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ABSTRACT
This study was conducted in Boumba Bek National Park and its surrounding area. It aims to identify non-timber forest products (NTFPs) and their vulnerability factors with a view to conserving of Boumba Beck National Park (PNBB). The linear transect method, combined with ethnobotanical surveys , was used. This study identified 38 NTFPs belonging to 35 genera and 23 families. The factors exerting pressure on the identified NTFPs by harvesters include gathering, debarking, digging, picking, and cutting of vegetative parts. In forest management within Boumba Beck National Park, solutions that consider the various stakeholders and harvesting methods for NTFPs often need to be proposed.
Keywords : Non-timber forest products, Harvesting, Zoning plan, Protected area, Conservation.

1. INTRODUCTION
The legal framework for forest exploitation in the Congo Basin has evolved to take greater account of biodiversity (Komla et al., 2020). Local communities and forest operators are now subject to standards for the sustainable management of wild species (flora and fauna). These wild species are a vital element of their culture and economy, providing them with the resources necessary for their survival: timber, textile fibers, wild fruits, plant and animal proteins, etc. However, increasing population growth, coupled with the growing needs of human populations, has led to a reduction in the natural resource base.
Deforestation and the degradation of forest ecosystems raise concerns both regarding the overall functioning of ecosystems and human survival (Betti, 2001). This issue is now central to international institutional debates. The question is how to manage natural/living resources while ensuring a viable and sustainable socio-economic environment, in light of increasing urban demand and rural population growth.
Lescuyer (2010) describes the forest policy implemented of biodiversity conversation in many French-speaking African countries at the dawn of independence as a barrier imposed by the government on local communities to prevent them from enjoying their traditional rights.
Far from cooperating with the forestry administration that marginalized them, local populations, in order to circumvent this state policy, almost established themselves as rivals by engaging in the sometimes-abusive exploitation of forest resources. This anarchic activity was facilitated by the lack of consistent state oversight, as the state lacked sufficient material and human resources to counter their actions on these resources.
This era is now over, and the method itself is outdated, especially since there is near-unanimity on the idea that biodiversity management is practically impossible without the effective participation and respect for the ways of life of local communities. It is with this understanding that the Cameroonian government has partnered with the international community through organizations and programs such as WWF, IUCN, PFC, PAE, UNEP, etc., to experiment with a new natural resource management policy known as "Participatory Management," which advocates empowering local communities to manage their own environment. This is implemented through Law 94/01 of January 20, 1994, and its implementing decrees, notably Decree 95/531/PM of August 23, 1995, which establishes the procedures for implementing the forestry regime. and Decree 95/466/PM of July 20, 1995, establishing the implementing regulations for the wildlife regime (MINEF, 1994). Indeed, this new legal framework adopted in 1994 enshrines participatory management, embodied by the inclusion of local populations in the management of forest resources. This major innovation stems from the recommendations of the Rio de Janeiro Summit. Participatory forest management allows the populations affected by the exploitation of the forest estate to be stakeholders, on an equal footing with the State and logging companies. In the non-permanent forest estate, the Cameroonian State grants full exploitation rights to village communities through community forests. In the permanent forest estate, it entrusts local and indigenous populations with the rights of consultation, negotiation, and participation in the management of forest resources through various bodies: Wildlife Resource Development Committees, River Basin Committees, and Farmer-Forest Committees ( Kouedji). Monthé et al., 2015).
In southeastern Cameroon, the peripheral zones serve as a buffer zone for the biodiversity within the Lobeké , Boumba -Beck, and Nki National Parks . However, the harvesting of certain non-timber forest products (NTFPs) around Lobeké National Park generates significant income for local populations, resulting in large quantities of these products being extracted without any knowledge of the remaining forest resources or their regeneration rate. If this resource exploitation continues at such a pace in the neighboring Boumba -Beck National Park (PNBB), there are long-term concerns about the depletion of certain NTFPs, such as Irvingia. gabonensis , the overexploitation of which has led to its rarity in Gabon ( Lescuyer , 2000).
However, prior to the establishment of these protected areas, local populations always enjoyed usage rights regarding the exploitation of non-timber forest products such as Gnetum africanum, G. buholzianum, Cola spp, Irvingia I. gabonensis, I. robur , etc. Indeed, these NTFPs (Non-Timber Forest Products) are of significant value to traditional medicine, the local population's diet, and the income they generate. It therefore seems appropriate to develop strategies that enable the sustainable exploitation of these products. However, such an approach cannot be implemented without prior knowledge of the harvested species, their spatial distribution, and their level of vulnerability. This approach must take into account the potential of NTFPs and those actually harvested in the village of Ngola 120, their various collection sites, and the harvesting methods that can guarantee their sustainability. The specific objectives of this article are: (1) to determine the floristic diversity of NTFPs in the study area; (2) to identify the uses of NTFPs and the pressures exerted by harvesters on local populations in order to assess their level of vulnerability; and (3) to map the spatial distribution of these NTFPs in the study area.
