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Abstract

Background: Forests provide essential ecosystem services, and their capacity to deliver these benefits depends on their
ecological integrity. In many African forests, biodiversity loss remains has reduce the availability of useful plants species.
Among these, medicinal plants are particularly important for primary healthcare but are frequently subjected to intensive
and often unsustainable harvesting. This study aims to identify the woody species harvested for medicinal purposes and
assess the population status of these species in the Fathala classified forest, Senegal.

Methods: Data were collected through ethnobotanical surveys and a floristic inventory. Statistical analysis were perform to
evaluate the different medicinal uses of woody species, the frequency of their use and the population structure and
demography of harvested species in relation to different harvesting practices.

Results: A total of 32 woody species were identified are being used to treat a wide range of aliments, with leaves, bark, and
roots representing the principal plant parts harvested. Combretum glutinosum, Terminalia avicennioides, Terminalia
macroptera, Cordyla pinnata, Combretum micranthum and Sclerocarya birrea were the most frequently used species used
in traditional healthcare. Several of these species exhibited low density and basal area, together with irregular diameter class
distributions, indicating disturbed population structures. Among the disturbances assessed, medium-intensity fires and
medium-intensity pruning had the greatest effects on the population demography and stand structure of medicinal species
comaped with debarking, grazing and root excavation.

Conclusions: The findings highlight the urgent need to strengthen the conservation and sustainable management of
medicinal plants by reducing harvesting pressure on this valuable biological resource. Effective implementation of existing
forest management and conservation strategies is essential to ensure the long-term availability of medicinal plants and the
ecosystem services they provide to local communities.
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Background

Forests are reservoirs of biodiversity where plants play an essential role thanks to the many ecosystem services they provide
and the various functions they perform (Tankoano 2017). For example, woody species are widely used to meet socio-
economic needs, particularly in developing countries of Africa (Nacoulma et al. 2017), where they contribute significantly to
health and well-being (Saulnier 2024).

On the African continent, herbal therapy is a practice commonly adopted by the majority of the population despite advances
in modern medicine (Gonzaleze et al. 2024). Furthermore, in a context marked by inadequate health infrastructure and
financial resources, compounded by cultural heritage, the use of plants as a source of remedies becomes the most
appropriate solution (Sala 2024). However, the high demand for plant products extracted mainly from natural forests is
reducing the populations of woody species (Mykhailenko et al. 2025, Nacoulma et al. 2017). For example, the harvesting of
leaves, roots and bark is generally carried out without consideration for the survival of these species (Fedorca et al. 2020).
The methods used to harvest these organs damage the plants and expose them to disease and external attacks, which can
sometimes cause their death (Workneh & Wasie 2024). In addition to these harvesting practices, other human factors such
as fires have made certain species so vulnerable that they are now threatened (Silverio et al. 2025, Ayena et al. 2016). These
human pressures do not spare protected areas such as classified forests (Angoni et al. 2018).

In Senegal, classified forests, despite their status as protected areas, are in continuous decline (Solly 2021). In the Fathala
classified forest, part of the Delta du Saloum National Park, many woody species are exploited for traditional medicine (Diop
et al. 2022). This forest ecosystem is also under other pressures, particularly from timber exploitation and bush fires, which
have negative repercussions on flora and vegetation (Niang-Diop et al. 2011, Kaly et al. 2021). In this forest, intensive bush
fires contribute massively to the degradation of species by altering the composition of plant formations while preventing
young trees and seedlings from reaching maturity (Niang-Diop et al. 2011). Grazing leads to a drastic reduction in the number
of individuals undergoing natural regeneration, which compromises the survival of certain woody species in the Fathala
forest (Diop et al. 2011, Niang-Diop et al. 2011). At the same time, other woody species that are more tolerant to the stresses
of their natural environment proliferate (Solly et al. 2020). Depending on the intensity and persistence of the disturbance
factors, the structure of the stand is modified (Orihuela-Torres et al. 2026). These changes in the demographics of harvested
species are a cause for ecological concern, especially since the role of protected areas is to ensure the preservation of the
natural state of forests (Yoh et al. 2024). Thus, in this classified forest surrounded by a high human population density, the
questions arise as to (i) which species are harvested for medicinal purposes, what are these main medicinal uses and (ii) how
the populations of species targeted for the harvesting of plant products for medicinal use are behaving. We assume that: (i)
diverse woody species in the Fathala classified forest are harvested for various medicinal uses, and (ii) the population
structure of woody species of medicinal interest is influenced by their exploitation and other factors such as fire and grazing
in the forest. The present study therefore aims to identify (i) the woody species harvested for medicinal purposes and their
main medicinal uses and (ii) the status of their populations.

