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Abstract

Woody vegetation provides a number of ecosystem services, including soil
protection, carbon sequestration and oxygen production. Despite its impor-
tant role in maintaining ecological balance, woody vegetation is currently
undergoing continuous degradation due to climatic hazards and anthropo-
genic actions. As a result, it is essential to gather information for the sustain-
able and rational management of woody formations. It is with this in mind
that this study aims to contribute to a better understanding of the state of
woody vegetation in the different land-use types in Basse Casamance. To this
end, stratified random sampling of woody vegetation was carried out in the
different land-use types (fields, fallow land and forests) of the Coubalan com-
mune. The sampling unit for fields and fallows was a 2500 m” plot, and for
forests was a 900 m” plot. A total of 53 species, divided into 48 genera be-
longing to 22 families, were inventoried in the commune. Structural parame-
ters were higher in the forest, with 1321.3 + 635.8 individuals/ha, 13.09 + 0.1
m?* and 79.25% + 21.08% respectively for observed density, basal area and
cover rate. As for dendrometric parameters, they are higher in the fields, with
20.4 £ 13.6 cm and 7.4 = 3.8 m respectively for trunk diameter and woody
height. Fallow land is characterized by species with low dendrometric para-
meters. These results provide a useful database for rational management of
the various land-use types in the commune of Coubalan.
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1. Introduction

Woody formations are of vital importance, as they contribute to food security
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and improved living conditions for millions of people worldwide [1], as well as
helping to mitigate the effects of global warming. Between 2015 and 2020, global
forest area accounted for 31% of total land area, or 4.06 billion hectares [2].
However, a large proportion of forests are lost through conversion to agricultur-
al land [3] [4] [5]. According to the [6], in tropical and subtropical areas, the
main causes of deforestation are large-scale commercial agriculture (responsible
for around 40% of deforestation) and local subsistence agriculture (33%). In fact,
according to the same source, we are witnessing a major loss of forest land to
other land uses (agricultural, industrial, housing, etc.). Added to this is the loss
of forest area due to fires, such as the recent fires in the Amazon rainforest and
Australia (186,000 km?) [7]. Moreover, estimates point to a potential increase in
the area burned annually of 120% - 270% by 2090, above the 2000-2010 average
[2]. Furthermore, according to analyses published in the PNAS (Proceedings of
the National Academy of Sciences), global warming is accelerating the loss of
biodiversity [8]. As a result, the protection of woody formations through the im-
plementation of rational management strategies is imperative to conserve terre-
strial biodiversity and contribute to mitigating the effects of climate change. To
achieve this, it is essential to assess the current state of woodland formations. This
study is a contribution to a better understanding of the current state of woody

vegetation in the different land-use systems of Lower Casamance.

2. Materials and Methods
2.1. Study Area

The study was carried out in Lower Casamance, more precisely in the commune
of Coubalan, located south of the Tenghory arrondissement, in the Bignona De-
partment of the Ziguinchor region (Figure 1). The climate here is coastal South
Sudanian, with two seasons: dry and rainy [9]. Average monthly temperatures
range from 21.5°C to 35°C between 1990 and 2016 [9]. Average annual rainfall
over the 1980-2018 series is 1302.04 mm [10]. The Tenghory district is characte-
rized by a predominance of tropical ferruginous and ferralitic soils [11] cited by
[10] and [12]. Lower Casamance boasts the densest forests in Senegal, with trees
reaching heights of 15 to 20 meters. There are mangrove areas as well as dense
dry forests composed mainly of evergreen species [13] [14] cited by [12] and
[15].

2.2. Floristic Inventory and Dendrometric Measurements

Random stratified sampling was carried out for the different land-use types in all
13 villages of the commune of Coubalan. The sampling unit for fields and fal-
lows is a square plot of 50 m x 50 m, Ze. a survey area of 2500 m” as recom-
mended by [16] for the study of woody vegetation in agroforestry systems. As
for forests, plots measuring 30 m x 30 m were set up, ie. an area of 900 m* [17]
[18] [19]. The plots were, therefore, installed randomly according to land use as

follows: 20 plots at field level, 8 plots at fallow level and 12 plots at forest level.
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Figure 1. Study area location map.

