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Abstract: In most Sub-Saharan African countries, such as Togo, forest ecosystems provide ecosystem
services to the local population. These ecosystem services are of vital importance to the local
populations, who depend on the benefits derived from their use to meet their socio-economic needs.
The permanent dependence of these populations on ecosystem services is a major factor accelerating
the degradation of natural resources, which are already under pressure from climatic factors. The
present study assesses the provisioning of ecosystem services provided by the relics forest in the
southeast region of the Mono Biosphere Reserve in Togo. Individual interviews and group discussions
were carried out with 420 households in fourteen villages around the reserve to identify the current
uses of woody species. The results show that 100% of the respondents cited plant species, such as
Mitragyna inermis, Lonchocarpus sericeus, and Diospyros mespiliformis, as used for wood. Species, such
as Mimusops andogensis and Triplohiton scleroxylon, were cited as exclusively used for wood by 94%
and 86%, respectively. Other species, such as Vitex doniana and Dialium guineense, in addition to their
use for wood (93% and 70%), were cited, respectively, by 97% and 98% of respondents as used for
fruit, and by 82% and 90% for their leaves. The heavy daily use of these species compromises their
sustainability. An analysis of Sorensen’s similarity index, according to gender, age, ethnic group,
and sector of activity, revealed a variation in this index ranging from 0.6 to 1, reflecting households’
knowledge of the use of these seven species. The local populations are already feeling the effects
of the low availability of these commonly used species. According to them, the depletion of these
resources is caused mainly by agricultural clearing, illegal logging, and bushfires.

Keywords: ecosystem services; biosphere reserve; Mono; wood resources; relics forest; Togo

1. Introduction

The concept of ecosystem service is used to highlight a set of goods and services that
ecosystems provide directly or indirectly to humanity as a whole [1-4]. Each ecosystem
has different functions and services. The functions and services provided by an ecosystem
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depend on the health of the ecosystem, the pressures on it, and the uses made of it by the
communities within a biogeographical and geo-economic area [5].

Forest ecosystems provide a diversity of services, most of which are difficult to substi-
tute [6,7]. In addition to conserving biological diversity, forests contribute to sustainable
human development through their provisioning services, which often play a key role, ac-
counting for up to 70% of all ecosystem services [8]. However, for decades, forest resources
have been subject to disturbances due to both climatic hazards and, above all, pressures
resulting from human activities. These disturbances have caused biodiversity loss at an
alarming rate [9].

The forest ecosystems of southeast Togo (West Africa) have been the subject of several
studies that led to their inclusion on UNESCO’s World Heritage List in 2017 as Togo’s Mono
Biosphere Reserve (TMBR). These studies revealed the existence of several forest relics
whose potential, despite their advanced state of degradation, still remains viable [10,11].
Since then, the Mono Biosphere Reserve (MBR) has been the subject of increased interest
due to its revealed biological potential. This reserve has also been subject to a phenomenon
of continuous degradation due to the combination of anthropogenic action and climate
change. This has raised fears of the risk of residual forests being lost and /or converted
to farmland in the long term if current cultivation practices continue [11]. Indeed, the
ongoing degradation of forest resources in southeastern Togo is the result of a combination
of numerous climatic and anthropogenic factors. Apart from agriculture, livestock farming,
fishing, the collection of non-timber forest and timber products constitute an important
source of income, food, and medicine for rural communities [12,13].

Studies have been carried out to identify and characterize the high-potential woody
species used by the people living along the Benin side of the MBR [14]. To date, few studies
have been carried out on the ecosystem services provided by the woody species in Togo’s
MBR [15]. To this end, we need to assess local perceptions of the provisioning of ecosystem
services provided by the woody species in the residual forest patches of the TMBR. This
assessment requires an in-depth analysis of the diversity of woody species exploited in
TMBR, which is a fundamental step towards biodiversity conservation and the sustainable
management of forest resources [16]. This approach is in line with the recommendations of
the Convention on Biological Diversity, aimed at preserving the variety of species against
anthropogenic pressures [17]. As in Benin, precise knowledge of the floristic composition
of TMBR will make it possible to identify and compare the woody species exploited, to
categorize their ecological status, and to formulate appropriate conservation strategies [18].
Furthermore, an analysis of the local perceptions of the ecosystem services provided by
the woody species, through the characterization of them, is part of an integrated approach
to ecosystem management, and in line with the principles of the Millennium Ecosystem
Assessment [4]. By detailing the specific contributions of these species to human needs,
this characterization is consistent with the objectives of the Strategic Plan for Biological
Diversity 2011-2020, by highlighting the links between biodiversity and human well-
being [17]. Such an analysis will also contribute to the implementation of Sustainable
Development Goals, particularly those related to ending poverty (SDG 1) and terrestrial life
(SDG 15) [19]. Similarly, knowledge of the woody species whose harvesting has an impact
on wildlife habitats [20] will make it possible to propose guidelines for the development
and restoration of biodiversity.