Materials and Methods

Study area

The study was conducted in the Fathala classified forest, located in west-central Senegal, in the Foundiougne department of
the Fatick region (Fig. 1). It is situated between 13°36'-13°42' north latitude and 16°26'-16°30"' west longitude. The forest is
one of 15 forests in the region's classified forest domain and is located in the Sudanian domain (White 1983). A classified
forest is defined in the Senegalese Forest Code as a ‘forest established for the conservation of soil, water, biological diversity
and specific or fragile ecosystems and to ensure sustainable production by any appropriate means of management or
protection’ (Republic of Senegal 2018). The Fathala classified forest represents the terrestrial part of the Delta du Saloum
National Park, which covers an area of 76,000 ha (Lykke & Goudiaby 1999) and which has been designated a biosphere
reserve in 1981 (Diouck 1999). Between 1991 and 2020, average rainfall was around 595 mm. This series is marked by a
slight predominance of deficit years, of which there were 17, with 2007 being the year with the lowest rainfall (-268 mm
compared to the average). Average monthly temperatures range between 25.4 °C and 30.4 °C (Agence Nationale de
I’Aviation Civile et de la Météorologie 2020).

Data collection

Floristic inventory

In order to evaluate the demography of woody medicinal species, data were collected using the same stratified random
sampling method of Lykke (1996). Forest stratification was done with Landsat images using ENVI (version 56) and ArcGis
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(version 108) software with the ArcMap tool. A total of 102 historical surveyed coordinates from Lykke inventory in 1992
were projected on the land use map. From each historical coordinate point four-square plots were implemented, in order to
minimize accuracy errors. A total of 408 plots were inventoried, distributed across the four strata determined for the
vegetation.

The measurements taken on individuals with a diameter > 5 cm at 1.3 m above ground level are height, diameter and crown
diameter. Samples were collected for the identification of unknown species at the herbarium of the Faculty of Sciences at
Cheikh Anta Diop University in Dakar.

Delta du Saloum National
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Figure 1. Map showing the location of the Fathala Classified Forest and surrounding areas

The observation was used to assess the condition of species showing signs of disturbance. The following traces were
recorded: excavation, pruning, debarking, grazing and fire. The intensity of anthropogenic factors was estimated on the tree
and on the plot, based on the method proposed by Cunningham (2001) and adapted for this study. This method makes it
possible to classify the level of disturbance, which is an important indicator of plant health in their natural environment. A
5-level scale (Table 1) was used to assess pruning, debarking and fire, ranging from zero intensity (0) to the highest intensity
(4):

. code (0) refers to no damage;

. code (1) refers to a low level (1 to 25% of bark or branch);

. code (2) refers to a medium level (26 to 50% of bark or branch);

. code (3) refers to a severe level (51 to 75% of bark or branch);

. code (4) refers to a more severe level (76 to 100% of bark or branch)

Table 1. 5 level scale for assessing disturbance factors affecting woody species

Codes Intensity of debarking Intensity of pruning Impact of fire
0 Null Null Null

1 Low Low Low

2 Medium Medium Medium

3 High High High

4 Very high Very high Very high
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The rate of branches removed (pruning) was estimated by the number of branches cut in relation to the number of branches
in the crown of an individual tree. The percentage of bark removal, whether internal or external layers, was assessed as the
percentage of bark removed from the base of the trunk to the first branch (Nacoulma et al. 2017). fires were assessed based
on their severity on the trees or at the plot level. Grazing and excavation at the base of the trees was recorded using the
criteria “presence” and “absence.”

Socioeconomic survey data

Quantitative socio-economic data were collected through a questionnaire (Kurzhals 2021). This technique was used among
communities living near the Fathala classified forest, where people have close ties to forest resources. The sampling method
applied for this purpose is a stratified cluster method with two levels. The shelving system applied by Dieng et al. (2016) and
Diop et al. (2011) was adapted to determine the first sampling level. This consisted of drawing a radius of one kilometer from
the forest edge towards the village terroirs. This step made it possible to identify eleven localities in the forest's direct area
of influence. In each locality, the entity selected was the household, with one member of the household as the sampling
unit, which constituted the second sampling level. The sample size (n) was then defined using the Slovin formula
n=N/((1+Nxe”2) ) for a sampling rate of 10% (Assalé et al. 2020, Sina et al. 2019). Thus, the surveys were conducted among
100 households selected at random and proportionally to the household size in each locality yields the following number of
households.

