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Abstract
Background
In Kwilu Province, Democratic Republic of Congo, almost 99% of the population eats a variety of edible caterpillars. Many plant species used by humans are also eaten by these caterpillars. Intensive human use of these plants could lead to their gradual extinction. This would directly affect the caterpillars that feed on them and reduce their protein supply to local populations. Assessing these pressures requires a basic understanding of the species involved.

Methods
Semi-structured surveys were conducted with 180 randomly selected informants in the two most populated areas of Kwilu (Masi-Manimba and Idiofa). Questions focused on the ‘most consumed’ edible caterpillars (i.e. those that are best known and most eaten), their host plants, and how the local population uses them. Caterpillars and branches of host plants were collected during the survey visits. The importance of each cited caterpillar species, their host plant, and the host plant’s use category by the local population was assessed.

Results
Seventeen species of ‘most consumed’ edible caterpillars were recorded, with the Saturniidae being predominant. They feed on the leaves of fifty-one plant species, mostly Fabaceae. There are seven main use categories of caterpillar host plants. Among these, wood charcoal, construction, and slash-and-burn agriculture are estimated to be the primary factors causing the destruction of caterpillar’s host plants. Petersianthus macrocarpus (P. Beauv.) Liben and Ricinodendron heudelotii (Baill.) Pierre ex Heckel are preferred by the ‘most consumed’ caterpillars. Both plant species, along with Erythrophleum africanum (Benth.), hold great cultural importance in Kwilu and are under significant pressure.

Conclusions
The promotion of edible caterpillars through the establishment of plantations for the semi-rearing would contribute to the conservation of these species and make them more available to the local population. Caterpillar preference testing, diet modification and interaction studies between these species would enable better management.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13002-025-00781-5.
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Background
The Democratic Republic of Congo (DRC) is recognized as one of the world’s mega-diverse countries due to its exceptional biological diversity, high endemism, and diverse natural habitats influenced by climatic variability [1, 2]. Although it possesses the vast natural resources that could drive socio-economic development, it remains one of the poorest countries in the world [7]. With an underdeveloped industrial sector, the country faces persistent poverty and high unemployment rates [8]. More than 70% of rural Congolese experience food insecurity, relying heavily on forest resources for their livelihoods [7, 9]. Among these resources, caterpillars serve as a crucial protein source, accounting for approximately 40% of the country’s total animal protein intake. Their consumption, known as campeophagy, is widespread, affecting nearly 85% of the Congolese population, especially in Kwilu Province, one of the poorest regions [3, 10, 11]. With a very high poverty rate (77.2% in 2012), the province’s economy is based on trade and slash-and-burn agriculture [25]. As a result, the total forest area of the province is currently very small. It is estimated to have been 35,655 Km2 initially, 18,823.8 Km2 in 2000 and 13,967.7 Km2 in 2018 [26]. It has a variety of ecological characteristics due to its geographical location and its diverse ecosystems. Phytogeographically, it belongs to the Guineo-Congo region, which is characterized by gallery forests along rivers and wooded savannas [23, 79]. It stands out as a reservoir of caterpillars, hosting one of the highest diversities of caterpillar species [3, 4]. Research has emphasized the need to promote these insects as a sustainable food source through mass production via semi-domestication [5, 6].
Despite the ecological and economic importance of caterpillars, no in-depth study has been conducted on their relationship with host plants and, by extension, on the interaction between these plants and human communities in the DRC. Caterpillars feed on a wide range of plants, classified as monophagous (feeding on a single plant species), oligophagous (feeding on a single plant family), or polyphagous (feeding on plants from multiple families) [12, 13]. In addition to being a food source for caterpillars, these plants serve multiple functions for local communities, including food, medicine, construction materials, and fuel [14].
However, deforestation, driven by tree felling for caterpillar harvesting, logging, and slash-and-burn agriculture, has led to ecosystem degradation and a decline in certain caterpillar species [15, 16]. Sustainable large-scale caterpillar production depends on a thorough understanding of their natural habitats, particularly their host plants, which must be continuously available to ensure long-term viability. Without these plants, caterpillars stop feeding and face extinction. Additionally, with nearly 85% of households in the region relying on plants for various needs, deforestation intensifies, further threatening both host plants and the caterpillars that depend on them [9, 17, 18]. Several studies indicate that the loss of host plants results in the gradual decline of specific caterpillar species, including Anaphe panda (Boisduval, 1847), Cirina forda (Westwood, 1881), Elaphrodes lactea (Gaede, 1932), Gonimbrasia anthinoides (Rougeot, 1978), and Platylesches moritili (Wallengren, 1857) [19–21]. Lunga [77] reported significant declines in edible caterpillars in the former Bandundu Province (which includes Kwilu). This biodiversity loss impacts both food security and ecosystem functions, such as pollination, which is crucial for plant reproduction [21].
Understanding the ecological knowledge of local populations regarding resource use is essential for biodiversity conservation, sustainable resource management, and climate change mitigation [22]. However, Kwilu Province remains one of the least studied regions in the DRC [4], and data on the host plants of edible caterpillars and their uses are lacking. The study focuses on Kwilu’s two most populous areas, Idiofa and Masi-Manimba, which were selected for their contrasting socio-ecological contexts. Idiofa is characterized by dense forest cover and greater reliance on artisanal logging, while Masi-Manimba is characterized by a mixed savanna-forest mosaic and greater agricultural pressure [23, 26]. These differences are important for understanding how habitat type (forest vs. savanna) and local human activities shape host plant availability and caterpillar ecology. For example, forest-dwelling species such as Piptadeniastrum africanum (Hook. f) Brenan may face greater extraction pressure in Idiofa, whereas savanna-associated plants such as Burkea africana Crochet. may be more resilient in the fragmented landscapes of Masi-Manimba.
This study examines the relationships between the most commonly consumed caterpillars, their host plants, and human communities (who use these plants). Caterpillars are the food and cultural resources valued by humans, while host plants are their ecological support and a multiple-use resource for local communities [3, 9, 28]. The main questions the study aims to answer are: (1) Which caterpillar species are most consumed by the local population and what are their host plants? (2) What are the habitat types and morphological traits of host plants for edible caterpillars? (3) Which host plants support more than two caterpillar species and what is their cultural importance as hosts? (4) What are the dominant use categories of edible caterpillar host plants, and how do these uses correspond to the most culturally important host species (5) How do different use categories of caterpillar host plants correlate with their cultural importance, and which uses contribute most to their overexploitation? The main objective of this study is to assess pressures on the most commonly consumed caterpillar food plants by cataloging these plants and their uses in Kwilu Province. Specifically, this study seeks to compile a list of caterpillar-associated food plants and evaluate their significance to local communities. The expected outcomes will help prioritize plant species for cultivation, facilitating the development of sustainable caterpillar farming. This research aligns with the Sustainable Development Goals (SDGs) adopted by the United Nations.