The overall objective of this study is to assess local perceptions of the provisioning of
the ecosystem services provided by woody species in the residual forest patches of TMBR.
Specifically, the aim is to (i) analyze the diversity of woody species exploited in TMBR and
(ii) characterize the ecosystem services provided by woody species in order to propose
sustainable restoration and conservation strategies for the reserve’s residual forests.
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2. Materials and Methods
2.1. Study Area

The study area (TMBR) is bounded between latitudes 6°11'3.59” and 7°3'47.30” north
and longitudes 1°20'20.65" and 1°48'41.10” east (Figure 1), along the banks of the Mono
River. It occupies an area of 203 224 ha [21]. It is characterized by a Guinean-type equatorial
climate with a bimodal regime. Rainfall varies from 1000 to 1300 mm per year on average
and is generally heaviest between March and July. Heavy rains are also recorded during the
second rainy season between September and October. The average annual rainfall is low
(900 to 1042.7 mm). The average annual temperature varies between 26.4 °C and 30.3 °C in
the study area [22]. In addition to the Mono River, the reserve is drained by the Hondoulé,
Afan, and Asrama tributaries, which are perennial rivers.
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Figure 1. Location of Togo’s Mono Biosphere Reserve.

TMBR is made up of a mosaic of landscapes and ecosystems, mainly comprising man-
groves, savannahs, lagoons, flood plains, and patches of residual forest, including sacred forests,
classified forests, and community forests. The flood zones correspond to the limits of the lower
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Mono valley). The hydromorphic soils, which are not very advanced, are made up of swelling
clays, making them difficult to access during the rainy season [23].

The presence of watercourses allows for a wide diversification of economic activities,
notably agriculture, vegetable gardening, fishing, and artisanal palm oil and wine production.
Other activities include hunting, the collection of non-timber forest products (medicinal plants,
harvested products, and honey), logging, and family farming.

2.2. Data Collection

This assessment focused on timber supply services, as the exploitation of this category of
product, while helping to improve the living conditions of the local populations, has a very
significant impact on the degradation of the forest ecosystems in the area [24].

Surveys of TMBR households were carried out through individual interviews and focus
groups [25] using the Kobocollect tool. These surveys were administered to a sample of
420 households in 14 villages (Figure 2), taking into account data from the general population
census [26]. The majority of these households are indigenous (95.97%). They are 58.27% male
and 41.23% female, with an average age of 44. Agriculture (68.96%) is the main activity of
TMBR households, followed by trade (14.45%). Other activities include handicrafts (7.58%) and
fishing (1.9%). The investigation focused on the parts of the woody species used, and their uses,
previously identified through a preliminary survey.

To ensure the representativeness of the sample and to take account of specific features, the
number of households per village was chosen in accordance with the demographic weight of
the village (Table 1). The representativeness of the sample is based on the Schwartz method,
whose formula is as follows: )

o Zo*p II(1 ! p) 1)
where n is the minimum sample size representative of the population, and z is the score for
the desired risk of error. The risk of error is 5%, z =1.96 relative to a 95% confidence level, and
p is the magnitude of the phenomenon in the population. This is a contingency study, i.e., a
fictitious market. Conventionally, it is given a default value of 0.5; m is the margin of error, set

here at 5%.
_ 1.96%%0.5%(1-0.5)
=005 ()
n = 387.16

Table 1. Distribution of parent population (POP) and sample (ECH) by target village in the study area.

Expected Village

N° Village Name POP FRE = (POP/15,622) Size Size (FRE x 400) ECH
1 Donomade 482 0.0308539 400 12.34157 11
2 Sikpe-afidegnon 1205 0.0771348 400 30.853924 32
3 Godjinme 1270 0.0812956 400 32.518244 34
4 Gboto vedoupe 1058 0.067725 400 27.090001 27
5 Akladjenou 2684 0.171809 400 68.723595 70
6 Agbanakin 1516 0.0970426 400 38.817053 29
7 Amedehoeve 608 0.0389195 400 15.567789 15
8 Aveve 1823 0.1166944 400 46.677762 61
9 Batonou 1268 0.0811676 400 32.467034 37

10 Kpondave 482 0.0308539 400 12.34157 14

11 Sakpove 785 0.0502496 400 20.099859 20

12 Attive 873 0.0558827 400 22.353092 26

13 Adame 950 0.0608117 400 24.32467 26
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Table 1. Cont.

o . _ . Expected Village
N Village Name POP FRE = (POP/15,622) Size Size (FRE x 400) ECH
12 Attive 873 0.0558827 400 22.353092 26
13 Adame 950 0.0608117 400 24.32467 26
14 Azimegan 618 0.0395596 400 15.823838 18
Total 15,622 1 400 400 420
Sampling rate 2.56049
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Figure 2. Location of TMBR villages surveyed.

