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Abstract: Affem Boussou community forest (AFC) abounds in important biological resources. This
study, which contributes to its better management, examines the spatiotemporal dynamics of the
vegetation and its ecological and structural characteristics to propose a zoning plan for said forest.
The analysis of the spatiotemporal dynamics of land use in the AFC from Google Earth images of
2015, 2018, and 2021 revealed a regressive trend of formations: crops and fallows (−33.98%), dense
dry forests (−7.92%), gallery forests (−3.46%), plantations (−100%), grassy savannahs, and meadows
(−18.84%), except for tree/shrub savannahs (484.23%). The floristic inventory identified 163 species
divided into 129 genera and 55 families. Fabaceae (14.02%), and Combretaceae (10.55%) are the most
represented families. Anogeissus leiocarpa (5.19%) and Vitellaria paradoxa (4.72%) are the most frequent
species. We note the dominance of individuals of small diameters. The regeneration potential of
the AFC is 64 feet/ha due to 21 feet/ha of suckers, 29 feet/ha of seedlings, and 14 feet/ha of shoots.
As a zoning plan, the AFC was subdivided into four zones: the agroforestry zone (18.80%), the
sustainable production forest zone (42.22%), the buffer zone (11%), and the biological conservation
zone (28%). These results constitute a scientific basis for testing ecological indicators of the sustainable
management of community forests in Togo.

Keywords: land use changes; zoning; community forest; resilience; Togo

1. Introduction

Ecosystem degradation evolves with bioclimatic conditions and anthropogenic ac-
tion [1,2]. A direct consequence of this degradation is the fragmentation of plant forma-
tions [3]. This is compounded by a certain lack of institutional willingness and the absence
of adequate management tools. As a result, forest density may decrease significantly, and
some species may be extinguished [4]. From 1990 to 2015, the world’s total forest area
decreased from 31.6% to 30.6% [5]. This forest cover has continued to decline since the
beginning of the century in the intertropical zone. Concomitantly with this reduction in
forest cover, cultivated areas have increased considerably [6,7], leading to a degradation
characterized by an increasing loss of their floristic diversity.

In West Africa, numerous studies [8–11] have shown that human activities (slash-and-
burn agriculture, ranches and other rangelands, mining, urbanization) negatively impact
the structure, the floristic composition, and the dynamics of natural forests. The most
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dominant forms of disturbance that contribute to shaping the structure and physiognomy
of the vegetation [12–14] include wildfires, anarchic exploitation of woody resources,
shortening of the duration of fallows, and land clearing, coupled with hydrological stress
related to irregular rainfall.

For decades, village communities in Togo have preserved portions of their land for
hunting, biodiversity conservation, land reserve, cultural, and spiritual purposes. Some of
these areas, which today constitute community forests, are managed according to traditional
rules. The capacity of these areas to conserve fauna and flora, the effectiveness of their
management, and interactions with riparian communities are also hotly debated [12,15].
The main products derived from these forest ecosystems contribute to food security and
are sources of income for their populations [16]. Therefore, knowledge of all ecological and
physiognomic aspects of the vegetation is essential to assess the resources of these areas.

In recent years, the central region of Togo has faced significant degradation of forest
ecosystems, with negative repercussions for the population. This situation has caused a
substantial loss of vegetation cover, leading to rapid land degradation and a significant
loss of biodiversity. Between 1986 and 2003, open and dry forests and forest–savannah
mosaics saw a 26.52% regression, alongside an increase in anthropogenic formations of
around 26.48% [17]. This degradation not only adds to ecosystem depletion but also
jeopardizes the quality of life and potentially the survival of vulnerable populations that
rely heavily on ecological services. Being one of the leading wood energy suppliers in
Togo, with more than 100 localities with high wood energy productivity [18], the resources
of this region are highly coveted. The Affem Boussou community forest in the Tchamba
prefecture is not spared from this situation. The community forest of Affem is under
massive anthropogenic disturbances characterized by wildfires, hunting, wood harvesting,
and non-timber product harvesting. The boundaries of the Affem community forest are
currently affected by ecosystem fragmentation caused by extensive slash-burn agriculture
from its periphery to its center. Due to the willingness of the Affem local community to set
up the community forest and carry out a sustainable management plan, research to provide
essential evidence on the potentiality of this crucial ecosystem has not yet been completed.
Thus, for the best management of these ecosystems, it is necessary to question the spatial
nature of this ecosystem’s degradation. What is its extent to date? It is well known that the
community forest plays a crucial role in the conservation and management of biodiversity,
hence the interest in analyzing the spatiotemporal dynamics of the vegetation. The overall
goal of this research is to contribute to advancing information on forest dynamics in Togo
in order to better direct the country’s forest management strategies and policies. More
specifically, we aim to analyze land use changes between 2015, 2018, and 2021, thereby
characterizing the structural diversity of the ecosystem and providing a zoning plan for the
aforementioned community forest.