Methods
Study area
The study area includes Idiofa and Masi-Manimba, the two most populous areas located almost in the centre of Kwilu Province. The former (Idiofa), which is more forested and relatively isolated, is located between 595 and 675 km by road from the capital, Kinshasa, while Masi-Manimba, which is more open and dominated by savannah, is located on the national road (RN1), about 372 km from Kinshasa [23, 79]. The province of Kwilu (surface area: 79,071 Km2) is one of the new provinces of the DRC, resulting from the dissolution of the former province of Bandundu in 2015 [79]. It is bordered to the north by the province of Mai-Ndombe, to the south by the province of Kwango, to the east by the province of Kasaï Central and to the west by the province of Kwango and the city of Kinshasa. It covers an area of 79.1 Km2 and comprises five territories, the most populated of which, Idiofa and Masi-Manimba (Fig. 1), are in the centre of the province. The population is estimated at over 8 million. The density is around 100 inhabitants/Km2 [23]. It has a humid tropical climate of type AW (a savanna climate with a dry winter or a winter-dry season) in accordance with the Köppen climate classification, characterized by the existence of two contrasted wet seasons and relatively cool nights [24]. The average annual temperature is 25 °C, average rainfall between 800 and 1500 mm, and relative humidity remains high throughout the year.[image: ]
Fig. 1Map of the study area. The study was conducted in the Masi-Manimba and Idiofa territories. Surveyed villages are indicated. The colours on the map represent the collectivities. The map was created using ArcMap 10.8.1



Ethnobotanical surveys
The data collection was authorized by several competent authorities. The investigators obtained official approval from the Department of Functional and Evolutionary Entomology of Liege University, the Institut Supérieur Pédagogique de Bandundu, and the Administrator of the Masi-Manimba and Idiofa Territories. A permit was also obtained from the Provincial Coordination of the Environment and Sustainable Development in Kwilu Province, as well as verbal consent from each participant. Semi-structured interviews were conducted with 180 randomly selected informants. The information was collected between 2020 and 2022 in 12 villages in six sectors belonging to two of the most populated zones in central Kwilu Province (Bulwem, Mateko and Sedzo in the Idiofa zone and Kinzenzengo, Masi-Manimba and Mosango in the Masi-Manimba zone). In each village, 15 informants were randomly selected (i.e. 30 per sector and 90 per area). The villages were selected based on their abundance and diversity of caterpillars (recognized by the authorities as caterpillar reserves). Interviews were conducted at the informants’ homes and during the survey visits. After explaining the objectives of the study, a questionnaire written in French was presented to the respondents (S4). A free enumeration method was used and the respondents were asked to list the best known and most commonly consumed caterpillars, their host plants and uses categories in the area. The survey was conducted in the local language (Kikongo). Species with a frequency of > 75% of all respondents were selected for the study. The protocol also included the host plants of these caterpillars and traditional knowledge about the different uses of the plants. To assess the cultural importance of these host plants, seven main categories of use have been identified according to emic categories, including timber for small-scale logging (of international importance for its quality), local building materials, craft and technological uses, cultural uses and medicinal uses. Finally, the ‘other’ category covers usages that are not common (or rarely mentioned), including food, hygiene, cooking (and fishing and hunting techniques). Of the informants, 115 were male (63.9%) and 65 were female (36.1%), 79 were elderly (> 69 years), i.e. 43.9%, 74 were adults (i.e. 46–69 years), i.e. 41.12%, and 27 (15%) were relatively young (30–45 years).

