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Abstract

Celtis toka, the only species of the genus Celris (family Cannabaceae) encountered in the flora of Burkina
Faso, is critically endangered in the country. To engage the public for the future conservation and domesti-
cation of the species, knowledge of the factors threatening Celtis roka survival is necessary. Thus, the study
objective was to identify the perceptions of local people concerning the current state and conservation
strategies of Celtis toka in Burkina Faso.

To investigate potential solutions to the threats posed to Celtis toka, we randomly surveyed 405
consenting participants using a selected semi-structured interview. Moreover, field observations were per-
formed to assess the threat drivers cited by local people of the Sudanian and Sudano-Sahelian climatic
zones. Descriptive analyses (relative frequency and fidelity level) and generalized linear models (GLMs)
were used to highlight the impact of sociodemographic factors and climate zones on the current state,
threat drivers, and potential solutions. The chi-square test was used to assess whether to plant C. toka.

GLM analyses revealed that local knowledge about the current state, threat factors and potential
solution to the threat as related to natural stand varied significantly according to ethnolinguistic group
(P < 0.000), sex (P = 0.01) and age (P = 0.01). Rural people had varying perceptions of the current state
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of C. toka. Sixty-eight percent reported a decrease in population, ten percent reported scarcity, and five
percent reported extinction. The views of local people were that the factors affecting C. 70ka were pruning
(25%), climate change (14%), deforestation (10%), ageing (10%), debarking (9%), and agriculture (7%).
Potential solutions included planting (45%), conservation of C. toka and its habitat (27%), sustainable
use of Celtis toka (14%), promotion of education and awareness about Celtis toka (10%) and tree/crop
association (5%).

The study concluded that the ethnobotanical knowledge of Celtis toka may play an important role in
its conservation and domestication in Burkina Faso. Furthermore, its incorporation into reforestation and
restoration programs is critical to species survival.
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Introduction

Climate change is defined as a change in the weather pattern of a location or region
that is related to average weather components such as temperature, wind patterns and
precipitation (Ifeanyiobi et al. 2012). For instance, extreme weather events devas-
tate the land and terrestrial ecosystems and exacerbate food insecurity for humanity.
These changes, according to the United Nations’ Intergovernmental Panel on Climate
Change, have a large impact on many people who are thought to be disproportionately
vulnerable to the effects of climate change (IPPC 2021). To cope with global change
and mitigate its consequences, rural communities rely on forests, primarily in terms of
multipurpose plants for medicine, food, fodder, shade, renewable energy, windbreaks,
erosion control, carbon sinks, soil improvement, fertility restoration and conservation
(Ifeanyiobi et al. 2012).

Ethnobotany, a branch of ethnobiology (Houéhanou et al. 2016), is the study
of the relationships between plants and culture as well as the local perception of the
use, management (Bridges and Lau 2006; de Albuquerque and Hanazaki 2009) and
the state of plant resources. Moreover, ethnobotanical knowledge is critical for species
conservation, mainly for endangered species that have been recognized by the Conven-
tion on Biological Diversity in Rio de Janeiro (CBD 1992). Furthermore, promoting
endangered plants is critical to ensuring their sustainable conservation, domestication,
and inclusion in reforestation and restoration programs. Therefore, plant promotion,
conservation, domestication, and introduction through restoration and reforestation,
necessitate a scientific approach based on local perceptions of the current state, threats,
and potential solutions.

Celtis toka (Forssk.) Hepper & J.R.I. Wood belongs to the Cannabaceae family.
The genus Celtis includes approximately 60—70 species worldwide (Mahre et al. 2017)
and 12 species in Africa (Sattarian and Van Der Maesen 2005). This species is a very
large tree with a compact crown (Sattarian 2006) and is usually monoecious (Alfaifi et
al. 2021). It reaches 25 m in height and 2.2 m in diameter at breast height. The bole is
either short or tall with ramifications (Dabré et al. unpublished). Celtis toka (C. toka) is
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an open gallery forest, dense dry forest, savannah, sacred grove, and rocky area species
(Neumann 1992; Shepherd 1992; Rabeil 2003; Akoegninou et al. 2006; Savadogo
and Thiombiano 2010; Hohn and Neumann 2016; Arbonnier 2019). It thrives in
areas with low rainfall (110-960 mm yr.”) and high temperatures (26-30 °C) (Watrin
etal. 2007). It is widely distributed and found throughout Benin, Burkina Faso, Cen-
tral African Republic, Chad, Céte d’Ivoire, Eritrea, Ethiopia, Gambia, Ghana, Guinea
(Conakry), Mali, Mauritania, Niger, Nigeria, Senegal, South Sudan, Sudan, Togo,
Uganda, and Yemen (Sattarian 2006; IUCN 2019).

The species provides a variety of products used for food (leaves, fruit); medicine
(leaves, barks, roots, flowers, seeds); construction (wood); firewood and charcoal for
human cooking activities; and fodder (leaves) for animals and handicrafts (Blench
2000; Lykke et al. 2004; Teklehaymanot and Giday 2010; Seignobos 2014; Hohn
and Neumann 2016; Piqué et al. 2016; Arbonnier 2019; Badiane et al. 2019). The
fruits and leaves are considered edible in Sudan (Arkell 1947), Ghana (Irvine 1961),
Senegal (Lericollais 1990), Nigeria (Kiee et al. 2000; Harris and Mohammed 2003;
Kubmarawa et al. 2011), Cameroon (Nakagawa 2008; Neba 2009; Betti and Yemefa
2011), Benin (Djeégo-Djossou et al. 2015) and Burkina Faso (Dabré et al. unpub-
lished). Mballow et al. (2020) stated that C. z0ka is the most commonly used species
by communities in west and east Africa. Moreover, tannins, glycosides, alkaloids, sapo-
nins, phenols, coumarins, flavonoids, mucilage, triterpenoids and steroids are phyto-
chemicals extracted from leaves of C. toka (Fall et al. 2017; Abba Idris and Halima
Mohammed 2020).

In addition, all organs of C. roka are used to cure diseases such as measles, chicken-
pox, malaria, back and eye aches, ringworm, fever sore, mycosis, headache, and mental
diseases (Hahn-hadjali and Thiombiano 2000; Betti et al. 2011; Arbonnier 2019; Dia-
tta et al. 2019). The roots, leaves and bark are used in Nigerian traditional medicine
to treat various diseases, including epilepsy (Muazu and Kaita 2008). Additionally, the
plant organs are used to treat trypanosomiasis (Osue et al. 2018). In Cameroon, the
bark is also used to cure epilepsy (Tsabang et al. 2016). The medicinal use of C. zoka
was also highlighted by Bizimana et al. (2006) in Mali and Badiane et al. (2019) in
Senegal. In Burkina Faso, leaves, bark, flowers, fruits, grains, and roots were used to
heal 29 ailments, such as madness, yellow fever, eye ache, malaria, casting, vitamin
deficiency, ringworm, diarrhea, backache, toothache, ulcer, measles, and chickenpox
(Dabré et al. unpublished).