2. Materials and Methods
2.1. Study Area

Affem community forest is located in the prefecture of Tchamba, more specifically
in the canton of Affem (Figure 1). It is situated between 9◦11′ and 9◦13′ North latitude
and 1◦55′ and 1◦56′ East latitude. It covers an area of 82.19 ha. It belongs to ecological
zone III [19], in the Benin-Togolese Peneplain, whose altitude varies between 200 and
400 m. and rests on the granite–gneissic crystalline base of the Benin-Togolese Plain
structural unit [20]. The plant forms of Affem can be found on a wide range of soils, the
most common of which are leached tropical ferruginous soils, soils with limited erosion,
ferralitic soils, and vertisols. It has a Sudanian-type climate, with a wet season from April
to October and a dry season from November to March [21,22]. The annual rainfall ranges
between 1200 and 1300 mm. The relative humidity ranges from 60 to 80%, while the
evaporation rate is approximately 1600 mm/year. Monthly temperatures range from 25 to
38 ◦C (with a monthly average of 26.5 ◦C). The vegetation in the study site is essentially
characterized by Guinean wooded savannahs [20]. Vitellaria paradoxa, Tectona grandis,
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Terminalia spp., Lonchocarpus sericeus, Piliostigma thonningii, and Pterocarpus erinaceus are
the most common woody species encountered. The fauna is dominated by rodents (rats,
squirrels, agoutis, wild mice, hares), reptiles (green mambas, lizards), and birds (coliforms,
gruiforms, columbines, cuculiforms, partridges, parrots).
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Tchamba prefecture is home to a diverse range of ethnic groups. Among them,
Tchamba, Kamboli, Koussountou, Bago, Kotokoli, Kabyè, etc. Tchamba had 34,626 residents
at the time of the first census of 1970 [23]. The population rose to 46,000 people in the
second census in 1981, to 74,000 people in 2004, and to 13,1674 people in 2010. It has a
young population, with around 20% living in the city core, and is distinguished by rapid
growth. The population of the villages Adjeidè (Kri-Kri), Larini, and Affem, considered the
AFC riparian population, is estimated to be 25,000 people. Agriculture and commerce are
the primary activities in Affem. The township provides cereals, tubers, cashew nuts, and
charcoal to the nearby towns, mainly Tchamba [24].

2.2. Data Collection
2.2.1. Image Acquisition

High-resolution images covering three different years (2015, 2018, and 2021) were
downloaded from several online geospatial data sources. Thus, using the add-on “open
layer plugging” and shapefile of the study area, an ESRI image from 2021, followed by a
digital globe image of 2018 and an aerial image of 2015 were, respectively, downloaded
with an ESRI map, Google satellite and Bing aerial plugging. The choice of these images
and their temporality is justified by their availability and their free access [25,26]. The
relatively small size of the studied zone has also guided the use of high-resolution images,
with the need to map the significant spatial entities’ features [27,28].

The land classification system was derived from the national system adapted to FAO
LCS [29]. Riparian forest, dense dry forest, plantations, open forest, shrub/tree savannah,
and fallow/cropland are the important land cover types identified after visual interpreta-
tion of the images and exploitation of auxiliaries’ earth observation data [30,31]. Digitization
from the screen was then carried out. After digitalization, post-classification processing
was performed, for example, via geoprocessing thematic vector analysis, including some
reclassification, land cover type area computation [32,33], and layout of the time series map.
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Finally, the land cover type dynamic was analyzed to assess changes in land use type
between the three different periods [34,35]. Differences in a given land cover type between
two periods were determined using the relationship below

∆U = U2−U1/n

where ∆U represents the annual rate of change, U2 the land cover type for the upper year,
U1 the land cover type for the lower year, and n the number of years between the two dates.

2.2.2. Sampling

From the Affem Boussou community forest (AFC) vector file and QGIS 3.83 soft-
ware [36], 34 regular grid points (of 100 m space from each other) were generated as
forest inventory plot’s location (Figure 1). This choice is explained by the willingness to
systematically sample plant species in all the different forms of land use in the AFC.

In-field sampling points were tracked from the MapsMe application installed on a
mobile phone. At each point, a rectangular plot of 50 m × 20 m was installed for complete
plant resource inventories [37,38].

2.2.3. Affem Boussou Community Forest (AFC) Plant Resource Inventories

The floristic inventory consisted of recording all woody species in plots, and herba-
ceous species in 10 m × 10 m subplots. The forest inventory consisted of measuring the
height of the bole, the total tree height of woody species, and the diameter at breast height
(DBH) ≥ 10 cm [39]. All tree diameters were measured using a measuring tape at 1.30 m
from the ground. Bole and total tree height were estimated using visual notation. The
choice of this technique was motivated by its successful use in Togo by previous authors
with the same research topic [40,41].

The regeneration of the species was inventoried in three sub-plots of 2 m × 2 m
installed diagonally in the middle of each plot. It was performed on individuals with
a diameter between 5 and 10 cm, considered as potential regeneration subjects [4]. The
regeneration mode (natural seedlings, stump sprouts, suckers) was also considered [42].