Data analysis
Floristic data
The demography of plant species was analyzed based on different structural parameters. Density (D) is obtained by dividing
the number of woody individuals (N) with Dbh > 5 cm by the area (S) expressed in hectares (Mouhamadou et al. 2013) : D=
N/S. The basal area (St) or basal cover is defined as the sum of the areas of trees at 1.30 m, measured at the base of the

D 2
trunk. The basal area adopted St (m?/ha) according to Ngom et al. (2013) is given by the calculation: |St = ) n%: St = basal

area; D=trunk diameter in meters; SE=area of the sample considered in hectares.

The diameter structure of these species was determined using diameter distribution histograms established by diameter
class using R software. The structures are adjusted to the theoretical Weibull distribution with three parameters (a, b and c)
with density function f according to the formula: (x)=c b / [(x-a) /b] c-1 e-[x-a/b]. In this formula, x is the diameter or
height of the individuals, a is the location parameter, b represents the scale (size) parameter, and c is the shape parameter
of the structure in diameter or height. The value of the shape parameter cimposes several shapes on the Weibull distribution
(Kizilersi et al. 2018). The distribution is inverted ‘)’ shaped (population dominated by individuals with small diameters) for
a value of c< 1. With c between 1 and 3.6, the distribution is positively skewed or right-skewed, characteristic of artificial
monospecific stands with a relative predominance of young individuals with small diameters. For c=3.6, the structure is said
to be normal, characteristic of populations of species with low regeneration linked to exogenous actions or characteristics
of the species. When c> 3.6, the distribution becomes negatively skewed, characteristic of monospecific stands with a
predominance of older individuals with large diameters.

Statistical analysis of floristic data

Numerous tests were carried out to analyze the variation in the structural parameters of woody species of medicinal
importance following human disturbances. These disturbances consisted of the establishment of a private game reserve in
the Fathala forest, fire, grazing, pruning, debarking and excavation.

Generalized linear mixed models using the Imer function of the Ime4 package were used to assess the influence of the effects
on human activities (fire, grazing, excavation, pruning, debarking) on the dendrometric structures of medicinal species
population (basal area, density and diameter). Significant effects (p<0.05) reveal an influence of degradation factors on the
structural parameters studied, with fairly narrow confidence intervals, characteristic of good parameter estimation accuracy.
An Analyse of Variance was performed to test the significance of the models results and a Tukey post-hoc test was applied
to compare pairs of means for the different explanatory variables.

Ethnobotanical data

Following the development of the questionnaire using Kobo Toolbox, the socio-economic data were collated and processed
using the R interface. The analysis is based on the Citation Frequency (CF) of a species (i) according to Yasser et al. (2018),
which is calculated by dividing the number of citations of the species by the total number of citations of all species, multiplied
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by 100: CFi=(Number of citations of species i)/(Total number of citations of all species) x 100. The relative frequency of
citations of therapeutic recipes is given by the formula (RF): RF=Ncr/Nx100 where Ncr is the number of citations of a recipe
treating a given disease and N is the total number of citations of all recipes treating the disease (Joel et al. 2017). The species
usage importance value index (SUIVI) corresponds to the sum of the Citation Frequency (CFi), the species usage value (UVi)
and the species usage diversity index (SUDIi) (Sema et al. 2018, Zabouh et al. 2018): SUIVI= CFi+UVi+SUDI. According to
Gadikou et al. (2022), the use of this index makes it possible to highlight species of great interest in a category of use, the
relationship between informants' knowledge of species, diversity and the common nature of uses. The SUDIi is given by
dividing the number of specific uses of species i by that of the species with the maximum number of specific uses.

Results

Main species used

Surveys conducted among communities living near the Fathala classified forest show that 78 plant species have therapeutic
properties and used to treat several diseases. Among these species, 32 have been inventoried in the Fathala forest.
Combretum glutinosum, Terminalia avicennioides, Terminalia macroptera, Cordyla pinnata, Combretum micranthum and
Sclerocarya birrea are mainly used local populations for medicinal uses, with the highest citation frequencies (CF) and usage
importance index values (Ull) (Table 2). The species are grouped into three families, namely Combretaceae (78.5%), Fabaceae
(16.7%) and Anacardiaceae (4.8%).