In Ethiopia, C. toka is a wild tree that provides an important economic service
because it is preferred for the hanging of bechives (Bareke 2018), for timber, and for
making local boats (Rolkier and Abebe 2015). In addition, C. roka has a mystical value
in Burkina Faso (Savadogo and Thiombiano 2010). Cultural and mystical values were
also highlighted by Dabré et al. (unpublished).

The International Union for Conservation of Nature (IUCN)’s forest work ad-
dresses the role of trees and forests in building resilience to climate change (IUCN
2021). Additionally, the IUCN sustainable use initiative has been successful in deliver-
ing conservation outcomes that benefit society (IUCN 2020). C. toka was assessed on
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the JIUCN Red List of Threatened Species in 2023 as being of Least Concern (LC),
and its current population trend is stable at present (IUCN 2019, accessed on January
25, 2023). According to the IUCN (2019), C. toka has a very broad distribution and
a large population, with no major threats currently existing and no significant future
threats being identified.

Even though C. roka is classified as LC at the global level IUCN 2019), this spe-
cies is either threatened, rare, critically engendered and even extinct in some temper-
ate regions and the Sahelian region in Africa (Hahn-hadjali and Thiombiano 2000;
Garzuglia 2006; Al-Khulaidi 2018; Alfaifi et al. 2021; Tchobsala et al. 2022). None-
theless, the species seems to be lacking in Senegal, Guinea Sudan, and Uganda (Hau-
man 1942). Moreover, C. toka is threatened in Benin, northern Cameroon and the Sa-
helian region of Africa (Gonzalez et al. 2012; Dansi et al. 2013; Moksia et al. 2019). In
Chad, the species is either extinct or endangered (T'chobsala et al. 2022). Although the
species is important in Yemen, it is currently rare and must be evaluated and monitored
regularly (Al-Khulaidi 2018). In Saudi Arabia, C. zka is thus a very rare and threat-
ened species (Alfaifi et al. 2021). The reasons for the rarity and near local extinction of
this species in some parts of Africa are understandable. This is because of the enormous
dependency on this species and its products for ecological and economic purposes in
some parts of African countries. This, leads to overexploitation, thus predisposing the
species to a high risk of local extinction in Africa. This phenomenon is prevalent in
west Africa, especially Burkina Faso, where the species is subject to overexploitation
because of its medicinal, fodder, food, and mystical uses (Dabré et al. unpublished).

Only C. toka, one of the twelve species of the genus Celtis in Africa, is found in
Burkina Faso, and it is on the verge of extinction. Several pieces of empirical evidence
suggest that C. roka is rare, threatened, critically endangered or extinct in Burkina
Faso. Authors have shown that in Burkina Faso, C. roka is a one-of-a-kind critically
endangered species (Garzuglia 2006) and is threatened to the point of one day disap-
pearing (Hahn-hadjali and Thiombiano 2000; Thiombiano et al. 2010; Bayala et al.
2011). Vodouhe et al. (2007) also stated that C. r0ka has been on the verge of extinc-
tion in Burkina Faso since 2007. For instance, Hahn-hadjali and Thiombiano (2000)
also stated that since 2000, C. foka has disappeared in eastern Burkina Faso, except
in sacred groves. Furthermore, Bayala et al. (2011) discovered that C. roka was the
most threatened species in the agroforestry parkland of Burkina Faso. Additionally,
Savadogo and Thiombiano (2010) specified that the wild plant C. toka is endangered
in the Northern and Southern Sudanian zones of Burkina Faso. More recently, the
studies of Savadogo et al. (2017) have shown that C. 7ka is rare in the communities
of the strict Sahelian, southern and northern Sahelian regions of Burkina Faso. There-
fore, given the socio-economic and ecological importance of C. roka to the teeming
African populace, and given its potential high risk of local extinction in Africa, there is
a need for its conservation. However, an effective conservation strategy of the natural
resources must take into account the knowledge and opinions of the stakeholders, es-
pecially the local people who are the direct beneficiaries of the resources so conserved



Local perception of the current state and threat factors... 193

(Amoutchi et al. 2021). These authors argued that indigenous people all over the world
have preserved distinctive understandings, rooted in cultural experience, that guide
relationships among human and non-human beings in specific ecosystems. Thus, their
perception and knowledge of threats to any natural resources, and their subsequent
contribution to designing a conservation action will produce a positive outcome. The
local people (especially in Burkina Faso) depend directly on the services provided by
C. toka for their livelihoods. Therefore, they are expected to be the most affected if the
species becomes extinct, and also, they are expected to be well aware of the nature of
the disturbances and threats the species is facing given their indigenous knowledge of
it. Their perception of the threats (the impact and causes) and knowledge of anthro-
pogenic activities impacting this species, being part of their indigenous knowledge, are
essential for making and implementing decisions and policies related to the mitigation
of these threats, and the management of this species in the ecosystem. Furthermore,
the knowledge and perception of the local people represent the baseline information
for motivating and directing any research projects regarding any conservation action
targeted at this species.

Despite its socioeconomic and cultural importance and its role in mysticism,
knowledge of the threat factors of C. roka in Africa in general and Burkina Faso, in
particular, is lacking. In this regard, this study aimed to assess the diverse local knowl-
edge and perceptions of the dynamics and threats to C. roka in west Africa (using
Burkina Faso as a case study), with the view to recommending conservation strategies
to mitigate the local extinction of this species in west Africa where the species is already
reported to be critically endangered. Specifically, we seek to answer the following ques-
tions: (a) What are the perceptions of rural people regarding the status of C. roka in
Burkina Faso? (b) What are the threats to the survival of C. toka in Burkina Faso? And
(c) what are the perceptions of the local population concerning the potential solutions
to the threats posed to C. foka in Burkina Faso?

We explicitly tested three hypotheses:

HI1: Interviewees perceived the extinction of C. toka in the study sites.

H2: Anthropogenic activity is the main driver of species decline.

H3: Planting and the conservation of the species and its habitat are two of the most
important solutions to the threats posed to the species.

Description of the study site

This study was conducted from November 2020 to January 2022 in villages near Kou,
Dinderésso, Sourou, Sa and Koulbi classified forests located in the Sudanian and Suda-
no-Sahelian climatic zones of Burkina Faso (Fig. 1). In both climatic zones (BCZ), the
climate is tropical with two separate seasons: rainy and dry periods. The principal rivers
are Kou and Mouhoun, and the main soils are leptosols, vertisols, ferralsols, luvisols,
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Figure . Localization of the study sites in Burkina Faso. (Studied PAs: studied protected areas).

lithosols and hydromorphic soils (Savadogo and Thiombiano 2010). The vegetation
types include various savannahs, dry forests, and gallery forests.