The ecological inventory was carried out in 50 m × 20 m plots. Ecological variables
such as topography, overall vegetation cover, and evidence of human activities were
recorded within each plot. Formation types were also identified. Coordinates of all
inventory plots were recorded with a GPS (global positioning system) receiver.

2.2.4. Analysis of Floristic Diversity

The analysis of the floristic diversity allowed us to draw up a list of the species
recorded and to group them by family. A matrix “surveys × species” was elaborated
based on the presence and absence of species (in rows, the species, and in columns, the
surveys). The elaborated matrix was submitted to multivariate analysis techniques to
highlight the major ecological gradients, as well as the identification and the typology of
major plant communities that emerge from them [43]. Thus, the matrix was subjected to
the DECORANA® (DEtrended CORrespondence ANAlysis) method for plant community
identification purposes [44,45] with CANOCO (CANOnial Community Ordination) soft-
ware [46,47]. For each identified plant grouping, the list of flora affected, followed by their
corresponding family, life forms [48] and chorology [49] was assigned. The alpha diversity
(Table 1) measures, such as specific richness, specific frequencies, and abundances, were
determined [50]. This was followed by the Shannon index (Ish) and Pielou equitability
index (Eq) [51] for both plant communities. The formula for each of these indices is shown
in the table below.
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Table 1. Components of alpha diversity.

Parameters Formula References

Shannon Index (Ish) Ish = −∑(ni/n) log2 (ni/n) [51]
Pielou Equitability Index (E) Eq = ish/log2S [43,50]
S = total number of species in a biotope; ni = number of individuals of species i, n = total number
of individuals

The density of the feet, average total height, average diameter, basal area, and regener-
ation rate were estimated as dendrometric parameters (Table 2).

Table 2. Different statistical parameters.

Parameters Formula Source

Total density (D) of wooded
area D = n/s [41,52]

Average diameter (Dm) Dm = 1/n ∑di [53]
Basal area (G G = π/4s ∑0.0001d2 [54]
Average height
Rate of regeneration

Hm = 1/n ∑hi
Tr = n/(n + N) × 100

[53]
(Bowers, 1986)

n = number of plants per survey; S = survey area in hectares; di = diameter at 1.30 m of tree;
hi = height of tree; n = number of species at dbh < 10 cm; and N = number of plants at
dbh ≥ 10 cm.

2.2.5. Zoning Plan

We know how the AFC’s land use has changed over the time series, including its flora
and ecosystem potentialities [55]. It is thus easier to suggest a management plan map,
based on zoning, through buffer geoprocessing analysis. To design the zoning management
map of AFC, the land use map of 2021 output associated with the ecosystems’ assessment
results was processed to define major management zones, taking into consideration both
the ecosystems residing in the AFC. Using QGIS software (version 2021), a buffer design fol-
lowed by an asymmetric difference geoprocessing analysis was performed [56,57]. Finally,
the key role or management vocation was defined for each designed zone [58,59].

3. Results
3.1. Spatial Characterization of Land Use

The Affem Boussou community forest (ACF) is 82.19 ha in size. In 2015, six land cover
categories (Figure 2) were found within this area: dense dry forest, gallery forest, plan-
tations, tree savannah/shrub savannah, grassland savannah/meadow, and crop/fallow.
These different vegetation formations have undergone significant changes between 2015
and 2018. The extent of dense dry forests has grown. This area, which was 35.89 ha
or 43.66% of the total area, rose by 1.78% i.e., 36.53 ha. The same is true for tree savan-
nahs/shrub savannahs, which expanded from 2.41 ha (2.93% of total area) in 2015 to
12.84 ha (15.62% of total forest area). This land use unit recorded an increase of 10.42 ha or
432.40% (Table 3). The area of gallery forests decreased by −0.76%, from 10.95 ha in 2015 to
10.86 ha in 2018, i.e., a loss of 0.08 ha. Crops/fallow land has dropped from 10.82 ha (13.17%
of total) to 8.37 ha (−22.63% regression rate). The grassy savannahs/meadows decreased
from 2.4 hectares in 2015 to 13.59 ha in 2018, representing a 36.41% decrease. In addition,
0.75 hectares of plantation acreage was converted to crops/fallow in 2015 (Figure 3).



Conservation 2023, 3 351

Conservation 2023, 3, FOR PEER REVIEW 6 
 

 

43.66% of the total area, rose by 1.78% i.e., 36.53 ha. The same is true for tree savan-
nahs/shrub savannahs, which expanded from 2.41 ha (2.93% of total area) in 2015 to 12.84 
ha (15.62% of total forest area). This land use unit recorded an increase of 10.42 ha or 
432.40% (Table 3). The area of gallery forests decreased by −0.76%, from 10.95 ha in 2015 
to 10.86 ha in 2018, i.e., a loss of 0.08 ha. Crops/fallow land has dropped from 10.82 ha 
(13.17% of total) to 8.37 ha (−22.63% regression rate). The grassy savannahs/meadows de-
creased from 2.4 hectares in 2015 to 13.59 ha in 2018, representing a 36.41% decrease. In 
addition, 0.75 hectares of plantation acreage was converted to crops/fallow in 2015 (Figure 
3). 