Table 2. Frequency of citation of species from the Fathala classified forest used for therapeutic purposes

Numbers ....Species. . Citation Frequency (CF) SUIVI
1 Combretum glutinosum Perr. ex DC. 29.36 30.00
2 Terminalia avicennioides Guill. & Perr. 24.49 24.92
3 Terminalia macroptera Guill. & Perr. 11.83 12.68
4 Cordyla pinnata (Lepr. ex A. Rich.) Milne-Redh. 8.01 9.02
5 Combretum micranthum G. Don 4.75 5.18
6 Sclerocarya birrea (A. Rich.) Hochst. 4.32 4.96
7 Pterocarpus erinaceus Poir. 3.92 4.35
8 Detarium microcarpum Guill. & Perr. 3.56 4.41
9 Guiera senegalensis J.F. Gmel. 3.53 3.74
10 Prosopis africana (Guill. & Perr.) Taub. 1.37 2.01
11 Cassia sieberiana DC. 1.18 2.01
12 Parkia biglobosa (Jacq.) R. Br. ex G. Don 0.82 1.46
13 Saba senegalensis (A. DC.) Pichon 0.42 1.06
14 Annona senegalensis subsp. senegalensis 0.39 0.6
15 Hymenocardia acida Tul. 0.34 0.77
16 Piliostigma reticulatum (DC.) Hochst. 0.31 0.52
17 Ximenia americana L. 0.24 0.45
18 Ziziphus mauritiana Lam. 0.24 0.88
19 Lannea velutina A. Rich. 0.13 0.34
20 Anacardium occidentale L. 0.12 0.76
21 Hexalobus monopetalus (A. Rich.) Engl. & Diels 0.1 0.31
22 Stereospermum kunthianum Cham. 0.1 0.31
23 Securidaca longipedunculata Fresen. 0.09 0.3
24 Bobgunnia madagascariensis (Desv.) J.H. Kirkbr. & 0.08 0.29
Wiersema

25 Afzelia africana Sm. ex Pers. 0.07 0.28
26 Ficus sycomorus L. 0.05 0.26
27 Piliostigma thonningii (Schumach.) Milne-Redh. 0.05 0.26
28 Balanites aegyptiaca (L.) Delile 0.04 0.47
29 Lepisanthes senegalensis (Poir.) Leenh. 0.04 0.25
30 Adansonia digitata L. 0.03 0.67
31 Strychnos spinosa Lam. 0.013 0.22
32 Celtis toka (Forssk.) Hepper & J.R.l. Wood 0.01 0.22
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Categories of medicinal uses of woody species

The woody species of the Fathala forest make a significant contribution to therapeutic care. Analysis of the data collected
shows that 34 diseases are treated with the plant organs of the main woody species identified (Figure 2). The pathologies
mentioned are grouped into various categories relating to the human organs affected. The frequencies obtained indicate a
diversity of pathological groups mainly treated by the designated medicinal flora. These disorders include infectious (14.5%),
asthenic (12.8%), hematological (12%), gynecological-obstetric/urological/sexual and infantile (11.1%) and cardiovascular
(10%). Other categories, including pulmonary or respiratory, digestive and stomach, muscular or nervous, articular,
ophthalmological and dermatological diseases, receive little attention, recording the lowest frequencies.

Figure 3 shows relationship between ailments and woody species from the Fathala classified forest. Most of the information
on the uses of species is contained in the first axis. Several species distributed on either side of axis 1 remain closely
associated with various categories of diseases. On one side, treatments for the main conditions, including asthenic and
infectious diseases, are provided by a relatively large group of species, while on the other side, a second group of species
remains more closely linked to gynecological-obstetric-urological-infantile, muscular, nervous, digestive, stomach,
pulmonary and respiratory diseases. The close proximity of these two distinct groups of species to axis 1 seems to reflect the
multiple functions of these plants in local health. On the opposite side of axis 1, only two categories of diseases can be
distinguished. These are hematological diseases associated with more species and cardiovascular diseases more specific to
a small number of species (one species).

Demographics of medicinal species

Dendrometrical parameters of medicinal woody species

The structural parameters were calculated for the species most commonly used in the healthcare sector: Combretum
glutinosum, Terminalia avicennioides, Terminalia macroptera, Cordyla pinnata and Combretum micranthum.
The average diameter of species used by local populations in traditional medicine is relatively small. The few species with a
large average diameter are Combretum micranthum (37.22 cm) and Combretum glutinosum (22.91 cm). Cordyla pinnata and
Terminalia macroptera are characterised by a low average diameter (Table 3).

The density of species of medicinal importance is 420 individuals per hectare in the Fathala classified forest. Among the
species most commonly used for healthcare, Terminalia macroptera (52.31 individuals/ha) and Terminalia avicennioides
(12.04 individuals/ha) have the highest densities (Table 3).

The average basal area of medicinal species is 12 m? per hectare. This value varies from one species to another. Among the
species commonly used for medicinal purposes, Terminalia avicennioides and Terminalia macroptera (Table 3) have the

largest basal areas (14.19 m?/ha and 4.74 m?/ha).

