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Abstract

Understanding local perceptions and the different uses of multi-
purpose plant species is essential for their sustainable management.
Despite this, anthropogenic factors such as deforestation, over-
exploitation of natural resources, extension of agricultural lands,
overgrazing, and bushfires, coupled with the adverse effects of
climate change, are contributing to the loss of these species.
This study analyses the perceptions of local communities in Burkina
Faso regarding the threats to Detarium microcarpum and Detarium
senegalense and their implications, aiming to contribute to the
effective management and conservation of such species. Through
individual semi-structured and focus group interviews with 465 local
people, data were collected on sociodemographic characteristics,
plant parts used, use categories, threats and their effects, proposed
solutions, and perceived conservation strategies. Descriptive statis-
tics (consensus for plant part and relative frequency of citation),
component analysis, and non-parametric analyses were used for data
analysis. Results indicated that ethnicity, age, education level, and
occupation were the most influential sociodemographic factors in
relation to the use of these species. Six plant parts from both
Detarium species are used across seven use categories, with
fruits (0.40), trunks (0.16), and bark (0.27) being the most exploited.
There was consensus among local populations regarding areas of
abundance. Threat factors, their effects, and conservation solutions
varied significantly according to site status. This study highlights
the multipurpose uses of Detarium species throughout Burkina Faso
and reveals that threats to these species are linked to the occupation
and the status of each site. Sustainable use, effective conservation,
and domestication of Detarium species should be considered to
promote and sustain the exploitation of non-timber forest products.
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Plain language summary

Understanding rural populations' perceptions of the use and conser-
vation of multipurpose species is crucial for effective and sustainable
management of the resources these species provide. The valorisation
and domestication of plant species require a scientific approach based
on indigenous knowledge of their uses combined with conservation
strategies. This study aims to contribute to the sustainable manage-
ment of Detarium microcarpum and Detarium senegalense by analys-
ing the perceptions of local populations regarding threats and potential
solutions for their conservation. Data were gathered on informants’
sociodemographic characteristics, plant use categories, plant parts
used and conservation issues. Descriptive statistics (consensus for
plant part and relative frequency of citation), component analysis and
nonparametric analyses were used for data analysis. Ethnicity, age,
education level and main activity were sociodemographic factors that
had the most influence on species use. Through the exploitation of
nontimber forest products, Detarium species contribute to improving
the livelihoods of rural populations. Local populations are aware of the
decline and the disappearance of Detarium species in their surround-
ing habitats, potentially caused by increasing use and the effects of
climate change. These species have high social value due to their
diverse applications, including food, traditional medicine, construc-
tion and crafts, which utilise all parts of the plant. This study shows that
threats to these species are linked to activities in the surrounding areas
and to forest status. This research provides a foundation for scientifi-
cally informed insights into the potential risks these species face.
Rural communities are aware of potential threats and have developed
management strategies and solutions to ensure sustainable use

practices.

1 | INTRODUCTION

Climate change constitutes a critical environmen-
tal factor that significantly impacts natural habi-
tats, compromising the development of African
countries with limited and fragile resources (Liu
et al., 2022). This situation adversely affects the
livelihoods of most rural populations, which rely
on natural resources such as nontimber forest
products (NTFPs). Forests serve as biodiversity
reservoirs, playing a vital role in providing eco-
system services to local communities (Agbo et al.,
2017). These services, which humans derive from
ecosystems in various ways (LeBmeister et al.,
2018), contribute to rural communities' resilience
against the effects of climate change (Gning et al.,
2013). Mensah et al. (2014) reported that increas-
ing human populations have led to intensified
forest degradation due to the rising demand for
forest products. Tan (2022) also found that the
world's ecosystems are changing more rapidly
with global population growth. Human actions
such as deforestation, overexploitation of natural
resources, agriculture, overgrazing and bushfires,
coupled with the adverse effects of climate
change, contribute to the loss of many multi-
purpose species. This loss affects natural ecosys-
tems, diminishing their ability to provide goods
and services to West African communities
(Fontodji et al., 2019). The irreversible loss of

Practitioner points

¢ Local populations are aware of the decline
and disappearance of Detarium species in
their habitats, attributing this trend to
excessive human exploitation and the
effects of climate change.

e The challenges faced by Detarium spe-
cies are correlated with activities in the
surrounding area and individual forest
status. Detarium plant resources may
face challenges in forests with different
levels of protection status due to habitat
fragmentation and the effects of climate
change.

¢ Rural communities have devised strate-
gies and solutions which can contribute to
the conservation of Detarium species.

plant species biodiversity leads to ecosystem
degradation, impacting both ecosystem services
and human well-being (Sintayehu, 2018).

The decline of multipurpose species in Sub-
Sahara Africa greatly impacts communities and
societal groups most dependent on forest resources
(IPCC-IPBES, 2020). Maja and Ayano (2021) explain
that population growth, urbanisation and economic
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development have exacerbated food insecurity,
increasing pressure on multipurpose woody species.
Detarium microcarpum Guill. & Perr. and Detarium
senegalense J.F. Gmel. are among the most exploited
species in Burkina Faso (Bationo et al., 2001), Benin
(Agbo et al., 2019) and Mali (Kouyaté, 2005). These
species face vulnerabilities in their occurrence areas,
yet their conservation status remains unclassified
by the International Union for the Conservation of
Nature (IUCN) (Lamy Lamy et al., 2021).