The flora consists of some Sahelian, Sudanian and Guinean species, such as Vizex
chrysocarpa Planch, Antiaris africana Engl., Parkia biglobosa (Jacq.) R.Br. ex G. Don,
Lannea microcarpa Engl. & K. Krause, Dialium guineense Willd., Cola laurifolia Mast.,
Carapa procera DC., Vachellia seyal (Delile) PJ.H Hurter, Detarium microcarpum Guill.
& Perr., Balanites aegyptiaca Del. (Nacoulma et al. 2018). The sociolinguistic groups
are Dafing, Gourmantché, Gourounssi, Bobo, Bozo, Dioula, Sambla, Senoufo, Bam-
bara, Marka and Bwaba. The key livelihoods are traditional subsistence farming, prin-
cipally of cereals (millet, sorghum, and maize), livestock breeding and trade.

Materials and methods

Materials

Celtis toka is a wild plant that thrives in a variety of environments. It has different local
names around Africa (Table 1).
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Table I. Some local names of Celtis toka in Africa.

Countries Dialect Vernacular names Sources
Benin Dendi Séékossou Dansi et al. 2013
Yoruba Afoufe Djego-Djossou et al. 2015
Bousamsambou Achigan-Dako et al. 2010
Burkina Faso Mooré Pargandé Thiombiano et al. 2012
Mooré Silsaka Thiombiano et al. 2012
Cameroon Arabe Ngouso Betti and Yemefa 2011
Aboum gatou Vivien 1990
Hala
Fulfuldé Djiho
Haoussa Douki
Toupouri Likan
Loubour
Kanouri Ngouzo
Mofu Sabak
Mafa Shéshébé
‘Wanka
Fulfuldé Ganki Gilbert et al. 2019
Fulfuldé Wanko Gilbert et al. 2019; Seignobos and Tourneux 2002
Mofou Mebed Gilbert et al. 2019
Arabe Falmaro Betti et al. 2011
Ethiopia Anywaa Laero, Awas 1997
Kara (people) Zuguay, Teklehaymanot and Giday 2010
Kwego (people) Lompo Teklehaymanot and Giday 2010
Nigeria Adpe Ogungbenro et al. 2018
Mali Kamaua, Gamya Bizimana et al. 2006
Senegal Wolof Mbul Gonzalez 2001
Diola Busingilit Diatta et al. 2019
Sereer ngan Lericollais 1990
South Sudan Mabanese Shaw Bloesch 2014
Arabe Tekey Bloesch 2014
South Kordofan Sudan Mobhagria Ismail and Elawad 2015
Sudan Mobhagria, Lipingo Hamid and Kordofani 2015
Methods

Sampling strategy and data collection

A preliminary assessment was carried out in November 2020 to obtain an overview of
the availability and distribution of C. t0ka. Furthermore, this assessment allowed us to
obtain approval from authorities and village leaders, as well as to fine-tune the ques-
tionnaire. The preliminary assessment and survey were carried out while maintaining
social distancing and other preventive measures (wearing a nose mask and using hand
sanitizer) to avoid the spread of COVID-19. From the three climatic zones of Burkina
Faso, two climatic zones (the Sudanian climatic zone (SCZ) and the Sudano-Sahelian
climatic zone (§SCZ)) were chosen considering the accessibility of the areas and the
occurrence of C. toka. A discussion was held with the administrators, environmental
officers, forest officers, farmers, fishermen/women, hunters, traditional healers, and
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Figure 2. Map of the ethnolinguistic groups questioned in the study areas.

elders. Next, field observations were made cooperatively with field guides, farmers, vil-
lage leaders and elders to look for C. roka availability, accessibility, distribution, threat
drivers and potential solutions within the study sites. Thirty-four villages were includ-
ed in the survey, comprising twenty-five ethnolinguistic groups (Fig. 2).

The ethnolinguistic groups Bambara and Bozo represent immigrants from Mali.

Villages were chosen based on the presence of the multipurpose species C. zoka. Overall,
405 (148 female and 257 male) consenting local people who knew C. toka were randomly
selected. Data were collected using a selected semistructured interview (Sop and Oldeland
2011; Theodory 2016) and direct field observation. It was impossible to interview an equal
sex ratio in each village because the investigations were based on the knowledge of C. zoka.
All respondents were at least 30 years old because they were the only ones who knew about
C. toka and its status. Data for age, sex, career, education level and ethnolinguistic group
of the informants were recorded. Ethnolinguistic groups that were represented by few in-
dividuals were classified as “other” for the purpose of performing the statistical analysis.
Proficient local translators were used to translate French into the local languages.

Photographs of the leaves (Fig. 3), the trunk (Fig. 4), and the fruits (Fig. 5) of
C. toka were taken during the prospection, kept, and shown to each household in both
climatic zones to ensure that local communities were familiar with C. toka (Arbonnier
2019). The respondents were questioned about the following:

* current state of C. foka in their community,
 factors affecting C. roka survival,
* potential solutions to the threat.
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Figure 3. Pictures of leaves used for quick identification by local people during the survey. Pictures: Z.
Dabr¢, 2020.

Figure 4. Pictures of the trunks used for quick identification by local people during the survey. Pictures:
Z. Dabr¢, 2020.



198 Zainabou Dabré et al. / Nature Conservation 51: 189-225 (2023)

Figure 5. Pictures of fruits used for quick identification by local people during the survey. Pictures: Z.
Dabré, 2020.

Data analysis

Before the analyses, the interviewees were divided into two generations: adults (30-55
years) and older adults (= 55 years) (Sop et al. 2012). Three and four Sudanian and
Sudano-Sahelian ethnolinguistic groups, respectively, were considered major ethnolin-
guistic groups, with the remainder classified as “other” (Fig. 2, Table 3).

The relative frequency and fidelity level (Table 2) were employed to analyse the most
destructive threats to C. zoka. GLMs with Poisson errors and chi-square tests at a threshold
equal to 0.05 were used to detect sociodemographic parameter (ethnolinguistic groups,
age, and sex) effects on the current state, threat, and potential solutions in the BCZ. Chi-
square analysis was also used to determine whether to plant C. #ka in the study areas. All
statistical analyses were performed using R version 4.1.1 (R Core Team 2021).

Results

Sociodemographic characteristics and local perception of the status of C.toka
in Burkina Faso

Sociodemographic characteristics of local populations

In total, 405 people were interviewed in this study, with 203 in the SCZ and 202
in SSCZ (Table 3). Most of the interviewees were male (72.77%), autochthonous
(81.19%), and farmers (75.74%) with no formal education (80%). Bozo (8.37%)
were immigrants, and those classified as “other” were autochthons (Table 3).
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Table 2. Formulas related to relative frequency (RF) and fidelity level (FL).

Index Computation Explanation R
RF = (FC/SF) x 100 Frequency of citation (FC) quoted by a given Measures the ratio of the number of timesause A
informant divided by the sum of uses times 100. pattern of C. toka appears in the set of overall use
patterns. The value ranges from 0 to 100.
FL = (Ip/Tu) x 100 Number of informants (Ip) connected to a specific Measures the grade of consensus between B
use divided by the total number of informants (Iu)  informants. FL is significant when this is directly
times 100. above 5% (FL > 5%).