Table 3. Structural parameters of the main species of medicinal importance

Average diameter | Specific density | Basal area
Species (cm) (individuals/ha) (m2/ha)
Combretum glutinosum 22.91 7.64 2.12
Terminalia avicennioides 18.75 12.04 4.19
Terminalia macroptera 14.75 52.31 4.74
Cordyla pinnata 14.61 3.94 2.66
Combretum micranthum 37.22 2.55 0.2

Diameter structure of medicinal species population

Figure 4 shows the diameter structure of the main species of medicinal importance in the forest. These are Combretum
glutinosum, Terminalia avicennioides, Terminalia macroptera, Cordyla pinnata, Combretum micranthum and Sclerocarya
birrea. The diameter structure of the species shows irregularity in the distribution of diameter class. It describes a bell curve
for species used for medicinal purposes. The density of individuals of Combretum glutinosum, Terminalia avicennioides,
Terminalia macroptera, Cordyla pinnata and Combretum micranthum is greater in the low and intermediate diameter class.
Overall, the shape parameter c ranges from 1 to 3.6. It describes a positive or right-skewed distribution, characteristic of
monospecific stands with a predominance of young individuals with small diameters.
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Ziziphus mauritiana -
Ximenia americana -
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Stereospermum kunthianum -
Securidaca longipedunculata -
Sclerocarya birrea -

Saba senegalensis -
Pterocarpus erinaceus -
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Figure 2. Diseases treated according to species
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Figure 3. Correspondence factor analysis of disease categories according to species

*Species: Adans dig: Adansonia digitata; Afzel afr: Afzelia africana; Anaca occ: Anacardium occidentale; Annon sen: Annona senegalensis; Bobgu mad: Bobgunnia madagascariensis; Cassia sie:
Cassia sieberiana; Celti tok: Celtis toka; Comb glu: Combretum glutinosum; Combretum micranthum; Cordy pin: Cordyla pinnata; Detar micr: Detarium microcarpum; Ficus syc: Ficus sycomorus
,; Guier seneg : Guiera senegalensis ; Hexal mon : Hexalobus monopetalus; Hymen aci : Hymenocardia acida; Lanne vel: Lannea velutina; Lepis sen: Lepisanthes senegalensis; Parki bigl: Parkia
biglobosa; Pilio ret: Piliostigma reticulatum; Pilio tho: Piliostigma thonningii; Pros afr: Prosopis Africana; Ptero eri: Pterocarpus erinaceus; Saba sen: Saba senegalensis; Scler bir: Sclerocarya
birrea; Secur lon: Securidaca longipedunculata; Stere kun: Stereospermum kunthianum; Ter avi: Terminalia avicennioides; Ter mac: Terminalia macroptera; Ximen ame: Ximenia americana; Zizip
mauri: Ziziphus mauritiana.

*Desease categories : Artic: Articular; Asth: Asthenic; Cardio: Cardiovascular; Derm: Dermatological; Dig-stom: Digestive-stomach,; Gyn-obs-uro-inf: Gynaecological-obstetric-urological-infantile;
Haematol: Haematological; Musc-nerv: Muscular-nervous; Ophtal: Ophthalmological; Pulm-rep: Pulmonary-respiratory.
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Effects of human disturbances on the demography of medicinal woody species
The results from the models that evaluate the effects of human disturbances on demography parameters are shown in Table
4.

Fire has different effects on the dendrometrical parameters. For the explored plots, its effects is significantly positive on tree
density at high and very high intensities (p<0.001). The effect of fire is negative on basal area particularly when its intensity
is low to high, as demonstrated by the negative beta coefficients and significant p-values (p<0.001). Tree diameter is likely
to decrease in the “Fathala classified forest” in the event of very intense fires (negative Beta, p<0.001).

Moderate pruning is associated with a significant negative effect (p<0.001) on density and basal area compared to heavy
pruning, which appears to indicate a statistically significant effect of high-intensity pruning on density and basal area
(p<0.001). Diameter emerges as a dendrometric parameter that varies inversely with pruning intensity. Among the trees
studied, it was found that diameter follows a downward trend when pruning is carried out at moderate to high intensities
(p<0.05).

Debarking on the trunks of mature trees is statistically and significantly associated with density, basal area, and measured
diameter (p < 0.05). An increase in these parameters can be expected when the intensity of debarking is very high.
Excavation and grazing are significantly associated with the density, basal area, and diameter of the medicinal species
studied.