In recent years, much research effort has focused
on the socioeconomic contributions (Kouyaté et al.,
2002; Florence et al., 2014) and regeneration con-
cerns (Agbo et al., 2019; Bationo et al., 2001; Lamy
Lamy et al., 2021; Ricez, 2008) of D. microcarpum
and D. senegalense. While several studies have
shown the importance of Detarium species in food
and economic sectors through the exploitation of
NTFPs, less attention has been given to local
perceptions of the threats to these species. The
exploitation of plant parts from species such as
D. microcarpum and D. senegalense serves as a
resilience strategy through the ecosystem services
provision for rural populations. With increasing
populations, NTFP market values have risen,
putting greater pressure on these woody multi-
purpose species. This pressure contributes to
the vulnerability of D. microcarpum and D. senega-
lense (Ouédraogo et al., 2021; Yaovi et al., 2021). In
addition, the lack of effective management strate-
gies and insecurity in West African Sahelian countr
ies amplify the threats to these species (Zerbo
et al., 2022). Understanding local communities'
resilience, alongside their perceptions of climate
effects and current threats to Detarium species, is
essential for assessing their adaption potential
(Houndonougbo et al.,, 2020; Ouko et al.,, 2018;
Tiétiambou et al., 2015).

Given the significant role of Detarium species in
Burkina Faso (Bationo et al., 2001; Maré & Millogo,
2019), it is necessary to investigate local perceptions
regarding the degradation of these plant resources
in the current context of climate change and over
exploitation. Knowledge of human perceptions
towards plant species is a key factor in under-
standing ecosystem dynamics for sustainable bio-
diversity management. Moreover, the valorisation
and the domestication of plant species require a
scientific approach that incorporates indigenous
knowledge of their uses into conservation strategies
(Balima et al., 2018). In Burkina Faso, several studies
have been carried out on the sociocultural, eco-
nomic and ecological significance of multipurpose
woody species such as Balanites aegyptiaca (L.)
Delile (Kouyaté et al., 2002), Afzelia africana Sm. ex
Pers. (Balima et al.,, 2018) and Bombax costatum
Pellegr. & Vuillet (Zerbo et al., 2022). While previous
ethnobotanical studies on Detarium species have
been carried out across West Africa in countries like
Benin (Agbo et al., 2017), Togo (Dangbo et al., 2019),
Senegal (Diop et al., 2010), Mali (Kouyaté et al.,
2002) and Burkina Faso (Bationo et al., 2001), many

aspects remain unexplored. This study aims to fill
some of these gaps by analysing local population
perceptions regarding the threats to D. microcarpum
and D. senegalense, and their implications for
management. Specifically, it aims to (i) identify the
specific parts of these species that are exploited, (ii)
assess the impact of sociodemographic character-
istics on their use, (iii) analyse the local perceptions
of species decline and (iv) assess local conservation
strategies to ensure their sustainable use in Burkina
Faso.

2 | MATERIALS AND METHODS
2.1 | Materials
2.1.1 | Study area

The study was conducted along a climatic gradient
in Burkina Faso, a country in West Africa, located
between the latitudes 09°02'-15°05'N and the
longitudes 05°03'W 02°02°E. With a total area
of 274,400 km?, the population is estimated at
20,487,979 habitants, resulting in a density of
51.08 inhabitants/km? (INSD, 2020) (Figure 1). The
research focused on villages surrounding four
protected areas (PAs) known to harbour natural
populations of Detarium species. These areas
include the Classified Forest of Nakambe (located
in the Sudano-Sahelian climatic zone), the Classi-
fied Forest and Game Ranch of Nazinga (located
in the transition zone between the Sudanian
and Sudano-Sahelian climatic zones), the Wildlife
Reserve of Bontioli and the Classified Forest of Kou
(both located in the Sudanian climatic zone). These
classified forests were selected based on their
accessibility stemming from the current security
challenges the country is facing.

The main ethnic groups residing around the
PAs in the study region are diverse: Mossi near the
Classified Forest of Nakambe, Gourounsi around
the Classified Forest and Game Ranch of Nazinga,
Dagara around the Wildlife Reserve of Bontioli and
Bobo around the Classified Forest of Kou. Pre-
dominantly, these communities engage in agricul-
ture, relying on the cultivation of millet, Azia
maise and sorghum, alongside herding and pro-
visioning ecosystem services from trees (Dimobe
et al., 2015).

According to National Meteorological Office
data, the Sudano-Sahelian zone experiences
annual rainfall ranging from 600 to 900 mm
spread over 4-5 months, with average tempera-
tures around 30°C. The Sudanian zone receives an
annual rainfall of 900-1200 mm over a longer
rainy season lasting 5-6 months, with a cooler
average annual temperature of 26°C. The vegeta-
tion in the four PAs is characterised by various
vegetation types, including shrub savannas, tree
savannas, woodlands, dry forests and gallery
forests (Nacoulma et al., 2018).
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FIGURE 1 Map of study sites according to the 2012 Burkina Faso land occupation database. (a) Classified Forest of Kou;

(b) Classified Forest of Nakambe; (c) Classified Forest and Game Ranch of Nazinga; and (d) Wildlife Reserve of Bontioli.

2.1.2 | Study species

D. microcarpum and D. senegalense are woody
species belonging to the Fabaceae family (Arbonnier,
2009). D. microcarpum, a medium-sized tree, can
reach up to 12m in height and is distinguished by
its dense spherical crown (Maré & Millogo, 2019;
Thiombiano et al.,, 2012). D. senegalense is larger,
usually growing to between 15 and 30 m, and even
reaching 40 m within forest galleries (Houénon et al.,
2021). The two species differ in several morphological
aspects: D. microcarpum typically has fewer, larger
and tougher leaflets, more compact inflorescences,
externally hairy sepals and slightly smaller fruits
compared to D. senegalense (Dangbo et al., 2019;
Diop, 2013; Dossa, Gouwakinnou, et al., 2020). Both
species feature paripinnate leaves with 5-6 pairs of
opposite leaflets arranged alternately. The leaflets are
4-6cm long and 3-4cm wide, oval to elliptical,
rounded at the ends and emarginate at the top. The
limb is thin, flexible, finely leathery, pinnate and green
on the underside. Their inflorescence form in axillary
panicles and measure between 5 and 8cm in length.
The creamy white flowers, in raceme, have a glabrous
or glabrescent calyx. They have four elliptical sepals

with an ovoid and pubescent ovary, supported by
10 white bilocular stamens. These species are mainly
dispersed by animals and exhibit distinct habitats
(Bationo et al., 2001; Kamou et al., 2017).