Sampling and identification of caterpillars and their host plants
Caterpillars and branches of host plants were collected during the survey visits. The caterpillars were preserved in ethanol (70%) for identification using the determination key established by Mabossy-Mobouna et al. [27] and the work of Latham et al. [28]. Caterpillars consumed in the region were previously inventoried by Madamo et al. [3]. The plant material was collected and kept at the Herbarium of the University of Kinshasa (UNIKIN). Each species has a reference number given by the collector (Table S1). The plant material was identified with the help of the national herbarium of the DRC, at the “Systémique, Biodiversité et Conservation de la Nature” laboratory of the Department of the Environment (University of Kinshasa), the Flora of the Belgian Congo and Rwanda-Urundi, the Flora of Central Africa, Cameroon and Gabon and the Flora of East Africa. Botanical families and scientific names were determined for each host plant according to APG IV.

Caterpillars and host plants importance assessment
The local importance of each cited caterpillar species, host plant and use category was calculated using the relative citation frequency (CF). The ethnobotanical index used was cultural importance (CI) [29]. The relative frequency of citation was calculated using the formula: CF = (n/N) × 100, where n is the number of informants who cited the species and N is the total number of informants. The cultural importance index was calculated using the formula: CI = NUi/N, where NUi is the total number of recorded uses for each species and N is the total number of informants involved in the study. The higher the CI value, the more important the species. Edible caterpillars are considered ‘most consumed’ (i.e. recognized by most of the local population) if the relative frequency of citation is greater than 75%.

Statistical analysis
All statistical tests and graphs were generated in R 4.4.1 [30]. Frequencies were calculated for habitat types, morphological traits, and caterpillar host plant use categories and presented in sector plots. Chord diagram representing the interactions between edible caterpillars and their associated host plants and the uses of the main host plants of edible caterpillars was generated using the ‘circlize’ package [32]. To evaluate how host plant use categories correlate with their cultural importance (CI), a Principal Component Analysis (PCA) was performed using the package ‘FactoMineR’ [31]. Trees with a CI > 3 were included in this analysis. Before performing the PCA, the data were standardized to ensure that all variables were on a comparable scale. A covariance matrix was computed to understand the relationships between the different host plants. Eigenvalues and their corresponding eigenvectors were calculated from the covariance matrix. Principal components were selected based on the amount of variance explained, typically choosing those that collectively account for a significant portion of the total variance.


Results
Diversity of ‘most consumed’ edible caterpillars and their host plants
Of all the caterpillars consumed in Kwilu Province, seventeen were cited by informants with a frequency of more than 75% (Table 1). Of these, 64.7% had a frequency greater than 90%, with the best known and most consumed species in both areas being C. forda, Cymothoe caenis (Drury, 1773), Imbrasia epimethea (Drury, 1773) and Imbrasia obscura (Butler, 1878). Saturniidae (47%) and Notodontidae (35%) are well represented, while the other families are represented by a single species (Erebidae, Hesperiidae and Nymphalidae). The genus Imbrasia is the most represented in the list. The ‘most consumed’ caterpillars of Kwilu are illustrated in Fig. 2. These caterpillars feed on the leaves of fifty-one plant species (Table S1). They are divided into 16 families, with the Fabaceae family dominating (23 species), followed by the Apocynaceae, Phyllanthaceae, Rubiaceae and Poaceae families, each of which is represented by three species, while the others are poorly represented (1 or 2 species).Table 1Diversity and frequency of occurrence of the ‘most consumed’ caterpillars and their host plants


	Caterpillar families
	Caterpillar species
	CF Masi-Manimba (%)
	CF Idiofa (%)
	Fabaceae
	Apocynaceae
	Phyllanthaceae
	Rubiaceae
	Poaceae
	Euphorbiaceae
	Combretaceae

	Erebidae
	Achaea catocaloides (Guenée, 1852)
	97.8
	95.6
	 + 
	 	 	 	 	 	 
	Hesperidae
	Coeliades libeon (Druce, 1875)
	100
	55.6
	 	 	 	 	 + 
	 	 
	Notodontidae
	Alenophalera brunneomixta (Mabille, 1898)
	95.6
	92.2
	 + 
	 	 	 	 	 	 
	 	Anaphe panda (Boisduval, 1847)
	92.2
	92.2
	 	 	 	 	 	 	 
	 	Elaphrodes lactea (Gaede, 1932)
	85.6
	86.7
	 + 
	 	 	 	 	 	 
	 	Epidonta sp.1
	94.4
	94.4
	 + 
	 	 	 	 	 	 
	 	Epidonta sp.2
	94.4
	92.2
	 + 
	 	 	 	 	 	 
	 	Haplozana nigrolineata (Aurivillius, 1901)
	95.6
	57.8
	 + 
	 	 + 
	 	 + 
	 	 
	Nymphalidae
	Cymothoe caenis (Drury, 1773)
	100
	100
	 	 	 	 	 	 	 
	Saturnidae
	Bunaea alcinoe (Stoll, 1780)
	92.2
	87.8
	 + 
	 + 
	 	 + 
	 	 + 
	 + 

	 	Cirina forda (Westwood, 1849)
	100
	100
	 + 
	 	 	 	 	 	 
	 	Gonimbrasia petiveri (Guérin-Méneville, 1845)
	82.2
	83.3
	 	 + 
	 + 
	 + 
	 	 + 
	 + 