R: References, A: (Thiombiano et al. 2016), B: (Friedman et al. 1986).

Table 3. Sociodemographic characteristics of informants and study design.

Demographic parameters Variables Sudanian Sudano-Sahelian
Sex Female 40.95 27.23
Male 59.05 72.77
Total 100 100
Residential status Autochthon 65.02 81.19
Migrant 34.98 18.81
Total 100 100
Ages Adult (30-55) 46.80 58.91
Old (> 55). 53.20 41.09
Total 100 100
Ethnolinguistic groups Bobo 71.44 13.86
Bozo 8.37 -
Bwaba - 31.68
Dafing - 23.27
Dioula 10.34 -
Mossi - 12.87
Others 9.85 12.87
Total 100 100
School level None 79.59 74.26
Primary 15.75 21.28
Secondary 4.37 3.47
University 0.29 0.99
Total 100 100
Main activity Farming 61.44 75.74
Trade 21.61 8.91
Breeding 11.65 11.39
Handwork 5.3 -
Hunt - 3.96
Total 100 100

Local perception of the status of C. toka in Burkina Faso

Overall, 68% of informants (77.94% in the SCZ and 58.28% in SSCZ) (Fig. 6) widely
expressed that the multiuse species C. foka was greatly decreasing (SCZ: 41% < FL < 90%
and SSCZ: 52 < FL < 96) (Table 4). Thirteen percent of the participants expressed that
the species is stable. In SSCZ, approximately 19% and 11% of the interviewees con-
firmed that the sacred tree C. toka was either rare or extinct, respectively. However, 4%
of the local people (5.88% in the SCZ and 2.86% in SSCZ) highlighted that the spe-

cies was increasing in abundance (Fig. 6, Table 4). As the most surveyed communities,
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Figure 6. Local perception of the current state of the multiuse species C. roka in Burkina Faso.

Bobo, Bozo, Dioula, Bwaba, Dafing, Mossi, and Dioula represent the ethnolinguistic
groups that perceived the most recent status of C. ok in the study areas. Ethnobotani-
cal knowledge of the state of C. toka varied greatly across ethnolinguistic groups. How-
ever, Dioula (FL: 90%) and Bobo (FL: 62%), belonging to SCZ, perceived the decline
of C. toka. However, in the SSCZ, Mossi (FL: 96%) and Dafing (FL: 81%) reported a
decrease in the species. Respondents in the SCZ with an age above 55 years identified
more of a declining status of the species than others. Regarding sex, men (SCZ) and
women (SSCZ) reported more threatened status based on their traditional knowledge
when compared to others. The rarity of the species was perceived by the Bwaba culture
(FL: 42%), and extinction features of C. toka were mostly perceived by the Mossi (FL:
35%) and the “other” ethnolinguistic groups (FL: 35%) in the SSCZ (Table 4).

The GLM analysis revealed that local knowledge of C. roka’s status varied greatly
across ethnolinguistic groups in terms of extinction and stable status, across sexes for
all status levels, and across ages for all status levels except decreasing status (p—val-
ue < 0.05). Adults and elderly people in the BCZ had dissimilar perceptions of the
declining, scarcity, and extinction aspects of C. roka (p—value < 0.05) (see Table 5).

Local perception of the threat factors of C. toka in Burkina Faso

According to the respondents, the sustainability of C. roka is threatened by some unfa-
vourable factors, such as anthropogenic and natural factors. However, 4% of respond-
ents indicated that there are no threats to the sustainability of C. zoka. Globally, the
threat features to C. foka were perceived as pruning (25%) for food and fodder, climate
change (14%), deforestation (10%), ageing (10%), debarking (9%), agricultural ex-
pansion (7%), bushfires (6%), and “other” (6%) (Fig. 7). The “other” category referred
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Table 4. Local knowledge of C. toka in two climatic zones of Burkina Faso.

Criteria / Variants Sudanian climatic zone Sudano-Sahelian climatic zone
Patterns Bobo Bozo  Dioula Others Bobo  Bwaba Dafing Mossi  Others
(n=145) (n=17) (n=21) (n=20) (n=28) (n=64) (n=47) (n=26) (n=26)
F FL F FL F FL F FL F FL F FL F FL F FL F FL
(%) (%) (%) (%) (%) (%) (%) (%) (%)

Current state of Extinct o 0o o0 o0 O O O O 1 4 13 20 2 4 9 3 9 35
C. toka Rare 2 1 1 6 1 S 1 5 2 7 27 4 2 4 8 31 6 23
Decreasing 90 62 7 41 19 90 21 70 15 54 33 52 38 81 25 96 16 62

Stable 37 26 6 35 1 5 4 20 8 29 5 8 5 11 0 0 1 4

Increasing 10 7 1 6 0 0 1 5 3 11 0 0 2 4 0 0 0 O

XF 139 - 15 - 21 - 27 - 29 - 78 - 49 - 42 - 32 -

Threat factors Pruning 56 39 8 47 13 62 13 65 4 14 62 97 33 70 6 23 15 58
Bushfire 20 14 0 0o 2 10 1 5 1 4 2 3 7 15 0 0 0 0

Ageing 21 15 2 12 2 10 1 5 0 0 13 27 13 28 8 31 7 26

Debarking 35 24 2 12 3 14 15 75 6 21 4 6 12 26 4 15 3 12

Climate 23 16 3 18 4 19 3 15 2 7 20 31 15 32 5 19 2 8

change
Deforestation 19 13 1 6 5 2 7 15 23 5 11 9 35 27
Farming 7 5 2 12 5 24 3 15 1 4 17 27 4 9 10 38 7 27
Lack of 9 6 0 0 o0 O 1 5 2 7 7 11 4 9 0 0 0 0
regeneration
Settle of 8 6 0 0 1 5 3 15 0 0o 12 19 2 4 1 4 1 4
infrastructures
Overgrazing 6 4 1 6 0 0 O O 0 0 15 23 3 o6 1 4 0 0
Others 3 2 1 6 0 0 0 0 3 11 5 8 2 4 0 0 0 0
Failure of 4 3 1 6 3 14 0 0 0 O 1 2 0

w
—_
N
S
~

C. toka
>F 211 - 21 - 3 - 43 - 21 - 173 - 100 - 44 - 42 -
Potential Tree/crop 9 6 3 18 1 5 1 50 0 2 3 2 0 2 8 0 0
solutions to the  association
threats Planting 38 26 4 24 9 43 4 20 5 18 36 56 2 49 19 73 11 42