D. microcarpum thrives in dry savannas, dry
forests and fallow lands on sandy or iron-rich hard
soils (Houénon et al., 2021; Kouyaté et al., 2006).
Detarium senegalese prefers dry lowland forests,
gallery forests in savannah areas (Cavin, 2007; Diop
et al., 2010) and humid forests (Sanusi, 2022).
Notably, certain Detarium species, like D. micro-
carpum, have shown some resistance to fire (Diatta
et al., 2021). Propagation of these species can occur
both vegetatively and from seeds (Bationo et al.,
2001; Ricez, 2008).

22 |
221 |

Method
Sampling

A total of 465 individuals were interviewed using a
simple random sampling technique, without gen-
der considerations, based on their knowledge of
plant parts of the two species in question (Zerbo
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et al., 2022). The number of interviewees varied
from 65 to 185 individuals across different sites,
determined by the population density of each area.
Participants included local residents of various
ages, with a minimum age requirement of 30 years
to ensure respondents had sufficient experience
to identify changes in climate and anthropogenic
threats to the species. Before conducting inter-
views, administrative and traditional leaders, as
well as youth leaders at each site, were informed
to aid in establishing a conducive environment for
interactions with community members.

2.2.2 | Data collection

Data were collected through semi-structured inter-
views and focus group discussions from September
to December 2022 (Balima et al., 2018; Naah &
Guuroh, 2017; Zerbo et al., 2022). To ensure accurate
identification, specimens of the Detarium species
were provided to informants at each site. Interviews
were conducted in local languages and translated
by site-specific translators. Informants provided
verbal consent before participation. The question-
naire included a combination of closed and open-
ended questions and was designed to gather data
on sociodemographic characteristics (ethnicity, sex,
age, education level and occupation) and the uses of
different plant parts from the targeted species (Zerbo
et al., 2022). Additional questions related to areas
of abundance, threats and their impacts on the
species and conservation solutions for sustainable
resource management were also included. Infor-
mants provided insights into the current status of the
species, including stability, decline or disappear
ance and motivations for their conservation.

2.2.3 | Data analyses

To determine the composition of the investigated
population, the relative frequency of different socio-
demographic characteristics, such as ethnic group,
seX, age, education level and activity sectors, were
computed. Regarding age consideration, the infor
mants were grouped into three age categories follow-
ing Assogbadjo et al. (2008): young (303>age<45
years), adults (45 > age <60) and old (age >60 years).

TABLE 1 Description of the calculated parameters.

No. Parameters Formula

1 Consensus value for
plant part (CPP)

CPP=P/P,

Significations

To highlight which part of the species is used
most often, the consensus value for plant part (CPP)
was considered (Table 1). It measures the degree
of agreement among informants concerning the
plant part used (Monteiro et al., 2006). In addition,
the relative frequency of citation (RFC) for use
categories was calculated to identify the most
common uses. The Kruskall-Wallis nonparametric
test was used to assess whether CPP and RFC varied
significantly according to the sociodemographic
factors (ethnic groups, sex, age, education levels and
activity sectors).

RFC was also used to evaluate local perceptions
of presence areas, threats and conservation
solutions for the sustainable use of the species.
Bar plots were created to visualise the areas
of presence using the tidyr package (Hadley
et al., 2023). Correspondence analyses were
performed to highlight the relationship between
local population perceptions of threat factors and
their consequences relative to different sociode-
mographic characteristics, using the packages
factoMiner version 2.8 (Husson et al., 2023) and
factoshiny (Vaissie et al., 2022).

Following Zerbo et al. (2022), RFC calculations
for different ethnic groups were depicted using
Sankey diagrams using the networkD3 package
(Ellis et al., 2013).

All statistical analyses were performed with R
software version 4.2.2 (R Core Team, 2022).

3 |

3.1 | Sociodemographic characteristics
of the surveyed populations

RESULTS

The survey engaged 465 individuals across the
study sites, of which 63.22% were men (Table 2).
The age group 30-44 years was the most repre-
sented among respondents (56.56%). Mossi was
the dominant ethnic group, comprising 38.49% of
the total respondents and being the only group
found at all sites. In terms of education, a significant
proportion of the local population had no formal
education (62.94%), followed by those with primary
school education (27.31%). Occupationally, most of
the respondents were farmers (43.44%) and house-
hold members (31.61%) (Table 2).

Number of times a given plant part was cited (P,), divided by the total number
of citations of all parts (P;). Measures the degree of agreement among the

informants concerning the plant part used (Monteiro et al., 2006).

2 Relative frequency RFC = (S/N) x 100

of citation (RFC)

A measure calculated as RFC =(S/N), where ‘S’ represents the number of
citations for a specific use of a plant part, and ‘N’ is the total number of

informants. This metric provides insight into the relative importance of each
plant part among the population for their provision of services.
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TABLE 2 Sociodemographic characteristics.

Sites

Sociodemographic parameters Bontioli Kou
Ethnic group

Bobo 0 63

Dagara 99 0

Gourounsi 0 0

Mossi 21 0

Others 0 2

Total 120 65
Sex

Women 39 28

Men 81 37

Total 120 65
Age

Young (30 > age <44 years) 73 18

Adult (45 >age <59 years) 33 39

Old (age >60 years) 14 8

Total 120 65
Education level

High primary 10 2

llliterates 88 46

Primary level 22 17

Total 120 65
Occupation

Farmers 35 27

Household 30 25

Official workers 5 3

Traditional mining exploitation 33

Traders 10 9

Traditional healer 7 1

Wood exploitation

Total 120 65

3.2 | Use patterns of Detarium species
according to sociodemographic
characteristics

3.2.1 | Impact of sociodemographic
parameters on plant parts used

The survey identified six plant parts of Detarium
species—fruits, bark, leaves, roots, branches and
trunks—utilised by the local population for various
purposes (Table 3).