These surveys aimed to gather information from the local populations of various,
randomly selected localities around TMBR forest patches, concerning their knowledge of
woody species, their uses, and any threats linked to the way these species are used. This
information made it possible to understand the supply services provided by these woody
species to the local populations who depend on them.
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2.3. Data Processing and Analysis

The correlation matrix of the use categories and the seven species used was subjected to
a principal component analysis (PCA) using R 3.1. software to determine the relationships
between the most commonly used species and their uses.

The analysis focused on the types of ecosystem provisioning services provided by
these woody species, an essential component of residual forest patches. To compare the
importance and use of each ecosystem service and woody species, the Frequency of Citation
(FC), use value (UV), and informant consensus factor (ICF) were calculated.

The Frequency of Citation (FC) is used to highlight not only the services provided by
these species but also, and above all, to assess the pressure of the surrounding populations
on these species. For each use or used part of each species, the formula [5,8] below is used

_ Number of times the species has been cited

FC
Total number of respondents

x 100 3)

The use value (UV) is calculated for each type of supply service. The calculated UV is
based on the formula expression of Ngom et al. [5] and Sambou et al. [8]:

UV — Y Ui
n

(4)

where Ui = the number of citations for each type of use and n = the total number of citations
for all types of use.

The informant consensus factor (ICF) of the respondents is calculated [5,8,27] according
to the following formula:

ICF=—— —— (5)

where Ntu is the number of citations per type of use and Nt is the number of woody species
used by the informants for that type of use.

The relationships between the socio-demographic factors and each index were verified
using the Fisher analysis of variance with Minitab 16 software. Similarly, Sorensen’s
similarity index was applied to analyze the level of similarity of knowledge about the
seven species according to gender, sector of activity, ethnicity, and age, using Community
Analysis Package (CAP) software.

The Sorensen index equals twice the number of elements common to both sets, divided
by the sum of the number of elements in each set.

2[XNY]

DSC = "o
X+ Y]

(6)
where | X1 (1Y, resp.) is the cardinality of the set X (Y, resp.), i.e., the number of elements
in the set [28].

There is similarity between the elements when the Sorensen index is high. When the
opposite occurs, there is no similarity between the elements.

3. Results
3.1. Diversity of Woody Species Exploited in TMBR

The local people living near TMBR reported a diversity of 54 woody species that
they regularly use in their daily activities. These species belong to 47 genera and 26
families (Appendix A). Of this list of species, seven are the most widely used by the
local communities (Lonchocarpus sericeus, Diospyros mespiliformis, Triplochiton scleroxylon,
_Mimusops andongensis Vitex doniana, Dialium guineense and Mitragyna inermis), the other
forty being little used or used as replacements in times of shortage. These seven most used
species contribute to the provision of seven categories of ecosystem services: wood energy,
timber, trade, food, fodder, ceremonies, and traditional medicine.
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The principal component analysis (PCA) explains the variance in the use of the species
in the study area, and the relationships between the distributions of the seven most com-
monly used species and their use categories. The overall variance expressed by the first
two dimensions (75.1%) explains the variations observed (Table 2).

Table 2. Description of PCA dimensions.

Eigenvalue Variance, Percent Cumulative Variance, Percent
Dim. 1 3.897685360 48.72 48.72
Dim. 2 2.107312921 26.34 75.06
Dim. 3 1.213754439 15.17 90.23
Dim. 4 0.627741394 7.85 98.08
Dim. 5 0.146192617 1.83 99.91
Dim. 6 0.007313271 0.091 100.00

A principal component analysis (PCA) was used to discriminate the woody species
according to their use (Figure 3). Three main groups were identified. They are as follows:
(i) Woody species with predominantly timber and energy uses (G1), notably Lonchocarpus
sericeus (Lombati), Diospyros mespiliformis (Ebony), Triplochiton scleroxylon (Wawa), and
Mimusops andongensis (Djéhéga, Djéhéti). (ii) A group of woody species predominantly
used for food (G2), namely Vitex doniana (fongni) and Dialium guineense (atitoeti). These
species are also used for energy wood, timber, and traditional medicine. (iii) A group of
woody species predominately used for energy wood and medicinal uses (G3), namely
Mitragyna inermis (Nekpati or Linkpati).

PCA graph of individuals

G3 : USES OF WOOD
ENERGY AND MEDICINAL

Mitragyna_inermis *

2 G1 : USES OF TIMBER AND WOOD ENERG

Dim 2 (26.34%)

e m e ———————
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.
Lonchocarpuss_sericeus
L]

G1:FOOD USE

Dialium_guineenna
-
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-2 0 2
Dim 1 (48.72%)

Figure 3. Principal component analysis (PCA) of the matrix, for 7 woody species X 6 use categories.