The aim of this work is to provide a scientific framework for the sustainable management of NTFPs on the periphery of the PNBB for better conservation of this protected area.
2. Materials and methods
2.1. Material
2.1.1. [bookmark: _Hlk212086576]Presentation of the study area
The study took place in Boumba Beck National Park (PNBB) and its surrounding area. PNBB was established as a national park of the same name by Decree No. 2005/3284/PM of October 6, 2005. Its area is 238,255 hectares and it extends between longitudes 15°35'E and 15°50'E and latitudes 2°09'N and 2°20'N (Figure 1). Overall, PNBB is under the influence of a Guinean-type equatorial climate, with four distinct annual seasons: a short rainy season from mid-March to the end of June; a short dry season from June to mid-August; a major rainy season extending from mid-August to mid-November and a major dry season running from mid-November to mid-March. From a pedological perspective, the soils found in the study area are ferralitic. These are clay soils characterized by high levels of iron and aluminum oxyhydroxides. These soils are poor in nitrogen and exchangeable bases. The hydrographic network is very dense; it consists of the Adanwasa , Duosé , Mbémbé , and Tilaka rivers. etc.; which flow into the Kwopkwop River, a tributary of the Boumba River, itself a tributary of the Ngoko, which is also a tributary of the great Congo River.
According to Letouzey (1985), the study area is part of t dense, humid, semi-deciduous forest dominated by Sterculiaceae and Ulmaceae. The most represented Ulmaceae include Celtis tessmannii and C. zenkeri, while the most abundant Sterculiaceae include Cola hispida and Mansonia. altisima , Nesogordonia Papaverifera , etc. The presence of Anonidium is also noted. Mannii.
Polyaltia Suaveolens and N. papaverifera are characteristic of this forest. Our study took place in 20 sites, including the PNBB (Bordeaux National Park), and 19 villages bordering the PNBB. This choice is justified by the fact that the populations living in these villages are primarily dependent on non-timber forest products (NTFPs).
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Figure 1. Location of the study area.
2.1.2. Plant material
The plant material in this study was Non-Timber Forest Products of plant origin collected by local Baka and Bantu populations in the PNBB and its surroundings.
2.1.3. Non-biological material
The technical equipment mainly used for this work was inventory sheets, an ethnobotanical questionnaire, a GPS, and a digital camera.
2.2. Methods
Data were collected using two forms: one for the inventory of NTFPs (Non-Timber Forest Products); and the other for the census of uses and pressures on NTFPs. This data collection took place within the PNBB (Balamont National Park) and its surrounding area. This surrounding area was chosen because the villages located there are authorized to harvest NTFPs. These villages are: Bakagna , Bakandi ; Balé , Baloungou , Bapamé , Essoukebom . Gwabio , Liwala , Lombak , Malongodiba , Minguindi , Mossoukou , Ndjambonga , Niako , Nkoli , Ntonbak , Sandala and Todbak .
2.2.1. Floristic inventory method
The linear transect method was used for the inventory of non-timber forest products in the different sites. For each village, this method involved following hunting or trapping trails for a distance of 1 km. In this way, all NTFPs were recorded on both sides of the trails.
2.2.2. Inventory of operator uses and pressures
Traditional uses related to NTFPs were recorded. The NTFPs have therefore been divided into three categories: NTFPs for food use (NTFP_UA); NTFPs for medicinal use (NTFP_UM) and NTFPs for artisanal use ( NTFP_UAr ).
The pressures from operators taken into account in this study concern the methods used to harvest NTFPs (cutting or felling, digging, gathering, debarking, and collecting). These harvesting methods alter the demographics of NTFP populations and have a negative impact on their growth and development.
2.2.3. Mapping of NTFPs
To map the spatial distribution of each NTFP species, their GPS coordinates were recorded point by point. This allowed areas of high density of individuals of each NTFP species to be defined along each transect.
2.2.4. Data processing
[bookmark: _Toc481674025]The data collected in the field began with the development of a floristic list of all NTFPs identified in the field. The plant species samples not identified in the field were transported to the Botany-Ecology Laboratory of the Faculty of Sciences at the University of Yaoundé I for subsequent identification at the National Herbarium of Cameroon. Diagrams and histograms were then created concerning data on the uses and pressures on non-timber forest products (NTFPs). The data was thus processed using Excel 2021 and QGIS 2.10 Pisa software.
3. [bookmark: _Toc481674030]RESULTS
3.1. Floral richness and composition of NTFPs
The floristic inventory in the PNBB and its surrounding area identified 38 NTFPs belonging to 35 genera and 23 families (Table 1). These species are divided into four morphological types, including 22 trees (57.89%), 11 shrubs ( 29.95%), 1 liana (2.63%), and 8 herbaceous plants (9.53%). The number of NTFPs is higher in the PNBB itself, with 24 species, compared to the peripheral zone, where the number ranges from 1 to 22 species (Figure 2). The most abundant families are Fabaceae ( 13.16%), Arecaceae (7.89%), and Euphorbiaceae (7.89%) (Figure 3). The Anacardiaceae , Annonaceae , Burseraceae , Clusiaceae , Irvingiaceae , Malvaceae , and Sapotaceae families follow, each with 5.26%. The "Other" families have less than 5% of species.
Table 1. Non-timber forest products (NTFPs) identified in the PNBB and its surrounding area
	