The CPP varied significantly according to the
ethnic groups for bark (¥*=22.25; p=0.0001),
trunks (¥*=11.86; p=0.0184), leaves (¥*=11.16;

Nakambe Nazinga Total Percentage (%)
0 0 63 13.55
0 0 99 21.29
0 60 60 12.90
126 32 179 38.49
59 3 64 13.76
185 95 465 100
72 32 171 36.77
113 63 294 63.23
185 95 465 100
101 71 263 56.56
74 15 161 34.62
10 9 41 8.82
185 95 465 100
10 27 49 10.54
107 48 289 62.15
68 20 127 27.31
185 95 465 100
95 45 202 43.44
60 32 147 31.61
3 7 18 3.87
33 7.10
15 9 43 9.25
2 2 12 2.58
10 10 2.15
185 95 465 100

p=0.0248) and branches (¥*=9.89; p=0.0422),
indicating distinct preferences and uses among
different cultural backgrounds. However, this
variation was not significant for fruits (y*=7.38;
p=0.1177) or roots (x*>=3.84; p=0.4278). Specifi-
cally, the Bobo group predominantly used leaves
(CCP=0.1384), while the Dagara group showed
a higher usage of trunks (CPP=0.41), followed
closely by the Gourounsi (CPP=0.33) and the
Mossi (CPP=0.30). Both Dagara (CPP=0.10) and
Gourounsi (CPP=0.10) communities also exhib-
ited notable use of roots.

The CPP among the surveyed populations
did not significantly vary with education level
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TABLE 3 Impact of sociodemographic parameters on plant part used.

Sociodemographic factors Bark Fruits Leaves Roots Branches Trunks

Ethnic groups

Bobo 0.02 0.41 0.14 0.09 0.19 0.15
Dagara 0.01 0.29 0.09 0.10 0.08 0.42
Gourounsi 0.14 0.35 0.05 0.10 0.03 0.33
Mossi 0.07 0.36 0.05 0.09 0.14 0.29
Others 0.01 0.52 0.1 0.06 0.14 0.18
Mean 0.05 0.38 0.09 0.09 0.12 0.28
Ve 22.25 737 11.16 3.84 9.89 11.86
p-Value 0.0001 0.1177 0.0248 0.4278 0.0422 0.0184

Education level

High Primary 0.03 0.49 0.04 0.06 0.1 0.25
Primary 0.03 0.38 0.08 0.09 0.13 0.30
Noneducated 0.07 0.33 0.08 0.09 0.13 0.28
Mean 0.05 0.40 0.07 0.08 0.12 0.28
b 6.01 3.20 4.53 3.91 2.47 2.05
p-Value 0.0497 0.2018 0.1039 0.1417 0.2906 0.3579
Sex
Women 0.03 0.39 0.08 0.08 0.15 0.27
Men 0.06 0.35 0.07 0.09 0.1 0.30
Mean 0.05 0.37 0.08 0.09 0.13 0.28
Ve 1.67 0.54 0.01 1.20 0.66 0.12
p-Value 0.1959 0.4621 0.9224 0.2729 0.4172 0.7276
Age
Young 0.04 0.38 0.07 0.10 0.12 0.32
Adults 0.06 0.38 0.07 0.09 0.14 0.27
Old 0.1 0.33 0.13 0.12 0.12 0.19
Mean 0.07 0.34 0.09 0.10 0.13 0.26
7 1.22 1.22 0.78 0.59 0.78 6.94
p-Value 0.5433 0.5433 0.6786 0.7454 0.5444 0.0312
Occupation
Farmers 0.09 0.77 0.15 0.17 0.33 0.49
Traders 0.04 0.73 0.13 0.22 0.26 0.62
Public workers 0.05 0.61 0.01 0.00 0.00 0.35
Household 0.04 0.47 0.04 0.02 0.06 0.38
Traditional mining exploitation 0.41 0.12 0.02 0.00 0.04 0.54
Wood exploitation 0.10 0.24 0.23 0.13 0.09 0.21
Traditional healer 0.07 0.12 0.23 0.27 0.109 0.21
Mean 0.1 0.42 0.1 0.12 0.13 0.54
Ve 25.34 76.138 17.16 2741 33.23 21.35

p-Value 0.00473 0.0000 0.071 0.0022 0.0002 0.0188
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(p>0.05) for most plant parts, including fruits
(¥*=3.20; p=0.2018), leaves (¥*=4.53; p=0.1039)
roots (¥*=3.91; p=0.1417), branches (¥*=2.47;
p=0.2906) and trunks (y¥*>=2.06; p=0.3579), indi-
cating a uniformity in the use of Detarium species
across different educational backgrounds. How-
ever, a significant difference was observed for
bark usage (y*=6.01; p=0.0497), suggesting that
certain knowledge or preferences related to bark
use might be influenced by education. Despite
this, branches (CPP =0.14) and trunks (CPP =0.30)
were primarily used by individuals with no formal
education, perhaps reflecting traditional knowl-
edge passed down through generations that do
not rely on formal education systems. No signifi-
cant differences were found in the CPP between
genders (p>0.05).

On the other hand, occupation significantly influ-
enced the CPP (p < 0.05). Trunks (CPP =0.54) and fruits
(CPP =0.42) were commonly used by people from all
sectors. However, specific sectors showed unique
preferences; for instance, public workers reported no
use of roots, leaves, or branches (CPP=0), possibly
reflecting a disconnection from the traditional use of
plants. Conversely, traditional healers (tradipraticiens)
mostly used roots (CPP = 0.27), leaves (CPP = 0.23) and
trunks (CPP =0.20), suggesting a specific application
in this sector. Interestingly, bark was most used by
those in the traditional mining exploitation sector
(CPP=0.41) (Table 3).

3.2.2 | Impact of sociodemographic
parameters on use categories

The use of Detarium species parts spans various
categories, including food, medicine, craft, energy,
construction and sales (Table 4).