3.2. Local Knowledge of the Most Commonly Used Species and Availability of the Resources

According to the riparian populations surveyed around TMBR forest patches, the
species best known for the provisioning services offered are Dialium guineense (atitoeti)
(99.29%), Vitex doniana (99.53%), Mitragyna inermis (92.5%), and Lonchocarpus sericeus
(91.94%). The least well-known are Triplochiton scleroxylon (49.76%), Mimusops andongensis
(47.16%), and Diospyros mespiliformis (33.18%) (Figure 4). An analysis of Sorensen’s similar-
ity index according to gender, age, ethnic group, and sector of activity revealed a variation
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in this index, ranging from 0.6 to 1. This shows that the households know the uses of all
these species, regardless of gender, ethnic group, age category, or sector of activity. By
ethnic group, the level of similarity of knowledge of the seven plant species is high among
the Fons, Guins, Minas, and Watchis.

Dialium guineense
Vitex doniana
Triplohiton scleroxylon

Mimusops andongensis

Species

Diospyros mespiliformis
Lonchocarpus sericeus

Mitragyna inermis

100 200 300 400 500

Number of citation
HYes M No

o

Figure 4. Local people’s knowledge of woody species.

Concerning the perceived availability of the species mentioned, over 75% of the respon-
dents stated that they had observed an increased current scarcity of all these species compared
to a decade ago (Figure 5). The level of disappearance of the various species varied. Thus,
77% of the respondents said that Mitragyna inermis was becoming increasingly rare, 80% for
Lonchocarpus sericeus, 94% for Diospyros mespiliformis, 85% for Mimusops andongensis, 83% for
Triplochiton scleroxylon, 81% for Vitex doniana, and 82% for Dialium guineense.

Dialium guineense
Vitex doniana
Triplohiton scleroxylon

Mimusops andongensis

Species

Diospyros mespiliformis
Lonchocarpus sericeus

Mitragyna inermis

0% 20% 40% 60% 80% 100%

Frequency
M Disappearance frequency M Frequency of existence

Figure 5. Availability of woody species over the last ten (10) years.

3.3. Main Characteristics of the Usual Supply Services of the Species Surveyed
e  Frequency of organ use by species

An analysis of the frequency of quotation indicates a divergence in the use of the
organs or parts of a species (Table 3). The most frequently used are the wood, fruit, and
leaves of the most prized species in TMBR. Wood comes first, with a score of over 60%,
except for Triplochiton scleroxylon, with a score of 48.3%. Next come the fruits of two species,
Dialium guineense (97.87%) and Vitex doniana (96.21%). Leaves come third, and are the most
used part of two other species, Dialium guineense (90.05%) and Vitex doniana (81.52%). The
most commonly used parts of the seven species are the wood (100%), fruit (100%), and
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leaves (99%), followed to a lesser extent by the bark (99%) (Figure 6). The frequency of
use of the organs of these species varied according to ethnic group (P = 0.000). The Adja
(92.18%) and Fon (86.09%) are the most frequent users of the organs of the seven species.
The frequency of use was average among the Mina (42.25%), Guin (38.83%), and Watchi
(12.56%). It was low among the Haoussa (1.08%) and Adangbé (0.74%). According to the
sector of activity, the Fisher test is significant (P = 0.000). Farmers (100%) make greater use
of the organs of the seven plants, followed by shopkeepers (44.01%) and craftsmen (21.83%).
There was no variation in the use of plant organs by gender (P = 0.08). With respect to age
groups, there was a significant difference (P = 0.000) in the use of the organs of these seven
species. The 30-40 age group (82.63%) and the 40-50 age group (67.47%) make greater use
of the organs of these species. Their use was average for the 20-30 (37.41%), 60-70 (31.35%),
50-60 (29.96%), and 70-80 (19.33%) age groups. The frequency of use of the organs of these
seven species was low for the age range 80 to 90 (5.59%). Wood is the most commonly used
organ, depending on the ethnicity, age group, sector of activity, and gender.

Table 3. Frequency of organ use by species.

Species Fruits Leaves Seeds Bark Root Wood
Mitragyna inermis 0.71 43.13 0.24 35.31 6.87 92.65
Lonchocarpus sericeus 0.00 26.07 0.24 7.82 1.66 91.94
Diospyros mespiliformis 0.00 0.71 0.00 0.71 0.47 72.75
Mimusops andongensis 213 7.35 0.00 3.55 3.55 63.03
Triplochiton scleroxylon 0.47 1.18 0.00 0.24 0.24 48.34
Vitex doniana 96.21 81.52 3.32 3791 4.03 92.89
Dialium guineense 97.87 90.05 3.79 28.67 5.45 93.60
Fruits
100
95
Wood Leaves
90
85
Bark

Figure 6. Sought-after organ parts of seven most commonly used woody species.