	 	Imbrasia epimethea (Drury, 1773)
	100
	100
	 + 
	 + 
	 + 
	 + 
	 	 + 
	 
	 	Imbrasia ertli (Rebel, 1904)
	100
	52.2
	 + 
	 	 	 	 	 	 
	 	Imbrasia trucanta (Aurivillius, 1909)
	94.4
	100
	 + 
	 	 + 
	 + 
	 	 + 
	 
	 	Imbrasia obscura (Butler, 1878)
	100
	100
	 + 
	 + 
	 	 	 	 + 
	 + 

	 	Pseundantheraea discrepans (Butler, 1878)
	82.2
	100
	 	 	 + 
	 	 	 	 

	Caterpillar families
	Caterpillar species
	Lamiaceae
	Meliaceae
	Moraceae
	Clusiaceae
	Lecythidaceae
	Malvaceae
	Marantaceae
	Myristicaceae
	Achariaceae

	Erebidae
	Achaea catocaloides (Guenée, 1852)
	 	 + 
	 	 	 + 
	 	 + 
	 	 
	Hesperidae
	Coeliades libeon (Druce, 1875)
	 	 	 	 	 	 	 	 	 
	Notodontidae
	Alenophalera brunneomixta (Mabille, 1898)
	 	 	 	 	 	 	 	 	 
	 	Anaphe panda (Boisduval, 1847)
	 	 	 	 	 	 + 
	 	 	 
	 	Elaphrodes lactea (Gaede, 1932)
	 	 	 	 	 	 	 	 	 
	 	Epidonta sp.1
	 	 	 	 	 	 	 	 	 
	 	Epidonta sp.2
	 	 	 	 	 	 	 	 	 
	 	Haplozana nigrolineata (Aurivillius, 1901)
	 	 	 	 	 	 	 	 	 
	Nymphalidae
	Cymothoe caenis (Drury, 1773)
	 	 	 	 	 	 	 	 	 + 

	Saturnidae
	Bunaea alcinoe (Stoll, 1780)
	 + 
	 	 + 
	 + 
	 + 
	 	 	 	 
	 	Cirina forda (Westwood, 1849)
	 	 	 	 	 	 	 	 	 
	 	Gonimbrasia petiveri (Guérin-Méneville, 1845)
	 + 
	 	 	 	 + 
	 	 	 + 
	 
	 	Imbrasia epimethea (Drury, 1773)
	 	 	 	 	 + 
	 	 	 + 
	 
	 	Imbrasia ertli (Rebel, 1904)
	 	 	 	 	 	 	 	 	 
	 	Imbrasia trucanta (Aurivillius, 1909)
	 	 	 	 	 	 	 	 	 
	 	Imbrasia obscura (Butler, 1878)
	 	 + 
	 + 
	 	 	 	 	 	 
	 	Pseundantheraea discrepans (Butler, 1878)
	 	 	 	 	 	 	 	 	 

CF: Citation frequency; + indicates that the caterpillar species feeds within the plant families


[image: ]
Fig. 2Illustration of the ‘most consumed’ caterpillars of Kwilu. a Anaphe panda (Boisduval, 1847) b Imbrasia ertli (Rebel, 1904); c Coeliades libeon (Druce, 1875); d: Imbrasia epimethea (Drury, 1773) e Pseudantheraea discrepans (Butler, 1878); f Epidonta sp.; g Cirina forda (Westwood, 1881); h Achaea catocaloides (Guenée, 1852); i Imbrasia obscura (Butler, 1878); j Imbrasia truncata (Aurivillius, 1909); k Haplozana nigrolineata (Aurivillius, 1901); l Gonimbrasia petiveri (Guérin-Méneville, 1845); m Cymothoe caenis (Drury, 1773); n Bunaea alcinoe (Stoll, 1780); o Elaphrodes lactea (Gaede, 1932); p Alenophalera brunneomixta (Mabille, 1898)


Of these plant species, nine (17.7%) host more than two species of ‘most consumed’ caterpillars simultaneously, mainly Saturniidae, which have almost all the same hosts. Petersianthus macrocarpus (P. Beauv.) Liben (PNHMA) is recorded as feeding on five species of most consumed caterpillars, Millettia eetveldeana (Micheli) Hauman (MLTED) and Ricinodendron heudelotii (Baill.) Pierre ex Heckel (RIDHE) each host four species of these caterpillars. These plants, with the highest CI (Table S1), serve as hosts for more than three caterpillar species in both areas, with mean CI values of 4.3 ± 0.0, 3.8 ± 0.1, and 3.3 ± 0.1, respectively. Additionally, the cultural importance of certain host plants varies between areas. For example, Amphimas pterocarpoides Harms and savannah species hold greater significance in Masi-Manimba. Conversely, other species are more culturally important in Idiofa, such as P. africanum (CI = 2.4 in Idiofa vs. 1.4 in Masi-Manimba) and U. guineensis (CI = 2.6 in Idiofa vs. 1.2 in Masi-Manimba).
Most reported plant species come from forest (74%), 16% come from savanna, 8% come from both savanna and forest and 2% are cultivated (Fig. 3). Morphologically, these species are dominated by trees (66%), followed by lianas (12%), shrubs (10%), grass (8%) and bushes (4%).[image: ]
Fig. 3Caterpillar habitats a and morphological types of caterpillar host plants b. The proportions represent the significance of each ecosystem for edible caterpillars and the distribution of host plant types in the Idiofa and Masi-Manimba territories