Conservation 47 32 3 18 1 5 0 0 5 18 8 13 28 58 16 62 5 19
of C. toka and

its habitat

Sustainableuse 22 15 3 18 1 5.0 0 3 1 7 11 4 9 2 8 1 4
of C. toka
Promoting 13 9 1 6 0 0 1 5 1 4 11 17 36 2 1 4 1 4
education,

and awareness
about C. toka
XF 129 - 14 - 12 - 6 - 14 - 64 - 72 - 40 - 18 -

n: number of individuals interviewed, F: frequency, FL: fidelity level, and XF: sum of frequencies.

to the specific habitat of the species, infertility of soil, production of charcoal, diseases,
attacks by parasites, fungi, epiphytes, termites, and invasion of Azadirachta indica and
Ficus. In the SCZ, the main causes were pruning (21%), deforestation (13%), climate
change (13%), debarking (12%), bushfire (9%), ageing (8%) and agriculture (8%)
(Fig. 7). Pruning (FL:47%), climate change (FL:18%), debarking (FL:12%), and age-
ing (FL:12%) were emphasized by the Bozo, and debarking (FL:75%) was emphasized
by others in the SCZ (Table 4). In the SSCZ, pruning (28%) and climate change
(15%) were reported as the key drivers (Fig. 7). Pruning (FL: 70%), climate change
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Table 5. Impact of socio-demographical factors and climatic zones on the current state of C. roka through
GLMs analyses.

CZ  Variables n Extinct Rare Increasing Decreasing Stable
Ethnolinguistic groups
S Bobo 145 0£0 0.014 £ 0.12 0.23 £ 0.42 0.47 £ 0.5 0.26 + 0.44
Bozo 17 00 0.035 + 0.22 0.47 £2.75 0.92 +5.63 0.48 £ 3.08
Dioula 21 0+0 0.048 £ 0.22 0.51 +0.51 1+0.51 0.53 +0.22
Others 20 00 0£0 0.3 +0.47 0.45 +0.51 0.25 + 0.44
SS Bobo 28 0.037 £ 0.19 0.074 £+ 0.26 0.088 + 0.27 0.56 = 0.50 0.30 + 0.47
Bwaba 64 0.20 £ 0.41 0.42 £ 0.50 0.047 £ 0.21 0.47 £ 0.50 0.078 £ 0.27
Dafing 47 0.043 +0.20 0.043 £ 0.20 0.064 + 0.25 0.79 + 0.41 0.11 £ 0.31
Mossi 26 0.267 + 0.46 0.133 £ 0.35 0.067 + 0.26 0.67 £0.49 1.333 £ 0.35
Others 26 0.207 + 0.46 0.103 £ 0.25 0.067 +0.26 0.57 £0.39 1.303 £ 0.32
X2 7.83 2.1 1.15 2.98 6.08
Pvalue 0.00468 0.138 0.295 0.0804 0.02
Sexes
S Female 91 0+0 0.011 £ 0.11 0.269 + 0.44 0.314 + 0.47 0.337 £ 0.47
Male 112 00 0.027 £ 0.16 0.230 + 0.42 0.566 + 0.50 0.168 + 0.38
SS Female 55 0.15 +0.36 0.1 £0.30 0.025 + 0.16 0.7 + 0.46 0.175 £ 0.38
Male 147 0.123 £ 0.33 0.254 + 0.44 0.078 +0.27 0.561 £ 0.50 0.114 £ 0.32
X2 23.406 39.03 15.41 4.67 10.64
Pvalue 0.00028 < 0.0000 0.00022 0.0309 0.00169
Age
S Old 108 0+0 0.020 £ 0.14 0.215 £ 041 0.479 £ 0.50 0.243 + 0.43
Adule 95 0t0 0.017 £0.13 0.322 + 0.47 0.406 £ 0.50 0.237 £ 0.43
SS Old 83 0.086 + 0.28 0.272 £ 0.45 0.074 + 0.26 0.530 £ 0.50 0.123 £ 0.33
Adule 119 0.178 £ 0.39 0.151 £ 0.36 0.055 +0.23 0.671 £ 0.47 0.137 £ 0.35
X2 14.49 34.65 18.26 2.04 4.66
Pvalue 0.00055 < 0.00000 < 0.000 0.153 0.03407

CZ: Climatic zones, n: number of individuals surveyed, S: Sudanian, SS: Sudano — Sahelian, and X*: chi-square.

F.of C. toka %I OGlobal view @Sudanian @ Sudano-Sahelian

Lack of regeneration
Settle of infrastructures
Overgrazing
Others
Bushfires

Agriculture

Threat factors

Ageing

Debarking

Deforestation

Climate change

Pruning

Relative frequency (%)

Figure 7. Threat factors by climate zone in Burkina Faso. E of C. roka: failure of C. roka.
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(FL: 32%), ageing (FL: 28%) and debarking (FL: 26%) were reported at a heightened
level by the Dafing culture in the SSCZ (Table 4). These disturbances affect the sur-
vival of the critically endangered species C. roka.

The results globally suggested that pruning, climate change, deforestation, age-
ing, debarking, farming expansion and bushfires are the major factors that threaten
the survival of C. zka in the study areas. Pruning, climate change, and deforestation
ranked first, second and third, respectively, signifying that they are the most proximate
threatening factors (Fig. 7). In the SCZ, ageing was perceived by Bobo culture; climate
change by Bozo culture; debarking, pruning, farming and failure of C. zoka by Dioula
culture; and deforestation and settlement of infrastructures were mentioned by other
ethnolinguistic groups as the main predictors of the decline of the species. However, in
the SSCZ, deforestation, farming and pruning were the main causes of the extinction
of C. toka identified by the Mossi. The Dafing culture believed that C. roka is threat-
ened due to climate change and human activities (bushfires). According to the Bwaba
culture, overgrazing and debarking are the key reasons for the threat in the study area
(Table 6). In the BCZ, older people emphasized that the species has declined due to
climate change, farming, ageing, deforestation, settlement of infrastructure, bushfires,
failure of C. roka, pruning and other causes (Table 6). The overall threat factors of
C. toka varied only across ethnolinguistic groups for ageing, pruning, climate change,
farming, settlement of infrastructure, and lack of regeneration (p—value < 0.05). In
addition, the threat drivers were statistically similar (p—value > 0.05) between both
sexes and generations for identifying deforestation, settlement of infrastructures, lack
of regeneration, failure of C. r0ka and bushfire as causes (Table 6).

Based on our observations in the field, the threat factor in the BCZ could be natu-
ral (hole, wind, drought, crown gall, fungi, and epiphyte) as well as anthropogenic.
However, old C. toka trees contained very large hollows (Fig. 8) which weakens the
species during wind (Fig. 9), or fire action (Fig. 10).

In addition to the hole, C. foka has a fasciculate root (Fig. 11) which accentuates
the effect of wind. Ficus thonningii Blume (Fig. 12), fungi (Fig. 13), and crown gall and
holes (Fig. 14) infest C. toka tree species.

In the study areas, some livelihoods result in the overharvesting of the leaves of this
species either for food or fodder uses (Fig. 15), and the bark by traditional healers (Fig. 16).
Furthermore, some individuals died, probably due to drought, ageing, or diseases (Fig. 17).