	Scientific name
	Family
	Morphological type

	1
	Aframomum giganteum
	Zingiberaceae
	Grass

	2
	Afrostyrax lepidophyllus
	Huaceae
	TREE

	3
	Alstonia boonei
	Apocynaceae
	TREE

	4
	Annona muricata
	Annonaceae
	Shrub

	5
	Annonidium mannii
	Annonaceae
	Shrub

	6
	Artocarpus altilis
	Moraceae
	Shrub

	7
	Ataenidia conferta
	Marantaceae
	Grass

	8
	Baillonella toxisperma
	Sapotaceae
	TREE

	9
	Capsicum frutescens
	Solanaceae
	Grass

	10
	Carpolobia alba
	Polygalaceae
	Shrub

	11
	Cola ficifolia
	Malvaceae
	Shrub

	12
	Cola nitida
	Malvaceae
	Shrub

	13
	Coula edulis
	Olacaceae
	TREE

	14
	Dacryodes buttneri
	Burseraceae
	TREE

	15
	Dacryodes macrophylla
	Burseraceae
	TREE

	16
	Dioscorea cayenne
	Dioscoreaceae
	Grass

	17
	Gambeya lacourtiana
	Sapotaceae
	TREE

	18
	Garcinia cola
	Clusiaceae
	Shrub

	19
	Hevea brasiliensis
	Euphorbiaceae
	TREE

	20
	Irvingia gabonensis
	Irvingiaceae
	TREE

	21
	Kaenedoxa gabonensis
	Irvingiaceae
	TREE

	22
	[bookmark: _Hlk212366841]Lacosperma secundiflorum
	Arecaceae
	Liana

	23
	Mammea africana
	Clusiaceae
	Shrub

	24
	Musanga cecropioides
	Cecropia
	Shrub

	25
	Nauclea didderichii
	Rubiaceae
	TREE

	26
	Panda oleosa
	Pandaceae
	TREE

	27
	Pentaclethra macrophylla
	Fabaceae
	TREE

	28
	Piptadeniastrum africanum
	Fabaceae
	TREE

	29
	Pseudospondias microcarpa
	Anacardiaceae
	TREE

	30
	Pterocarpus soyauxii
	Fabaceae
	TREE

	31
	Pycnanthus angolensis
	Myristicaceae
	TREE

	32
	Raphia membilensis
	Arecaceae
	Shrub

	3 3
	Raphia mumbuttorum
	Arecaceae
	Shrub

	34
	Ricinodendron heudelotii
	Euphorbiaceae
	TREE

	35
	Scorodophloeus zenkeri
	Fabaceae
	TREE

	36
	Tetrapleura tetraptera
	Fabaceae
	TREE

	37
	Trichoscypha acuminata
	Anacardiaceae
	TREE

	38
	Uapaca guineensis
	Euphorbiaceae
	TREE




Figure 2. Evolution of NTFPs between the PNBB and its peripheral zone. 

