represents the likelihood of species presence, where 0 indicates absence and 1 indicates high presence.
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introduced variation, potentially affecting the detection of clumped tree 
distributions. Furthermore, the minimum diameter at breast height 
(DBH) used to define a tree varies considerably across studies, ranging 
from DBH ≥ 5 cm to DB ≥ 10 cm. This inconsistency can significantly 
influence the number of tree species captured, particularly smaller in
dividuals and shrubs. Consequently, directly comparing species 
composition, richness, and abundance across studies becomes chal
lenging because of the potential underestimation or overestimation of 
certain tree populations depending on the chosen DBH threshold.

Study limitations

Our synthesis has several limitations that should be considered when 
interpreting the findings. First, methodological inconsistencies across 
the 21 included studies introduce potential biases. Variations in plot 
geometry (e.g., circular, rectangular, square) and sampling strategies (e. 
g., random, systematic, transect-based) complicate direct comparisons 
of results. Although all studies standardized plot sizes to 1000 m², dif
ferences in diameter at breast height (DBH) thresholds ranging from ≥5 
cm to ≥10 cm likely influenced estimates of tree density and species 
richness. These discrepancies underscore the critical need for stan
dardized data collection protocols in future research to ensure compa
rability and reliability.

Second, the limited number of eligible studies (21 out of 54) con
strains the spatial and ecological representativeness of our findings. 
Strict inclusion criteria, particularly the requirement for quantitative 
data on tree density, diversity, and distribution metrics, excluded many 
studies, potentially biasing the dataset toward more intensively studied 
regions or ecosystems. This limitation highlights the scarcity of robust, 
quantitative studies in certain areas of Sudan’s savanna woodlands.

Third, the temporal scope of the synthesis (2015–2023) captures 
recent trends but omits longer-term ecological dynamics. This relatively 
narrow timeframe limits our ability to generalize findings across Sudan’s 
diverse savanna landscapes, which are shaped by both historical and 
contemporary environmental and anthropogenic factors. Future studies 
should aim to incorporate longer-term datasets to provide a more 
comprehensive understanding of savanna woodland dynamics.

Fourth, A key limitation of this synthesis is the potential impact of 
clonal growth on estimates of tree density and species abundance. 
Savanna species like Combretum spp., Balanites aegyptiaca, and Acacia 
spp. can regenerate through root suckers or coppicing, especially after 
disturbances such as fire or grazing (Ouédraogo and Thiombiano, 2012). 
The reviewed studies often did not distinguish between ramets (clonal 
stems) and genets (genetically distinct individuals), which may lead to 
overestimations of individual tree numbers. This could affect in
terpretations of species dominance and population dynamics. We 

Fig. 6. Distribution maps of tree diversity and stand density in the Sudanese savanna. A illustrates the spatial distribution of tree diversity, ranging from 1 to 73 
species per location, whereas B shows the distribution of stand density, ranging from 20 to 500 trees per hectare. The color gradients represent varying levels of 
diversity and density.
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recommend that future assessments in Sudanese savanna woodlands use 
genetic or structural methods to accurately identify clonal propagation, 
improving diversity and density estimates.

Finally, the substantial variation in study site sizes introduces addi
tional challenges in data interpretation. These differences reflect the 
heterogeneity of the datasets included in our synthesis and may affect 
the precision of cross-site comparisons. While we accounted for these 
variations during analysis, this limitation underscores the importance of 
aligning study scales and methodologies in future research.

Conclusion

This study revealed high tree diversity within savanna woodlands, 
identifying 163 species belonging to 40 families. Fabaceae emerged as 
the frequent family, contributing 27 % (44 species) of the total. Species 
richness and stand density varied across the 21 surveyed sites, ranging 
from 1 to 73 species and 20.5 to 500 stems per hectare, respectively. 
Notably, Acacia seyal, Acacia senegal, Balanites aegyptiaca, and Ziziphus 
spina-christi have emerged as the most prevalent species, potentially 
reflecting their competitive advantage and resilience under harsh 
environmental conditions (Eltayb and Magid, 2013; El Mahi and Magid, 
2014; Neelo et al., 2015). The spatial distribution analysis further pro
vided valuable insights into species assemblages and ecological gradi
ents, enabling, to some extent, the identification of biodiversity hotspots 
and areas of ecological vulnerability. These findings offer a practical 
foundation for targeted conservation and restoration planning. While 
limitations in data from sample plots hindered further analysis of di
versity indices and habitat characterization, this study provides a 
valuable baseline assessment of the tree community within savanna 
woodlands.

Recommendations and future directions

Based on the current findings of this study, along with previous calls 
from other relevant research (e.g., Siddig, 2014, 2019; Hasoba et al., 
2020; Gadallah et al., 2025), the following recommendations are 
proposed::

1. The establishment of a comprehensive long-term monitoring 
program involves establishing permanent sample plots to gather time 
series data critical for assessing the ecosystem’s status and under
standing the dynamics of tree populations and changes within the 
savanna ecosystem.

2. Establishment of a Centralized Database: Developing a 
centralized database that consolidates all available information, 
including ecological data, species inventories, habitat characteristics, 
and any ongoing or historical research findings, would be immensely 
beneficial. This database could serve as a repository for all collected 
data, ensuring accessibility to researchers, policymakers, and 
conservationists.

3. Standardized Data Collection Protocols: Implementing stan
dardized protocols for data collection across various research efforts 
ensures uniformity and consistency in the data gathered. This approach 
enhances the reliability and comparability of information, enabling 
more robust analyses and facilitating collaboration among different 
studies.

4. Future Field Studies: incorporate methods to assess clonal 
growth to improve the accuracy of stand structure and density 
estimations.

5. Development of Conservation Initiatives: The survey identified 
74 species found in only one location. Hence, emphasizing continued 
conservation initiatives is crucial to safeguarding the diverse species 
within savanna woodlands. These initiatives should focus on conserving 
rare and threatened species in this ecosystem.

6. Training and Capacity Building: the human resources required 
for this work can be developed through specialized training programs in 
conservation approaches, biodiversity monitoring and analysis.

7. Future Studies: high-priority studies include 1) understanding 
the impacts of climate change on some savanna trees, such as the dis
tribution of gum-producing trees through species distribution modeling 
(SDM), and 2) estimating savanna ecosystem services, such as carbon 
stock, gum production and net primary productivity.
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