According to our field observations, the assessment of the threat by climatic zones
showed that the SCZ was more exposed than the SSCZ (even though C. wka is less
abundant in the SSCZ) due to anthropogenic activities such as artisanal activities
(Fig. 18), and industrial mining (Fig. 19),and bushfire (see Fig. 10 above).

However, the exploitation of granite negatively affects seed germination and some-
times sapling growth. Some local people often cut C. toka (Fig. 20) for charcoal, fire-
wood, or farm settlement purposes.

Epiphyte (Fig. 21), grazing by goats and cattle (Fig. 22), and biological invasion
by Azadirachta indica A. Juss. (see Figs 11, 21, 22 above) of C. toka organs or sap-
lings were noticed in some livelihoods of the study areas. Epiphytes (Fig. 21) infested
C. toka trees to the point that they lost their leaves and remained apparently dead.
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Figure 9. Risk factor: The effect of wind on C. toka in BCZ. Pictures: Z. Dabré, 2021.
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Figure 11. Risk factor: ageing, action of the wind and Azadirachta indica A. Juss. invasion in SCZ.
Pictures: Z. Dabré, 2021.
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Figure 13. Risk factor: attack of fungi on C. 7oka. Pictures: Z. Dabré, 2021.
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Figure 14. Risk factor: holes (yellow round), ageing, crown gall (red round) attacks coupled with debark-
ing in the BCZ. Pictures: Z. Dabré¢, 2022.

Figure 15. Risk factor: heavy pruning of C. toka’s leaves in BCZ. Pictures: Z. Dabré¢, 2021.
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Figure 16. Risk factor: debarking for traditional medicinal purposes in the BCZ. Pictures: Z. Dabré, 2020.

Figure 17. Risk factor: natural death due either to drought, diseases, or ageing of the hollowed out
C. toka in the BCZ. Pictures: Z. Dabré, 2022.
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Figure 19. Risk factor: industrial mining in the habitat of C. ka in the SCZ. Pictures: Z. Dabré, 2021.

Traditional potential solutions to the threat

The conservation strategies proposed by the locals included the conservation of C. toka
and its habitat, the sustainable use of C. toka, and the promotion of education and
awareness about C. toka. However, planting was the most important solution expressed

by all ethnolinguistic groups, as confirmed by the high FL (SCZ: 43%, SSCZ: 73%)



Local perception of the current state and threat factors... 211

Figure 21. Risk factor: ageing, epiphytic attack (red circles), holes, crown gall (yellow circles), and
Azadirachta indica A. Juss. invasion in SSCZ. Pictures: Z. Dabré, 2022.



212 Zainabou Dabré et al. / Nature Conservation 51: 189-225 (2023)

Figure 22. Risk factor: ageing, rotting, Azadirachta indica A. Juss. invasion and animal grazing in the
SSCZ. Pictures: Z. Dabré, 2022.

value in the BCZ (Table 3). Planting (45%), conservation of C. zoka and its habitat
(27%), sustainable use of C. toka (14%), promoting education and awareness about
C. toka (10%), and tree/crop association (5%) were the future potential solutions pro-
posed to solve the threat posed to C. rka in the study areas. Moreover, potential solu-
tions in the SCZ were planting (34%), conservation of C. foka and its habitat (33%) to
protect it from human pressures such as cutting, fire, animal grazing and sustainable use
of the species (16%) by avoiding overharvesting (pruning, debarking, and overusing the
roots). In the SSCZ, planting (58%), conservation (19%), and sustainable use (10%)
were the key solutions proposed to address the threats posed to the species (Fig. 23).
In the Sudanian climatic zone, conservation, sustainable use of the species, and
planting were cited by the Bobo, Bozo, and Dioula cultures, respectively, as poten-
tial solutions to the threats posed to the species. According to the Sudano-Sahelian
climatic zone, the conservation of the species and its habitat was mostly perceived by
the Dafing and planting by the Bwaba as key solutions to address the threat. Most of
the solutions were proposed by males in the BCZ. In the SCZ, older people proposed
more solutions than younger adults. A contradiction was found in the SSCZ (Table 8).
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The chi-square test results of the different responses of informants who were in-
volved in answering whether to plant C. roka show that there is a significant relation-
ship among the respondents in the study sites (Table 7).

The GLM analyses of respondents’ perceptions of potential solutions to the threat
posed to C. roka revealed that local perception varied significantly according to ethno-
linguistic groups, sex, and ages for the solution of planting and ethnolinguistic groups
for the solution of conservation of C. foka and its habitat (p—value < 0.05, Table 8).
However, no differences in promoting education and awareness about C. foka, associ-
ating C. roka with crops, and sustainable use of the species were found among all the
sociodemographic parameters (p—value > 0.05, Table 8).

Discussion

Local perception of the current state of the agroforest tree C. toka in
Burkina Faso

The spatial dynamics of C. zoka declined in the study area. This could be explained by
the fact that the species was once rare. For instance, Gonzalez et al. (2012) emphasized

TCA
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Potential solutions
)
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2~

0% 20% 40% 60% 80% 100%
Relative Frequency

@ Global view @ESudanian B Sudano-Sahelian

Figure 23. Traditional potential solutions to the threat according to climatic zones in Burkina Faso.

Table 7. Chi-square test showing whether to plant or not C. ka in Burkina Faso.

Climatic zones % of respondents Chi-square
Yes No DF X2 P value
Sudanian 77.02 2391 1 27.94 < 0.0001
Sudano-Sahelian 99.61 0.39 1 98.43 < 0.0001

DF: degree of freedom, X?: chi-square.
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Table 8. Mean values (+ Std) and results of GLMs of potential solutions to the existence of C. roka in
Burkina Faso.

Variables # Planting Conservationof Promoting education, and Tree/crop Sustainable use of
C. toka and its habitat awareness about C. toka association C. toka