In each survey, all species were inventoried and the dendrometric parameters
of each individual were measured. Total height was measured using a suntoo den-
drometer, trunk diameter at breast height using a forestry compass, and cross
diameter of the crown (East-West and North-South direction) using a metric tape.

Young trees were counted to assess regeneration. Woody species with a di-
ameter of less than 5 cm at 1.30 m are considered to be regenerating [20]. Indi-
viduals of the Arecaceae family with stipes less than 1.30 m high are considered

part of the regeneration [21] cited by [22].

2.3. Statistical Processing

The data obtained was entered and the tables and graphs were produced using
Excel. XLSTAT Version 2014 software was used to perform the Analysis of Va-
riance (ANOVA), followed by the Newman-Keuls test of comparison of means
at the 5% significance level to determine the different groups. A Principal Com-
ponent Analysis (PCA) was performed to establish the discriminating characte-
ristics of the different land-use patterns.

Various formulas were used to calculate vegetation parameters, including:

Specific frequency

The frequency of occurrence provides information on the distribution of a
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species in a stand.
It can be expressed as an absolute value or as a percentage. In percentage terms,

it is calculated using the following formula:
F = Nri/Nrx100

F = frequency of presence expressed as a percentage (%); Nri = number of sur-
veys where species 7is present; Nr = total number of surveys.

Species richness

This is assessed on the basis of total species richness, which is the total num-
ber of species present in the stand considered in a given ecosystem [23].

Density

This is the number of individuals per unit area. It is expressed in number of
individuals/ha. Observed or actual density is obtained by dividing the total num-
ber of individuals in the sample (V) by the surface area sampled ().

D=N/S

D = density (ind/ha); N = total number of individuals in the stand; $ = sample
area sample area (ha).

Basal area

This is the surface area occupied by the tree at the base of its trunk. It is ex-

pressed in square meters per hectare, and is calculated as follows:
st=(X7(d130/2)°) /s

St = basal area; d1.30 = trunk diameter in m at 1.30 m from the ground; § =
sample area (ha).

Woody cover

This is the surface area of the tree crown projected vertically onto the ground.
It is expressed in square meters per hectare. Woody cover is calculated using the

following formula:
C =(X(dmh/2)’) /s

C=woody cover; dmh = average crown diameter in m; $'= sample area (ha).

Shannon weaver index (H)

Consider both abundance and species richness, and is used to assess the dis-
tribution of individuals according to species. It ranges from 0 to 4.5. The index is
minimum when all individuals belong to the same species. It is maximum when
each individual represents a distinct species [24]. It can be expressed in bits and

its formula is:
H'=-> pi.log2pi

Pi = relative abundance of each species.

Evenness index (E)

Provide information on the distribution of species abundance in the stand.
According to [25], the regularity index is a more rigorous term of comparison. It

ranges from 0 to 1. It tends towards 0 when all individuals correspond to a single
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species. It tends towards 1 when each species is represented by the same number

of individuals [23] cited by [26]. This index is given by the following formula:
E=H'/H, .

H' Shannon Weaver Index; A, = 1og2(5).

Importance Value Index (IV])

This is a synthetic, quantified expression of the importance of a species in a
stand. To assess specific preponderance in tropical forests, this index is often
used [27] cited by [28]. For better interpretation, the IVI has been expressed as a
percentage (%) and is defined as the arithmetic mean, for species i of relative

density (Dr), relative frequency (Fr) and relative dominance (Domr).

IV =(Dr + Fr+Domr)/3

Dr= (Ni/N) x 100 (Dr = relative density (%); Ni = sample size of species i N
= total sample size).

Fr = (FilF) x 100 (£r = relative frequency (%); Fi = frequency of presence of
species 7 (%); F sum of frequencies of all species in the sample).