 
Figure 2. Land use in 2015. Figure 2. Land use in 2015.

Table 3. Land use unit assessment rate.

Surface Area
Assessment Rate %

2015 2018 2021

Land Use Units Ha % Ha % Ha % 2015–2018 2018–2021 2015–2021

Crop and fallow 10.82 13.17 8.37 10.19 7.15 8.69 −22.63 −14.66 −33.98
Dense dry forest 35.89 43.66 36.53 44.44 33.05 40.21 1.78 −9.53 −7.92
Gallery forest 10.95 13.32 10.86 13.22 10.57 12.86 −0.76 −2.72 −3.46
Plantation 0.75 0.91 - - - - −100 - −100
Tree/shrub
savannahs 2.41 2.93 12.84 15.62 14.08 17.14 432.40 9.73 484.23

Grassy savannah and
meadow 21.37 26.00 13.59 16.53 17.34 21.10 −36.41 27.63 −18.84

Five land cover types were identified in 2021 (Figure 4): dense dry forests, gallery
forests, tree savannahs/shrub savannahs, grassy savannahs/meadows, and crops/fallow.
Dry dense forest, gallery forest, and camp/fallow areas decreased in the area. The area
of crops/fallow land decreased from 8.37 ha to 7.15 ha, representing a regression rate of
−14.66%, while that of gallery forests decreased from 10.86 ha to 10.57 ha, a regression rate
of −2.72%. The area of dry forests reduced from 36.57 ha in 2018 (44.44% of the total area)
to 33.05 ha in 2020, a regression rate of −9.53%. On the other hand, tree savannahs/shrubs
and grassy savannahs/meadows have experienced a significant increase in their extent.
Tree/shrub savannahs increased from 12.84 ha to 14.08 ha, an increase of 9.73%. The
emergence of grassy savannas/grasslands is the most significant. They grew from 13.59 ha
to 17.34 ha, i.e., a growth rate of 27.63% (Table 3).
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In the last 6 years, the areas of crops/fallow, plantations, gallery forests, dense dry
forests, and grassy savannahs/meadows have decreased. Crops/fallow lands have lost
3.68 ha of their area, a regression rate of −33.98%. Gallery forests regressed by −3.46%,
with a loss of 0.38 ha. Dry forests have declined by 2.84 ha, i.e., −7.92%. The plantations
present in 2015 have been completely transformed into other land use units. Grassland
savannahs/grasslands lost 4.03 ha of their area, representing a regression rate of −18.84%.
The wooded savannahs/shrub savannahs have evolved, with a progression rate of 4884.23%
and a gain of 11.67 ha.

3.2. Forest Flora Assessment

The flora consist of 163 species divided into 129 genera and 55 families. Fabaceae
(14.02%), Combretaceae (10.55%), Rubiaceae (9.13%), Sapotaceae (6.30%), and other families
(60%) all feature. (See Figure 5). Anogeissus leiocarpa (5.19%), Vitellaria paradoxa (4.72%),
Daniella oliveri (3.15%), and Khaya senegalensis (3.15%) dominate the vegetation.
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Figure 5. Raw spectrum of Affem forest families.

3.3. Plant Formation of ACF

Hierarchical ascending classification was performed using CANOCO (Canonical
Community Ordination) software, which allowed us to divide the 32 plots into five groups:
tree/shrub savannahs (G1), dense dry forests (G2), agrosystems (crops/fallow) (G3), grassy
savannahs/meadows (G4), and gallery forests (G5) (Figure 6).
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3.3.1. Tree/Shrub Savannahs (G1)

Group G1 is composed of five plots with 56 species classified in 51 genera and
33 families. Anogeissus leiocarpa (6.76%), Albizia zygia (4.05%), Cola gigantea (4.05%), Diospy-
ros mombouttensis (4.05%), and Khaya senegalensis (4.05%) are the most common species.
Fabaceae (16.22%), Combretaceae (9.46%), Malvaceae (8.11%), and Meliaceae (5.41%) are
the most represented families. This group has a plant density of 74 plants/ha. The average
diameter is 22.5 ± 11.14 cm, the average height is 16.13 ± 4.28 m, and the bole height
is 8.39 ± 3.32 m, while the basal area is 2.98 m2/ha (Table 4). The Shannon diversity index
is 3.90, and the Piélou Equitability is 0.97, with a sandy clay soil type. Regarding regen-
eration, group G1 had a density of 78 plants/ha (Table 4), with 20 plants/ha of shoots,
54 plants/ha of seedlings, and 24 plants/ha of suckers.

Table 4. Structural characteristics and diversity index of groups.