Ethnolinguistic groups

S Bobo 145 0.262 £ 0.44 0.152 + 0.36 0.090 £ 0.29 0.062 + 0.24 0.014 +0.11
Bozo 17 0.235 +0.44 0.118 £ 0.33 0.059 £ 0.24 0.176 £ 0.39 0.059 * 0.24
Dioula 21 0.429 £0.51 0.048 +0.22 00 0.048 + 0.22 0t0
Others 20 0.2 +£0.41 0+0 0.05 +0.22 0.05 +0.22 0.05*0.22
SS  Bobo 28  0.179 £0.39 0.107 £ 0.31 0.036 £ 0.19 0+0 00
Bwaba 64 0.563 + 0.5 0.094 + 0.29 0.172 £ 0.38 0.031 £0.18 0.031 +0.18
Dafing 47 0.489 £0.51 0.064 + 0.25 0.021 £ 0.15 0£0 0.021 £ 0.15
Mossi 26 0.7 £ 0.51 0t0 0.087 +0.26 0£0 0t0
Others 26 0.6 £0.51 0+0 0.067 + 0.26 0+0 0+0
X? 19.55 15.56 1.41 4.21 0.48
P value < 0.000 <0.00 0.244 0.051 0.477
Sexes
S Female 91  0.189 £0.39 0.111 + 0.31 0.033 £0.18 0.044 +0.21 0.033 +0.18
Male 112 0.336 £ 0.47 0.133 + 0.34 0.106 + 0.30 0.088 + 0.29 0.009 + 0.09
SS  Female 55 0.5+ 0.51 0.1 £0.30 0.15 £ 0.36 0.025 £ 0.16 00
Male 147  0.464 + 0.50 0.070 + 0.26 0.070 £ 0.26 0.009 + 0.09 0.026 + 0.16
X2 6.09 0.29 0.29 0.27 0.05
Pvalue 0.013 0.596 0.587 0.613 0.831
Age
S Old 108  0.285 * 0.45 0.118 £ 0.32 0.056 £ 0.23 0.063 £ 0.24 0.021 +0.14
Adult 95 0.24 £ 0.43 0.136 + 0.35 0.119 £ 0.33 0.087 £ 0.28 0.017 +0.13
SS Old 83  0.469 £ 0.50 0.49 £ 0.21 0.135 + 0.34 0.025 £ 0.16 0.012 +0.11
Adult 119  0.479 +0.50 0.109 + 0.31 0.041 £ 0.20 0£0 0.027 £ 0.16
X2 5.53 1.31 0.2 2.24 0.01
Pvalue 0.018 0.260 0.650 0.151 0.913

CZ: climatic zones, n: number of individuals surveyed, S: Sudanian, SS: Sudano — Sahelian, X*: chi-square.

that the density of C. 70ka has declined in the Guinea ecological zone of the African
Sahel due to the climate. Moreover, human action could be the reason for the decrease
in C. toka in Burkina Faso. Most youths were unaware of the value of this species;
therefore, they cut saplings as well as adult trees. In addition, to establish agricultural
land, some residents cut down C. toka individuals. Moreover, habitat loss could be
the factor responsible for the changes in the species’ population dynamics. However,
the transformation of the species’ habitat (gallery forests) by market gardening or ex-
otic plants could explain its decline. For instance, in the Sudanian climatic zone, the
habitat of C. toka was converted into vegetable crops (such as tomatoes, cucumbers,
strawberries, eggplants, sorrels, carrots, papaya and others) and exotic tree plantations
(Mangifera indica L., Tectona grandis L.f., Anacardium occidentale L., Eucalyptus cama-
ldulensis Dehnh., Annona muricata L., Annona squamosa L., Delonix regia (Boj.) Raf.,
Citrus lemon (L.) Burm.f.). Dansi et al. (2013) demonstrated that the threat posed to
C. toka may be due to forest destruction, bushfires, destructive harvesting methods
and a lack of knowledge about the species. In the Sudano-Sahelian zone, C. roka was
reported to be rare and even extinct. This extinction could be due to a lack of regenera-
tion to replace the ageing population of the species. Research has shown that the threat
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posed to C. toka in northern Cameroon is due to the lack of regeneration. For instance,
the regeneration was 0% in an unprotected area and 0.14% in protected areas (Moksia
et al. 2019). According to the Mossi and other cultures from the SSCZ, the species
was extinct due to overexploitation, the change in the environment and the failure of
C. toka in the area. Hence, C. toka has extremely small population sizes and therefore is
in extreme danger of extinction. For instance, it was difficult to obtain two or three in-
dividuals in the same area, and most of them were old and isolated in their communi-
ties. Additionally, the use of the species for traditional medicine may have contributed
to its extinction in some study sites, mostly in the Sudano-Sahelian communal zone.
Climate has a greater impact on the species abundance and distribution in the Sudano-
Sahelian climatic zone than in the Sudanian climatic zone because C. toka is denser in
the Sudanian than in the Sudano-Sahelian region. Deforestation caused by agricultural
development, infrastructure installation, and climatic variability has an impact on the
spatial dynamics of C. zoka. Similar findings were reported by Hahn-hadjali and Thi-
ombiano (2000); Garzuglia (2006); Vodouhe et al. (2007); Thiombiano et al. (2010);
Bayala et al. (2011); Savadogo et al. (2017) in Burkina Faso. Moreover, C. foka is either
extinct or endangered in Chad (Tchobsala et al. 2022), rare in Yemen (Al-Khulaidi
2018), and rare and threatened in Saudi Arabia (Alfaifi et al. 2021).

Hence, different ethnolinguistic groups, sexes and generations have diverse views
on the status of C. toka due to cultural differences. Traditional knowledge of the dy-
namics of C. toka is influenced by ethnolinguistic groups over time. The scarcity and
decline of C. toka have been perceived by most sociocultural groups. For instance,
the declining factor of C. toka was perceived more strongly by the Bobo, Bozo, Di-
oula Dafing, and Mossi cultures. This is because those cultures are autochthonous and
know the status of the species over time. Traditional healers (Bobo, Bwaba, Dioula,
Mossi), hunters (Bwaba) and fishermen/women (Bozo) who interact with the habitat
of C. toka have a better knowledge of the species’ status. Knowledge of the declining
characteristics of C. roka within a hamlet is similar from one generation to another.
This could be explained by the fact that both younger adults and the elderly were aware
of the species’ status and thus noticed the decline and/or extinction of C. toka.

Threat to the sustainability of the sacred tree C. toka in Burkina Faso

Even though C. toka is a tree associated with mysticism, it faces diverse threats to its
continued existence from various anthropogenic activities and natural factors. Extinc-
tion and decline of C. foka are due to a range of factors, including overharvesting
(pruning, debarking, and rooting), climate change, deforestation, ageing of the popu-
lation, and farming expansion. According to rural residents, overexploitation is the
most serious threat because, in conjunction with the scarcity of C. rka, organs were
harvested in an anarchic way. These findings were similar to those of Moksia et al.
(2019). Respondents were confident that roots, leaves, and bark are a critical part of
C. toka; therefore, its overharvesting may affect its reproduction.