Domr = (Sti/ St) x 100 (Domr = relative dominance (%); St/ = basal area occu-
pied by species £ St = total basal area of species in sample).

Stand regeneration rate

IL is given by the percentage ratio between the total number of seedlings and

the total number of trees in the stand.

SRR = (Total number of seedlings)/(Total number of trees in stand) x 100.

3. Results
3.1. Floristic Composition

The woody flora surveyed in the commune of Coubalan enabled us to identify 53
species, divided into 48 genera belonging to 22 botanical families.

In the fields, 37 species in 34 genera and 17 families were identified; in the fal-
low land, 28 species in 27 genera and 15 families were identified; and in the fo-
rests, 43 species in 41 genera and 19 botanical families were identified (Table 1).

Table 1. Floristic composition of woody vegetation by Land Use Patterns (LUPs).

Families Genera Species Cc F
Anacardium  Anacardium occidentale L. + + +
Lannea Lannea acida A. Rich. + + +

Anacardiaceae
Mangifera ~ Mangifera indica L. + - -
Spondias Spondias mombin L. - - 4+
Annona Annona senegalensis Pers. + + +

Annonaceae
Uvaria Uvaria chamae P. Beauv. + + +
Holarrhena  Holarrhena floribundavar. tomentella H. Huber + - +
Apocynaceae Landolphia  Landolphia heudelotii A. DC. e
Saba Saba senegalensis (A. DC.) Pichon - - +
Voacanga  Voacanga africana Stapf. - -+
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Continued
Borassus Borassus akeassii Bayton, Ouédr. & Guinko -
Arecaceae
Elaeis Elaeis guineensis var. microsperma Welw.
Bignoniaceae Newbouldia Newbouldia laevis (P. Beauv.) Seem. ex Bureau - + +
Adansonia  Adansonia digitata L. - -
Bombacaceae Bombax Bombax costatum Pellegr. & Vuill. -+
Ceiba Ceiba pentandra (L.) Gaertn. - + -
Cassia Cassia sieberiana DC. +
Daniellia Daniellia oliveri (Rolfe) Hutch. & Dalziel +
Detarium  Detarium microcarpum Guill. & Perr. -+
Caesalpiniaceae Dialium Dialium guineense Willd. - -+
Peltophorum  Peltophorum pterocarpum (DC.) K. Heyne - - 4+
Piliostigma reticulatum (DC.) Hochst. + - +
Piliostigma
Piliostigma thonningii (Schumach.) Milne-Redh. + +
Chrysobalanaceae Neocarya ~ Neocarya macrophylla (Sabine) Prance + o+ =
Combretum aculeatum Vent. + - -
Combretum micranthum G. Don + +
Combretum
Combretum nioroense Aubrév. ex Keay - -  +
Combretaceae
Combretum indicum (L.) DeFilipps -+ -
Guiera Guiera senegalensis ].F. Gmel. + o+
Terminalia  Terminalia macroptera Guill. & Perr. + o+ 4+
Albizia Albizia lebbeck var. australis Burtt Davy -+ o+
Fabaceae Erythrina  Erythrina senegalensis DC. + -+
Pterocarpus  Pterocarpus erinaceus Poir. + - +
Icacinaceae Icacina Icacina oliviformis (Poir.) ]. Raynal var. oliviformis + - -
Azadirachta Azadirachta indica A. Juss. + + +
Meliaceae
Khaya Khaya senegalensis (Desr.) A. Juss. + o+ o+
Acacia Acacia ataxacantha DC. + + +
Dichrostachys Dichrostachys cinereavar. argillicola + o+ o+
Mimosaceae Faidherbia  Faidherbia albida (Delile) A. Chev. + + +
Parkia Parkia biglobosa (Jacq.) R. Br. ex G. Don + + +
Prosopis Prosopis africana (Guill. & Perr.) Taub. + o+ o+
Antiaris Antiaris toxicaria var. africana Scott-Elliot ex A. Chev. + -+
Moraceae . Ficus sycomorus L. + o+ -
Ficus
Ficus surForssk. - -+
Polygalaceae Securidaca  Securidaca longipedunculata var. parvifolia Oliv. - -+
Rubiaceae Nauclea Nauclea latifolia Sm. - -+
Citrus Citrus limon (L.) Burm. f. + - +
Rutaceae
Zanthoxylum Zanthoxylum zanthoxyloides (Lam.) Zepern. & Timler - -+
Sapindaceae Allophylus  Allophylus africanusvar. griseotomentosus (Gilg) Verde. - +  +
Simaroubaceae Quassia Quassia undulata (Guill. & Perr.) D. Dietr. + +
Sterculiaceae Cola Cola lateritia var. maclaudi (A. Chev.) Brenan & Keay + + +
Celtis toka (Forssk.) Hepper & J.R.I. Wood + - -
Ulmaceae Celtis
Celtis integrifolia Lam. + - -
Verbenaceae Vitex Vitex madiensis Oliv. subsp. madiensis - - 4
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3.2. Most Abundant Species