The analysis of local population knowledge
concerning the food use of Detarium species
indicates a wide awareness across different socio-
demographic groups, with no significant variation
(p=0.05) among ethnic groups, age groups, educa-
tion levels and gender. The activity sector presents
a notable exception, where significant differences
were observed (y*=81.16, (p<0.05).

Gourounsi (RFC=20.46%) and Bobo (RFC=
18.565%) ethnic groups emerged as the most knowl-
edgeable in the use of the species for food. Similarly,
younger (RFC =18.91%) and adult age groups (RFC =
16.22%) knew more about food uses. Gender-wise,
men (RFC=19.05%) reported slightly more knowl-
edge about food uses than women (RFC =15.60%).
Noneducated level respondents (RFC=19.52%) re-
ported higher use of Detarium species for food than
other education levels. Farmers (RFC =38.48%) and
household members (RFC=2789%) reported more
knowledge of food uses than those from other
activity sectors.

In the medicinal use category, the analysis
revealed that while knowledge does not signifi-
cantly differ among ethnic groups and ages

(p=0.05), it does vary with education level
(¥*=22.02; p=0.0006), gender (¥’=12.54; P=
p<0.05) and activity sector (y*=38.58, p=0.0001).
The Dagara (RFC=39.74) ethnic group exhibited
the highest frequency of citation of medicinal uses,
followed by the Mossi (RFC=27.49%) and Bobo
groups (RFC=2733%). Older individuals (RFC=
33.79%), followed by adults (RFC =28.18%), knew
more about the medicinal uses of Detarium
species. Regarding education level, the nonedu-
cated (RFC=40.38%) and primary-level educated
(RFC=28.71%) individuals cited the species for
medicinal use. Gender differences were evident,
with men (RFC =34.19%) reporting a higher famil-
iarity with the species' medicinal applications than
women (RFC=20.72%). Occupationally, farmers
(RFC=78.52%) and traditional healers (56.06%)
were the most knowledgeable about the species
in the medicine category.

In the craft category, knowledge varied signifi-
cantly according to ethnic group (¥*=20.44;
p=0.0004), gender (y* =4.00; p=0.0454) and occupa-
tion (* = 19.37; p=0.0222), but not across age groups
and education levels (p=>0.05). Farmers (RFC=
45.06%) had the highest RFC, highlighting their
prominent use of the species in the craft category.

In the energy use category, knowledge of the
use of Detarium species did not differ significantly
by ethnic group, age, or gender (p > 0.05). However,
education level (¥*=18.08; p=0.0006) and the
occupation (¥*=44.79; p=0.0001) had significant
effects. The Mossi (RFC =25.94%) and Bobo (RFC =
22.56%) ethnic groups made the most use of the
species in the energy category. Older individuals
(RFC=20.51%) cited uses for energy more fre-
quently than other age groups. Noneducated
individuals (RFC=41.17%) reported using the spe-
cies for energy more than those with higher levels
of education. Women (RFC=28.63%) reported
using these species for energy purposes more than
men (RFC=20.09%). Farmers (RFC=69.27%) and
those involved in traditional mining exploitation
(RFC =45.56%) indicated more knowledge about
the use of Detarium species in the energy category.

The use of the Detarium species in the sales
category differed significantly based on gender
(¥*=105.87; p=<2.2e-16) and the occupation
(¥*=25.21; p=0.0027). Despite variations in
educational background, age and ethnicity, parti-
cipants shared similar knowledge (p=>0.05).
The Mossi ethnic group (RFC=27.45%), followed
by the other ethnic groups (RFC=22.40%), sold
more parts of the Detarium species. Younger
individuals (RFC =25.37%), adults (RFC =22.52%),
women (RFC =37.49), farmers (RFC =32.80%) and
traders (RFC =32.44%) were more knowledgeable
about the commercial importance of the species.

In the construction use category, knowledge varied
significantly between ethnic groups (¥*=20.44;
p=0.0004), genders (¥*=15.06; p=0.0001) and occu-
pation (¥*=23.44; p=0.0053). However, educational
level and age did not significantly affect knowledge in
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TABLE 4 Impact of sociodemographic parameters on usage categories.

Uses-categories

Sociodemographic factors Food Medicine Craft Energy Seller Construction

Ethnics groups

Bobo 18.55 2734 12.97 22.56 17.35 1.25
Dagara 13.94 39.74 1.59 14.48 19.00 13.43
Gourounsi 20.46 25.07 13.08 18.23 19.26 3.92
Mossi 1714 2749 734 25.94 2745 9.59
Others 18.97 25.03 8.27 21.25 22.40 2.08
Mean 17.81 28.94 8.66 20.49 21.09 6.05
X2 3.88 9.25 20.44 3.43 1.10 22.52
p-Value 0.4232 0.0552 0.0004 0.4882 0.8942 0.0002
Age
Adults 16.22 28.18 6.20 19.91 22.52 6.96
Old 15.52 33.80 9.20 20.51 10.98 9.99
Youngs 18.91 26.84 9.14 17.88 25.37 6.54
Mean 16.88 29.61 8.18 19.43 19.63 7.83
X2 1.95 0.44 0.52 1.31 6.93 6.93
p-Value 0.5827 0.9320 0.9136 0.7270 0.0743 0.6392

Education level

High primary 1743 26.68 10.14 17.09 21.40 9.19
Primary 17.61 28.72 8.26 21.22 21.53 8.68
Noneducated 19.52 40.37 7.26 41.17 19.25 5.44
Mean 18.18 31.92 8.55 26.49 20.73 777
x2 0.03 22.03 0.03 18.08 0.24 0.74
p-Value 0.9860 0.0006 0.9835 0.0006 0.8863 0.6916
Sex
Women 15.60 20.72 5.49 28.63 3749 3.06
Men 19.05 34.20 10.16 20.07 6.77 10.36
Mean 17.33 27.46 7.82 24.34 22.13 6.71
b 1.12 12.54 4.00 0.42 105.87 15.06
p-Value 0.2896 0.0004 0.0455 0.5181 <2.2e-16 0.0001
Occupation
Farmers 38.48 78.52 45.06 69.26 32.80 40.88
Public workers 21.71 29.80 3.21 19.29 17.06 8.93
Household 27.89 21.88 4.31 21.03 29.45 4.44
Traditional mining exploitation 16.36 23.06 6.25 45.56 2.50 22.64
Trader 17.98 41.58 6.81 20.93 32.44 2.89
Traditional healer 725 56.06 797 9.68 17.60 1.45
Wood exploitation 15.14 31.09 14.46 11.43 23.79 4.09
Mean 20.69 40.28 12.58 28.17 22.23 12.19
X 81.16 38.58 19.36 44.79 25.21 23.43

p-Value 0.0010 0.0001 0.0223 0.0001 0.0027 0.0053
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this area (p=0.05). The Dagara ethnic group (RFC=
13.43) and farmers (RFC =40.88%) demonstrated the
most knowledge about using the species for construc-
tion (Table 4).