Overharvesting of bark and leaves has been reported to have reduced fruit produc-
tion in Burkina Faso (Nacoulma et al. 2017). Furthermore, heavy pruning could affect
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tree development and photosynthesis (Suchocka et al. 2021). Three percent (3%) of
the rural community thought C. 2ka was endangered due to a lack of regeneration.
Regeneration could be influenced by either seed availability or seed quality. C. roka
has been overpruned to the point where it no longer produces fruits in some areas.
The lack of seeds may be the primary cause of the lack of regeneration. Gaoue et al.
(2011) demonstrated that the overharvesting of fruits and seeds exposes natural stands
vulnerable to population ageing due to the threat to natural regeneration. Overgrazing
may also contribute to a lack of regeneration. Four percent (4%) of locals believed that
the scarcity of species was caused by overgrazing of seedlings and saplings. Harvesting
roots, bark, and even leaves may expose C. toka to diseases such as fungal pathogens,
galls, epiphytes, termite attacks, and others. These pathogens could drive the species to
extinction by interfering with C. foka reproduction, increasing competition for nutri-
ents, and most likely causing mortality. However, Boussim et al. (2004) indicated that
C. toka is parasitized by a pest called Tapinanthus globiferus (A.Rich.) Tiegh. However,
Otry and Laflamme (2009) confirmed that various fungi are pathogens of specific
tree species and cause tree mortality in vulnerable trees. Approximately 12% of the
respondents stressed that climate change is one of the reasons for the extinction of
the taboo species. They noticed that during the past 30 years, there have been drastic
changes in the frequency and volume of precipitation patterns, rising temperature and
wind. Sop and Oldeland (2011) stated that drought is one of the primary causes of
vegetation change in the Sub-Sahel of Burkina Faso. However, strong winds in the
savannah and rocky zones cause the ageing population of the species to easily be up-
rooted because the species lacks a taproot, while drought causes the species to dry out.
Furthermore, because the ideal temperature for C. foka is between 26 and 30 °C, an
increase in temperature could inhibit regeneration (Watrin et al. 2007). According to
respondents, floods have an impact on C. #oka habitat by destroying habitat and up-
rooting any C. toka found on the banks because some of them had their roots hanging
in the rivers in some way. In addition, ageing (13%) leads to the death of C. zoka. Thus,
drought and pathogens can hasten this death. Franklin et al. (1987) demonstrated
that tree death is a natural ecological process involving one or more pathogens and
other microbes. However, the proportion of farming expansion (7%) and urbaniza-
tion (4%) was less of a contribution to the extinction of the sacred tree C. toka. These
factors are still a major challenge today because the human population is growing, and
forests are being destroyed to make way for infrastructure and farmlands. According
to locals, previously, the C. zoka tree was not widespread (1%) in different villages of
Burkina Faso, and it was not accessible even for local food, fodder, firewood, and medi-
cal purposes. Most of the fishermen, hunters and traditional healers had to travel to
other villages to look for the organs of C. roka. According to the respondents, fire (6%)
may impact the seeds, seedlings, saplings and even the age population of the species.
However, bushfires could reduce the abundance of seedlings by killing seedlings and
decreasing the seed bank of C. zka in the soil. Furthermore, bushfires may influence
the trunk and hollows of adult individuals, which could potentially lead to the death of
the species. Fire triggers plant mortality throughout the crown, stem and root (Miller
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and Findley 2014). The severity and impacts, at the regional and global scales, of the
burned area resulting from wildfires, have increased in recent decades (Doerr and San-
tin 2016). Wildfires have an impact on soil properties (Agbeshie et al. 2022), making
plant species vulnerable to a decline (Miller et al. 2019). Local knowledge of the threat
factors of C. roka was dissimilar among the ethnolinguistic groups, generations, and
sexes due to the diversity of cultures.

Potential traditional solution to the threat

Three of the five concepts of the Global Strategy for Plant Conservation are the con-
servation of the species and its habitat, sustainable use, and promotion of education
and awareness (CBD 2002). Planting remains the main solution to combat the threat
in the BCZ. Although the sacred species C. z0ka was rare and extinct in some areas,
no individuals were found planted near houses, such as in northern Cameroon, where
C. toka was planted for agro-silvopastoral purposes (Neba 2009). Additionally, C. toka
was planted in farmland in Ethiopia (Rolkier and Abebe 2015). Most rural residents
agreed to plant C. toka on their farmlands and in public places (markets, administra-
tions, and schools) because they believed it was the best way to save the species. Some
rural residents have decided not to plant it in their compounds because they know
that C. toka is a massive plant. Furthermore, the mystical nature of C. 7oka may have
discouraged locals from domesticating it. The second possible solution was the in-situ
conservation of C. toka and its habitat (13%) to protect it from all human activities,
including animal grazing, bushfires, and cutting of saplings and adult trees. Farmers
must respect the 100-metre limit on riverbanks for the conservation of natural habitat.
Respondents believed that farming within 100 meters of the riverbanks could cause
siltation of water bodies and affect species regeneration. Agricultural activities such as
tillage and ploughing cause the siltation of streambeds, resulting in the loss of the origi-
nal water source (Kumar et al. 2021) and shortening its useful life (Poleto and Beier
2012). However, the conservation of habitats may be the best solution to the threat
because seeds could be obtained from the remains of individuals and could be used
to produce seedlings in nurseries. Seedlings have the potential to aid in reforestation
and soil restoration. For instance, C. toka could be used as a keystone plant to restore
deeply destroyed ecosystems. Furthermore, reintroducing C. foka into a restoration
framework can aid in the prevention of extinction. The main solution to extinction
is in situ and ex-situ conservation of a species (Oldfield 2003). Furthermore, invasive
species should be removed from the habitat to reduce competition. According to Bar-
ney et al. (2013), invasive alien species alter nutrient pools and fire regimes. However,
rural people stated that C. zoka is scarcer and more threatened than Vitellaria paradoxa
C.EGaertn., Lannea microcarpa Engl. & K. Krause, Parkia biglobosa (Jacq.) R. Br. ex
G. Don, Bombax costatum Pellegr. & Vuillet, Adansonia digitata L., and yet it is not
protected. To reduce the rate of decline of C. zka, local people suggested associat-
ing crops with C. roka. We recommend in situ, ex-situ, and circa-situ conservation
of C. toka. Circa-situ conservation is a successful conservation strategy in traditional
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agroforestry systems and backyard gardens (Sanchez et al. 2010; Lokonon et al. 2021).
As such, we recommend that local communities increase their capacity to cultivate the
species and replant it in traditional agricultural landscapes and home gardens, as well
as promote youth education about good practices and harvesting techniques for plant
parts used in food, fodder, medicine, or other specific uses.

Conclusion

This study has shown that the local people of the Sudanian and Sudano-Sahelian areas
are aware of the ecological status of C. toka, as well as the potential driving factors
influencing species dynamics. Celtis toka was described to be in a state of decline and
extinction (in the Sudano-Sahelian zone) due to anthropogenic activities combined
with climate change, lack of regeneration and species failure. Moreover, efforts should
perhaps be concentrated on the domestication of C. foka to enhance regeneration and
increase production. Conservation efforts should perhaps focus on C. roka and its habi-
tat. However, most of the local future potential solutions included planting; conserva-
tion of the species, its seeds, regeneration, and its habitat; avoidance of the overuse of
C. toka; fire protection; association of C. foka in farmland; and promoting education
and awareness of youth about C. roka. The incorporation of local people’s percep-
tions into policymaking is of critical importance in C. foka management and for its
sustainable conservation strategies. The findings of this study will aid the conservation
of the critically endangered species C. zoka at the national level by informing future
environmental and biodiversity conservation efforts. Moreover, C. foka could be used
to rehabilitate and restore degraded ecosystems to promote the recovery of the species.
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