The species with the highest relative abundances in the fields of the Coubalan
commune are Icacina oliviformis (53.77%), Guiera senegalensis (5.43%), Ter-
minalia macroptera (2.99%), Acacia ataxacantha (1.96%) and Cassia sieberiana
(1.46%).

In fallow land, the most abundant species is Guiera senegalensis with a rela-
tive abundance of 79.58%. It is followed by Cassia sieberiana (5.01%), Azadiracta
indica (4.55%), Combretum micranthum (4.36%) and Terminalia macroptera
(1.65%).

In forests, the most abundant species are Guiera senegalensis (21.12%), Com-
bretum micranthum (20.57%), Terminalia macroptera (18.18%), Combretum

nioroense (14.96%) and Cassia sieberiana (3.88%) (Figure 2).

3.3. Structural and Dendrometric Parameters of the Woody Stand

With regard to structural parameters, analysis of variance revealed a significant
difference in observed density (P < 0.0001), cover ratio (P < 0.0001) and basal area
(P =0.003) between the different land-use types.

In fact, forest density (1321.3 + 635.8 ind/ha) is statistically higher than that of
the other land uses, which show no significant difference between them. Forest
density is almost four times that of fallow land (335.5 + 297.4 ind/ha) and more
than thirty-four times that of fields (38.6 + 26.7 ind/ha) (Table 2).

As with density, forest cover was statistically higher (79.25 + 21.08%) than
other land uses, which showed no significant difference between them. Woody
vegetation cover in the forest is thus 7 times higher than in the fields (11.373%)
and more than 5 times higher than in the fallow land (14.731%).

As for basal area, as for density and cover rate, it is significantly greater in fo-
rests (13.09 + 0.1 m*ha) compared to fallow (1.18 + 0.013 m*/ha) and fields (2.32
+ 0.024 m*/ha) (Table 2).

Cassia sieberiana 433 3.9
@ Combretum nioroense === 15.0
g Terminalia macroptera F——==m 18.2
v Combretum micranthum [F=====m 20.6
g Guiera senegalensis === 21.1
g < Terminalia macroptera p 1.7
T E Combretum micranthum 3 4.4
Q g Azadirachta indica =2 4.6
-2 = Cassia sieberiana |3 5.0
% e Guiera senegalensis s rrsrmss s noo s ] 79.6
- Cassia sieberiana p 1.5
«» Acanthospermum hispidum B 2.02,0
E Terminalia macroptera = 3.0
® Guiera senegalensis === 354
Icacina oliviformis [Fmmmrmroomroooos 1 53.8 =
0 20 40 60 80 100

Relative abundance (%)

Figure 2. Most abundant species in the different land use patterns.
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Table 2. Variation in structural and dendrometric parameters of the woody stand ac-
cording to the land use patterns.