e  Use value of species

Seven use types or categories have been identified. These are wood energy, timber, food,
fodder, trade, traditional ceremonies, and traditional medicine, with different use values. The
use values were very high for Dialium guineense, Vitex doniana, and Mitragyna inermis (2.9, 2.9,
and 2.7, respectively). They were average for Lonchocarpus sericeus, Diospyros mespiliformis, and
Mimusops andongensis, at 1.9, 1.6, and 1.5, respectively. It was low for Triplochiton scleroxylon,
with a use value of 1.2 (Table 4). An analysis of the variance in the use value of these species by
ethnic group using Fisher’s test gives a p-value of less than 0.05 (P = 0.000). This reflects the
variability in the species” use by ethnic group. The use value was highest among the Adja (5.76)
and Font (5.20), followed by the Mina (2.60) and Guin (2.41). It was low among the Watchi,
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Haoussa, and Adangbé, at 0.77, 0.6, and 0.04, respectively. According to gender, Fisher’s test
gives a p-value of less than 0.05 (P = 0.01). This also reflects the variability in the use value
of the species according to gender. The use value was higher for men (9.69) than for women
(7.18). There was variability (P = 0.000) in the use of the seven species according to the sector
of activity. It was highest among farmers (11.38), and lowest among shopkeepers (2.73) and
craftsmen (1.36). The use value was very low for the other sectors. The use value of cash also
varied according to age (P = 0.000). Its use value was high in the 3040 age group (5.14) and in
the 40-50 age group (4.20). It was low in the 20-30 (2.28), 6070 (1.89), 50-60 (1.85), 70-80 (1.16),
and 80-90 (0.33) age groups.

Table 4. Use value of species studied.

Species Use Value (UV)
Mitragyna inermis 2.7
Lonchocarpus sericeus 1.9
Diospyros mespiliformis 1.6
Mimusops andongensis 1.5
Triplochiton scleroxylon 1.2
Vitex doniana 29
Dialium guineense 2.9

The seven species studied have different uses (Table 5). Vitex doniana (96.45%) and
Dialium guineense (96.21%) are the most widely used for food. Mitragyna inermis (90.05%),
Diospyros mespiliformis (63.51%), Mimusops andogensis (61.14%), and Triplochiton scleroxylon
(47.39%) are used more as timber. The same trend is observed for the use of Lonchocarpus
sericeus and Mitragyna inermis for energy wood (88.39%). Dialium guineense (85.07%),
Vitex doniana (77.49%), and Mitragyna inermis (52.61%) are the species most widely used in
traditional medicine (19% to 21%).

Table 5. Uses recorded for woody species listed in TMBR.

Various Uses (%)

Species Power Woody Traditional  Traditional
Supply Forage Energy Lumber Trade Ceremonies Medicine
Mitragyna inermis 1.18 12.80 88.39 90.05 36.73 213 52.61
Lonchocarpus sericeus 2.84 2.84 88.39 37.20 40.05 0.24 27.25
Diospyros mespiliformis 0.24 0.24 60.19 63.51 36.49 0.00 2.37
Mimusops andongensis 1.18 0.24 58.29 61.14 18.72 0.24 11.14
Triplochiton scleroxylon 1.66 0.24 46.45 47.39 20.14 0.00 1.66
Vitex doniana 96.45 0.95 90.28 78.44 39.57 0.24 77.49
Dialium guineense 96.21 1.42 91.94 74.88 39.57 0.24 85.07

3.4. Informant Consensus Factors

The consensus factor for the uses made of the various woody species among the respon-
dents is very high (ICF >90%) for all seven types of use, except for traditional ceremonies, for
which the informant consensus factor is 67% (Table 6). This factor varies (P = 0.000) according
to the ethnic group. It is high among the Fon (93.16%), Guin (87.01%), Adja (83.66%), Mina
(80.71%), and Watchi (60.87%). It is low among the Adangbe and Haoussa groups. The Fisher
test is not significant (P = 0.95) at the gender level for the informant consensus factor. This factor
is 90.04% for men and 89.39% for women. The Fisher test is not as significant (P = 0.57) for
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the informant consensus factor at the age level. This factor is highest for the 6070 age group
(91.72%) and lowest for the 80-90 age group (28.23%).

Table 6. Informant consensus factor for the uses of different woody species.

Use Category Number Quote Number Species ICF (%)
Power supply 843 7 99
Forage 79 7 92
Woody energy 2211 7 100
Lumber 1910 7 100
Trade 976 7 99
Traditional Ceremonies 13 5 67
Traditional Medicine 1087 7 99

The respondents agree about the uses they make of the different species studied. Such
agreement could be due to the sharing of information and best practices regarding their
uses between the populations of the different villages bordering TMBR forest patches.
Indeed, the wood from these species is used not only for energy purposes (100%), but also
for the construction of buildings and habitats (100%). They are also traded (99%) between
villages and supply the major urban centers of TMBR (Table 6; Figure 7).

Power supply

Traditional
medicine Forage
Ceremony Wood energy

Trade Lumber

Figure 7. Uses of seven woody species.

3.5. Pressure on Wood Resources

The local people consider land clearing, illegal logging, and bush fires to be the main
reasons for biodiversity loss (Figure 8). They note that land clearing and illegal logging
are the main factors in the destruction of biodiversity, for 96% and 92% of intentions,
respectively. Bush fires account for only 16%, compared to 0% for climate change.