3.3 | Local perceptions on the areas of
abundance, threat factors and their effects
on Detarium species conservation

The survey revealed five habitats identified by differ-
ent ethnic groups as areas where Deatrium species
are found (Figure 2). Except for the Dagaras ethnic
group, which predominantly located the species on
granite rocky hills (31.97%) and the agrosystem
(2750%), other groups reported higher abundance in
PAs and fallows. The Bobo ethnic group observed the
species most abundantly in the PAs (50.81%) and
fallows (33.61%). Similarly, the Gourounsi group
found the species mainly in the PAs (40.09%) and
fallows (37.14%), while the Mossi group reported a
significant presence in PAs (40.09%). Across all
groups, villages were cited less frequently as habitats
for these species, indicating a consensus on the
species' rarity in village environments (Figure 2).
Local populations are aware that Detarium is
under threat and have identified six factors that are
impacting the survival of these species within their
natural habitats. The correspondence analysis, which
explains a significant 82.68% of the data distribution
across two main axes, reveals how different socio-
demographic groups perceive these threats
(Figure 3). The first axis, accounting for 59.9% of the
data distribution, correlates with the Mossi ethnic
group, men, adults, youths, illiterate individuals and
those with primary education levels. These groups
perceived wood overexploitation and bushfires as the
primary threats to Detarium species. The Bobo and

Gourounsi ethnic groups mentioned village expan-
sions as a significant threat, while members of the
category ‘Other’ ethnic groups highlighted extensive
farming as a primary concern. On the second axis,
which explains 22.80% of the variation, there is a
distinction between the Mossi ethnic group and their
associated sociodemographic parameters against the
backdrop of other ethnic groups. Here, the Dagara
ethnic group, along with individuals who have high
primary education levels and are older, associated
traditional mining exploitation and population growth
as significant threats (Figure 3).

Nine consequences associated with the threats
to Detarium species were identified by the local
populations (Figure 4), with their perceptions ana-
lysed through correspondence analysis, explaining
65.7% of the data distribution across two main axes.
The first axis, which accounts for 50.50% of the data
distribution, groups the Mossi, Dagara and ‘Others’
category ethnic groups alongside individuals who
are illiterate or only have primary education, as well
as adults. These groups share the same opinion
that the effects of threats include regrowth and
degradation of the species, a decrease in rainfall, a
reduction in medicinal species decrease, loss of wild
animals and a decline in bee populations'. On the
second axis, explaining 15.2% of the variation,
the Bobo and Gourounsi ethnic groups noted a
decrease in tourist visits as a consequence of threats
to the Detarium species (Figure 4).

3.4 | Local perceptions on conservation
solutions and management strategies for
Detarium species

Local populations proposed 10 solutions aimed at
mitigating the decline of Detarium species, with
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significant variation in preferences among different
ethnic groups (¥*=696.76; p<0.0001) (Figure 5).
The Mossi ethnic group suggested the importance
of demarcation (44%) and comanagement (36%) as
critical measures for preventing species decline.
The Gourounsi highlighted the need for awareness
(21.43%) and monitoring of the species (23.19%).
The Bobo expressed a preference for comanage-
ment (27.69%) and the introduction of fines (22.45%)
(Figure 5).

For the sustainable management of Detarium
species, six conservation strategies were mentioned
(Figure 5), with preferences varying significantly
among ethnic groups (¥*=696.76; p<0.0001).
The strategies of comanagement (53.29%), financial
support (48.79%) and valorisation of the fruit value
chain (47.38%) were the most requested. The Mossi
suggested comanagement (43.41%), financial support
(37.23) and reforestation (23.37%), while the Gouroun-
si preferred reforestation (43.28%), comanagement
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(41.32%) and fruit value chain valorisation (35.67%).
The Dagara ethnic group mentioned local community
management (36.21%), comanagement (31.62%) and
financial support. Members of the ‘Others’ ethnic
group category requested valorisation of the fruit
value chain and training.

4 | DISCUSSION

4.1 | Variations in Detarium species use
This study showed that D. microcarpum and
D. senegalense are species with multiple uses, with
local communities exploiting nearly every part of
these plants—roots, bark, trunk, fruit, leaves and
branches—for a variety of purposes. This extensive
use underscores the significant value of Detarium
species as multipurpose resources for the local
population (Gaisberger et al., 2017). The broad
spectrum of applications for these species confirms
their importance in supporting rural livelihoods
(Houénon et al.,, 2021; Sreekumar et al., 2020).
Dimobe et al. (2018) identified Detarium species
among the priority multipurpose species in Burkina
Faso, a designation also accorded to other species
like A. africa (Balima et al., 2018) and B. costatum
(Zerbo et al., 2022).

Informants mostly mentioned the use of fruits
and trunks of the Detarium species. This high fruit
usage indicates that the species play a role in food

security, contributing to the resilience of rural
populations. Similarly, the extensive use of trunks
indicates the dependency on these species for
timber (Sinadouwirou et al., 2022).