Land use Density Vegetation  Basal area Trunk diameter _
. N Height (m)

patterns (ind/ha)  cover rate (%) (m®/ha) (cm)
Fields 38.6+26.7° 11.373+592° 2.32+0.024° 204+13.60 7.4+3.8
Fallow land 335.5 +297.4° 14.731 + 4.52° 1.18 +0.013° 34+21°  3.05+09°
Forests  1321.3 + 635.8* 79.25 + 21.08* 13.09 + 0.1* 54+3.8" 42+1.7°

P-value <0.0001 <0.0001 0.003 <0.0001 <0.0001

Legend: ind/ha: individual per hectare. In the same column, values accompanied by the
same letters are not significantly different.

In terms of dendrometric parameters, statistical analysis revealed a highly sig-
nificant difference in woody diameter and height (P < 0.0001) between the dif-
ferent land-use types (Table 2).

Average trunk diameter and average woody height are highest in fields, with
values of 20.4 cm and 7.4 m respectively, followed by forests, with average trunk
diameter of 5.4 cm and average height of 4.2 m. The lowest values for dendro-
metric parameters were recorded in fallow land, with 3.4 cm and 3.05 m respec-

tively for average trunk diameter and average woody height (Table 2).

3.4. Woody Stand Species Diversity

Analysis of Table 3 shows that the Shannon Weaver index (/) is highest in fo-
rests (3.34 bits), followed by fallow land (1.73 bits) and fields (1.37). As for the
regularity index (£), it is higher in forests (0.62) and lower in fallow land (0.28).

It thus appears that specific diversity is higher in forests and lower in fallow
land.

3.5. Regeneration Rate

The regeneration rate of the woody stand in the Coubalan commune is 96.11%.
This rate varies from one type of land use to another. Fallow land has the highest
regeneration rate at 98.49%, followed by fields at 98.32% and forests at 87.51%
(Figure 3).

3.6. Ecological Importance of Species

The species with the highest Importance Value Indices (IVIs) in the different
land-use types are shown in Table 4.

In the fields, the 5 species with the highest Importance Value Indices are Jcacina
oliviformis (18.74%), Guiera senegalensis (15.89%), Faidherbia albida (12.71%),
Anacardium occidentale (7.02) and Parkia biglobosa (6.63%).

In fallow land, the 5 most ecologically important species are Guiera senega-
lensis (31.83%), Faidherbia albida (16.39%), Azadirachta indica (9.90%), Cassia
sieberiana (5.29%) and Parkia biglobosa (4.24%).
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Table 3. Variation in stand specific diversity indices according to land use patterns.

Land use patterns H'(bits) E
Fields 1.37 0.33
Fallow land 1.73 0.28
Forests 3.34 0.62

Legend: A* Shannon index; £ Regularity index.

Table 4. Species with the highest Importance Value Indices (IVIs) according to land use

patterns.
LUP Species Dr (%) Fr(%) Domr(%) IVI (%)
Icacina oliviformis 53.77 2.44 0.00 18.74
Guiera senegalensis 3543 12.20 0.04 15.89
Fields Faidherbia albida 0.75 11.38 25.99 12.71
Anacardium occidentale 0.92 8.13 12.02 7.02
Parkia biglobosa 0.28 7.32 12.30 6.63
Guiera senegalensis 10.14 79.58 5.78 31.83
Faidherbia albida 8.70 0.51 39.96 16.39
Fallowland  Azadirachta indica 8.70 4.55 16.44 9.90
Cassia sieberiana 8.70 5.01 2.17 5.29
Parkia biglobosa 2.90 0.05 9.78 4.24
Combretum micranthum 5.66 20.57 13.22 13.15
Guiera senegalensis 6.29 21.12 1.15 9.52
Forests Terminalia macroptera 5.03 18.18 4.52 9.24
Khaya senegalensis 3.77 0.33 20.00 8.04
Cola lateritia 0.63 0.11 18.31 6.35

Legend: Dr: Relative density; Fr: Relative frequency; Domr: Relative dominance.

100
98
96
94
92
90
88
86
84
82 .

Fields Fallow land Forests
Land use patterns

A 9832 98.49

87.51

Regeneration rate (%)

v

Figure 3. Regeneration rate of woody vegetation according to land-use patterns.