Table 4. Summary of mixed linear regression models of structural parameters in relation to human disturbance

Density Basal area Diameter
Characteristic Beta 95% CI* P- Beta 95% Cl? P-value Beta  95% CI! P-value
value
Impact_Fire
.Low- -5.15 -5.69, - <0.001 -4,625 -5,288, - <0.001 0.41 0.25,0.56 <0.001
4.61 3,962
.High- 1.85 1.41,2.29 <0.001 5,936 5,398, <0.001 -0.21 -0.33, - <0.001
6,475 0.08
.High-Low 7.00 6.34,7.66 <0.001 10,561 9,750, <0.001 -0.61 -0.80, - <0.001
11,372 0.42
.Medium- 3.44 2.99,3.90 <0.001 5,046 4,490, <0.001 0.41 0.28,0.54 <0.001
5,602
.Medium-Low 8.59 7.92,9.27 <0.001 9,671 8,844, <0.001 0.00 -0.19, >0.9
10,499 0.20
.Medium-High 1.59 1.01,2.18 <0.001 -890 -1,610, - 0.007 0.62 0.45,0.79 <0.001
170
Very high- 3.67 3.33,4.01 <0.001 4,535 4,114, <0.001 0.17 0.07,0.27 <0.001
4,956
Very high-Low 8.82 8.22,9.42 <0.001 9,16 8,418, <0.001 -0.23  -0.41, - 0.002
9,902 0.06
Very high-high 1.82 1.32,2.32 <0.001 -1,401 -2,021, - <0.001 0.38 0.23,0.53 <0.001
781
Very high- 0.23 -0.30, 0.8 -511 -1,154,131 0.2 -0.24 -0.39, - <0.001
Medum 0.75 0.09
Pruning
intensity
.Low- 1.27 0.06,2.49 0.035 -5,477 -6,978, - <0.001 -0.17 -0.52, 0.7
3,977 0.19
.High- 114 9.56,13.3 <0.001 7,786 5,496, <0.001 0.21  -0.33, 0.8
10,077 0.75
.High-Low 10.1 7.93,12.4 <0.001 13,264 10,531, <0.001 0.38  -0.26, 0.5

15,996 1.02
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.Medium- -1.31 -3.11, 0.3 -10,93 -13,144, - <0.001 -0.59 -1.11, - 0.016
0.48 8,716 0.07
.Medium-Low -2.59 -4.75, - 0.010 -5,453 -8,118, - <0.001 -0.43  -1.05, 0.3
0.42 2,788 0.20
.Medium-High -12.7 -15.3, - <0.001 -18,717 -21,886, - <0.001 -0.81 -1.55, - 0.027
10.2 15,547 0.06
Very high- 17.4 13.7,21.2 <0.001 16.9 -4,606, >0.9 -1.28 -2.37, - 0.012
4,640 0.19
Very high-Low 16.2 12.2,20.1 <0.001 5,494 643,10,346 0.017 -1.11  -2.25, 0.061
0.03
Very high-high 6.01 1.83,10.2 <0.001 -7,77 -12,915, - <0.001 -1.49 -2.70, - 0.007
2,625 0.28
Very high- 18.7 14.6,22.9 <0.001 10,947 5,824, <0.001 -0.69 -1.89, 0.5
Medum 16,070 0.52
Intensity-
debarking
. Low- -4.04 -4.83, - <0.001 -6,187 -7,222, - <0.001 0.04 -0.21, >0.9
3.20 5,152 0.28
. Very high- 10.2 6.74,13.7 <0.001 23,166 18,860, <0.001 1.19 0.17,2.20 0.017
27,473
. Very high-Low 143 10.7,17.9 <0.001 29,354 24,930, <0.001 1.15 0.11,2.19 0.026
33,777
Grazing 0.03 0.02,0.04 <0.001 0.00 0.00, 0.00 <0.001 0.58 0.54,0.63 <0.001
Excavation 78,006 29,477, <0.001 * * <0.001 0.54 0.41,0.72 <0.001
206,432

1 ClI = Confidence Interval: a narrow 95% confidence interval that does not include zero (0) indicates a better estimate and
that the effect is statistically significant at the 5% level.

Characteristic: represents anthropogenic factors at different levels of severity, which are used as explanatory variables for
the structural parameters of density, basal area, and diameter.

*: Cannot be calculated because the sample size is too small (zero) for this variable category.

P-value< 0.05: describes a significant correlation between the parameters and the anthropogenic factors studied.

P-value> 0.05: describes a lack of relationship between the parameters and the anthropogenic factors.