Figure 3. Spectrum of the families of NTFPs identified.
3.2. Use of NTFPs
The identified NTFPs are primarily used in the diet of the local population (Figure 4). Among the most commonly used NTFPs is Annona muricata ( Annonaceae ), Baillonella toxisperma ( Sapotaceae ), Diospyros cayennensis ( Dioscoreaceae ), Gambeya lacourtiana ( Sapotaceae ), Irvingia gabonensis ( Irvingiacerae ), Panda oleosa ( Pandaceae ) and Ricinodendron heudelotii ( Euphorbiaceae ). The most widespread NTFPs for medicinal use concern Aframomum giganteum ( Zingiberaceae ), Nauclea didderichii ( Rubiaceae ), Pentaclethra macrophylla ( Fabaceae ), Pycnanthus angolensis ( Myristicaceae ) and Tetrapleura tetraptera ( Fabaceae ). The most notable non-timber forest products used in crafts are Ataenidia conferta ( Marantaceae ), Hevea brasiliensis ( Euphorbiaceae ) and Lacosperma secundiflorum ( Arecaceae ).

Figure 4. Distribution of NTFP use categories in the study area.

3.3. Pressure from operators on the availability of NTFPs
Harvesting methods in the study area are major factors exerting pressure on the availability of non-timber forest products (NTFPs) (Figure 5). The most common method is gathering, accounting for 47.37% of NTFP harvests. Species harvested using this method include Afrostyrax, among others. lepidophyllus , Baillonella toxisperma , Irvingia gabonensis , Ricinodendron heudelotii , Panda oleosa , etc. Harvesting follows, accounting for 18.42% of non-timber forest products. The main species impacted by this harvesting method is Anonidium mannii , Dacryodes macrophylla and Trichoscypha acuminata , essentially. Barking accounts for 15.79% of the NTFPs recorded; these are Alstonia boonei , Hevea brasiliensis , Nauclea didderichii , Scorodophloeus zenkeri , etc. The slaughter or harvesting of organs from NTFPs represents 13.16%. The NTFPs slaughtered are Dacryodes edulis , Lacosperma secundiflorum , Raphia membilensis , Raphia mumbuttorum , etc. Hollowing of the organs of NTFPs concerns only 5.26% of the species recorded in this study. The NTFPs concerned are Aframomum giganteum, Dioscorea cayennensis mainly. This highlights a significant demand for all categories of non-timber forest products in the study area.

Figure 5. Distribution of harvesting methods identified as threats to the availability of NTFPs in the study area.
3.4. Spatial dynamics of NTFPs
[bookmark: _Hlk212867692]The dynamics of NTFPs vary from one village to another (Figure 6). Indeed, a high abundance of NTFPs is observed around Bapamé where the predominant species is Afrostyrax. lepidophyllus ( Huaceae ), Irvingia gabonensis ( Irvingiaceae ) and Ricinodendron heudelotii ( Euphorbiaceae ) . The village of Sandala is also rich in NTFPs. Abundant NTFPs include Annona muricata ( Annonaceae ), Baillonella toxisperma ( Sapotaceae ), Irvingia gabonensis ( Irvingiaceae ) and Ricinodendron heudelotii ( Euphorbiaceae ). Gwabio also concentrates a significant number of NTFPs. The most dominant is Irvingia gabonensis ( Irvingiaceae ), Raphia mumbuttorum ( Arecaceae ) and Uapaca guineensis ( Euphorbiaceae ). On the other hand, very few NTFPs have been recorded in the PNBB in general.
[image: ]
Figure 6. Spatial distribution of NTFPs in the study area.
4. [bookmark: _Toc481674040][bookmark: _Toc481674041]DISCUSSION
4.1. [bookmark: _Hlk212981286]Floral richness and use of NTFPs in the study area
[bookmark: _Toc481674042]In this study, 38 non-timber forest products (NTFPs) belonging to 35 genera and 23 families were identified. The most abundant botanical families were Fabaceae (13.16%), Arecaceae (7.89%), and Euphorbiaceae (7.89%) . Indeed, Euphorbiaceae are among the most represented families in the southern part of the Dja Faunal Reserve in Cameroon ( Mbolo , 2002; Eyog et al., 2006). The NTFPs identified are mostly food trees. This use is primarily linked to the availability of fruits and seeds in the study area, regardless of the climatic season ( Ngansop et al., 2019). The number of NTFPs is higher in the PNBB (Bercy National Park), with 24 species, compared to the surrounding area where the number of NTFPs varies from 1 to 22 species . This difference can be explained by the sampling effort. Indeed, few linear transects have been carried out in the PNBB compared to the peripheral area.