The 5 most ecologically important forest species are Combretum micranthum
(13.15%), Guiera senegalensis (9.52%), Terminalia macroptera (9.24%), Khaya
senegalensis (8.04%) and Cola lateritia (6.35%) (Table 4).
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3.7. Demographic Structure of the Woody Stand

Horizontal structure

Analysis of Figure 4 shows that in the fields of the Coubalan commune, the

woody stand is characterized by a predominance of individuals in the [5 - 15]

diameter class. This class alone accounts for 40.12% of the stand. It is followed
by the [15 - 25] and [35 - 45] classes, comprising 26.54% and 12.35% of the stand

respectively.

In terms of fallow land, the [5 - 15] diameter class is still the best represented,
accounting for 72.13% of the stand. This is followed by the [15 - 25] and [25 -
35] classes, which account for 14.75% and 6.56% respectively.

As for the forest, like the two previous land-use types, its stand is dominated
by individuals belonging to the [5 - 15] diameter class, with 80.9% of the woody
stand. This class is followed by [15 - 25], [25 - 35] and [35 - 45] with 8.8% and
5.9% of the stand respectively.

The woody stand structure in forests and fallow land is L-shaped, while that in

fields is exponential and decreasing. These structures are all characteristic of a

young, balanced stand, reflecting good regeneration of the stand, with recruit-

ment of young individuals towards the intermediate classes being greater in the

fields.
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Figure 4. Distribution of woody stand individuals by diameter classes according to different land-use patterns.
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Vertical structure

In the woody stand of the different land-use types in the Coubalan commune,
the [2 - 4] height class is the most represented, with 27.0%, 89.61% and 58.28%
of individuals in fields, fallows and forests respectively (Figure 5). This class is
followed by the 4-6m height class, with 17.71%, 7.23% and 27.58% of individuals
in fields, fallows and forests respectively (Figure 5).

As with the horizontal structure, the vertical structure is characteristic of a

young, balanced stand.

3.8. Discriminating Characteristics of Different Land-Use Types

Figure 6, obtained from the Principal Component Analysis (PCA) performed on

the basis of the matrix of three land-use types and six woody vegetation parame-

ters, shows the discriminating characteristics of each land-use type. We thus dis-
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Figure 5. Distribution of woody stand individuals by height classes according to different land-use patterns.
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Figure 6. Types of land use based on woody vegetation characteristics. Legend: D: trunk
diameter; A = height; SR: species richness; B.A.: basal area; C.R.: cover rate.

- Fields, characterized by vegetation consisting essentially of large-sized (H)
and large-diameter (D) woody plants.
- Forests, characterized by high vegetation structural parameters (basal area,
cover ratio and density) and high species richness.
- And fallow land, characterized by low structural parameters and low species
richness.
The figure also shows that stand density is strongly correlated with woody ve-

getation cover rate, and woody height is strongly correlated with trunk diameter.

4. Discussion

The results of this study revealed the presence of 53 species, divided into 48 ge-
nera belonging to 22 botanical families in the commune of Coubalan. These re-
sults differ from those of [12], who found 64 woody species in 53 genera and 20
botanical families in agroforestry parks in the Tenghory district, and from those
of [26], who found 69 woody species in 58 genera belonging to 23 families in
traditional Elaeis guineensis agroforestry parks in Lower Casamance. Of the 22
families inventoried in this study, the most represented in the Coubalan com-
mune are Combretaceae (37.42%), followed by Icacinaceae (29.86%) and Faba-
ceae (19.01%). These results are in line with those of [29] who state that the
Mangagoulack area (Bignona Department) is dominated by the Fabaceae and
Combretaceae families. The most abundant species in the Coubalan commune
are Guiera senegalensis (42.86%), Icacina oliviformis (29.86%) and Terminalia
macroptera (5.85%). These data are in line with those of [12] and [10], according
to whom the most abundant species in the fields of Bignona Department are
Icacina oliviformis, Guiera senegalensis and Terminalia macroptera.