The study also revealed that sociodemographic
factors influence the exploitation patterns of Detar
ium species. Women's focus on trunks and
branches underlines the use of the species as
firewood and is indicative of their role in gathering
firewood, a task integral to cooking responsibilities
within households. This pattern aligns with obser-
vations made by Kouyaté (2005) in Mali and Agbo
et al. (2020) in Benin, highlighting this gendered
knowledge and use of firewood trees. This particu-
lar interest in trunks poses a considerable challenge
to the conservation of the species (Biara et al.,
2021), as it directly impacts the availability of
mature trees. Harvesting leaves, fruits and bark
could also potentially affect the reproductive per-
formance of the species, further stressing the need
for sustainable management practices (Nacoulma
et al., 2017).

The distinct CPPs reported by individuals with
higher levels of education, compared to the lower
values associated with branches and trunks,
suggests that the level of education influences
choices regarding energy sources. Gkargkavouzi
et al. (2020) illustrated that a higher education level
is often correlated with a positive stance towards
species conservation, implying that education plays
a crucial role in promoting conservation efforts.
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However, the impact of modernisation and devel-
opment seems to be affecting traditional knowl-
edge systems concerning the use of multipurpose
species in the region. Monteiro et al. (2006)
explained how progress in modernisation has
influenced the dynamics of plant use, potentially
diminishing the transmission and application of
indigenous knowledge concerning these species.

The pronounced preference for fruit among
traders and farmers, as indicated by the high CPP
values, underscores the dual role of Detarium
species as both a nutritional supplement for
farmers and a source of income. This observation
aligns with Lykke et al. (2004), who showed that the
importance attached to a species often depends on
its utility to different user groups. Furthermore,
Monteiro et al. (2006) and Zerbo et al. (2022)
observed that preferences for specific plant parts
differ among communities, highlighting the diverse
ways in which multipurpose species support the
resilience and food security of rural communities.
The importance of such species in the livelihoods of
rural populations is further supported by studies
from Kuhlman et al. (2010), Guigma et al. (2012) and
Balima et al. (2018).

The broad involvement of the different parts of
Detarium species across six categories of use
highlights their importance to the local population.
This study found that gender, age and occupation
influence knowledge about the species' uses, in line
with results reported by Monteiro et al. (2006). The
exploitation of different parts was strongly linked to
occupation and education levels. Notably, fruit
sales are dominated by young people and women,
highlighting their active participation in utilising
these species for economic benefits. Younger
individuals, full of energy and driven by the pursuit
of wealth, show a keen interest in collecting the fruit
of these species (Biara et al., 2021). Kristensen and
Balslev (2003) suggest that sociocultural and demo-
graphic factors such as gender, age and education
level correlate with the knowledge and use of plant
parts. Ahenkan and Boon (2011) show women's
essential role in the commercialisation of NTFPs in
West Africa, contributing to rural community resil-
ience by opening new economic opportunities.
Malleson et al. (2014) demonstrated that NTFPs
offer new income sources for many women in the
rural areas of Cameroon and Nigeria.

The high frequency of use reported by women
in the energy category (firewood) underlines
the species' value to households, likely due
to the wood's flame intensity and low smoke
emission (Ramos et al., 2008; Sinadouwirou et al.,
2022). Other studies like Dao et al. (2020) and
Sinadouwirou et al. (2022) have also emphasised
wood characteristics as a primary factor in fire-
wood selection. Moreover, another study pointed
out the dependence of local populations on forest
resources for various needs and income genera-
tion, exacerbating deforestation and forest degra-
dation (Hesselberga & lversenb, 2011).

Ethnic- and age-related preferences were
observed, with the Mossi using the species for
firewood and the younger population engaging in
fruit selling, indicating usage variations based on
ethnic group and age. Diatta et al. (2021) mentioned
that D. microcarpum and D. senegalense were at the
heart of local income activities in Thiobon, Senegal.
Their use in traditional medicine constitutes a signifi-
cant degradation factor (David et al., 2017). This
medicinal importance can be attributed to antimicro-
bial, anti-inflammatory and antimalarial effects, as
well as nutritional components (Dieng et al., 2016;
Kini et al., 2010). Dogara (2022) found that each part of
the D. microcarpum plant has a therapeutic applica-
tion and the plant is often referred to as a miracle
plant by traditional herbalists. In addition, the wide-
spread use of bark and roots in traditional medicine
illustrates the species' therapeutic significance, align-
ing with global reliance on traditional medicine as a
source of primary health care (Houénon et al., 2021).

The use of the Detarium species for crafts and
construction reflects their wood quality, which
Sawadogo (2007) identified as a factor contributing
to their vulnerability. Members of the Dagara ethnic
group mentioned that cultural practices, such as
rituals conducted by traditional healers, also influ-
ence the use of these species. The extensive use of
bark, branches, roots and fruits found in this study
poses a great threat to their sustainability, with
rural communities heavily relying on multipurpose
species such as Detarium for income, particularly
women and young people involved in fruit picking
and selling (Kagambega, 2019).

4.2 | Local perceptions of areas of
abundance, threat factors and threat
effects of Detarium species

This study shows that Detarium species are highly
valued by local populations, underscoring their critical
role within areas of natural occurrence. The consen-
sus among local populations indicates that PAs and
fallows are key zones of abundance, affirming the
significance of these areas for species conservation
(Assogbadjo et al., 2012). This is in accordance with
FAO (2015) findings that highlight a positive relation-
ship between species abundance and the level of
habitat protection. The species' presence on hills and
granite rocks corroborates previous studies indicating
a preference for granitic soils (Aubréville & Trochain,
1937; Diop et al., 2010; Dossa, Ouinsavi, et al., 2020).

In contrast, the diminished presence of Detar-
ium species in villages underscores the adverse
impact of unregulated exploitation and habitat
degradation in non-PAs. This observation is con-
sistent with Agbo et al. (2017) and other studies,
which highlight the complex interplay between
species protection, uses, proximity and cultural
practices (Avakoudjo et al., 2020; Coulibaly et al.,
2021; Dogara, 2022). These findings suggest an
urgent need for the domestication of Detarium
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species to mitigate the risks associated with their
overexploitation and to promote sustainable use
(Kouyaté et al., 2002; Sinadouwirou et al., 2022).