Feeding mode of edible caterpillars in Kwilu
More than half (58.8%) of edible caterpillars in Kwilu have a specialist feeding mode (Table S1), feeding on plant species from a single botanical family, while 41.2% are generalists, feeding on leaves from trees from more than two families. Among the specialists, 50% are strict specialists (or monophagous, using a single host species), such as Imbrasia ertli (Rebel, 1904) and Pseudantheraea discrepans (Butler, 1878) (Fig. 4), but also A. panda, C. caenis and E. lactea. On the other hand, 50% are less specialized. They are described as oligophagous because they use more than one host species (2 to 6) from the same family. Examples are the caterpillars of Alenophalera brunneomixta (Mabille, 1898), C. forda, Coeliades libeon (Druce, 1875) and two species of Epidonta. The ‘most consumed’ edible caterpillars of Kwilu with higher overall levels of polyphagy are mainly Saturniidae (Table S1), including Bunaea alcinoe (Stoll, 1780) (14 host species from 9 families and 7 orders), Gonimbrasia petiveri (Guérin-Méneville, 1845) (10 species from 8 families and 6 orders), I. epimethea (8 species from 7 families and 5 orders), I. obscura (13 hosts from 6 families and 6 orders), Imbrasia truncata (Aurivillius, 1909) (5 hosts from 5 families and 4 orders), Achaea catocaloides (Guenée, 1852) (15 hosts from 4 families and 4 orders) and Haplozana nigrolineata (Aurivillius, 1901) (5 species from 3 families and 3 orders).[image: ]
Fig. 4Correspondence between the main edible caterpillars and their associated host plants based on citation frequency. The networks illustrate the feeding pressure of caterpillars on nine highly valued host plants. a Idiofa; b Masi-Manimba. In each network, the upper section represents the host plants, marked with green stars to indicate the most preferred plants (those hosting 4–5 caterpillar species). The lower section corresponds to the caterpillar species, with yellow stars denoting their feeding behaviour: one star for monophagous caterpillars, two stars for oligophagous caterpillars, and three stars for polyphagous caterpillars. The width of each band represents the degree of feeding pressure on a host plant, while the colour reflects the number of caterpillar species feeding on its leaves. ATNCG: Alstonia congensis; COGRM: Combretum racemosum; FLRST: Hallea stipulosa; *LTDCG: Leptoderris congolensis; MLTED: Millettia eetveldeana; PNHMA: P. macrocarpus; PITAF: Piptadeniastrum africanum; RIDHE: R. heudelotii; UAPGU: Uapaca guineensis. ACAECT: Achaea catocaloides; *APBRN: Alenophalera brunneomixta; *BAELN: Bunaea alcinoe; *EDT1: Epidonta sp.1; *EDT2: Epidonta sp.2; *GNIPT: Gonimbrasia petiveri; *IBETI: Imbrasia epimethea; *IBOSR: Imbrasia obscura; *IBTCT: Imbrasia truncata; *PDHDP: Pseudantheraea discrepans. The species codes have been taken from the EPPO (https://​www.​eppo.​int/​RESOURCES/​eppo_​databases/​eppo_​codes). *The code was assigned arbitrarily



Host trees use categories
The population recognizes seven main categories of use for the host trees of Kwilu caterpillars (Fig. 5). These include medicinal purposes and local building needs (20%), wood charcoal (19%), craft and technological applications (e.g. furniture, dugout canoes) (15%), and food production (15%). Additionally, 12% of host trees are used for multiple purposes, such as food, cooking, packaging, bioindicators, shelter, shade, hunting, fishing, and hygiene (31 species), while another 12% are used for artisanal forestry (22 species). Cultural or ritual uses account for 2% (5 species). Most of these trees serve multiple functions (Table S2), and all usage categories are present in both zones. The most widespread uses in the province are related to medicine, building, and wood charcoal, which are also the most in-demand categories for caterpillar host species.[image: ]
Fig. 5Proportions of caterpillar host plant use categories, with different uses represented by specific icons. The frequency of host plant utilization by the local population is also indicated