Group Density
(ft/ha)

Average
Diameter (cm)

Average
Height (m)

Bole Height
(m)

Basal Area G
(m2/ha)

Shannon
Index

Pielou
Equitability Index

G1 74 22.5 ± 11.14 16.1 ± 4.28 8.39 ± 3.32 2.98 3.9 0.97
G2 136 17.2 ± 5.42 9.62 ± 4.11 3.73 ± 2.35 18.65 3.63 0.87
G3 38 13 ± 3.78 12.35 ± 4.48 3.51 ± 2.01 4.38 4.34 0.96
G4 36 22.5 ± 17.18 16.37 ± 5.47 5.16 ± 2.73 16.43 4.04 0.92
G5 94 30 ± 15.30 14.84 ± 5.16 6.01 ± 3.63 7.12 3.97 0.9

The distribution of woody individuals by diameter class shows an “L” shape, with
individuals in the 10–18 cm diameter class dominating (Figure 7A), implying that small-
diameter individuals are dominant, which translates into the dominance of small-diameter
individuals. On the other hand, the distribution of height classes indicates a “bell” structure.
This structure is adjusted by the value of the Weibull shape coefficient, which is c = 2.135,
reflecting a predominance of medium-height individuals (Figure 7B). Thus, the dominant
individuals are between 7 and 17 m in height.
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Figure 7. Distribution of diameter (A) and height (B) classes of group G1.

3.3.2. Dense Dry Forests (G2)

This group consists of five plots, with 64 species divided into 52 genera and 29 families.
Vitellaria paradoxa (7.95%), Anogeissus leiocarpa (6.82%), Cola gigantea (2.27%), and Khaya
senegalensis (2.27%) are the most common species. However, Combretaceae (14.77%),
Fabaceae (14.77%), Sapotaceae (10.23%), Rubiaceae (9.09%), and Malvaceae (4.55%) are the
most common families. This group has a density of 136 plants/ha. The average diameter is
17.2 ± 5.42 cm, the average height is 16.37 ± 4.11 m, and the bole height is 3.73 ± 2.35 m.
The basal area is 1865 m2/ha. The Shannon diversity index is 3.63 bits, and the Piélou
Equitability is 0.87, with a sandy clay soil type. Group G2 has a regeneration density of
64 feet/ha (Table 4) due to 26 feet/ha of seedlings, 20 feet/ha of suckers, and 18 feet/ha
of shoots.
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The distribution of woody individuals by diameter class shows an “L” structure cen-
tered on a 10–14 cm diameter class (Figure 8A), indicating the dominance of individuals
with small diameters. A bell-shaped design represents the height classes. A predominance
of low and medium-height individuals characterizes this distribution. The Weibull co-
efficient “c” ranges from 1 to 3.6. Thus, the dominant individuals are between 6–10 m.
(Figure 8B).

Conservation 2023, 3, FOR PEER REVIEW 11 

Figure 8. Distribution of diameter (A) and height (B) classes of group G2. 

3.3.3. Crops and Fallow Areas (Agrosystem) (G3) 
The G3 group consists of seven plots, with 94 species listed in 79 genera and 36 fam-

ilies. The most represented species are Anogeissus leiocarpa (5,89%), Vitellaria paradoxa 
(4.89%), Daniella oliveri (4.35%), Crossopteryx febrifuga (2.18%) and Borassus aethiopum 
(1.63%). The most represented families are Fabaceae (14.13%), Combretaceae (13.04%), Ru-
biaceae (9.78%), and Moraceae (5.98%). This group has a density of 36 plants/ha. The av-
erage diameter is 13 ± 3.78 cm, the average total height is 12.35 ± 4.48 m, and the bole 
height is 3.51 ± 2.01 m. The basal area is 4.38 m2/ha. Shannon’s diversity index is 4.34, and 
Piélou’s Equitability is 0.96, with a clay–silt soil type. Regeneration is dominated by seed-
lings with a density of 23 feet/ha (Table 4), followed by suckers with 18 feet/ha, and shoots 
with 6 feet/ha. 

The distribution of woody individuals by diameter class shows an “L” structure 
marked by a dominance of individuals in the 10–12 cm diameter class (Figure 9A), thus 
reflecting a dominance of small-diameter individuals. The representation of the height 
classes shows a bell-shaped structure. A predominance of low and medium-height indi-
viduals characterizes this distribution. The Weibull coefficient “c” ranges from 1 to 3.6. As 
a result, the dominating individuals range in height from 6 to 8 m (Figure 9B). 

Figure 9. Distribution of diameter (A) and height (B) classes of group G3. 

3.3.4. Grassy Savannahs and Meadows (G4) 
Group G4 is composed of seven records, in which 83 species are listed in 75 genera 

and 35 families. The most represented species are Anogeissus leiocarpa (4.11%), Vitellaria 
paradoxa (4.11%), Ficuse sur forssk (3.42%), Parkia biglobosa (3.42%), and Phoenix reclinata 
(2.74%). The most presented families are Fabaceae (12.33%), Combretaceae (10.96%), Ru-
biaceae (10.96%), and Asteraceae (6.85%). This group has a density of 36 plants/ha. The 
average diameter is 22.5 ± 17.18 cm, the average height is 9.62 ± 5.47 m, and the bole height 
is 5.16 ± 2.73 m. The basal area is 16.43 m2/ha (Table 4). Shannon’s diversity index is 4.04 
bits, and Piélou’s Equitability is 0.92 with a sandy clay soil type. In terms of regeneration, 
group G4 has a density of 32 feet/ha due to 10 feet/ha of seedlings, 16 feet/ha of suckers, 
and 6 feet/ha of shoots. 