Climate change

Bush fires

Factors

Land clearing

Abusive wood cutting

0 20 40 60 80 100
Frequency (%)

Figure 8. Reasons for the disappearance of woody species.
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4. Discussion

The ecosystem services provided by woody species in the residual forest patches of
the Mono Biosphere Reserve in southeast Togo are perceived in different ways by the
local populations. The assessment of the ecosystem supply services, based on the surveys,
identified and characterized seven priority woody species (Lonchocarpus sericeus (Lom-
bati), Diospyros mespiliformis (Ebéne), Triplochiton scleroxylon (Wawa), Mimusops andongensis
(Djéhéga, Djéhéti), Vitex doniana (fongni), Dialium guineense (atitoeti), and Mitragyna inermis
(Nekpati ou Linkpati)) for the provision of seven categories of ecosystem supply services,
including fuelwood, timber, trade, food, fodder, ceremonies, and traditional medicine. The
results obtained are similar to those of other studies in Africa and beyond, carried out
under more-or-less-similar conditions [8]. For instance, Sambou et al. [8] stated that the
local people mentioned a diversity of ecosystem services provided by the forests and trees
in their studies of the local people’s perceptions of ecosystem services in the Kalounayes
classified and managed forest in Senegal. In other studies [29,30], populations have been
shown to strongly perceive direct and indirect ecosystem services. However, the results
obtained in this study differ from those obtained by Reyes-Arroyo et al. [31], Nyangoko
et al. [32], and Gnansounou et al. [33]. This difference is linked to the difference in study
environments. Indeed, they all conducted studies on mangrove ecosystem services in
Mexico, Tanzania, and Togo-Benin, respectively. Although the present study is located in
the Mono Transboundary Biosphere Reserve, the divergence of the results with those of
Gnansounou et al. (2022) is linked to the survey sites. Indeed, Gnansounou et al. (2022)
conducted their surveys in villages bordering mangroves in mangrove ecosystem services,
whereas this type of habitat is not found at our study area.

The extent of the use of and the pressure exerted on plant species are obtained through
the retrospective survey method. This method relies on the memory of the respondents and
may be biased by the respondent’s assessment [34]. The importance attributed to the use of
species is provided by individuals, who implicitly take into account a personal assessment,
which often refers to their preference [35,36]. Despite these biases, this method is widely
used in ethnobotany by many authors and has a history of producing fairly conclusive
results [37-39].

For the people of the Reserve, various plant organs are used to satisfy their economic,
dietary, and socio-cultural needs. These results are in line with the work of Ezebilo and
Mattsson [12] and Dossou et al. [40]. The organs most often used are the wood, fruit,
leaves, roots, bark, and sometimes even the flowers and bark exudates. This result is in
line with the work of other authors [41-43]. The frequent use of wood across age, gender,
sector, and ethnicity reflects the importance of plants to local communities. In addition, the
assessment of ecosystem provisioning services carried out with the local communities in
TMBR shows that Dialium guineense, Vitex doniana, and Mitragyna inermis have the highest
use values. This is due to their contribution to the diet and therapeutic practices of local
communities living in precarious conditions. Although these species are also used to supply
service wood, the community preference is for Diospyros mespiliformis, Mimusops andogensis,
and Lonchocarpus sericeus, which are more widely used for construction and energy wood.
The pressure exerted on these woody species through land clearance, illegal logging,
and vegetation fires has led to the degradation and fragmentation of flora and fauna
habitats [24,44]. This is confirmed by the 12.94% loss of tree cover observed in Togo
between 2001 and 2023 (www.globalforestwatch.org). According to regeneration inventory
data, the high demand for these six species will be offset by the regeneration potential
of Vitex doniana (78.57%), Diospyros mespiliformis (56.27%), Mimusops andogensis (85.23%),
Lonchocarpus sericeus (37.53%), Dialium guineense (47.36%), and Mitragyna inermis (30.81%).
Triplochiton scleroxylon receives little attention, as it is almost non-existent in the study
area. The importance attributed to a species does not depend on its availability, but rather
on its capacity to satisfy the needs of the populations in the various use categories [34].
An analysis of Sorensen’s similarity index according to gender, age, ethnic group, and
sector of activity reveals a variation in this index, ranging from 0.6 to 1, reflecting the
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knowledge of the use of the seven species among households in the area. However, in
Benin, the seven species with high use values identified by Hadonou-Yovo et al. [14] differ
from the species identified in this study. Indeed, they found that the species with a high
ethnobotanical use value (EUV) in the MBR in Benin are, respectively, Elaeis guineensis
(EUV = 18.9), Ficus trichopoda (EUV = 18.5), Diospyros mespiliformis (EUV = 16), Azadirachta
indica (EUV = 15.7), Vitex doniana (EUV = 15), and Mitragyna inermis (EUV = 14.8). By ethnic
group, the level of similarity in the knowledge of the seven plants is high among the Fons,
Guins, Minas, and Watchis. The slight differences in species knowledge among the ethnic
groups is thought to be due to cultural heritage, with knowledge being passed down from
generation to generation within the same ethnic group [45-48]. The analysis of the variance
in the use value of species by ethnic group, using Fisher’s test, revealed variability in species
use by ethnic group. This finding was also made by other authors in their studies [49-51].
The use value of species is higher among the Adja and Fons than among the Mina, Guin,
Watchi, Haoussa, and Adangbé. This reflects the high importance of these seven species
for the Adja and Fons [52]. The results of this study help to identify the useful and high-
pressure species that should be prioritized in the management of residual forest patches to
contribute to the sustainable economic and socio-cultural well-being of the populations
who depend on them. It would, therefore, be judicious for the different managers of the
sites of conservation in TMBR to privilege these seven species in silviculture operations,
including reforestation and restoration, during the implementation of management plans
for the different sites studied [14].