For fuel, informants acknowledge that all species can be used, except those prohibited due to traditional beliefs, such as Mitragyna stipulosa (DC.) Kuntze. Regarding other uses, informants report that Albizia adianthifolia (Schumach.) W. Wight and Milicia excelsa (Gallois) CCBerg signal the start of the rainy season by shedding all their leaves. The seeds of R. heudelotii are consumed, while those of Eriosema psoraleoides (Lam.) G. Don are used as a fishing poison. The sap of Funtumia africana (Benth.) Stapf and Holarrhena floribunda (G. Don) Dur. & Schinz (used as glue) helps catch birds. Additionally, the leaves of Millettia macroura Harms are rubbed to produce soap for washing dishes, bark dust from Hymenocardia acida Tul. is used for smoking a type of fish known as ‘eel,’ and the leaves of Haumania liebrechtsiana (De Wild. & T. Durand) J. Léonard serve for packaging and cooking. While medicinal plant use has a relatively minor impact, excessive harvesting contributes to ecosystem disruption. The plants and their associated diseases are listed in Table S3.
Considering the different uses of the plants, the results indicate that he most prioritized plant species are those serving as key caterpillar hosts and those most frequently used by the population for various purposes (Fig. 6). R. heudelotii is the only tree species used for all purposes (medicine, culture, handicraft and technology, construction, wood charcoal, timber and other miscellaneous uses) in Masi-Manimba and Idiofa. All host plant species of the edible caterpillars are used as medicinal plants. The species Alstonia congensis Angl. and Combretum racemosum P. Beauv. are only used for medicinal purposes at both sites.[image: ]
Fig. 6Correspondence between the modes of use of the main host plants of edible caterpillars. The networks represent the anthropic pressure on the caterpillars’ preferred hosts in the two areas: a Idiofa; b Masi-Manimba. The upper part of each network represents the host plants, with green stars indicating the level of pressure on the three plant species most preferred by the caterpillars (5–7 uses). The lower part of the network corresponds to the use categories, with icons representing the uses most exploited by the local population, particularly traditional medicine, charcoal production, and local construction. The width of the band for each host plant is proportional to the degree of pressure, while the colour reflects the number of uses for each plant. AC(ATNCG): Alstonia congensis; CR(COGRM): Combretum racemosum; FLRST: Hallea stipulosa; *LTDCG: Leptoderris congolensis; MLTED: Millettia eetveldeana; PNHMA: Petersianthus macrocarpus; PITAF: Piptadeniastrum africanum; RIDHE: R. heudelotii; UAPGU: Uapaca guineensis. The species codes have been taken from the EPPO (https://​www.​eppo.​int/​RESOURCES/​eppo_​databases/​eppo_​codes). *The code was assigned arbitrarily


Regarding other uses (i.e. other), the informants claim that the species A. adianthifolia and M. excelsa mark the beginning of the rainy season for the population by losing all their leaves. While the seeds of R. heudelotii are eaten, those of E. psoraleoides are used as poison in fishing, and the sap of F. africana and H. floribunda (glue) is used to catch birds. In addition, rubbing the leaves of M. macroura produces soap foam for washing dishes, the dust from the bark of H. acida is used to dry (smoke) a type of fish known as ‘eel’, and the leaves of H. liebrechtsiana are used for packaging and cooking.
In the medical domain (Table S3), 76 diseases are mentioned by the population, of which 23 dominate with very high quotations, especially in the Masi-Manimba territory. The most frequently mentioned were haemorrhoids, rheumatism, stomach aches, malaria, snake bites, general asthenia and headaches. Of all the host plant species cited as remedies, 37.8% have a very high average medicinal importance (in terms of number of diseases) for the population (CI > 3), being able to treat between five and twenty diseases.

Principal component analysis of anthropogenic pressures on host plants
Principal component analysis establishes the relationship between caterpillar host plants and their categories of use, indicating the species most used by the population (Fig. 7). In the graph of variables, the first dimension captures 39% of the total variance and is highly correlated with the uses of wood charcoal, building, timber, craft and technology, and medical purposes. This dimension provides information on the uses that contribute most to the destruction of caterpillar host plants in the region, primarily wood charcoal and building. The host species with the highest CI (CI > 0.95 (1.0)) in these two categories uses include Erythrophleum africanum, Entandrophragma angolense C. DC., Entandrophragma cylindricum Sprague, P. macrocarpus, R. heudelotii, P. africanum, Pentaclethra macrophylla Benth., Millettia Laurentii De Wild, P. eetveldeana and Millettia drastica Welw. ex Baker. These species are also widely used as timber, with higher CI than others. Although their use is of moderate intensity, the vast majority of these species are also utilized for medical, craft, and technological purposes. The second dimension accounts for almost 21% of the total variance and is correlated with cultural and other uses that are less exploited by the population. Few host species fall into these categories. The species used for cultural purposes include R. heudelotii, M. laurentii, Millettia versicolor Welw. ex Baker and M. excelsa. The most important species used for ‘other’ purposes are E. africanum and M. laurentii.[image: ]
Fig. 7Principal component analysis of host species by use categories. The variable graph a illustrates the most common uses, while the individual graph b highlights the tree species most frequently utilized. This analysis considers only tree species with a CI > 3


The individual PCA graph highlights the host plant species most frequently utilized and classifies them into four groups according to their CI. The first group includes species with the highest cultural importance (total CI > 5.5), which are used in all target categories. These are M. laurentii, R. heudelotii, and M. excelsa. They are, therefore, the most widely used and priority species. The second group includes species (CI > 3.95 (4)) that are strongly correlated with craft and technology, timber, wood charcoal, building, and medical uses; they are also priority species. The third group includes species that are extensively used for wood charcoal and partly for traditional medicine and timber. The last group consists of species with low cultural importance, which have no significant cultural value and are characterized by a negative coordinate on the axis.