The study revealed that local populations are
aware of the decline and the disappearance of
Detarium species from their habitat, primarily attrib-
uted to the overexploitation of plant parts, such as the
bark and the trunk, alongside habitat destruction for
agricultural expansion. This indiscriminate exploita-
tion across all plant parts significantly jeopardises
the species' survival (Yaovi et al., 2021). The major
threats identified in Burkina Faso include bushfires,
population growth, wood overexploitation and tradi-
tional mining exploitation. Lopez-Carr (2021) shows
the impact of urban development related to popula-
tion growth on species dynamics, while Gaisberger
et al. (2017) explain that overexploitation is due to the
vulnerability of local populations. Extensive farming
is one of the most common causes of forest
exploitation, with illegal logging for firewood con-
tributing to the species' scarcity. Traditional mining
exploitation, particularly at the Bontioli site, further
exacerbates these threats. Consequently, the com-
bined effect of these pressures constitutes a major
challenge to the sustainable management of Detar
ium species, underlining the need for effective
conservation strategies to mitigate the ongoing risks
to their survival, as noted by Avakoudjo et al. (2020).

In addition to the anthropogenic factors men-
tioned, local populations pointed out that climate
change contributes to the vulnerability of Detarium
species (Agossou et al., 2012). Communities resid-
ing near PAs perceive climate events like drought,
high winds and rising temperature as threat factors
which impact Detarium species populations. Nunes
et al. (2019) and Deb et al. (2021) support this
observation, indicating that local populations are
often the first to notice the effects of climate change
and forest degradation. Gross-Camp et al. (2015)
and Dey et al. (2017) pointed out that the experi-
ential knowledge of local communities, shaped by
their livelihoods and direct interactions with their
environment, plays a crucial role in recognising and
understanding these impacts.

Furthermore, the decline in fruit availability is
attributed to illegal logging, targeting mature
Detarium trees and climatic hazards. These events
not only lead to a decrease in the number of adult
trees capable of fruit production but also affect the
overall health and reproductive capacity of the
species (Kamou et al., 2017; Kagambega, 2019;
Fontodji et al., 2019).

4.3 | Local people's perceptions on
conservation strategies and valorisation
of Detarium species

For the sustainable conservation of Detarium spe-
cies, awareness, local community management and
comanagement with the foresters have been em-
phasised by local populations. These approaches

underscore the vital role local stakeholders play in
the sustainable use of ecosystem goods and ser-
vices of woody species (Badjaré et al., 2018).
However, the diversity of solutions proposed, influ-
enced by occupations, showed the integral part
forests play in supplementing community liveli-
hoods. Local communities advocate for awareness,
monitoring to protect against overexploitation and
the introduction of alternative species like almonds,
which can help combat overexploitation and the
illegal exploitation of forest resources. Engaging
local communities in species management en-
hances security through sustainable participatory
management (Delvingt & Doucet, 2000; FAO,
2013, 2015), offering a unique opportunity to educate
them on natural resource depletion and ecosystem
service provision (Gning et al., 2013).

Site status influences management type, with
suggestions including wood-cutting regulations, the
promotion of more effective stoves and alternative
village energy solutions. To reduce the rate of
species decline, local populations propose multiple
conservation strategies to ensure sustainable use,
such as financial support, product valorisation,
training capacity building and reforestation. This
initiative proves that the sustainable management
of indigenous species contributes to improving the
livelihoods of rural communities. However, commu-
nity contribution to forest management is highly
variable and often dependent on their main occupa-
tion (Lawin et al., 2019; Mugisho et al., 2022). While
some communities have a high degree of knowledge
concerning species management, others require
basic training specifically tailored to align with local
knowledge and practices. Kristensen and Balslev
(2003) explain that the local communities' opinion is
the guideline to ensure the best management of the
natural resources. Despite the species not receiving
much attention, species managers are taking steps to
enhance the sustainable management of certain
versatile species, including Detarium productivity
(Bowler et al., 2012; Jones & Lynch, 2007; Wouyo
et al., 2014). Income diversification, especially for
women and youths involved in the collection, is key
to forest protection, as illustrated by studies from
Tiétiambou et al. (2015) and Hounsou-Dindin et al.
(2022). The development of effective management
strategies that consider the opinions and needs of
local communities is essential. The valorisation of
Detarium fruit, particularly by women, could inte-
grate them into the value chain, boosting their
incomes. The success of these initiatives requires
collaboration among all stakeholders, including
policymakers, local communities, researchers, exten-
sion agencies and funding bodies.

5 | CONCLUSION

This study showed the significant influence
sociodemographic factors have on the uses of
D. microcarpum and D. senegalense, demonstrating



72|

INTEGRATIVE CONSERVATION

the rural population's awareness of the decline of
these species within their environment. Detarium
species have high social value, especially in use
categories such as food, traditional medicine,
construction and crafts, with all plant parts being
exploited, reflecting their diverse application.
Among the ethnic groups studied, the Mossi
showed the most extensive knowledge of the
utilisation of plant parts and application forms for
D. microcarpum, with the Bobo similarly knowl-
edgeable about D. senegalense.

This study underscored the negative conse-
quences of species overexploitation on their sur-
vival, revealing that threats to these species are
closely linked to site-specific activities and the
status of individual forests. Moreover, rural com-
munities demonstrated awareness of these threats,
proposing certain solutions and management strat-
egies to address them. This study also aims to
provide a scientific foundation for a better under-
standing of the challenges facing these species. For
effective conservation of the two Detarium species,
it is imperative that environmental authorities,
NTFP associations and nongovernmental organisa-
tions involved in plant conservation initiate training
programmes and diversify the economic income of
local populations through financial support. Such
measures are essential for mitigating the impacts of
overexploitation and ensuring the sustainable man-
agement of D. microcarpum and D. senegalense.
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