Discussion

Woody medicinal flora of Fathala classified forest

This study identified 32 woody species in the Fathala forest that are used in traditional medicine. Although this result
highlights the forest’s important role as a source of medicinal plants, it is lower than the 43 medicinal species recorded by
Sene (2019) in a study conducted in the Fathala classified forest. Conversely, it is higher than the 22 species of medicinal
plants recorded by Lykke (1993) amongst communities living on the fringes of the Fathala classified forest. These differences
may be explained by variations in the study objectives, sampling methods, survey periods or by changes in plant availability
and local ethnobotanical knowledge over time. Overall, the diversity of medicinal species recorded in this study reflects the
rich plant biodiversity characteristic of semi-arid ecosystems (Bakar et al. 2023). The use of medicinal plants remains
widespread in Africa, particularly in rural communities, where traditional medicine continues to play a vital role in primary
healthcare. According to Shukla (2023), the pharmacological potential of medicinal plants is attributed to the bioactive
compounds presenting their various plant parts which confer their therapeutic properties. In the present study, Combretum
glutinosum, Terminalia macroptera, Terminalia avicennioides, Cordyla pinnata and Sclerocarya birrea were identified as the
most frequently used species to treat various health problems. Their widespread use may reflect local communities’
confidence in their therapeutic efficacy, as suggested by Lougbegnon et al. (2011), who reported that the popularity of
medicinal species is closely linked to users’ satisfaction with their efficacy. The high demand for these species is further
supported by their well-documented therapeutic properties, which have been reported in previous ethnobotanical studies
(Musa et al. 2016, N'diaye et al. 2017, Atunwa et al. 2021).

The plants listed in this study are used to treat a wide range of conditions, ranging from minor ailments to chronic or serious
diseases. This diversity of uses is consistent with numerous phytochemical studies that have highlighted the presence of
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bioactive compounds in various plant organs, which may explain their therapeutic properties (Aboughe Angone et al. 2015,
Hiba & Laghmari 2023, Kouchadé et al. 2017). The results show that hematological diseases, including diabetes, are among
the conditions most frequently treated with preparations based on Terminalia avicennioides. The importance attached to
this species by communities living on the fringes of the classified forest has also been reported by Diop et al. (2022). This
widespread use could be explained by the numerous biological activities attributed to this species, notably its antifungal
properties highlighted by Ali et al. (2022), as well as other pharmacological activities reported in the literature. Furthermore,
phytochemical analyses carried out on the bark of Anacardium occidentale, which is also used by local communities to treat
diabetes, have revealed the presence of bioactive compounds, notably polyphenols, which are recognized for their powerful
antioxidant properties (N'guessan et al. 2025).

Finally, the use of medicinal plants for the treatment of cardiovascular diseases, lung and respiratory conditions, and
infectious diseases, as observed in this study, is consistent with the findings of numerous ethnobotanical surveys carried out
in Senegal and other countries in the sub-region (Dongock et al. 2018, Alexandre et al. 2018, Ba 2024, Tine et al. 2023).

The categories of diseases identified in this study correspond to the main pathological groups previously reported by Diop
et al. (2019) among communities in western Senegal. In the north of the country, the study by Cisse et al. (2016) showed
that Sclerocarya birrea is not only used to treat high blood pressure, but also to manage diabetes and certain skin conditions.
In Burkina Faso, Sereme et al. (2011) reported that young leaves of Anacardium occidentale prepared as a macerate are used
to treat cough in children, while the fruit, ground into a powder, is used to relieve chest pain. Similarly, in Mali, Ballo et al.
(2021) confirmed the anti-infective properties of the leaves of Terminalia macroptera. The therapeutic uses observed in this
study are also supported by the phytochemical composition of several medicinal species. Indeed, Adiko-Tape et al. (2024)
demonstrated that the bark of Securidaca longipedunculata and the leaves of Annona senegalensis contain quinones,
saponosides, tannins, polyphenols, sterols and polyterpenes, whilst the leaves of Piliostigma thonningii and Annona
senegalensis are particularly rich in flavonoids. These are components with remarkable pharmacological properties.
Flavonoids, for example, in addition to their ability to trap free radicals, have vasculoprotective, anti-infectious, anti-
hepatotoxic, anti-allergic, anti-ulcer, and antispasmodic activities (Bruneton 2016). Sparg et al. (2004), Tine et al. (2023), Tine
et al. (2019) and Ladekan-Yayi et al. (2021) have reported the antibacterial, hypotensive, and antifungal effects of tannins.

These secondary metabolites are widely recognized for their numerous biological and pharmacological activities. Tannins,
for their part, exhibit antibacterial, hypotensive and antifungal properties, as reported by Sparg et al. (2004), Tine et al.
(2019, 2023) and Ladekan-Yayi et al. (2021).