Wood material supply services (firewood and charcoal) are the most important for all
seven species. These results confirm the work of Lykke et al. [34], who showed that even
in Sahelian countries, where famine is a regular occurrence, the supply of wood products
is still the most important service provided by species such as Diospyros mespiliformis
and Vitex doniana, whose fruits are highly prized in times of famine. According to the
Greater Letaba (South Africa) study, among the ecosystem services, provisioning, timber,
energy wood, and edible plants stood out as the most important [53]. The food and
fuelwood services provided by woody plants are essential for local communities [54-56].
As a result, the vulnerability of these species remains high, threatening their availability.
According to forest inventory data, the stand density of each of these species is 8 stems/ha
for Dialium guineense, 2 stems/ha for Vitex doniana, 62 stems/ha for Mitragyna inermis, 11
stems/ha for Diospyros mespiliformis, 3 stems/ha for Mimusops andogensis, and 28 stems/ha
for Lonchocarpus sericeus. Triplochiton scleroxylon was not observed in the field. This would
indicate its probable disappearance from the study area.

There is a very high level of consensus among the respondents (ICF > 90%) on the
uses made of the various woody species. These traditions are perpetuated from genera-
tion to generation, not only through bequests made by ascendants to descendants of the
same siblings, or even of the same village, but also through the marriage links generally
established between the populations of different riverside villages [27,57,58]. It can also
be explained by the strong homogeneity of cultural and culinary practices linked to the
predominantly Ewé ethnic origins observed in the area. Moreover, in the present study, this
high ICF could also be explained by the fact that a preliminary survey was carried out that
focused on the species frequently sought by local communities.

The results of this study show that, in terms of the determinants of forest resource
degradation, human activities, such as uncontrolled clearing, illegal logging, and vegetation
fires, are the main causes of biodiversity degradation [59-61]. For the local population,
however, climate change is not directly responsible for the loss of resources in the area.
This would appear to be linked to the low level of scientific knowledge that the local
communities have about major climatic hazards and their inherent impacts on the zone’s
various ecosystems. The most recurrent climatic hazard faced by the patches of residual
forest in the southeast of TMBR is flooding, to which these ecosystems have been adapted
for ages, as they are located in the hydromorphic zone of the lower Mono river basin.
This phenomenon deserves to be studied in greater depth in the years to come, in order
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to establish a possible link between the effects of climate change on the availability of
ecosystem services provided by the forest patches and the populations of the southeast of
the Mono Biosphere Reserve in Togo.

5. Conclusions

This study reveals a diversity of 54 woody species that are a regular part of the supply
chain of woody plants to riparian communities in the forest islets to the southeast of Togo’s
Mono Biosphere Reserve. Among these species, the local populations indicated their
preference for seven woody species, notably Dialium guineense, Vitex doniana, Mitragyna
inermis, Diospyros mespiliformis, Mimusops andogensis, Lonchocarpus sericeus, and Triplochiton
scleroxylon for the multiple uses they make of them in their daily activities. An analysis
of the data shows that wood, bark, and fruit are the most widely used parts of the seven
species studied. These multiple uses underline the importance of the existence of these
species in people’s daily lives and, therefore, merit particular attention in the redesign of
participatory systems for the sustainable management of these resources. Although these
species have a considerable capacity for regeneration, pressure from the local populations
seems to be getting the better of them. The local populations are already feeling the effects
of the low availability of priority species. According to them, this scarcity of resources is
mainly caused by land clearance, illegal logging, and vegetation fires. This study provides
forest management, extension, and research institutions with benchmark data on the
diversity and vulnerability of the forest species whose cultivation techniques need to be
mastered to help the local communities living along the reserve’s forest patches improve
their living conditions by restoring degraded forest land. Adopting good sustainable
management practices and mastering silvicultural techniques for the native species studied
will increase the resilience of the socio-ecological and economic services provided to the
local populations. To this end, the promotion of reforestation based on these different
species is recommended in future management programs. This study will provide sufficient
qualitative and quantitative data to lay the foundations for a sustainable management
strategy for forest relics in line with the needs of the local populations.
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Appendix A. List of Plant Species Inventoried in the Southeast of TMBR
N° Scientific Name of Species Common Names Co.mmon Names Level of Use Family
(Mina Language)
1 Acacia auriculiformis A.Cunn. ex  Acacia in tl}e shape ) - Fabaceae
Benth. of auricle