0

20

40

60

80

[10-14[ [14-18[ [18-22[ [22-26[ [26-30[ [30-34]

D
en

si
ty

 (n
i/h

a)

Diameter class (Cm)

a=6.036
b=10
c=1.010

Densité

weibull
A

0

20

40

60

80

D
en

si
ty

 (n
i/h

a)

Height class (m)

a=7.033
b=3
c=1.693

Dnsite

weibull

0

10

20

D
en

si
ty

 (n
i/h

a)

Diameter class (Cm)

a=3.070
b=10
c=0.8964

Densité
weibullA

0

5

10

15

D
en

si
ty

 (n
i/h

a)

Height  class (m)

a=7.031
b=5
c=1.394

Densité
weibull

B

B 

Figure 8. Distribution of diameter (A) and height (B) classes of group G2.

3.3.3. Crops and Fallow Areas (Agrosystem) (G3)

The G3 group consists of seven plots, with 94 species listed in 79 genera and 36 families.
The most represented species are Anogeissus leiocarpa (5,89%), Vitellaria paradoxa (4.89%),
Daniella oliveri (4.35%), Crossopteryx febrifuga (2.18%) and Borassus aethiopum (1.63%). The
most represented families are Fabaceae (14.13%), Combretaceae (13.04%), Rubiaceae (9.78%),
and Moraceae (5.98%). This group has a density of 36 plants/ha. The average diameter is
13± 3.78 cm, the average total height is 12.35± 4.48 m, and the bole height is 3.51 ± 2.01 m.
The basal area is 4.38 m2/ha. Shannon’s diversity index is 4.34, and Piélou’s Equitability is
0.96, with a clay–silt soil type. Regeneration is dominated by seedlings with a density of
23 feet/ha (Table 4), followed by suckers with 18 feet/ha, and shoots with 6 feet/ha.

The distribution of woody individuals by diameter class shows an “L” structure
marked by a dominance of individuals in the 10–12 cm diameter class (Figure 9A), thus
reflecting a dominance of small-diameter individuals. The representation of the height
classes shows a bell-shaped structure. A predominance of low and medium-height individ-
uals characterizes this distribution. The Weibull coefficient “c” ranges from 1 to 3.6. As a
result, the dominating individuals range in height from 6 to 8 m (Figure 9B).
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Figure 9. Distribution of diameter (A) and height (B) classes of group G3.

3.3.4. Grassy Savannahs and Meadows (G4)

Group G4 is composed of seven records, in which 83 species are listed in 75 genera and
35 families. The most represented species are Anogeissus leiocarpa (4.11%), Vitellaria paradoxa
(4.11%), Ficuse sur forssk (3.42%), Parkia biglobosa (3.42%), and Phoenix reclinata (2.74%). The
most presented families are Fabaceae (12.33%), Combretaceae (10.96%), Rubiaceae (10.96%),
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and Asteraceae (6.85%). This group has a density of 36 plants/ha. The average diameter is
22.5 ± 17.18 cm, the average height is 9.62 ± 5.47 m, and the bole height is 5.16 ± 2.73 m.
The basal area is 16.43 m2/ha (Table 4). Shannon’s diversity index is 4.04 bits, and Piélou’s
Equitability is 0.92 with a sandy clay soil type. In terms of regeneration, group G4 has a
density of 32 feet/ha due to 10 feet/ha of seedlings, 16 feet/ha of suckers, and 6 feet/ha
of shoots.

The distribution of woody individuals by diameter class shows an “L” structure
centered on a 10–16 cm diameter class (Figure 10A), thus representing the dominance
of small-diameter individuals. The representation of height classes shows a bell-shaped
structure. A predominance of low and medium-height individuals characterizes this distri-
bution. The Weibull coefficient “c” ranges from 1 to 3.6. Thus, the dominant individuals
are between 6–10 m. (Figure 10B).
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3.4. Regeneration 
The AFC has a regeneration potential of is 64 ft/ha due to 21 ft/ha of suckers, 29 ft/ha 
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Figure 10. Distribution of diameter (A) and height (B) classes of group G4.

3.3.5. Gallery Forests (G5)

The G5 group is composed of eight plots, in which 81 species are listed in 67 genera
and 36 families. The most represented species are Daniella oliverie (4.90%), Vitellaria paradoxa
(4.90%), Anogeissus leiocarpa (3.50%), Chassalia kolly (2.80%), and Piliostigma thonningii (1.40).
The families most presented are Fabaceae (14.69%), Combretaceae (9.10%), Rubiaceae
(9.10%), and Sapotaceae (5.60%). This group has a density of 94 plants/ha (Table 4). The
average diameter is 30 ± 15.30 cm, the average height is 14.84 ± 5.16 m, and the bole height
is 6.01 ± 3.63 m. The basal area is 71.23 m2/ha. Shannon’s diversity index is 3.97 bits, and
Piélou’s Equitability is 0.90 with a sandy and silty soil type. In terms of regeneration, group
G5 has a density of 78 feet/ha due to 35 feet/ha of seedlings, 25 feet/ha of suckers, and
18 feet/ha of shoots.