And according to [10], this could be explained by their high regeneration ca-
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pacity after cutting. These results also corroborate those of [30]-[35] according
to whom in the Groundnut Basin, Combretaceae are the dominant species in the
fields.

The density of woody vegetation in the fields of the Coubalan commune is
38.6 individuals/ha. These results are similar to those of [10], who found a den-
sity of 37.41 individuals/ha in agroforestry parks in the Bignona Department.
However, the density in Coubalan’s forests and fallows is respectively 1321.3 in-
dividuals/ha and 335.5 individuals/ha respectively. These results are higher than
those obtained by [28] in the central area of the Ferlo reserve (154 individu-
als/ha) and those recorded by [36] in village terroirs in south-central Niger (151.09
individuals/ha).

Coverage rates in Coubalan’s fields and fallows are 11.373% and 14.731% re-
spectively. These values are close to those of [10] and [12], which respectively
recorded a coverage rate of 12.71% for agroforestry parks in the Bignona De-
partment and 13.7% for parks in the Tenghory district. The forest coverage rate
is much higher, at 79.25%. This can be explained by the fact that forest areas are
less anthropized.

The highest basal area was found in forests (13.09 m?/ha), followed by fields
(2.32 m?*/ha) and fallow land (1.18 m?ha). The results obtained for fields and
fallow land are close to those of [12], who obtained a basal area of 3.3 m*/ha for
parks in the Tenghory district. These results could be explained by the fact that
farmers tend to reduce the space occupied by woody species in order to increase
the area under cultivation [37].

Overall, with the exception of basal area, the other structural parameters (den-
sity and cover ratio) are lower in the field. This reflects a higher level of anthro-
pization in this type of land use.

Specific diversity is higher in forests, with a Shannon Weaver index of 3.34
bits, which could be explained by the rarity of wood cutting in forest zones. In-
deed, according to [38], this high diversity may be linked to the fact that these
forests do not appear to have undergone any major disturbance, as also shown
by the Piélou Equitability value (0.62).

The regeneration rate of the woody stand in the Coubalan commune is 96.11%.
This result is close to those of [12] and [39], who respectively obtained a regene-
ration rate of 95.8% in the Tenghory arrondissement and 88.19% in the Tendouck
arrondissement agroforestry parks. According to [10], this could be explained by
the high regeneration capacity of Guiera senegalensis, the dominant species in
fields and fallow lands.

The horizontal and vertical structures of the different land uses in the Couba-
lan commune are of the “L” type, synonymous with a young, balanced stand
with good regeneration capacity for woody vegetation. Indeed, according to [40],
the L-shaped structure of populations indicates good regeneration of the species.
These results are not in phase with those of [20], who found a predominance of
large-diameter individuals (diameter > 50 cm) in anthropogenic Parkia biglobo-

saand Piliostigma reticulatum savannas in Burkina Faso.
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The typology of woody vegetation in the different land use patterns shows that
the Champs are characterized by vegetation consisting essentially of large-sized
(H) and large-diameter (D) woody plants. According to [41], this could be ex-
plained by the fact that the lower the tree density, the greater the increase in
height and thickness. This is in line with our results, since fields have the lowest
density. Finally, forests are characterized by high vegetation structural parame-
ters and high species richness. According to [12], these high structural parame-

ters can be explained by the low level of human intervention in forests.

5. Conclusions

Following this study, 53 species in 48 genera belonging to 22 families were in-
ventoried. The study revealed that basal area, density and cover rate are higher
in forests. The lowest values of these parameters were observed in fields for den-
sity and cover rate, and in fallow land for basal area. Dendrometric parameters
are higher in the field and lower in the fallow.

These results constitute a useful source of information for the implementation
of rational and sustainable management strategies for woody formations in Lower
Casamance. These strategies will be based on reforestation and the protection of
endangered species in different land-use patterns. It would, therefore, be interest-

ing to repeat this study in the other agroecological sub-zones of Casamance.
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