4.2. species and affected organs
[bookmark: _Toc481674045]The pressure on non-timber forest products (NTFPs) in and around the PNBB (Bordeaux National Park) is due to uncontrolled harvesting by local communities. NTFP gathering accounts for 47.37% of the recorded species, followed by picking (18.42%), bark stripping (15.79%), cutting (13.16%), and digging (5.26%). This result highlights a significant demand for NTFPs of all categories in the study area. In this study, NTFP harvesting takes place primarily in the peripheral zone of the PNBB, corresponding to the "non-permanent forest area." Consequently, local communities harvest NTFP parts (fruits, bark, sap, roots, and leaves) in an uncontrolled manner to meet their daily needs. Harvesting methods, including gathering, cutting, picking, digging, and stripping, are considered the most significant causes of the degradation of these species. This finding confirms the work of Soro et al. (2014), who observed the same harvesting methods in the Port Gauthier classified forest in southwestern Côte d'Ivoire during studies on the traditional use of certain plant species. According to the same source, the search for and harvesting of NTFPs and other wood products are responsible for the loss or disappearance of vascular flora. Other researchers have made similar observations, noting that harvesters destroy certain plants to clear a path to the base of raffia palms for tapping, for example ( Diabate et al., 2021). Such a practice would explain the decline in NTFP populations in the secondary forest communities surrounding the PNBB. The hypothesis of a study suggesting that the rational exploitation of non-timber forest products (NTFPs) by local communities contributes to the conservation of biodiversity at the plant community level within the PNBB (Bordeaux National Park) was not verified. On the contrary, the results obtained demonstrate that the intensification of human activities in the surrounding areas already poses a threat to biodiversity loss within the PNBB's plant communities.
4.3. Impact of harvesting methods on the dynamics of non-timber forest products
The most common method of harvesting non-timber forest products (NTFPs) is collection. The results of this study show that collection is more closely linked to Irvingia fruits . gabonensis ( Irvingiaceae ) and Ricinodendron *Heudelotii* ( Euphorbiaceae ) represents a non-timber forest product (NTFP) with high socio-economic value. The intensity of this harvesting would compromise the resource in the long term. This leads to the recommendation to integrate these species into agroforestry parks. The collection of NTFP seeds could hinder natural regeneration through sowing. Thus, knowledge about the dynamics of these NTFPs is essential for maintaining the resource and requires understanding the mechanisms of their renewal, namely the phenomena of flowering and fruiting, followed by diaspore dispersal and finally, their eventual germination ( Katusi et al., 2022). Defining a rational harvesting strategy for NTFPs in the study area must therefore be a sustainable solution to avoid biodiversity loss within the PNBB (Bordeaux National Park). Consequently, it is urgent to demonstrate to local communities the necessity and importance of sustainable forest management around the PNBB. Certainly, this management approach must be implemented through a strict prohibition of certain other methods of harvesting NTFP (Non-Timber Forest Products) parts, such as debarking and the cutting or felling of entire trees. In this study, debarking refers to tree trunks and sometimes the roots of NTFPs. This practice is concerning because it is already particularly prevalent among NTFP source species in the PNBB (Bordeaux Regional Natural Park). According to Soropogui et al. (2023), debarking is often responsible for physiological disorders in trees; moreover, the excessive harvesting of roots is fatal to the plant. Nzuki et al. (2013) emphasize that the aforementioned practices are the most common in Africa, particularly in Central Africa.

CONCLUSION
[bookmark: _Toc481674047]This study, conducted in and around the PNBB (Bordeaux Regional Natural Park), identified the different non-timber forest (NTFP) species harvested by local populations. A total of 38 NTFPs belonging to 35 genera and 23 families were inventoried. These species are harvested through gathering, cutting, picking, peeling, and digging. Fruits, bark, leaves, roots, and tubers are the most sought-after plant parts by local populations to meet their needs. Understanding the perceptions of local communities is essential for the sustainable management of the PNBB (Bordeaux National Park).
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Anacardiaceae	Annonaceae	Arecaceae	Burseraceae	Clusiaceae	Euphorbiaceae	Fabaceae	Irvingiaceae	Malvaceae	Sapotaceae	Autres	5.26	5.26	7.89	5.26	5.26	7.89	13.16	5.26	5.26	5.26	34.24	
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