The distribution of woody individuals by diameter class shows an “L” structure
centered on a 10–14 cm diameter class (Figure 11A), thus representing the dominance
of small-diameter individuals. The representation of height classes shows a bell-shaped
structure. A predominance of low and medium-height individuals characterizes this distri-
bution. Weibuul’s coefficient “c” is between 1 ≤ c ≤ 3.6. Thus, the dominant individuals
are between 4–8 m (Figure 11).
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3.4. Regeneration

The AFC has a regeneration potential of is 64 ft/ha due to 21 ft/ha of suckers, 29 ft/ha
of seedlings, and 14 ft/ha of sprouts. Pavetta capensis (13.85%), Anogeissus leiocarpa (12.31%),
Khaya senegalensis (10.76%), Vitellaria paradoxa (9.23%), and Daneilla oliveri (7.69%) have the
highest regeneration density for suckers. For seedlings, there are Anogeissus leiocarpa s
(19.57%), Lonchocarpus seruceus (6.52%), Acacia polyacantha (5.43%), Daniella oliveri (5.43%),
Piliostigma thoningii (4.43%), and the rejects are Anogeissus leiocarpa (20.93) Lonchocarpus
seruceus (13.95%), Khaya senegalensis (11.62%), Daneilla oliveri (4.65%) and Vitellaria paradoxa
(4.65%).

3.5. Proposition of the Zoning Plan

The AFC is an area in which many actors carry out several activities. This can be a
source of mismanagement due to the open access status of the resources. Participatory
management is necessary to preserve the interests of the various actors and to allow the
forest to play its role. It is therefore necessary to fragment the space, i.e., to subdivide it
into zones according to the nature of the activities and/or interventions to be carried out
therein. AFC management must meet three objectives: (1) to conserve ecological functions
and biological diversity; (2) to contribute to the sustainable supply of agro-sylvo-pastoral
products for the AFC’s residents; and (3) to ensure the protection and conservation of
natural resources. The overall objective is to contribute to the development of community
forestry by providing products and services to meet the needs and expectations of the
population and the authorities in terms of social, economic, and environmental wellbeing.

Division into series and the management plan of ACF
A series, by definition, is a unit of objective and treatment (Table 5). As a result, it

clusters together areas and portions that will receive the same treatment. The AFC is
divided into four series (Figure 12) to meet the management plan’s objectives.

Table 5. Management series and vocation use.

Series (Zone) Area (ha) Primary Use Secondary Use

Agroforestry vocation 15.45 Agricultural and foraged products Soil fertilization
Sustainable forestry
production 34.70 Energy wood, timber, non-timber forest products Environment protection

Buffer 9.03 Separation of the protection and production
areas

Biological conservation 23.01 Conservation of biodiversity and genetic
resources

Tourism, carbon sequestration,
and recreation

• The agroforestry series (series 1)

The agroforestry series consists of crops, fallow land, and pasture. The series covers
15.45 ha or 18.80% of the total area of the AFC (Table 5). It is primarily made up of initially
forested regions that have been destroyed and cultivated in the past. Agro-sylvo-pastoral
activities will be carried out, that is, an association of perennial crops with forest plants and
animals (pastures). Reforestation activities will be carried out with agroforestry species
such as Samanea samane, Senna siamea, and Albizia lebbeck.

• The forest series of sustainable production (series 2)

The forest zone accounts for 42.22% of the total area of the forest, or 34.70 ha. The
riparian communities will be authorized to collect non-wood products and some stems
in a customary and non-destructive manner. This should allow for controlled harvesting,
the preservation of the area, and the conservation of biological diversity. The absence of
penetration road building and industrial exploitation are assets in achieving these objectives.
The tagging of the trees will be compulsory for felling, thus allowing more precise and
more reasonable forest utilization. The production of timber and the reconstitution of
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floristic diversity justify the implementation of this series. Full plantations are reserved
for young and very degraded fallows. The main species used are Anogeissus leiocarpa,
Khaya spp, Daneilla, and Terminalia spp. Other methods adapted to the state of the stands
can be used, such as enrichment in layers (with Terminalia spp, Afzelia spp, Pterocarpus,
and Khaya spp), and planting in densely spaced plots, as they allow the conservation of
significant biodiversity by maintaining the inter-band floristic composition. To ensure the
success of these enhancements, maintenance must be carried out over time, which entails
significant recurrent costs. Planting under cover might also contribute to the diversification
of this composition.
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• The buffer series (series 3)

The buffer zone is an area that separates the sustainable production zone from the
biological conservation zone. It covers an area of 9.03 ha or 11% of the total area of the AFC.
Some human activities are allowed in this area, and we try to limit their impacts.