2 Afzelia africana Sm. ex Pers. Red Doussie - + Fabaceae

3 Albizia gﬁiﬁ;ﬁ;ngaegst;}.mm. & _ ) N Fabaceae

4 Albizia zygia (DC.) ].EMacbr. - Ziwéti + Fabaceae

5 Alcho;:ﬁr:g;:;i {Zﬁi(iizum & - - + Euphorbiaceae
6 Allophylus africanus P. Beauv. - Assiviato + Sapindaceae

7 Annona senegalensis Pers. Apple cinnamon Zogbegnigli + Anonaceae

8 Anthocleista vogelii Planch. - - ++ Gentianaceae
9 Antiaris(]t:f):lc;clp.z)rié %t'l];sggafricana ) ) N Moraceae

10 Azadirachta indica A.Juss. Neem Kiniti ++ Meliaceae
11 Blighia sapida K.D. Koenig fricassee tree Atchanti + Sapindaceae
12 Bombax costatum Pellegr. & Vuill. - ++ Malvaceae
13 Bridelia ferruginea Benth. - Akamatsi + Euphorbiaceae
14 Cassipounia coggoensis R. Br. ex ) ) N Rhizophoraceae

C.

15 Ceiba pentandra (L.) Gaertn. Kapok tree Houti ++ Malvaceae
16 Celtis brownii Rendle - - + Ulmaveae
17 Celtis zenkeri Engl. - - + Ulmaveae
18 Chassalia lglelg Ii:humach.) ) } N Rubiaceae
19 Citrus sinensis L. Lemon tree - + Rutaceae

20 Cola gigantea A.Chev. - - ++ Sterculiaceae
21 Cola laurifolia Mast. - - + Sterculiaceae
22 Dialium guineense Willd. Black tamarind Atitoeti +++ Fabaceae

23 Dichapetalum guineense (DC.) Keay - - + Dichapetalaceae
24 Diospyros mespAil;'g)émis Hochst. ex African ebony Ebony, Dokotsou +++ Ebenaceae
25 Drypetes floribunda (Mull.Arg) ) ) N Euphorbiaceae

Hutch

26 Eucalyptus camaldulensis Dehnh. - - ++ Myrtaceae
27 Ficus capensis Thunb. - - + Moraceae
28 Ficus exasperata Vahl - aklalé + Moraceae
29 Ficus sur Forssk. - - + Moraceae
30 Ficus vogelii (Mig.) Miq. - - + Moraceae
31 Flacourtia flavescens Wild. - - + Flacourtiaceae
32 Holarrhena floribunda (G. Don) T - Séséwou/afeketsi ++ Apocynaceae

Durand & Schinz
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° e g . Common Names .
N Scientific Name of Species Common Names . Level of Use Family
(Mina Language)
33 Khaya senegalensis (Desr.) A. Juss. - - + Meliaceae
34 Kigelia africana (Lam.) Benth. - - ++ Bignoniaceae
35 Lecaniodiscus cupanioides Planch. ) ) N Sapindaceae
ex Benth.
36 Lonchocarpus sericeus (Poir.) Kunth River soap Lombati it Fabaceae
Ex. DC.
Mallotus oppositifolius f. glabratus . .
37 (Ml Arg.) Pax - Nyati + Euphorbiaceae
38 Mangifera indica L. - Mangoti ++ Anacardiaceae
39 Mitragyna inermis (Willd.) Kuntze Mitragyna Linkpati +++ Rubiaceae
40 Morinda lucida Benth. - Dadaclan + Rubiaceae
41 Mimusops andongensis Hiern Milk tree Djéhéga, Djéhéti +++ Sapotaceae
42 Oncoba spinosa Forssk. - - + Salicaceae
43 Pouteria alnifolia (Baker) Roberty - - + Sapotaceae
44 Rhus natalensis Krauss - - + Anacardiaceae
45 Sarcocephalus latifolius (Sm.) ) ) N Rubiaceae
E.A.Bruce
46 Senna siamea (Lam.) H.S. Irwin & ) Atsragbé - Fabaceae
Barneby
47 Sorindeia warnekei Engl. - aloti ++ Anacardiaceae
48 Spondias mombin L. - Aklikonksi ++ Anacardiaceae
49 Tectona grandis L.£. - - ++ Verbenaceae
50 Treculia africana Decne. - - ++ Moraceae
51 Triplochiton scleroxylon K. Schum. Samba Wawa +++ Malvaceae
52 Vitex chrysocarpa Planch. ex Benth. - - ++ Verbenaceae
53 Vitex doniana Sweet Black plum Fongni +++ Verbenaceae
54 Zanthoxylum zanthoxylozdes (Lam.) ) Xeti - Rutaceae
Zepern. & Timler
+++: widely used; ++: moderately used; +: little used.
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