Discussion
The food and commercial value of the identified caterpillars, such as C. forda, I. epimethea and I. truncata, has already been pointed out by several authors [4, 11, 28]. They are consumed throughout the country and across sub-Saharan Africa [4, 33–38]. However, for some of them, this importance varies according to the typical environment, as is the case of I. truncata and P. discrepans, which are present in Idiofa, in the forest massif and well known by the population, while H. nigrolineata and C. libeon are present in Masi-Manimba, in the savannah [3, 23]. The dominance of the Saturniidae and Notodontidae families is consistent with the findings of many authors [4, 15, 36, 39, 76]. In terms of host plants, the list (i.e. the number of plants) varied between study zones. For example, 55 host plants for 47 caterpillar species were identified in Kongo Central, DRC, while a list of 90 host plants for 29 caterpillar species was compiled for the Republic of Congo [10, 39]. This variation confirms the influence of ecological and edapho-climatic factors, among others, on the caterpillar diet, given the diversity of the study environments. It also explains the dominance of generalist caterpillars over specialist caterpillars in these study areas [39]. Despite the differences between study areas, the data show a strong similarity in the plant species identified as caterpillar hosts. For example, P. macrocarpus is reported as a host for I. epimethea in the Republic of Congo, while E. africanum and B. africana serve as hosts for C. forda in Angola [36, 39].
The importance of Fabaceae in the diet of edible caterpillars has been widely reported by several authors, including Bomolo et al. [40]; Lautenschläger et al. [36]; Looli et al. [15]; Okangola et al. [14].; Nsevolo et al. [4]. As suggested by Stone [41], this preference may be explained by the fact that Fabaceae, belonging to one of the oldest plant orders (Fabales), were probably well established before the evolution of Saturniidae and thus available as a food source. Another possible explanation is their abundance in the flora of the Kasai phytogeographic sector (part of the Guineo-Congolese region), to which the study area belongs [42]. Furthermore, the ability of nine plant species to host more than two caterpillar species is probably related to their leaf composition. Numerous studies have demonstrated a close relationship between insect diet and the chemical composition of the nutrient substrate [43, 44], particularly with regard to phenolic compounds found in lepidopterans [45–47]. The selection of plant species by caterpillars is therefore a result of behavioural and metabolic adaptations [48, 49]. For example, C. forda contains polyphenols, saponins, alkaloids, flavonoids, tannins, and cyanogenic glycosides [50, 51], while B. alcinoe contains alkaloids, flavonoids, cardiac glycosides, sterols, tannins, and terpenes [52]. Furthermore, the preference of Saturniidae for P. macrocarpus and R. heudelotii as common hosts is likely due to their high content of phenolic compounds, especially tannins and resin, as reported by Janzen [53] and confirmed by several authors [54, 55].
The dominance of specialist caterpillars that are more closely associated with their host plants has already been observed by numerous authors in tropical regions known for their high biodiversity [71, 72]. The polyphagy of some of the most commonly consumed caterpillars has been noted by several authors, including Bomolo et al. [40]; Lautenschläger et al. [36]; Looli et al. [15]; Mabossy-Mobouna et al. [39]; Okangola et al. [14]. Among the Saturniidae family (e.g. B. alcinoe, G. petiveri, I. epimethea), polyphagy is at its peak, with these species feeding on plants from at least seven families and more than two orders. This has already been reported by numerous authors for certain moth species [73–75].
Our research has identified a non-exhaustive range of uses of caterpillar host plants for different purposes. Use for wood charcoal and building materials, together with shifting cultivation on burned land, are considered by many authors to be those that destroy forests [80, 81] and consequently host plants through their felling.. The importance of plants used for wood charcoal production in western DRC can be explained by their domestic use by almost the entire population, as only 1.1% have access to industrial or electrical energy [56]. Furthermore, due to the proximity of the region to Kinshasa, the supply of charcoal and woodfuel exceeds 5 million tonnes of wood per year, which requires the annual exploitation of approximately 60,000 hectares of natural forests in the peri-urban area. This serves as an indicator of the province’s high poverty rate, one of the highest in the country [56], and also reflects the country’s status as a developing country [57, 58]. In this context, nearly 50% of host plants are intensively exploited, including both specialist caterpillar hosts and common hosts for multiple species. For example, E. africanum, the main host of C. forda (a caterpillar of primary food and economic importance), and I. ertli, are specialist species, while P. macrocarpus and R. heudelotii serve as hosts for many Saturniidae.
The findings on the use of wood as a local building material are in line with those of various authors who confirm that in the DRC, construction practices are adapted to the lifestyle of the population. These authors also highlight that almost all rural houses continue to be built using local materials and traditional construction techniques mastered by the local population [59]. Some, such as Roux [60], estimate the shortage of quality housing in the DRC at 12 million units. The lifespan of these structures depends on the choice of wood species, with criteria including hardness and resistance to boring insects [61]. This applies to species such as E. africanum, M. drastica, M. laurentii, M. versicolor, and M. excelsa [17, 62]. On the other hand, certain Poaceae species are commonly used for roofing, as highlighted by Koni and Bostoen [17]. These findings are consistent with Gutierrez et al. [59], who reported that more than 80% of rural Congolese households have thatched or straw roofs. Almost 50% of the host plants, typically the same species as above, are intensively exploited.