Anthropogenic factors influence the dynamics of medicinal plants

In the Fathala classified forest, human-induced disturbances influence the population dynamics and structure of woody
species used in traditional medicine. The results of this study showed that high fire intensity significantly reduces the basal
area of medicinal species. These findings are consistent with those reported by Kagambega (2019), Sokpon et al. (2006) and
Sawadogo et al. (2002), who documented the adverse effects of repeated bushfires on woody vegetation in savannah
ecosystems. According to these authors, recurrent fires lead to high mortality among mature trees, resulting in a decline in
the stand’s basal area and changes to the forest structure. Similarly, Doamba et al. (2020) and Koffi (2019) reported that
many fire-sensitive species do not survive repeated end-of-season fires, leading to a gradual reduction in their populations.
This study also showed that severe fires are associated with a reduction in tree diameter within the classified forest. This
finding is consistent with the results of Sawadogo et al. (2018) who identified bushfires as one of the main factors responsible
for the predominance of small-diameter individuals in Senegalia macrostachya populations in Burkina Faso. Fire is widely
recognised as a major ecological factor that regulates the distribution, structure and functioning of savannah vegetation (He
and Lamont 2018). Frequent fires limit tree growth by repeatedly damaging stems and preventing trees from reaching higher
size class (Bellefontaine et al. 2000, Akiyo et al. 2022).

Moderate and high-intensity pruning had a significant impact on the density and basal area of medicinal species in the
Fathala classified forest. Similar results were reported by Ntoupka (1999) who observed a significant decline in the number
of mature stems subjected to pruning in the Sudano-Sahelian zone of northern Cameroon. Intensive pruning can reduce
stem circumference growth, and this effect may persist for several years (Courdier et al. 2002). Similarly, Jiang et al. (2026)
demonstrated that high-intensity pruning significantly reduced diameter growth in several European tree species during the
year of pruning.
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In the Fathala forest, pruning is mainly carried out to harvest tree foliage for livestock feed. Repeated pruning, combined
with the trees’ response of growing upwards to avoid grazing, can accelerate the depletion of accessible biomass and
increase stress on the trees (Garde et al. 2013). Our results confirm that intensive pruning negatively affects the diameter
growth of mature trees, which is consistent with the findings of Gbesso et al. (2014) who reported negative effects of pruning
on dendrometric characteristics in heavily disturbed ecosystems.

This study shows that partial debarking has a negative impact on the density and basal area of medicinal species. These
findings are consistent with those of Mapongmetsem et al. (2011) who reported that debarking can lead to tree mortality.
Due to the slow rate of bark regeneration, debarked trees become more vulnerable to external disturbances that may
jeopardise their survival. Guedje (2002) also noted that debarking of socio-economically important species can reduce the
number of mature, harvestable trees within a short period of time. Severe debarking damages the phloem and increases the
trees’ vulnerability to pest attacks, particularly in species such as Adansonia digitata, Acacia seyal and Acacia tortilis (Ganaba
et al. 2005).

Grazing in the Fathala classified forest has had a significant impact on the basal area of medicinal woody species. In contrast
to our findings, several studies have reported negative effects of grazing on woody plant populations in Sudanese savannahs
(Kagambega, 2019; Sokpon et al. 2006). Pressure from livestock can reduce species abundance by limiting their regeneration
and increasing their mortality. Similarly, Sarr et al. (2013) showed that highly palatable woody species in west-central Senegal
often have low densities or disappear due to anthropogenic pressures and livestock. However, in the present study, grazing
had no negative effect on tree diameter and appeared to contribute to the recovery of species. According to Ntoupka (1999),
moderate grazing can reduce fire intensity by lowering fuel loads and improve soil fertility through the supply of nutrients
from animal dung. These contrasting effects suggest that grazing intensity plays a key role in determining its impact on
vegetation dynamics.

Root excavation, rarely observed in the Fathala classified forest, was positively associated with the density, basal area and
diameter of medicinal species. By contrast, intensive root harvesting has been reported as a major threat to tree species in
other regions (Mbayngone & Thiombiano 2011), particularly where such harvesting prevents regeneration through
uprooting or excessive root extraction (Betti 2001).

Conclusion

The Fathala classified forest is home to a rich and diverse flora, comprising 32 species with therapeutic properties, which
contributes significantly to the well-being of local communities. These species are used to treat around thirty conditions,
including infectious and hematological diseases, through preparations made from various parts of the plants, notably the
leaves, roots and bark. This highlights the important role of traditional medicine in local healthcare systems. The
demographic structure of these species revealed low values for density and basal area, with an irregular diameter
distribution dominated by young individuals, suggesting regeneration constraints. Fires and pruning were identified as the
main anthropogenic disturbances affecting the density, basal area and diameter structure of medicinal tree species.

To ensure the sustainable management of these valuable resources, strategies should be implemented to reduce human
pressures and preserve the ecosystem services provided by medicinal plants. Located on the land boundary of the Delta du
Saloum National Park, the Fathala classified forest provides valuable baseline data for improving management plans and
conservation actions. Regular monitoring of medicinal species is essential for assessing their dynamics
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