• The biological conservation series (series 4)

This series represents 23.01 ha or 28% of the total area of the AFC. The value of this
series in terms of biological diversity justifies its conservation in its current state, and it
covers areas sensitive to significant erosion processes. Industrial operators are excluded
from any logging activity in this area. They serve as a vital part of the ecological reservoir’s
protection zone; hence, entry is restricted.

4. Discussion

The spatiotemporal dynamics of the AFC’s vegetation were assessed, and five ma-
jor land-use units were identified: dense dry forest, crops and fallow, gallery forest,
shrub/shrub savannah, and grassland savannah/meadows. Plantations were only ob-
served in 2015 due to protection measures initiated by the village community. The study
of [60] identified the same number of land use units using national and international classi-
fication systems. An anthropization of vegetation formations has been observed over the
years. These phenomena are mainly due to human action, as reported by [61,62] in a study
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on village green belts in the prefecture of Avé in Togo. Several studies have confirmed the
socio-economic dependence of riparian populations on forest massifs [63–66]. The steady
diminution of farmed lands is beginning to bear fruit as a result of riparian people’s aware-
ness of the need for plant resource protection and sustainable management. Crops/fallow
areas have regressed considerably, losing 14.66% of their surface area between 2018 and
2021. However, savannah formations have increased, with increases of 27.63% and 9.73%
for grassland savannahs/meadows and tree/shrub savannahs, respectively. These findings
contradict those of [67] in a study on changes in vegetation cover in the watershed of
Zio in southwestern Togo, using remote sensing, wherein regression of grassy savannahs
was recorded due to the profiles of crops/fallow areas and built-up areas/bare ground.
This is mainly due to the extension of the habitat in the Zio watershed, which is primarily
linked to population growth and peri-urbanization [67]. In the context of the declining
and unevenly distributed rainfall recorded in recent years, [68,69], the watershed is also
suitable for agricultural activities. On the other hand, the increase in ruminant livestock
in the central region, which has resulted in an increasing need for grazing lands, could
explain the observed regression of cultivated areas in favor of savanna formations in the
AFC, [70] notes the same decrease in cultivated areas in northern Senegal.

The AFC’s floristic analysis reveals significant potential for woody and non-woody
species. There are 163 species, which are classified 129 genera and 55 families. This diversity
is more significant than that found by [71] in the Abdoulaye reserve and by [72] in the
Kaodji community forest in Benin, with 69 and 83 woody species, respectively. The variance
is attributed not only to differences in the sample methodology and sampling region, but
also to anthropogenic forces that cause the degradation of various formations. The species
richness varies from one group to another. It is more important in the crops and fallow lands
(94 species), and low in the tree/shrub savannahs (56 species). These results are consistent
with those of [72], where the lowest diversity is observed in the savannas. The five identified
groups all have an L-shaped distribution of diameter classes. From an ecological point of
view, the AFC would have all the assets for its reconstitution of the high density of juvenile
individuals, according to the conclusions of [7,12], in a study within the community forest
of Edouwossi-Copé in southern Togo. It is within this dynamic that this forest benefits
from a program of restoration of forest landscapes and good governance, initiated by the
GIZ, itself within the framework of the “Forest For Future” mechanism for forests and
farmers (F4F), which aims to contribute to the fight against climate change through the
restoration and management of forests. The non-negligible regeneration rate (64 feet/ha)
is much lower than the 1713 feet/ha regeneration rate of the Agbandi community forest
in central Togo [73]. This large discrepancy could be explained by the dominance of open
forests in the Agbandi community forest.

The need to reconcile sustainable production, enhanced community revenues, and
excellent ecosystem services lends validity to the AFC zoning plan [74]. The zoning of forest
domains has often been considered a way of capitalizing on the results of diagnoses of the
state of resources encountered in forests. In addition to being forward-thinking, these plans
would be part of programmatic processes for formalizing community forests. Optimal use
of this study’s findings may lead to preliminary steps toward orienting future AFC actions
toward a sustainable management mechanism consistent with similar activities undertaken
in the region.

5. Conclusions

The study of the spatiotemporal dynamics of land use in the AFC revealed a regressive
trend in formations. The floristic inventory allowed a list of 163 species divided into
129 genera and 55 families. Fabaceae, Combretaceae, Rubiaceae, and Sapotaceae are the
most represented families. Anogeissus leiocarpa, Vitellaria paradoxa, Daniella oliveri, and Khaya
senegalensis are the most represented species. The predominance of young individuals
is noted in all formations of the community forest. The regeneration density of the AFC
is 64 feet/ha due to 21 feet/ha of suckers, 29 feet/ha of seedlings, and 14 feet/ha of
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shoots. Considering these results, it is important to strengthen management measures
to conserve the biodiversity of the ACF. The zoning of forest domains has often been
considered the result of a process of capitalizing on the results of the diagnoses of the state
of forest conservation.
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