The choice of wood species for craft and technological purposes is influenced by the social value and significance of the object being made. For example, mortars require hard, durable wood due to their use in pounding grain, while dugout canoes require robust materials, unlike stools, which can be made from a simple piece of wood [17, 58]. R. heudelotii is of exceptional value because it is used to make canoes, tom-toms, mortars, paddles, artistic objects, and chairs. Historically, its trunk was even used to carve coffins by the Ding people of the Sedzo sector in Idiofa territory, a practice that continues today in the Kisangani region [17, 63]. Its use in sculpture is also highly valued in countries such as Benin [64]. Other species are used in the construction of bridges (e.g. Brachystegia Laurentii (De Wild.) Louis ex J. Léonard, P. macrocarpus), as well as in the manufacture of pestles, hoes, doors, furniture, and other objects [17]. It should be noted that while these uses are widespread in different environments, some are restricted to specific regions. For example, A. congensis is used to create masks, while Caloncoba welwitschii (Oliv.) Gilg is employed to make stepladders in Kisangani province [65]. These uses affect about 43% of host plants, including those mentioned above. M. excelsa together with R. heudelotii and M. versicolor are also used to make cultural objects such as masks, statues, and drums (tam-tams) [17, 64]. In addition, Koni and Bostoen [17] confirm the various “other” uses identified in this study for the species mentioned.
Medicinal plants are widely used in the study area. Our observations are consistent with the findings of Ndoye and Awono [18], who reported that nearly 85% of households in Greater Bandundu rely on traditional medicine for primary health care due to poverty. This has also been highlighted by the World Health Organization (WHO) as a common trend among African populations [66]. Few researchers have specifically investigated the therapeutic properties of caterpillar host plants [14]. However, many have focused on medicinal plants in general [66, 67, 78]. Some, such as Ouachinou et al. [68], even highlight similarities in the use of medicinal plants in different study regions. For example, R. heudelotii, which has an average cultural importance index (CI) of 16.1, is recognized by Akpovo and Fandohan [64], Onefeli et al. [69] for its exceptional medicinal properties. The essential medicinal value of this species has been further confirmed in other studies [14, 63]. Furthermore, the preference for other host species, such as P. macrocarpus, O. welwitschii, and A. adianthifolia, in the treatment of various diseases has already been mentioned by other researchers [70].
Multivariate analysis reveals a critical ecological dilemma in Kwilu Province, where socio-economic dependencies intersect with biodiversity conservation. The strong association of culturally important species with charcoal production and building materials reflects a broader pattern observed in tropical ecosystems, where multipurpose plant species face disproportionate exploitation pressures [82, 83]. This is of particular concern for keystone species such as R. heudelotii and P. macrocarpus, whose ecological role as hosts of numerous caterpillars enhances their conservation importance. The observed dichotomy between utilitarian and cultural uses presents complex management challenges. While utilitarian uses drive large-scale habitat modification, cultural uses, although less extensive, may provide conservation leverage through traditional protection mechanisms [84]. This is consistent with emerging frameworks that advocate for biocultural approaches to insect conservation [85], mainly where edible insects significantly contribute to food security. The ecological specialization of many Lepidoptera on these hosts [86] creates cascades of vulnerability, where depletion of host plants could disproportionately affect caterpillar populations. This is particularly relevant for monophagous species, whose fate is directly linked to the availability of specific host plants. The spatial variation in use patterns between areas underscores the need for landscape-scale conservation strategies. The differential cultural importance of species such as P. africanum across regions highlights how local socio-ecological contexts shape resource use patterns [87]. Such variation requires flexible, community-tailored conservation approaches rather than one-size-fits-all solutions. These findings add to growing evidence that edible insect conservation must be integrated with sustainable forest management [88]. The identification of high-risk host species provides a scientific basis for prioritizing reforestation efforts and developing alternative livelihood strategies to reduce pressure on critical caterpillar hosts. Future research should quantify the population-level effects of host plant harvesting on caterpillar abundance to refine these conservation strategies.

Conclusions
The results of this study revealed a wide variety of host plants for the most commonly consumed caterpillars in the region. Many caterpillars, especially those of the Saturniidae family, share the same food sources, with some plant species being used as food for more than one caterpillar species. In addition, these plant species have multiple uses. Monophagous caterpillars could be at risk if their host plants are overexploited for other purposes, especially slow growing species such as E. africanum. The most consumed Saturniidae species could also face significant threats if their common host plants, P. macrocarpus and R. heudelotii, continue to be extensively used for other purposes. Fabaceae and other plants rich in phenolic compounds play a crucial role in the diet of caterpillars at Kwilu, thus supporting the development of Saturniidae species. Despite the community’s extensive ecological knowledge and awareness of the threats to edible caterpillars, no conservation strategies have been implemented to protect these host species through reforestation. Yet this is a critical issue. Reforesting ecosystems where these species once occurred, and creating new ecosystems with host plants that support highly productive caterpillars, could make a significant contribution to biodiversity conservation, while providing a sustainable food source for local people.
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